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Indium-Tin Oxide (ITO) thin films deposited at 
low substrate temperature on bare corning 
glass substrates by RF sputtering: Structural 
and Electrical properties 

Sanusi Abdullahi1 and Abubakar A. Sifawa2* 

To study the structural and electrical properties of Indium Tin Oxide (ITO) thin 
films, a set of ITO samples with different thicknesses were deposited by Radio 
Frequency (RF) sputtering technique. X-ray diffraction measurement shows that 
the crystal quality of ITO films was improved with the increase of film thickness 
and the annealing temperature. The resistivity decrease of ITO films with 
increase of film thickness owes to the change of carrier concentration for 
annealed thin films, and attributes to the improvement of the crystallinity. 
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1. Introduction 

Indium tin oxide (ITO) is being widely used as 
transparent conductive electrode in applications 
such as flat panel displays and photovoltaic 
devices. Among the various deposition 
techniques, magnetron sputtering is the most 
widely used method due to its capability to coat 
on various substrates with good uniformity. To 
prepare ITO thin films that are suitable for use in 
different applications, major efforts have been 
made to improve the film properties such as 
conductivity, transparency, surface morphology 
and thermal stability. Previous investigations 
showed the influence of the deposition 
parameters such as film thickness and the 
annealing conditions on the performance of ITO 
films.  

Among all the deposition parameters, ambient 
gases, chamber pressure, deposition 
temperature, RF power or discharge power are 
the most influential parameters: the ambient 
gases have a great impact on the chemical 
bonding states of the composing elements at the 
presence of either an oxidation ambient (oxygen) 
or a reduction ambient (hydrogen); the 
deposition pressure and temperature together 
determine the morphology, microstructure and 
crystallographic orientation of the thin films; 
while the deposition power influences the 
deposition rate and thus energy distribution of 
the species. Many methods have been 
employed to deposit ITO as a thin film. These 
methods include RF/DC sputtering [1-7], ion-
beam sputter [8], e-beam evaporation [9-11], 
Spin coating [12] and sol-gel [13]. RF magnetron 
sputtering exhibits interesting advantages such 

as low substrate temperature, good adhesion of 
the films on the substrates, and a high 
deposition rate.  In the present work, a report on 
the structural and the electrical properties of ITO 
films prepared by RF sputtering technique is 
presented. 

2. Methodology 

2.1 Experimental Details 

2.1.1 The Sputtering mechanism 

The sputtering phenomenon known since 1852, 
has been exploited for deposition of films form 
non-conducting targets. During the sputtering 
process, an ion approaches the surface of a solid 
(target), the impact of which may set up a series 
of collisions between atoms of the target, leading 
to the ejection of one of these atoms. When an 
ion with energy of more than about 30 eV hits a 
surface, a small fraction of the energy and 
momentum of the incoming ion will, through 
lattice collisions, be reversed and may cause 
ejection of surface atoms.  

The sputtered atoms leave the target surface 

with high energies ( 10 eV) compared with 

evaporation atoms ( 0.1 eV). The average 
number of the atoms ejected from the surface 
per incident ion is called the sputtering yield (S) 
which depends on many factors, such as the 
mass and the energy of the incident particles, the 
mass and the binding energy of the sputtered 
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atoms and the crystallinity of the target. The ion 
source is usually a plasma which is an 
electrically neutral mixture of positive ions and 
electrons generated by electron impact in a noble 
gas such as argon at sub-atmospheric pressures 
(typically 2 to 10 Pa). The ions are accelerated in 
an electric field obtained by applying a negative 
potential with respect to the plasma potential to 
an electrode immersed in that plasma. The 
ejected or sputtered atoms condenses on a 
substrate to form a thin film. 

2.1.2 Growth of the ITO thin films 

The ITO thin films were deposited on the bare 
corning glass substrate by RF-sputtering. The 
deposition was performed in a chamber of 12 
inches in diameter using 4N pure ITO target (2 
inches in diameter and 5 mm thickness). The 
substrates were cleaned using deionized water, 
acetone, and isopropyl alcohol under ultrasonic 
vibrations for 15 minutes. After drying substrates 
in hot air, the target and substrate were fixed in 
target holder and substrate holder, respectively, 
adjusting in such a way that the substrate 
surface was parallel to the target surface. The 
distance between the target and the substrate 
was maintained at 7cm. The sputter vacuum 

chamber was exiled to 2  mTorr. Argon gas 
flow rate was maintained at 20 sccm.  

The operating pressure during sputtering was 
maintained at 9 mTorr, the RF power used was 
75 W at radio frequency of 13.56 MHz. Pre-
sputtering was carried out for 10 minutes to 
eliminate surface contamination of the target. 
The substrate temperature was kept constant at 
1000C while being rotated during the deposition 
at 35rpm. The 40 nm as-deposited, 40 nm 
annealed, 60 nm as-deposited and the 60 nm 
annealed are labelled as samples A, B, C and D 
respectively. 

2.1.3 Annealing of the samples 

After the deposition, the samples were annealed 
under nitrogen atmosphere at 1 × 10-4 Pa at 
2500C for 1 hour. 

2.1.4 Characterization of the samples 

The structural properties of thin films were 
analyzed by high-resolution X-ray diffraction 
(XRD – SIEMENS Diffractometer D5000) 
operated at 40 kV and 30 mA with 

 as the radiation source. 
Diffractograms recorded data in the angular 
range of 10 to 700 with a scan speed of 
10/minute. The electrical properties of the 

samples were examined by four-point probe 
(Keithley model 181 nanovolt electrometer). A 
probe head with tungsten carbide tips with a 
point radius of 0.002", a probe spacing of 0.05" 
and a probe pressure of 70 to 180 grams was 
used for all measurements. Current was supplied 
by a Crytronics model 120 current source with a 
range of applied currents between 1μA to 100 
mA. Voltages were measured by a Keithley 
model 181 nanovolt electrometer with an input 
impedance of greater than 1 GΩ. All the 
characterizations were done at room 
temperature. The samples were labelled as A, B, 
C and D for 40nm as-deposited, 40nm annealed, 
60nm as-deposited and 60nm annealed. 

2.2 Data Analysis 

The lattice parameters (a) and (c) of hexagonal 
phase and inter-planner spacing (d) were 
evaluated using Equations (1) and (2) by [14].  

  (1) 

and 

  (2) 

Where a is the lattice parameter,  wavelength of 

the incident radiation,  Full Width at Half 
Maximum (FWHM) of the preferential plane and 

 Bragg’s angle 
The grain size (D) was estimated using Debye–
Scherrer’s formula by Equation (3) by [15]. 

D = 




cos

9.

  (3) 

Where D is the grain size,  wavelength of the 

incident radiation,  Full Width at Half Maximum 

(FWHM) of the preferential plane and  Bragg’s 

angle. Dislocation density  shows the 
dislocation or crystallographic defect within a 
crystal structure. It usually increases with plastic 
deformation and is determined [16] from equation 
(4), 

    (4) 

Where  is the Dislocation Density and D is the 
grain size 

The strain ( ) in thin films is defined as the 
disarrangement of lattice which is created during 
the deposition process and was calculated using 
Equation (5) from [17]; 

  (5)              
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With  as the strain, c is the lattice parameter, C0 
is unstrained lattice parameter for bulk ITO. The 
resistivity and the sheet resistance of the ITO 
thin films were measured according to Equations 
(3) and (4) given by [6]; 

  (6) 

Where  is the sheet resistance and t is the film 
thickness. 

3. Results and Discussion 
 

A typical XRD pattern of the as-deposited 
(samples A and C) and annealed (samples B and 
D) ITO film is shown in Figure 1. The standard 
pattern (PDF no. 06-0416) is used for 
comparison. The amorphous nature of the XRD 
scans is attributed to the amorphous glass 
substrate. The pattern shows two major 
diffraction peaks of (222) and (400) Miller planes. 
All the samples show a weak (222) texture which 
is attributed to low surface energy. Samples A 
and B show a (400) peak of high intensity. The 
absence of any sharp diffraction peaks in XRD 
patterns of samples C and D indicates the 
partially amorphous nature of these films. 

 
Figure 1. X-ray diffraction profile measured for RF-
sputtered ITO thin films deposited on glass substrate 
at 100 °C. 

Table 1 gives some of the structural constants 
such as FWHM, d-spacing, crystallite size, micro 
strain and dislocation density of the deposited 
ITO thin films. It can be observed from the table 

that the magnitude of the 2  for the 40nm 

annealed sample decreased to 2 =34.19o if 

compared with that of the as-deposited sample of 
the same thickness. The reason may be increase 
in particle size (reported somewhere else) as a 
result of the annealing. The d-spacing can be 
described as the distance between planes of 
atoms give rise to the diffraction peaks. The d-
spacing of the 40nm as-deposited and annealed 
samples varies as a result of the annealing. For 
the 60nm thick samples, the d-spacing remain 
the same. From the crystallite sizes shown in 
table 1, there is a sharp decrease in the particle 
size of the 40nm annealed sample if compared 
with 40nm as-deposited sample. In the case of 
the 60nm as-deposited sample, an increase of 
the crystallite size has been observed which is 
always attributed to factors such as annealing. 
The observed improvement in crystallite size in 
the 60nm samples may also be attributed to 
strain formed in the nano crystal. The strain 
arises due to point defects (vacancies, site 
disorder), dislocations and extended defects in 
the crystal structures. Table 1 also shows that 
strain increases from 0.50 for the as-deposited 
sample to 0.70 for the annealed sample which is 
another manifestation of annealing. There is no 
change in both as-deposited and annealed 
samples of 60nm thickness. The dislocation 
density is to measure the disorder of lattice 
planes in the crystal structure. Information 
available in table 1 also shows that in all the 
samples analyzed, film thickness has also shown 
its influence on both the 40nm and the 60nm as-
deposited and annealed samples. 

 

Table 1. Structural constants of the deposited ITO thin films 

Sample 2  

(degrees) 

FWHM d-spacing Crystallite size (D) Micro strain Dislocation density 

A 38.13 0.4093 2.36 234.29 0.50 1.82  

B 34.19 0.5038 2.62 187.46 0.70 2.84  

C 34.02 1.15 2.63 61.99 2.12 0.26  

D 34.02 1.15 2.63 71.99 2.12 0.19  

Electrical properties of ITO thin films depend on 
film combination and deposition parameters 
such as sputtering power, oxygen flow rate, 
substrate temperature, post deposition 
temperature etc. The resistivity of sample A is 

about 4.5  10-4  cm while that of sample B is 

determined at 5.4  10-4  cm. The resistivities 

of samples C and D are 3.6  10-4  cm and 4.3 

 10-4  cm respectively. The increase in 

resistivity as a result of annealing observed in 
samples B and D may be caused by the removal 
of oxygen vacancies by the chemisorbed oxygen 
and the formation of grain boundaries acting as 
trap sites for free electrons [18]. It can be seen 
that increase in thickness results in the decrease 
in resistivity. [4] suggested that decrease in the 
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ITO film resistance is attributed to crystallization. 
Again, crystallinity, high oxygen vacancy 
concentration, and grain growth, which reduces 
grain boundary scattering and surface 
roughness can result in reduced resistivity as 
suggested by [19]. The sheet resistance of 

sample A is 28  while that of sample B is 

12 . The sheet resistance of samples C and 

D are 20  and 18  respectively. 

Electrical property of films was found to be 
related to the microstructure and crystallographic 
structure, which in turn strongly depend on the 
annealing temperature [20]. 

4. Conclusion  

In summary, ITO thin films were deposited by RF 
sputtering method on bare corning glass 
substrates. After the deposition, the films were 
then annealed in a furnace at 2500C under N2 
atmosphere. The XRD results reveal that the 
annealed thin film has a good polycrystalline 
structure better than the as-deposited of 40 and 
60 nm thickness. The electrical resistivity of the 
films increases after annealing. Finally, it can be 
said that the samples have potential applications 
in opto-electrical applications and in the field of 
photovoltaic cells. 
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