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 We have studied the properties of thin films of transparent conducting In2O3 

grown over bulk Indium palettes. Indium Oxide thin films are very suitable 

for transparent oxide coatings for many devices where a protective layer of 

Indium Oxide is necessary for both complete transmission of light to the 

device and also simultaneously preventing any atmospheric attacks from 

moisture or any other physical damage.  So it is essential to study the 

properties of Indium Oxide for full protection of the device components. 

 A well powdered Indium was subjected to palletization using a dye punch 

and palette making machine  using a hydraulic press at a pressure of 5 tons. 

The well ground powder of Indium yielded fine palettes of nearly 1 cm 



diameter. Oxidation of thin films was carried out on the palettes using a 

muffle furnace and ambient atmosphere was air.  As Indium surface shows 

proclivity for oxidation on the <111> surface being the most prominent for 

oxidation of Indium for its conversion to Indium Oxide. 

Optical Properties:  Thin films grown for the range of 200 
o
C - 300 

o
C were 

subjected to optical transmission studies using a optical spectrometer. The  

results showed an optical band gap of 3.10 eV to 3.5 eV indicating that it is a 

direct band gap. Since the optical band gap is large enough so the thin films 

have a very transparent nature.  This property can be used for the optical 

coatings of Indium Oxide on devices which need an optical window for 

facilitating the light to reach the junction of dissimilar semiconductors. 

Structural Properties:  Thin films grown for the range of 200 
o
C - 300 

o
C 

were subjected to X-ray diffraction studies using Cu-K radiation. It is seen 

that the polycrystalline thin films of Indium Oxide show the orientation of 

surface as <111> as the most prominent one.  This can be seen from the 

matching of the JCPDS data for which the interplanar distance, “d”tallies 

with the JCPDS values. Since the thin film is polycrystalline, so other 

orientations like <211> and <222> , <321> and <622> were also seen. Some 

peaks corresponding to the bulk Indium were also found like <110> and 

<002> that can be justified from the fact that X-rays penetrate deep inside the 

bulk palette and thus Indium peaks may be present along with the Indium 

Oxide. 

Morphological Properties:   The morphological properties of Indium Oxide 

were studied from Scanning Electron Microscope.  The thin films were found 

be polycrystalline. The grain size of the as grown thin films at various 



temperatures and at different oxidation times were studied for ascertaining the 

size of grains.  It  is found that the grain size is in micron range – ranging 

from 6.41m to 11.18 m. The dislocation density due to grain boundary area 

was calculated from SEM micrograph.  It was found that the dislocation 

density was varying from 1.5  10
6
 cm

-2
 to 0.35  10

6
 cm

-2 
 for our thin films 

grown as per the conditions mentioned above. 

Electrical Properties:    The electrical properties of the thin films were 

studied by linear four probe method.  The thin films of Indium Oxide were 

highly conducting.  It was found that the thin films of Indium Oxide shows an 

n-type nature. The resistivity for the thin films oxidized at 200 
o
C for 2 hrs, 3 

hrs and 4 hrs was found to vary from 30.45  10
-3

 cm to 19.35  10
-3

 cm 

respectively.  For thin films oxidized at 250 
o
C for 2 hrs, 3 hrs and 4 hrs, the 

resistivity was found to vary from 25.21  10
-3

 cm to 15.26  10
-3

 cm 

respectively. For thin films oxidized at 300 C for 2 hrs, 3 hrs and 4 hrs the 

resistivity was found to vary from 12.21  10
-3

 cm  to 04.23  10
-3

 cm 

respectively.  This decrease  in resistivity is due to the fact that as the 

oxidation temperature increases, the grain boundaries decrease leading to 

enlargement of grains and thus less electrical resistivity of the thin films of 

Indium Oxide. 
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