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Improving the surface morphologucal and
electrical properties of low-pressure sputtered ITO films
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Indium tin oxide (ITO) thin films are highly degenerate wide band gap semiconductors (Eg: 3.4 ~ 4.3 eV). They
have a low electrical resistivity due to their high carrier concentration and the location of the Fermi level (Er) above
the lower edge of the conduction band (Ec). ITO films also exhibit a high level of transmission in the visible-near
infrared regions of the electromagnetic spectrum. Due to these unique properties, ITO thin films have been widely
studied for their potential use in the opto-electronic industry and newly emerging display devices. Sofar, several
methods have been employed to prepare ITO thin films such as spray pyrolysis, reactive evaporation, pulsed laser
deposition, conventional magnetron sputtering, cesium ion induced magnetron sputtering, and ion beam assisted
sputtering. Among these deposition methods, magnetron sputtering is preferable, because it allows easy process control
for the device structure and the production of display devices with a large area. However, one of the practical
drawbacks of sputtered ITO thin films is their rough surface morphology. It is incompatible with their use as the
semiconducting layer or transparent electrode of display devices. These functional properties of ITO thin films are
strongly dependent on the microstructure resulting from the deposition method and processing conditions.

In this study, ITO thin films with smooth surface morphology were obtained using the ultra low-pressure dc
magnetron sputtering method (ULPS, where the sputtering pressure is lower thanl mTorr). It was found that the
working pressure largely affects the surface roughness of the films. By comparing the films deposited by the ULPS
method with those obtained by the conventional sputtering method at 5 mTorr, it turned out that the surface roughness
of the former was 5 times lower. It also resulted in high transparency in the visible range. However, their electrical
properties for electrode applications were not suitable. In order to obtain the films with low resistivity and smooth
surface morphology, we used the two-step growth method. We achieved low resistivity ITO thin films (3. 7x10™* Q.cm)
using a continuous two-step deposition process, in which the initial layer was deposited at 0.5 mTorr and then the
final layer deposited at 5 mTorr, without any additional processes. ULPS was found to be an effective way of
enhancing the surface morphology of ITO thin films, which is suitable to be employed in newly emerging display
devices.
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