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Effects of Thickness on the Properties of
ITO Thin Films Grown on Sapphire Substrate

WANG Xin, XIANG Rong, LI Ye, WANG Guo-zheng, FU Shen-cheng,

DUANMU Qing-duo, JIANG De-long, WU Kui
(School of Science, Changchun University of Science and Technology, Changchun 130022, China)

Abstract; Indium tin oxide (ITO, or tin-doped indium oxide) is a mixture of indium oxide (In,0,) and tin
oxide (Sn0, ), typically 90% In,0,, 10% SnO, in mass fraction. It is transparent and colorless for ITO
layers. Indium tin oxide’s main feature is the combination of electrical conductivity and optical transparency.
ITO is mainly used to make transparent conductive coatings for flat panel displays, plasma displays, and solar
cells. In this paper, ITO thin films were grown on c-face sapphire substrate by rf magnetron sputtering from an
oxide ceramic target of 90% In,0; and 10% Sn0O,. The sapphire substrate were cleaned strickly and blown dry
in N, gas before they were introduced into the chamber. High purity Ar and O, were introduced through inde-
pendent mass flow controllers after the vacuum chamber was evacuated below 11 x 10 > Pa. The oxygen con-
tent in the sputter gas was determined by the oxygen-to-argon partial pressure ratio. The process total pressure
was kept at 0.5 Pa and the sputtering time was varied to obtain thin films with thickness ranging from 0. 2 to
0.8 wm. The structural, optical and electrical properties of the film were specially studied. According to the
XRD diffraction measurement, it was found that ITO thin films grown on sapphire substrate show highly
(222) -preferred orientation. With the increase of the film’s thickness, the 26 angle of (222) diffraction peak
moves toward to larger direction and the full width at the half maximum (FWHM) of the peak decreases.
When the thickness of the ITO thin film is 0.2 wm, the FWHM is about 0. 46°. When the thickness increased
from 0.4 pm to 0.8 pwm, the FWHM decreased from 0. 45° to 0.43°. The thickness of the thin film also
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effected on the average grain size, the average grain size is 17.8,18.3,18.7 and 19.3 nm for ITO thin film
with a thickness of 0.2, 0.4, 0.6 and 0.8 pum, respectively. According to the optical measurement results,
the optical transmittance of the film decrease with the increase of the film’s thickness. The transmittance is
about 80% and the 60% for the thickness of 0.2 um and 0.8 pm. The electrical measurement on the films
showed that the resistivity decreases with the increase of the film’s thickness. The resistivity is 9 x 10 *Q) + em
for ITO film with the thickness of 0.2 pum. When the thickness is increased to 0.8 pm, the resistivity is de-
creased 10 5.5 x 10~ * Q + ecm. Thus, in factual applications, one must choose an ideal thickness of the ITO

thin films in order to achieve a satisfactorily structural, optical and electrical property.
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