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ABSTRACT

Tin-doped indium oxide (ITO) thin films were deposited using r.f. magnetron reactive sputtering and the electrical properties, such
as the resistivity, carrier concentration and mobility, were investigated as a function of the sample position under a given magnetron
sputtering condition. The nonhomogeneity of the electrical properties with the sample position was observed under a given magnetron
sputtering condmon The resistivity of ITO thin film on the substrate which corresponded to the center of the target had a minimum
value, 2~4 x 107 C+cm, and it increased symmetrically when the substrate deviated from the center. The density measurement result
also showed that ITO thin film deposited at the center had a maximum density of 7.0 g/cm? which was a relative density of about
97%, and the density decreased symmetrically as the substrate deviated from the center. The nonhomogeneity of electrical properties
with the deposition position could be explained with the incidence angle of the source beam alpha, which is related with an atomic
self-shadowing effect. It was confirmed experimentally that the density in film affect both the carrier mobility and the conductivity.
In the case where the density of ITO thin film is 7.0 g/cm3, the magnitude of the mean free path was identical with that of the grain
size (the diameter of column). However, in the other cases, the mean free path was smaller than the grain size. These results showed
that the scattering of the free electrons at the grain boundary is the major factor for the electrical conduction in ITO thin films having
a high density, and there exists other scattering sources such as vacancies, holes, or pores in ITO thin films having a low density.
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Fig. 2. Dependence of resistivity of ITO thin films on the
sample position before and after anuealing treatment.
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Fig. 3. Dependence of mobility and carrier concentration of
ITO thin films on the sample position before and after
annealing treatment.
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Fig. 4. Typical FE-SEM photographs of (a) cross-sectional view and (b) surface of 1TO thin films before annealing treatment.
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Fig. 5. Dependence of intrinsic stress of ITO thin films on the
sample position before annealing treatment.
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Fig. 6. Dependence of film density of ITO thin films on the
sample position before annealing treatment.
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