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Surface Modification of Indium-Tin Oxide Thin Films
Using Electron Cyclotron Resonance Plasma
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Indium-tin oxide (ITO) polycrystalline films with a smooth surface and high work function were fabricated

through surface modification using electron cyclotron resonance (ECR) plasma. The substrate bias voltage effects

on the surface morphology, and crystallographic, electrical, and optical properties of ITO polycrystalline films

were investigated. The crystallographic, electrical, and optical properties of ITO polycrystalline films showed no

substrate bias voltage dependence. Their surface roughness and work function were simultaneously improved at a

substrate bias voltage of -60 V, yielding films with a surface average roughness of 0.5 nm and a work function of

5.2 eV. The results were attributable to the etching effect and surface oxidation by excited species such as ions and

radicals generated in the ECR plasma.
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Schematic diagram of plasma treatment apparatus using ECR

plasma source.
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Relationship between current density and bias voltage of

substrate holder.

Micro wave input power is 300 W. Total gas pressure is 1.3 %

107 Pa and oxygen partial pressure is 2.6 x 10~ Pa.
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Emission spectrum from ECR plasma measured by optical
multichannnel analyzer.

Micro wave input power is 300W. Total gas pressure is 1.3 x
107 Pa and oxygen partial pressure is 2.6 x 10~ Pa.
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XRD patterns of ITO as-deposited film and films treated at

various substrate bias voltages in ECR plasma.
(a) as-deposited, (b) Vs = =60V, (c) Vs =40V, and (d)
Viis = 100 V.
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Transmission and reflection spectra of ITO as-deposited film

and films treated at various substrate bias voltages in ECR
plasma.
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Substrate bias voltage dependence on work function of ITO

thin films.
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Relationship between surface average roughness of ITO thin

films and substrate bias voltage.
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AFM images (1 x 1 ym®) of (a) ITO as-deposited film and (b)
ITO thin film treated at a substrate bias voltage of —60 V in
ECR plasma.
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