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Abstract of Thesis

Tin—doped indium oxide (IT0) and Zinc oxide (Zn0} are some of the most promising transparent conducing oxides
(TCOs) for optoelectronic devices such as displays and solar panels. With the demand of high-resolution
opioelectronic devices increasing in the market, more efficient fabrication technologies for sub—micron— or
nano~scale patterning of TCOs are required. Reactive iom etching (RIE) is a key technology for such fine
patterning of materials, which has been widely used in the fabrication of semiconductor devices. RIE processes
for TCOs have been developed with non—corrosive gases such as CH, and CH,0H. However, etching reactions and
mechanisms of such processes have not yet been quantitatively described because individual reactive species
cannot be controlled independently in plasma environments. The goal of this study is therefore to clarify
the role of individual reactive species on plasma~surface interactions of hydrocarbon-based plasmas with TCOs,
using highly contrclled ion and radical beams, and fully understand the mechanism of the etching processes
to assist further development of RIE technologies for high-resclutien patterning of TCOs.

In RIE of TCOs by hydrocarbon based plasmas, the dominant ion—surface interactions are considered to he
carried out by small hydrocarbon ions such as CH' and CH;". In this study, etching characteristics of ITQ and
Zn0 as well as mask materials, i.e., 8i0, SiN and Ta, by reactive species, i.e., CH, CH,", H (radical and
ion), have been obtained experimentally with a use of a mass— selected ion beam system and in—situ X-ray
Photoelectiron Spectroscopy (XPS). The mass— selecied ion beam system allows only desired ions with specific
incident energy to be incident upon the sample substrate set in an ultra-high vacuum (UHY) chamber. In the
plasma etching process for TCOs, different etching behaviors can be explained by different medifications of
the plasma—exposed surfaces. In this study, it has been observed that the etching mechanisms of Zn0 and ITO
by hydrocarbon and hydrogen ions differ significantly.

For IT0 etching, it has been found that etching of IT0 is chemically enhanced by energetic hydrocarbon (CH,")
ions. Both CH' and CH," ions reduce the oxide from IT¢ surface to yield an “In~In/Sn~Sn” dominating metallic
surface, and the sputtering yields become higher in respect to purely physical sputtering. For Zn0 etching,
the sputtering vield of Zn0 depends strongly on the amount of hydrogen supplied by incident hydracarbon ions.
We found that etching of Zn0 by CH,' ions is chemically enhanced, exhibiting a sputtering yield much higher
than the corresponding purely physical sputtering vield. However, with fewer hydrogen atoms in the incident
ions, carbon deposition tends to occur on the Zn0 surface. Effects of hydrogen on chemically enhanced etching
of TCOs were investigated through both experimental and theoretical study in this work. It has been found
that low energy H* radicals tend to impede carbon deposition and physical sputtering oceur dominantly after
the suppression of carbon deposition. On the other hand, when Zn0 surface is exposed to energetic H® ions,
hydrogen penetrates into Zn0 to form a Zn0/ZnOH layer which is less resistant to pure physical sputtering.
The density functional theory-based {DFT) calculations have shown that when a hydrogen atom is introduced
to the surface or bulk of ZnG, it forms a hydroxyl group and weakens the Zn-0 bond, converting Zn0 to ZnCH.
The result indicates that, in terms of energy levels, ZnOH has a higher sputtering yield than Zn0. For mask
materials, carbon deposition always takes place on both Si0, and SiN surfaces, indicating that infinite etching
selectivity can be achieved if Si0, and/or SiN was used as a hard mask in the RIE etching processes of ITO
and Zn0 with hydrocarbon plasmas, The results presented here offer a better understanding of elementary surface

reactions observed in reactive ion etching processes of TCOs by hydrocarbon plasmas.
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