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Abstract of Thesis

In the last decade, the semiconductor industry has seen enormous strides in micro and nano fabrication of
electronic devices. The continual scaling down of device dimensions has led to critical demands for precise
etching and surface modification technologies, particularly for metal compounds used in semiconductor device
fabrication. Plasma-induced etching processes are essential, providing high selectivity and precise material
removal, which are essential for the manufacturing of high-performance and miniaturized semiconductor
devices.

This dissertation investigates the etching characteristics and plasma-induced surface modifications of
several types of metal compounds, including aluminum oxide resistive film, yttrium oxide coating
conditioning, tungsten and its compounds, and the additive WFs gas in high-aspect-ratio (HAR) etching. The
etching reactions that specific ion species cause to substrate surfaces have been investigated utilizing a mass-
selected ion beam system under ultra-high vacuum (UHV) conditions. This system enables a detailed analysis
of the interactions between specific ions with desired energy and material surfaces, which providing insights
into the fundamental etching mechanisms.

Etching behaviors of tungsten and its compounds is investigated when exposed to CFs* and Ar* ion
bombardment at energies from 500 and 4000 electron volts. Tungsten silicide was discovered to be a promising
option for metal hard masks due to its excellent resistance to chemicals and lower etching yields as compared
to pure tungsten. Under specific circumstances, tungsten oxide exhibited decreased tungsten consumption and
effective material removal, which is beneficial for processes needing rapid material removal.

Molecular dynamics simulations using CFs* and WF5* ions were used for investigating the HAR etching of
S102 nanoholes with WFs additive gas. By forming protective layers on the sidewalls of the nanoholes, the
addition of ions containing tungsten affected the etching process. Tungsten accumulation along the sidewalls
enhanced the etched features' stability and mitigated possible damage at higher ion energies. The finding is
important for the creation of advanced etching methods that can precisely control the fabrication of HAR
features.

The interaction of yttrium oxide coatings with halogen plasma species was examined as well. Yttrium oxide,
utilized as a liner material in plasma etching equipment due to its outstanding resistance to plasma damage,
was found to maintain its integrity when exposed to radicals and energetic fluorine ions. Stable plasma
conditions during semiconductor processing were maintained by the yttrium oxyfluoride formed on the
surface, which safeguarded the underlying material.

Finally, the effects of exposure to halogen ions, specifically chlorine and fluorine, on the etching
characteristics of aluminum oxide was investigated. Aluminum oxide exhibited remarkable resistance to
energetic fluorine ions. The increased etching rate due to chlorine ions that enhancing the etching process by
formation of volatile aluminum chloride. These findings are essential for selecting materials that capable of
resisting harsh plasma conditions, particularly in devices like capacitance manometers that gauge pressure in
process chambers.

This dissertation enhances understanding of fundamental surface reactions involved in plasma-induced
etching processes of metal compounds. This study enhances fabrication processes and aids the continuous
advancement of the semiconductor sector by elucidating etching mechanisms and surface interactions under

varying plasma conditions.
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