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A Study on Measurement and Analysis Technologies of
Reactions of Gas Molecules on Solid Surfaces
Toward Highly Selective Semiconductor Manufacturing Process
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Semiconductor devices have been miniaturized to improve their performance such as operating speed, power
consumption, and storage capacity. Accordingly, in semiconductor manufacturing processes, there is an increasing
demand for further improvement of the accuracy of processing dimensions and alignments, as well as the reduction
in the number of process steps for miniaturization along with high integration. Highly selective semiconductor
manufacturing process has attracted much attention recently and has been reported to improve the accuracy of
processing dimensions and alignments. Area selective deposition (ASD) that is kind of highly selective
semiconductor manufacturing process selectively deposits a thin film onto a particular material on a substrate surface
containing multiple materials. Therefore, it is essential to have techniques to analyze the interactive reaction between
gas molecules and solid surfaces. The purpose of this study is to establish measurement and analysis technologies of
gas molecules on solid surfaces toward the creation of highly selective semiconductor manufacturing process
technologies that contribute to the further integration and functionality of semiconductor integrated circuits that
support our society.

First, the reduction of copper oxide by IPA gas and its mechanism were investigated toward the highly selective
semiconductor manufacturing process of copper (Cu) wiring. It has been found that by the IPA treatment the reduction
of CuO is possible without deposition on the surface within the temperature range of 100 °C to 150 °C. Also, it was
found that at the IPA treatment at temperatures above 150 °C, the different types of organic depositions occur on the
metal Cu surface and the copper oxide surface. The appropriate criteria of IPA treatment for reducing the copper oxide
was also clarified within the available temperature range of Cu processes. Next, the reaction of gases and surface
conditions when IPA gas is supplied on silicon dioxide (SiO») surfaces were investigated. During the IPA treatment
at temperatures above 150 °C, different types of organic matter were deposited on the SiO; surfaces depending on the
temperature. In addition, the amount of trimethylaluminium (TMALI) adsorbed on SiO; surface with and without IPA
treatment was investigated. Then, the amount of TMAI adsorbed was reduced by the IPA treatment. It was found that
the organic matter obtained by IPA treatment inhibited the adsorption of the TMAI gas on SiO; surfaces. Organic
deposition by IPA treatment can be applied to highly selective semiconductor manufacturing process to form blocking
carbonaceous layers. With these results, it is concluded that the measurement and analysis technology fundamentals
of gas molecules on solid surfaces were developed in this dissertation toward the creation of highly selective
semiconductor manufacturing process technologies that contributes to the further integration and functionality of
semiconductor integrated circuits.
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