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Determination of Effective Nitrogen Species in Silicon Nitridation Plasma Process
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There is a growing need for advanced processing technologies to achieve fine processing with nanometer-order accuracy by semiconductor pro-
cessing devices. Although a plasma process has been widely used for etching and surface modification due to its high reactivity in thermal nonequi-
librium conditions, the improvement of process controllability has become increasingly important. However, the plasma process is usually controlled
by changing the device parameters through trial and error because it is difficult to quantitatively measure several important reactive species.

Toshiba, in cooperation with Hokkaido University, has developed systems to measure multiple reactive nitrogen species for plasma nitridation
processes, which are widely used in industrial applications, in the same chamber for the first time in the world. From the results of experiments using
these systems, we have confirmed that both excited nitrogen molecules and their ions are major precursors of the silicon nitridation process. These
quantitative measurement technologies for reactive species in process plasma are expected to improve the process capability and the controllability

of plasma process equipment.
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Overview of vacuum ultraviolet absorption spectroscopy (VUVAS)
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Relationship between flux of reactive nitrogen species and high-frequency

power and gas pressure
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Relationship between nitrogen molecule ion energy and high-frequency

power and gas pressure
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Relationship between thickness of SiON layer and nitrogen atom area den-
sity, and high-frequency power and gas pressure
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Results of nitridation induced by neutral species only
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