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[Purpose and Background of the Research]
Material surface modification by plasma has been
widely used for various applications such as
semiconductor device manufacturing and
biomaterial  surface  conditioning.  Recently
non-thermal equilibrium chemical reactions under
low-energy ion impact are typically used for such
processes as they typically require low damage
processing. However, some of such surface reactions
are not well understood in the traditional
framework of plasma processing, where energetic
ion incidence plays a major role. The goal of this
study is, therefore, to clarify low-incident-energy
non-thermal equilibrium surface chemical reactions
during low-damage plasma processing, using
quantum mechanical analyses of interactions
between incident species and the surface materials.
Even under the conditions of low-energy ion
incidence, dynamics of incident species interacting
with a large number of surface atoms need to be
simultaneously analyzed. Therefore multi-scale
analyses that connect atomic-scale dynamics to
macroscopic dynamics are needed for a better
understanding of the surface phenomena.

[Research Methods]

The multi-scale numerical
study aims to
quantum-mechanical (QM) simulation, classical
molecular dynamics (MD) simulation,
particle-in-cell (PIC)/Monte-Carlo (MC) plasma
simulation, and fluid-model plasma simulations, as
illustrated in Fig. 1. Simulation results will be
compared with plasma and beam experiments that
will be also performed in this study.
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[Expected Research Achievements and
Scientific Significance]

With the multi-scale simulation system, we plan to
clarify surface chemical reaction mechanisms
during processing of metal oxides and other new
materials used in the latest microelectronics
devices as well as biomaterials that have been
widely used in regenerative medicine recently.
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Figure 1 Outline of Multi-Scale Simulation
System that we plan to construct in this
research project.
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