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Abstract

Thanks to the improvement of computers’ performance and the increase of their memory size,
computer simulation of discharge plasma, which is used for a wide variety of applications, such
as plasma CVD, plasma etching, gas laser, etc., has been performed to estimate generation rate
and spatiotemporal variation of the density of chemically active species. The information
concerning the generation rate and the density of the active species is indispensable for the
prediction of chemical reactions induced in the plasma and the performance of plasma processes.
In the plasma simulation, continuity and rate equations, which respectively describe the
generation, loss, and transport of charged species, and the generation and loss of chemical species
in the plasma, are solved; therefore, accurate transport and rate coefficients must be used in the
equations to improve the accuracy of the simulation. Electrons are accelerated easily by an electric
field and collide with gas molecules, generating charged and active species, which induce
chemical reactions; that is, electrons play an important role in generating and maintaining
discharge plasma. Therefore, the accurate electron transport coefficients and rate coefficients are
needed for the accurate plasma simulation. Some of those coefficients are measured, but most of
the coefficients are often deduced by electron transport analysis using electron collision cross
sections. Hence, accurate, reliable, and detailed electron collision cross section sets are required.

In this work, accurate, reliable, and detailed cross section sets of tetramethylsilane [TMS,
Si(CH3)4], tetraethoxysilane [TEOS, Si(OC:Hs)4], and water vapours, and nitrogen gas are
estimated by the electron swarm method. The estimated cross section sets of TMS, TEOS, and
water vapours, and nitrogen gas include information on generation of 17, 20, 12, and 6 kinds of
charged and active species, respectively, making them more detailed. Electron transport
coefficients in the gases are deduced by Monte Carlo simulation using the cross section sets to
increase accuracy, and the transport coefficients are compared with measured data to confirm the
reliability of the cross section sets.



The values of electron drift velocity, longitudinal diffusion coefficient, and effective ionization
coefficient deduced from the estimated cross section sets are found to reproduce the measured
data, confirming the reliability of the estimated cross section sets. In water vapour, superelastic
collisions between rotationally excited water molecules and electrons are found to slightly affect
the values of electron drift velocity and longitudinal diffusion coefficient below 100 Td. In
nitrogen gas, it is found that anisotropic electron scattering after inelastic collisions and the
distribution probability of residual energy between scattered and ejected electrons after ionization
must be considered to reproduce the measured ionization coefficient above 2,500 Td, where the
values of the ionization coefficient reach the maximum and then decrease with increasing a
reduced electric field.
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