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Basic Process of Industrial Plasmas with Particle Simulation

PR ERE 2 ¥ 8 &
Yasutaro Institute of Space and Plasma Sciences,  University of Wisconsin-Madison, USA
Nishimura National Cheng Kung University (3 A=ETE 3 8§ &0 A R)
FArapn BAk el L 3 S BEALER
Lecture ,
+ 1.5 2 15
Recitation

i3 AN L a4

HAREL S R
[l [)7 mer WP w2 1%
ERBFFEFR
PER 1 FR 2 F R 'p*‘éf}‘m\féfl‘m\%ﬁ TR
ELE AaE
#H3 60% 0 F 17 30% 0 3Tk 10%
4 N
¥ 52+ 2% 30% : Short Quiz on very basic plasma physics ( ~ 45min on Wednesday).
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T % 30% : One homework on basics of 1ndustrlal plasmas, due on Thursday.
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Freshman level math and general physics.
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Semiconductor industry, which has been leading Taiwan's industries and economy, would not have been
successful without the plasma processing technology. In order to understand how plasma etching is achieved,
we discuss Coulomb collisions and ionization process (how neutral gas turns into plasma and how plasma is
initiated and sustained). We then revisit Reactive lIon Etching (RIE), selection of the gas and the etching
speed. To describe self-consistent charged particle dynamics, there are two approaches : one is based on the
idea of principle of locality (Particle-in-Cell simulation, for example) and the other is based on the idea of
action at distance (referred to as multi-body or N-body approach, which consider forces between other N-1
particles without introducing field quantities). Here, we focus on the N-body model. The N-body model
allows us to investigate first-principle based collisional process. Parallel computing by Message Passing
Interface (MPI) is discussed to accelerate the computing.

Keywords : Plasma processing. Coulomb collisions and plasma-neutral collisions. Reactive ion etching (RIE)

process. N-body particle simulation.
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9:00-12:00 : Lectures: Basic plasma process:

12:00-13:00 Lunch time

6/24(- ) | 9:00-15:30
=) 13:00-15:30 : Introduction to programming. Laptop PCs with compilers will be

provided to all the students.

9:00-12:00 : Ionization process. Coulomb collisions, secondary ions. Collisions
with neutral particles.
12:00-13:00 Lunch time

13:00-15:30 : Hands-on exercise in computing (provide Monte-Carlo methods)

6/25(=) | 9:00-15:30

9:00-12:00 : Generation of low temperature plasma discharge.
6/26(= ) | 9:00-15:30 12:00-13:00 Lunch time o | | | |
13:00-15:30 : Hands-on exercise in making N-body simulation code (Provide

symplectic integrators).

9:00-12:00 : Many-body problem of charged particle system.
6/27(% ) | 9:00-15:30 12:00-13:00 Lunch time o | | | |
13:00-15:30 : Hands-on exercise in making N-body simulation code [Provide

parallel computing by Message Passing Interface (MPI)]

9:00-12:00 : Reactive lon Etching (RIE) process. Etching gas and etching speed.
12:00-13:00 Lunch time

6/28(1 ) | 9:00-15:30 . . . .
13:00-15:30 : Hands-on exercise in N-body simulation [Simulate Coulomb

collisions. Relaxation process of charged particles].

EiA
1. Understand the techniques of plasma generation (both DC and RF).
2. Learn Reactive Ion Etching (RIE) process.
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3. Learn state-of-the-art massively parallel computing using Message-Passing-Interface (MPI) via N-body
(gravitational algorithm based) particle simulation.
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Many-body approach shares common interest in different fields of science and technology (astrophysical
gravitational problem, molecular dynamics, to name a few) and has been the major driver of the massively
parallel computing. Key ideas of statistics (equilibrium and non-equilibrium) are embedded.
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