Practice Course in Plasma

ﬁﬁﬁﬁﬁ

Po-Yu Chang

Institute of Space and Plasma Sciences, National Cheng Kung University

2021 spring semester
Thursday 9:10-12:00

Material: http://capst.ncku.edu.tw/PGS/index.php/teaching/

Lecture 4

2021/3/18 updated 1



Reference

ﬁﬁﬁﬁﬁ

- HEKIMERA, BIXE ML ER R 00 L kR



We need to work with a vacuum system

Vertical-field coils
Tokamak /

1 kW, 2.45 GHz
Magnetron




Space Plasma Operation Chamber (SPOC)

 Training of using SPOC is scheduled for next lecture (3/25)



Vacuum pressure in different systems




Vacuum Levels

Levels

Rough Vacuum
(%% %)
Medium Vacuum
(" R% %)

High Vacuum

(%% %)

Ultra High Vacuum
(#3%3)

Pressure Mean Free Path (A) | Flow type
VS

System size (d)

10-1~760 Torr A<<d Viscos flow

10-°~10-1 Torr A~d Transition flow
109~10 Torr A>>d Molecular flow
< 10° Torr A>>d Molecular flow
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Low vacuum Medium vacuum High/ Ultra-high vacuum

M. Abedi Masir, etc., Progress in Nuclear Energy, 118 (2020), 103150



Larger tube can provide a higher flow rate in viscosity
flow regime
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Larger tube can provide a higher flow rate in molecular
flow regime
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A C=,A Cr/s = 11.64 2
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- Connected tube in parallel: Cr=C1+Cy+C3+...

1 1 1 1

» Connected tube in series: -+ 4
Cr € C; (3
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Gas absorption and desorption against a chamber wall
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Vacuum pumping of a chamber:
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M. Toth, etc., J. Nanotechnology, 6 (2015), 1518 11
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Rate limiting steps during the pumping of a vacuum

chamber
T 1 | T T 1 |
Volume
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Time (Logq, 1)

A user's guide to vacuum technology, by J. F. O’Hanlon
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Components of a vacuum system
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e Turbomolecular pump

« Diffusion pump

https://en.wikipedia.org/wiki/Turbomolecular_pump
http://thinfilmscience.com/en-US/Diffusionpumps.aspx
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Rotors
Rotors rotate
knocking the
molecules miving
the zas dln.t.l.l m
and compressing

he gas. PP 2228 Y P
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Debris

Ethl‘:cl I i g
pumped by [NAAS N S
Tk ff”fz”f/ﬁffxfx" D&ﬂ-ﬁfr’fx’ff’f
pumps S 08 o 25 c””':'”.:. ool o o 8,0 990,00
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Spindle for rotors often on magnetic levitation oil free bearings

EEfEENRED FEREA
- BIEEZ - AERE -
- MRETEREARRE S  BEARANHRE

collection mesh

E—

Stators

The stators are
fixed but as the
gas hits them,
they bounce
down into the
path of the next
set of rotors,
that adds more
direction and
momentum.

— INEAERRRIE REREEL - RS 5 - EREARTYLER -

https://en.wikipedia.org/wiki/Turbomolecular_pump
https://www.sciencedirect.com/topics/chemistry/vacuum-pump
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Gas molecular is pumped out by high speed oil vapor in

a diffusion pump

Diffusion pump technology

e il molecules
SN Gas molecules
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http://supervacindustries.blogspot.com/2013/12/g.html 32
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Inside of a cryopump

L_“ A T Vacuum chamber MR '1: ‘Er ':ED
p — — — Baffle (= 100 K) SOk Ballle
J 2nd stage (= 10 - 20 K) 5
cold panels 80K Shield

i 5K Pane
Activated charcoal 15K Panel

— Radiation shield
1st stage (= 80 K)

LyuiaL ) - - I
pu

Colg Head . =Sl > Case
Hin Samoed 3 =

EE A uNT
[PUMP ASSEMBLY |

https://www.vacuumscienceworld.com/blog/cryopumps
http://www.ulvac-cryo.co.kr/eng/products/maintenance/introduction.php
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https://zh.wikipedia.org/wiki/%E7%86%B1%E7%B5%B2%E6%A5%B5%E9%9B
%A2%E5%ADY%90%E7%9C%IF%E7%A9%BAYE8%A8%88
https://www.idealvac.com/Iridium--Filament-Glass-lon-Gauge-Tube/pp/P102037 49
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O-ring groove design

&
o Ny

B

f#

R

A 1.15d 1.4d 1.4d 0.9d—0.95d d

B 0.72d 0.7d 0.7d 0.75d—0.8d 1.154—1.3d
0.15d—0.22d 0.15d—0.22d 0.15d—0.22d 0.15d—0.22d 0.15d—0.22d

R (Bl A Pt Bl A P (Bl At Bl ARt B At
R,<1.6 um R, <1.6 um R,<1.6 um R,<1.6 um R, <1.6 um
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More clamp

SRFFER

wH PLEER

3.KF ERaFT & e o

4. E IR SRR E & o

56



Comparison of different types of flange
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We need to work with a vacuum system

Vertical-field coils
Tokamak /

1 kW, 2.45 GHz
Magnetron
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