ZH Ealga sAlAl=aold

c>

=

ISSN 1975-8359(Print) / ISSN 2287-4364(Online)
The Transactions of the Korean Institute of Electrical Engineers Vol. 63, No. 10, pp. 1417~1422, 2014
http://dx.doi.org/10.5370/KIEE.2014.63.10.1417

0|Z¢t DCEEt=0t S8 A+

Analysis of DC Plasma using Electrostatic Probe and Fluid Simulation
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Abstract - Using a parallel plate DC plasma system was prepared. Using this equipment, we investigated the basic
discharge characteristics of DC argon plasma in terms of electron density, temperature, voltage and current waveforms

and plasma potential. The effects of the electrode gap distance,

input voltage, ballast resistance and pressure were

measured using electrostatic probe. Plasma simulation using fluid approximation has been performed. External circuit
effects was included in the simulation. Measured and calculated current voltage characteristics show similar tendencies.
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Fig. 3 Electrical Characteristic according to voltage and
ballast resistance
(a) Pressure 100mTorr (b) Pressure 300mTorr (c)
Pressure 500mTorr - Current, (d) Pressure 100mTorr
(e) Pressure 300mTorr (f) Pressure 500mTorr - Power
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Fig. 4 Discharge Image according to gap size and pressure
(@) Gap size 1cm, Pressure 100mTorr (b) Gap size
5cm, Pressure  100mTorr (c) Gap size 10cm,
Pressure 100mTorr (d) Gap size 1cm, Pressure
500mTorr (e) Gap size 5cm, Pressure 500mTorr (f)
Gap size 10cm, Pressure 500mTorr
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Fig. 5 Breakdown voltage and Paschen curve according to
gap size and pressure
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Fig. 6 Plasma parameter according to pressure(center)
(a) Electron Temperature (b) Plasma Potential
(c) Electron Density
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Fig. 7 Plasma parameter according to position of probe
(z—direction)
(a) Electron Temperature (b) Plasma Potential (c)
Electron Density
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Fig. 8 Modeling Geometry
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Table 1 Chemical reaction

Al
Al

olo

Reaction Formula
1 etAr—e+Ar
2 etAr—etArs
3 etArs—e+Ar
4 etAr—2e+Ar+
5 etArs—2e+Ar+
6 Ars+Ars—e+Ar+Ar+
7 Ars+tAr—Ar+Ar
E: 2 xHES
Table 2 Surface reaction
Reaction Formula
1 Ar+—Ar(Cathode)
2 Ar+—Ar(Ground)
3 Ars—Ar(All Boundary)
Species (e, Ar, Ars, Ar+)
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Fig. 9 Electron temperature according to ballast resistance
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(@) Voltage 450V, Gap size 3cm, Pressure
:100mTorr, Ballast resistance : 10k (b) Voltage :
450V, Gap size @ 3cm, Pressure : 100mTorr, Ballast
resistance : 1kQ (c) Voltage: 450V, Gap size : 3cm,
Pressure : 500mTorr, Ballast resistance : 10k (d)
Voltage 450V, Gap size 3cm, Pressure

500mTorr, Ballast resistance : 1kQ
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(@) Mgt 450V, M=2+4 @ 3om, 3 : 100mTorr,
gElAE XE o 10kQ (b) Mg - 450V, M=24H
3cm, €3 @ 100mTorr, WalAE XM& @ 1kQ © ™

b 1 450V, M=37+4 : 3cm, 23 : 500mTorr, 22t
2E HME o 10kQ (d) ™MeF i 450V, ®=74A
3cm, 22 : 500mTorr, ZetAE K& 1 1kQ
10 Electron potential according to ballast resistance
(@) Voltage 450V, Gap size 3cm, Pressure
:100mTorr, Ballast resistance : 10kQ (b) Voltage :
450V, Gap size 3cm, Pressure 100mTorr,
Ballast resistance : 1kQ (c) Voltage: 450V, Gap
size @ 3cm, Pressure : 500mTorr, Ballast resistance
10kQ (d) Voltage 450V, Gap size : 3cm,
Pressure : 500mTorr, Ballast resistance : 1k
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Fig. 12 Comparison of electron density according to
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Fig. 13 Comparison of electron density according to
pressure and input voltage(z—direction)
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Fig. 14 Discharge Image according to pressure and input
voltage for comparison of electron density
(@) Gap size : 3cm, Pressure : 300mTorr
(b) Gap size : 3cm, Pressure : 500mTorr
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