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Analysis on DC Glow Discharge Properties of Ar Gas

at the Atmosphere Pressure
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Abstract - Atmosphere Plasma of Gas Discharge (APGD) has been used in plasma sources for material processing
such as etching, deposition, surface modification and so on due to having no thermal damages. The APGD researches on
AC source with high frequency have been mainly processed. However, DC APGD studies have been not. In order to
understand APGD further, it is necessary to study on fundamental properties of DC APGD.

In this paper, we developed a one-dimensional fluid simulation model with capacitively coupled plasma chamber at the
atmosphere pressure (760 [Torr]). Nine kinds of Ar discharge particles such as electron (e), positive ions (Ar’, Ar:') and
neutral particles (Arm’, Ar’, Ar,', Ar2’(1), Ar,"(3) and Ar gas) are considered in the computation. The simulation was
worked at the current range of 1~15 [mA]. The characteristics of voltage-current were calculated and the structure of
Joule heating were discussed. The spatial distributions of Ar DC APGD and the mechanism of power consumption were

also investigated.

Key Words : Atmosphere Pressure, DC Glow Discharge, Fluid Model, Plasma Simulation, Argon Discharge
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(a) discharge model

(b) equivalent Circuit
a1 A7 2R 4 220 S5 R,
Fig. 1 A schematic diagram for (a) DC glow discharge model
and (b) equivalent circuit.
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Fig. 2 Flowchart for the present plasma simulation.

L™ AlEEold SEE.



Trans. KIEE. Vol. 59P, No. 4, DEC., 2010

E: 1 Ar Z7|Ale| Xtztel S=E81 Z=AH =+
Table 1 Present reaction model and coefficients in Ar glow discharge.
No,| Reaction Rété No| Reaction Rété
coefficient coefficient
1| A +e - A +e caddion D | W + Ay - Ay +A +e 60x10"°
2 | A +e - A +e cdaddion 2| &Q + A - A A te 60x0°
3 | A +e - A +e cdaidion 2| &0 A - Ay A +e 60x10"
4 | A +e — Ay +e caddion B | A0 + Ay - Ay +A te 60d0°
5 | A +e - A +2 caddion 2| A + A - A +A +e 500"
6 | A re - N +% caddion 5| A A - N A te 500"
7| A te - A +% cdaidion B | A + A - X A e 500"
8 | Aw +e - A +2% cdaidin 27| A A - A +A +e 510"
9 | A + 2 - & A Lwi B| A + Ay - A A e 500"
Qp”
0| A + 2 - A0 + A 10407 D | Ay + A - A +A te 500"
0| A + 2 - A0 + A 10 DA +e . + v 140"
2| A + 2 - A& + A 300™ 3| A e+ A - A A A 31d0%
B | A + 2% - &O + A 30:0% 2| A& +e - A + Ay &0’
U | &0 A - AW + A 400" B | A0 +e — % + v 23d0°
5| &0 + A (D) - A +2%r +e 500" R/ R +e - % + 3130
6 | AO + A0 - A +2h+e 50x0° D | My - A + I 190
7| &0 +AQd - A +2r e 500" B | Ay - A + I 5450
B | A0 + Ay - Ay +A te 60x10" 3| A - A + I 5040
O | A0 + A - Ay A te 60x0°
E: 3 2 TXALE 2T 2R 5E =A
Table 2 Simulation conditions considered in this paper. 200
Discharge Conditions Values
Gas Ar (100%) 0
Pressure (P) 760 Torr (1 atm) S .
Electrode distance (d) 0.3 [cml] =
Electrode Area (S) 0.02 [cm?] 8 150
Waveform D.C. =
oo 100
Applied Voltage (1) 1.7 [kV] b
Resistor (&) 100 ~ 700 [kQ] 50
0 ‘ ‘ ‘ |
D HAGE AL 3 T A ol Ao mRE A WA 0 5 10 15 =
Tl AAE TR o2l Alo]Fg wEste] SUE W Current (mA)
A7} XA o2 tAd wW7tA] AlEwolde st g 3 & M=zt de-dE 54,
Fig. 3 The characteristics of voltage—current in DC Ar glow
3. 23 o TE discharge.
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Fig. 8 A schematic diagram of power consumption
atmosphere-pressure Ar DC glow discharge.

—_
o

co

Ep

ol

94

I

BEE

33

= 7FE 2 AR B 7ba4e

20

15

10

Current (mA)

Ho s T W X
oo e MAW N iy
m ol o
~ - T~ o}
- X it
g ME = n_rm %o
& o T °.
Pz M ET
=2 - TR !
™
= il ne AR w
N oy T
B ook T o
) w ol op o
o)
T . ¥
~ ny R <
! < Wy ey ~n
Mo m &
) o X
¢ X0 ]
= W
< — N
a /0 ~
o ol
I
X K &r %o
=y £
~+ . X o
. EE M
o ol &
Je (%)
m (=] [=3 (=] (=3
T i i b <
.%
0
.Dn
%
s = 8 g =8
(%) °d

oy 7

il

‘9]

Eal

17] S84 Ar 7}

A1

i=]
RUn

w3

T o
o_m@

o ot
o

-
o

Je
Fig. 6 The consumption dependances of power (£7) and

Fo o,

o

o HE

1

Eu
pul

)

=

joule heating () by electron within the total input

power and joule heating.

!

R

7hdol mel 5

=
©

AAF7F
oA ~10" [em™®] ©]47HA]

s

)

BE

o

ZHlg &

Fiek 7]

(Ar'+2Ar — Ar'+Ar)2

|
]

[e)
z shde] AuA

i

kel
pad

o 9

=

oF 50~60%7F <ol

, Ary)

o wrale] A BHHEM, A

7rdol AA 713

(Ar
g FolA

ok

g
S

=R
s

KeX
q

%

)

o 85%7F & ZFdell A&

ol

=
2H]

p

&

ol A
), U2 15%

d Ary ©]
)

=
5

(3) & 7F4 (Joule heating)2]

Ql
4

(

T oA

=
El

15 20

10

Current (mA)

100

80+
20

o
i

Aol

L
.

o

Fig. 7 The consumption ratio of joule heating () to power

(P by electrons.

O

A

o

)
o
o

421

-

it}
0
ur
_

10
o

i

E
KM

ol

<l

thzleh Ar 7t



(1]

(2]

(3]

4]

[5]

[6]

[7]

[8]

[9]

[10] F. Tochikubo, T. chiga and T. Watanabe,

422

stsl=g X 50PA 4% 20104 12¥

M. J. Pinheiro and A. A. Martins, “Electrical and kinetic
model of an atmospheric rf device for plasma
aerodynamics applications”, J. Appl. Phys., Vol. 108,
pp. 033301 (2010)
AAE, A P,
At ”’“'\17“’11 W}_
57, No. 7, pp. 1218-1222 (2008)

s, AW, AAE, ‘g7 Fepzet GAE mlol
az A= A 52 547,
=], Vol. 56, No. 4, pp. 773776 (2007)
S. Kanazawa, M. Kogoma, T. Moriwaki and S. Okazaki,
“Stable glow plasma at atmospheric pressure”, J.
Phys. D: Appl. Phys., Vol. 21, pp. 838-840 (1998)

X. Yuan and L. Raja,
large-volume nobel gas atmoshpheric-pressure glow

Phys. Lett,, Vol. 81, pp. 814-816

‘o)t Eepzeh wagAl et

o8,

A% 2

“Role of trace impurities in

discharges”, Appl.
(2002)

J. Park, 1. Henins, HW. Herrmann and S. Selwyn,
“Discharge phenomena of an atmospheric pressure
radio—frequency capacitive plasma source”, J. Appl.
Phys., Vol. 89, pp.20 (2001)

M. Moravej, X.Yang, RF.Hicks, J.Penelon and S.E.Babayan,
“A radio—freqency nonequilibrium atmospheric pressure
plasma operating with argon and oxygen”, J. Appl.
Phys., Vol. 99, pp. 093305 (2006)

H-B. Wang, W-T. Sun, H-P. Li, C-Y. Bao, X. Gao
and H-Y. Luo, “Discharge characteristics of atmospheric
pressure radio frequency glow discharges with argon/nitrogen”,
Appl. Phys. Lett., Vol. 89, pp. 161504 (2006)

J. J. Shi, X. T. Deng, R. Hall, J. D. Punnett and M.
G. Kong, “
pressure glow discharge”, J. Appl. Phys., Vol. 94, pp.
6303 (2003)

Three modes in a radio frequency atmospheric

“Structure
of low—frequency helium glow discharge at atmospheric
pressure between parallel plate dielectric electrodes”,
Jpn. J. Appl. Phys., Vol. 38, pp. 5244-5250 (1999)

[11] A. Oda and T. Kimura, “One-dimensional Fluid Simulation

[12]

[13] N. Sato and H. Tagashira,

of Atmospheric-Pressure Helium DC Glow Discharges”,
IEE] Trans. FM, Vol. 129, No. 4 (2009)

Y. Sakai, S. Sawada and H. Tgashira, “Effect of
Penning ionization on electron swarm in Ar/Ne
mixtures: Boltzmann equation analysis”, J. Phys. D:

Appl. Phys., Vol. 19, pp. 1741-1750 (1986)
“A hybrid Monte-Carlo/fluid
model of RF plasmas in a SiHy/H: miture”, IEEE

Trans. Plasma Sci. Vol. 19, pp. 102-112 (1991)

[14] E. V. Karoulina and Yu. A. Lebedev, “Computer simulation

of microwave and DC plasmas: Comparative characterisation
of plasmas”, J. Phys. D: Appl. Phys., Vol. 25, pp.
401-412 (1992)

[15] R. Morrow and N. Sato, “The discharge current induced

by the motion of charged particles in time-dependent
electric fields”, J. Phys. D: Appl. Phys., Vol. 32, pp.
1.20-22 (1999)

[16] Q. Wang, D.J.Economou and V.M.Donnelly, “Simulation

of a direct current microplasma dicharge in helium
at atmospheric pressure”, J. Appl. Phys., Vol. 100,

pp. 023301 (2006)

2z d®EN

1970 d 109 8¥ 4. 2003d L& %7}
Edsh st AARuES EU
wh, 20056~ AA HEohstL 471
3z

Tel @ 061-450-2462

Fax @ 061-450-6285

E-mail :

o

10 off

syso@mokpo.ac.kr



