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Abstract

Atmospheric-pressure glow (APG) discharge is one of the more interesting fields of recent study owing to
its possible applications in plasma processing, surface treatment, sterilization, etc. This field was developed
by Okazaki and Kogoma et al. of the Sophia University group in 1988, and has spread world wide. Usually,
a glow discharge is difficult to keep stable at atmospheric gas pressure because glow-to-arc transition occurs
due to thermalization of the plasma. However, some methods have been presented to produce stable glow
plasma at atmospheric gas pressure; 1) inserting a dielectric plate between electrodes, 2) applying pulsed volt-
age having a pulse width shorter than the thermalization time, 3) use of a micro-hollow cathode configuration,
etc. This article describes the generation of AGP mainly using the dielectric plate. Numerical analysis based
on continuity equations of charged species and Poisson’s equation is also described.
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Fig. 1 Glow discharge structure [5]. (D: Negative glow, Q: Fara-
day dark, @: Positive column, @:Anode region).
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Fig.2 Shutter photographs of adischarge at 7.3 x 102 Pa airand
2 cmgap. Shutter opening time for each frame is indicated
under the trace of the discharge current. Lower is cathode
side and upper is anode side [21].
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Fig. 3 Dependence of density of energy dissipated in the dark
space during glow phase on electrode separation d at dif-
ferent gas pressures [21].



Journal of Plasma and Fusion Research Vol.79, No.10 October 2003

L |d:1cm 4
800 p: 1.3 kPa /
= A
% ',ll -
& 600 wﬂ“' .
° ‘ _
>
3 400t . .
) i
Ing:3.7 A
0 | | | |
0.1 1 10 100

Current [A]

Fig. 4 Voltage-current characteristics of pulse glow discharge.
Gas pressure is 1.3 kPa, gap length is 1 cm [22].
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Fig.5 Typical discharge current waveforms and 10 ns exposure
time photograph of a filamentary discharge in nitrogen.
(a) 10 kHz frequency of 6.4 kV applied voltage, (b) 4 mm

gap length [10].
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Fig. 6 Typical discharge currentwaveforms and 10 ns exposure
time photograph of atmospheric-glow discharge in helium.
(b); 5 mm gap length [24].
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Fig. 7 Minimum (Vmin) and maximum (Vmax) power supply volt-
age amplitude permitting the occurrence of APG in nitro-
gen as a function of the excitation frequency [25].

W CEMHERCH A A, FNEEORE, #HENR
MR X v v TR, BHIERIC L > TIHIRIROREIC
%57, Fig 6bIRT £ H1Z, ZBRMICEN 727
O —REIRICE B [24]. BIREED, MHBIKRERED <
WV ANEE T ns D7V ABEN S, B A 7 VT 1OV AN
LT 5 (Fig 6(a). MBMMHZ JET 5 580 —H
ELT, ERTAEHCBONNMELEDO AN, BT
il & FRAHOAHBI % Fig. 712" 3 [25]. 71 —IRIE (Bl
T5L912, ¥ EY MREBIEVWERE) 24/ 5720
DY) 75 W, BEMEAFIET SRRT23D A 5.

2.4 BiEfER
RO - MEFEA 7 = X ARNEIRE (75 X<

B, BRL) AHFETLET, B Ial—varo
HEIBMDTRE V., 22T, KEREAY 7 AHOH
=

BN TIRBOY I 2L —3 a3 VEEREZFRLICHEAT
5. BARMZGEHEEE TV % Fig 8 1R ¥. BRI
DY —EPRE SNz, EHRETORKRL S0 —KE
DY I ab—a y TIPS X 5 —KITfNT 2517
bbb, LdsT, ROZEFENZ, BT+
OEEERN, BLU, FrvrRenslil,24].

e _ ~_7_ 0 _p.One

ot =G—L 9z <chc D(‘ 32) (1)

My _~ 0 _p.9nn

oG &<%n DPM> (2)

V2¢:_‘I(MD7ME) (3)
€o

ZZT,on, V, DIFRTFRERE, B 7 NEE, JREGR

Production of Atmospheric-Pressure Glow Discharge

1005

K. Takaki et al.

dielectrics

/ N\

' I

V=V,sin ot

plasma

Fig. 8 Calculation model foratmospheric pressure dielectric bar-
rier discharge.

1000 ‘ ‘ ‘ 2 -

Alg

S S

2 0 0z

= r I

= 2

- 11 2

o

B 4 E

1000 1 1 1 20
0 2 4 6 8 10

Time (us)

Fig. 9 Calculated current and gas-gap voltage in helium
atmospheric-pressure glow discharge. The applied volt-
age has a form of 2.2 sin (@ f) kV.
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Fig. 10 Calculated spatiotemporal profile of (a) electron density,

(b) electric field and (c) net-ionization rate in helium
atmospheric-pressure glow discharge. The discharge
condition is the same as that in Fig. 9.
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to the instantaneous anode.

728, TS FETE A AT 72 2 I B FE R T e R e S
5. ZOREIER, —R, Fu—IRICBEI S 525, WE
DHEFEA T = X DNZFHNTBRTzAY 7 ARZE 7 T — 1)
BLIZELRY, EHEL0EEXE, BV MIERE
BMOBRLTVWBES BB YTHAH. FAPIIR
M EED XD B, WRES T OF MR
%5720, WELHFT LI LN TE R LS.

2.5 HBHYIC
FU—EDOT — 7B L FOLM, SV AERE
We KB T —EOFE, N T EHWIZKREES
O —DIERZF OREMITIZO W TRz, KRE S
O—HBEIF LT O 2 ZHET ABEDZHEH AR



Journal of Plasma and Fusion Research Vol.79, No.10 October 2003

BOFMTH L., LrLru—0RELRMEFICELTD
HOENTHRVWEDLRSE W, Thru—%RIT2EtnTE

BAAMESROEN TS,

NS EESITFNRTVG

DIZHREE 57201203, IAFEDING, BUERNT %
GO RN T AL T e EE
27 5.

(1]

[2]

[3]
[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

2 E XK
Y. Kataoka, M. Kanoh, N. Makino, K. Suzuki, S. Saitoh,
M. Miyajima and Y. Mori, Jpn. J. Appl. Phys. 39, 294
(2000).
R.Prat, Y.J. Koh, Y. Babukutty, M. Kogoma, S. Okazaki
and M. Kodama, Polymer 41, 7355 (2000).
BRI, MBI R PR 26,258 (2002).
T.Nozaki, Y.Miyazaki, Y. Unno and K. Okazaki, ]. Phys.
D; Appl. Phys. 34, 3383 (2001).
R.B. Gadri, J.R. Roth, T.C. Montie, K.K. Wintenberg, P.
P. Tsai, D.J. Helfritch, P. Feldman, D.M. Sherman, F.
Karakaya and Z.Chen, Surf. Coat. Technol. 131, 528
(2000).
M. Laroussi, IEEE Trans. Plasma Sci. 24, 1188 (1996).
S.Kanazawa, M. Kogoma, T. Moriwaki and S. Okazaki,
J. Phys. D: Appl. Phys. 21, 838 (1988).
S. Okazaki, M. Kogoma, M. Uehara and Y. Kimura, J.
Phys. D: Appl. Phys. 26, 889 (1993).
Y.Sawada, S. Ogawa and M. Kogoma, ]J. Phys. D: Appl.
Phys. 28, 1661 (1995).
N. Gherardi, G. Gouda, E. Gat, A. Ricard and F.
Massines, Plasma Sources Sci. Technol. 9, 340 (2000).
F. Tochikubo, T. Chiba and T. Watanabe, Jpn. J. Appl.
Phys. 38, 5244 (1999).
Y. Golubovskii, A. Maiorov, J. Behnke and J. Behnke,
J. Phys. D: Appl. Phys. 36, 39 (2003).
R. Gadri, IEEE Trans. Plasma Sci. 27, 36 (1999).
Yu. D. Korolev and G.A. Mesyates, Physics of Pulsed
Breakdown in Gases (URO-Press, ISBN 5-7691-0779-0,

1008

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(25]

[26]

[27]

(28]

[29]
[30]

[31]

Urals, 1998) p.133.

K.H. Schoenbach, A.E. Habachi, W. Shi and M. Ciocca,
Plasma Sources Sci. Technol. 6, 468 (1997).

W. Shi, R.H. Stark and K.H. Schoenbach, IEEE Trans.
Plasma Sci. 27, 16 (1999).

S.J. Park, C.J. Wagner, CM. Herring and J.G. Eden,
Appl. Phys. Lett. 77, 199 (2000).
RS, ZRgE—, A=
-A, 364 (2003).

J. Park, I. Henins, HW. Hermann, G.S. Selwyn, ].Y.
Jeong, R.F. Hicks, D. Shim and C.S. Chang, Appl. Phys.
Lett. 76, 288 (2000).

A. Koni, T. Sugiyama, T. Goto, H. Furuhashi and Y.
Uchida, Jpn. J. Appl. Phys. 40, L238 (2001).

K. Takaki, D. Kitamura and T. Fujiwara, J. Phys. D 33,
1369 (2000).

K. Takaki, D. Taguchi and T. Fujiwara, Appl. Phys.
Lett. 78, 2646 (2001).

B. Eliasson and U. Kogelschatz, IEEE Trans. Plasma
Sci. 19, 1063 (1991).

F. Massines, A. Rabehi, Ph Decomps, R.B. Gardi, P. Se-
gur and C. Mayoux, J. Appl. Phys. 83, 2950 (1998).

N. Gherardi and F. Massines, IEEE Trans. Plasma Sci.
Sources Sci. Technol. 29, 536 (2001).

N. Yu Babaeva and N.V. Naidis, J. Phys. D 29, 2423
(1996).

F. Tochikubo and H. Arai, Jpn. J. Appl. Phys. 41, 844
(2002).

T.Yokoyama, M. Kogoma, T. Moriwakiand S. Okazaki,
J. Phys. D 23, 1125 (1990).

A.V. Phelps, Phys. Rev. 99, 1307 (1955).

Y. Honda, F. Tochikubo and S. Uchida, Jpn J. Appl.
Phys. 41, L1256 (2002).

P. Segur and F. Massines, Proc. 13th Int. Conf. on Gas
Discharge and their Applications, Glasgow (2000) p.15.

AU SR 123



