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Observation of self-organized filaments in a dielectric barrier discharge
of Ar gas
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Symmetric self-organized discharge filaments have been observed in t6@0rkH2 dielectric

barrier discharge of Ar gas between two parallel quartz plates with a MgO film. The arrangement of
the filaments is confined around the center on the quartz plate plane. With increasing voltage, the
number of filaments increases, and the area of filament arrangement also increases. The arrangement
of the filaments does not move if the quartz plate with a MgO film is employed, while the whole
arrangement rotates without a MgO film. According to the results of current—voltage measurements,
Lorentz attractive force is much smaller than Coulomb repulsive force. This suggests that a
confinement potential exists as in the case of two-dimensional Coulomb systems in a parabolic
potential. However, some of the filament arrangements do not match to those for charged particles
in the Coulomb systems, which suggests that the confinement potential does not have pure parabolic
profile. © 2003 American Institute of Physic§DOI: 10.1063/1.1613796

Dielectric barrier discharge®©BDs) have been known grounded, and the top electrode was connected to(300
to be sustained mostly by filamentary streamers when thelgHz) power sourcg RF Power Products, LF}ghrough an
are operated under highd (>500 Torr cm) product of the automatic matching controlle(ASTECH Corp., TL-10R
gas pressur@ and the distance between electrodes. Sev- with RC-11). A MgO film (100 nm thick was evaporated at
eral researchers have found that the filamentary discharg@$0 °C on the discharge side of the top electrode. Applied
can be seen even for lowgrd conditions, in which self- voltage and current were monitored by a digital oscilloscope
organized arrangements of the filaments have beeflwatsu-LeCroy LT344 500MHgz through a high-voltage
observed:"® A mechanism for spontaneous filament forma-probe (Tektronix P6015A and ac current probéTektronix
tion have already been reported by Brae¢ml, in which ~ P602). Optical emission was also monitored by a photomul-
appearance of equally separated filaments can be explaingglier. Our experimental procedure was as follows; the reac-
in terms of electron and ion transport coefficieh®n the  tor was once pumped to 18 Torr, and ignition of discharge
other hand, motion of the filaments is not fully understoodwas performed at Ar pressure of 60—100 Torr and voltage
yet, although motion of a pair of filaments has been analyzedamplitudg around 1 kV. After the ignition, Ar pressure was
by Braueret al® increased to 210 Torr. Observation of discharge filaments

In this work, we report on quite symmetric and fixed was performed through the top electrode and quartz window.
self-organized arrangements of a few filaments confined in a  Figures 2a)—2(f) show the arrangements of one to six
center of the DBD area of Ar gas. Although surface effectsfilaments, which possess quite symmetric self-organized ar-
are reported to be neg|igib|e according to the Brauer'dangements. The number of filaments increased with increas-
model? we report a possibility to fix position of the filaments ing voltage from 1 to 1.07 kV. Variation of the filament ar-
using a MgO film evaporated on a dielectric electrode for
DBDs. Observed filament arrangements are quite similar to —
so-called two dimensiondRD) Coulomb systems in which
charged particles form self-organized arrangements in an ex-
ternal confinement potenti4f!! We have compared our re- WF‘—W%'V_jTFE
sults to those for the 2D Coulomb systems.

Figure 1 shows schematic representation of our experi-
mental setup, which consists of two quartz plates with diam-
eter 80 mm and thickness 1.5 mm. An indium tin oxide
(ITO) film has been evaporated on each quartz plate as a
transparent electrode, and its diameter and thickness is 60
mm and 150 nm, respectively. Distance between the two di-
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dElectronic mail: shira@iic.kyoto-u.ac.jp FIG. 1. Experimental setup for observation of filaments in a DBD of Ar gas.
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dimensional numerical simulation of spontaneous filament
formation? a three-dimensional simulation is required for
explaining the present geometric arrangement of filaments.
Instead, we have compared our results to those for 2D Cou-
lomb systemg?~1¢
On the surface of dielectric electrodes, there is negative
or positive charge for one discharge filament. Its sign de-
pends on the phase of discharge current. As the charge is
localized around the position of the filament due to slow
mobility on the insulator surface, a filament is always ac-
companied with charge on the surface, which brings about a
FIG. 2. Arrangements of filaments observed with increasing applied voltaggepUISIVe fOFCQ bgtween the fllamem.si .
(amplituds. (8 1, (b) 1.01,(c) 1.02,(d) 1.03,(e) 1.05, and(f) 1.07 KV, For establishing balanced condition for the filaments,
there must be an attractive force between the filaments
rangements was triggered by quite small change in thand/or potential which can confine the filaments. Loren.tz
Mforce between each filament current works as an attractive
voltage. Current and voltage wave forms showed no r‘Ot'ce"f'orce However, its value cannot be balanced as described
able variation with increasing the voltage. The area of dis'next .As shown ,in Fig. ®), total filament current is approxi-
charge was expanded with increasing the number of filafnate.ly 50 mA for 22.fila,ments Therefore, current for one
ments. Due to this expansion, averaged distance between tvm) ’ '

: . . : ament is|=2.3 mA. Duration of the current is approxi-
adjacent filaments was almost fixed and was apprOX|mateIthelyt:0 5 s according to Fig. (). Maximum charge
7 mm. . e

. . . on the surface is estimated to Qe=1t=1.15 nC, where the
Typical current and voltage wave forms in our experi- . L
- . current is assumed to be constant for simplifying the present
ments are shown in Fig.(8), which corresponds to the ar-

) . . odel. The Coulomb force between two charged regions can
rangements of 22 filaments. It is known that a conventiona . ; -
e estimated from the following equation:
DBD current wave form has sharp pulse components corre-

sponding to random filamentary discharges. In this figure, o 1 2
however, the current wave form is close to a simple sine  Foli.j)= dreg |ri—rj|3(r‘_rj)'

wave form. Phase difference between the current and voltage

is almost 90°. This means that most of the current is fowherer; andr; are the positions of a pair of filaments, and
charging the whole electrodes. A pure sine wave form comri—r;|=7 mm as mentioned earlies, is dielectric constant
ponent was subtracted from the experimental current wavef vacuum. Absolute value dfq(i,j) becomes 2.4210™*
form in order to extract the discharge current shown in FigN. On the other hand, the Lorentz attractive force between a
3(b). The optical emission peaks in the same figure are irpair of filament current can be estimated from the following
phase with the discharge current peaks. In addition, eacduation:

current peak is not ensemble of sharp peaks as in conven- |2

tional DBDs, but one broad peak. This means that each fila-  F (i,j)=— o (=1,

ment is not generated randomly but in phase. 2 [ri—rj

Although Braueretal. have already presented two- \yhere u, is permeability of vacuum. Absolute value of
Fi(i,j) becomes 1.5% 10 ° N, which is much weaker than

s a1 the Cqulomb forge. This means t_hat a certain confinement
10 ;—\(/"‘\\ e 10 potenhe;yl Tlust exists as employed in a model of 2D Coulomb
— systems.”
%:Z/ N\ ' :: < A model of a 2D Coulomb system consists of charged
g \ / ' § particles and a confinement potential which is mostly para-
= 05 /\ / e bolic one. According to the numerical simulation by Be-
-10 i 10 danov and Peeters, arrangementNofparticles has a shell
15 15 structure Ny, N,, ..) whereN; indicates number of par-
| osuela oo ticles on each shell and=N;+N,+... .3 In their report,
oo ® pentagonal(1,5-arrangement should be the most stable
— 568 ground-state arrangement. In the case of our experiments,

|
~50mA Difference current

however, hexagonal6)-arrangement always appears as
shown in Fig. Zf). This(6)-arrangement is a metastable state
I y according to Bolton and Rwsler'? and observed by Saint

! | N Jeanet al* According to the detailed analysis of the meta-

me?i:'fi emisioyet stable arrangement of the 2D Coulomb system by Kong

0.5 us / div o et al, a metastable arrangement for pure parabolic potential

@ | A . § disch can appear as a ground-state arrangement if the potential
FIG. 3. Current—voltage characteristics of our DBD during discharge . : : : : :
with self-organized 22 filamentsb) Difference current wave form, which proflle deviate from pure parabO“C prOfﬂéThIS mlght be a

has been obtained by subtracting fitted sine wave from measured curreh€aS0N why(1,5)-arrangement does not appear in our system,

wave form, and optical emission wave form. because voltage on the ITO film is not applied uniformly but
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partially as in Fig. 1, and ITO does not have high conductiv-gests that possibility to fix the position of self-organized
ity like metals which leads complex electric field betweenfilaments by using the surface effects.
two the quartz electrodes. ) )

If we can apply this model, all the filaments must appear 1S research was partially supported by the Kyoto
in phase for fixing their relative position. Otherwise, the Nanotechnology Cluster.
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