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COMPLEX PLASMOID BEHAVIORS
IN DUSTY PLASMA EXPERIMENTS

MAXIME MIKIKIAN, HAGOP TAWIDIAN AND THOMAS LECAS

GREMI, UMR7344, CNRS/Univ-Orléans, F-45067 Orléans, France
maxime.mikikian@univ-orleans.fr

ABSTRACT 2. OCCURRENCE OF PLASMOIDS IN

PLASMAS
In this paper, we report on a particularly impres-

sive feature of dusty plasma instabilities wherePlasmoids are localized structures with an en-
moving bright plasma spots (plasmoids) appeahanced emission that are encountered in many
in between the electrodes of a low-pressurdifferent types of plasmas. For example, they
capacitively-coupled rf discharge (ccrf). Theseare well known in magnetized plasmas for fusion
plasmoids show complex behaviors like mutualwhere they are called "blobs". In this field, they
interactions consisting in their merging or split- are involved in transport phenomena, B]. In
ting. The interest of this study is beyond theatmospheric pressure plasmas, and especially in
field of dusty plasmas as well-delimited regions ofDBDs, these regions appear as filaments. Interac-
enhanced emission are observed in many differtions between these structures have been observed
ent kinds of plasmas (for example at atmospheriavith impressive phenomena like self-organization
pressure in dielectric barrier discharges (DBDs). and merging or splitting of these regiong 8, 9].
These phenomena are also observed in plasma jets
1. INTRODUCTION where plasma streams with a comet-like shape
(sometimes called plasma bullet) are able to split

The presence of dust particles in a plasma is a relto two parts, or to merge giving rise to a single
atively common situation. Dusty plasmas can bestructure 10, 11, 12, 13]. In experimental condi-
encountered in many different environments suctions closer to the present study (ccrf), we can re-
as in astrophysics, fusion devices or industrial proPort on relatively similar observations where mov-
cesses. The origin of these dust particles is usuallild “Plasmoids” are observed in the plasma bulk
the presence of reactive gases or material sputtetd4] or in grid orifices [L5]. All these different
ing. As dust particles are growing and get Charge(pbservations corresponding to localized regions of
in contact with the plasma, they can strongly dis-enhanced emission are certainly related to slightly
turb the plasma equilibrium when their numberdifferent physical mechanisms driving their cre-
density is not negligible. In low pressure C(;lpac_ation and dynamics. Nevertheless, an electrical ef-
itively coupled rf discharge, low frequency insta- fect is the obvious common point between all these
bilities can be triggered by dust particle growthPPhenomena and any further investigation on these
[1, 2. These unstable phenomena can be eas”plasmoids can provide useful information for dif-
detected on the plasma glow emission and theiferent fields.

complexity can be revealed thanks to high speed

imaging at a few thousands frames per second. EXPERIMENTAL CONDITIONS

(fps). A patrticularity of these instabilities is that

they can be characterized by the appearance dfhe plasma is created by a typical capacitively-
well-delimited bright plasma spots in the plasmacoupled radio-frequency (13.56 MHz, 3 W) dis-

[3, 4. These plasmoids can move through thecharge at low pressure-( 1.5 mbar). One par-
plasma and interact with each other. Very impresticularity is that the rf power is applied in push-
sive phenomena like the splitting of a single plasspull mode, giving a more homogeneous plasma for
moid into two parts or the merging of two sepa-dust particles only affected by very low frequency
rated plasmoids are also observdl | evolutions (from a few to a few thousands of Hz).
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In this reactor 16], the two electrodes are sepa- cal sizes of about a few mm. They have a comet-
rated by3 cm and have a diameter éfcm. When like shape and seem to originate from the electrode
the plasma is switched on, the plasma ions sputvicinity. These plasmoids propagate through the
ter previously injected micrometer size particlesplasma where they can interact with each other.
made of polymer (melamine formaldehyde) andThese interactions can lead to changes in the plas-
lying on the electrodes. It leads to the injection inmoid trajectories or to more drastic interactions
the gas phase of molecular precursors that can giweith the merging of two colliding plasmoids. In
birth to the growth of carbon based dust particleghis last case, plasmoids come progressively closer
[17]. The buffer gas can be argon or krypton but into each other and merge giving birth to a single
the present study, the more surprising results havglasmoid. The opposite situation has also been ob-
been obtained with krypton. Dust particle growthserved with the splitting of a unique spheroid into
induces the appearance of low frequency instabiltwo parts. The size of the two new plasmoids is
ities in the plasma. These unstable phenomena amore or less the same than the one of the parent
recorded thanks to a high-speed camera with typiplasmoid.

cal speeds in betwe&®00 and20000 fps.

4. PLASMOIDSIN DUSTY PLASMAS

Using a standard 24 fps camera, the instabilitieg
related to dust particle growth usually appear ag
striations of the plasma glow as shown in FiQ.

These striations are mainly in the vertical direc-
tion in between the two electrodes. The unstabl
nature of the plasma is stronger in Kr than in Ar.
It seems that it is related to slight differences in
the grown dust particle population. Indeed, qual-
itatively, a Kr plasma produces, by sputtering, a
higher amount of smaller dust particles than an Ar
plasma. This higher dust density strongly disturbs

the plasma equilibrium and gives rise to muchFig. 2. Plasmoids appearing during dust particle growth and re-
more developed instabilities vealed thanks to high-speed imaging during the instabilities.

The changes in the plasmoid trajectory and a case
of splitting are well described in Fig.3. Each
image represents the inter-electrode space in false
color (from dark blue to red). In each image, the
two bright regions at the top and bottom are the
pre-sheath regions. The interesting events are en-
circled and the direction of the central plasmoid is
indicated by arrows. A clear plasmoid is observed
in image7 and go towards the bottom electrode.
At image 17 the appearance of a new plasmoid
Fig. 1. Instabilities appearing during dust particle growth in a ca- Close to the top electrode changes the central plas-
pacitively coupled rf dischar_ge_ sho_vvn with a_lst_andard 24 fps CCD moid direction. Now, it goes up, towards the new
camera. They appear as striations in the emission of the Kr plasma. . . . .

plasmoid. At imagel the central plasmoid splits
The exact nature of the striations can only be reinto two parts. The lower plasmoid goes up, up
vealed using high-speed imaging. Fig@réaken to image35 where again, the appearance of a new
a 8000 fps clearly shows the existence of well- plasmoid (this time close to the bottom electrode)
localized regions of enhanced emission with typi-changes its direction towards the bottom.
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1,2, 3. 4 .5 .6 7 .8 9 into two parts with sizes comparable to the parent
MW" |‘ l‘ l. l“ i‘ '. ' plasmoid. These experimental observations are

particularly interesting as they can open new per-

0 10 0 13 .1 5 .16 17 .18 spectives in the understanding of delimited plasma
' ‘. 'i" ‘. '. '. “ ‘. ' regions encountered in many different types of
. ” plasmas.
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Fig. 3. Appearance, up and down motions and splitting of sphet
in the center of the discharge. The frames are extracted from a r
at 16000 fps.

The dynamics of the plasmoid can be better ¢
mate by summarizing the whole sequence in
mation in one single image shown in Fig. To
construct this image, the columns covering the
gion of interest have been summed up for each wiFig. 4. Column profile (averaged over the region of interest) con-
age. It produces a column per image and the juxtaiielet oo evdenaing e plasrotd dnamcs: upanddovr
position of the columns gives the Fig. The con-  circled.

trast is enhanced by subtracting a mean value cal-

culated on each line of Figh. Itallows to take into g ACKNOWLEDGMENTS

account the global plasma glow structure and to
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of an interaction between them. The splitting of
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