RF DISCHARGE IN ARGON WITH CYLINDRICAL DUST PARTICLES
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Kinetic computer simulations of the low pressure RF discharge in argon with cylindrical and spherical dust particles are
carried out using PIC/MCC method. The Monte Carlo technique is used to describe electron and ion collisions with
neutral atoms, ions, and dust particles. Obtained results show the remarkable influence of the dust particle shape on
spatial distributions of RF discharge parameters including the ion density and the dust particle charge. Possible reasons
of the influence can be a difference of the collection effective cross-section between spherical and cylindrical dust
particles with equal surfaces as well as the balance of charged particles in dusty RF discharges.
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1. INTRODUCTION

Dust particles created in RF discharges due to etching
and sputtering of wall material or due to gas-phase
nucleation, coagulation, and deposition in chemically
active plasmas can have a complex form that is different
from the spherical shape used in most theoretical
investigations and numerical simulations of dusty RF
discharges (see, for example [1]). The shape of dust
particles can remarkably influence the behaviour of the
dust particles in dusty plasmas and discharges. In
particular, laboratory experiments [2,3] show that the
levitation of cylindrical dust particles (microrods) in RF
sheaths depends on their size. Microrods below a critical
length settle parallel to the electric field, while longer
microrods float perpendicular to the field. Therefore
investigations of dusty RF discharges with non-spherical
dust particles are relevant.

The aim of the work is the computer simulation of
dusty RF discharges in argon with cylindrical and
spherical dust particles at various given profiles of the
dust particle density to investigate an influence of the
shape of dust particles on dusty RF discharges.

2. MODEL

A one-dimensional RF discharge is considered
between two plane electrodes separated by a gap of
d=2.0cm which is filled with Ar at the pressure 0.1 Torr.
Immobile cylindrical dust particles of a given radius 14
and a length L are distributed according to a given
distribution in the interelectrode gap with a maximum
density Ng close to electrodes. The RF discharge is
sustained by the external altering voltage with the
frequency 13.56 MHz and the amplitude V, = 100 V. The
discharge is grounded at x=d. The dust particles collect
electrons and ions generated in the discharge with density
n. and n;, respectively.

The effective cross-section o for collection of electrons
and ions by a cylindrical dust particle was obtained using
the conservation of energy and momentum in a Debye
cylinder around the cylindrical dust particles. At the
condition of L >> R, , the cross-section 0 can be written
as:
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where E, is the energy of electrons and ions (in el)
moving perpendicularly to the axis of the cylindrical dust
particle on a boundary of the Debye cylinder, A , is the
Debye length, O, is the total charge of the cylindrical dust
particle in the electron charge, r, and L is the radius and
the length of the cylindrical dust particle, respectively.
The sign “plus” and “minus” is valid for ions and
electrons, respectively.

The PIC/MCC method described in detail earlier for
discharges without dust particles is developed for
computer simulations of the RF discharge with dust
particles. The Monte Carlo technique is used to describe
electron and ion collisions. The collisions include elastic
collisions of electrons and ions with atoms, ionization and
excitation of atoms by electrons, charge exchange
between ions and atoms, as well as the electron and ion
collection by dust particles. In addition to a usual
PIC/MCC scheme, the weighting procedure is used also
for the determination of a superparticle charge part, which
is interacting with a dust particle.

The electron-argon collision cross-sections used in the
model are the same as those used in [4]. The Coulomb
cross-section for electron and ion scattering by immobile
dust particles is taken from [5].

The simulation starts at an initial uniform distribution
of electrons and ions with given densities and is
prolonged by iterations up to a moment when a change of
discharge parameters is less a given limit. Simulation
shows that 400-1000 cycles are enough to obtain the
periodically steady state of RF discharges

3. RESULTS

Obtained typical spatial distributions of the ion #;
density across the interelectrode gap of the RF discharge
are shown in Fig. 1 for spherical (solid line) and
cylindrical (doted lime) dust particles distributed
uniformly in the interelectrode gap with a dust particle
density N,=5x10"" m”. The distributions are obtained at a
spherical dust particle radius R, = [ pm, and at a
cylindrical dust particle with the length of L=5 pm and
the radius r; =0.1 um oriented parallel with the electric
field of the RF discharge. Note that the surfaces of both
particles are practically equal. As can be seen in Fig. 1,
the ion n; density is essentially larger in the case of
cylindrical dust particles in the central part of the RF
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discharge unlike sheaths where the density is consisted
with one for spherical dust particles. A possible reason of
the difference can be a difference of the collection
effective cross-section between spherical and cylindrical
dust particles with equal surfaces.

There is a difference between spatial distributions of
the dust particle charge O, for RF discharges with
spherical and cylindrical dust particles shown in Fig. 2 for
case of Fig. 1. It is seen cleanly in Fig. 2 that a non-
monotony of spatial distributions of the dust particle
charge Q, is stronger in the quasi-neutral part of the RF
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Fig. 1 Spatial distributions of the ion n_density

in the RF discharge with spherical and
cylindrical dust particles

discharge in the case of spherical dust particles. The
possible reason of the difference can be averaging along
the cylindrical dust particle, which is stretched in the
direction more as the spherical dust particle.

Spatial distributions of the ion density »; across the
interelectrode gap of the RF discharge are shown in Fig. 3

at various spatial distributions of dust particles. The
distributions are obtained at two distributions of dust
particles, namely: at parabolic distributions of the dust
particle density with the ratio @ = N /Ny = 0.1 of the

density N, in the centre of the interelectrode gap to the
density N, close to electrode and at uniform distributions
of the dust particles at 0 = 1. As can be seen in Fig. 3, the
ion density »; is smaller in the central quasi-neutral part of
the RF discharge at uniform distributions of both shape of
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Fig. 1. Spatial distributions of the ion density n_at

uniform (@ = 1) and parabolic (a = 0.1)
distributions of spherical and cylindrical dust
particles
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Fig. 2. Spatial distributions of the dust
particle charde Q  for spherical and
cvlindrical dust particles
dust particles. In sheaths, the ion densities #; are coincided
in the case of uniform and parabolic distributions of

cylindrical dust particles unlike the case of spherical dust
particles where the ion #n; density is larger at the uniform
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PAJIMOYACTOTHBIN PA3PSI/I B APTOHE C IIWJIMHAPUYECKUMMU NBIJIEBBIMA YACTUILIAMHA
10.U. Yymoes, B./>«c. I'voxep, O.10. Kpasuenxo, I'.H. Jlesaoa, T.E. /lucumuenko, P.O. Pomanenko

Kunernueckoe KOMIBIOTEpPHOE MOJEIMPOBAaHME PAJMOYACTOTHOTO pas3psiia B aproHe C IWIMHAPHYECKUMH M
cepryecKUMH IbIIEBBIMU YacTUIIAMU TpoBoauics ¢ ucnoib3oBanueM PIC/MCC merona. Texnuka Monrte-Kapio
WCIIONIB30BAIACH JJISl OINUCAHMs DJEKTPOHHBIX M HMOHHBIX COYJapeHWil ¢ HEWTpaJbHBIMM aTOMaMH W IBUIEBBIMHU
yacTuiamu. IlomydeHHBIE pe3ysibTaThl MOKa3bIBalOT, 4YTO (opMa IIBUICBBIX YacTHIl 3aMETHO BIUSET Ha
IIPOCTPAHCTBEHHBIE PACIPEACNICHNS MapaMeTpoB PagMOYacCTOTHOTO paspsna, B TOM 4YHCIE Ha paclpeleleHUs
KOHIICHTPALlM WOHOB W 3apsijia MBUICBBIX YacTHL. BO3MOXXHBIMH NPHYMHAMH 3TOTO BIUSHHUS MOXET OBITh pa3sHHUIIA
3 }eKTHBHBIX ceyeHHH cepruuecKuX W IMIMHIPUYSCKUX MBUICBBIX YaCTHIl C OJMHAKOBOH NMOBEPXHOCTHIO, a TaKKe
GaJyaHC 3apsDKEHHBIX YaCTHI] B 3aIIbUICHHBIX PaIHOYaCTOTHBIX pa3psiiax.

PAJIIOYACTOTHHM PO3PSJ] B APTOHI 3 LUJITHAPUYHUMHU MUJIOBUMHU YACTUHKAMU
10.1. 9Yymos, B./[xc. I'yoxep, O.F0. Kpaguenko, I'.1. JIesaoa, T.€. /Tucumuenxo, P.O. Pomanenxo

KinetndyHe KOMII'IOTEpHE MOJCTIOBAHHS PaJiOd4acTOTHOTO PO3PSAY B aproHi 3 NITHIPHIHHMHU i CHEepHIHUMH
MMAIOBUMH ~ YacTHHKaMH mpoBoawnocss 3  BukopucrtanHsaM PIC/MCC  wmerony. Texmika Monre-Kapio
BHKOPHCTOBYBAJIACs JUIsl ONKCY CJIIEKTPOHHUX 1 I0HHUX 3ITKHEHb 3 HEMTPaJIbHHUMHU aTOMaMH 1 MHJIOBUMH YaCTHHKAaMH.
OTpuMaHi pe3ynabTaTH IOKa3yloTh, IO ()OpMa NWIOBHX YAaCTHHOK IIOMITHO BIUIMBAE HA IPOCTOPOBI PO3IOIITH
napaMeTpiB PajioyacTOTHOrO PO3PSAY, B TOMY YHCJII HA PO3MOAUIM T'YCTHHH 10HIB 1 3apsiiy MHJIOBHX YaCTHHOK.
MOXIMBUMH TPUYMHAMU IHOTO BIUIMBY MOXKeE OYTH Pi3HHIS €(PEeKTUBHUX MEPETUHIB CHEPUYHUX 1 IMITIHAPHIHHUX
IIMJIOBUX YAaCTHHOK OJHAKOBOI IOBEpPXHi, a TaKOX OajaHC 3apsIKEHHX YAaCTHHOK B 3aIlOPOIICHHX pPalio4acTOTHHX
po3psax.
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