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We are carried out the computer smulation of the dust cloud dynamicsin the radio frequency (RF) discharges at the
microgravity conditions using PIC/MCC method for electrons and ions and hydrodynamics model for dust particles.
The moving of dust particlesis governed by the electrostatic force, ion and neutra drag forces, which are averaged over
period of RF discharge. The obtained results show that dust particles form layer with sharp boundaries in the discharge
chamber. Locations of the layer boundaries don't coincide with the edges of the rf-sheathes and depend on size of dust

particles and ion density in discharge.
PACS: 52.27.L.w

1. INTRODUCTION

Physics of dusty plasma are considered now as one of
the important branches of science and technology. First of
all an active research on particle formation and behavior
has been induced by contamination phenomena of
industrial plasma reactors used for etching, sputtering,
and plasma enhanced chemical-vapor deposition. Many
experimental efforts have deal with the detection and
dynamics dust particles in capacitive coupled radio
frequency discharges, snce they widely used as sources
of reactive species for surface treatment. Such particles
are trapped in the plasma bulk, forming dust clouds and
voids [1], [2], and Sgnificantly affect the discharge
behavior. In particular, dust particles change electron and
ion velocity distribution functions and influence on
ionization processes and flows of plasma particles toward
the electrodes. The numerical smulations of the dust
particles dynamics in RF discharges was carried out
earlier in the frame of hydrodynamic model [3], which is
not correct for discharges of the low pressure. However,
many modern plasma reactors operate at low gas pressure
and the mean free path of charged particles becomes
comparable with or exceeds the thickness of electrode
sheaths. The influence of dust particles on radio
frequency discharge in the Kkinetic approach was
investigated only for the case of static dust particles [4],
[5]. In this paper we are caried out the computer
simulation of the dust cdoud dynamics in the radio
frequency discharges at the microgravity conditions using
PIC/IMC method for eectrons and ions and
hydrodynamics model for dust particles.

2. MODEL

We use hydrodynamics approach to describe the dust
particles motion
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where n,,v,,q, are a density, drift velocity and charge
of a dust particle, n,n, are averaged for a discharge

period anion and electron densities correspondingly.
The change of the dust charge is described by equation
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where 1, is the electron and I, is the ion current to the
dust particle. Thetota force acting on the dust particles is
a sum of the electrostaticF. = q,E, the ion drag F. and

the neutral drag F, forces. The ion drag force is
calculated using OLM approach [6] and consists of the
collection F°and orbit F° components. The former is a
result of momentum transfer from all ions collected by the
grain

F°=pbinv.my, ()
where b, =r, (1- 2eq, /rdm\/f)ﬂ2

caused by the momentum transfer from the Coulomb
scattering of ion-dust, then it be given by

F® =nmvy’4pyG, (6)
where b, and G are impact parameters for deflection to

p /2 angle and the Coulomb logarithm correspondingly.
lon and eectron densities, the ion drift velocity; ion and
electron currents to a dust particle are calculated using the
PIC/MCC method.

The PIC/MCC method described in detail in [7] for
discharges without dust particles is developed for
computer simulations of the RF discharge with dust
particles [5]. The Monte Carlo technique is used to
describe electron and ion collisons. The collisions
include elastic collisions of electrons and ions with atoms,
an ionization and excitation of atoms by electrons, the
charge exchange between ions and atoms, Coulomb
collisions of eectrons and ionswith dust particles, as well
as the electron and ion collection and scattering by dust
particles. In addition to a usua PIC/MCC scheme, the
weighting procedure is used also for the determination of
a macroparticle charge part, which is interacting with a
dust particle.

. The orhit force is
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The Coulomb cross-section for electron and ion
scattering by immobile dust particlesis taken from [5].

The electron-argon collision cross-sections used in the
model are the same as those used in [8]. Due to the
significant difference in dust and ion (even more electron)
mass dust particles move hardly at all at one electron time
step. Thus in order to speed up simulation code the sub-
cycling technique was used.

3. RESULTS AND DISCUSSION

Simulations have been carried out at several different
radii of dust particles and pressure values, whereas the
other plasma parameters are kept constant. The rf
frequency and the amplitude of rf power are set
n, =10MHz andV, =150V , the distance between the

electrodes is set to 0.05 m, the initial dust density is set
Ny, =10°m?>.

Results of calculations were shown that dust particles
are pushed out from sheaths into the plasma and are
distributed in the central part of discharged gap. The
stationary spatial distribution of dust particles is settled
after a time. Discussed below spatia profiles correspond
to time t = 0.02 s when steady state of the dust layer is
achieved in the rough.

Fig. 1a shows the dust density at threeradii r, and the

neutral gas pressure p= 0.1 Torr. Vadues of radii have
indicated in micrometers. As shown in this figure, in all
cases dusty layers with sharp boundaries are formed and
the dust density is at maximums at these boundaries.
Width of the dust layer is decreasing with increasing dust
particle radius. Thisfact is caused by the increasing of the
dust particle charge and electrostatic force with the
increasing r, . The dust density distribution is uniform in

the central part of the layer in al cases depictured in the
figure.

Dust layers are modified plasma parameters. Fig. 1b
shows spatia profiles of the ion current averaged over
period of the rf discharge. We can see that it is happened
a strong perturbation of theion current near dust densities
peaks. Namely, ion flows are directed to dust density
peaksat r, =6mm.

The time-averaged ion density is pictured in Fig. 2. It
is seen the decreasing of the ion density with increasing of
the dust particle radius, that is a consequence of a bigger
ion deposition on dust particles. In case with r, =6nmm

peaks of the ion dendty are formed in locations of dust
density peaks. Double layers are appeared in locations of
these peaks and gimulate the ion acceleration in the
direction to peaks.

Fig. 3 shows dust density spatial distributions at three
values of a neutral gas pressure and ry =3mm. Values of

gas pressure in figure are indicated in torrs. Note, that the
width of dust layer is a monotonically increasing function
of the pressure. This result is a consequence of more thin
sheaths at a big pressure and the balance of forces acting
on a dust particle is reached closer to electrodes. At the
gaspressure p = 0.1 Torr the biggest dust density peaksis
formed at dust layer boundaries. As a result the big
potential jumps are appeared at these locations which
accelerateions toward electrodes.
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Fig.1. Dust density profiles (a) and time-averaged ion
current profiles (b) at different dust particle radii
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Fig.2. lon density profiles at different dust particle radii

155



N, m>10"0 REFERENCES

1. M. Mikikian, L. Boufendi, H.M. Thomas,
G.E. Morfill, A.P. Nefedov, V.E. Fortov et a. //New
Journal of Physics. 2003, p.19.1-19.12.

2. G.E.Morfill, H.M.Thomas, U.Konopka, H.Rothermel,
M.Zuzic, A.lvlev, J.Goree //Phys. Rev. Letters. 1999,
v.83, p. 1598-1601.

3. M.R. Akdim, W.J. Goedheer //Physical Review E.
2002, v.65, p. 015401.

4. Y. Chutov, W. Goedheer, O.Kravchenko, V.Zuz,

: o . . Yan Min // Journal Plasma and Fusion Research.
0 1 2 3 4 5 2001, v.4, p.340-348.
5. Y.l. Chutov, W.J. Goedheer // |IEEE Trans. Plasma
Phys. 2003, v.31, p.606-613.
Fig. 3. Dust density profiles at different pressurevaluesof 6. P.K. Shukla, A.A. Mamun. Introduction to Dusty
the neutral gas Plasma Physics. Bristol and Philadelphia “loP
Publishing Ltd.”, 2001.

7. C. K. Birdsall // IEEE Trans. Plasma Sci. 1991, v.19,
p.65-85.

8. V. Vahedi, G. DiPeso, C.K. Birdsall, M.A. Liberman,
T.D. Roghlien // Plasma Sources i. Technol. 1993,
v.2, p.261-272.

X, cm

To conclude, the dust cloud forming have been
numerically studied in radio frequency discharge under
microgravity. It was shown that the dust particles
compression is happen in some locations of the discharge
chamber due to join action of an electrodatic, an ion drag
and aneutral drag forces. It was sudied the influence of a
dust particle radius and a neutral gas pressure on plasma
parameters digtributions.

KOMITBIOTEPHOE MOJEJINPOBAHUME BJIMAAHUSI ITBIJIEBBIX YACTUIL
HA XAPAKTEPUCTUKHU PAANOYACTOTHOI'O PA3PSIJIA

A.FO. Kpasuenko, A.B. Bakyneuxo, T.E. Jlucumuenko, I U. Jlesaoa, 10.A. Acmpyo

[TpoBomuTCS KOMITBIOTEPHOE MOJEIMPOBAHMWE AWHAMUKH IIBUIEBOTO CI'YCTKAa B PAMOYACTOTHBIX paspsgax B
ycrmoBusix mukporpauranuu. Mcmomssyercs PIC/MCC meron MomeanpoBaHus TSl 3JIEKTPOHOB W HOHOB, a TaKKe
THAPOJMHAMHUYECKast MOJIENb Ul IBUICBBIX YacTHL. J[BMKEHUE MBUICBBIX YACTHIL[ ONPEIEISETCS IEKTPOCTATHIECKON
CHJION, CWJIaMH TPEHHUs C MOHAMHM M HEWTpaJaMH, KOTOpPBIE YCPEAHSIOTCS IO IMEPHOAY PaAnOvYacTOTHOTO pa3psia.
[TomyueHHbIe pe3yIbTaThl TOKA3BIBAIOT, YTO MBUIEBBIC YACTHIBI (DOPMHUPYIOT CIOHM C PE3KUMH IPAHULIAMHU B pa3psAHON
kamepe. IlomoeHHs T'paHWIl MBUIEBBIX CIOEB HE COBMAIAIOT C TPAHMIIAMH HPHUAJIEKTPOTHBIX CIOEB M 3aBHCAT OT
pa3Mepa IbUIEBBIX YaCTHI] U TNIOTHOCTH HOHOB B paspsife.

KOMIT'IOTEPHE MOJEJIIOBAHHS BIVINBY ITNJIOBUX YACTHHOK
HA XAPAKTEPUCTUKHU PAAIOYACTOTHOI'O PO3PALY

O.10. Kpasuenxo, A.B. Baxynenko, T.€. J/lucumuenxo, I'.I. Jlesaoa, 10.A. Acmpyo

[TpoBoanTBCS KOMI'IOTEpPHE MOJCIIOBAHHS AWHAMIKH HIJIOBOIO 3TYCTKY B pajiO4acTOTHHUX PO3pAIax B YMOBax
Mmikporpasitartii. BukopuctoByerbcst PIC/MCC Meron MOIETIOBaHHS IS €NEKTPOHIB Ta iOHIB, a TaKOX
TiJpOANHAMIYHa MOJEINb IS IMAJIOBHX YaCTHHOK. PyX NMIIOBHX YaCTHHOK BH3HAYAETBCS ENEKTPOCTATUYHOIO CHIIOH,
CHIIaMU TepTs 3 i0HAMH Ta HEWTpajdaMmd, SKi yCEPeIHIOIOTHCA MO IEepioxy pamiodacTOTHOTO po3pamy. OmepkaHi
pe3yabTaTH IOKA3YIOTh, IO IWJIOBI YaCTHHKH (HOPMYIOTH INApH 3 PI3KUMH TPAHHUIIMH B PO3PSAHIA Kamepi.
[TonoxeHHsT TpaHWIb MUJIOBHUX IIAPiB HE CINBMAJAIOTH 3 TPAHUIIIMU HPUEIEKTPOAHUX IIAPIiB 1 3aJIeXKaTh BiJ PO3MIpy
MTAJIOBUX YACTHHOK Ta 10HHOI T'YCTHHU B PO3PSII.
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