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Using computer simulation we study the dynamics of dust particles in an rf discharge considering the mutual
influence of the dust component and plasma. Simulation of the discharge is carried in the frame of the two-dimensional
model by PIC/MCC method. To describe the motion of particles it is used molecular dynamics method, which takes
into account the main factors influencing the behavior of dust particles (electric and gravitational forces, the forces of
friction with the ions and neutrals). The simulation results have shown that dust particles are trapped in locations where
the forces acting on them are balanced. The equilibrium configuration of particles studied depending on their size and
different pressures of neutral gas in microgravity conditions, and under laboratory conditions. It is shown that dust
particles lead to a decrease in the jump of the mean potential in the electrode layers and a sufficiently large particles can

significantly alter plasma parameters in the discharge.
PACS: 52.27 Lw.

1. INTRODUCTION

Particle contamination during plasma processing of
semiconductors is known to be a significant contributor to
reductions in product yield. Particles can charge
negatively in a plasma and trap in minima of combined
gravitational and electric potential fields, forming dust
clouds [1]. There have been many experiments on fine
particles, which have clarified various interesting features
of fine particles in plasmas. Strong interactions of dust
particles and the openness of the system lead to self-
organization and  ‘structurization’” of initially
homogeneous dust clouds into a complex aggregate of
dissipative dust structures and dust voids, with sharp
boundaries between them [2]. These structures become
quasi-stationary within short time scales and they are
determined by a limited number of parameters controlling
the structure. Here, we are interested in shape and
structure of fine-particle clouds, namely the effect of
particulate size on the spatial distribution of dust in a
plasma environment is investigated through the
simulation of a dust transport model coupled with plasma
model.

2. MODEL

A two-dimensional RF discharge is considered
between two plane electrodes separated by a gap of
d=0.05m which is filled with Ar at pressure

p =0.1 Torr. Dust particles of a given radius r; are

distributed uniformly at initial time in the interelectrode
gap. The dust particles collect and scatter electrons and
ions distributed in the discharge with density ne and ni,
respectively. A harmonic external voltage
V,(t) =V, sin(wt) at a frequency f=13,56 MHz and

various amplitudes V, sustains the RF discharge.

The PIC/MCC method is used to describe this
discharge [3]. In the frame of Monte-Carlo method we
take in account elastic collisions of electrons and ions
with atoms, an ionization and excitation of atoms by
electrons, the charge exchange between ions and atoms.

Using a Lagrangian approach, the individual particle
trajectory is tracked by solving the following force
balance equations for each particle:

g
dt P’

di, - - - =

mp_dt =R +R+FR+F,

where T and U, are the particulate position and velocity,

respectively. Ifg, F,, F., F, are the forces acting on the

dust particle due to gravity, electric field, ion drag and
neutral drag, respectively [4]. In the calculation of such
forces, dust particles are assumed to be spheres.
The gravitational force acting on a dust particle is

given by
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where d, is the particulate diameter; p, and py are the

densities of the particulate and neutral fluid, respectively,
and § is the gravity.

Particulates in a plasma quickly become negatively
charged to retard electrons which are much more mobile
than ions, and then experience the electrostatic force

Fe = qd E N
where 4 is the charge of the particle.

The ion drag force results from collisions with the
ions, which give rise to momentum transfer. The ion drag
force has two components, the collection force and the
Coulomb force. The former can be written as

d
F& =nmyvizb , where b, :7"(1—2eqd / amiviz) is the

collection inpact parameter. The latter is given by

F =nmyvi4zb?,T, where b, =eq, /mv? is orbital

impact parameter, I' is the Coulomb logarithm. The

neutral drag force is determined by
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where T,,n,,Vq, are neutral temperature, density and

Fog =—

thermal velocity correspondingly.
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Dust charge gy was obtained from the equation
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which is a consequence of the condition I, +1; =0.
Here |, and |; is electron and ion currents on a dust

particle in the case of Maxwell distributions of electrons
and ions, ¢yis the dust particle potential relative to
plasmas.

Dust grains influence the potential of the electric field
@, which is described by Poisson equation

0’ e
axgo :_g[ni —Ng +qyNy ],

where ny is the dust density.

3. SIMULATION RESULTS

Fig. 1 shows equilibrium distribution of dust particles
with dust grain radius ry =5 um in the discharge chamber

in the presence of gravity (a) and under microgravity
conditions (b).
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Fig. 1. Spatial distribution of dust particles in the
discharge chamber at p =0.1 Torr, V, =500V,

ry =5 um under laboratory conditions (a) and under
microgravity conditions (b)
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Fig. 2. Time-average two-dimensional spatial distribution
of electric potential (a) and the potential distribution
along perpendicular direction to the electrode (b) in the
discharge chamber at p =0.1 Torr, V, =500V ,

ry =5 um under microgravity conditions

It is seen that dust particles form clouds in the form of
a ring. In the first case (Fig. 1,a) most of them are
located above the lower electrode due to the influence of
gravity. However, some particles levitate under the upper
grounded electrode, forming a chain of equally-spaced
particles. Under microgravity conditions particles are
distributed uniformly in the ring, but some particles are
collected in the center of the ring. The reason for the
formation of structure in the form of a ring is the ion drag
force, which is due to flow of ions from the center of the
discharge chamber to the electrodes and the side walls.
This force balances the electric force directed from the
walls, as a result dust clouds are formed represented in
Fig. 1. We carried out test calculations of dust particles
dynamic under microgravity conditions without taking
into account the ion drag force. Results show that dust
particles are collected in the center of the chamber and the
void is not formed.

In Fig. 2 electric potential distribution is shown for
case depictured in Fig.1,b. We can see that dust cloud
disturbs the plasma potential so that the electric force
pushes the dust particles. Thus dust particles oscillate at
the boundary of the rf sheath. Fig. 2, b shows potential
distributions along the direction perpendicular to the
electrode for cases without dust particles, dust particles
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with ry =1 um and dust particles with ry =10 um. We  The reason of this phenomena is the increasing of
ionization rate to support the discharge. The increasing of
plasma density causes to the increasing of the discharge
current

can see, that minima potential are observed only in the
case of large dust particles (ry =10 zm). In this case

dust particles acquire large charges and their influence on
potential is more significant. Note, that dust clouds

reduce the potential drop in the rf sheath. Increasing the 4. CONCLUSIONS
radius of dust particles also leads to a reduction of the

potential drop. Results of simulations show that dust clouds in the form

of ring are formed in the discharge chamber. The void in
the center of the chamber is caused by the ion drag force.

n
- . n,=0 It is shown that plasma density is increased in the
8,0x10°71 o ---- r=5um presence of dust particles due to the increasing of the
// N d discharge current, but potential drop is decreased at that.
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KOMIIBIOTEPHOE MO/JIEJINPOBAHUE TPAHCIIOPTA INBIJIEBBIX YACTHIIL B BU-PA3PSIE
A.JO. Kpagsuenko, 10.A. Acmpyé, T.E. /Tucumuenxo

C NmOMOIIBI0 KOMIBIOTEPHOTO MOJEIMPOBAHUS HCCIEIyeTCsl AMHAMMKa NBUIEBBIX yacTull B BU-paspsae ¢ yderom
B3aMMHOTO BJIMSHUS IBUIEBOM KOMIIOHEHTHI U IUIa3Mbl. MOEIHpOBaHUE pa3psiia IPOBOAUTCS B paMKaX ABYXMEPHOI
mozaenu MerogoMm PIC/MCC. [lnst onmcaHusi ABMIKEHHS YAacTHIl HCIIOJIB3YETCS METOJ MOJICKYJSPHOW JIMHAMHKHU, B
KOTOPOM YUYTEHBI OCHOBHBIE (haKTOPHI, BIUSIONINE HA TIOBEICHUE NBUIEBBIX YacTHIl (DJIEKTPHYECKasi U TpaBUTALMOHHAS
CHJIBI, CHWJIBI TPEHHMs C WMOHaMW M HelTpaigamu). Pe3ynbraTbl MOIETUpOBaHMS IOKA3ald, YTO NBUICBBIE YaCTHIIBI
3aXBaThIBAIOTCA B OOJACTSIX, TZI€ CHIIBI, JICHCTBYIOIIME HA HUX, ypaBHOBeIIMBaloTcs. McciemoBaHbl paBHOBECHBIC
KOH(HUTrypanuy 4acTHIl B 3aBUCUMOCTH OT WX pa3Mepa IpH pa3HbIX JaBICHUSIX HEHTPaJIbHOTO ra3a Kak B YCIOBHSX
MHKpPOTPaBUTAINM, TaK M B J1a0OpaTOpHBIX ycinoBusx. [lokazaHO, 4TO MbIIEBbIE YacTHIBI NPHUBOAAT K YMEHBIICHHIO
CKayKa CPEIHETO MOTEHIHAaj]a B MPHIIEKTPOIHBIX CJIOSX M MPH JOCTATOYHO OOJBIIOM pa3Mepe MOTYT CYIIECTBEHHO
M3MEHSATH NTapAMETPHI IIa3MbI B Pas3psie.

KOMIT’KOTEPHE MOJEJIFOBAHHS TPAHCITIOPTY INMJIOBUX HACTUHOK Y BU-PO3PSA AL
O.10. Kpasuenko, 10.A. Acmpyo, T.€. JTucumuenko

3a J0MOMOToI0 KOMII'IOTEPHOTO MOJICTIOBAHHS JOCIHIIKYETHCS JWHAMIKA IWJIOBMX 4YacTMHOK B BUY-pospsni 3
ypaxyBaHHSM B3a€EMHOTO BIUIMBY ITHJIOBOi KOMIIOHEHTH 1 I1a3Mu. MOJETIOBaHHS pO3psly NMPOBOAWTHCS B PaMKax
nBoxBuMipHOi Mozeni MmeromoM PIC/MCC. [lns omucaHHS pyXy IWIOBHX YaCTHMHOK BHKOPHCTOBYETHCS METOJ
MOJIEKYJISIPHOT ITWHAMIKH, B SKOMY BPaxOBaHI OCHOBHI ()aKTOpH, IO BIUIMBAIOTh HA IMOBEIIHKY MHIOBHX YaCTHHOK
(emexTpuYHA Ta TpaBiTaIliifHa CHIIM, CHJIM TEPTs 3 I0HAMHU Ta HelTpamamu). Pe3ympTatn MOJemoBaHHS ITOKA3alH, 110
MMAJIOBI YaCTHHKH 3aXBadyIOThCA B 00JACTAX, [Ie CHIIH, SIKi JIFOTh HAa HHUX, BPIBHOBAXYIOThCA. JlOCTiKEHO PiBHOBaXKHI
KOH(ITyparii THIOBHX YaCTHHOK B 3aJIE)KHOCTI BiJ iX po3Mipy IpH Pi3HUX THCKaX HEUTPaTbHOTO a3y SK B yMOBax
MiKporpasBiTailii, Tak i B 1aboparopHux ymoBax. Iloka3aHo, 10 MMIOBI YaCTUHKH MPUBOIATH A0 3MEHIIEHHS CKadka
CepeIHbOT0 MOTEHINIay B MPHEIEKTPOIHUX MIapax Ta MPU JIOCTATHHO BEIMKOMY PO3MIipi MOXKYTh CYTTE€BO 3MiHIOBATH
napaMeTpH IUIa3MH B PO3PSiAi.
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