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The charging and the screening of spherical dust particles in sheaths near the wall were studied using computer
simulation. The three-dimensional PIC/MCC method and molecular dynamics method were applied to describe
plasma particles motion and interaction with macroscopic dust grain. Calculations were carried out at different
neutral gas pressures and wall potentials. Values of the charge of the dust particles and spatial distributions of
plasma parameters are obtained by modelling. The results have shown that the charge of the dust particles in the
sheath, as well as the spatial distribution of the ions and electrons near the dust particles, depend strongly on the
wall potential. It is shown that for large negative values of the wall potential the negative charge of a dust particle
decreases due to the decline of the electron density in its vicinity. In addition, the flow of energy of the ions on the
surface of dust particles is increased due to better focusing effect of the dust particle field on ions.
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INTRODUCTION

The problem of the charging and screening of dust
particles immersed in plasma is one of the basic
problems of dusty-plasma physics. The grain charge,
together with the electric potential distribution around
the grain, determines electric interactions between dust
particles. These grain-grain interactions are responsible
for a number of collective phenomena, such as
formation of ordered (crystal-like) structures and phase
transitions. Various approximate models and PIC/MCC
computer simulations have been used previously to
calculate the particle charge [1-4]. These studies were
carried out for spherical dust particles immersed in
uniform equilibrium plasma. However, most of the
dusty plasma experiments were done in the sheath
region close to the wall in a gas discharge plasma. The
presence of the electric field and ion flow in the sheath
plays an important role in the dust particle charging.
Hereupon, the investigation of dust particle charging
and screening in sheath is an actual problem.

MODEL AND SIMULATION METHOD

We consider a spherical dust particle in the sheath,
which occurs at the plasma boundary with a flat
conductive wall. Wall potential ¢, is given and does not
change over time. It is assumed that at the initial time
the dust particle is uncharged, the plasma consists of
electrons and ions and is homogeneous. Over time, the
sheath is formed near the wall, and the dust particle
acquires a certain charge qq. In our calculations the dust
particle radius was Ry=5 um, the distance of the dust
particles from the wall was L = 10 m, the pressure of
the neutral gas was varied from 0...5 Torr. At the
sheath edge densities of plasma particles (electrons and
ions) were no=10"" m™. Electron flow in this point is
assumed to be thermal, but the ion flow velocity is
assumed to have ion sound velocity. The mass of the
neutral gas atoms and ions was equal to hydrogen to
reduce computational time, but the elementary cross-
sections were equal to argon. The electron and ion
temperatures were assumed to be T.=1eV and
T,=0.03eV respectively. The length of the
computational area cube is L= 2-10* m, that is much
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greater than electron Debye length. The simulation time
is 7=5-10"® s that exceeds the time at which the ion flies
the length L.

The three-dimensional PIC/MCC method is applied
for solving this task [5]. In order to accurately resolve
close-range interactions between dust grains and plasma
particles, the PIC model has been combined with a
molecular dynamic MD algorithm. In the resulting
particle-particle particle-mesh (P3M) model, the long-
range interaction of the dust grains with charged
particles of the background plasma is treated according
to the PIC formalism. For particles which are closer to
the dust grain than a Debye length their interaction force
is computed according to a direct particle-particle MD
scheme using the exact electrostatic potential [6]. The
interaction between plasma particles and neutral gas
was simulated using Monte-Carlo method for describing
of elementary processes, such as elastic, excitation,
ionization, charge exchange processes. If an electron or
ion in its motion crossed the particle surface, it was
thought that it recombines and its charge is transferred
to the dust particle.

RESULTS

Simulations results were obtained for various wall
potentials ¢, and neutral gas pressures p. Typical results
of the computer simulations are shown in Figs. 1-4.
Temporal dependences of a dust particle charge are
presented in Fig. 1. Fig. 1,a corresponds to the wall
potential ¢,=—9V, and Fig. 1,b corresponds to ¢,=—16 V.
Different curves in the figures correspond to different
values of the gas pressure, indicated in the figure. As
can be seen in Fig.1,a, charge of a dust particle
increases monotonically with time for all values of the
gas pressure and tends to some constant values. The
charge of dust particle is increased in magnitude with
increasing gas pressure.

In the case of @,=—16V, after the initial increase of
dust particle charge, there is a further reduction of it. In
addition, there is a non-monotonic dependence of the
charge on the gas pressure. Note, that the charge of a
dust particle in this case is much smaller in absolute
value than in the case of @,=-9 V.
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Fig. 2 demonstrates spatial distributions of ion (a)
and electron (b) density along a line that passes through
the center of the dust particle parallel to the axis y in

the case of the wall potential ¢,=-9 V. Note, that dust
particle is located at the point y= 10 m. The forming of
peaks is observed for the ion density behind the dust
particle towards the wall. Moreover, the peaks decrease
with increasing gas pressure. The formation of these
peaks occurs due to ion focusing by the field of the dust
particle and the formation of an ion cloud behind the
dust particle. In addition, the ion density minimum is
formed in the vicinity of the dust particle in all variants
of calculations.
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Fig. 1. Temporal dependences of the dust particle
charge for case of @,=9V (a)and ¢,=-16V (b) and
different gas pressures, represented on the figure

Fig. 2,b shows corresponding spatial distributions of
electron density along the specified direction. It can be
seen that near the wall (at y= 2-10™ m) the electrons are
practically absent. Additionally, maxima of the electron
density are much smaller than maxima of ion density
behind the dust particle. Therefore, a region of large
positive charge is formed behind the dust particle
towards the wall.

Fig. 3 shows the spatial distributions of the ion (a)
and the electron (b) densities in the case of the wall
potential ¢,=-16 V. In these cases, the focusing of ions
is not observed behind the dust particle. The reasons for
this is that at the increasing negative wall potential ions
gain greater velocity and are less deflected when they
move in the field of the dust particle.

Feature of spatial electron distributions in these
cases is that between the dust particle and the wall
electrons are practically absent. This leads to a

substantial reduction of the electron current on the dust
particle, whereby negative charge of the dust particle
reduces greatly (see Fig. 1,b).
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Fig. 2. Spatial distributions of ion density (a) and
electron density (b) along y-axis for ¢,=-9 V and
different values of neutral gas pressures

Fig. 4 shows the spatial distributions of the electric
field potential along axes y for specified previously
cases. In the presented calculations for ¢,=-9V (see
Fig. 4,a) distributions of electric potential are almost
identical at different gas pressures. Near the dust
particle potential well is formed, due to a high negative
charge of the dust particle. In the case of @,=-16V
potential well is small in the vicinity of the dust
particles, since the charge of dust particles in these cases
is much smaller. However, in this case, the gas pressure
stronger influences on the spatial distributions of
electric potential. With increasing gas pressure the
thickness of the sheath (region of sharp change of the
potential) decreases and the electron density increases
near the dust particle. This leads to an increase of the
electron current on the surface of dust and to an increase
of its charge in magnitude.

We now analyse the energy flow to the dust particle
due to electron and ion fluxes to the surface. It is
assumed in our model that the kinetic energy of plasma
particles is transferred to dust particle entirely in
collisions.
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Fig. 3. Spatial distributions of ion density (a) and
electron density (b) along y-axis for ¢,=-16 V and
different values of neutral gas pressures
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Fig. 4. Spatial distributions of electric potential along

y-axis for ¢, =—9V (a)and for ¢, =-16V (b)

Fig. 5,a shows time dependences of the energy flux
of ions to the surface of the dust particles in the absence

of neutral particles in the sheath (p=0) for two values of
the wall potential. It can be seen that with the increasing
of the negative wall potential, the energy flux of ions on
the dust particle is reduced. Similar dependences of ion
energy fluxes are shown in Fig. 5,b for the neutral gas
pressure p=5 Torr. The increasing of the ion energy
flow with a decrease of the negative potential of the
wall is observed in this case also. This result is
explained by the more effective focusing action of the
dust particle field on ions in the case of ¢,=-9V
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Fig. 5. Temporal dependences of the ion energy flow to
dust particle for case p=0 (a) and p=5 Torr (b) and
different wall potentials, represented in figure

Comparison of energy fluxes of ions at the same
potential wall, but different pressures, shows a decrease
of this flows with increasing pressure. The reason for
this is the influence of collisions between ions and
neutral atoms (elastic collisions and charge exchange
processes) on ion fluxes on the dust particle.

CONCLUSIONS

This paper covers the charging and screening of dust
particles in the sheath. The charges of dust grains and
spatial distributions of plasma particles around them
were obtained at different neutral gas pressures and wall
potentials. The formation of the ion clouds behind dust
particles owing to focusing of ion flows was observed at
low wall potentials. The dust particle charge decreases
in magnitude with increasing of negative wall potential.
Simulation results also showed the formation of the
potential minimum near the dust particle in case of low
wall potential.

The ion energy flows on dust particles in sheaths
were calculated. They increase with decreasing of gas



pressure due to the influence of ion - atom collisions on
the ion flux onto dust particles. It is also shown that the
ion energy flow increases with decreasing of the wall
negative potential, which is a consequence of improving
of the focusing action of the dust particle field.
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3APSIIKA IIBIJIEBOM YACTHIIBI B IPUAJIEKTPOIHOM LIAPE
I'.0. I'aspuws, O.JO. Kpaguenxo, T.E. /lucumuenko

3apsiika M 3KpaHHPOBAaHUE C(HEPHUUCCKHUX ITBUIEBBIX YAaCTHIl B IPHUIIEKTPOIHBIX CIOSX BOJM3M CTCHKH OBLIH
M3YYEHBI C MOMOIILID KOMIIbIOTEpHOrO MojenupoBaHus. TpexmepHbiit PIC/MCC-MeTon u MeToA MOJIEKYIISIPHOM
JUHAMHMKA OBLIM TIPUMEHEHBI JJIsl OINMCAaHWS JBIDKCHUS 4YacTHIl IUIa3Mbl W B3aMMOJCUCTBHS HX C
MaKpOCKOIUYECKOH NBIIMHKOM. PacueTsl IpoBOAMINCE IIPU PA3IMUYHBIX 3HAUYCHUSAX AABJICHUS HEUTPAJIBLHOTO ra3a u
MOTEHIMaja CTEHKH. 3HaueHHMsI 3apsi/ia MbUIEBBIX YaCTHUI] U TIPOCTPAHCTBEHHbBIE PaCIpe/ieieHHs NapaMeTpOB IIa3Mbl
MOJTyYeHbI MTPU TIOMOIIM MOJIEIMPOBaHMs. Pe3ybTaThl MoKa3aiy, 4To 3apsija MbUIEBBIX YaCTHIl B IPHAIEKTPOIHOM
clloe, a TaK)Ke MPOCTPaHCTBEHHBIE paclpeaeeH sl HOHOB U 3JIEKTPOHOB BOJIM3H IBUIEBBIX YaCTHIl CUJIBHO 3aBHCST
OT moTeHUMana cTeHku. [lokazaHo, YTO mpW OONBIIMX 3HAYCHUSX IOTEHIMAla CTEHKH OTPULATENIBHBIN 3apsj
MIBUIEBON YaCTHIBI YMEHBIIAETCS B CBSI3M C YMEHBIICHUEM ITIOTHOCTH 3JIEKTPOHOB B €¢ okpecTHOCTH. Kpome Toro,
MOTOK 3HEPIMH HOHOB Ha IOBEPXHOCTH ITBUIEBOM YACTHIBI YBEIHMUYMBACTCS 3a CUET JIy4YIIero (DOKYCHPYIOIIETO
JISWCTBHS TIOJISI TTBIJIEBBIX YaCTHUIl HA HOHBI.

3APSJIKA MIJIOBOI YACTUHKHU B IPUEJIEKTPOJTHOMY IIAPI
I.0. I'aepuw, O.10. Kpasueuxo, T.E. /Tucumuenko

3apsiqka 1 eKkpaHyBaHHS CEpPUYHUX MHJIOBMX YACTHHOK Y INPHEJICKTPOAHHMX IIapax MoOiu3y CTiHKHA Oyiu
BUBUEHI 3a JONOMOroi KoMmm'rorepHoro mozeitoBanHus. Tpuumipuuii PIC/MCC-meron 1 MeToJ; MOJIeKyIsSIpHOT
Po3paxyHKH IPOBOAMINCH MPU Pi3HUX 3HAYEHHSX TUCKY HEHTPaJIbHOTO Ta3y 1 NOTEHIialy CTIHKK. 3HAUEHHS 3apsay
MWJIOBMX YaCTHHOK 1 MPOCTOPOBI PO3NOALIM TApaMeTpiB IUIa3MH OTpPHMaHi 3a JIOTIOMOTOI0 MOJICITIOBAHHS.
PesynbraT mokasand, mo 3apsa MWIOBHX YaCTHHOK Y HPHEIEKTPOJHOMY IIapi, a TaKOX IPOCTOPOBI PO3IOJIUIN
10HIB 1 €TEKTPOHIB MOOIN3y MWIOBMX YAaCTWHOK CHIIBHO 3aJeKaTh BiJ IMOTEHIamy cTiHKH. [lokazaHo, Mo mpu
BEJIMKMX 3HAYEHHSAX IIOTEHIiady CTIHKM HETaTHBHHH 3apsii IWIOBOI YAaCTHHKM 3MEHIIYETHCS B 3BSIBKY 31
3MEHIICHHSIM KOHIEHTpAIii eNeKkTpoHiB nobiamu3y Hei. KpiM Toro, moTik eHeprii i0HIB Ha IMOBEPXHIO IMHJIOBOI
YaCTHHKH 301JIBLIYETHCS 32 PaXyHOK Kpamnioi OKycyrodoi /il MoJisi MMIOBUX YaCTHHOK Ha 10HU.



