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In this article it is studied the influence of electron emission on sheath parameters near electrodes in radio-frequency
discharges with the magnetic field. We considered the one-dimensional radio-frequency discharge in argon between
plane electrodes separated by a gap d at various neutral gas pressures, electron emission currents and magnetic field
values. The computer simulation is carried out using PIC/MCC method.

Results calculations show that the increasing electron emission current causes the decreasing of radio-frequency
sheath width and the oscillation amplitude of the electron front. It leads to the increasing of the ion current to the
electrode and the ionization rate near the electrode. It is studied conditions, when the radio-frequency sheath instability

is appeared and the influence of a gas

PACS: 52.27.Lw

1. INTRODUCTION

The problem of reduction mass transfer between
surface and plasma sheath is of great interest in many
plasma applications such as plasma processing [1] and
controlled nuclear fusion [2]. The unipolar arc is the
crucial phenomena responsible for the mass transfer in
plasma devices. This arc is a breakdown caused by the
potential drop between the plasma and electrode surface.
If the plasma sheath potential is sufficient to ignite and
sustain arching, an unipolar arc can occur. The parameters
of the sheath and its stability conditions are changing
because of electron emission [3]. In fusion devices the
magnetic field is also of importance.

The initial phase of the onset of electrical breakdown
in discharge is characterized by very rapid ionization of
surface material which leads to a kind of explosive
formation of cathode spot plasma. Electrons will be
emitted from spots on a cold cathode if the applied
electric field becomes sufficiently strong. Furthermore,
dust particles can appear in plasma in consequence of the
wall destruction.

Since unipolar arcs appreciably influence the plasma
processes in various applications, there is great interest in
the plasma community in developing arcing suppression
methods. In some articles was proposed the idea to use a
high-frequency electric field in order to affect the
unipolar arching [4].

The behavior of rf plasma sheaths has been the subject
of much scientific study. In this article it is studied the
influence of electron emission and dust particles on
sheath parameters near electrodes in radio-frequency

discharges with the magnetic field.

2. MODEL
We considered the one-dimensional radio-frequency
discharge in argon between plane electrodes separated by
a gap d at various neutral gas pressures, electron
emission currents and magnetic field values. Immobile
dust particles with a radius #, are distributed uniformly in
the interelectrode gap with a density N,. The dust

particles collect and scatter eclectrons. A harmonic

pressure,

a magnetic field value on this phenomenon.

external voltage V,(t)= Vysin(w?) at a frequency
=13,56MHz with an amplitude Vo=150 V sustains the
RF discharge. The electrode at x=d is grounded.

The computer simulation is carried out using
PIC/MCC method, described in detail in [5] for
discharges without dust particles and extended for
computer simulations of the RF discharge with dust
particles.

The Monte Carlo technique [5] 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, Coulomb collisions of electrons
and ions with dust particles, as well as the electron and
ion collection by dust particles. The electron-argon
collision cross-sections used in the model are the same as
those used in [6]. The Coulomb cross-section 0 ., for
electron and ion scattering by immobile dust particles is
taken from [7]. The cross-section for collection of an
electron or ion by a dust particle is taken from [8].

3. NUMERICAL RESULTS

Computer simulations were performed for various
electron emission currents from electrode, magnetic
fields, neutral gas pressure.

In fig.1 it is shown ion density spatial distributions in
radio-frequency sheath near powered electrode for cases
with different electron emission currents. Neutral gas
pressure was P = 0.17orr and magnetic field B was
absent. We can see that at the increasing of the electron
emission current from electrode the ion density is
increased in sheath. It is consequence of the rate
ionization increasing near the emitting electrode.

The results show the existence of the central quasi-
neutral region and non-neutral RF sheaths close to both
electrodes. In the quasi-neutral part of the interelectrode
gap electric field E=0 so that the sheath edge is a point
between this region and the region with £ N20. As can be
seen in the fig. 2, the sheath edge approaches the
grounded electrode and is moving away from the opposite
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electrode between phases 7m/2and 3/2m of the
sustaining external voltage. The width of radio-frequency
sheath is decreased at the increasing of electron emission
current from electrode. The results of calculations show
also that the width of the sheath is decreased at the
increasing of neutral gas pressure. It can be explained by
the increasing of ion and electron densities near the
electrode and consequently by the decreasing of Debye
radius.
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Fig.1. Spatial distributions of ion density in the
sheath for different electron emission currents and
P=0.1 Torr, B=0
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Fig.2. The temporal dependence of sheath width for
different electron emission currents, represented on the

figure

Fig.3a shows spatial distributions of ion current in radio-
frequency sheath for cases represented on Fig.1 and also

for case with magnetic field B = 0.57 | electron emission
current density j, = 0.1 4/m>. Tt is seen that the ion

current density is increased at the increasing electron
emission current density. It is caused by the increasing of

the ion density (Fig.1) and the ion energy in radio-
frequency sheath. This statement confirms Fig.3b, where
spatial distributions of the time-averaged self-consistent
electric potential are presented for p = 0.17orr | B=0
and different electron emission currents. We can see that
the potential drop is increased in sheath at the increasing
of the electron emission current. It leads to the increasing
of ion energy at the electrode.

Inclined to the wall magnetic field makes difficult an
electron movement in the discharge. It leads to the
decreasing of the electron recombination on the wall and
to the increasing electron and ion densities in the
discharge chamber. As a result, the width of radio-
frequency sheath is decreased considerably and the
potential drop is decreased in the sheath. However, the
ion current in the sheath is increased in the presence of
magnetic field (Fig.3a) due to the higher ion density.
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Fig.3. Spatial distributions of time-averaged ion current
(a) and self-consistent electric potential (b) in rf-sheath

105



In the presence of inclined magnetic field radio-
frequency sheaths doesn’t modify due to -electron
emission current from electrode, since emitting electrons
can’t move into plasma and don’t improve the ionization.

CONCLUSIONS

In this article it is studied the influence of the electron
emission from the electrode on the structure of radio-
frequency sheaths in low pressure discharges. Results
calculations show that the increasing electron emission
current causes the decreasing of radio-frequency sheath
width and the oscillation amplitude of the electron front.
It leads to the increasing of the ion current to the electrode
and the ionization rate near the electrode. Inclined to the
electrode magnetic field can increases ion current in the
sheath and prevents of the sheath modification due to the
electron emission from the electrode.
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BJMSHUE SJEKTPOHHOM DMUCCHHN HA PAJTMOYACTOTHBIE MPUAJIEKTPOHBIE CJIOU
B IIVTABME

A. IO. Kpagsuenko, I''U. Jlesaoa, H.C. Mapywiak, A.B. Bakynenko

HUccrnenyercst BIUsSHUE SJEKTPOHHON SMUCCHH Ha MapaMeTpPhl IPHIJIEKTPOTHOTO CJI0S B PaJAHOYACTOTHBIX pa3psaax
C MarHUTHBIM TONeM. PaccMmarpuBaeTcsi OZHOMEPHBIH pPAaaMOYacTOTHBIA pa3psl B aproHe MeXIy IDIOCKUMHU
ANEKTPOJAMH, Pa3AeICHHBIMA IIPOMEXYTKOM d , TIPH Pa3IMYHBIX JaBICHUSX HEHTPATBFHOTO ra3a, TOKax AJIEKTPOHHON
SMHUCCHM W 3HAYCHMSIX MArHUTHOrO moyiss. KoMmbroTepHOEe MojaeiaupoBaHue BhImoyHseTcss Merogom PIC/MCC.
PesynbpTaThl BEIYMCICHUI TTOKA3bIBAIOT, UTO YBEJIUUEHHUE TOKA JIEKTPOHHON AYMUCCUH BBI3BIBAET YMEHBIICHNUE ITUPUHBI
PaaMOYACTOTHOIO MPHUIJICKTPOIHOTO CJIOSI W AMIUTUTYAbl OCIHHULIIUE 3JIEKTPOHHOrO (poHTa. DTO IPUBOIUT K
YBEJIMYCHUIO MOHHOI'O TOKA HA 3JICKTPOJ M CKOPOCTH HMOHM3AIMU Ta3a BOJIM3U dJieKTpoaa. MccienyroTes ycloBHS,
KOTJIa TOSIBIISIETCS. HEYCTONYHBOCTD PaOYacTOTHOTO MPHUIICKTPOTHOTO CIIOS, W BIMSHHUE HA 3TO SIBIICHHE TaBICHUS
rasa ¥ MarHUTHOT'O ITOJIS.

BILIMB EJEKTPOHHOI EMICIi HA PAJIIOYACTOTHI IIPUEJEKTPO/HI IIIAPHU B IIJIA3MI
0. 10. Kpaguenko, I'1 Jlesaoa, I.C. Mapywiak, A.B. Baxynenko

JocmimKyeTbesl BIDIMB €EKTPOHHOI eMicii Ha mapaMeTpH HPHEIEKTPOIHOTO Mapy B PagiovacTOTHUX PO3psaax 3
MarHiTHUM ToJieM. Po3risigaeTscsi OMHOBUMIPHUNA pafiodacTOTHHHA PO3PAI B aprOHI MiX IUIOCKUMH €JIEKTPOAaMH, 10
pO3MiTIeHI MPOMIKKOM d , TIPH PI3HUX THUCKaX HEHTPaNbHOrO Ta3y, CTpyMaxX eJeKTPOHHOI eMicii 1 3Ha4YeHHSIX
MarHiTHoro nosist. KoM’ rorepHe MozentoBaHHst BUKOHYeThest MeTosioM PIC/MCC. PesynbpraT 004nCIieHb TOKa3yIOTh,
10 30UIBIICHHS CTPYMY €JIEKTPOHHOI eMicii BUKIMKa€e 3MEHIISHHs! IIMPHHN PagiodacTOTHOTO HPUEIIEKTPOAHOTO HIapy
1 aMIuliTYAu ocuwisiniii enexTpoHHoro ¢poury. Ile mpu3BomuTh 10 30UIBIIEHHS 10HHOTO CTPYMy Ha EJEKTPOJ i
HMIBUAKOCTI 10HI3amil razy moOnm3y enekrpoay. JlOCHimKYyIOTbCS YMOBHM IOSIBU HECTIHKOCTI pajiioyacTOTHOTO
MIPUETIEKTPOTHOTO APy i BIDIMB HA II€ SBUIIE THCKY a3y i MATHITHOTO TIOJIA.
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