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Dust plasma now is one of most intensively developing directions of modern plasma physics. We will focus on the
main task of the physical processes appearing in gas-discharge plasma with dust particles is definition of the value of

electric potential of macroparticles, despite of the significant number of articles devoted to this problem. In the present
work the behaviour of floating electric potential of a particle in beam-plasma systems over the average energies of
electron beams taking into account a secondary electron emission and also an auto-electron emission is studied.

PACS: 52.27.Lw, 52.40.M;j

1. INTRODUCTION

Investigation of the technological aspects of vacuum-
plasma processes consider to be of great interest for the
dust plasma applications. It is possible to cite vacuum-arc
methods of deposition hardening and a decorative coating
[1, 2] as an example, which based on generation of a
stream of metal plasma with macroparticles (metal drops
with the sizes from micrometers to hundreds micrometers)
at burning of an arc discharge at low pressures. Presence of
the drop phase at a plasma stream results to a deterioration
of performances of coatings [3, 4].

In the present work interacting of an electron beam
with a solitary dust particle being in plasma is observed,
influence of emissive processes on the potential value is
taken into consideration. Modeling of process of charging
is fulfilled for a wide range of energies of an electron
beam, and as consequence, for a wide range of potentials
of a dust particle that results to usage of various
approximations for description of ion collection and beam
and plasma electrons.

2. ASTEADY-STATE VALUE OF ELECTRIC
POTENTIAL OF A DUST PARTICLE

The steady-state value of floating potential of dust
particle in beam-plasma system is defined from a
requirement of balance of currents:

L+1,+1,(1-6(s,—9))+1 =0 (0.
Here, I,, I, and I, — currents of ions and electrons from
plasma and a current of electrons of a beam on a surface
of a dust particle accordingly,
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S(gb)=7.4-5m -iExp[—2 ] — a secondary
electron emission coefficient representing an empirical-
formula dependence from energy of primary electrons
attaining surface of a material [5], ¢ — potential of a dust

particle, &, — energy of electrons of a beam, ¢, — energy
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of primary electrons at which the secondary emission
ratio has the greatest value of o,. Depending on a

relation of currents coming and leaving from a surface of
a particle and the value of energy of electrons of a beam,

its electric potential can be both negative, and positive.
In case of negatively charged particle (¢, <0) the
electron current from plasma is defined by expression:

I, =~8za’ny, exp[eTq)’] , )

where n, — a plasma density, 7, — temperature of

L _ a thermal velocity of electrons.
The electron beam current on a surface of a dust
particle is defined from model of restricted orbits by
analogy to derivation of the formula of a current of
electrons from plasma [5]. In expression (3) electron-
electronic emission called by bombardment of a dust
particle surface by electron beam is considered also:
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here A, — area of surface of a dust particle with radius a ;

electrons, v, =

n, — a density of electrons of a beam; e and m, — a
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velocity of electrons of a beam.

At low values of potential eTi ~1 of a dust particle

the path of ions are well enough described by model of
restricted orbits. In this case the ion current on a particle

very close to the expression derived in [5]:
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T, and m, — temperature and an ion mass, accordingly.
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& =a/2, . The balance equation of currents (1) will become:
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In a extreme case 5\/? <<1 that corresponds to a
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low densities of plasma, exponential expansion in the
formula (4) result into the well-known formula of an ion
current [3, 6].
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In this case the balance equation (5) assumes the
simplified form:

exp(— z): \/g(l+zr)—2nf(l—zrb).(l—d(rb,z)) (7
In a case is positively charged particle ¢, >0, an

electron current from plasma and a current of a beam look
like:

I = mlnbveb[l +eg_@] , (8)
b
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Such regime of charging is possible in some range of
energies of an electron beam. Energies &, and &, also

define an energy ranges of primary electrons, at which
secondary electron emission coefficient 8, (,,z)> 1.

In beam-plasma discharge the temperature of ions is
close to zero, having guessed, that as a result of a secondary
electron emission the potential of a dust particle can to take
value over more 1 V, the ion current on a particle surface can
be neglected. The equation for potential determination of
positively charged dust particle looks like:

1+z+
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At enough high potentials P s 1, an ion current

transfers in a regime of limitation by volume charge and can
be presented by Chield-Lagmuire law. The requirement of
balance of currents is described by system of two equations
where along with the unknown variable ¢, an unknown

variable s — the size of a volume charge layer occurs:

Ie(a)+lb(a)+1,3/2(a)+1(a):0
(1)
1(a)-1(s)=0
A
Here I’ (a)= A ﬂ .2 — a current

m, o (s/a)
of ions on a surface of the dust particle, expressed by the
law of «3/2» in a spherical case; a’(s/a) — a
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transcendental function; 1/(s)=4,-n-0.61- [~ - an
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ion current going from a layer surface 4, .
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First equation represents balance of currents on a surface
of a dust particle; second one is a continuity equation.
Numerical solution of the equation (11) were made

for plasma with a density of n, =10°cm™, particle sizes
a=107+10%cm, and n, =10°cm™ of a density of an
electron beam over the range beam energies.

On the Figure the value of potentials of a dust
particles in beam-plasma discharge are shown. One can
see, that at high potentials, with magnification of energy
of a beam charging of a dust particle is practically
stopped, this effect on small dust particles becomes much
stronger. Presence of this effect is stipulated by rise of
electric field strength near to a surface of a dust particle
and appearance of autoelectronic emission which hinders
the further charging of a dust particle.
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SJIEKTPUYECKHI IOTEHIIMAJI MAKPOUYACTHUIIBI B TYYKOBO-IIJIASMEHHBIX CUCTEMAX
A.A. Bustokos, E.B. Pomawenxo, K.H. Cepeoa, A./]. uoucos, A.B. Hazapos

[TpineBas mia3ma B HacToOsILEe BPEMsl SBJISIETCS OJHMM M3 HanOojee MHTCHCHBHO Pa3BHBAIOIINXCS HAIPaBIICHUN
COBpeMeHHOU (U3MKK IIa3Mbl. HecMOTpss Ha MHOXECTBO pabOT MOCBSIIEHHBIX 3TOMY BOIPOCY, NPH H3yYEHHH
(U3MYECKHX TPOLECCOB, MPOUCXOMIIINX B ra3opa3psiiHON IUIa3Me C INbUICBBIMHM YacTHIAMH, aKTYaJIbHOM 3amaveit
SIBJISIETCSL OTIPEZEIeHNE BEJIMYHMHBI 3JEKTPUYECKOro IMOTEHIMalla MHMKpOoYacTHL. B Hacrosmield pabore wu3ydaercs
TIOBEICHNE TIJIABAIOIIETO 3JIEKTPUIECKOT0 MOTEHIIMaa MaKpOYACTUIIBI B MTyYKOBO-IUIA3MEHHBIX CUCTEMaX B ANAIAa30HE
CPeIHUX 3HEPrHi 3JEKTPOHHBIX ITyYKOB C yYETOM BTOPHYHOW JJICKTPOHHOIN 3MHCCHH, a TAKXKE aBTO-JIEKTPOHHOMN
SMHCCHH.

EJEKTPUYHUN MOTEHIIAJI MAKPOYACTUHKHA Y MYUYKOBO-ILJIA3BMOBUX CUCTEMAX

O.A. Bizioxos, O.B. Pomawenko, K.M. Cepeoa, O./]. Hibicos, O.B. Hazapos

3a TenepilHbpOro yacy MuioBa Ijia3Ma € OJHUM 3 HaNpsIMKIiB cydacHoi (i3uKM ru1a3Mu, sKi HalOLIbII IHTEHCUBHO
po3BHBalOThCs. He3Bakaioun Ha BEJHMKY KUIBKICTH pOOIT, 110 NMPHUCBSYEHI LIbOMY NMUTAHHIO, IPU BUBYEHHI (Di3MYHUX
MIPOLIECiB, IO BiAOYBAIOTHCS y Tra30po3psAHiM Tula3Mi 3 NHJIOBUMM YacTUHKAMH, aKTyaJbHOIO HpoOJIEMOI0 €
BHU3HAUCHHS BEIMYMHU EJIEKTPUYHOTO IIOTEHILialy MaKpO4YacTHHKHA. B naHii poOoTi BHBYA€ThCS MOBEAIHKA
TUIaBAIOYOr0 E€JIEKTPUYHOTO ITOTEHLIAly MaKpPOYAaCTHHKH Yy IIJIa3MOBO-IIyYKOBHX CHCTEMax y MiamasoHi cepenHix
€Heprill eIeKTPOHHMX ITyYKiB 3 YpaxXyBaHHSIM BTOPHHHOI €JICKTPOHHOI €MICil Ta aBTOSIEKTPOHHOI eMicii.



