EFFECT OF THE PARAMETERS OF A GAS-DISCHARGE PLASMA
ON THE EQUILIBRIUM TEMPERATURE AND FLOATING POTENTIAL
OF MACROPARTICLE

A.A. Bizyukovl, A.D. Chibisovl, E.V. Romashchenko®

V. N. Karazin Kharkov National University, Kharkov, Ukraine;
’V.Dahl East Ukrainian National University, 204, Bl. Molodyozhnyi, Lugansk 91034 ,
Ukraine
E-mail: bizyukov@wmail.ru

The effect of discharge plasma density and energy of the electron beam on the potential of the solitary macropar-
ticle (MP) has been investigated. It is shown that increasing of the plasma density as well as the electron beam en-
ergy lead to heating of the MP and to the appearance of the effect of thermionic emission, which leads to a decrease
in the absolute value of its potential. The mutual influence on each other of the MP charging processes and its heat-

ing has been studied.
PACS: 52.40.Hf

INTRODUCTION

Previously [1] we investigated the behavior of
floating MP potential in the beam-plasma system at
different constant temperatures of the MP. We stud-
ied also [2] the energy balance of MP, assuming that
the potential is determined by the plasma parameters
at constant temperature. In this paper, we study the
influence of the plasma parameters and the electron
beam in plasma on floating potential of the particle
and its equilibrium temperature, and the mutual influ-
ence on each other charging and heating of the MP.

1. CHARGING OF MP IN PLASMA-BEAM
SYSTEM

We first consider the peculiarity of MP charging
in an argon plasma with an electron beam taking into
account the effects of secondary and thermionic emis-
sion from the MP surface.

As is well known the MP in plasma under the ef-
fects of various processes charged to a floating poten-
tial ¢, .The main charge processes are flows of ions
and electrons from plasma, as well as particles fluxes

of beam on the MP surface [3]. The fluxes in the ap-
proximation of the OML model are determined by:

Iepl = \/gaznOeevTe exp(_e"¢“ /T;)’ (1)
I :«/ga%oeivn(l—ef(ﬂa/];) ’ )
I" =ra’en)’ (1 —e, /55) ) )

where n, and n, are the plasma and electron beam

densities, respectively, T,

electrons and ions, vy, = /T, /me(l.) are their ther-
mal velocity, v’ =4/2¢"/m, is the electron beam

e

are the temperatures of

velocity, &’ is the electron beam energy. It is as-
sumed that 7, =10eV , T, =1eV . The collisions of

the MP with high-energy electron beam leads to the
secondary electron emission current from the surface
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of the MP 1™ which given by I =15 where 5

is the secondary yield. Thus, an effective current of the
beam electrons on the surface of MP is:

1 =g =1 =1 (167 )

The effect of thermionic emission on the process of
charging is significant at high temperatures of the MP.
The density current of the thermal electrons with the
Schottky effect is determined by [4]:

[Sh ~ T2 E¥AT . _¢_\/E (5)
e 272 sin(E3/4T71) T i

where F is the electric field on the surface of MP, T is

the temperature of the MP, ¢ is the work function.

When the formation of the space charge near the MP
surface occurs the current of thermal electrons is limited
by the law "3/2" [5]:

32
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where 1, is the Debye length, o’ is the transcendental

function [5].
Thus, using (5) and (6), the current of thermal elec-
trons from the MP surface is determined by condition:

w 1L (0)> 17 (0)),
C 1) <1 (0.).
The floating potential of MP is determined by equat-
ing of all currents (1), (2), (4), (7) at its surface:
1 () + 1" (9)+ 17" (0,)+ 1! (9,)=0. (8
Figure 1 shows the numerical solution of equation (8)
for different plasma densities in the absence of beam in
the system. It can be seen that a significant influence of
temperature on the MP potential due to the effect of
thermionic ~ emission  occurs at  temperatures
T, ~(1500...2200) K depending on the plasma density.
As the temperature of MP increases in the range
T, ~(2100...2700) K the module of MP potential de-
creases to almost zero. For all values of plasma densities
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and temperatures 7, =2700 K the MP potential is
independent on the temperature.
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Fig. 1. The dependence of the potential of tung-
sten MP on its temperature at plasma densities:

1—n, =10°em> ;2
3—n,=10"cem”; 4— n,=10" cm?

Figure 2 shows the potential of MP dependence

on its temperature in the presence of an electron beam

with energy &’ = SkeV for different plasma densities.
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n,=10" cm>;

Decreasing in absolute potential of MP occurs in the
temperature range 7, ~(1700...2300) K. At tempera-
tures 7, =2300 K the potential of MP is nearly zero,
and independent on its temperature.
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Fig. 2. The dependence of the potential of tung-
sten MP in a plasma with an electron beam

(n,=10" cm™, £ = SkeV ) on its temperature at
plasma densities: 1 — ny =10’ cm” ;
2-n,=510"cm”; 3~
4—n,=5-10"cm; 5 n,=10" cm’
Thus, the effect of thermionic emission on the
charging process of MP is important. The effect of

thermionic emission in plasma without the beam MP
occurs at temperatures 7, >1500°K for different

10 -3
n,=10" cm”;

plasma densities. In the presence of an electron beam
thermionic emission appears at higher temperatures
T, =1700 K.

2. HEATING OF MP IN PLASMA-BEAM
SYSTEM
Now we consider the basic mechanisms of energy
exchange between the plasma with the electron beam

and macroparticle. In the OML approximation the
particle energy flux to the MP are determined by

P =82za*nyv,, exp(~e,0,/T,)T,, )
Epl = 4\/;‘12”0‘%‘ (eigoa/T; )2 T, (10)
P’ =ra’n)’ (l—eegoa/gf)gf. (11)

The energy which released due to the recombina-
tion of plasma ions at MP surface is:

Hrec — 8;‘30 .Iip/ /ei , (12)
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where ¢/“ is the recombination energy of an ion, for

once ionized argon ion is.15.8 eV
The energy flux of thermal radiation from MP surface
is defined by the Stefan-Boltzmann low and is given by:

P =47a’0oT!, (13)
where @ is the emissivity of MP material, o is the Ste-
fan-Boltzmann constant, 7, is the MP temperature.

The MP temperature will change as long as the flows
of heating and cooling are not equal, and the resulting

equilibrium temperature 7 is set. The value 7,7 can be
found from the condition:

Rlz(T:q)ZO, (14)
where P*(T)=P" +P" +P’+P“ - P s the total
energy flux, which includes the main energy processes
(9)-(13). The MP temperature, as mentioned, affects on
the potential of MP due to the effect of thermionic emis-
sion, and its potential, in turn, affects on to the flow of
energy from the plasma to the MP surface. Therefore, one
should take into account the mutual influence on each
other so that the MP potential and its temperature, which
requires the solving of the current balance equation (8)
and the energy balance equation (14) as a set of equa-
tions:

I+ 1"+ 177 + 1" =0,
(15)

P (17)=0.
Fig. 3 shows the numerical solution of Egs. (15) for the
tungsten MP in the absence of the electron beam. One can
see that with increasing the plasma density the MP tem-
perature increases (curve 1) whereas its potential (curve
2) at the density n,~ 10'> cm™remains constant. In the

range of densities, 7y ~ (2...8)-10'* ¢mthe potential drop
occurs as a result of thermionic emission, which corre-

sponds to the range of temperatures
T, ~(2100...3000) K.
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Fig. 3. Dependence of the equilibrium temperature (1)
and the corresponding floating potential (2)of the tung-
sten MP on the plasma density

This is accompanied by an increasing in the equilib-
rium temperature as a result of increasing of the power
transferred by the plasma electrons. A further increase in
the plasma density leads to a slight increase in MP poten-
tial, due to the increased flow of electrons from the plas-
ma.

Figure 4 shows the dependence of the equilibrium MP
temperature (a) and the corresponding potential (b) versus
the electron beam energy for different plasma densities.
On can see from Fig. 4,a that collisions of electron beam
with MP leads to its heating. The equilibrium temperature

for the beam energy &’ d 0.2keV is different for differ-
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ent plasma densities, due to predominance of the en-

ergy flow of plasma particles.
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Fig.4. Dependence of the equilibrium temperature
(a) and the corresponding floating potential (b)of the
tungsten MP on the energy of the electron beam at

plasma densities: 1 — n, = 10°em™;

2-n,=10"em™; 3~ n,=10"cm™

Increase in the beam energy to the values
&’ ~0.2keV leads to a sharp increase in the equilib-
rium temperature (see curves 1 and 2 in Fig. 4,a)
coinciding with a decreasing of absolute potential
(see curves 1 and 2 in Fig. 4,b) due to effect of sec-
ondary electron emission. For curve 3 the sharp
changes do not occur because dense plasma compen-
sates charging MP by electron beam. For the beam
energy &, ~(0.5+0.7)keV potential decreases to

zero (lines 2 and 3) due to thermionic emission. In a
rare  plasma  for  the energy  interval

6‘: ~ (0.25...2)keV (curve 1) the potential takes

the positive values as in the interval 6;° (gf ) >1. For the

beam energy &t 2keV MP potential is reduced to zero

for all curves and the differences in the values of the
equilibrium temperatures are reduced.

CONCLUSIONS

The effect of the thermionic emission from MP in
plasma appear at the temperature of MP 7 t 2000°K

which corresponds to the plasma density. n=2-10"* .For
plasma density n,=8-10'% the MP absolute potential is
reduced to zero. In the presence of electron beam this

effect occurs for beam energies 6‘5 ~ (0.5...0.7)keV at
higher temperatures 7’ (2400...2500)°K .
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BJIUSAHUE NAPAMETPOB FA3OPA3P§II[HOI71 II'TA3MBI HA PABHOBECHY1O TEMIIEPATYPY
N IVIABAIOIINHU ITIOTEHIIUAJ MAKPOYACTHUIbI

A.A. buztokos, A./]. Huoucos, E.B. Pomawenko

HccnenoBaHo BiMsHUE MIIOTHOCTH Ta30pa3psAaHOM MIa3Mbl U SHEPTUU 3JIEKTPOHHOTO My4yKa Ha MOTEHIHAN ye-
JuHeHHOH Makpodactiubl (MY). [TokasaHo, 4TO yBeIMYEHHE IUIOTHOCTH IUIA3MBl, @ TAK)KE SHEPIHU JIEKTPOHHOTO
My4Ka MPUBOIAT K HHTEHCHBHOMY pa3orpeBy MY n Bo3HMKHOBEHHIO 3(p(heKTa TEPMOIIEKTPOHHON IMUCCHH, KOTO-
PBIi IPUBOANT K CHIDKEHHIO MO aOCOJIOTHOM BENMYHMHE ee MoTeHnuana. V3ydeHo B3aMMHOE BIIMSIHUE IIPOLECCOB
3apsanku MY u ee pazorpesa.

BILJIUB ITIAPAMETPIB I'A30PO3PSIJTHOI IIJTIA3MHU HA PIBHOBAKHY TEMIIEPATYPY
I INIABAIOYMIA MOTEHIIAJI MAKPOYACTKH
0. A. bizokos, A./l. Hivicos, O.B. Pomawenko

JlociKeHO BIUIMB TYCTHHHU Ta30pO3PSIIHOI IUIA3MHU 1 €Heprii eJIeKTPOHHOTO MyYKa Ha MOTEHIIaN BiJoKpemIie-
Hoi makpouactku (MY). [Toka3zaHo, 110 301JbIIEHHS TYCTHHH IUIA3MH, @ TAKOX €HEpril eJIeKTPOHHOIO ITy4YKa IpH-
3BOJSATH 10 IHTEHCHBHOTO po3irpiBy MY i BUHHKHEHHS €(eKTy TEePMOEIEKTPOHHOI eMICil, 1110 MPU3BOAUTH JI0 3HH-
JKEHHSI 32 a0COJIIOTHOIO BEJIMYHMHOIO i IMoTeHniany. BuBueHo B3aemHuii BB npouecis 3apsaxu MY i 11 posirpisy.
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