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A simple global model was built for estimation of the plasma properties in the non-self-sustained gas discharge with
hollow anode [2, 4]. The calculated results are compared with experimental data of probe measurements. The applicability

and limitations of the model are discussed.
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INTRODUCTION

Low temperature plasmas have a wide variety of ap-
plications [1, 2]. Understanding their properties is im-
portant for controlling of plasma based processes and
technologies. Exact modeling of plasma behavior in the
discharges with a complicated geometry by fluid equa-
tions or PIC-method has a large computational com-
plexity. However, there is a possibility to build a simple
model for estimation of plasma parameters without
solving complicated equations.

Global modeling represents a numerical method of
describing plasma discharges, based on fluid equations,
that do not have spatial derivatives in order to enhance
computational efficiency [3]. This numerical method
gives a possibility for prediction of the volume averaged
plasma parameters. Also it gives the relationships be-
tween main parameters and can be applied across a
broad range of system properties.

1. GLOBAL MODEL

The model is based on particle and power balance
equations. The zeroth moment of Boltzmann equation is
the mass or particle balance equation and can be written
[5]:
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where G denotes the particles generation rate and L —
the particles loss rate. We consider a single species neu-
tral plasma with a low degree of ionization. For simplic-
ity, only ionization processes and losses of charged par-
ticles at the walls of the vacuum chamber are taken into
account. The ionization is assumed to be caused by only
thermalized electrons of the plasma. Denoting K; as

ionization rate constant, the generation term can be ex-
pressed as n,n K, , where n,,n, is an electron and neu-

iz
tral gas density, respectively. For the losses to the wall,
a mean ion confinement time r, is defined by the loss

of charged particles per unit volume and unit time. Con-
sidering stationary state case and neglecting spatial de-
rivative (divergence), the ion balance equation can be
rewritten as:
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where
K, =(ov(KT,)). 3)
is the ionization rate coefficient averaged over a Max-

wellian distribution. Taking into account the quasi-
neutrality of plasma n, = n, equation (2) is simplified:
5= . 4
| .
nOKiz
From this equation, the ion density has dropped out,
demonstrating that the ion density is not determined by
the ion balance. In low-pressure discharges a typical
electron temperature is a few eV, so, only the high-
energy Maxwellian tail contributes to ionization. Also,
the volume recombination doesn’t contribute to ion con-
finement time z; due to low electron — ion collision fre-

quency. The volume integrated loss of density of ions
has to be equal to the area integrated flux onto the walls.
The ion flux at the sheath boundary and also to the walls
is given by:

. 1
Ji =N.Vg exp(—zj. (5)

Quasi-neutral plasma is generated in the vacuum
chamber with volume V and walls area S. With equation
(5) we can write:

iS=nv, exp(—ljs =y, ®)
2 T,
where
KT,
Vg = ©)
m

is the Bohm velocity [5].
From the equation (6) the ion confinement time be-

comes:
T —\i ﬂexp(lj (8)
'S \KT, 2

and thus from equation (4):
n,K \iexp (lj _ [k, 9)
0" tiz S 2 m '

1
The left-hand side of the last equation varies much
steeper with the electron temperature than the right-
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hand side. Plasma adjusts the electron temperature so
that equation (9) is fulfilled. The electron temperature
decreases with increasing working gas pressure, but the
dependence is rather weak. The electron temperature is
determined by the geometry of the chamber for the cer-
tain pressure value. For calculation of the electron tem-
perature we need some explicit expression for ionization
rate versus temperature dependency. Such approximate
expression, for the limited range of kT,, can be given

by [5]:
U
K, =K _,exp| ——= |,
iz iz0 p( k-l-j

e

(10)

where U, is the ionization energy, K,, — constant. For

Avrgon this constant is K, ~ 5x10™*m%s [5].

Electron temperature we determined from ion bal-
ance equation, so, for plasma density we should use the
balance of power. The electrical power P, deposited into
the discharge can be divided on two parts. The first part
of it Pj; is consumed by the process of ionization. We
assume that ionization is the main consumer and ne-
glects the other processes. Then, the absorbed power is
given by:

F)iz = nenO KileJiz ' (11)

If Pi; is assumed to be constant, the plasma density re-
sults directly with the electron temperature defined by
equation (9). The plasma density is proportional to the
absorbed power, inversely proportional to the gas pres-
sure and the ionization energy, and is strongly decreas-
ing with increasing of electron temperature. The second
part is associated with the ion acceleration in the sheath.
The power consumed for ion acceleration is:

P.=¢]S=¢n KT, exp(—ijs N )
m 2

kT m.
¢l 1+1In ' : (13)

The floating potential @, is resulting from equation of

where &, is:

& =edy =

electron and ion currents on the wall: j, + j, =0. The
total input power results as:

P=PB,+P. (14)
With equations (11) and (12), the plasma density can be
calculated as:

-1

n,K. VU, +
S(kT, )™

WH—N

(15)
The process of global modeling can be divided into
two main steps: first, we calculate the electron tempera-
ture by equation (9) and after that, we can determine
plasma density.

ne:P +
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2. RESULTS

Non-self-sustained gas discharge, in which the addi-
tional charge carriers are produced by a vacuum-arc
plasma gun, is characterized by high-current electron and
ion fluxes and high values degree of ionization [2, 4].
Such type of discharge may be easily excited in widely
used vacuum-arc deposition setups. Due to enhanced
plasma density and degree of ionization, the processes of
surface treatment in such gas discharge are much more
intense than it is in a self-sustained glow discharge.

Al
L—k

PS-2

P—

>3

1= k<4
y Lt

-

‘@g

| .

Swjég_ 10 '\ .
ES-T swz_ é

Fig. 1. Scheme of experimental set-up for non-self-
sustained gas discharge excitation [2, 4]

The global model described in the previous paragraph
was applied for plasma parameters estimation inside the
hollow anode of the non-self-sustained gas discharge.
The experimental set-up was discussed in [2, 4]. The re-
gion of interest is colored in red (Fig. 1). The region is
axially symmetric and can be modeled as the cylinder
with a radius of 0.1 m and height of 0.23 m.

The input parameters for the global model are pre-
sented in the Table:

Volume, m® 7.22x10°°
Surface area, m? 2.07x101
Input power, W 70
lonization potential, eV 15.8

Langmuir probe measurements had been carried out
for model validation. The probe was placed in the center
of the chamber on the distance 10 cm from the hollow
anode output. Data acquisition system based on Arduino
Nano platform is used for Langmuir probe data recording
[6]. The electron temperature in eV was calculated from
the slope of I-V characteristics.
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Fig. 2. Electron temperature versus pressure of Argon
gas: experiment (red) and model (blue)

On the Fig.2 we can see good correspondence be-
tween model and experimental data. The electron temper-
ature is defined mainly by the discharge chamber geome-
try.
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Fig. 3. Electron density versus pressure of Argon gas:
experiment (red) and model (blue)

However, there is a big discrepancy between experi-
mental and model data for plasma density (Fig. 3). This
discrepancy can be explained by the presence of double
layer at the output of the hollow anode.

CONCLUSIONS

A simple global model was built for estimation of the
electron temperature and density in the plasma of non-
self-sustained gas discharge [2, 4]. The calculations have
been compared with a data of Langmuir probe measure-

ments. The comparison shows a good agreement for elec-
tron temperature and a big discrepancy for electron densi-
ty. The electron temperature is defined mainly by the dis-
charge chamber geometry. The electron density coincides
with experimental data only by the order of magnitude, in
a narrow range of pressures. This behavior of density can
be explained by the fact that in such simplified plasma
model, the presence of a double layer of spatial charge is
not taken into account. This results in the appearance of
charged particles beams and the non-isotropic distribution
of the current density on the surface of the electrodes of
the discharge system. In a non-self-sustained gas dis-
charge, such double layer is formed at the outlet of the
hollow anode. The limitations of the model arise from the
simplified assumptions that were made during it building.
One of such assumptions was uniformity of plasma in the
discharge volume. The second important assumption is
neglecting of particles beams. Further improvements to
the model developed here are needed for better parame-
ters estimation.
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OIIEHKA TAPAMETPOB IIJIA3BMbI B HECAMOCTOSATEJIBHOM I'A30BOM PA3PSIE
C ITIOJIBIM AHOAOM

H A. Mucupyx, A.U. Tumowenxo, B.C. Tapan

HOCTpOGHa npocrTas riao0anbHas MOJCJIb IJIs1 OLICHKU IMapaMeTPOB IUIa3Mbl B HECAMOCTOATEIIbHOM I'a30BOM pa3psi-
J€ C ITOJIBIM aHOJIOM. PeByJ'II)TaTLI BBIYHCJICHUN CpaBHUBAKOTCA C JAHHBIMH 30HJOBbIX I/ISMepCHHﬁ. O6CY)KZIEI€TCH Mnpu-

MCEHHUMOCTb U OI'paHUYCHUS paCCMOTpCHHOﬁ MOJCIH.

OIIHKA ITAPAMETPIB IVIA3MH B HECAMOCTIHHOMY T'A30BOMY PO3PS/II
3 MOPOXHUCTHUM AHOJOM

1.0. Micipyxk, O.1. Tumowenxo, B.C. Tapan

[ToGynoBana mpocTa r706anbHa MOJIENB IS OI[IHKY MTapaMeTpiB IIa3MH B HECAMOCTIITHOMY T'a30BOMY PO3pAi 3
MOPOXKHUCTUM aHOJOM. Pe3ynbTaTé 00UYMCIeHs MOPIBHIOIOTHCSA 3 JTAHUMH 30HIOBUX BHUMipIoBaHb. OOroBOPIOIOTHCS

3aCTOCOBHICT Ta OOMEKEHHS PO3TIITHYTO1 MOJIET.
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