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NUMERICAL SOLUTION OF THE DIFFUSION
MODEL OF THE ELECTRIC SHEATH")

K. TEPLANOVA?), I. KOSINAR?), V. MARTISOVITS?), Bratislava

A solution of a model of the electric sheat formed by contact of an infinite electric
non-conducting plane with unlimited plasma is presented. It is assumed that electrons are
distributed according to the Boltzmann law and jons are accelerated in the electric field
towards the wall. Heating of icns and variation of their mobility are neglected.

YMCIEHHOE PENIEHUE OHON NHODYINOHHOM MOIEIN
JIIEKTPHYECKOIO CI0f

B pa6ote mpusogurcs PelieHHe OHOM MOIeNH 3NeKTpHYecKoro cnost, 06pa3oBaHHO-
T0 TOKOHENPOBORALIEH GECKOHEYHOM MTOCKOCTIO K HCOTPaHHYIEHHBIM HPOCTPAHCTEOM
¢ mnasmoit. Ilpeanonaraetcs, yro pacfipeneneHme INEKTPOHOB MOXYMHSAETCS 3aKOHY
Boneumana u woun YCKOPSIOTCS 376 KTPHYECKHM TONEM 10 HanmpaBIEHHIO K CTEHKe.
Tpu 3rom Harpesom womos u HIMEHEHHEM HX MOJBIDKHOCTH NpeHeGperaeTcs,

L. INTRODUCTION

As shown in [1], the problem can be formulated by using Em:,mn geometry. The
model is based on the Poisson and momentum equation for ions, when neglecting
pressure effects of ions:

dp e
a2~ g me—n), | v (1)
dv. __n. do_ - -
n.v, dz = m, Cdz v+vs—vin(a—pn.), 2)

where @ is the electric potential; z the coordinate normal to the wall; e the
elementary charge; n., n_ the concentration of ions and electrons; & the
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Fig. 1a, b: The normalized concentrations of ions x. and electrons x_ as a function of the normalized

distance & for the following parameters a) B=0.01; A =038,1.6,4,8;b) B=1 ; A=0.08, 0.16, 0.8.

Curves 1, 2, 3 illustrate the location of the wall, where the ‘boundary condition (5) is fulfilled: 1 — for
He, 2 —for Ar, 3 — for Hg.

permitivity of free space; v, and m. the drift velocity and mass of an ion; v, the
frequency of collisions of ions with gas atoms; a the frequency for single-stage
ionization; B the recombination coefficient. .

The concentration of ions can be estimated by the solution of the continuity
equation in ambipolar approximation [1]: .

:N :N ﬁ
e (Ym0 o

where #, is the charge particles concentration in the plasma.
The concentration of electrons is assumed to be given by the Boltzmann law:

n-=roexp (i) e
k is the Boltzmann constant and T_ the electron temperature.

L. NUMERICAL SOLUTION L

The system of equations (1—4) was solved for suitable initial conditions which
were obtained by expanding @ and de/dz as a power series in v.. The method of
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Fig. 2a, b: The normalized ion velocity u, electric field €, potential n, concentration of ions x, and
electrons x_ versus the normalized distance £ for parameters a) B=0.01 and A = 1.6;b) B=1 and
A =0.8 and for various gases.

mo_ca_osimmaomnldoa_: T_..;a €quations were solved by introducing the
dimensionless variables : )

U=v./vi, n=e@/kT-, x_= n-/no, Xo = n./ne, £= z/h, where v =VkT /m, is the

ion sound speed and 4 = /\M%Mow the Debye length.

Appropriate parameters are: A=hv./v; and B=a/v,. The first parameter is
2 measure for collisions of jons in the sheath (for T./T-=10"2 A =0.16A/A,,
Wwhere 4, is the mean free path of ions) and the second one B describes properties
of the plasma. .

The solution of equations is independent of the kind of gas. Properties of the gas
are included in the boundary condition only:




The results were obtained for B=0.01 and 1 and various values of A. The
normalized concentrations x, and x_ are plotted in Fig. 1. The curves in Fig,
2 demonstrate the influence of the ionic mass on the sheat properties. The
respective values for helium and mercury at the wall are shown in Fig. 3 as
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Fig. 3: Ion velocity u, electric field £ and ion concentration x.. at the wall versus the parameter A for B
=0.01 and B=1. The respective values of normalized potential 5 and electron concentration x_ are
nearly constant.

a function of A and B. It was found that independent on the initial value of u the
solutions are numerically stable near the wall. For a normalized concentration x.
calculated for A higher than as it is shown in Fig. 1 there is an interval of £, where
X+ overtops the value unity and the dependences are non-monotonous. The reasgn
of this is probably due to neglecting the thermal term in Eq. (2).
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