acta phys. slov. 37 (1987), No. 2

EFFECTS OF RECOMBINATION, ELECTRON WALL
REFLECTION AND AMBIPOLAR DIFFUSION
OF ELECTRONS IN A FLUID INFINIT PLASMA-WALL
SHEATH MODEL')

TEPLANOVA. K_*) Bratislava

In the present paper the ceffects of space recombination and electron wall reflection
are shown as they are resulting from the numerical solutions of a fluid stationary
model for collisional sheath between an infinite plasma and an infinite insulated plane.
Besides. the clectron thermal approximation is compared with an ambipolar one.

1. MODELS OF AN INFINITE PLANE SHEATH

In papers [1] and (2] we presented plane models of a stationary sheath with
cold parent gas and cold ions. The models consist
— of the basic equations: continuity equation, momentum transfer equation

and Poisson equation,

— of the conditions in an undisturbed plasma,

— of the equality of ions and electrons flux densities at the fully absorbing wall.
The Boltzmann distribution of electrons, recombination with constant reaction
rate and charge exchange and ionization with constant reaction frequencies are
supposed.

Models equation systems were solved as initial tasks in dimensionless varia-
bles: & = z/h, u = vfv,, 1 = e@/kT_, x, = n [ng,x_ = n_[nyg, © = ux, with the
normalized parameters: 4 = hv, [v,, C = hafv; (B = C/A), where z is the coor-
dinate, v is the drift velocity of ions, ¢ is the potential, n, and n_ is the ions and
electron concentration, v, is the collision frequency of ions with neutral parti-
cles, a is the frequency of direct ionization, h = (§KT_/e’ng)'” is the Debye
length, v, = (kT_/m)"?is the sound speed of ions, n, = a/Bis the concentration

') Contaribution presented at the 6th Symposium on Elementary Processes and Chemical
Reactions in Low Temperature Plasma, JELSAVA-HRADOK, June 9—13, 1986

%) Katedra experimentalnej fyziky MFF UK, Mlynska dolina, 842 15 BRATISLAVA, Czecho-
slovakia.
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of ions, resp. electrons, in an undisturbed plasma far from the wail, f is the
recombination coefficient.
Solutions were obtained for pairs of parameters:

(4, C) = (0.01 — 10,0.1 — 1), (0.1 — 1,0.01), (1,0.001).
11. MODELS COMPARISON

Model [1] considers exclusively the thermal motion of electrons while in
model [2] there is an additional assumption applied in the equation of continu-
ity, according to which electrons are drawn to ions by a mechanism of ambipolar
diffusion. By means of this the electron concentration increases and so does the
number of ionization. Due to this, there should be a large number of slow ions
in the sheath, e.g. smaller drift velocity of ions, which causes an increase of ion
concentration. ’

Numerical solutions including ambipolar diffusion [2] were obtained so that
the recombination was taken into consideration on the level of the fluid equa-
tions, while in the model without ambipolar assumption the recombination was
taken into account already on the level of the kinetic equation [3]. The difference
appears explicitly only in the momentum transfer equation for ions.

In [1] we evaluated, according to the numerical results, the relative signi-
ficances of the particular members in the momentum transfer equation. From
these it is evident that the influence of a different calculation of recombination
is in the collisional sheath (B = 0.01) negligible. It results that, in a collisional
regime, both models solutions can be compared from the point of view of
various forms of electron motion (Fig. 1).
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Fig. 1. Normalized values of electric field ¢ = —dn/dé.
ions concentration x, and drift velocity of ions « at the
0 L 1 0 wall in mercury plasma in dependence on collisional

parameter A if B=0.01.

{11. SPACE RECOMBINATION

In contradiction to finite models [4, 5] including ionization, an infinite plane
model of the electric sheath cannot function without taking into account space
recombination.
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The recombination term appears in the sheath model with cold ions explicitly
only in the continuity equation, which has in dimensionless variables the form:
d@/dé = Cx_ — Cx_x,. The right-hand side of the equation gives the nor-
malized effective creation of ions, resp. electrons, and has in the space of the
shoath a local maximum decreasing close to the wall relatively rapidly to
negligible values. Fig. 2a, b shows all types of dependences of the effective
creation on the parameters.
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— B increasing, A = const.: Increasing ionization frequency causes an increase
of the effective creation intensity. Simultaneously the peak is contracting and
approaching the wall;

— A increasing, B = const.: At the same parallel increase of collision frequency
together with ionization frequency, considering the case of constant collision
frequency, the dependence is weaker:

— A increasing, C = const.: The increase of collision frequency leads to an
altogether weaker effective creation. The intensity and width are lower, the peak
is approaching the wall.

The values x, give, thanks to the used normalization, directly the ratio of the
number of recombinations to the number of ionizations. The maximum of
effective creation appears at relatively big values of x, (x,€(0.2,0.9)) (Fig. 2).

According to the space distribution of d®/d¢, x, and x_ (Fig. 2) we can
divide the area of a plasma adjacent to an insulating wall roughly into three
zones:
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1. An infinite zone deep in the plasma, where the numbers of ionization and
recombination collisions are equal.

2. A zone determined by the width of a local maximum of effective creation,
where the number of ionizations is of course bigger than the number of
recombinations, but the importance of recombination by ions flux formation
is, due to the big values of x_, significant.

3. A narrow zone close to the wall, where — in consequence of small values of
x_ — recombination as well as ionization collisions are negligible. (Values of
normalized electron concentration at the fully absorbing wall are (1072, 107%)
for hydrogen, (103, 10~°) for mercury [1]). The width of this zone is for gases
with smaller masses narrower and simultaneously it is reduced by electron
reflection at the wall (see further).

IV. ELECTRON REFLECTION AT THE WALL

A maximum ion flux density will fall at the wall in the case, when the
coeflicient of electron reflection x, finding in the condition at the wall [6]

L+, ux, _ ANEJ(v:N -

P — o x_ T _

is zero, e.g. if the wall is fully absorbing.

The numerical solutions of models were reached by an extrapolation method
from plasma towards the wall and stopped after fulfilling the condition (1), when
%, = 0. For every x, > 0 the condition (1) is fulfilled sooner, e.g. the plasma-wall
sheath is narrower and, due to this, also the absolute differences of the values
of sheath characteristics at the wall and those at the area of undisturbed plasma
are smaller than in the case of », = 0.

Non-zero reflection of electrons at the wall implies an increase of electron
concentration in the space and by this also an increase of ionizataion. Therefore
the influence of the wall reflection is manifested stronger in cases when either the
ionization frequency (parameter C) or the ratio of the ionization collisions to the
collisions of ions with neutrals in the undisturbed plasma (parameter B) or both
are bigger.

The electron reflection influences mostly the potential of the wall, for mercury
and x, = 0.9 regarding the case of », = 0 as follows: for (4, B)e(10,0.01—0.1)
less than 1%, for (4, B) = (0.01,100) up to 40%.

In (Fig. 2) on every curve of the normalized ion flux density @, there are two
marked points, which belong to the values of the fully absorbing wall in hyd-
rogen and argon. Thus the values & belonging to these points give the wall
location relative to a hydrogen, resp. argon undisturbed plasma for a case of
zero reflection at the wall. According to normalized condition (1), the same
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values belong to the wall in mercury plasma if the electron reflection at the wall
is 87% points on the left, or 38% points on the right. Similarly the points of wall
in the hydrogen plasma at zero electron reflection [17 belong at the same time to
the wall in the argon plasma if the wall reflection 1s 73%.
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3OGEKTbl PEKOMBUHALIMH, OTPAXEHM 3JIEKTPOHOB
OT CTEHKHU M AMBUIOJISIPHASA JU@PYINA IJEKTPOHOB
8 MOJEJAN BECKOHEUHOM KUAKON MAA3MDBI C BECKOHEYHOM
OBOJIOYKON B BUAE CTEHKU

B nasHoll paboTe NoKaszuHO. Kak IPPerThl POCTPAHCTBEHHOM PEKOMOMHAINY ¥ OTPAXEHUS ITT1EK-
TPOHOB OT CTEHKH MOKHO NOJY4HTH U3 HHCACHHBIX pellEHni CTAUNOHAPHOR MOJE M 1715 FPAKHLLLL
Mexay OeckoHeuHOH niazMoi u GeCKOHEMHONW M301MPOBAHHON TIIIOCKOCTHIO. Kpome Toro.
NPOBENEHO CPABHEHHE DNEKTPOHHOM TepMHYECKOil aMMPOKCUMALMH € aMOHIIOIAPHOM.
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