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Abstract: The structure of plasma sheath formed in front of an absorbing material wall for different temperatures of the
in-strecaming particles has been studied. For given electron and ion distributions at the sheath entrance we use the
Kinetic Trajectory Simulation model to oliain the solution to a non-neutral, collisionless plasma sheath. Starting from an
initial guess, the potential profile is terated and our numerical method provides the final fime-independent, self-
consistent state. It is observed that the sheath structure is highly influenced by varying the temperature.
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1. INTRODUCTION

Inall practical plasma devices plasma interacts with the vessel
(material walls). The interaction of plasma with the wall has
been amatter of interest in all applications of plasma including
the schemes to harness the fusion energy.

Plasma contains 1ons as well as electrons but the mobility of
the electrons is much greater and hence can reach the wall
earlier than the ions. This makes the wall negatively charged.
Due to this, further electrons going towards the wall are
repelled whereas the ions are accelerated towards the wall,
Thus near the wall, the electron density decreases much faster
than that of ions and a positive space charge region is formed
shielding the potential at the wall This shielding is of the
order of some electron Debye length. This space charge
region of positive ions which is very short, compared to the
characteristics plasma length, 15 called the “Sheath”. The
sheath structure formed adjacent to a wall facing plasma
contributes to the stability of the core plasma Because of
the sheath formed the negative potential at the wall can not
penetrate deep into the core plasma and the core is virtually
undisturbed.

For a sheath to exist, the in-streaming ions at the sheath
entrance have to satisfy a condition called the “Bohm
criterion” [1][2] [3] Init’s kinetic form, this criterion reads,
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where f is the Boltzmann constant, 4'and 4° are the ion

and electron polytropic constants, respectively, and ’I:” and

T;, are the ion and electron temperatures at the presheath

side of sheath edge, respectively. The condition (1) ensures

the potential profile to be non-oscillatory at the sheath edge.
In realistic cases, it is usually satistied marginally, i.e., with
the equality sign.

The Bohm criterion implies that we need an electric field in
the region preceding the sheath in order to accelerate the
ions. The region in the plasma where the acceleration of the
ion begins is called the presheath Thus the plasma confined
in a vessel can generally be classified into three regions: the
sheath, the presheath and the bulk plasma

It 15 mnportant to note that the sheath structure is also
responsible for determining the energy and particle flow
towards the wall and overall bulle plasma behavior. In the
sheath region the plasma is significantly non-neutral although
it is practically quasineutral at the sheath entrance and in the
presheath region as well. As the wall is negatively charged
even the Debye shielding cannot counteract the potential
due to the wall and a residue potential of the order kT, /m
can always leak out from the sheath which is the primary
cause of 1on acceleration towards the sheath from presheath
region. Hence, a very small potential difference occurs in the
presheath region, which is very large in terms of length
compared to the sheath. Thiz helps in sheath formation
provided the ion velocity satisfies the Bolm criterion

In the present work, we have studied a space charge sheath
formation, for different values of the presheath ion
temperature, adjacent to an absorbing wall with presheath
plasma on the other side, which we assume to be described
by a two-fluid solution We use the Kinetic Trajectory
Sirmulation (KTS) model to obtain the solution to a non-
neutral | time-independent, collisionless plasma sheath. Tt has
been observed that the sheath structure is highly influenced
by varying the temperature.
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2. BASIC PRINCIPLE OF KTS

The characteristic feature of the KT2 method 15 that the
distribution functions of the particle species involved are
calculated directly by solving the related kinetic equations
along the respective collisionless particle trajectory [4] [5]
In order to obtain the distribution function at any point [x,v]
of the phase-space we trace the related trajectories to some
phase-space where the distribution is given We assume the
electron and 1on velocity distribution functions at the sheath
edge to be cut-off MMaxwellian in such a way that the most
important requirements of the presheath-sheath transition
are satisfied, i e quasi-neutrality, the sheath-edge singularity
condition, continuity of the first three moments of each
species, and the kinetic Bohm criterion.

In the general case of time-dependent, collisional kinetic
theory, the species-s velocity distribution function Uz 7 e

satizfies the kinetic equation

af (8 8, 9Y. .

—_ 4. —+ — =

dt (a: Y aa]f ¢ @
with

d’lx.ﬁ.n:%[@m|+1ﬁ><le'.rl] @)

Here F(%¢| and B(%,¢| are the macroscopic (i.e locally

averaged) electromagnetic fields, 3z* is the macroscopic
acceleration of a species-s particles. (1.e it’s acceleration in
these fields), and ¢ 1sthe species-s collision term.

For collisionless cases the kinetic equation (2) takes the well
lnowm form of Vlasov equation
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This means that the velocity distribution function is constant
for an observermoving along a collisionless trajectory Hence,
the distribution function at every point along the trajectory
can be obtained 1£1t’s value at one pomt (1.e., atthe boundary)
is given.

3. THE PLASMA SHEATH MODEL

In the present work, we restrict ourselves to time-
independent, collisionless electrostatic problems, as is
appropriate for the sheath regions. The fdlv model of the
plasma sheath is shown schematically in Fig. 1. The notation
ldlv indicates the fact that our model 15 one-dimensional
both in configuration and in velocity space. The magnetic
field B 1s normal to the wall and assumed to be “infinitely”
strong, so that the 74iv approximation is appropriate.
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Fig. 1: /d/vplasma sheath model

The simulation region considered is bounded by two parallel
planes located atx = 0 and x = L, and the plasma is assumed
to consist of electrons and one species of singly charged
tons. The two boundaries are specified as follows. The right
hand boundary (x = [ is the “sheath entrance”, separating
the non-neutral, collisionless sheathregion (y « [ ) fromthe
quasi-neutral, collisional presheath region ( - 1), where as
the left-hand boundary (; = ) represents an absorbing wall.

The potential value at y = [ is always chosen equal to zero,
whereas the one at y=0 is fized to a negative constant

value,ie., $lx=01= ¢, =constant < 0. Werestrict ourselves

to potential distributions @ x | which decrease monctonically

fromy=7F to x=0 such that the electric field is always
negative.

We assume that the plasma particles (electrons and ions)
enter the sirmulation region from the right-hand boundary
with cut-off Maxwellian velocity distribution functions, that
the left-hand boundary does not emit any particles, and that
both boundaries are perfectly absorbing Accordingly, the
electron velocity distribution function is given by,
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15 the electron cut-off velocity at x. The ion velocity
distribution function at =7 is given by,
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vy = —L, ©)

is the species-s thermal velocity, v! ; is the fon “Maxwrellian-
maxirmurn” velocity atx = L, and viL (writh Vzl"i 0} 15 the 1on

cut-off velocity at x = L Here, T} and T} are the “formal”

electron and ion temperatures.

Exact 1on trajectories are followed, to calculate along them
the ion distribution function, for the given ilon injection
distribution. The electrons, on the other hand, are assumed
to have a half Masxwellian velocity distribution at injection,
5o that their density can be calculated analytically Due to
absorption at the wall, their full velocity distribution is a cut-
off Maxwellian. Starting from an initial guess, the potential
profile is iterated towards the final time-independent, self-
consistent state [&]

4. RESULTS AND DISCUSSION

Fig 2 shows the self-consistent potential profile inthe sheath
region tor different ion to electron temperature ratios at the
sheath entrance. It shows very sharp gradient close to the
wall but near the sheath entrance, the potential is seen to be
almost constant. Hence, the major drop in potential is in the
immediate neighborhood of the wall, as expected Fig 3 shows
the variation of the wall potential for different values of
presheath ion termperature. We see that on increasing the
presheath 1on temperature, the magnitude of the potential at
the wall goes on decreasing Fig. 4 shows the variation of
charge density at wall for different values of presheath ion
temperature. We see that on increasing the presheath ion
temperature, the value of the charge density at the wall goes
on increasing,

Paterntial weriation

Fig. 2: 3elf consistent potential profile wersus the distance from the
wall for different presheath ton- electron temperature ratios.
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Fig. 3: Variation of potential at the wall for different presheath ion
temnperatures.
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Fig. 4: Varation of charge density at wall for different presheath ion
ternperatures.

The above plots show that more ions reach the wall on
increasing the presheath ion temperature. This 15 because
more the presheathion ternperature more will be the ionthermal
velocity and hence more ions reach the wall. Consequently,
the electron density must also increase to maintain the
constant potential at the wall. The ion density is usually one
order higher than the electron density at the wall This occurs
because of reflection of electrons due to the negative potential
at the wall Thus the charge density in the sheath region is
always positive with rminimum value (1.e. zero) at the sheath
entrance and maximum value at the wall. It is seen that the
magnitude of the wall potential decreases on increasing the
presheath ion temperature. This happens because, as we have
stated earlier, more 1ons reach the wall for increased presheath
ion temperature. In fact, the numbers of electrons also
increase; however, the increment is more for 1ons than that
tor electrons.
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It has been found that, for the ratio of ionto electron presheath
ternperature equal to 0.1, 0.5 and 1, the wall potentials were
found tobe -29.2, -26.4 and -24.4 volts. On taking the same
tonto electron presheath temperature ratio, the electron and
ion densities reaching the wall were 3.25x10% 4 410" and
56x10% m® and 4 2x10Y, 5.4x10Y and & 2x107 m?
respectively although the corresponding values of both the
ion and electron density at the sheath entrance was 10" m®

The applied kinetic model is expected to give better insight
to the sheath formation. This work may be extendedto higher
dimensional analysis including the effect of oblique magnetic
field and to study the effect of varying other parameters, etc.
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