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The model of the space-charge sheath formed by iookl and electrons at a negative
surface has been established by Langmuir [1] aridrB@&]. In the framework of this model, the
ions enter the sheath from the quasi-neutral plaareaaccelerated by the sheath electric field and
reach the surface without suffering collisions witutral particles, the electrons are decelerated
by the sheath field and are in equilibrium withiig., follow the Boltzmann distribution. This
model has been widely used for description of $teest discharges burning in an ambient gas,
such as glow discharges and low to high-pressuradiacharges on refractory cathodes (e.g.,
reviews [3-5] and references therein), as welldescription of sheaths in discharges burning in
cathode vapor, such as vacuum arcs and low togriggsure arc discharges on volatile cathodes
(e.g., [6] and references therein).

As far as discharges burning in cathode vapor aneezned, this model implies that the
neutral atoms emitted from the cathode surfaceamieed beyond the sheath and a part of the
ions produced return to the cathode, thus forminegsheath. However, a comparisondahe
scale of thickness of the space-charge sheathlwiitle scale of distance which an atom emitted
by the cathode travels before getting ionized shihnats is not necessarily much smaller tHan
This means that the ionization of atoms emittedhaycathode surface may occur in the space-
charge sheath rather than in the quasi-neutraigplas
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Fig. 1: Schematic of a space-charge sheath orhadmemitting neutral atoms.

Thus, the conventional model of space-charge sh@ittions entering the sheath from the
guasi-neutral plasma may be not justified underditimms typical of discharges burning in
cathode vapor and a model accounting for ionizatibemitted atoms inside the sheath may be
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more appropriate. One could think of a model whglschematically shown in Fig. 1 and is
characterized by the following features. The disiibn of electrostatic potential in the sheath
possesses a maximum. There is a maximum also idistréoution of the electric field, which
means that the sheath is actually a double layereTis a flux of atoms emitted by the cathode
surface which are gradually getting ionized. Theelt energy of the atoms is much smaller than
the electron energy hence one can assume thabrtkeaie generated at rest. The ions produced
before the maximum of potential return to the cdéhasurface and those produced after the
maximum escape into the plasma.

The above model has some features in common wétimtbdel of a collisionless positive
column of a plane glow discharge enclosed by twalleh absorbing walls, introduced by Tonks
and Langmuir [7]. In particular, there is a potahtiump in both problems with the ions generated
at rest on both sides from the hump and moving dwaay it. On the other hand, there is a very
important feature in the above model that seenfgt@ no immediate analogue in the literature:
the ions that are produced beyond the potentialphonove in the direction from the sheath into
the plasma, rather than the other way round asrinaentional sheath models. There should be
some resemblance with the problem of a double Bhaata cathode with electronic emission
([8,9] and references therein), however the mattieatalescription will not be the same; in fact,
it does not seem obvious that a sheath with iongimgan the direction into the plasma is possible
at all.

A simple mathematical model describing movemenhefions beyond the potential hump
into the plasma is obtained by assuming that thization occurs in a narrow vicinity of the point
of maximum of potential, after which the ion fluermains constant. In this model, an infinite plate
is considered from which singly charged positivesiare emitted into the plasma with a very low
velocity. There are also electrons in the plasniee @lectric field is directed from the plate and
accelerates the ions in the direction into therptasThe plasma far away from the plate is neutral.
The ions suffer no collisions while crossing theath and the electron density in the sheath is
related to the potential distribution by the Bol&am relation.

An analytical solution has been obtained. It isvghohat such sheath is possible provided
that the sheath voltage is equal to or exceedozipmrtely 1.258T/e. This limitation is due to
the space charge in the sheath and is in this seradegous to the limitation of ion current in a
vacuum diode expressed by the Child-Langmuir late Tons leave the sheath and enter the
neutral plasma with a velocity equal to or excegaipproximately 1.5§&TJ/m)"2

The full model, accounting for ionization inside theath of atoms emitted by the cathode
surface, is treated numerically. Extensive numérasults are given and discussed.
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