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Abstract

The differential vacuum pumping of a plasma column introduces a strong axial dependence into the
clectron-gas ionization rate leading to axially verying plasma density and potential. Such a configura-
tron may be useful as a gridless ion extraction system, a unidircctional ion source discharge, or to
enhance the gas efficdency of an ion source.
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In the present paper a new type of ion source extraction system 1s proposed in which
the acceleration potential is provided not by grids but rather by a stationary self-consis-

tent plasma double layer.

Our method for maintaining a (stable) stationary potential double layer depend
critically upon the recent experimental demonstration of plasma-gas ionization augmented
differential vacuum pumping!. Plasma augmentation has been investigated in the
differential pumping geometry shown in Fig. 1. The source plasma chamber (to the
left in Fig. 1 and similar in design to that described previously in refs. 2-5) and the
plasma dump (to the right in Fig. 1) are at either end of a cylindrical magnetized
plasma column and operate at ~ 2 orders of magnitude higher neutral pressure than
does the central experimental region. The conductance of the apertures leading from
one chamber to another is reduced considerably (*‘augmented ) by the presence of
dense plasma flowing along the magnctic field from the source chamber and Into the
plasma dump region. The axial dimensions of the (tubular) pumping aperturés are
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sufficient such that free streaming neutrals have a very small chance of

' : . Passing frop,
the high pressure chambers into the low pressuré experimental region. )

We assume that the source plasma is quiescent, 1ons are created with the energy disty;
bution of the neutral gas molecules and then free-fall along the axial magnetic field line;
under the influence of the self-consistent plasma and sheath potential gradientss The
plasma potential V, is everywhere positive with respect to the end electrodes ip order
to maintain equilibrium in the ion and electron loss rates. Under these cop ditions
electron flow will maintain an axially uniform electron temperature T, and the Boltzmapy
equation will apply

—eV,z

n,(z) = n, exp[~——r.- ] (1)

where e is the electronic charge and n,, 1s the peak ¢electron density which occurs at the
point where V, iS maximal.

Ionization is due to electron-neutral collisions and ions aie created throughout the
source volume at a rate given by

n,(2) 1 (2) (@ vo)r. + 1,(2) n,(2)0 v, (2) 2)
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FiG. 1. Differentially vacuum pumped plasma experiment having : hot conical tantalum filament, £

anode, 4 ; source chamber, § ; experimental chamber, E ; plasma dump chamber, D ; solenoid magnetss
M ; and aperture tubes, 7.
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where n, (2) is the axially variable neutral gas density, (ov,);. is the electron-gas ioniza-
tion rate co€ icient averaged over a Maxwellian distribution of plasma electrons of

density n,(2) and n,(2) and v,(z) are the primary electron density and velocity.

The ions generated at z, < z' < z free-fall down the monotonically decreasing plasma
potcntla' acquiring & velocity v, such that the ion density at z is:

n () = f ") () (00 + my (v, ()] dr. G)

u,‘

The plasma potential must satisfy the Poisson equation

d’;:(l") = — 4ne [H‘(Z’) - n,(z) — "p(:)]' . (4)

For a specified function n, = n,(z), eqns. (3) and (4) can be solved numerically®,
along with the Boltzmann equation (1), for boundary conditions such as °
V, =0, dV,/dz =0 for z =z, (5)

in order to obtiin n, = n,(z) ~nd V, =V, (2).
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Fi0. 2. Neutral gas density profile. n,! calculated plasma |
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The functional form of n,(z) can then be iterated in order to obtain SOMe desireq
potential distribution V. (z)_ In actual fact, we must try to restrict our Mtemion to
neutral dcnt;ity proﬁlcs that are llkely to be realizable in pl'a-CtiCﬁ as these are Te.'jponsible
for the potential double layer. The ion current drawn through this double layer is
neutralized and can exceed the Child-Lapgmuir limit to which most other jop SOUrces

are subject’.

At the p:esent time no detailed axial measurements have been made but it is known
that the gas density does jump by as much as two orders of magnitude over ap aperture
tube length of 6 cm for a 1-2 cm diameter cxperimental plasma. (The use of plasma
augmented differential pumping will also reduce residual gas release from the depse
ion source plasma region and improve gas cfficiency.)

For an ele:tron temperature of 5 ¢V and given gas density profile we have computed
the corresponding (typical) potentizl and density profiles (Fig. 2). Tn Fig. 3 second
pumping aperture has been added to allow the creation of an ambipolar end plug making
the ion source unidirectional®

Hollow cathode d'scharges should produce cffects similar to these but are limited
to very small diameters It would also be possible to create transient double layers
using gas puffs, acrosols, or ablating solids.
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FIG: 3. A typica.l- calculated axial plasma potential profile, V,, for an intense unidirection ion source
having two pumping apertures ; at 5 and 10 ¢m, respectively.
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Note added in proof

lon trapping can occur on the low potential side of the double layer. By means of
pumerical modelling. Belova eral® have recently shown that double layers with
eAV, T, of at least 270 can be produced in a current carrying plasma.
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