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NEGATIVE 10N PRODUCTION IN SURFACE-PLASMA SOURCES WITH UNCLOSED ELECTRON DRIFT DISCHARGES

Yu. L Bel'chenko, V.G. Dudnikav.

Institute of Nuclear Physics, Novosibirsk, U.S.S.R.

1. In developed variants of surface-
plasma sources /2,3/ the minimum energy
necessary for H generation - is about
104 eV/ion. The further increase in effi-
ciency of negative ion generation is de-
sirable Tor construction of long term ope-
ration sources. The most evident way to
increase the energy efficiency is the more
complete ntilization of negative ions em-—
itted from electrodes /2/. In experiments
presented here, more complete extraction
of generated negative ions was provided
with localization of the discharge near
the emission slit and with geometrical
focusing of negative ions emitted by s
half-cylindrical cathode surface to the
emission slit,

2. The diagram of the source with
discharge location near the emission
slit (so-called semiplanotron - SP) is
shown in Rig.t.
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Fig.1 Semiplanotron diagram:
a ~ with one groove, b - with five
grooves; 1 - cathode, 2 - &anode,
3 ~ magnetic inserts, 4 —~ poles of
magnet, 5 - emission slit, 6 - ex-

tractor, 7 - cathode groove, 8 -
end cathode hollow.

Similar to the planotron /2/, the dig-
charge takes place in a thin gap between
the. long eathode 1 and anode 2, which em-
braces the cathode. For the effective

plasma utilization, SP discharge is main-
tained only in & region near the emission
s8lit, In this place the magnetic field
lines are specially bent with magnetic
ingserts 3. The magnetic field lines two
times cross the half-cylindrical cathode
surface without crossing the anode, prov-
iding conditions for confinement of fast
electrons emitted by cathode, These elec-
trons oscillate in the cathode groove and
drift along the emission slit sawed per-
pendicular to magnetic field lines. The
deeper hollow 8 is made at one of the ca-
thode end for better discharge trigger-
ing, Flectromagnetic valve and heated
container provide this hollow with hyd~
rogen portions and cesium vapour. For
preventing discharge in other parts of
the cathode-anode gap, SP electrodes have
the special shape preventing electron os-
cillations in these regions. Electrons
in the side gaps fall quickly to the ano-
de along the magnetic field linese.’

A half-cylindrical shape of the cathode
operation surface provides geomeirical
focuging of negative ions emitted by the
surface to emissgion slit. Extrection
voltage of up to 35 kV is applied to
discharge chamber, extractor 6 is under
ground potential., The pulse mode of such
sources was under study. An amplitude of
the discharge current pulse was up to

0.2 kA, duration 1 m8, repetition ra-
te up to 10 Hz,

3., The characteristics of high cur-
rent glow discharge in SP, their depen-~
dencies on magnetic field, hydrogen and
cesium density, discharge current were
similar to thoge of planotron discharge
/2/. The dependencies of extracted H™
and D~ current on discharge current are

Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19797243



http://www.edpsciences.org
http://dx.doi.org/10.1051/jphyscol:19797243

c7- 502
given in PFig.2.
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Fig.2 Current of H~ and D~ (crossed) beams
as a function of discharge current.
Pigures near the curves - width of
the emissgion slit. The emission slit

length is 40 mm.

Maximum H~ emission density up to 3—4A/cm2

was achieved with discharge current densi-
50 A/cmz. At linear plot

emission H current density

of ' the cathode discharge cur-

ty at cathode
of dependence
mounts to 17%
rent density and energy expenditure on H
generation was ~ 5 keV/ion. It is explain-
ed by more effective plasma utilization in
SP and by geometrical focusing of negative
jons to emission slit. Negative ions focus-
ing also is confirmed by intense sputtering
of anode parts located opposite to the
half-cylindrical cathode surface of the
groove. Cputtering trace looks like a ca-
nal of O:8 mm width,

Under the same conditions H current
was two times less than D~ current. Becau-
ge of the larger deuterium mass the leaving
times are increesed both for discharge po-
sitive ions and negative ions moving from
cathode to emission slit. These effects
can visibly intensify the D~ destruction
in plasma /2/. Also, due to lower energy
of bombasrding deuiterium particles /4/ the
reduction of secondary D~ emission coeffi-
cient may pley a certain role.

The five.grooves SP with multiple-aperture
extraction system was tested (Fig.1b).
uite a uniform glow discharge was achiev~
cd at all the cathodes grooves with ca-
thode current density up to 30 A/cmz. With
large soizes of emission slit some diffi-
culties arige for providing necessary den-

sity of hydrogen in discharge grooves.
The hydrogen density gradient along the
groove resulied in non-uniform discharge
and brought to visible reduction of nega-
tive ions along the emission slit.

In the described versions of SP the
problem of elecirodecooling is quite sim-
ply solved. To this end, the channels for
cooling liquid are drilled close to work-
ing parts of the cathode, anode and ex-
tractor. Note, that SP with one groove
of ~ 3 x 15 m?
de source of negative ions, With dischar-
ge current ~ 5 A and average power at
cathode ~1 kW/em® it is really to ob-
tain de H~ current of 0.1 A.
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