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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not neécessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Abstract

A calculational and experimental program
to optimize the extractor design of high-current
multiple-aperture ion sources is in progress. In
general, the computed and measured properties of
extractors with circular apertures agree well,
Very preliminary tests with a multiple slot ex-
tractor are encouraging.

Introduction

A calculational and experimental program to
optimize the extractor design of high-current,
multiple-aperture ion sources is in progress.
The immediate goal is the production of a pulsed
20A, 20 keV deuterium ion beam, and its conver-
sion into a neutral beam for injection into the
2X II controlled nuclear fusion experiment at the
Lawrence Livermore Laboratory. The develop-
ment of a large-area plasma source from which
to extr?ct ions is described in an accompanying
paper.

The geometry of the 2X Il experiment sets a
maximum useful beam divergence of about %2
degrees. Since magnetic focusing of the ion beam
before neutralization would result in a different
focal point for each ion species in the beam (they
differ in q/m) and consequently in loss of beam,
and since beam energy modulation is easier if
there is not a magnetic field to modulate, we
decided to attempt an extractor design to generate
an ion beam of small enough initial divergence that
additional magnetic focusing would not be required
The elimination of a magnetic lens also permits
beam neutralization close to the extractor.

The extractor design was carried out with
the aid of a computer program originally written
by Kirstein and Hornsby2 and modified by Bate. 3
This program accepts as input the shape of the
boundary, the potentials on the boundary, and the
region which emits ions. OQOutput consists of ion
trajectories (space charge effects are included)
and the ion current density J. at various points on
the emitting surface. The electrode shapes were
repeatedly modified until acceptable ion tra-
jectories were obtained and j. was constant to 5%
across the emitting surface; the latter condition
is consistent with a uniform plasma of the correct
density as the emitter.

A typical electrode geometry for a single-
circular-aperture is shown in Fig. 1; relative
electrode potentials and equipotential contours,
are indicated. The electrode shapes are the re-
sult of the computer-aided design procedure just
described. While the figure shows a single )
circular hole design, we plan to use arrays of
slots in the final extractor.

We constructed four single-aperture ex-
tractors of copper based on this computed design;
they differed from one another only in the diam-
eter of the counterbored hole in the beam-forming
electrode, which ranged in diameter from 2.73 mm
(the optimum of the computed design) to 2,09 mm
(a straight-sided hole). To evaluate them we used
them to extract ions from a deuterium plasma
produced by a hollow-cathode arc discharge, and
measured the power delivered to three concentric
calorimeters subtending half-angles of 0.95, 1.90,
and 3.45 deg, located 79 c¢m downstream. The
beam line was filled with D; at a pressure of about
5 mtorr, so the beam at the calorimeter consisted
largely of neutral particles. The energy range
covered was 10 to 20 keV. No magnetic focusing
was used. For this application the experimentally
optimum extractor design was extremely close in
shape to the computed optimum design.

4

We constructed and tested a multiple-aperturé
extractor of this experimentally optimized design;
there were 19 holes 2 mm in diameter and 3 mm
center-to-center, in a hexagonal array. Probe
measurements in the plasma indicated that the
saturated ion current density across the 19-hole
array varies by less than * 10%. Heating of the
extractor limited tests of this 19-hole array to
beam energies between 2 and 16 keV. The per-
formance of this 19-hole extractor was indistin-
guishable from that of 19 single holes.

The performance of both the (optimum)
single- and multiple-aperture extractors can be
summarized as follows: When the plasma density
was adjusted for minimum beam divergence, the
beams were gaussian in shape, and had 1/e half-
widths ranging from 1.7 deg at 2 keV to 1.05 deg
at 20 keV. For beam energies over 10 keV, less
than 10% of the beam power was lost by electrode
interception or in a poorly focused "halo." The
measured perveance was within the values calcu-
lated for D and D beams (we have not measured
the beam composition), indicating that the assumed
position and shape of the emitting plasma surface
were very nearly correct,

In general, the computed and measured
extractor properties agreed very well. While-
discrepancies do exist--for instance, the beam
widths were larger than calculated, and further-
more were depcendent on the beam energy--the
performance of these extractors appears adequate
for our purpose, and no additional magnetic focus-
ing seems needed. i

We have also designed and are testing a
multiple-aperture extractor which uses slots
rather than circular holes. Slots offer several



potential advantages over circular holes, such as
higher transparency, small beam divergence in
the plane of the slots (presumably limited only by
the thermal spread of ion velocities), and ease of
mechanical design to accomodate thermal ex-*
pansion of the extractor elements. Very pre-
liminary tests with an extractor having four slots

with rounded ends,

each 2 mm wide and 11 mm

long, with He at 10 keV, indicate that about 80%
of the current leaving the power supply was col-
lected as equivalent current on the + 3.45 deg
calorimeter 79.cm away; of this, about 60% was

in + 2 deg. Comparable numbers for the extractor

with the array of 19 circular holes with deuterium
at 10 keV were 90% and 827,
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Fig. 1. Electrode geometry for a single-hole circular extractor, 14
showing relative electrode potentials, equipotential contours,
and ion trajectories.
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LEGAL NOTICE
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