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Abstract

The presence of a magnetic filter ih a multicusp jon source reduces
‘the transport of tungsten to the extractor region by forming a uniform
plasma potential region in the source chamber. Because of the reduced
numbers of primary electrons in the extraction chamber, the plasma grid
floats near the plasma potential and this reduces the amount of impurity

ions formed from sputtered grid material. -

o This work was supportéd by the Director, Office of Energy Research,
Office of Fusion Energy, Development and Technology Division, of the

U.S. Department of Energy under Contract No. DE-AC03-76SF00098.



Multicusp plasma generators are capable of producing large volumes of

uniform and quiescent plasma with densities exceeding 1012 1,2

jons/c.c.
Hence, there has been a growing interest in applying such devices as ion

sources for neutral beam injection systems.?”6 Recently, it was found that

the addition.of a permanent magnet filter arrangement to a multicusp ion source

cou]d imprer fhé'atomié hydrogen or deuferium {oﬁ fréctioﬁ;‘thersource |  ,
operability and the plasma density profile at the extraction p]ane.7’8

The :filter provides a limited region-of transverse B-field which is made strong
enough to prevent the energetic electrons in the "source" chamber from crossing
over into the "extraction" chémber, but is weak enough for some plasma to
diffuse into the extraction region. One might suspect that heavy impurity ions
such as. tungsten would diffuse through the filter at least as easily as the
bulk plasma ions. However, data are presented in this letter to suggest that
the filter actually reduces the relative number of high-Z impurity ions that
arrive at the extractor. The filter is shown to have a two fold effect: one
of impeding the transport of tungsten from the cathodes to the extractor, and

the other of reducing the sputtering rate of the plasma grid material.

The first evidence was obtained while investigating the characteristics and

species distribution of a 10 x 10 cm2 9

multicusp source” which was arranged
with four water-cooled ceramic magnet filter rods as shown in Fig. 1. The
plane formed by these rods was located 7.5 cm from the plasma grid leaving a
distance of 15.5 an to the back wall. The transverse B-field generated by the
fi]ter-extended to a distance of 3.5 cm on each side and the total integrated
flux was approximately 85 Gauss-cm. In order to generate an ion current
density of 250 mA/cm2 at the extraction plane, 570 A of arc current were

required. This high arc current was provided by sixteen 0.16-cn-diam tungsten
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filaments located at the center of the source chamber. The operating
‘temperatufe Qf these filaments was high enough that the vapour pressure of
tungsten was a few tenths of a millitorr. As a result it was reasonable to
~expect that considerable tUngsten would deposit on all the chamber walls as in
_the case with noAfilter, After the source had been operated for‘severa1 hpurs,
it Qas fdund that fhé source chamBeﬁ wai]é were ihdeéd We]T;éoéted wgfh | |
tungsten, but the walls of the extraction chamber were relatively free of
tungsten deposits (Fig. 2). The tungsten color in the source chamber ended
about 1 em in front of the filter plane beyond whjch the copper wall color

remained predominantly.

In order to explain the difference in the tungsten deposition between the

10 that the plasma potential in

two chamber walls, it was suggested by Green
the extraction .chamber might be more positive than that of the source chamber
and thereby reduce the flow of tungsten ions to the extraction region.

However, the axial plasma poténtial distribution obtained by a movab]e Langmuir
probe did not support this argument. Figure 3 shows that the potential of the
plasma Vp in the source chamber is always more positive than that in the
ektraction chamber. Thfé potential gradient is in the favorable direction for

accelerating positive ions into the extraction region. Moreover, the B-field

of the filter is too weak to confine the massive tungsten ions.

In normal operation, the high arc power de]ivered=to the source chamber

-3 and an electron

generated a source plasma density of 2.5 x 10]2 cm
temperature Té of about 11 eV. This relatively high temperature and dense

plasma can play an important role in the formation of tungsten ions. The mean



free path A; for ionization of the tungsten atoms can be estimated using a

semi-empirical formula for the cross section for single impact 1onization;]]

o, = 4% 107 1n(E/p), | (1)
, _ Ee ‘ o
"where E is the electron energy and 6 s the ionization potential'?-in eV. - In o

comparison with known13

cross-sections for Auo—-> Au+., Ba-+% Ba'-.H,
and T1+——>TT++, this Lotz .formula gives .a substantial underestimate (where_
data- is available for”comparison). For‘a slow. tungsten atom in a plasma, the:

ionization mean free path is,

where Vi is the mean ‘tungsten speed,ne the electron density, and

< v'>e denotes the reaction rate averaged over the electron

g .
e,i
distribution. If a Maxwellian distribution is assumed, the integral over the
Lotz cross- section can be evaluated numerically. Since the experimental
electron population has an enhanced energetic tail, the Maxwellian integration

over the Lotz cross—section gives an underestimate for < T iV >eas i.e.,
?

A= vw/ne <oV oL >y, Figure 4 shows a plot of X as a
function of Te with the assumption that the tungsten atoms have an average
energy of 0;§ eV.]4 It can be seen that AL < 1 cm for Te.= 11 eV which
suggests that the tungsten is ionized within a very short distance from the

cathode filaments. ' N
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Once the tungsten ions are formed, they drift either to the extraction
region or to the side walls of the source chamber. Figure 5 is a plot of Vp
as a function of the axial position when the source was operated without the

filter. The profile shows that V_ is decreasing monotonically towards the

p .
plasma grid. Hence, a tungsten ion in the plasma volume will drift forward to
the extractor by'free;fall motion extépt Whén it is near the edge of the plasma
volume. bAs a result, one would expect the source walls including the portion

near the extractor to be coated with tungsten. On the other hand, the presence

of the filter did create a region with relatively flat Vp profile in the

‘source chamber (Fig. 2). Inside this -uniform V_ region, a tungsten ion can

p
move randomly in all directions due to its own thermal energy.

The probability for a tungsten ion to drift into the extraction chamber now
reduces to approximately 1/6 or 0.17. The probability also depends on the
geometric transparency of the filter elements. Thus, one would expect to find
significantly less tungsten on the walls of the extraction chamber and also in

the extracted beam.

A more detaijed study of the-Vp distribution and a quantitative

measurement of the tungsten deposits have been conducted in a smaller
cylindrical muiticusp source unit. When the same kind of filter was installed,
the generator was divided into a source and an extraction chamber with lengths
equal to 18 and 6 am respectively. The spatial plasma potential distribution
for a-much Tower arc power was measured by a movable axial emissive probe using
the inflection point techm‘que.]4 The.sma11 probe filament was heated with a
2.5 kHz square-wave voltage. Probe currents were obtained during the

off-period of the heating voltage by means of a sampling oscilloscope. The

probe trace was then differentiated and the voltage corresponding to the



resulting maximum was then taken as the local plasma potential Vp. Figures 6
and 7 are the Vp profiles obtained with and without the filter for an arc:
voltage of 80 V and an arc current of 10 A. The results are very similar to

2 source unit.

those obtained at much higher arc power in the 10 x 10 cm
Since the source chamber is longer, the region of uniform Vb has increased to

about 20 cm.

To-obtain a quantitative measurement of the tungsten: deposits, several
quartz plates were installed. in-between the line cusps in both chanbersf After
the-source.has been bperated for several hours with an average arc current of
20 A, the samples were then removed and were analyzed by the Scanning Auger
Mass-spectroscopy method. Quartz samples mounted on the sourée chamber walls
were found to have tungsten layers exceeding 600 A, but those mounted on the
extraction chamber walls were observed to have much less tungsten, definitely
less than 200 A. The tungsten contents in the extracted beam will be studied

by a mass spectrometer in the near future and results will be reported.

The second effect of the filter on high-Z impurities comes from the
sputterihg rate of the plasma grid material by positive ions falling through
the sheath. Without the filter, the plasma grid generally floats at about
-40 V with respect to the plasma potential and so ions are striking the grid
surface with this enerqgy. With the presence of the filter, the grid floating
potential changes to about -16 V. This higher'f1oating potential combined with
£he reduction of primary ionizing electrons in the extraction chamber will
reduce the amount of impurity ions formed from sputtered grid materia].]5
Other advantages of a higher floating potential have already been discussed

else where.8
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A schématic”diégram bfbthe:10 x 10 cm multicusp ion source with a

magnetic filter installed.

A photograph which was taken after filter operation, shows the line of -

demarcation between the source and the extra¢tion chamber. . For the M
photograph;, the:filter rod near the wall has been removed. |

Tﬁe?axﬁaﬂ‘p}asmaﬁpétential‘pwofilevof:the-10 X IO'cmg”SOUrcevin the:
presence of the filter.

A plot of the calculated A as a function of the plasma electron
temperature. ‘ '
The axial plasma potential profile of the 10 x 10 cm?
filter.

source with no

The'axial pThSma potential profile of the cylindrical source obtained

‘with the presence of the filter.

The ‘axial p]asma'potentiél profile of the cylindrical source obtained

- without the filter.
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