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Previous research allowed us to develop highly efficient electron emissive metal-die(stirjc
structures, which are suitable to be used as sources of secondary electrons in electron cyclotron
resonance ion sourcéECRIS). First tests have been performed replacing the stainless steel disk of
the Frankfurt 14 GHz ECRIS by a MD structure. This method was recently extended by inserting
a MD cylinder (150 mm long and 58 mm in diamejeinto this source. The experiments were
performed with pure argon as source gas and with gas mixing (argoygen). In this contribution,

the performance with MD cylinder is compared to that of the standard s¢taialess steel plasma
chamber and to the case, where a cylinder of technical aluminum was installed. With the MD
cylinder the yield of highly charged ions from the ECRIS are significantly enhanced. Edr ian
current enhancement factors of up to 50 were obtained.2080 American Institute of Physics.
[S0034-6748)0)53002-0

I. INTRODUCTION that was inserted into the plasma chamber of the Frankfurt
ECRIS. We studied its effect on the ECRIS output and com-

In order to enhance the output of highly charged ionspared it to the output in the case of the stand@tadinless
from an electron cyclotron resonance ion souWBERIS,  stee) chamber and to the case where the chamber inner wall
several techniques like wall coating, biased disks, and eleayas lined with a similar cylinder made of technical alumi-
tron guns have been proposed and are meanwhile employe@im.
as standard tools at most of the existing installatiods-
though the detailed mechanisms are not clear, it has becom
evident that the additional injection of electrons into thelﬁEXPERIMENTAL DETAILS
plasma chamber of an ECRIS generally improves its perfor- The Frankfurt 14 GHz ECRIS was described
mance considerably. Depending on the special conditions gireviously®=8 A biased stainless steel electrode is located in
the source these additional electrons can either compensdtee stainless steel plasma chamber. The voltage and axial
for losses of plasma electrons or their sufficiently high cur-position of this electrode can be adjusted. They are used to
rents may change global plasma parameters., plasma po- maximize the intensity of the extracted ion currents, which
tentia) and hence positively influence the extraction of cur-are measured in a Faraday cup behind the 90°-analyzing
rents of highly charged ions. magnet.

At NIPNE, Bucharest, Romania special metal-dielectric ~ The MD cylinder was produced out of a 1-mm-thick
(MD) structures of AI-AJO; have been developed. They are sheet of pure aluminum rolled in the form of a tube 150 mm
characterized by their very high secondary electron emissiolong and 58 mm in diameter. An emissive MD (Al—&k)
coefficienté and therefore seem to be ideal to be used in atayer, obtained by a special electrochemical technology, cov-
ECRIS. First tests have been performed at the 14 GHered the inner surface of this cylinder. The outer surface of
Frankfurt ECRIS by replacing the standard stainless stedghe cylinder remained metallic in order to provide a good
disk of this sourcé26 mm by a MD structure of the same electric and thermal contact with the plasma chamber wall.
diamete® In these experiments the disk was not biased. ~The MD cylinder was installed symmetrically with re-
Enhancement factors of 40 were measured for the productiospect to the 190-mm-long hexapole in the stainless steel
of Ar''* jons compared to the ECRIS output with a stainlessplasma chamber. The source geometry and the main electri-
steel disk under the same conditiomathout bias. cal parameters were kept unchanged during all measure-

Based on these results we manufactured a MD cylindements. The extraction voltage was 25 kV, all measurements
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FIG. 1. CSDs of argon ions for the stainless steel plasma chatopen ~ FIG. 2. CSDs of argon ions for the stainless steel plasma chatopen

circles, aluminum cylinder (open triangles and MD cylinder (solid circles, aluminum cylinder (open triangles and MD  cylinder (solid

squaresfor: () P4y=400; (b) 600; (c) 800 W. Source gas: pure argon. squares for: (a) P;=400; (b) 600; (c) 800 W. Source gas: mixing gas
(Ar+0,).

q

were performed for three levels of radio-frequency power:
400, 600, and 800 W and for two types of source gas: pur
argon and mixing gas (ArO,). For all experiments pre-
sented here, the beam optical elements were optimized f
the transport of A" ions. Additionally, a series of mea-
surements with a similar cylinder of technical aluminum in-
serted in the plasma chamber was performed under the sa
conditions.

?’he effect of the aluminum cylinder is much lower. En-
ancements of the source output of only 30%—-50% have
een observed in this case for charge stgtes.

In Fig. 2 the same plots are given as in Fig. 1 but for
ixing gas (Ar-0O,). An enhancement of the ECRIS output
y the MD structure can be observed in this case too. How-

ever, compared to the stainless steel chamber with gas mix-

ing, here a maximum enhancement factor of only 6 for the

Ar'®*_charge state at the highest rf pow®00 W) was ob-

In Fig. 1 charge state distributiof€SDg of argon ion  tained. It has to be compared to the enhancement factor 50
beams for charge statep=8 are presented, for the three that was obtained for pure argon as working gas.

different configurationgstainless steel, Al, MDat the three The enhancement factors of the argon ion currents for

levels of injected rf power for the case of pure argon ascharge stateg=2-16 due to the MD cylinder are given in

working gas. The CSDs clearly demonstrate that, at least fdFig. 3 for both pure argon and mixing gas,R{=800W. In

P,=600W, the output of the source, equipped with the MDTable | the enhancement factors Bt=800W, relative to

cylinder is much higher for charge statgs 10 than that of the case of the standard set(gtainless steel chamber and

both the standard source and the source equipped with ure argon as working gasare given for argon charge states
cylinder of technical aluminum. It is also evident that theq=12 to q=16 for the different configurations discussed

MD-structure effect increases with increasing charge statéhere. The very strong effect of the MD structure on the EC-

Ill. RESULTS AND COMMENTS
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FIG. 4. Effect of the MD cylinder and mixing gas methods on the ECRIS
argon ion beam output.
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FIG. 3. Enhancement factor of the argon ion current due to the MD cylinder

at P;=800 W. structures proved to be more efficient than the use of an
aluminum plasma chamber or gas mixing, are low cost de-
RIS high charge state productivity is evident. vices, and may be used in any ECRIS. Offering highest rates

The relative effect of the MD cylinder and of the mixing Of secondary electron emission, the MD structures are also
gas method on the source output is best illustrated in Fig. 4ell suitable for detailed investigations of the role of elec-
where the CSDs aP;=800W are given for the standard tron injection into an ECRIS™ and of the physical pro-
source and the source with MD cylinder both for pure argorcesses involved in the mixing gas metHod.
and mixing gas. It can be seen that fpr11 the output of
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