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Abstract
2 MODIFICATIONS

A compact 10ECR ionsource(200 mm long, 170 mm
diameter)has beendeveloped andested. The complete 2.1 Source Description
magnetic structurenadefrom permanent magnet material
is comprised of fourring magnets producing an

asymmetric axial magnetifield and ahexapole magnet Fhe poor extractprefﬂmency N Previous runs a new
with a maximumradial field of0.94 T inside the plasma insulation flange with a larger opening and a tapered puller

chamber. The coupling of the microwave to the plaSnﬁeotrodeassembly habeenbuilt. All intensities shown
shows efficient ECR plasma heatingnaicrowavepower elow are obtained using this set up [7].

A cross section of theource isshown in Fig.1.Due to

levels around 10watts. Charge state distributions for ring magnets NW15? o
various elements with intensities up to 320Aeand their gas inlet ‘/,/ \
dependence onperationparameterswill be presented as ¥ i

well as VUV spectra in the wavelength region down to 15 ]

nm.

¥~ puller

x-band — extraction electrode

“ T electrode
1 INTRODUCTION L“?‘
There is agrowing interest in the use of compact ECR plasma chamber \
ion sources with mediumperformances. In special hexapole
environments, like smallaccelerators (Van-de-Graaff, . insulation
Microtron), high voltage terminals or on limadioactive ) 5em o
beam productiorsystems withrestricted spacend low Fig. 1. Schematic view of the 10 GHz ECRIS

electric_gl poweravailability,_ this represe_ntsthe only 55 Magnetic Field
possibility to acceleratemultiply chargedions. Recent
advances inpermanent magnet technology allow thelhe axial magnetic confinement of the hot plasma
design of compact all-permanerfECR ion sources €lectrons has been improved by uslagyer magnet rings
operating at highfrequencies.For use in an ion-ion at themicrowaveinjection side. The axial mirror ratio B
experiment, employing therossecbeamstechnique [1] @ max/B min has been enhanced to 2.5 witffiedd maximum
first version of a compact 1GHz ECRIS was builf2]. of 0.8 Tand0.5 T, respectively. Théfalbach-type 24-
A detailed description of the ion source is giwssewhere segment hexapole magnet [8] (75mm long) giveadzl
[3,4]. Furthermore the ionizatiorand recombination Magneticfield of 0.94 T at the inner wall of the plasma
processes occurring in @CR plasmaproducephotons  chamber.
which are the basis for wellestablished spectroscopic
diagnostics [5]. These photortain be usedor atomic
structure studiesand spectroscopic applicationg.g. The dependence oéxtractedintensities and chargestates
spectrometer wavelength scale calibration. €pfecial distributions on the applied microwave frequency leen
interest is the spectrahinge ofthe extreme ultraviolet investigated after installing the new magnetic system. The
(EUV) below 20 nm, where existing PIG sourgesduce magnetronbased ntrowave generator isunable in the
spectrallines with low intensitiesand short operations range of 8.75 to 10.5 GHz with a maximum output power
times, due tothe lifetime of theircathodes.ECR ion of 275 watts c/w. Fig. 2 shows the change in the extracted
sources on the contrary show excellent long term stabiliyr ** ion current at different microwaverequencies
and reproducibility because ofonly two operating together with the axial magnetield distribution forthis
parameters, gas pressure and microwave power [6]. experiment. ltcan be clearly seethat the best result is
obtained wherthe frequency isset to a valuevhere the
minimum of the magnetitield is close to theesonance
magneticfield strength. This resultould be varified by

2.3 Frequency Dependence
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Fig. 2: Frequencydependence othe extracted Ar 2+
beam intensit with cossegonding axial manetic field
using another permanent magnet configuration with

2.4 VUV Spectroscopy

Measurementsegardingthe photon yield from an ECR
plasma were performed by using a 32cm grakioglence
spectrometer with a grating of 550 g/mm with maximum
efficiency at 15nm. The resolution of thepectrometer
was 0.4 nm at a dispersion of 2 nm/mm usingeainance
slit of 100 um. Fig. 3 shows a spectrum of Neon
plasma in the spectral range between 10 and 28umere
mainly Ne IV and Ne Vtransitionscould be identified.

The stability of the plasma was measured by monitoring a

single Ne |l transition line, 2s2p® -2s2p (°P- %S), at
44.7 nmover a period of &ours. Using this transition
line we alsofound an excellent reproducibilityafter
extinguishingand reigniting the plasma by turning the
microwave power offand on. Spectroscopy at higher
resolution using a 5ngrazingincidencespectrometer has
been performed recently and showetense linesdown to
12 nm obtained from a Ne plasma. Netailedresults can
be presented at this time.

2.5 Beam Intensities

The maximum beam intensitie®btained from the
compact ECR iorsourceareshown in Fig. 4. Allbeam
currents were optimized on the respective chatgie and
measured in a Faraday cup after a &@alyzing magnet, at
9 kV extraction voltage using a 5 mdiameter extraction
aperture. Recent experimentsing calibratedleaks of Ne
and CHE for studies of the ionizatiorefficiency have
shown a poor transmission of the beam line usethise
fheasurements. The ionizatiefficiency is animportant

mirror ratios of 2.5 and 1.6, respectively. The best resulig oy in determininghe usability for on lingoroduction

were obtained at drequency 0f8.85 GHz, for which the

resonance field was close to the minimum of the magnetit

mirror.
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Fig. 3: Detailed line spectrum obtained from a Ne

using a 32cm grazing incidence spectrometer

systems in radioactive beam facilities.
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Fig. 4: Beam intensities for various gases aextnaction
voltage of 9 kV.

3 OUTLOOK

plasnwork is in progress to improve thesidualgaspressure

andthe ion optical system which should resulthigher
charge states as well as in higher intensitidRecent
measurementsising calibrated leaks to determine the
ionization efficiency haveshown a preliminary value of
approximately 30% for Neon. Identical measurements at
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both ECR ion sources at Argonne National Laboratory,[d] M.Schlapp, et al., 12th Intern. Workshop on ECR

2 stage 10GHz ECRIS and anewly constructedsingle

stage 14GHz ECRIS [9] will allow to compare the [4]

effieciency of a compact source toigh performance
ECRIS.
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