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Abstract
A new 14 GHzECRIS hasheendesigned anduilt over

assembly including solenoid coitsdiron yoketogether
with a cross sectional view of the microwave injection
tank with microwaveinputs for two frequencies and a

the last two years. The source design incorporates #gtail of the extraction system assembly. For the

latest results from ECHRevelopments t@roduceintense
beams of highlychargedions. An improved magnetic

production of metallic ions thesource allows the
installation of high temperature ovens and sample

electron confinement is achieved from a large mirror ratigsertion for sputtering. AGlazerlens isused as a beam

and strong hexapole field. The aluminum plasshamber

focusing elemenbetweenthe ECRISand a 90 double

and extraction electrode as well as a biased disk on axis@{using analyzing magnet. All intensities are measured in

the microwave injection side donate additional electrons {pFaradaycup directly behind aset of 2-jaw slits at the
the plasma, making use of tharge secondary electron gyit focal point of the dipole magnet.

yield from aluminum oxide. The source will lsapable of

ECR plasma heating using twdifferent frequencies 1.2. Magnetic System

simultaneously to increase the electron energy gain. To

able to deliver usable intensities of the heaviesbieams
the design will also allow axial access for metal
evaporation ovensind solid material. The mairdesign
goal is toproduceseveral gA of at least®®U*** in order
to accelerate the beam to coulomb-barrier energigrout
further stripping. Firstchargestate distributions fot°O
and“Ar have been measured.

1 INTRODUCTION
This new ECR ion source haégen constructed gmart of

Phe magnetic system for confining the heptasma
electrons takes into account the lataestlerstandinghat a
high axial mirror ratio as well as a stromgdial field
inside the plasmachamber are extremely important
parameters formproving theperformance ohigh charge
state ECRIS. The axial magnetic fieldpmduced by two
solenoids eaclkonsisting of 9double layer pancakeoils
with 16 turnsper layerand asurrounding iron yoke and
plugs. The power supplieere capable oproviding up to
750 A to each pancake.Fig. 2 shows thecalculated
(POISSON-code [2]pxial magneticfield distribution on

an improved high-charge state injector for the heavy icixis for different iron yoke configurations. For ttiashed

acceleratorfacility ATLAS, providing the Positive lon
Injector (PIl) section with &econd,ndependenECRIS.

line an additionaliron plug betweeninjection tank and
plasmachamberand anextraction electrodepartly made

A layout of the ion source, beam lirend associated out of iron hasbeenadded.The iron plugs allow avery
components mounted on a high voltage platform, designsiilar axialfield distribution at 78% of th@ower level

for 275 kV operation is giverlsewherd1]. The design
goal of producing usable beam intensities dfeavy
elements such as uraniukead orgold in chargestates
sufficiently high so thatacceleration tothe coulomb
barrier is possible without foil stripping wilhcrease the

required without the plugs. Thispower saving is
important on a high voltage platform when tnailable
power is limited. Inadditionpart of the ironbetween the
coils hasbeen removed. The hexapole magmetunted
into the aluminum plasmehamberconsists of 6double

beam intensity available for experiments by at least ampezoidalNdFeB magnets and produces amaximum

order of magnitude. Inaddition tothat the beanquality
should be significantly improved over beamejuiring
stripping for acceleration.

2 SOURCE DESIGN

1.1 Mechanical Design

radial field of 1.0 T inside the plasma chamber. Tdpsn
permanent magnet structure also allows fradial

pumping.
1.2. Double frequency heating

The ion source featureshe possibility of heating the
plasma with twodifferent frequenciesimultaneously(see

The mechanical design dhis single stage ECRIS is cross sectional view of the injection tank in Fig. 1) to

shown in Fig. 1. It shows the complete i@ource
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enhancethe density of hot electrons in the plasma and
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Fig. 1. Schematic overview of the mechanical sebiuthe 14 GHz ECR II.
improve the production of highhargestates. Thaedea is differention species. Théccel- or screeninglectrode is
to create two well separated ECR zomesethe electrons introducedinto the main extraction gapnd biased to a
cangain energy[3]. In addition tothe confined electrons sufficiently low potential (up to -4 kV) so as tweate a
traveling betweenthe axial magnetic mirrorandpassing negative potential well and form an electron trapeduce
through the 14GHz resonancezone, there will be the space charge influence of the ion beam [5].
electronsonly heated atthe 10 GHz resonance zone,
locatedmuch closer to the minimum of thexagnetic
mirror. The electron densitgnhanced bythis additional
heating mayincreasethe negative potential wedssumed
to be responsible for the confinement of the ions and
therefore the production of high charge states.
Previous reports on theffect of doublefrequency
heating by the group at LBL [3ndthe Grenoble group
[4] showedsignificantly different results. TheBerkeley
group used two significantly different frequenciesl0.3
GHz and 14 GHz, creating well separated resonance zones
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They reported ashift of the peak in the charge state 2 001020 3 40 50 70 80
distribution towards higher charge states, higher _ o | Pestonlem _
intensities for the samehargestateand anincrease in Fig. 2: Axial field distribution with different iron
total RF power applied tahe plasma. The French group yoke confgurations

using a fixed frequency at 10 GHnd a seconftequency
tunable between 9.6Hz and 11GHz couldnot find any 3 FIRST RESULTS
improvement over single frequency operation. For test runs sdar we used®O and“’Ar as operating
We have obtained &ransmitter which allows us to gases. The ion source operated in a sifrglguencymode
tune the second frequency over a wide rangthéX-band (14.25GHz) with up to 850 watts ofnicrowave power
between8.75 GHz and 10.85 GHz using amagnetron delivered to the plasma. In Fig. 3 and 4 spectra’@rand
tube. We will study the twdrequencyheating inorder to  “°Ar (at 15 kV and 12.5 kV extraction voltage,
provide some further understanding of the effect. respectively) are shown. Using the magnetidield
configuration show in fig. 2 as a solid line, the best
observed"Ar*?* currentwas 21@A. The biaseddisk was
The Accel-Decel puller electrode assembly (shown in Optimized between -550 V and -650 V. For thié Qurrent
detail in Fig. 1) is movable along the beam axis allowinge obtained a enhancement of a factotwd with respect
adjustment of the extraction system for operation witlp source operation without th®aseddisk. Onecanstill

1.3. Extraction system
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observe relatively large carbon peaks (322 eof C*), Argon Spectrum Sour e Par ameters
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