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PRELIMINARY RESULTS OF SPATIALLY RESOLVED
ECR ION BEAM PROFILE INVESTIGATIONS*
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Abstract ECRISand beam line

The ion source we use to generate the ion beam is an

The profile of an ion beam produced in an Electron Cy- . .
P P y I-permanent magnet ECR ion source. One special feature

clotron Resonance lon Source (ECRIS) can vary greatﬁ)

depending on the source settings and the ion-optical tu f this source is the extraction electrode that is movable

ing. Strongly focussed ion beams form circular structured three dimensions, along the beam axis and perpendicu-

(hollow beams) as predicted by simulations [1] and ObI_ar to it. After the extraction the ions pass two cubes pro-

served in experiments [2] and [3]. Each of the rings ié/iding access to the beam (see figure 1). The cubes are

predicted to be dominated by ions with same or at |ea§1qmppe_d W|ths_l|ts to Im_nt th(_e beam and_ with a prof_|le-
similar m/q-ratios due to ion-optical effects. To checksthi M€asuring device described in the following subsection. A

we performed a series of preliminary investigations to tet Oolsec/tor rrtl_agngt IS u;ed tt(;]separatetf[h?l?gs accordmbg? to
the reqiured tuning capabilities of our ion source. This in- eir m/g-ratio. - sweeping theé magnetic Tield we are able

cludes beam focussing (A) and beam steering (B) usingtg record m/q-spec_tra using the detector placed in the third
3D-movable extraction. Having tuned the source to delive(‘rUbe along beam line. - .
a beam of strongly focussed ions of different ion species The tumn_g of th? source was _5|m|lar during all tests. At
and having steered this beam to match the transmittan <io5mparat|vely _h'gh pressure in the vacuum chamber of
area of the sector magnet we also recorded the ion cha mbar we axially guide microwaves ata power of 50 W
state distribution of the strongly focussed beam profile dpto the plasma.
different, spatially limited positions (C). The prelimnya
results will be introduced within this paper. Faraday Cup Array (FCA)
In order to monitor the ion beam from the source to the
experimental chamber we have developed a new kind of
EXPERIMENTAL SETUP beam profile monitor. Its working principle is based on
the well-proven Faraday cup (FC). Having arranged a total
Within this section a short overview of the ECR ionnumber of 44 tiny (& =0.3 mm) FCs to an array and driving
source including the beam line and the profile measurindis arrangement through the beam we record the position
device, the Faraday Cup Array (FCA), will be given. and the current for each tiny cup in a repetitive measure-
ment. This allows the reconstruction of the beam profile.
We have combined this detector with a standard FC to be
able to also determine the total beam current. This detector
is characterized by its sensitivity in combination withlnig
durability. The spatial arrangement of the tiny cups allows
the detection of profile-structures on mm-scale in a large
range of current densities. More detailled information can
be found in [4]. A CAD-view of the detector is presented

in figure 2.
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Figure 1: overview of the setup housing tiny FCs
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Figure 3: beam profiles recorded at different positions eféRtraction electrode along the beam axis show different
focussing properties
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Figure 4: beam profiles for different positions of the exticatin the horizontal direction perpendicular to the beadis;a
the stronger focussing in comparison to figure 3 is achieyeaddlitionally lowering the extraction voltage

PROCEDURESAND RESULTS (a rotation of roughly 99 clockwise) when moving the ex-
) traction vertically in the same plane. In conclusion we can
A Beamfocussing state that we can effectively steer the beam by changing the

For the beam_focussing investigations we move the eﬁosition Of the eXtraCtion in the plane perpendicular to the
traction electrode along the beam line at a constant acc&eam axis. This technique can be used to match a certain,
eration voltage and record beam profiles for different dig2on-central region of the beam into the transmittance area
tances. A selection of the recorded profiles is shown iff the sector magnet, i.e. for subsequent m/g-recordings.
figure 3 in the same current density scale. As visibe, the
beam is being focussed with increasing distance betwegnh Spatially resolved charge state distribution
the plasma electrode and the extraction electrode. As a re-
sult for our beam-focussing investigations we can state tha 10 check the feasibility of determining the spatially re-
we can focus the beam at a constant acceleration voltage $8/ved ion charge state distribution of a strongly focussed
moving the extraction along beam line. To even increadén beam we additionally perform this third preliminary
the focussing effect we additionally can lower the extrac-
tion voltage. The higher focussing results in beam profiles
similar to those shown in figure 4. We see that the triangu-"°
lar structure changes its shape and more hollow rings ap;.
pear.

euA/mm 2

5

B Beam steering

m]

£
In order to investigate the beam steering capabilities Efo
our source we tuned the source to deliver a strongly fo-
cussed beam. Moving the extraction in the plane perpen-
dicular to the beam axis we recorded the movement of theo
beam in both cubes, again using our profile monitoring de-
vice, the FCA. The resulting profiles shown in figure 4 are™ |

) -45 -40 -35 -30 -25 -20 -15 -10 -5
recorded in cube 1. As we can see the beam moves roughly x/ [mm]

downwards when the extraction is moved horizontally from . . N
left to right. This corresponds a rotation of roughly>9a Flgure. 5: profile with marked positions for m/g-spectra
the clockwise direction. We can observe the same effetgcordings
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;Ii'glljlr(ea 51: dominant m/g-ratios at the marked spots of CONCL USIONS

a OF =4+ In conclusion we can state that using our 3D-movable
N1+—4+ extraction we can effectively steer and focus the ion beam.

b NZF In combination with our high-resolution beam-profile mon-
o2+ itoring device we are able to focus the beam to a strongly

c NZT focussed beam, steer the regions of interest of the beam into
o2+ the transmittable area of the analyzing magnet and record a

d orF profile of this setting. Using the slits to limit the beam to

A o7F small areas we are able to determine the spatially resolved

ion charge state distribution of the beam profile in the plane
perpendicular to the beam axis.

measurement. Therefore, we keep the source tuned to pro—FOr the final measurements validating the theory men-

vide a strongly focussed beam of multiple ion specietéoned abovg we tuned our source for mu!nple lon species

forming the characteristic ring-like structures. We us thosel pfartlcula[j :n/q-dep}endlng dfocilyhssmg var.led ffr(r)]rnl

slits to limit the transmitted beam to the desired spot rongly focussed 1o over-focussed. €N a series of nok-
indicated in figure 5. Only the transmitted beam can pa W concentric rings app_eared that were supenr_nposed by
the sector magnet allowing the determination of m/q Speé‘t_trlangular structure. Using the technique degcrlbedeabov

tra or charge-state distributions. For this first feadipili we p.erformed more accurate measurements in qrdgr to de-

Eermlne the spatially resolved ion charge state distriouti

check we only chose a limited number of characteristi tast w db f multinle i ies 5
points marked "a-e” in figure 5. To match point "b” into Of a strongly focussed beam of multiple ion species [5].

the transmittable area of the sector magnet we needed to lift

the beam slightly by applying our beam steering technigue. REFERENCES
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