





I. INTRODUCTION ,

Electron Cyclotron Resonance Ion Sources (ECRIS)
are now widely used for the production of high charge
state ions [1]. Multicharged ions are produced in.
plasma with hot electrons and cold ions via electron
impact ionization. Both electron heating by ECR and
ion confinement depend strongly on the magnetic field
distribution and take place in 3~dimensional "minimum
B" magnetic trap. The "minimum B" magnetic field
configuration is‘psually created by superposition of .
mirror axial magnetic field and - hexapole field. For
room temperature ECR ion sources, rare earth permanent
magnets SmCo. or .NdFeB which have both high remanent
field Br and intrinsic coercive force Hc is used to
make hexapole. The value of the magnetic field on the
hexapole surface must be at. least more than that of .
the resonance field Bﬂ: for given microwave power
frequency @ . (Bﬂ: =A,nm%f/e) to produce closed.
resonance surface for electron heating. But according
to experimental results on the ion source CAPRICE [2]
a hexapole field has to be maximized to improve an ion
source. performance. The following is tﬁe‘ hexapole
design for DECRIS (Dubna ECRIS) and results of
magnetic field measurements. |
II. HEXAPOLE DESIGN

Constructions of hexapoles employed on different
ECR ion sources are shown in Fig.1. The simplest

construction . which is ‘used in many ECR sources
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(Fig. 1a) cons1sts of only 6 poles oriented to produce
hexapolar field. This hexapole can be easily assembled

or disassembled and allows the use of gaps between

poles for hexapole cooling and vacuum pumping of

discharge chamber. Unfortunately, there are two
serious disadvantages in this simple construction:

- a total magnetic field in discharge region is
nonuniform under constant radius and depends on
“azimuthal angle. So, for LBL ECR [3] the value of the
magnetic field was 0.36 T on the pole and 0.26 T
between poles. It leads to additional plasma losses on
discharge’ chamber walls.

= the maximum value of hexapolar field is limited
and doesn’t usually exceed 0.4 T. ‘The increase in
hexapole thickness of more than 6 cm weakly influences
on the field distribution because external magnets
become situated far from the working area. For this
reason the given hexapole construction only uses

'microwave power frequency up to 10 GHz.

To eliminate these disadvantages the magnetic flux
concentratlon geometry was suggested [4]. Figure 1b
shows cross section of the hexapole for MINIMAFIOS-16.
The hexapole consisfs of 6 poles and additional
pérmanent magnet pieces situated between poles with
easy axis direction followed by magnetic force lines.
This construction guarantees the same magnetic field
value on poles and between poles and provides about

0.8 T for SmCo and 1 T for NdFeB magnets. Figure 1c
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shows the héxépdie for LBL AECR [5]. It produces a
smaller magnetic fieldvthsn the previous one but keeps
dvantages of the first construction. Gaps between

used 'for " vacuum pumping apd

poles can be .
investigations of source plasmé._ | o

The hexapole construction, the same that is usually
usedvfor permanent magnét lenses prodﬁction [6], was
chosen for our ECR ion soﬁréé'(Fig.ld). The hexapole
includes 12 identical NdFeB trapezoidal bars with
corresponding easy axis directions. The hexapole has‘.
internal diameter of 7 cm defined by dimension of
discharge chamber. A hexapole ‘thickness must bes
sufficient enough to provide the needed magnetic field
but minimize ‘in order to decrease a weight and
corresponding  cost ‘of. hexapole. An- increase of
hexapole external diameter also significantly .raises a
power -supply for solenoidal. coils of 1ion source.
Therefore: to .:choose the hexapole thickness the
magnetic field calculations for - hexapole with
different external diameters were carried out (Fig.2).
According to these calculations 6 cm thickness was
used. ; _
A ra&ial and téngential components of the magnetic
field in s multipole magnet can be expressed by
Fourier series,
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B (r,0)= r sin(ne+e ),
n n

"M8

—

(n-l)
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where An is amblitude of harmonic with number n, r is
radius and 6 is azimuthal angle. For ideal hexapole
only harmonics with numbers 3, 9, 15, 21 ... take
place. In real hexapole many other harmonics are
presénted and when A3 >> An for all other n a total
magnetic field is almost independent on azimuthal
angle. According to [7], the two-dimensional field

produced by a uniformly magnetized block can be

described by equation:

o
B(zo)= Z:bn°z:q, where z = x + 1iy. If easy axis
n=1 -
direction B, remanent field‘Eiﬂn, angle o or linear 2z
position of some permanent magnet bar has small
deviation from ideal case, undesirable harmonics

ABrem ‘b, Ab =i+AB+b, Ab =-n+*Az°b ,
n n n n+l

Brem n

Ab = -ien-Aa*b .
n n

appear. Abn=

For this reason the careful control of magnetic
characteristics and dimension precision for each

magnet piece was needed.

III. THE HEXAPOLE PERFORMANCE

According to the source design the hexapole length
is 35 cm. Because the maximum size of a permanent
magnet piece is 5 cm it consists of 7 rings with a
structure as in Fig.1d. NdFeB with Br=1.05 T and
Heb=14000 kA°m was used to make 12 corresponding bars
for each ring. At first 12 bars were connected to each

other by a special compound and after all 7 rings were
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Fourier ‘trqnsformation of the measured ‘magnetic

field.
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5. Magnetic field distribution in front of pole along

the hexapole axis on different radii.
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prepared they were coupled the same way to produce

hexapole. The result is that the hexapole

represents one whole body without any additional

supporting arrangement. The use of NdFeB material is

subjected to problems deadling with their extreme

sensitivity to corrosion. To protect a material, the
hexapole was surrounded by thin stainless steel screen‘
and the spaces were filled up by the same compound
Therefore NdFeB

interaction with air or

which was used for bars coupling.
magnets do not haVe any
cooling water.

For the magnetic field investigation of  the
automatical measurement system driven by PC
was used [8]. and B

of hexapolar field and total field B

hexapole,

Results of measurements Br

"

component
(B%+B2)"2
in Flg. 3. The total magnetic field has a

-in the hexapole middle plane are presented
scattering
of less than 2% on the given radius. Figure 4 shows
the Fourier transformation for one component of the
measured field. The amplitude of the main harmonic A
was assumed to be 100 arbitrary units and amplltudes
of each undesirable harmonic are less than 1 in this
this reason they exert insignificant
field distribution. Radial field

component measured in front of the pole along the

case. For

hexapole axis on different radii is presented in
Fig.S. For high radii it is possible to observe small

field falls situated between different rings, but at



less radii field distribution becomes smooth. After

these measurements the magnetic field ‘value on the

hexapole surface was estimated in range of 1.05-1.1 T.

IV. CONCLUSION..: ‘
The hexapole for ion source DECRIS described above
has two main features:
- it consist of 12 identically shaped permanent
magnet bars. to create. magnetic flux concentration
geometry; .

- all magnet pieces are coupled by special ;compound

without additional supporting arrangement. It has a
reliable protection against corrosion.
Using a .: permanent. magnets - with middle

characteristics,. the. more than 1 T mégnetic field was”

obtained on the hexapole surface.
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IcKCanosnb U3 NOCTOSHHBIX MATHHTOB BRI RIS

| mns ucrounuka Mnomsapsumux HOHOB DECRIS

s ucroumu(a Mnorosapsmnux MOHOB DECRIS-14 paspa6oran M H3rOTOB-
JIEH TEKCANOoNb U3 NOCTOSIHHBIX MAarHHTOB THNA NdFeB. I'ekcanonw uMeeT BHYT-

’ peHHmil anameTp 7 CM H BHEITHHHA auamerp 19 cm. Ha ocuonamm nponene}mux .
| M3MepCHMI MATHUTHOIO NOJA B pa6oqeu o6nacru MOXHO 3aK/IOUHTB, YTO BEJTH= R

YMHA MArHHTHOM mmyxuuu na noaepxnocru nomoca rekcanons. cocraamle-r
1 05 — l 1 T. ' -
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Permanent Magnet Hexapole for lon Source DECRlS R e

The hexapole des1gn for ECR - type iori source DECRIS l4 and results of‘

: magneuc field measurements are presented. NdFeB permanenl magnets were

‘used to produce hexapole. It has internal diameter 7 cm and external diameter
surface is about 1. 05 —1.1 T

The mvcsugatlon has been performed al the Laboratory of Nuclear
Reachons JINR. .
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19 cm. Accordmg to mcasurements the value of magnellc mducllon on lhe pole', S




