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Abstract

Investigation and optimization results of the magnetic sys-
tem for the ECR source of multichurged ions at 14 GHz
microwave frequency , corresponding to the 0.6 T reso-
rance magnetic field are presented in this paper.

I. INTRODUCTION

At present, in ion beam physica and technology a consider-
able progress is seen. It is directly attributed to the devel-
opment and construction of ECR sources with the opera-
tional principle based on ions extraction from hot electron
plasma heated by electron-cyclotron rescnance to the tem.
peraturc necessary for the generation of multicharged ions
of the working substance.

For siuble plusma confinement a magnetic field of “min-
imam R" configuration, increasing to all sides from the
seglon occupied by the plasma, is used. Such fleld config-
uration in the ion source results from the superposition of
the fields produced by coaxial coils and a multipole struc-
ture. Tn this case the surface of ECR heating, determined
Ly the resonsice mmagnetic field should be cloged and does
not cross the walla of the main ionization chamber.

Usually, a hexapole, made out of permanent Sm Co or
NdFe B magnets, is employed a8 a maultipole structure.
The hexapole produces magnetic field increasing in radial
direction., A coll system is a simple mirror trap with the
mirror ratio of 1,5-2. and provides field increase in the
axial direction.

Lack of the axial symmetry in the magnet system neces-
aitics the 3-dimensional calculations of the hexapole field,
in particular, the identification of the character of edge
ficlds distribution because of probable sppearnnce of the
spurious resonances in the area of the ion beam extraction
and RF power input.

II. MAGNETIC STRUCTURE

FCR source magnet design was developed to meet the apec-
ffication iequirements and minimize the electrical power in
solenoidal coils and the volume of the permanent magnet
taateri]l. The longitadinal cross-section of the magnetic
system is shown in Figure 1.

Main design parameters of the magnet system are listed
in the following table:

Figure 1: The longitudinal cross-section of the meagnetic
system.

Total number of turn 320

Current 370 A
Conductor current density  7.42 A/mm?
Total Resistance at 20° 0.108 0
Total Voltage 43 V
Pressure drop 0.5 mPa
Weight of copper 60 kg

The syatem consists of two solenoidal coils, a ferromag-
netic yoke and poles and a permanent magnet hexapole.
The coils utilize a water-cocled square copper conductor
of 8.5mm x 8.5mm with a cooling bore of 5.3 mmm, The
conductor is wrapped with insulation tape and vacuum im-
pregnation is used. The longitudinal magnetic field system
provides the mirror ratio of Hp = 1.5-1.65 inside the ion-
ization source charnber. The electrical power of the system
in 15.6 kW,

The hexapole construction was optimized [1].

The hexapole is composed of 4 rings of equal length.
Bach of them consists of the N = 24 segments made
of Nd Fe B magnets with the residual induction of By =
10.5 kGs. The number of segments N = 18 peems to be
optimal in technological aspect. The permanent magnet
ring magnetization vector M lies in the plane perpendic-
ular to the longitudinal axis. The outer diameter of the
extreme rings can be reduced proceeding from the plasma
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Figure 2: The longitudinal fleld profile of an ECR source.
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Figure 5: The transversal field profile of an ECR scurce
(a tight cross-section).
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