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Table 1. Typical parameters of various methods of producing neutral beams [5].

Source Flux (cm % s7) Area (cm?) Energy (eV) Limitations
Effusion <10" 1-10 <0.5 contamination
Gas dynamic (nozzle)
. 15 contamination,
Continuous <10 1-10 <3 .
short source life
18 pulsed, contamination,
Pulsed <10° (peak) 1-10 <5 .
short source life
. 13 pulsed, contamination,
Mechanical <3X%10 ~100 <1 .
short source life
Plasma
Charge exchange >10" ~1000 >100 low flux for low energy
Photodetachment of negative 107 (7 o i
. ) ~1000 5 limited chemistry
ions *estimate
Surface neutralization 10"-10" ~1000 1-25 none known
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Figure 1. Hyperthermal neutral beam (HNB) sources,
(a) The 1st generation HNB source (b) The
2nd generation HNB source (c) The 3rd
generation HNB source (d) The next generation
HNB source which requires thin plasma and
high ion density (= 10" cm™) at a working
pressure lower than 0.3 mTorr.
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Table 2. The characteristic performances of the hyperthermal neutral beam sources.

1st generation

2nd generation

3rd generation

Next generation

Directly from plasma

Directly from plasma

Directly from plasma

Ton supply From ion source
source source source
Neutralization Metal plates Metal Grids Metal plates Metal plates
. . High flux Large scale
High flux No large High flux Large scale o
Beam flux Low flux Efficient beam

scale Bad beam transport
transport
Working pressure High () 1 mTorr) High () 1 mTorr) High () 1 mTorr) Low (~0.1 mTorr)
Beam transport Good Good Bad Very good
electron temperature a few eV 1~3 eV 1~3 eV ~10 eV
Scale up Middle Difficult Difficult Good
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Figure 6. ECR plasma source with a racetrack magnetron magnetic field configuration. The
discharge pressure is 0.3 mTorr with a microwave power of 300 W. The spectroscopically
measured electron density and temperature are ca. 10" cm™ and 15 eV, respectively.

(a) Schematics (b) Plasma shapes.
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Plasma Sources for Production of High Flux Particle Beams
in Hyperthermal Energy Range
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Since it is difficult to extract a high flux ion beam directly at an energy of hyperthermal
range (1~100 eV), especially, lower than 50 eV, the ions should be neutralized into neutral
particles and extracted as a neutral beam. A plasma source required to generate and efficiently
transport high flux hyperthermal neutral beams should be easily scaled up and produce a
high ion density (=10"" ¢cm™) even at a low working pressure (< 0.3 mTorr). It is suggested
that the required plasma source can be realized by Electron Cyclotron Resonance (ECR)
plasmas with diverse magnetic field configurations of permanent magnets such as a planar
ECR plasma source with magnetron field configuration and cylindrical one with axial
magnetic fields produced by permanent magnet arrays around chamber wall. In both case
of the ECR sources, the electron confinement is based on the simple mirror field structure
and efficiently enhanced by electron drifts for producing the high density plasma even at

the low pressure.
Keywords : Hyperthermal, Neutral beam, Plasma, ECR
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