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ABSTRACT

A 13.56 MHz radio-frequency driven multicusp ion source has been de-
veloped at the Fast Neutron Research Facility. An argon ion current density of
27 mA cm~? can be obtained for argon gas at a pressure of 0.6 Pa, RF power of
500 W and extraction voltage of 8 kV. For such a low energy and high current of
several milliampere ion beam, additional low energy electrons are needed to sup-
press the unwanted beam broadening by the low energy Ar*-ions and the charge
build up on the surface of a non-conducting target. Because of the space charge
effect, electron current is limited to less than 1 mA, which is inadequate for ion
beam neutralization. A plasma bridge between the electron source and the ion
beam must be created in order to make a conducting path for electrons to flow

form the source to the beam.
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An in-wave-guide microwave plasma source operating at a frequency of
2.45 GHz has been constructed to generate a plasma bridge and provide low
energy electrons to the beam. An electron current of up to 250 mA can be
extracted from the source, at an absorbed microwave power of 90 W, a pressure
of 81072 Pa, and an extraction voltage of 50 V. The neutralization source is
installed downstream close to the beam line. By electrostatic interaction the
plasma electrons are attracted to the positively charged ion beam forming a beam
envelope. A fluorescent beam profile monitor is used to measure the beam size
in both cases; with and without the neutralizer. The results show the focusing
effect of the beam, i.e. with neutralizer the beam diameter can be reduced by
50 percent. The beam current was measured by using a Faraday cup. The beam
current neutralization can be controlled by biasing the electron source with a

negative potential.

However, it was found that the microwave plasma source was operated
with high reflected powers. Experimentally changing waveguide dimensions to
get an optimum operating condition is difficult, time-consuming and cumbersome.
The key approach for a good and stable working plasma source is to get the right
dimensions, by 3-dimensional simulation tools. Therefore, a 3-dimensional com-
puter simulation program was used to calculate the microwave parameters, and
to reveal the behavior inside the source. It uses the finite integration method to
calculate the Maxwell’s equations. It utilizes a single block, non-self-consistent
model with DRUDE dispersion to represent the plasma. For this model the plasma
angular frequency, w,, and the electron-heavy particle collision frequency, v, have
to be investigated. This simple, yet powerful model allows the analysis and opti-

mization of the source to identify the best dimensions.
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