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ABSTRACT

A focused ion beam of inert gas ions can be used for high-speed ion
milling applications provided contamination can be avoided. Gallium from a
liquid metal ion source is frequently encountered as a contaminant. Usiné a
plasma as the beam source avoids beam contamination and would be superior
if such a beam could be given a sharp focus and high brightness.

An rf multicusp ion source has been constructed and characterized. The
Ar plasma simulation by a computer code, XOOPIC for distribution and density
prediction was done. The simulated results indicate the need for a multicusp

magnetic field which was verified by Langmuir probe measurements. Replacing

the more expensive Sm-Co, permanent magnet with a 30 % stronger field Nd-




Fe-B magnet results in a 20 % increase in plasma density. This ion source can
produce Ar plasma density up to 1.5 x 16" m™ at 500 W rf power uniformly (+ 8
%) distributed over the radial axis. The electron temperature is found to be 2.5
eV for normal operating pressure at up to 500 watts rf power. Ar plasma can
deliver current density up to 36 mA/cm?. The beam properties such as the rms
beam emittance from a triode extractor, at 9 kV extracting voltage is measured
to be 32 + 4 mm mrad. The accelerated Ar axial beam energy spread have been
observed to vary from 3 to 5 eV for an extracting voltage decreasing from 4 to
0.5 KV. The use of an rf-choke of 1.2 mH in series with the extraction dc power
supply eliminates interference from the rf voltage and reduces the axial energy
spread of the beam.

The micron size beam profile monitor was developed with a promising
minimum resotution of 0.5 um.. Preliminary studies of both simulated and actual

focused Ar beam demonstrate the need of Einzel lenses to control beam optics.
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