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ABSTRACT

The current sensor and computational controllable mechanical system have
been developed for studying the relationship between the arc current, plasma current
and target (probe) bias voltage of the Plasma Immersion lon Implantation (PIll)
technique by Metal Vapor Vacuum Arc (MEVVA). The plasma current of five high purity
elements C, Al, Ti, Fe and Cu has been measured at different cathode and target
distances with various arc current and bias voltage. It was observed that the onset of
saturation ion current starts at the negatively biased voltage of the order of -80V. And
the fully saturation of ion current is obtained at voltage of —100V (except Carbon
cathode, which the saturation was not observed). The ion current (fully saturation ion
current) is almost in the range of 2 A and 6 A. The efficiency of our plasma source, (the
ratio of the ion current to the arc current) for all cathode materials is in the range of 1%
and 2%. We have found that the ion current is inversely proportional to the first
ionization energy level of the cathode material. Furthermore, the efficiency of the

straight and 90° curved magnetic ducts of 40 turns with diameter of 4.7 cm and the



length of 12 em has been tested, when the charge collecting probe was positioned
along the axis of magnetic duct at a distance of 5 cm from their outlet. It has been
found that the current obtained from the straight magnetic duct is 5 times higher than
that of the 90° curve duct. The effect of the magnetic field on the increasing of
ionization of plasma was investigated by using a ring permanent magnet with inner
diameter of 3.6 cm and outer diameter of 8 crm (rmagnetic field peak at its center is of
30 mT). The maximum ion current can be obtained when the maximum gradient of axial
magnetic filed is positioned at the cathode surface. The maximum ion current obtained
with the help of the permanent magnet is 3 times higher than that obtained by using a
solenoid traditional. The current increases 1.2 time when the permanent magnet is used
with straight solenoid and 3.7 time with the combination of the permanent magnet and

curved solenoid.



