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Helicon plasma production: dependence to external RF field and magnetic field
configuration
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Electric thrusters are characterized with high specific impulse, and are thus attractive for long-term missions such as those |
outer planets. On the other hand, conventional ways to produce and accelerate plasmas often involve contact of electrodes w
the plasma. For example, electric discharge (e.qg., arc discharge) and ion acceleration by electrostatic field (e.g., ion engine) bo
involve severe bombardment of energetic plasma particles with electrodes. Resulting erosion and abrasion of electrodes linr
the lifetime of the thrusters. In order to overcome this difficulty, we have initiated the HEAT (Helicon Electrodeless Advanced
Thruster) project [1], in order to pursue research and development of completely electrodeless thrusters.

In this study, we discuss some fundamental aspects of plasma generation using the helicon wave, based on experiments us
Tokai University Helicon Device. The helicon wave is equivalent to a whistler wave in space, except that it is bounded in
a cylindrical geometry. The helicon plasma is produced when a neutral (some portion of 'seed’ plasma is necessary) gas i
confined within a strong magnetic field, and is applied high frequency electromagnetic field via external antenna. Presence c
both 'the wave electric field’ and 'the external magnetic field’ is necessary for the helicon plasma production. However, the
relation between the wave electric field, the magnetic configuration, and the magnetic field strength actually has a big influenc
on the generation of the plasma, and this relation is not yet clear.

In order to clarify this point, we have performed the experiments using Argon and Helium as the neutral gas.

1.Using the pilot machine that has a cylindrical chamber with the helicon source and nine external coils, a variety of magnetic
field strength and the magnetic configurations are produced.

2.The high frequency electric field is imposed for each magnetic field condition, and plasma generation is examined. Plasm
density is measured using the Langmuir probe at 7 different locations radially and 5 different locations axially (total 35 points).
Plasma density distribution is estimated for various configurations of the external magnetic field.

3.Based on the data above, dependence of the external magnetic field configuration and the applied wave field on the plasr
production is examined.

Stable production of high density plasma is indispensable for the development of electrodeless thrusters. We will discuss oL
future plans of the experiment, with particular emphasis on its contribution to the HEAT project.
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