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Abstract

Electric propulsion systems are indispensable for near-future deep space explorations since they can
offer much higher fuel efficiency (i.e., large specific impulse) than chemical counterparts. However,
conventional electric thrusters suffer the problem of electrode erosion due to the direct contact of various
electrodes with hot plasmas; as a result, the advantage of a large specific impulse can be greatly reduced by
the finite lifetime of a thruster itself. In order to solve this problem, we have been working on developing a
completely electrodeless plasma thruster system based on a helicon wave rf-discharge and a plasma
acceleration scheme that actively utilizes external electromagnetic fields excited by antennas installed in the
outside region of the hot plasma. At Tokai University, a new helicon-plasma device, which is equipped with
a specially designed segmented multi-loop antenna, has been constructed in order to perform basic
experimental research to test various electrodeless plasma acceleration concepts for electric thruster
applications. The same device can be used for various other plasma related applications, such as, basic
plasma physics experiments, experiments on plasma processing, and laboratory simulations of space plasma

phenomena. The device dubbed “Tokai Helicon Device” is described in this article.
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Figure 1. Schematic of the Tokai Helicon Device (THD) with several
examples of the axial magnetic field profile.

Figure 2. Photos of the THD and the segmented multi-loop antenna.
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Figure 3. Characteristics of Ar gas discharge in the Tokai Helicon Device.
(a) Electron density . versus injected rf power Piy,;.
(b) Total antenna loading resistance R; (= vacuum loading resistance
+ plasma loading resistance) versus Pi;.
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Figure 4. “Blue mode” light emission from an Ar
L helicon plasma produced in the THD. The photo
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Jar 77 XA<ARITHRIIL T camera. The exposure time was 100 ps.
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