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Rf Power Absorption and Electromagnetic Field Pattern in a Helicon Plasma Excited by a Flat Antenna
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A helicon source excited by a flat antenna through a dielectric window, which is a sort of

magnetic field enhanced ICP, can produce dense plasmas over a broad range of operation g P, =2 mTorr —B=0G
parameters [1]. In this report, we examine the rf power absorption and field profiles for a large 020f f=7MHz _ ggg
source, 75 cm diam and 486 cm long, which is explored by one of the authors (SS) at JAXA (Japan § 15 PR 50 G
Aerospace Exploration Agency). 8

The fields in plasma are found to be a superposition of the bulk helicon waves and the 2. 0F
surface waves located at the plasma — window interface. However, the contribution of the surface ‘fv
waves is of minor importance, in contrast with the case of a small source [2], because they are £05
damped within a few centimeters only from the window. The device length is so large that the £ b
effect of the helicon wave reflection from the end-plate opposing with the window is negligible for 0.0q 5 10 15 - 20

a majority of experimental conditions, and so no standing waves are formed and the antenna works
in purely radiative regime. For this reason, the dependence of the plasma loading resistance on . . .
density turns out to be smooth, as distinct from that for the small source which is multi-peaked as Fig. 1. Plasma resistance vs plasma density.
being dominated by the cavity resonances [2]. The resistance computed for a single-loop m = 0
antenna of radius 13 cm and a quartz window of 3 cm thickness is shown in Fig. 1. It has a peak at
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field. The power absorption is strongly nonuniform, both radially and axially. It occurs in a 2

cylindrical, a few cm wide layer extending from the antenna over a distance of a few tens cm. 0 ;8

The 1f field profiles are found to be strongly nonuniform as well. Figure 2 shows the profile 105

of the axial B,-field computed for Ar pressure of 2 mTorr and the driving frequency of 7 MHz. One 50 b}
can see that the magnetic field peaks along two wave cones, one diverging from the antenna while
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another converging towards the axis. The cone of converging helicon waves gives rise to the Axial Position (crm)

magnetic field focus on axis, so that the absolute maximum of the field occurs at a distance about

50 cm from the window. Beyond the focusing region, the wave cone diverges as reflected from the Fig. 2. Contour plots of
center.

B, at n=1x10'2 cm™ and
B =50 G. Antenna ring is shown on the left by the
[1] S. Shinohara, S.Takechi and Y. Kawai: Jpn. J. Appl. Phys. 35 (1996) 4503. black circles. Contours are spaced by 0.2|5;
[2] S. Shinohara and K.P. Shamrai: Meeting Abst. Phys. Soc. Jpn. 58 (Issue 1, Part 2) (2003) 240.
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