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ABSTRACT

Operation of helicon discharges at magnetic fields B0 below
100G is of interest for plasma etching and deposition reactors if high
ion flux can be maintained with reduced field requirements.  The
theory of coupled helicon and Trivelpiece-Gould modes is
summarized for uniform B0.  Initial results from two experiments are
reported.  The first has a single 5-cm diam tube with B0 = 0-100G
injecting plasma into a field-free region.  The second contains a two-
dimensional array of seven such tubes covering a large area.  Densities
and density profiles are measured for various fields, RF powers, and
gas pressures.  The highest density generally occurs at zero field.
Because of the nonuniformity in B0, direct comparison with theory
cannot yet be made.

I.  INTRODUCTION

Experiments on three different helicon machines, now dismantled, showed
previously that a density peak occurs for magnetic fields between 10 and 50G.  This
was attributed to the occurrence of an electron cyclotron wave, or Trivelpiece-Gould
(TG) mode, when ω/ωc was of order unity.  This effect was not easily reproducible,
however; and the purpose of the present work is to study systematically the coupling
of helicon waves to TG waves, and the transition to ICP (inductively coupled plasma)
operation at zero field, both theoretically and experimentally for the purpose of
developing economic, uniform plasma sources covering large areas.

Previous indications of a low-field peak taken with Nagoya Type III antennas
in uniform magnetic fields are shown in Fig. 1.  Fig. 1(a) shows the low-field density
peak observed by Chen and Decker [1] in a 2-cm diam tube.  Figs. 1(b) and 1(c)
show low-field peaks seen by Chen and Chevalier [2] in 2-cm diam and 4-cm diam
discharges.  In the case of Fig. 1(c), not only was the peak well defined, but the
plasma was found to be unusually quiescent and well matched in the neighborhood of
the peak.  Fig. 1(d) shows unpublished data by Aossey and Chen in a separate 2-cm
diam experiment, showing that the low-field peak occurs only at high RF power.
There was no theoretical reason at the time for such a feature, suggesting that
perhaps the peak was the result of an experimental artifact such as impurities from
the walls.  The present results show a general rise in density as B0 is lowered but
unfortunately cannot be compared directly with the old results or with the theory
because of the nonuniform field.
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Fig. 1a

Fig. 1c
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           Fig. 3
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Peak densities, 13.56 MHz
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Peak densities, 27.12 MHz
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Peak density vs. pressure
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Two m = 0 rings, 10 cm apart
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10 mT Cl, 3 kW, 13.56 MHz, z = 9 cm
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10 mT Cl, 30 G, 13.56 MHz, z = 9 cm

0

2

4

6

8

0 5 10 15 20 25 30

x (cm)

n 
(1

010
 c

m
-3

)

3

2.25

2

P (kW)

Center

Fig. 11b



15

18 mT Ar, 1.75 kW, 13.56 MHz, z = 9 cm
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18 mT Ar, 30 G, 13.56 MHz, z = 9 cm
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