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A large diameter (73.8 cm), high-density helicon plasma with a short axial length (81 cm) has been

successfully produced using a flat spiral antenna. The electron plasma density can reach ~ 6 x 10*%cm™

3

with the input rf power of < 4 kW. The stronger the degree of magnetic field convergence is from the
antenna to the bulk plasma region, the lower the minimum input rf power required is to obtain a helicon
plasma. This signifies the important role of the magnetic field structure near the antenna and is similar
to the previous result obtained with a helicon plasma of a much longer axial length of 486 cm.
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1. Introduction
2)

very useful in various plasma applications, such as

High-density helicon plasmas %) are potentially
in plasma processing, fusion, basic science fields
including the study of space plasmas and mag-
netoplasma rockets. A helicon wave for plasma
production has advantages of having an easy op-
eration and a wide range of operational param-
eters. Developing a large volume plasma source
with a large diameter is also important, and a
high-density helicon plasma with the diameter up
to 73.8 cm and 486 cm in axial length (very large
plasma volume of 2.1m?) has been obtained using a
device at ISAS/JAXA (Institute of Space and As-
tronautical Science/Japan Aerospace eXploration
Agency) %),

However, having a shorter axial length with a
large diameter (or a lower aspect ratio A, where
A is the ratio of axial length to diameter) is of-
ten desirable in some of the above applications.
Therefore, using the same device at ISAS/JASA,
we attempted to effectively shorten the plasma col-
umn length from 486 cm to 81 c¢m by installing a
termination plate inside the device [Fig.1 (a)], re-
ducing A from 6.6 to 1.1. Here, we report the suc-
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cessful production of a high-density helicon plasma
with A = 1.1, which is much smaller than that of
plasmas produced in conventional helicon sources.
Note that although the axial length of the shortest
helicon plasma ever produced is a mere 4.7 cm 6),
the plasma diameter is 2.5 cm, resulting in A =
1.9 that is larger than ours.

2. Experiment

In our device at ISAS/JAXA 3-5) [Fig. 1 (a)],
the magnetic field is produced by 14 main coils and
a newly installed separate coil. The magnetic field
line near the antenna can be controlled more flex-
ibly using this separate coil than with the old one
used in the previous experiments 375), as shown
in Fig. 1 (b) (the 14 main coils generate the uni-
form field of 140 G in the central region). A 4-
turn flat spiral antenna (43 cm in diameter) is con-
nected to the rf power supply (maximum power of
5 kW with 7 MHz excitation frequency) through
an impedance matching circuitry. The termina-
tion plate placed at z = 81 cm is a 0.5 mm thick
stainless steel punching metal with a transparency
of ~35% and electrically floating. Two Langmuir
probes were used to monitor the plasma density
at z = 45 cm (inside the plasma production re-
gion) and at z = 336 cm (to monitor the plasma
leaked through the termination plate). A mag-
netic probe was used to measure the profiles of
the z-component of the excited rf magnetic field.
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Fig. 1 (a) Schematic drawing of the plasma device. (b) 0.1 O oo oo
Axial magnetic field configurations [r (radial po- «I:/\ o O o 0g- =
sition) = 0] for various values of the separate coil E
current Is. >) 0.01 . S
-
-
S 100 —— T
Z
The working gas was argon with a fill pressure of =° (c) 60A A
10 E 3
0.75 mTorr. 3
Figure 2 shows the electron density n, versus &
the input rf power P, for four different magnetic 1k "."z 3
field configurations realized by changing the sepa- o o "
. . L 4
rate coil current I,. The black vertical bars show 0.1kt 3 <o
the threshold power Py, which causes the density & o O 0@0%
jump from ICP (inductively coupled plasma) to I
helicon plasma discharges. Typical values of n, at 0.01 — '
z = 45 cm were 10* — 10 em ™ and > 10'2cm ™3 100 ——
below and above P, respectively; whereas, n, at
2z = 336 cm was 10° —10'°cm 2 with no clear den- (d) 80A
sity jumps. With the increase in the magnetic field 10¢ 3
strength near the antenna, i.e., with the increase in
I, Py, was increased, and further increase in I (= 1k R AA‘ F
80 A) showed no density jump below P, = 3 kW. " A AAAs 2
These results are consistent with the previous ones ]
. . 35 0'1 3 JAVAY A E
with a long axial length of 486 cm %), the capa- NN %A E
bility of the separate coil was limited then. They A ]
are also consistent with the general tendency that 0.01 — —
the higher magnetic field strength in the plasma 0.1 1 S
production region (uniform field case) needs more P (kW)
rf power to have helicon jumps 7). Note that the np
plasma production efficiency, Ne/Pip (Ne: total Fig. 2 Electron density ne as a function of the rf input

number of electrons) of ~ 104 (1/W), is one or-
der of magnitude smaller than that of the 486 cm
axial length case, as expected. This is due to the
fact that shortening the axial length results in the

power Py, for different values of the separate coil
current Is: (a) 20 A, (b) 40 A, (c) 60 A and (d)
80 A. @ and O show the data taken at z = 45 cm
and z = 336 cm, respectively.
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Fig. 3 Radial profiles of B,/In with Iy = 60 A and Py,
=3 kW at z = 51.5 cm.

enhancement of the axial ion loss relative to the
radial one %).

Figure 3 shows the radial profiles of B,/I, the
ratio of the excited rf magnetic field to the rf an-
tenna current, at four phases during one rf period
for the Iy = 60A case. Contrary to expectations
for a uniform plasma, the observed profile was not
a simple fundamental mode of the Bessel function
Jo(k117) with m (azimuthal mode number) = 0.
This can be interpreted as a combination of at least
two Bessel functions: Jy(ki,r) with n = 1 and
2 9,10 Here, k| ,,a is the nth zero of the J; Bessel
function (a: effective plasma radius). For the other
cases of the magnetic field configuration, the wave
profiles were even more complex, so that including
Jo(k 1) with n > 2 is necessary in order to fully
understand the data. This point will be discussed
in a separate paper.

3. Conclusions

We have successfully produced a large diameter
(73.8 cm), short axial length (81 ¢cm) high-density

helicon plasma (up to ~ 6 x 10'?cm™3) with an
rf power of < 4 kW. The observed wave structure
is consistent with the m = 0 helicon mode. The
magnetic field structure near the antenna criti-
cally influences the plasma production. The higher
the magnetic field strength near the antenna, the
higher the rf input power necessary to achieve a
helicon density jump.
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