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ABSTRACT

Experimental tests of an ExB plasma sweeper, designed to
control the plasma density near the mouth of a ohased waveguide

array, are described.

INTRODUCTION

The phased waveguide array is the most promising antenna
for launching high frequency waves to heat and dri-e current
in toroidal plasmas.l'2 Good RF power coupling recuires that
the mouth of the array be placed within a few milli:eters of
an overdense plasma. Optimum coupling occurs if the density of
the adge plasma is n, = ncnuz, where n_ = memz/4ne2 is the criti-
cal density and n, = ck,/w is the (parallel) refractive i’ndex.3
Variation of the density from the optimum by an order of magni-
tude can increase the power reflection by a factor of 2-3 and
lead to waveguide arcing.

It is difficult to predict how the plasma near the edge of
a torus will change in response to a high power (>1 kW/cmZ)
pulse of rf power. In general there will be some local power
absorption, so that the density will tend to rise as a result of
increased ionization. Other effects, such as ponderomotive wave
pressure, may reduce the density, but only if the rf power

density is high and the background pressure is low.4 Measurements
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on the PLT device show a power-dependent rise in waveqguide re=-
flection above 100-~150 kW, which may be cause¢d by the formation
of a high density plasma layer near the mouth of the guide. If
this plasma originates outside the waveguide, it may be possible
to reduce its concentration by means of sweeping electrodes. If
this reduction is significant, the guide reflectivity would drcp,
permitting a larger fraction of power to pass into the plasma and
reducing the probability of arcing.

In this paper we describe tests of an ExB plasma sweeper,
designed to permit one to adjust the plasma density in the thin
(<1 cm) coupling layer near the waveguide mouth. The sweeper
electrodes, shown in Fig. 1, are positioned at the edge of the

cylindrical test plasma (2 m long by 10 cm diam.), 6.7 cm

displaced from each side of a 2-element array. The edges of the
electrodes extend 2-3 mm beyond the waveguide. Potentials up to
40 V were applied to the electrodes after an rf discharge in the

102 cn™3). The potential gives

main column, (B ~ 10 kG, ng <
rise to a (primarily) horizontal electric field E = - V;/38 just

outside the electrodes. In response to the crossed electric

and magnetic fields the plasma should drift vertically at a speed

v, = cE/B . (L

Plasma in contact with the center of the waveguide is replaced

by low densi.y plasma near the bottom of the guide in a time 7 ~

f
H/VD, where H is the height of the guides. The density of the l
surface plasma will then drop if T is shorter than the time for
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replacing the plasma by ionization or by diffusion from the
dense plasma core. In our experiment T ~ 60 usec, if Vi is
~1/2 the sound speed (Cs ~ 2% loscm/sec in argen).

Lower hybrid waves were excited in the plasma column using
the 2-element array of Fig. 1, driven by a 2.45 GHz magnetron.
The reflected power, monitored by directional couplers, is
shown in Fig. 2. 1In the absence of any potential on the side
electrodes, the waveguide reflectivity was < 10% {180° excitation)
or ~40% (0°) and changed little with time. If a voltage pulse
exceeding ~ +10 V was applied to the electrodes, however, the
reflection varied in time. With a potential of 23 V the re-
flectivity (at 180°) began'to rise after ~50 usec, reaching a
maximum of 530% if Vo > 20 V. There is a corresponding drop in
reflection to ~17% at 0° excitation. These changes imply a de-
crease in the density near the waveguide (initially ~5 x loll
cm_3) by an order of magnitude.

To test this inference we scanned the plasma vertically with
a Langmuir probe within a few mm of the waveguide. As shown in
Fig. 3 this surface plas.ma moved vertically at a speed of ~105
cﬁ/sec. The density near the waveguide midplane dropped by a
factor of ~10 within 100 usec after application of the voltage
and was responsible for the change in the waveguide reflectivity.
Little change was observed in the reflection or the plasma
position if the applied potential was negative.

A drift speed of this magnitude implies an electric field
~10 V/cm. Horizontal measurements of the floating potential,
given in Fig. 4, show that such a field exists and falls off

expeonentially over a distance of 1/2 to 1 cm in front of the
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electrodes (this for a positive applied potential). We find
empirically that

§ = 50VPA

5 : (2)

where p is the gas pressure (0.05 < p < 1 m torr) in torr, B is
the magnetic field (3 < B < 15 kG) in kilogauss, and A is the
atomic mass of the ion. The drift speed vy at constant pressure
and applied potential, is independent of the magnetic field,
consistent with Eg. (1) and (2).

The theoretical explanation of Eg. (2) must center on
balancing current flow along the field lines from the conducting
end plates with cross-field current flow. The most likely
mechanism for cross-field flow is collisional friction between
the ions and background atoms, as previously concluded by
Okabayashi and Yoshikawa7 and by Strait.8 A guantitative theory
of the sweeper is in preparation.

Our tests demonstrate only an enhancement of reflectivity
for the most useful phase setting (1800), because the maximum
density possible in the test plasma (2 x lO12 cm_3) is comparable
to the optimum coupling density (1012 cm-3). In hot torcidal
plasmas, however, edge densities can greatly exceed this optimum,
so that the addition of a sweeper may improve the performance

of the phased array.
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FIGURE CAPTIONS

Fig. 1. Schematic of the sweeper. Diameter of plasma

column is 10 cm, and the height of sweeper electrodes 6.5 cm;

each electrode is separated from the nearest guide by 6.7 cm.

Fig. 2. RF reflection in time, with the waveguides in (a) '

or out (b) of phase B = 12 kG. The rise time of the voltage
pulse, applied at t = 0, was 40 usec.

Fig. 3. Vertical scans of plasma density (ion current to

a Langmuir probe) 3.5 mm from waveguide. B = 6.0 kG, p = 1.2 x

10" rorr argon.V_ = 13 V.
‘Fig. 4. Typical fleocating potential profiles. Measure-~

men’s are along the midplane, as shown. Here, B = 12.0 kG,

pressure = 2.8 x 10" 4torr.
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