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Controlling the Plasma Potential Distribution in
Segmented-Electrode Hall Thruster

Yevgeny Raitses, David Staack, and Nathaniel J. Fisch

Abstract—Segmented electrodes and ceramic spacers (CSs)
placed along the Hall thruster channel are shown to produce
strong modifications of axial and radial plasma potential dis-
tributions as compared to conventional nonsegmented thruster.
These modifications are associated with differences in secondary-
electron-emission properties of materials used for electrodes and
CSs and correlate with plasma-plume divergence.

Index Terms—Hall discharge, plasma propulsion.

I. INTRODUCTION

THE HALL thruster (HT) [1] is an electromagnetic-
propulsion device that uses a cross-field plasma discharge.

A significant axial electric field with equipotentials along the
magnetic-field lines (E = −ve × B) accelerates ions and gen-
erates thrust. Ions are accelerated in a quasi-neutral plasma, so
that no space-charge limitation is imposed on the achievable
current and thrust densities. Fig. 1 shows the operation of a
conventional annular HT with xenon gas.

In conventional HTs, the electric-field distribution is con-
trolled mainly by the magnetic-field distribution in the ceramic
channel [1], [2]. The placement of the acceleration region with
a strong axial electric field relative to the axial magnetic-field
distribution depends on the axial variation of the rate of the
electron cross-field transport [3]. A strong secondary electron
emission (SEE) from the channel walls can enhance the near-
wall conductivity (due to electron-wall collisions) inside the
channel [1]. As a result, a large voltage drop is established
outside the thruster channel [4]. When the ion acceleration
occurs outside the channel in the fringing magnetic field, the
plasma flow is subjected to divergence because of defocusing
equipotential surfaces in this region [5]. A large divergence of
the plasma flow makes difficult the integration of the thruster
with a satellite.

In segmented HT (Fig. 2) [4], [6], the use of nonemissive
floating electrodes placed on one of the channel walls or both
the inner and outer walls was shown to narrow the plasma
plume as compared to the conventional nonsegmented thruster.
The plume narrowing correlated with the reduction of the
voltage potential drop outside the segmented channel [4]. Fig. 3
shows illustrative examples of electric potential distributions
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Fig. 1. Xenon plasma flow from a 2-kW PPPL HT with a 12-cm outer
diameter annular channel. A plasma cathode neutralizer seen above the thruster
channel operates also with xenon gas.

Fig. 2. Schematic of the 9-cm-diameter 1-kW HT with superimposed simu-
lated magnetic field. The distance between the anode and the channel exit is
46 mm. The channel width is 17 mm.

measured for floating segmented and conventional nonseg-
mented configurations of a 9-cm-diameter laboratory HT. The
measurements were conducted using a fast movable floating
emissive probe. There is a correlation between the plasma
potential distribution and SEE properties of the channel-wall
material. For a boron nitride channel [Fig. 3(a)], the outside
voltage drop is larger than that for the segmented channel with
lower SEE graphite electrodes [Fig. 3(b) and (c)] and smaller
than that for the channel with a spacer made from a higher SEE
glass ceramic [Fig. 3(d)].

Note that, in a quasi-neutral plasma, the effective ratio of
secondary to primary electron fluxes cannot exceed a critical
value of about one, which corresponds to the space-charge-
saturated wall sheath [7]. For different materials, this critical
value is reached at different energies of primary electrons [8].
Differences in the SEE on the opposite channel walls made
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Fig. 3. Electric potential distribution measured with a floating emissive probe
for different segmented configurations of a 9-cm-diameter HT operated at the
discharge voltage of 250 V, xenon gas flow rate of 17 sccm, and the same
magnetic field (Fig. 2). (a) Conventional nonsegmented channel made from
a boron nitride ceramic. (b) Single segmented floating electrode (SE) made
from a low SEE graphite material placed on the inner channel wall. (c) Two
segmented floating graphite electrodes placed on the inner and outer walls.
(d) Ceramic spacer (CS) made from a high SEE machinable glass ceramic. The
thruster channel exit is at 46 mm from the anode.

from different materials may cause nonuniform plasma struc-
tures across the thruster channel [4], [9].

According to the model [9], the radial change of the electron
cross-field mobility due to the magnetic-field gradient and due
to the electron current along the magnetic field may explain
nonuniform potential distributions shown in Fig. 3(b) and (d).
This electron current may be driven by the radial temperature
gradient [9]. Moreover, recent theoretical and numerical stud-
ies [10]–[12] suggested that SEE electrons from the opposite
channel walls form counter-streaming beams. These beams
may carry a considerable portion of the cross-field electron
current (near-wall conductivity) due to their cycloid trajectory
in the E × B field [11], [12]. They should depend on SEE
properties of the wall material and can be affected by asymmet-
rical conditions [13], including differences in the SEE on the
opposite walls and the radial distribution of the magnetic field.
In a typical HT, the electron temperature can be large enough
(20–50 eV, [12]) to induce a strong SEE from boron nitride
and glass ceramics [8] but not from a graphite electrode. This
difference might explain a smoother shape of equipotentials
obtained for the high SEE spacer [Fig. 3(d)] than that for the
low SEE electrode [Fig. 3(b)]. Future studies should be focused
on validation of these predictions.

REFERENCES

[1] A. I. Morozov and V. V. Savelyev, Review of Plasma Physics, vol. 21,
B. B. Kadomtsev and V. D. Shafranov, Eds. New York: Consultants
Bureau, 2000, p. 203.

[2] R. R. Hofer and A. D. Gallimore, “High-specific impulse Hall thrusters,”
2J. Propuls. Power, vol. 22, no. 4, pp. 732–740, Jul./Aug. 2006.

[3] G. J. M. Hagelaar, J. Bareilles, L. Garrigues, and J.-P. Boeuf, “Role of
anomalous electron transport in a stationary plasma thruster simulation,”
J. Appl. Phys., vol. 93, no. 1, pp. 67–75, Jan. 2003.

[4] Y. Raitses, M. Keidar, D. Staack, and N. J. Fisch, “Effects of segmented
electrodes in Hall current plasma thrusters,” J. Appl. Phys., vol. 92, no. 9,
pp. 4906–4911, Nov. 2002.

[5] A. Fruchtman and A. Cohen-Zur, “Plasma lens and plume divergence in
the Hall thruster,” Appl. Phys. Lett., vol. 89, p. 111 501, 2006.

[6] N. J. Fisch, Y. Raitses, L. A. Dorf, and A. A. Litvak, “Variable operation of
Hall thruster with multiple segmented electrodes,” J. Appl. Phys., vol. 89,
no. 4, pp. 2040–2046, Feb. 2001.

[7] G. D. Hobbs and J. A. Wesson, “Heat flow through a Langmuir sheath in
the presence of electron emission,” Plasma Phys., vol. 9, no. 1, pp. 85–87,
1967.

[8] A. Dunaevsky, Y. Raitses, and N. J. Fisch, “Yield of secondary electron
emission from ceramic materials of Hall thruster,” Phys. Plasmas, vol. 10,
pp. 2574–2577, 2003.

[9] M. Keidar, A. D. Gallimore, Y. Raitses, and I. D. Boyd, “On the potential
distribution in Hall thrusters,” Appl. Phys. Lett., vol. 85, no. 13, pp. 2481–
2483, Sep. 2004.

[10] E. Ahedo and F. I. Parra, “Partial trapping of secondary-electron emission
in a Hall thruster plasma,” Phys. Plasmas, vol. 12, no. 7, p. 073 503,
Jul. 2005.

[11] D. Sydorenko, A. Smolyakov, I. Kaganovich, and Y. Raitses, “Modifica-
tion of electron velocity distribution in bounded plasmas by secondary
electron emission,” IEEE Trans. Plasma Sci., vol. 34, no. 3, pp. 815–824,
Jun. 2006.

[12] I. Kaganovich, Y. Raitses, D. Sydorenko, and A. Smolyakov, “Kinetic
effects in a Hall thruster discharge,” Phys. Plasmas, vol. 14, no. 5,
p. 057 104, May 2007.

[13] F. Taccogna, R. Schneider, S. Longo, and M. Capitelli, “Modeling of
surface-dominated plasmas: From electric thruster to negative ion source,”
Rev. Sci. Instrum., vol. 79, no. 2, p. 02B 903, Feb. 2008.

Authorized licensed use limited to: Princeton University. Downloaded on March 16, 2009 at 16:22 from IEEE Xplore.  Restrictions apply. 


