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Abstract

This paper presents the results of a series of electron emis-
sion tests carried out on thermionic neutralizers for a
micronewton FEEP thruster. Several different sources have
been tested in different experimental arrangements, in-
cluding filaments and planar oxide cathodes. The filament
performance was quite satisfactory, allowing the extrac-
tion of a 1 mA electron current with a 0.25 W power con-
sumption. This is appropriate for a FEEP emitter of up to
100 uN thrust. The planar configuration presents more
technological challenges. The prototype tested produced
3.3 mA at 720 °C, showing no sign of degradation after
20 hours continuous operation. Power consumption and
reliability are still to be improved.

Introduction

In LEO, the FEEP thruster is likely not to need any active
neutralizer, as the ambient plasma is more than sufficient
to do the job. This is demonstrated by the operation in
space of non-neutralized liquid metal ion sources, used
as charge compensators'. Moreover, the elongated slit
geometry of the FEEP emitter, together with the low cur-
rent density characteristic of this thruster, makes the need
for neuralization even more remote.

The situation is radically different in outer space, where
neutralization is a must. Therefore, a suitable neutralizer
has to be developed, as was repeatedly pointed out by
several potential utilizers of FEEP systems, mostly in the
area of scientific missions. Luckily, this problem has been
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addressed since long and several viable solutions have
been successfully experimented.

In principle, the neutralization of the ion beam pro-
duced by a FEEP thruster (Fig. 1) does not present any
difference with respect to the well know problem of neu-
tralizing the exhaust of a traditional ion rocket. Neverthe-
less, the neutralization of a small, micronewton thrust level
FEEP emitter poses several specific problems. The neu-
tralizer has to produce a very low electron current, that
must couple with the very fast ions exhausted by the
thruster. This must be accomplished with a power con-
sumption significantly lower than that of the FEEP emit-
ter itself, in order for the overall power consumption of
the system to remain at an acceptable level. Since power
consumption of a FEEP emitter is 60 mW/uN, it is desir-
able to limit neutralizer power per unit electron current to
about 1 W/mA. Obviously, additional design constraints
are posed by mass and lifetime requirements.

Taking in consideration the above requirements, typi-
cal ion engine neutralizer design based on the hollow cath-
ode plasma bridge electron source is readily ruled out. In
fact, this technology is well suited to relatively intense
ion beams, requiring a high electron current. In that case,
thermal losses due to the cathode keeper discharge are
Justified by the overall high power level of the propulsion
system, and the working fluid is usually the same as the
propellant. Thus, thruster and neutralizer can share the
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Fig. 1 - The FEEP System.
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propellant tank. In the case of micronewton FEEP, not
only the thermal dissipation would be unacceptably high,
but additional provision of a suitable working fluid would
be required, resulting in mass penalties and system com-
plication.

Two technologies have been identified to potentially
solve the problem of FEEP neutralization: microtip cath-
odes and thermionic sources. While the first solution is
the most promising, due to its low mass, low power and
intrinsic simplicity, itis not yet mature for short term space
application. On the other hand, thermionic sources are
well know devices, with a highly predictable and reliable
behaviour. This type of electron source has been used in
past FEEP experiments and will be exploited for the
planned FEEP flight demonstration? on the GAS facility
on the Space Shuttle in late 1999.

In the following sections, the main problems encoun-
tered in the development, and the results of a series of
tests on two thermionic neutralizers developed at
Centrospazio, are reported. The first is a simple thermionic
filament. The second is a more sophisticated device in a
planar configuration.

Filament neutralizer

The design selected is based on a the filament of a com-
mercially available vacuum tube. This familiar - albeit
out of fashion - devices have decades of development
behind them. Reliability of a good vacuum tube filament
is excellent, and lifetime usually exceeds 15000 hours.
Filaments, however, are fragile and prone to contamina-
tion by the atmospheric agents.

The tests here reported were made on a filament se-
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Fig. 2 - Target current vs. target voltage
(Vf=1.25V, If=09A)
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lected after a long series of trials on different vacuum tubes
of different manufacturers. The substrate material is Re,
with a coating of alkali-earth oxides. The filament has
been tested in a triode configuration, with an extracting
grid, used to facilitate coupling of the emitted electrons
with the thruster ion beam, and a biased target (anode), in
the shape of a 5 cm diameter disk, at a distance of about
10 cm. The filament is grounded.

Fig. 2 and Fig. 3 shows collected current and grid cur-
rent as a function of grid voltage and target bias, respec-
tively. One can see that the target voltage has to be in the
100-200 V range for current to be transmitted and grid
current to become small. A maximum current of more than
1 mA was extracted, with a power consumption at the
filament of about 0.25 W. Power consumption in the grid
is negligible.

The results of this test are encouraging. This type of
neutralizer can be implemented in a FEEP system. How-
ever, concerns exist on the capability of the filament to
withstand launch vibrations. Also, one wants to overcome
the limited current production capability of a filament,
due to the small area of the emitting surface. Therefore,
we decided to proceed towards the realization of a planar
cathode, using the same physical principle as the filament,
but in a more convenient mechanical arrangement.

Planar cathode

The planar cathode is basically made of an insulating
substrate on which a layer of metal is deposited. The metal
is covered with a low work function substance. The as-
sembly is then heated to a high temperature to start elec-
tron emission.
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Fig. 3 - Grid current vs. target voltage
(Vi=1.25%, If=09A)
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The emitting layer is a mixture of alkali-earth oxides,
plus additives for mechanical stability and resistance to
atmospheric contamination. The oxides (of Ba, Ca and
Sr) are deposited as carbonates and decompose at high
temperature as follows:

BaCO; — BaO + CO, (1)

This preliminary “activation” of the cathode occurs at
about 1000 °C and has to be carried out at the beginning
of the neutralizer life. Once activated, normal operation
is at 700-800 °C.

The key issue in this devices is the choice of a proper
combination of substrate and emitter layer. We investi-
gated several metals as substrates. Fig. 4 shows
microphotographs of a few of the materials considered.
The final choice was Ni, due to its good emission per-
formance, extended lifetime and compatibility with the
emitting layer.

Several cathodes were manufactured using different
heaters and experiencing difterent oxide deposition pro-
cedures (brushing, spraying, electro-chemical coating).
The final configuration looks under the microscope as in
Fig. 5. The surface area was 0.5 cm?.

The cathode was set up in the vacuum chamber V1
of Centrospazio (Fig. 6). A triode configuration like that
previously used for the filament was adopted. After acti-
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Fig. § - Microphotograph of the carbonates

vation above 1000 °C and after several tests at various
temperatures, the operating point of the cathode was set
at 720 °C. Fig. 7 and Fig. 8 show target and grid currents
as a function of target and grid voltages, respectively.
Maximum current extracted was 3.3 mA. Fig. 9 shows
the behavior of the cathode along 18 hours of continuous
operation.

As the prototype was not thermally insulated and was
allowed to exchange heat both radiatively and by con-
duction along the support, power consumpton was in ex-
cess of 20 W. Analysis shows that most of this power was
actually lost in dispersed heat. However, given the very
small dimensions of the planar cathode, it should be rela-
tively straightforward to provide adequate thermal shicld-
ing in the next design refinement.

Fig. 6 - The planar cathode: left, in the testing configuration, in front of the target; right, during operation
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