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Abstract

Introduction
Electrospray thrusters and their diagnostics during ground testing are highly sensitive to interactions be-
tween the emitted beam and surrounding surfaces. Previous studies have shown that biased beam-targets
are essential for reliable on-ground characterization, as they influence secondary species emission (SSE)
and hence measurements. However, existing design and biasing guidelines are typically developed for sin-
gle polarity beams. To avoid life-limiting electrochemical reactions at the electrode-propellant interface
it is suggested alternating the extraction voltage. Bipolar operation introduces additional complexity
because the polarity of the particles to be captured alternates during operation, potentially modifying
beam–target interactions and diagnostic interpretation. This work presents a systematic investigation of
a porous nickel-foam beam-target interacting with a passively-fed, externally-wetted ionic liquid electro-
spray thruster in bipolar mode.

Discussion
The target was evaluated under four electrical configurations: in-phase bias, out-of-phase bias, constant
negative bias, and constant positive bias. In the in-phase configuration, the target bias alternated with
the same polarity as the emitted beam, whereas in the out-of-phase configuration the target polarity
remained opposite to the beam. Currents were measured simultaneously at the emitter, extractor, and
beam-target to evaluate charge balance and plume–surface interactions. In the absence of SSE, the target
current would equal the emitted current, aside from a small fraction lost on the extractor due to geometric
interception and beam stalling. Experimental results, however, revealed SSE contributions. During in-
phase biasing, the target captured charges opposite to the beam polarity, while charges sharing the beam
polarity were emitted from the target surface, resulting in measured target currents lower than the emitted
current and extractor currents of the present beam polarity. Conversely, out-of-phase biasing produced
extractor currents of opposite polarity to the beam and emission of opposite-polarity charges from the
target led to measured target currents exceeding the emitted current. Constant positive and negative
biases produced behaviour consistent with combinations of the former cases.

Conclusion
The polarity reversal observed in extractor currents under out-of-phase bias demonstrates that SSE can
dominate over primary beam interception and backstreaming effects. The results indicate that maintaining
the target biased in the same polarity as the beam provides more representative current measurements and
reduces adverse plume interactions. Additionally, operating the target and beam at matching polarity
promotes electrostatic repulsion between the beam and backstreaming particles, which may mitigate
emitter degradation during long-duration operation. Work is on-going to evaluate the behaviour of two
thrusters firing in parallel and in opposite polarity.
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