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CHARACTERIZATION OF NOVEL “PIXEL” ELECTROSPRAY THRUSTER

Abstract

Electrospray thrusters (ESTs) are compact, scalable electric propulsion systems capable of high ef-
ficiency and specific impulse, particularly when operating at a low flow rate and firing in the pure-ion
regime (PIR). These thrusters operate via the application of a voltage differential between a small emitter
feature, where ionic liquid propellant is fed to, and a downstream extractor grid. This generates a high
electric field, causing the propellant to evaporate and accelerate, generating thrust. ESTs lack in their
reliability and lifetime, largely because of electrical shorts that occur between the emitter and extractor
due to uncontrolled wetting, the monolithic design of the extractor grid, and poor handling and misalign-
ment between the emitter and extractor. To resolve these issues, a novel EST design has been proposed,
developed, fabricated, and characterized. This design utilizes a micron-scale, well-defined emitter capil-
lary fabricated used 2-photon polymerization (2PP). This allows for better pinning and wetting control
of the propellant at the emission site, while allowing for precise, stable, passive flow within the necessary
range for PIR emission. The design is also compact, allowing for 25x more emitters to be packed into a
given area compared to the state of the art, increasing thrust density. Further, the extractor is designed
as a fully integrated piece, also fabricated via 2PP and metallized, ensuring automatic and near-perfect
alignment with the emitter. The extractors are designed as individualized rings around each emitter,
with fuses connecting each ring, ensuring that if an emitter electrically shorts with its extractor, the short
does not propagate to the rest of the array. In this work, this “pixel” thruster, which acts as a pixel on
an LED screen whereby a single pixel shorting does not prevent the viewer from seeing the rest of the
image, is operated and characterized. The thruster is found to have a low operational start-up voltage
of approximately 400 V, a narrow plume half-angle of less than 15 degrees, and is capable of operation
for 100 hours without electrically shorting. This design will allow for a more robust and resilient EST to
be easily fabricated and operated at a high efficiency for a longer period and in a densely packed format,
making it a more competitive electric propulsion system option.
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