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Electrospray thrusters work by extracting ions or charged droplets di-
rectly from a liquid surface using an electrostatic field and accelerating P
them in that field to produce thrust [1]. This method could lead to
more efficient and precise thrusters for space propulsion applications.
Emission occurs from sharp emitter tips, which enhance the electric
field and constrain the emission location. The electrospray process
limits the thrust from a single tip. To get into the millinewton range
will require an array with tens of thousands of emitters. Batch micro-
fabrication is well suited to making this array.
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We have designed, built, and tested a thruster made in silicon using
deep reactive ion etching (DRIE) and wafer-bonding technology (see
Figure 1). This thruster comprises two components. The emitter die
has up to 517 emitters in a 0.75 cm? area, formed using DRIE and
SF, etching, and is plasma treated so that liquid can be transported to
the tips in a porous black silicon surface layer. The extractor die incor-
porates the extractor electrode, a Pyrex layer for insulation, and the negative polariy (10 uA, 1274 V) ——
springs, which are used to reversibly clamp the emitter die [2]. This ) ‘ ‘ | positive polarity (2 yA, 1067 V) — -
versatile assembly method allows the extractor die to be reused with 0 200 400 600 800 1000
multiple emitter dies and potentially with emitter concepts radically mass (AMU)
different from the one we have experimented with.

EMI™
(BF4-EMI) EMI"
(BF4-EMI), EMI”

05

Figure 2 shows data collected when firing the thruster with the ionic 04t .
liquid EMI-BF,. Measurable emissions occurred for extraction volt- ;
ages down to 700 V. The current collected on the extractor electrode 03 b
was less than 3% of the emitted current over a wide operating range :
and often less than 0.1 %. Beam-divergence half-angles were between
15 and 30 degrees, depending on the operating conditions. Emitted
currents of 500 nA/emitter were observed in stable operation, for ex-
pected thrusts of 25 nN/emitter. Time-of-flight measurements prove
operation in the ion emission regime, which is most efficient for pro-
pulsion.
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A Figure 2: Time of flight data (top) and current-voltage
characteristic (bottom) of the thruster.

A Figure 1: The assembly mechanism (top-eft), the extractor
electrodes (top-right), diagram of the thruster (bottom).
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