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Low-power, low-voltage, efficient field emission neutralizers 
for FEEPs [1], colloid thrusters [2], and other micro-propul-
sion engines are attractive for nanosatellites because they do 
not use mass flowrate to operate, unlike more conventional 
neutralizing solutions such as hollow cathodes [3]. Electrons 
are field-emitted from the surface of  metals and semicon-
ductors by the application of  a high electrostatic field. Field 
emitters use high aspect ratio structures to generate very high 
fields even when low voltages are applied. The ideal field en-
hancing structure is a rounded whisker [4]. Micro-engineered 
field emission neutralizers would have smaller starting volt-
ages, better area usage, and more uniform I–V characteristics, 
compared to macro/meso fabricated field emitter versions. 
Plasma-Enhanced Chemical Vapor Deposited (PECVD) Car-

bon Nanotubes (CNTs) are rounded whiskers with 100 nm or 
less of  tip radius and 13 µm or more tall. The adoption of  
CNTs as electron-emitting substrate has recently being shown 
to have advantages compared to Spindt emitters because of  
the higher aspect ratio of  CNTs and their superior resistance 
to harsh environments. This research focuses on the devel-
opment of  a batch-fabricated MEMS neutralizer that uses 
PECVD CNTs as field enhancers (Figure 1). As a reference, 
a previously made Busek-MIT MEMS CNT device that uses 
a randomly oriented CNT matrix produced by Busek Co. 
(Natick MA) with a proprietary arc-based process yielded de-
vices with Fowler-Nordheim emission, startup voltage as low 
as 100 V, and electron currents as large as 3.2 mA/cm2 with 
about 20% of  gate current interception.

Figure 1: Top view of a 14-µm-tall CNF forest inside a 
microfabricated well. The well has integrated a gate to bias voltage 
to the CNT forest to produce field emission.  

p Figure 2:  The I-V characterization of a similar CNT-based 
field emitter array. The device was jointly developed with the 
Busek company (Natick, MA)
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