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Background and Significance Integrating nanomaterials with micromachined devices can potentially 
add new functionality and improve performance. This integration can be achieved by patterning or self-
assembling nanomaterials at the wafer-scale, and then micromachining the device. However, protecting 
the nanomaterial from damage due to the harsh processing conditions encountered during 
microfabrication is a challenge. Therefore, we focus on an alternate approach wherein the 
micromachining steps are completed before integrating the nanomaterial. The advantage of this 
approach is that steps used for micromachining are not constrained by thermal or chemical compatibility 
with the nanomaterial. However, this approach must confront the difficult challenge of depositing and 
patterning nanomaterials on fragile micromachined structures.    
Methodology A fabrication approach combining spray-coating of electron beam resist and direct-
write electron beam lithography provides a facile route for integrating nanomaterials with 
micromachined structure. Polymers and metallic structures in the form of arrays of holes, 
concentric circles, and arrays of lines, with critical dimensions ranging from 110 nm to 500 nm, 
have been patterned directly on various micromachined structures. These structures include 
commercial metal-coated silicon microcantilevers used for atomic force microscopy, and 
commercial plate-mode SiC/AlN microresonators used for sensing. This method of integration is 
being used to study internal friction in aluminum nanowires using a silicon microcantilever 
platform. 
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Figure 1: Arrays of nanowires were patterned in an area measuring 60 µm x 40 µm at the base of the 
microcantilever. (a) This micrograph shows the structure coated with 11 nm of aluminum before lift-off. (b) 
Images of aluminum nanowires produced after lift-off. Each nanowire is 11 nm thick and 260 ± 3 nm wide, 
and aligned along the axis of the silicon microcantilever. 
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