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A common adhesive system found in nature is the fine hair adhesive motif.  This adhesive system can be found in beetles, flys, spiders and geckos[1, 2].  The adhesive relies on a large amount of surface contact between protruding nanofibrils and the adhesion surface to make the operative Van der Waals forces significant[2-4].  To accomplish inelastic adhesion a multiscale conformal structure consisting of microscale stalks terminating in nanofibers.  The nanofibers easily conform to the small scale roughness of the adhesion surface while the microscale stalks conform to larger scale roughness.  Thus the adhesive system requires not only nanoconformation abilities but micro and meso scale as well.  In this work micro- and nano-fabrication techniques are used to fabricate multi-scale conformal structures to mimic the fine hair adhesive motif found in nature.

For meso- to micro-scale conformance 10-200 micrometer silicon dioxide and polymeric platforms supported by single-high-aspect-ratio-pillar-supports (SHARPS) were fabricated, Figure 1.  The pillars are etched out of single crystal silicon, have heights of 10-50 micrometers and diameters down to a half of a micrometer.   Tests performed using a nanoindenter (Hysitron Triboindenter, Minneapolis, Minnesota) show that the structures are highly compliant [5].  Different platform geometries have been fabricated to increase the structural compliance.   To conform to micro- to nano-scale roughness polymer nanorods were fabricated on the surface of  platforms.  The organic looking polymer nanorods, or organanorods, were fabricated by spin coating different sized oxide spheres on a polymer surface.  The spheres were then directly used as a etch mask in a dry etch process using biased O2 plasma and produced organanorods varying in diameter from 20-300 nanometers and 0.25 - 4 micrometers in length, Figure 1.  Also a modified polymer ashing process has been developed to created organanorods directly from a polymer without an etch mask, Figure 1.  
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Figure 1. (left to right) SHARPS Structure with SiO2 Platform, SHARPS with polymer platform coated in organanorods,  nanosphere tipped and masked  polymer organanorods, high-aspect-ratio polymer organanorods, electron micrograph of gecko adhesive structure (from reference 2). 
Adhesion tests were performed using a modified Hysitron Triboindenter by pressing a 1.5 mm diameter polyamide sphere into test surfaces and monitoring the force versus displacement while withdrawing from the surface.  Results indicate improved adhesion with nanorod coated surfaces over solid surfaces, which is consistent with the literature [4].   Also the larger scale conformal structures show increased adhesion per contact area over solid substrates.
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