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Figure S5. SEM images of hybrid NW forests (a) before and (b) after shear adhesion test, 

showing the shear-induced NW alignment in the direction of the applied shear force. This 

alignment enhances the contact area between the interpenetrating NWs in the shear mode, 

resulting in high shear adhesion strength. 
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Figure S6. The modeled shear strength for 2 NWs contacted in parallel as a function of the 

contact length (i.e., interpenetration depth). For low indentation depths, interfacial failure (i.e., 

breakage of vdW bonding) is the dominant failure mechanism.  For large indentation depths, 

cohesive failure, such as Ge core breakage and polymer necking, is the main cause of adhesion 

failure. 
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Figure S7. SEM image of a hybrid NW forest after shear failure. Red arrows indicate the 

polymer necking and rupture, resulting in cohesive failure. 
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Figure S8. Reusability test of hybrid NW connectors with tp=200 nm with an applied preload 

force of 0.8 N/cm2. Repeat numbers represent the number of subsequent loading and unloading 

cycles a sample could withstand when subjected to a specific shear stress. Since the surface 

morphology of NW connectors change after repeated use as can be seen in Fig. S5, the binding 

properties also change after multiple cycles of operations. For example, NW connectors with 

tp=200 nm showed ~44% decrease in the shear adhesion strength and ~15% increase in the shear 

to normal ratio after 5 operation cycles (with preload of 0.8  N/cm2 and shear load of 1.2  

N/cm2).  
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Figure S9. (a) Shear adhesion force of NW connectors with 200 nm parylene thickness before 

and after gold coating (Ti/Au, 2/3 nm, deposited by electron-beam evaporation). (b) and (c) TEM 

images of a Ti/Au coated hybrid NW, showing the enhanced surface roughness after metal 

deposition. The ultrathin gold coating hardens the surface, without significantly affecting the 

overall NW stiffness. The drastic reduction in the shear force by the application of an ultrathin 

layer Au depicts the dominant role of vdW interactions (as opposed to mechanical entanglement) 

in the NW connectors, for which intimate contact enabled by soft surfaces is essential. The 

conformal contact is reduced for rough and hard Ti/Au coated surfaces. 
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