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Table S1. Contact area between four neighboring nanopillars from different shaped 

nanopillars predicted by FE simulation. 
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Figure S1. Various curves obtained from bulk epoxy sample during nanoindentation. (a) 

Normal displacement vs. time, (b) shear force vs. lateral displacement, (c) normal force 

vs. time, and (d) normal force vs. normal displacement. 
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Figure S2. Variation in lateral (a-c) and normal (d-f) forces during sliding of the indenter 

tip on various nanopillar arrays at an indentation depth of 400 nm. (a) and (d) are for 

cone-shaped, (b) and (e) are for pencil-like, (c) and (f) are for stepwise nanopillars. 
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Figure S3. Normal force between the tapered epoxy nanopillar arrays and the 

nanoindenter tip as a function of the indentation depth using a cono-spherical diamond tip 

with a nominal radius of 100 μm. 
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Figure S4. General trend of the relative bending stiffness vs. pillar diameter at various 

pillar heights.  

 

Figure S4 was plotted based on the calculation viewing the pillar as a cylindrical 

cantilever beam with a fixed end. The bending stiffness (or elastic restoring force) of an 

individual nanopillar, 𝐹𝐸, is given by 

 

𝐹𝐸 =  
3𝐸𝐼𝛿 

ℎ3          (1) 

 

And the moment of inertia for a round solid section, 𝐼, is given by 

 

𝐼 =  
𝜋𝑑4

64
           (2) 

 

where 𝐸 is the Young’s modulus of the pillar material, 𝛿 is the deflection, and ℎ is the 

height of the pillar, and 𝑑 is the diameter of the pillar, respectively.
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Bending stiffness was calculated as a function of pillar diameter at different pillar heights. 

This value shows the trend of bending stiffness at a different pillar geometry in 

cylindrical shape.  
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Figure S5. Simulated (a) shear adhesion force and (b) normal forces of various 

nanopillars as a function of lateral displacement at the indentation depth of 300 nm. 
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