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Abstract

Adhesion has been important to mankind for millennia. And, although from both daily experience and scientific studies it Is clear that roughness affects adhesion,
a fundamental understanding of the role of nanoscale roughness in adhesion of the surfaces of modern micro-devices is still lacking. The use of the fractal
concept In the understanding of rough surfaces has become increasingly important, and the fractal rough surfaces can be completely described by three
parameters:. RMS roughness, the lateral correlation length, and the roughness exponent. Current studies of the affect of roughness on adhesion has been limited
to Gaussian surfaces with a roughness exponent of Y2 despite that experimental results showed much anomalous behavior of surfaces beyond Gaussian. In this
study, computer programs were developed to simulate a set of fractal rough surfaces with differing roughness exponents. The adhesive forces between an AFM
tip and the fractal surfaces were calculated and the adhesion was seen to decrease as the roughness exponent increases. This work should help minimize
adhesion and progress the understanding of nanoscale contact mechanics.

Background

Many physical processes, such as etching, fracture, erosion, and thin-film growth
can produce rough-surface morphologies, which exhibit scale-invariant behaviors.
The microstructure of the fractal surface can be described by the height-height
correlation function:

Motivation

The present state of studies of the affect of roughness on adhesion has been limited to the
analysis of height fluctuations normal to the surface, which is assumed to be uncorrelated
Gaussian with a roughness exponent a of Y¥2. The roughness exponent a describes how
“‘wiggly” the local surface is. However, experimental results have revealed that many rough
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The interaction force between a molecule Fractal Rough Surface

Simulated Rough Surface with Varying Surface Parameters _
and a rough surface is:
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Fractal Rough Surfaces Generated by Simulation Summary and Future Work

Fractal rough surfaces were generated by computer
simulation and the adhesion was calculated
between AFM tip and the fractal surfaces. The
adhesion Is predicted to decrease as the roughness
exponent Increases. This work suggests a
promising way to minimize the adhesion between
two surfaces by reducing the “local roughness” of
the surfaces and should advance the understanding
on how roughness affects adhesion. Experimental
work Is expected In the near future to verify the
prediction.
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RMS roughness o = 0.2 um; Lateral correlation length ¢ = 3 um
Roughness exponent a = 0.2, 0.4, 0.8 and 1.0 respectively; 256 x 256 data points
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