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Effect of Contact Area on Friction and Wear Behavior
in Atomic Force Microscope

Dukhyun Choi*, Woonbong Hwang”

ABSTRACT

Recently, it has been reported that frictional behavior at nanometer scale can be different from that at macro scale. In
this article, friction and wear tests were conducted using an AFM to investigate the effect of real contact area on the
coefficient of friction and wear property. SiO,, Mica, and SiGe were used in friction test and the AFM tip was Si;N,. The
real contact area between an AFM tip and flat surface was calculated by the Johnson-Kendall-Roberts (JKR) theory.
Wear specimen was Mica, and the diamond tip was used. We found that the coefficient of friction is constant below a
critical area, but it is degraded over the area. Moreover, it is found that wear depth increased rapidly from a certain load
and was degraded as a function of the number of the scanning cycles. Also, the range of scanning velocity used in this
study had little effect on the wear depth.
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Table 1 Adhesion force for SiO,, Mica, and SiGe

Mica Si0, SiGe
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Temperature (°)
Humidity (%)
radius (nm)

Adhesive Force

aN) 15

60 40 60 38

Elastic Constant

(GPa) 224

65 70

Average Surface

Roughness (nm) 3.02
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Fig. 1 The real contact area calculated by JKR theory
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Fig. 2 Friction force vs. normal force of Mica
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Fig. 4 Friction force vs. normal force of SiGe
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Fig. 6 Cross section of worn sample for normal forces
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