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Investigation of the Frictional Behavior with respect to Surface
Geometry and Surface Material at Nanoscale

In-Ha Sung, Dae-Eun Kim’
Dept. of Mechanical Engineering, Graduate School of Yonsei University
*School of Electrical and Mechanical Engineering, Yonsei University

Abstract - In this work, the changes in the friction force(lateral force) with respect to
nanoscale geometric variation were investigated using an Atomic Force Microscope and
a Lateral Force Microscope. It could be concluded that the changes in the friction force
correspond well to the slope change rather than the surface slope itself, and that the
influence of slope change on the frictional behavior is dependent on the magnitude of
the slope and the torsional stiffness of the cantilever. Also, the nominal friction force is
found to be more significantly affected by the material and the physical-chemical state
of the surface rather than by nanoscale geometric steps. However, the change in
nanoscale geometric details of the surface cause instantaneous change and slight
variation in the friction signal.
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Fig. 1 Topography height, lateral force, slope, and slope change of various surface geometries

(a)-(c) ; upward scan, (d)-(f) ; downward scan
(a) HOPG with two atomic steps ; speed - 4um/s, load - 2nN, SigNg lever(0.05N/m)
(b) Si sample with a 260nm height step ; speed - 20um/s, load - 8nN, Si lever(0.26N/m)
(c) Si standard sample with a 160nm height step ; speed - 4u/s, load - 2nN, SisNy lever(0.06N/m)
{d) Si sample with a 35nm height step ; speed - 20m/s, load ~ 8nN, Si lever(0.26N/m)
(e) Si standard sample with a 160nm height step ; speed - 4um/s, load - 10N, Si lever(0.4N/m)
(f) Si sample with a 160nm height step ; speed - 20mv/s, load - 10nN, Si lever(0.4N/m)
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Fig. 2 Topography and local hardness images
of metal coated specimens with (a) 30nm thick
Au (b) 90nm thick Cu (left-topography,
right-local hardness)
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Fig. 3 Topography and lateral force images of
metal coated specimens with (a) 30nm thick
Au (b) 90nm thick Cu
right-lateral force)

(left-topography,
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