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Abstract —Interests in micro/nano-particles have been greatly increasing due to their wide applications in var-
ious fields such as environmental and medical sciences as well as engineering. In order to obtain a fundamental
understanding of the tribological characteristics at particle-surface contact interface, frictional behaviors accord-
ing to load/pressure and materials were obtained by using atomic force microscope (AFM) cantilevers with dif-
ferent stiffnesses and tips. Lateral contact stiffnesses were observed in various tip-surface contact situations.
Experimental results show that stick-slip friction behavior occurs even when the colloidal probes with a particle
of a few micrometers in diameter, which have a relatively large contact area and lack a well-shaped apex, were
used. This indicates that atomic stick-slip friction may be a more common phenomenon than it is currently
thought to be. Also, experimental results were investigated by considering the competition between the stiffness

of the interatomic potential across the interface and the elastic stiffnesses of the contacting materials and the force
sensor itself.
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Fig. 1. SEM micrograph of a colloidal probe with a
silica sphere of about 5 pm diameter
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Table 1. Calibrated data of some colloidal probes

Probe Normal Torsional

freq, freq. K normal K lateral
no. (KHz) (KH?) (N/m) (N/m)
1 21.68 454.5 0.096 18.31
2 21.09 438.1 0.091 16.29
3 21.58 403 0.095 19.64
4 18.5 214.1 0.070 37.09

Digttal instruments NanoScope

Scan size 5.000 nm
Scan rate 121Hz
Number of samples 256
Image Date Friction
Data scale 50.00 mv
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Fig. 2. AFM image and a line trace that show single
stick-slip corresponding to the HOPG lattice (colloidal
probe with a silica sphere of 7um in diameter,
applied normal load : 32.4 nN)
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Fig. 3. Changes in lateral contact stiffness and fric-
tional force with respect to applied load: the contact
between silica colloidal probe and (a)Cu-coated
surface, (b)Ni-coated surface
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