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An Experimental Study on the Effect of Surface Roughness
on Nanoscale Adhesion

Seung Ho Yang'

Tribology Research Center, Korea Institute of Science and Technology

Abstract — Effect of Surface roughness on nanoscale adhesion was studied experimentally by using colloidal
probe technique. Glass micro balls having the radius of 3.3~17.4 um were glued at the end of AFM cantilevers
to prepare colloidal probes. Adhesion force between the colloidal probe and Si-wafer was measured using pull-
off force measuring method. Results showed that the measured adhesion forces are not the function of the radius
of the glued balls because the ball surfaces are rough. It is also found that roughness parameters such as R, R,
and R,.. do not have important role on nanoscale adhesion. In order to find the effect of surface roughness on
nanoscale adhesion, the bearing areas were extracted from the measured topography of glued balls. After nor-
malizing the measured adhesion force with the bearing area, it was found that the normalized adhesion force kept

constant as function of the radius of glued ball.
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Fig. 1. Examples of the glass ball-glued AFM colloidal
probes.
(a) radius of ball: 3.3 um and (b) radius of ball: 17.4 pm
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Fig. 2. A schematic figure of AFM system used for
adhesion measurement.
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Fig.3.A schematic illustration on the method of
measuring topography of colloidal probe.
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Table 1. Measured Radii of glass ball, the densities
and spring constants in z direction of colloidal
probes

Radii of glued Density of  Bending stiffness in

glass balls balls z direction of AFM

(Lm) (g/cm’) cantilevers (nN/nm)
33 2.445 0.19
7.5 2445 0.29
8.0 2.445 0.30
8.9 2.445 0.33
9.4 2.445 034
103 2.445 0.28
11.7 2.445 0.27
13.2 2.445 0.28
17.4 2.445 0.25
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Fig. 4. Measured adhesion forces plotted as function of
the radius of glued glass balls on AFM cantilevers.

(a) Si-wafer

Fig. 5. Examples of AFM three dimensional topographies
of Si-wafer and a glued ball.

(b) glued ball surfaces

Table 2. Measured roughness values of glued balls

Radii of glued R. R, Ry
glass balls (um) (nm) (nm) (nm)
33 31.7 425 690.4
7.5 13.5 209 3329
8.0 154 20.6 248.8
8.9 24.5 40.1 643.2
9.4 27.1 454 502.7
10.3 16.7 274 430.1
11.7 235 318 324.5
13.2 213 273 294.4
174 28.7 40.0 537.3
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Fig. 6. Adhesion forces plotted as the function or (a) R,,
(b) R, and (c) R,... of colloidal probes.
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