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A study on the Nano adhesion and Friction at Different
Contact Conditions using SPM

Eui-Sung Yoon', Ji Hyun Park, Seung Ho Yang and Hosung Kong
Tribology Research Center, KIST

Abstract — Nano adhesion and friction characteristics between SPM(scanning electron microscope) tips and flat
plates of different materials were experimentally studied. Tests were performed to measure adhesion and friction
in AFM(atomic force microscope) and LFM(lateral force microscope) modes in different conditions of relative

humidity. Three different Si;N, tips (rdaii :

15 nm, 22 nm and 50 nm) and three different flat plates of Si-

wafer(100), W-DLC(tungsten-incorporated diamond-like carbon) and DLC were used. Results generally
showed that adhesion and friction increased with the tip radius, and W-DLC and DLC surfaces were superior
to Si-wafer. But the adhesion force of Si-wafer showed non linearity with the tip radius while W-DLC and DLC
surfaces showed good correlation to the "JKR model". It was found that high adhesion force between Si-wafer
and a large radius of tip was caused by a capillary action due to the condensed water.
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Fig. 2. Force vs. displacement plot showing the normal
adhesion distance (h).
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Fig. 3. SEM images of SPM tips of different radii of
curvatures.
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Fig. 4. Water contact angles of Si-wafer, W-DLC and
DLC surfaces.
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(c) DLC (Ra=0.232 nm)

Fig. 5. AFM maps of Si-wafer, W-DLC and DLC
surfaces.
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Fig. 6. Pull-off forces between Si-wafer and tips of
different radii.
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Fig. 7. Pull-off forces of W-DLC and DLC surfaces
with respect to different tip radii.
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(b) R=22 nm

(c) R=50 nm

Fig. 8. Friction maps between Si-wafer and tips of
different radii by LFM.
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Fig. 9. Friction maps between DLC surface and tips of
different radii by LFM.
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Fig. 16. A schematic explanation of the effect of
condensed moisture on adhesion.
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Fig, 11. Pull-off forces of si-wafer, W-DLC and DLC
surfaces with respect to relative humidity (=15 nm).
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