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" Abstract — Adhesive contact characteristics of torus-shaped bumps were analyzed using the finite element tech-
nique considering the adhesive force. Analyses focused on the effect of rim and bump radii on the adhesive con-
tact behavior such as the jump-to-contact behavior, adhesion hysteresis, pull-off forces, contact region and
pressure, and surface and subsurface stresses. Analysis results in the absence of adhesive force were also included
to examine the effect of adhesive force. The applicability of torus-shaped bumps to the MEMS structure for

reduction of friction is discussed.
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Fig. 1. Attractive forces acting on Si atoms in unit
volume by a Si half-space.
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Fig. 2. Section view of contacting torus bump.
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Fig. 3. Variation of (a) force acting on torus bump, and
(b) width of annular contact region during approach
and recession.
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Fig. 4. Relation between force acting on the bump and
the contact width for adhesive (solid lines) and
mechanical (dash lines) contacts.
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Fig. 5. Contact pressure for adhesive (solid lines) and
mechanical (dash lines) contacts.
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Fig. 6. Subsurface normal stress for adhesive (solid
lines) and mechanical (dash lines) contacts.
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Fig. 7. Subsurface equivalent stress for adhesive(solid
lines) and mechanical (dash lines) contacts.
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Fig. 8. Variation of maximum equivalent stress (o,,) at
the surface during approach for adhesive (solid lines)
and mechanical (dash lines) contacts.
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