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atomic force microscope (AFM)
biosensor
manipulation
Heaviside

derjaguin muller toporov (DMT)

Hamaker

dynamic micro actuated silicon probe (DMASP)
Bruker
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Piezoelectric microbeams are special types of beams ap-
plicable to the atomic force microscope (AFM). Hav-
ing piezoelectric layers, they are capable of selfactuat-
ing using the voltage imposed on the piezoelectric layer.
The present paper discusses the vibrating behavior of
piezoelectric microbeams, with respect to the hydrody-
namic forces imposed by a fluid. To do so, consider-
ing Hamilton’s principle and assumptions of the Euler-
Bernoulli theory, the dynamic modeling of a microbeam
wags carried out and the differential equation of vibrat-
ing motion was extracted. As it is very difficult to de-
termine the exact amount of hydrodynamic force im-
posed on a beam, the hydrodynamic forces were ap-
proximated using string sphere modeling. The results
obtained from dynamic modeling were compared with
experimental ones. The results show that sphere string
modeling can favorably model natural frequency and the
resonance amplitude of piezoelectric microbeams in a
liquid environment. The results show that the vibrating
motion (natural frequency and resonance amplitude) of
a microbeam in liquid is under the influence of fluid den-
sity, due to the damping of liquid and additional mass; it
is also seen in the higher vibrating modes. By approach-
ing the microbeam to the sample surface and intensi-
fying squeeze force, the results show further amplitude
decrease. The amplitude reduction at higher densities
and low angles of the microbeam to the horizon is due

ARN

to the intensification of compression force. When the
interaction force between the probe tip and sample sur-
face is intensified, and when there is a very short distance
between the probe tip and sample surface (as small as
a nanometer), amplitude is affected. According to the
DMT model, there is a direct relationship between the
interaction force between the tip and sample surface and
the radius of the probe tip. Therefore, the more the ra-
dius of the probe tip, the more the interaction force will
be. The increase of this force will be followed by a de-
crease in vibrational motion amplitude.

Key Words: piezoelectric microcantilever, AFM, liquid
environment,hydrodynamic force.



