F522ET Y WMYEE 2AGeHI=EF, pp. 73~ 76

HERLD & AFM 99 HA43 T9% v

Nonlinear Dynamics of AFM Tip with Different Contact Models
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ABSTRACT

Tapping mode atomic force microscopy (TM-AFM) utilizes the dynamic response of a resonating probe tip as it approaches and
retracts from a sample to measure the topography and material properties of a nanostructure. We present recent results based on
numerical techniques that yield new perspectives and insight into AFM. It is compared that the dynamic models including van der
Waals and Derjaguin-Muller-Toporov(DMT) or Johnson-Kendall-Roberts(JKR) contact forces demonstrates that periodic solutions
can be represented with respect to the approach distance and excitation frequency.
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A Hamaker constant

R tip radius

z instantaneous tip-sample gap
E* effective elastic modulus

Ep  Young’s modulus of tip
Egmple Young’s modulus of sample

Vip Poisson’s ratio of tip
Vaample POisson’s ratio of sample
ag intermolecular distance
n* equilibrium gap between the tip and sample
zZ approach distance
k bending stiffness
F; total tip-sample interaction forces
O cantilever material density
E. cantilever Young’s modulus
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Fig. 1 Two different tip-sample interaction regimes: (a)
when the tip is located far from the sample ; and
(b) when the tip-sample contact is initiated
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Fig. 2 Interaction model described by van der Waals
and DMT contact forces.
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Fig. 4 Schematic diagram of the cantilever: Dynamic
configuration as cantilever vibrates about its
electrostatic equilibrium.
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Table 1 Constants and properties of the Si
microcantilever and HOPG sample used in
numerical computation,

Description Value

Tip radius R=10nm

Cantilever cross-section area A=8.09x10""m?

Cantilever area moment
Cantilever material density

1=3.57x10° 23m4
p. =2300kg/m’
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Cantilever Young’s modulus E. =130 GPa
Effective elastic modulus E*=10.2 GPa
Static bending stiffness k=0.87 N/m
1st natural frequency fi=44.0kHz
Q factor (in air) Q=333
Hamaker constant (Si-HOPG) A=296x10"]
Intermolecular distance a=38A
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Fig. 5 Tapping mode response prediction:
Circle/dotted points indicate DMT/JKR contact
model, respectively. Tip amplitude indicates the
peak-to-peak tip oscillation amplitude of the
microcantilever. Phase between the first
harmonic of response and the base excitation is
computed.
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