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ABSTRACT

AFM(Atomic Force Microscope) becomes a versatile tool in the nanoscale measurements and processes. Especially the tapping
mode is a very useful mode in AFM operation to measure and process at the nanoscale. Although the tapping mode has a great
potential for the novel techniques such as phase imaging, however, it is not clearly known the fundamental mechanics affected by
complex tip-sample interactions. This paper shows the various nonlinear dynamic features in tapping mode AFM microcantilevers
including hysteretic jumps and period doublings of the microcantilevers. Also it is discussed the complex dynamics of CNT(Carbon
Nanotube) probes and the opportunities on the nanoscale nonlinear dynamics.
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Fig. 1 Experimental amplitude and phase (w.r.t. driving
frequency) response of the silicon tip on HOPG
sample. Nonlinear tip amplitude (a) and phase (b)
response with 60nm tip-sample approach
distance Dots: response during frequency sweep-
up; circles: response during frequency sweep-
down.
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Fig. 2 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. 3 Schematic diagram of the cantilever: Dynamic
configuration as cantilever vibrates about its
electrostatic equilibrium,
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Fig. 4 Interaction model described by DMT, JKR
contact forces and van der Waals interaction.
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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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Fig. 6 Cantilever tip amplitude and phase (w.r.t. driving
frequency) of the CNT tip over HOPG surface.
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