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Abstract

An atomic force microscope can acquire both topographic and materials-related data, but with cantilevers of different stiffnesses. Unfortunately, changing
cantilevers causes the cantilever tip’s position over the sample to be lost. By oscillating a single cantilever at an overtone, however, it may be possible to
emulate a cantilever of higher stiffness. Using an AFM simulator, I.C. Adams, tests were performed to determine the veracity of this theory. These tests
demonstrated that the method has merit, but further experimentation is necessary.
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Image taken from [X. Chen et al., Interpretation of tapping mode atomic force microscopy data using L 75, 171-81 (1998) ]

The Effective Stiffness Approximation
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Equation of motion taken from [Butt, H. and Jaschke, M. Calculation of thermal noise in atomic force microscopy. Nanotechnology, 1995.] Beam shape images taken from [Butt, H. and Jaschke, M. Calculation of thermal noise in atomic force microscopy. Nanotechnology, 1995.]
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Simulated Experiments
Experiments were conducted in a computer-
simulated AFM to determine if it is possible to Scanner Displacement at First and Third Overtones
drive a single cantilever at different modes to
emulate different stiffnesses. Different stiffnesses
in the same cantilever would allow for optimal
data-acquisition of materials’ properties and
topography. So in one mode, one expects to see
the cantilever merely tapping the surface, while
at another, higher mode, to see the cantilever
penetrating the surface.
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Conclusions and Future Work

The computer simulations demonstrate that the effective stiffness approximation enables a single cantilever to be used to optimally acquire both topography and
materials’ properties data of a sample. It does this by exciting the cantilever at different modes: lower-frequency excitation modes correspond to a lower
effective stiffness of the cantilever, making the cantilever optimal for obtaining topographical data, while higher modes correspond to higher cantilever stiffness,
which is necessary for obtaining good materials’ properties data.

This method may allow for simpler data-acquisition for AFM experimentalists because cantilevers will need to be changed less frequently, which may alleviate
some difficulties, especially the problem of losing the tip’s position over the sample when changing cantilevers.

However, before the method is used in practice, experiments testing this method using a real atomic force microscope should be performed, since a simulation
cannot produce entirely conclusive results.
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