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Photothermally induced vibration of an optically

driven atomic force microscope cantilever
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The advanced fabrication technology for cantilever has made the cantilever to offer wide potential
utilization in various experimental conditions. The advantage of being small in size and physically
sensitive to the environment changes has attracted many applications, for example, in photo-thermal
spectroscopy, pressure gauge, and mass sensor. The frequency dependant vibration of the cantilever
is the most attractive property, which can be tailored by its geometrical dimension and material prop-
erties. The use of atomic force microscopy (AFM) cantilever with supersharp probe tip in near-field
scanning optical microscopy (NSOM) enables us to measure nanostructures at nanometer scale and
thus breaking the diffraction limit. However, the leaked illumination and the scattered light might in-
fluence the dynamic operation of the NSOM by photothermally modifying the mechanical properties
of the probe.

Therefore, it becomes important to investigate the mechanical response of an optically driven can-
tilever. The topic is also of the interest in the microelectromechanical sensor systems (MEMS), where
the cantilever acts as an active element. Structural bending in the cantilever is expected to occur due
to the bimaterial property in the common cantilever. The mechanical vibration of the cantilever can be
photothermally induced by optical modulation.

In this study, the photothermally induced vibration is compared between non-coated and metal-
coated AFM cantilevers. It is found that the metal-coating reduces the vibration amplitude. Since
the photothermal effect is based on the optical absorption process, the metal-coating apparently limits
the induced vibration. Interestingly, the spectra of the vibration amplitude also exhibit asymmetry at
resonance. The resonance asymmetry is found to be dependent on the excitation spot-position. In
addition, very high gradient of the resonance phase can be achieved by adjusting the excitation spot-
position along the central axis of the cantilever. This asymmetry is similar to the spectral profile of
" Fano resonance. The Fano resonance is attributed to the asymmetry at the resonance of absorption
spectra of atomic structures due to the interference between resonant and continuous components.
Based on the analysis of the Fano resonance, the constituent components in the vibration spectrum are

able to be extracted and their origin was discussed.
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The observed Fano-like resonance might find useful applications in high-sensitivity AFM systems,
for example, in constructing phase sensitive mode AFMs, where a high phase gradient is required
at resonance. Furthermore, the variation in cantilever response for different excitation spot-positions
provides more options in designing cantilever-based devices because it is possible to maximize or

minimize the resonance amplitude by selecting the correct excitation spot-position.
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Photothermally induced vibration of an optically

driven atomic force microscope cantilever

REEBIAFM 5 ¥ F L 75— 0N BGE R IR I M3 5 )

RARBHIINIEMIC X D R4 nEEBREH THATE 2 B FHIEME AFM) AV FL23—0
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