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! Scanning Near-Field Optical Microscopy
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! Quasi-static

2 Acoustic Mode
% Magnetic Mode
4 Holder
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! Noise

2 Detection Technique

® Frequency Modulation AFM
* Amplitude Modulation AFM
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! Non-contact Mode
2 Quality Factor
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! Tapping Mode
2 Tapping Mode AFM
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2 First Mode Approximation
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Abstract

The atomic force microscope (AFM) is a powerful tinment in the field of
nanotechnology, and is now widely used for imagheysurface topography conductors
and insulators on an atomic scale. when a tip saaruss a sample surface, it induces a
dynamic interaction force between the tip and tadase. This dynamic interaction
behaviour between the cantilever and sample is toat@d, and its analysis can help to
increase the resolution of surface images.

The AFM typically operates in two modes, accordimghe type of contact between the
tip of the cantilever and the sample, contact maxie tapping mode. In contact mode,
AFM cantilever moves up and down vertically withahamplitude (1-5 nm), while in
tapping mode the amplitude is approximately higli@nm).

In this thesis, the vibration behavior of both centional cantilever and assembled
cantilever probe are analyzed with two differenjecbves. The first objective is to
investigate the effects of various parameters sisctihe geometry of cantilever and tip,
contact mechanics and experimental circumstancethemynamic behavior of AFM
microcantilever in the proposed application mode.tke other hand, the investigation
of the size dependant vibration behavior of AFMtidavers and also the study of
necessary conditions for applying them in the analgf the vibration behavior of AFM
microcantilever is the second objective. Hence af@ysis have been done base on the
constitutive equations of different non-classicabim theories such as strain gradient
theory, modified couple stress theory and nonlbeam theory. In order to solve the
nonlinear equations in the tapping mode, the peation technique have been used.
Utilizing this technique, closed-form expressions éffective nonlinear frequency and
damping factor have been obtained and also a esipre$or the analysis of system
frequency response have been presented.

For the contact mode, the results show that theattdn behavior of AFM
microcantilever are strongly size-dependant espgeidaen the contact stiffness is high
and the thickness of the microcantilever approatchesinternal material length scale



parameter. In this situation, utilizing a non-cleak beam theory for analysis the
vibration behavior of AFM cantilever are recommethde

In the analysis of the nonlinear vibration behawbrconventional microcantilever in
the tapping mode, some difference between the teeslitained by classical beam
theory and those predicted by modified couple sttksory are observed Therefore, the
analysis base on a non-classical beam theory, ichvthe effects of the small scale are
considered, seems necessary. According to Thetsesadicate that attractive van der
Waals interactions lead to a initial softening moedrity of the periodic solution
response while the repulsive DMT interactions lead subsequent hardening nonlinear
response. Some factors such as tip position, tijposaand equilibrium tip-sample
separation can affect the intensity of either softg or hardening phenomenon.

Keywords: Atomic force microscope, Size dependant vibrati@mdvior, Assembled
cantilever probe, Contact mode, Tapping mode.
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