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Distamce berween saemple and cantilever

Relationship between atomic force
and cantilever —sample distance
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Cantilever beam

Length: 450pm 7
Natural frequency:250kHz
Micro cantilever with piezo actuator

v : Deflection of cantilever at point s
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Application of nonlinear force
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Linear velocity feedback gain
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Negative damping Nonlinear viscous damping
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Uniform expansion for the solution

v = evy (s, to, t2) + v3(s, to, t2) +---  (13)

Set the order of feedback gain
kiin = € Kiin, knon = knon (Eiin = Fnon = O(1)) (14)

Multiple time scales
to =t to = €t
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Modulation equation of complex amplit l

Approximate solution
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Steady state self-excited oscillation
1
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Steady state amplitude
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Response Amplitude
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[t1in,  Inherently existing dimensionless linear
damping coefficient
Kyin  Dimensionless linear feedback gai

n

Amplitude

[0 Dimensionless nonlinear feedback gain

B, 53 Dimensionless parameter based:
on mode shape
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Linear feedback gain

. . ) . Self-excited osc'l
Fig. 5 Bifurcation diagram

(b) Micro cantilever probe
Length: 450um

o m— Width: 50um
Thickness: 4um

First natural
(@) AFM frequency: 250kHz b

Experimental setup .
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(@) Spectrum of self-excited oscillation (b) Frequency response curve

Spectral analysis of self-excited oscillation and frequency
response curve of external excitation
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(a) Without nonlinear feedback  (b) With nonlinear feedback

Relationship between linear feedback gain and amplitude
(Experimentally obtained bifurcation diagram)
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(b) FET analysis
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Si3N4:
Silicon vhitride

Profile obtained by van der Pol type
self-excited micro-cantilever probe in air
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