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ABSTRACT

The proper orthogonal decomposition(POD) is used to the vibration analysis of microcantilever in

tapping mode atomic force microscopy(AFM). The proper orthogonal modes (POM) are extracted

from vibrating signals of microcantilever when it resonates and taps the sample. We present recent

ideas based on POD and detailed experiments that yield new perspectives into the microscale

structures such as the tapping cantilever. The linearized modeling technique based on POD is very

useful to show the principal characteristics of the complex dynamic responses of the AFM

microcantilever.
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Fig.2 Atomic force microscopy microcantilever in
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Fig.3 Atomic force microscopy microcantilever in
measurement(OLYMPUSTMOMCL-AC240TC)
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Fig. 4 Cantilever deflection and PSD signals

Table 1 Constants and properties of the micro-

cantilevers

Description NCHR OMCL

Tip radius (nm) R 10 10

Tip height (um) H 15 14

Cantilever thickness (nm) T’ 4 2.8

Cantilever length (um) L 125 240

Cantilever width (um) W 30 30

Spring constant (N/m) & 42 1.8

Resonant frequency (kHz) fo 330 70

Intermolecular distance (A) ao 3.8 3.8

Equilibrium separation (nm) zo 90 90

Table 2 Constants and properties of the samples

Description HOPG PDMS

Young’s modulus (GPa) E; 200 0.75
Effective elastic 3

modulus(GPa) E* 10.2 1.0x 10
Hamaker constant (J) A 2.96x10" | 2.37x107%°

1 l=v, 1-v?

=2&/A20A A43, 2010
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Table 3 Work of adhesion and parameter A ‘d:';

Sample | van der Waals force (nN) A %

HOPG 3.4164 0.0011 3
o

PDMS 0.2735 0.0971 %
©
'g 4 . .
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—— 1st resonance in air X{pm)
10% — 1st resonance in liquid ||

Magnitude

0 200 400 600 800

1000
frequency(kHz)
Fig.7 Frequency spectrum of the OMCL tip

deflection signals in air and liquid
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Fig. 8 The POMs at the 1st resonance of NCHR(red
A) and OMCL (blue @) microcantilevers.

(Stretched to OMCL’s length scale for the
purpose of comparison)
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Fig. 9 The POMs at the lst(blue @) and 2nd(black
V), resonances of OMCL microcantilever
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Fig. 11 The POMs at the Ist(blue @) and 2nd(black
V), resonances of OMCL microcantilever

Table 4 POVs with respect to the samples at the

resonance
Excitations and POV (%)
tapping surfaces 1st 2nd 3rd 4th
NCHR | FREE | 9725 | 2.63 | 006 | 0.03
Ist HOPG | 9390 | 592 | 009 | 0.5
resonance
inair | PDMS | 91.81 | 802 | 007 | 0.06
OMCL | FREE | 9975 | 021 | 003 | 001
Lst HOPG | 9358 | 638 | 0.02 | 001
resonance
inair | PDMS | 91.71 | 825 | 0.02 | 001
OMCL | FREE | 91.56 | 827 | 0.09 | 0.06
2nd HOPG | 8562 | 14.11 | 0.19 | 0.05
resonance
in air | PDMS | 84.07 | 1575 | 007 | 0.06
OMCL | FREE | 91.10 | 2.78 | 244 | 1.96
st HOPG | 72.08 | 9.16 | 7.11 | 6.64
resonance
in liquid | PDMS | 6578 | 11.09 | 948 | 7.31
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