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Evaluation of Elastic Properties and Analysis of Contact Resonance
Frequency of Cantilever for Ultrasonic AFM
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Abstract Nondestructive surface imaging of elastic characteristic and mechanical property has been studied on
nanoscale surface with ultrasonic AFM. Resonance frequency variation of cantilever is theoretically analyzed with
respect to contact mechanics as well as experimentally measured. The contact resonance frequency is calculated
theoretically using the spring-mass and Herzian model in accordance with the resonance frequency of UAFM
cantilever measured experimentally. Consequently, the topography and amplitude images could be obtained
successfully and the elastic characteristic at the nanoscale surface was evaluated qualitatively by amplitude signals.
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Fig. 1 Schematic diagram of a rectangular cantilever
in contact with a sample simulating clamped
spring—coupled cantilever
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Fig. 2 Image principles of UAFM, f{(a} Force

modulation microscopy, (b) Phase detection
microscopy
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Fig. 3 Schematic diagram of prototype UAFM
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Table 1 Data of the cantlever made of crystalline
silicon used in the experiments
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Fig. 4 Theorefically simulated modes of cantilever
vibration of mode n=1,23 {a) Bending modes
of a cantilever in free, (b} Bending modes of
a cantilever in contact with a surface
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2 Contact resonance frequency

Amplitude{V]

Frequncy[kHz]
Fig. 5 Contact resonance frequency of Cu and
stainless steel
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Table 2 Experimentally determined free
frequency and calculated frequency

resonance

Table 3 Elastic modulus and Poisson's ratio

2.0x10"
Poisson's ratio 0.34 0.27

Elastic modulus 1.1x10"

Table 4 Experimentally determined frequecny fe, and
in contact with the

calculated frequency f,
sample

Fexp(kHz)
265.441

fﬂ (k}{Z)
1 292.224

5 (kHz)

Mode No fexp(kH2)

1 292.658 268.088
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Fig. 6 UAFM images of 30h spheroidized SWRCH45F
steel. The 1st resonance frequency is 267
kHz. Line scan shows the topography and
amplitude variation on nanoscale surface, (a)
Topography image and line data, {b) Amplitude
image and line data
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