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Vibro-Contact Analysis of Ultrasonic Atomic Force Microscopy Tip and
It's Application to Nano Surface
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Abstract Vibro-contact of cantilever tip is studied with respect to contact mechanics and an elastic characteristic
of nanoscale surface is imaged. The contact resonance frequency is calculated theoretically using the spring-mass
and Herzian models, and the variation of resonance frequency of cantilever was analyzed when the cantilever was
free and contact. The elasticity imaging was also achieved successfully using phase and amplitude signals obtained
from the spheroidized steel specimens by prototype ultrasonic AFM.
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(b) Clamped spring—coupled cantilever

Fig. 1 Schematic diagram of a rectangular
cantilever in contact with a sample and free
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Table 1 Data of the

cantilevers made of

crystalline silicon used in the experiments

#1 2 52 446 0.19
#2 42 31 121 54
#3 3 26 226 25
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Fig. 2 Schematic diagram of prototype UAFM;
combining novel AFM(blue dotted line) and
ultrasonic property(red dotted line)
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(b} Contact with Cu

Fig. 3 Simulated mode shape for mode n=1, 2, 3
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Table 2 Experimentally determined frequency fexp
and calculated frequency f, for three

cantilever

1274 15.23

1
#1 2 79.83 86.41
3 223.53 237.57
1 346.14 323.44
#2 2 2169.23 -
3 6073.90 -
1 67.33 67.25
#3 2 421.98 426.86
3 1181.55 -
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Fig. 4 Free resonance frequency of cantilever
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Fig. 5 Contact resonance frequency at Cu and
SUS

Table 3 Experimentally determined frequency f,

exp

and calculated frequency f, in contact

with the sample

MOde No. f n (kHZ) f exp(kHZ)
1 55.744 65.03
2 180.176 -
3 374.336 -
Mode No. fn (kHZ) fexp(kHZ)
1 55.755 7207
2 180.294 -
3 374.874 -
200

150+

100+

Amplitude

50

50 60 70 80 90 100
FrequencylkHz]

Fig. 6 Resonance frequency at the area A and B
of spherodized SWRCH45F steel
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Fig. 7 SEM, AFM and UAFM images of 30h
spherodized SWRCH45F steel

{c) Amplitude
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