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Abstract In the tapping mode, the AFM probe experiences a continuous energy dissipation process when the probe gradually
approaches the sample from a far distance to an intermittent contact. Researches on the energy dissipation mechanism of this
continuous process still exists sporadically in various literatures, and there are few systematic explanations and experimental
verifications for the energy dissipation mechanism of each stage in the continuous process. In this paper, a new simplified model of the
AFM probe-sample system under displacement excitation is proposed, and a calculation method for the equivalent damping of the
one-dimensional vibration system is obtained. By this method, the viscous damping of the air when the probe is far away from the

sample surface and the air squeeze film damping when the probe is close to the sample are calculated. Finally, the change of the
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environmental dissipation mechanism in the process from the probe away from the sample to the intermittent contact with the sample

surface is analyzed, and the relationship curve between the theoretical quality factors of the AFM system and the working positions of

the probe is obtained. Based on this, the micro-cantilever frequency sweep experiments with different probes in tapping mode are

carried out. The frequency sweep curves are obtained through the experiments, thus obtaining the experimental relationship curve

between the quality factors of the system and the working positions of the probe. The accuracy of the theoretical model is verified from

the experiments. Through theoretical analysis and experimental verification of the AFM environmental dissipation mechanism in

tapping mode, a further understanding of the dynamics characteristics of tapping mode AFM and its damping mechanism will be

provided by this study. At the same time, it provides theoretical reference and experimental methods for the research of the energy

dissipation mechanism in Micro-nano electromechanical system (MEMS / NEMS).
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Table 1 Dimension parameters of two types of probes

TL-NCH-10 AN-NSC10
k /(N-m™)) 10-130 25-75
[ /um 115-135 115-145
b /um 22.5-37.5 35-45
h /pm 3-5 3.5-4.5 SUB220 5 KV 6 8mm xE0.Ck SE{U) “2/171201809:34 _500nm
o (kg-m™) 2330 2330 ©

7 WAPELISTRER SEM LR &
(a) TL-NCH-10(b) AN-NSC10(c) AN-NSC10 %4



Fig. 7 SEM images of two experimental probes
(a) TL-NCH-10(b) AN-NSC10(c) AN-NSC10 tip
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Table2 Parameters and quality factors of the two
probes (experimental and theoretical)

TL-NCH-10 AN-NSC10
! /um 125 135
b /um 40 40
h /pm 4 4
k, /(N-m™) 62 49
m, /kg 8.8x107"2 1.4x107"
£, /kHz 379 313
f.. /kHz 330 269
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