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Fig. 1 The schematic diagram of the microcantilever in a liquid environment
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(a) The natural frequencies, (b) the ratio of the natural frequencies in liquid to those in vacuum, and (c) the quality

factor of each mode of the microcantilever far away from the sample in a liquid environment
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Study on the Dynamic Behaviors in Contact Resonance

Atomic Force Microscopy in Liquid Environments

Changyun Yang' Xilong Zhou'** Bangzhi Zhang'
(*College of Energy and Mining Engineering , Shandong University of Science and Technology, Qingdao, 266590)
(* Hubei Key Laboratory of Theory and Application of Advanced Materials Mechanics ,
Wuhan University of Technology » Wuhan » 430070)

Abstract Contact resonance atomic force microscopy (CR-AFM) is a powerful technique that enables
the measurement of topography and the mechanical properties of various materials at the micro/nanoscale.
It can be used in both air and liquid environments. However, when CR-AFM is operated in a liquid envi-
ronment, the dynamic behaviors of the microcantilever can be significantly different from those in air or
vacuum due to the complex fluid-solid coupling of the microcantilever-liquid-sample system and the tip-
sample interaction. In this study, we explore the effects of liquid density and viscosity, as well as tip-sam-
ple normalized contact stiffness and contact damping, on the dynamics of the AFM microcantilever in liquid
environments. We treat the influence of the liquid on the dynamics of the AFM microcantilever as added
mass and added damping. Our results show that in free vibration, the natural frequencies of the AFM mi-
crocantilever are primarily dominated by the liquid density, while the liquid viscosity plays a dominant role
in the quality factor compared to the liquid density. Higher modes exhibit higher sensitivity to changes in
liquid viscosity and liquid density. As the normalized tip-sample contact stiffness increases, a higher mode
shows increased sensitivity to changes in normalized contact stiffness in a liquid environment. On the other
hand, a lower mode is more sensitive to changes in normalized contact damping in a liquid environment. In
addition, the dynamic responses of the AFM microcantilever under three different excitation approaches are
compared and discussed. Variations in boundary conditions and hydrodynamic loads applied to the micro-
cantilever under these approaches lead to diverse dynamic responses. The findings in this study are essen-
tial for the development of micro/nanoscale mechanical property imaging techniques using CR-AFM in lig-
uid environments, as well as the improvement of measurement accuracy and sensitivity.

Key words contact resonance, microcantilever, fluid-structure coupling, complex frequency, dynamic

analysis





