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Development of Frequency Modulation Atomic Force Microscopy in Liquids and
Its Application to Molecular-Scale Bio-Imaging

Hirofumi YAMADA

Recent progress in frequency modulation atomic force microscopy (FM-AFM) in liquids has opened a
new way to direct visualization of “in vivo” molecular-scale biological processes. One of the major
difficulties in FM-AFM imaging in low Q-factor environments is a marked increase in the phase noise
of the self-oscillation loop for the cantilever. We successfully reduced the phase noise by decreasing the
coherence of the laser light used in the cantilever deflection sensor. In this article subnanometer-
resolution imaging of biomolecules such as membrane proteins in liquids using the improved FM-AFM
is described. In addition, by force mapping method in FM-AFM we recently succeeded in visualizing the
hydration structures, which play essential roles in the stabilization of higher-order protein structures as

well as in various bio-function processes.
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