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Abstract

The atomic force microscope (AFM) is unique in its capability to
capture high-resolution images of biological samples in liquids.
This capability becomes more valuable to biological sciences if
AFM additionally acquires an ability of high-speed imaging.
“Direct and real-time visualization” is a straightforward and
powerful means of understanding biomolecular processes. With
conventional AFM, it takes more than a minute to capture an
image, while biomolecular processes generally occur on a
millisecond timescale. In order to fill this large gap, various efforts
have been carried out in the past decade. Here, we review these
past efforts, describe the current state of the capability and
limitations of our high-speed AFM, and discuss possibilities that
may break the limitations, leading to an innovative high-speed
bioAFM.
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Fig.1: High-speed scanner structure.
Fig.2: Active damping methods. (a) Notch filtering method, (b)
Feedforward control method, (c) Feedback control method.

Fig.3: Circuits for automatically producing an inverse transfer
function of a given transfer function G(s). M(s) represents a
“mock scanner” whose transfer function is approximately the
same as that of the z-scanner. (a) Single-unit type, (b)
Double-unit type.

Fig.4: Phase-contrast images depending on the phase-detection
timing. The sample is a polystylene-polybutadiene block
copolymer. (a) Immediately after the tip-sample contact, (b)
about a half period after the contact; the maximum phase-shift is
about 5°, (c) at time when slightly less than one period of time
passed (i.e., just prior to the contact); the maximum phase-shift

1s about 10°.
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