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Abstract

High-speed atomic force microscopy (HS-AFM) has recently been established. The
dynamic processes of protein molecules in action have been successfully visualized using
HS-AFM. However, its maximum scan ranges in the XY-directions have been limited to
~1 pm and ~4 pm, respectively, making it infeasible to observe the dynamics of live cells.
Here, we develop a wide-area scanner with a maximum XY scan range of ~45 pm x 45
pm by magnifying the displacements of stack piezoelectric actuators using a leverage
mechanism. Mechanical vibrations produced by fast displacement of the X-scanner are
suppressed by a combination of feed-forward inverse compensation and the use of
triangular scan signals with rounded vertices. As a result, the scan speed in the X-
direction reaches 6.3 mm/s even for a scan size as large as ~40 pm. The nonlinearity of
the XY-piezoelectric actuators’ displacements that arises from their hysteresis is
eliminated by polynomial-approximation-based open-loop control. The interference
between the XY-scanners is also eliminated by the same method. The usefulness of this
wide-area scanner is demonstrated by video imaging of dynamic processes in live
bacterial and eukaryotic cells.

Atip-scan type HS-AFM, which is combined with total internal reflection fluorescence
microscopy (TIRFM) has recently been developed. Using this system, the topographic
and fluorescence images of single protein molecules in action have been simultaneously
visualized. However, its maximum scanning range in XY- directions have been limited to
~20 pm and ~3 pum, respectively, making it impossible to visualize the dynamics of much
larger samples. Here, we improve a laser-tracking system and expand the tracking range
in X- and Y- directions to ~50 pm and ~32 pm, respectively by increasing an angular

variation of a mirror-tilter unit changing the arrangement and the adhesive area



between piezoactuators and base plate of the unit. The Shift of the X-direction of the
scanner with large displacement of the Z-scanner is eliminated by modifying a triangular
input signal to the mirror-tilter unit. We also developed a wide-area scanner for the tip-
scan HS-AFM system. The capability of this system is demonstrated by measuring the

laser displacement and large-area imaging of a square grating sample.
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