From Still to Motion:
High-Speed AFM's Role in Advancing Scientific Understanding

Atomic Force Microscopy (AFM) has long been an indispensable tool for
visualizing nanoscale structures with unparalleled spatial resolution without
compromising the observation environment. While invaluable for static imaging,
conventional AFM's inherent speed limitations have historically restricted its
application to dynamic systems. This presentation will trace the transformative
journey of High-Speed AFM (HS-AFM), highlighting how its high-throughput
capabilities were developed, revolutionizing our ability to observe dynamic
processes. Building upon this robust foundation, our work has focused on
leveraging HS-AFM's unprecedented temporal and spatial resolution to reveal
novel insights into dynamic nanoscale phenomena, from single molecular
dynamics to material transformations, previously inaccessible with traditional
methods. Beyond imaging speed, we will also discuss how our current research
expands HS-AFM's observational capabilities, moving beyond flat, zero-strain
surfaces to encompass complex, dynamic environments such as rippled or
strained surfaces. Finally, we will address the exciting challenges still facing the
field and outline our vision for the next generation of high-speed AFM, aiming to
further push the boundaries of nanoscale observation and unlock even deeper

scientific understanding.
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Figure. (Left) Sample-scan type HS-AFM; (right) tip-scan type HS-AFM



