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High-speed atomic force microscopy (HS-AFM) enables real-time visualization of dynamic
biomolecular processes at nanometer spatial resolution and millisecond temporal resolution.
This is made possible by maintaining a constant tip-sample interaction force in tapping mode
(amplitude-modulation mode). Hence, this mode requires an amplitude detector that is not only
fast but also robust to noise in the measured tip-displacement signal. To address this, we
developed a least-squares (LSQ) sine-fitting amplitude detector for HS-AFM operation. This
detector has an adjustable window length that provides a tunable delay–noise trade-off, a
feature unavailable in current state-of-the-art detectors used in HS-AFM.

In this talk, I will first discuss the implementation of LSQ on field-programmable gate array
(FPGA) hardware. Subsequently, demonstrate the improvements of LSQ by comparing the delay
and noise performance of LSQ with the sample-and-hold (SHB) amplitude detector, which is the
conventional detector used in HS-AFM. Then show that LSQ achieves approximately 2× lower
amplitude fluctuations compared to SHB. Finally, I will show the HS-AFM imaging of annexin-V
lattices on supported lipid bilayers and structural dynamics of nanodiscs on mica. These results
establish LSQ as an amplitude detector for HS-AFM, particularly useful for applications involving
noisy tip-displacement signals where a tunable response time is desired.
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