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Recent Advances in AFM

- Unifying Theme -

taking advantage of
cantilever modes



Force vs. Distance provides material properties

Force vs. Distance at one point
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Force vs. Time in dAFM

With feedback, measure
topography at each point
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S(t) = i A sin(2znf t+¢.)
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Amplitude

IEIIANL PP

Phase




How does a cantilever respond to the harmonics?
(Acoustic excitation: Lecture 11)

Transfer function - acoustic driven
- cantilever
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Typical Cantilever Driven Vibration Spectrum
“Vibration Fingerprint”
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Question

Can you design a cantilever/tip
system that has flat response
over broad frequency range?



Torsion cantilever

/

1st torsion mode

T um\ (~816 kHz)

Veeco website

2" bending
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General Operation

Use first bending mode as usual to
monitor topography

Measure harmonic spectrum using torsional
mode and reconstruct tip-substrate
forces while scanning




Results

Polystyrene Substrate Graphite Substrate

Bending response
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Sahin et al., Nature 2, 507 (2007).



50 nm thick film: PMMA in PS matrix
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Concerns

Requires reliable cantilever fabrication

Is the harmonic vibrational spectrum accurately measured:
non-linear coupling?

Small errors in higher harmonic estimation (either phase or
amplitude) produces disastrous effects.
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