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One of the recent developments of AFM concerns the band excitation method and the
associated nonlinear cantilever dynamics [1]. In order to measure material parameters,
information on peak force of interaction, energy dissipation and contact dynamics is required.
We propose a data analysis to retrieve these quantities during impulsive cantilever excitation
that has general relevance. As an example, we demonstrate that the information already
present in a standard force curve in air can be exploited to reconstruct the tip trajectory after
the jump-to-contact impact (at time zero in the figures) using a cross-correlation wavelet
analysis [2]. The wavelet analysis identifies the time evolution (amplitude and phase) of the
transiently excited spectra of each flexural mode upon impact (see arrows in Figure 1, A) [3].
From this analysis the photodiode signal after the impact is obtained as a sum of excited mode
contributions (in a 200 ps time window, see Figure 1, B). The tip trajectory can be retrieved
by scaling the mode contributions according to the deflection-system sensitivity. The
trajectory reconstruction naturally stems from wavelet analysis and is not the result of a fitting
procedure. This work has been partially supported by Universita Cattolica through D.2.2
grants.

8 B
oA . EB - wavelet analysis: - - oo
;; 3l - gxPeriment 7
160 pes :
- | I '\ 2 é 1L
= so [ISEERERED i"g WA 5
§ ’l ‘! 2nd mode | ! } W " § i) 8
o P | i -
% 40 ' ".* ‘: i1 4 i 3 |
i L 1 s ! d ' uz§
20 - . g -2y
. . Ist rnode’ = ] 14 a 3|
10 - % -
‘ - vg . . -
-5000 -5000 -4000 -3000 -2000 -1000 © 0 50 100 150 200
Time (ps) Time (pus)
Figure 1
References

[1] S. Jesse, et al., The band excitation method in scanning probe microscopy for rapid
mapping of energy dissipation on the nanoscale, Nanotechnology 18, 435503, (2007).

[2] F.Banfi and G. Ferrini, Wavelet cross-correlation and phase analysis of a free cantilever
subjected to band excitation, Beilstein J. Nanotechnol. 3, 294 (2012).

[3] G. Malegori, G. Ferrini, Wavelet transforms to probe long- and short-range forces by
thermally excited dynamic force spectroscopy, Nanotechnology 22, 195702 (2011).



