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Handling instabilities with AM and DAM
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Figure S5 shows a set of oscilloscope screen captures of the oscillation
amplitude as a function of time in which we used an AM setup with a PLL for a
tip with a clear bistable behavior. The tip position is fixed and the cantilever
oscillation amplitude is about 15 nm. The differences between the images are
small variations in the cantilever driving amplitude or setpoint. According to the
previous lines, the energy required by the cantilever is barely enough to keep
the system at resonance and any loss originating from tip—sample interaction
results in a tip crash (the oscillation amplitude vanishes). The system jumped
from state (d) to state (e) without any apparent variation of the experimental
conditions (small variations of the tip position originating from thermal drift are to
be expected). Finally, a small tap with a finger on the microscope chamber wall
moved the system state from (e) to (f). The obvious interpretation is that there

are several possible trajectories with similar energies in phase space.

Following F. J. Giessibl [1] we can summarize this discussion in the
conjecture
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For the sake of comparison in AM, assuming similar tip—sample dissipation in
both vacuum and air, stable scanning in vacuum (high Q) requires much larger

amplitude than in air (low Q).

AM can be still used in vacuum for soft topographies but is useless for
demanding samples, and this is not only because of the long settling time or the

narrow-bandwidth problems but also because of the dissipation problem. It can
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be argued that by increasing the amplitude by a factor 4-5 one can recover the
stability, but the price to be paid is a substantial drop in the sensitivity, high

nonlinearities and possible sample damage at the atomic scale.

For DAM the situation is quite different; we are pumping energy with
feedback, so if the amplitude drops, the driving force becomes higher
increasing the energy of the cantilever, and thus keeping the amplitude
constant and avoiding tip crash. Figure S5g,h display the amplitude and
dissipation as a function of time for the same conditions used in Figure S5a—f.

In this case, we use the DAM feedback to maintain a constant amplitude.

For high enough Q and/or low enough amplitude, FM and DAM can still
present stability problems related to the energy balance because small changes
in et require a major correction in the driving force [1]. Nevertheless since DAM
does not present problems in the noncontact-to-contact transition its stability is

higher.
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Figure S5: Oscilloscope-captured images of the cantilever oscillation amplitude
as a function of time taken in AM (a—f) and DAM (g,h). In AM small amplitude
variations (a,b) or setpoint variations (b—d), spontaneous events (d—e) or a soft
mechanical perturbation on the vacuum chamber wall result in a variety of
instabilities. DAM keeps the amplitude constant by pumping energy into the
cantilever. K =23 N/m, Q = 16475, amplitude ~10 nm.

References

1. Giessibl, F. J. Rev. Mod. Phys. 2003, 75, 949-983.

doi:10.1103/RevModPhys.75.949

S4


http://dx.doi.org/10.1103/RevModPhys.75.949

