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. NC-AFM frequency shift and topography measurements
are well understood.
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+ Damping signal has sometimes better resolution.

0 eV 90.9 Hz

. It can even show different patterns in the image.

. UnfOrtUﬂateW |t iS nOt that We” UnderStOOd! ‘ The order of magnitude and the surface pattern of dissipation signal is in good agreement with typical
experiments.
+« We use different methods to theoretica”y Study the At finite scan speed, the frequency shift image looses spatial resolution and the contrast appears

iInverted; the dissipation signal does not change dramatically: better resolution.

dissipative processes and aid experiments interpretation.

The ring shape in the dissipation images is an artefact of the atomistic potentials.

Static Approach Beyond the Static Approximation

* Theory of Dynamic Response models the dissipative process as statistical jumps of a single
degree of freedom, calculated at 0 temperature.

# A Molecular Dynamics simulation includes all the degrees of freedom, but it will be more
computationally demanding.
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We tested these tip geometries with different materials: MgO, NaCl and KBr

X100"Faster

conservative force non-conservative force
L.' ?0 Q;' ~ The CUstic MD program running on Tesla GPU can be x100 faster than a conventional atomistic code
g Accelerating oscillation frequency (150 MHz), computing only lower part of the loop reduces
< simulation time to ~0.5 ns/cycle = ~20 mins wall time.
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Finally the force acting on the tip is given by: + Each loop shows different jumps, some even give positive
dissipation although the average value is negative. ~0.8-4 . . 1
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Fo(z,1) = Py()Fs(2) + [1 — Ps()[Fp(2) Zeo ()
Our virtual machine uses the conservative forcefield and the dissipative field to simulate the 0.04
cantilever motion in a dynamical AFM experiment. distance # The MgO tip makes the surface atoms
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Ideal MgO tip has both
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1E52 282500 - tip. J # In MD simulations the ideal NaCl tip gives a very small
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* Tips that were predicted to be too stable in the static calculations, give a considerable
dissipation in MD, while the ones predicted "optimal” are now too reactive.
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#* This approach ensures a better probing of the statistics but is more expensive.
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