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Abstract

An analytical model of the electrostatic force between a biased tip and the (001) surface of an ionic crystal is reported. The expression of the force can be split into two major contributions: the first stands for the coupling between the microscopic structure of the tip apex and the capacitor formed
between the tip, the ionic crystal and the counter-electrode; the second term depicts the influence of the Madelung surface potential on the mesoscopic part of the tip, independently from its microscopic structure. The former has a short-range character with the lateral periodicity of the Madelung
surface potential whereas the latter rather has a medium-range character and acts as a static component which shifts the total force. These electrostatic forces are in the range of ten pico-Newtons. Beyond the dielectric properties of the crystal, a major effect is the ionic polarization of the sample due
to the influence of the tip/counter-electrode capacitor. When explicitly considering the crystal polarization, an analytical expression of the bias voltage to be applied on the tip to compensate for the "Local CPD" (LCPD), i.e. to cancel the electrostatic force, is derived in the AM-KPFM case.

Indeed, the analytical expression of the compensated CPD exhibits the lateral periodicity of the Madelung surface potential. However, the strong dependence of the force upon the atomic structure of the tip and upon the tip-sample distance makes questionable the possibility to quantitatively
interpret KPFM measurements in the short-range regime. Nevertheless, the analytical approach remains helpful since it allows us to address in detail the influence of each contribution to the LCPD.
With this goal in mind, numerical simulations which mimic the usual KPFM bias spectroscopy curves have been performed with the nc-AFM simulator. When weighting differently the two contributions (short vs. medium-range), it is possible to derive a panel of trends, some of them having
been experimentally observed. We have particularly focused on: i-the frequency shift of the first eigenmode of the cantilever, which is crucial while FM-KPFM experiments and ii-the evolution of the modulated amplitude of the second eigenmode of the cantilever, which is rather used while
AM-KPFM experiments.
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