Tip-Sample Distance Control - Operation Modes
Most MFM experiments are performed under ambient conditions. Under these conditions, a
dual passage method is typically used [1,2]: In the first scan the intermittent contact mode is
used to map the topography of the sample. The latter is then used to scan the magnetic signal
with the tip lifted off the surface of the sample. A serious drawback of this technique is being
incompatible with operation under vacuum conditions. Moreover, topographical features can
influence the signal recorded in the second passage scan, when the tip is lifted off the sample
surface. This is because the magnetic force is non-local and strongly depends on the tip-sample distance. Topography induced distance changes can thus lead to the convolution of the
topography with the measured “magnetic” signal.
For this reason, we prefer to scan parallel to the average sample slope at constant average
height (which is of course possible only for flat samples). In the past this was typically done
with a stopped z-feedback or with a slow z-feedback to keep the average frequency shift signal
at a chosen setpoint value.
We have recently developed three single passage MFM/KPFM operation modes suitable for
vacuum operation that make use of multi-frequency techniques: The first method [3] mechanically excites the cantilever oscillation simultaneously on its first and second resonances to
map the magnetic forces and the topography via short-ranged van der Waals forces. Because
these are short ranged, the tip needs to follow the local topography with nanometer precision.
Scanning at an arbitrary constant average tip-sample distance is thus not possible. The second
[4] and third [5] operation method also use the first cantilever resonance to map the magnetic
forces, but excite the cantilever via an oscillatory tip-sample bias either at half of the resonance
frequency of the second cantilever oscillation mode [4] or at a much lower frequency, typically
around 1 kHz to obtain a frequency-modulation of the fundamental mode cantilever oscillation
[5] (see figure below and video abstract click here). The second mode oscillation amplitude or
the second side-band amplitudes, respectively, then are a measure for the tip-sample capacity,
which can be kept constant locally or in average by the z-feedback. The frequency-modulated
capacitive tip-sample distance control mode [5] allows keeping the tip-sample distance constant even when the applied magnetic field is increased from 0 to 7T. Under these conditions,
the cantilever bends several tens of nanometers, the frequency shifts by tens of Hertz, and the
cantilever quality factor changes by more than ten percent. Nevertheless, the tip-sample distance can be kept constant with a precision of about half a nanometer.

Figure 1: Top left: schematics of the frequency-modulated capacitive distance feedback [5]. Top right:
MFM scanlines across domain of a TbFe ferromagnetic sample acquired at fields from 0-7 T at T =
10.5 K. Bottom right: selected scanlines illustrating the MFM contrast in comparison to the frequency
shift induced by the applied field.
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