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Motivation

A new metrological atomic force microscope (MAFM) with a homodyne interferometer and a tilt measuring system by a position sensitive device (PSD) has been
developed. The combination allows the simultaneous three-dimensional detection of the position, bending and torsion of the cantilever. Based on an existing
interferometric detection head of a micro-tactile 3D probe [1], the sensor head was revised and adapted for atomic force microscopy. The new measuring system
uses two tiltable plane mirrors and a shiftable focus lens to adjust the direction of the focused laser beam and position of the focus. With this adjustment unit, the
focused laser beam can be steered perpendicular to the reflecting backside of the cantilever. Regarding the probe system, the optical design of the measuring
head has been reengineered to reduce the disturbing interferences on the PSD and the influence on the bending and torsion signals. The integration of the MAFM
head in a nanomeasuring machine (NMM-1) creates the possibility of traceable dimensional measurements over a large range of 25 mm x 25 mm x 5 mm with
sub-nanometer resolution.
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+ Wedge plates with a wedge angle of 0.5° have been
integrated to reduce the disturbing interferences.

+ Two tiltable plane mirrors are used to adjust direction of
the focused laser beam and position of the focus.
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Conclusion

This new metrological atomic force microscope (MAFM) allows simultaneous measurements of position, bending and torsion of the cantilever.

« The use of the wedge plate reduces significantly the disturbing interferences on the PSD and the influence on the bending and torsion signals.

« An angle adjustment range of £3° and a displacement adjustment range of 250 ym ~ 290 um (adjust only one mirror while the other one is fixed) are realized.
- The combination of the MAFM head and the NMM-1 allows measurements over a range of 25 mm x 25 mm x 5 mm with sub-nanometer resolution.
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