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Scanning tunneling microscopy (STM) is one of the most important
techniques to characterize nanostructures on surfaces with a resolution
down to the atomic scale. However, the interpretation of such measure-
ments is not trivial, especially on the atomic scale, due to contributions to
the tunneling current from various sources such as structural, electronic,
chemical, and magnetic properties. Successful interpretation approaches,
e.g. the Tersoff-Hamann model, rely on an accurate description of the
electronic structure of the sample. Hence, the combination with modern
density functional theory (DFT) calculations has proven a powerful tool
for the understanding of STM experiments.

Here, the theory of STM is applied to structures on transition-metal
surfaces and a transparent method is introduced to correlate bandstruc-
ture features with STM measurements. With this approach surprising
effects such as bias-dependent corrugation reversal, imaging of buried
nanostructures, and even the detection of small spectroscopic signals due
to spin-orbit coupling can be explained based on the electronic structure.
Further, the theory of spin-polarized STM (SP-STM) is presented and
the potential of SP-STM to unravel complex, e.g. non-collinear, magnetic
structures on the atomic scale is demonstrated. A particular striking ex-
ample is the verification of a two-dimensional antiferromagnetic structure
in a monolayer of Fe, the prototypical ferromagnet, on W(001).


