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Understanding scanning tunnelling microscopy (STM) image contrast is of crucial importance 

in surface science and related technologies. I present different STM tip effects on the contrast 

in a number of technologically relevant surfaces resulting from first principles calculations. 

Interestingly, even flat metallic surfaces can show complicated contrast changes depending 

on the scanning tip and on the tip-sample distance. I show examples for W(110), where orbital-

dependent tunnelling [1,2] plays a role, and emphasize the interplay of orbital-dependent 

tunnelling [1] and spin-polarization eff ects on constant-current STM images of the Fe(110) 

surface. Here, the atomic contrast inversion is found to be sensitive to the spin-polarization 

and the orbital character of the STM tip [3]. Moreover, I present a method to predict the bias-

dependent magnetic contrast in surfaces having complex (non-collinear) magnetic order [4]. 

Finally, taking the highly oriented pyrolytic graphite (HOPG) surface, I demonstrate that the tip 

orientation has a considerable effect on the simulated STM image contrast [5]. By comparing 

STM topographic data between experiment [6] and large scale simulations, we can determine 

particular tip orientations that are most likely present in the STM experiment.

The simulations are performed using the three-dimensional Wentzel-Kramers-Brillouin 

tunnelling model based on ab initio electronic structure data [7].
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