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Abstract

Standing wave and local spectroscopy using an STM

The interaction of a 2D electron gas with defect surfaces generates standing waves pattern
which can be directly imaged by Scanning Tunneling Microscopy. This is one of the most
important manifestations of electron-electron interactions. In this lecture we will give a
general description of the screening in a free electron gas (Thomas Fermi, Lindhard Theory).
We will then give generalities on the band structure of noble metals; the generation of surface
states (for example Shockley states) and their interaction with surface defects. We will
describe how to measure directly the local density of states using Lock-in amplifier (Scanning
Tunneling Spectroscopy and dI/dV map). With the use of dI/dV map images we will see how
it is possible to measure the Schockley states band structure dispersion. An original method to
use the standing wave pattern obtained with an STM was first initiated by Sprunger et al* who
showed the possibility to use STM to image the surface Fermi contour of a metal surface
directly by performing the power spectrum of a topographic image of a complex “electron
sea” pattern. He opened a new STM approach called Fourier Transform Scanning Tunneling
Microscopy. We will show that the power spectrum features can easily be deduced in a first
approximation on the basis of the joint density of state (JDOS), which can be evaluated by a
simple geometrical construction. This opens the route to characterize more realistic surface
Fermi contour. Starting from simple isotropic Fermi contours provided by Shockley states in
metals, we will illustrate the possibilities of this approach and show how the JDOS is a probe
of the contour topology for more complex systems such as high Tc Supraconductor?, semi-
metal® and more recently graphene® which provides interesting topological singularities.

Figure : A) Standing waves pattern and corresponding power spectrum of the 2D
FT (B) on Erbium disilicide. C) Standing waves around a substitutional point
defect in Bilayer graphene. D) Topographic image of interacalated gold clusters
under a graphene monolover.
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