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Abstract

In this talk | will highlight how scanning tunneling microscopy can be used to gain
unprecedented insight into the world of atoms and molecules on surfaces.

As a first example we will discuss an application of precise atom manipulation with STM.
When molecules are properly positioned on a surface, the physical motion of one molecule from
one binding site to an adjacent one can trigger the motion of the adjacent molecules, leading to
a cascade of motion which we termed a “molecule cascade” [1]. Interestingly, at low
temperatures the propagation of entire CO molecules is dominated by quantum tunneling. A
molecule cascade can transmit digital information along a surface and at the intersection of such
cascades binary logic operations can be performed - at the atomic length scale.

As a second example, | will discuss the magnetism of atoms on surfaces. Understanding and
controlling of magnetic properties of nanoscale systems is crucial for the implementation of
future data storage and computation paradigms. When placing magnetic atoms on top of thin
insulating films, one can gain access to their quantum spin properties with tunneling electrons.
Here we employ elastic and inelastic tunneling spectroscopy with STM to measure magneto-
crystalline anisotropy parameters [2], spin-spin interactions [3]. The magnetic atoms on the thin
insulators can be well modeled with simple spin Hamiltonians.

| will then outline my vision for the future of high-resolution scanning probe microscopy
entailing high energy resolution, high spatial resolution, and high time resolution [4].
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