
 

Abstract 

“Ultimately – in the great future – we can arrange the atoms the way we want; the very atoms, all 
the way down.” This vision by Feynman has become reality: we can realize novel quantum matter 
at the atomic scale, opening an experimental avenue to investigate fascinating electronic band 
structures on demand. Atomic-scale patterning of the 2D electron gas at a Cu(111) surface in a 
scanning tunneling microscope (STM) is a versatile method to realize and characterize 2D Hamil-
tonians at will. This tunable platform allows for periodic and aperiodic lattices. I will present flat 
bands in square and honeycomb geometries and how electrons encaged in a Sierpinski fractal ge-
ometry inherit a dimension of ~1.58 [1-4]. Additional functionality can be created with moire  su-
perlattices of Van der Waals materials such as graphene. Tuning the number of layers, type of ma-
terial and the twist angle between the stacked layers allows for precise engineering of the bands. I 
will demonstrate valley-contrasting orbital magnetism and orbital magnetic susceptibility in 
twisted double bilayer graphene that is sensitively tunable with electric and magnetic fields [5]. 
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