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Generating and probing semiconductor quantum dots

with single-atom precision

Dr. Stefan Folsch
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Scanning tunneling microscopy (STM) at cryogenic
temperatures provides the unique possibility to place
individual atoms at selected positions at a surface. We
applied this technique to I1l-V semiconductors and found
that native adatoms can be repositioned at will, allowing
us to create functional structures with atomic-scale
precision. On the InAs(111)A surface, donorlike In
adatoms can be positioned one at a time to form linear
chains. The positive charge state of these adatoms has
several interesting consequences. It can be exploited, for
example, to engineer multistable systems by coupling
binary atomic switches via electrostatic interactions.

More recently, we found that a chain of ionized
adatoms acts as an atomically precise quantum dot that
confines surface state electrons. This enables to strictly
control and tune the quantum mechanical coupling in
guantum dot assemblies (‘quantum dot molecules’)
constructed with effectively zero error. Quantum dots with
precisely defined wave functions and energy levels — as
realized here — will offer benefits to future technological
applications in which exact fidelity is important.
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