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Abstract:

We demonstrate high quality gate-defined quantum dots in bilayer graphene and investigate
their potential for charge, spin and valley qubits. In magic angle twisted bilayer graphene we
use the suprconducting pahse to study Josephson junctions and SQUIDs.

Quantum dots have emerged as one of the contenders for a future quantum information
processor. Bilayer graphene is now established as a material that allows high quality bi-polar
Coulomb blockade measurement, time-dependent transport measurements and first
relaxation time measurements. In contrast to the more conventional GaAs and Si-based
systems, several exiting and unexpected observations in graphene have been explained by
the peculiar graphene bandstructure, which is gate-tunable, the additional valley degree of
freedom, and spin-valley coupling. Here we demonstrate shell filling of electronic states in
graphene quantum dots and derive the spin and valley Hund rules for the first 24 carriers
occupying the quantum dots. Lifetimes of single single spins are measured using the
Elzermann read-out. For two carriers occupying a single or double quantum dot we find a
complex charge stability diagram with transitions governed by Pauli spin and/or valley
blockade. Using these two carrier states we measure spin lifetimes of about 50 ms and valley
lifetimes approaching 1s.

In superconducting graphene fabricated using two layers twisted by the magic angle we
investigate Josephson junctions as well as a SQUID, where the critical current in the two arms
can be independently controlled by gate electrodes.
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electronic properties of novel semiconductor nanostructures are investigated using material
control down to the atomic scale. One important goal is the ever increasing control and

improved understanding of the quantum properties of electrons in nanostructures.
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