Collapse of superconductivity in a hybrid tin-graphene Josephson junction array
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Graphene has a great potential for implementation of tunable and high temperature 2D superconductor.

The accessible and surface exposed 2D electron gas offered by graphene provides indeed an ideal
platform on which to tune, via application of an electrostatic gate, the coupling between adsorbates
deposited on its surface. This situation is particularly interesting when the network of adsorbates can
induce some electronic order within the underlying graphene substrate, such as magnetic or
superconducting correlations [1]. We have experimentally studied the case of macroscopic graphene
decorated with an array of superconducting tin clusters [2], which induce via percolation of proximity
effect a global but tunable 2D superconducting state which critical temperature Tc can be tuned by gate
voltage.

In these systems the transition towards a truly zero-resistance state exhibiting a well developed
supercurrent, is strongly gate-tunable and is quantitatively described by Berezinskii-Kosterlitz-Thouless
vortex unbinding, typical of a 2D superconductor [1]. Depending on the graphene disorder and charge
carrier density on one side , density and order of the superconducting islands on the other side, many
parameter controlling the transition can be independently adjusted allow to test different regimes.

When the Graphene show strong disorder, it is possible to tune via the applied gate voltage the system
towards an insulating state, demonstrating the possibility to trigger a superconducting to insulator
transition [2], which features ressembles those found in granular superconductors. The extension is
for diluted arrays in which superconducting dots covers less than 20% of the graphene surface.
Interpretation of this metallic state in terms of quantum fluctuations is proposed. . We will show recent
experimental results involving a set of dot deposited according to triangular arrays sparsely distributed
on graphene, in which superconductivity is suddenly destroyed for a critical gate value caused by
guantum fluctuations of the phase giving rise to an intermediate metallic state [4].
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