Switching currents limited by the inverse proximity
effect in a flux-tunable superconductor
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Hybrid superconductor-semiconductor
nanodevices have been intensively
explored in the past decade in the context
of topological superconductivity [1, 2] and
for the development of hybrid
superconducting qubits [3]. For these
directions, the field has relied on the
development of nanostructures with a clean
superconductor-semiconductor interface,
to ensure a strong superconducting
proximity effect. This is typically achieved by
the in-situ deposition of superconductors,
e.g., by the epitaxial growth of Al shells [4-5].

Of particular interest to this work are so-
called full-shell InAs-Al nanowires, whose
superconductivity can be funed by the
Little-Parks effect. These wires have received
a lot of attention as a potential platform for
generating topological superconductivity
[6-7]. Interestingly, a recent work [8]
addressing the properties of the Al shell in
such wires has reported on an anomalous
metallic phase in the Little-Parks regime,
suggesting that the superconductivity in
these systems is interesting in its own. In this

work, we perform a thorough study of the
superconductivity of the Al layer in similar
full-shell nanowires. We have found that the
switching current of these wires is typically
limited by the inverse proximity effect
imposed by the electrical leads, being
several times lower than the expected value
due to depairing. In addition, we observe
that such a premature switching can either
trigger a thermal runaway, in which the
entire Al shell turns normal due to Joule
heating, or to the stabilization of a normal
region within the shell, reflected by the
appearance of an intermediate resistance
state. Remarkably, this intermediate
resistance state displays a behavior typically
associated with Josephson junctions, most
notably the onset of Shapiro Steps when
applying AC radiation [9].
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