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Induced superconductivity in magnetic topological insulator —
superconductor hybrid devices
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Magnetic topological insulators (MTIs) coupled to superconductors (SCs) represent a promising platform for realizing
Majorana zero modes (MZMs), key building blocks for fault-tolerant topological quantum computing. MTls combine
broken time-reversal symmetry with helical Dirac surface states in a single material. Unlike approaches with
semiconductor nanowires and non-magnetic topological insulators, which require external magnetic fields, MTl-based
devices promise operation without external magnetic field. However, experimental progress has been limited by the
difficulty of fabricating high-quality MTI nanostructures and by the challenge of inducing superconductivity in the
presence of ferromagnetic order.

This study addresses these limitations by developing a novel selective deposition technique that enables the controlled,
fully in-situ growth of magnetic topological insulator nanostructures and their integration in superconducting devices.
This approach enables nanoscale device fabrication while preserving clean interfaces, essential for proximity-induced
superconductivity. Proximity-induced superconductivity in magnetic TI was realized for nano scaled Josephson
Junctions (< 120 nm in width and < 70 nm in length). The junctions show signatures of multiple Andreev reflections,
indicating highly transparent SC—MTI interfaces. Magnetic-field-dependent measurements reveal asymmetric
Fraunhofer interference patterns with Ic(B) # Ic(-B), with Ic being the critical current. A theoretical analysis points to an
interpretation, that the observed behavior is a signature of a proximitized magnetic Dirac system. Together, these
results establish a complete experimental toolbox for magnetic topological insulator-superconductor hybrid devices,
laying the foundation for future studies of topological superconductivity in MTI systems.
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