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NbN Superconducting Coil Platform for Cryogenic
Sensing and Actuation

Next-generation gravitational wave observatories operating at cryogenic temperatures demand advanced
sensing and actuation platforms with minimal thermal noise and power dissipation. While superconducting
systems have historically relied on wirewound coils operated at liquid helium temperatures, higher operating
temperatures necessitate superconductors with elevated critical temperatures. We present a thin-film engi-
neering approach to superconducting coils based on niobium nitride (NbN), a material system that enables
device geometries unattainable through conventional wire-winding techniques. Our 200 nm thick NbN coils,
fabricated on single-crystal MgO substrates, demonstrate sharp superconducting transitions with a critical
temperature of 14.4 K and critical currents exceeding 180 mA, sufficient to sustain ampere- level persistent
currents. The coils exhibit excellent mechanical stability under repeated thermal cycling, with optimized ge-
ometries featuring enlarged contact pads ensuring robust performance. Numerical and analytical simulations
confirm that these coils generate sub-micronewton forces at 0.1 mm separation distances, substantially ex-
ceeding the nanonewton-scale actuation requirements for mirror suspension in gravitational wave detectors.
These results establish thin-film NbN superconductors as a viable platform for precision cryogenic

sensing and actuation in the next-generation observatories.
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