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            Abstract
Nonlinear optical and electrical effects associated with a lack of spatial inversion symmetry allow direction-selective propagation and transport of quantum particles, such as photons1 and electrons2,3,4,5,6,7,8,9. The most common example of such nonreciprocal phenomena is a semiconductor diode with a pâ€“n junction, with a low resistance in one direction and a high resistance in the other. Although the diode effect forms the basis of numerous electronic components, such as rectifiers, alternatingâ€“direct-current converters and photodetectors, it introduces an inevitable energy loss due to the finite resistance. Therefore, a worthwhile goal is to realize a superconducting diode that has zero resistance in only one direction. Here we demonstrate a magnetically controllable superconducting diode in an artificial superlattice [Nb/V/Ta]n without a centre of inversion. The nonreciprocal resistance versus current curve at the superconducting-to-normal transition was clearly observed by a direct-current measurement, and the difference of the critical current is considered to be related to the magnetochiral anisotropy caused by breaking of the spatial-inversion and time-reversal symmetries10,11,12,13. Owing to the nonreciprocal critical current, the [Nb/V/Ta]n superlattice exhibits zero resistance in only one direction. This superconducting diode effect enables phase-coherent and direction-selective charge transport, paving the way for the construction of non-dissipative electronic circuits.
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                    Fig. 1: Demonstration of the magnetically controllable superconducting diode.[image: ]


Fig. 2: Asymmetric Râ€“I curves and the nonreciprocal critical currents in the [Nb/V/Ta]n superlattice.[image: ]


Fig. 3: Nonreciprocal charge transport during the superconducting transition in the [Nb/V/Ta]n superlattice.[image: ]


Fig. 4: Magnetochiral anisotropy of the [Nb/V/Ta]n superlattice.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Band structure of a slab of [Nb/V/Ta]5.
a, Band structure of a slab [Nb/V/Ta]5 along the high-symmetry line. b, Low-energy electron band near the M point.


Extended Data Fig. 2 The nonreciprocal component of the critical current Î”Ic as a function of magnetic field in a 120-nm-thick Nb film.
The inset shows the temperature dependence of the d.c. sheet resistance.


Extended Data Fig. 3 First-harmonic sheet resistances RÏ‰ of the [Nb/V/Ta]n superlattice as a function of magnetic field in the vicinity of Tc.
The temperature dependence of the critical field Bc2 is shown in the inset.
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