METAMATERIAL MAGNETLESS NONRECIPROCITY

ABSTRACT

Nonreciprocity is a fundamental concept in all the branches of physics, where it underpins a
myriad of phenomena and applications. It may be defined as the property according to which a
system exhibits different received-to-transmit field ratios when the source and the detector are
exchanged. Since World War II, electromagnetic nonreciprocal devices have been almost
exclusively based on ferrimagnetic materials (ferrites) biased by permanent magnets, although
this technology suffers from severe issues, such as crystallographic incompatibility with
semiconductors. In this context, recent advances in metamaterial research have initiated in the
past decade a real quest for “magnetless” nonreciprocity, i.e. for novel technologies requiring
neither ferrimagnetic materials nor magnets and yet exhibiting the same — and hopefully even
more! — properties than ferrite systems. This talk presents an overview of this emerging area and
reports on the latest related developments in the group of the speaker.

The first part of the talk will introduce nonreciprocity by recalling its engineering/physics
definitions, historical milestones and ferrite-technology fundamentals. Motivated by the
drawbacks of that technology, the second part of the talk will establish the key conditions for
nonreciprocity and deduce from them three routes for magnetless that have been recently
explored, namely asymmetric nonlinearity, spacetime modulation and transistor loading. The
third part will show that while most magnetless nonreciprocal systems to date have been
waveguide-type or circuit-type systems, the main potential of magnetless nonreciprocity resides
in media-type solutions based on metamaterial principles. The fourth part will note that
metasurfaces represent the most promising embodiments of metamaterials for magnetless
nonreciprocity, and subsequently describes the Generalized-Sheet Transition Condition (GSTC)
synthesis allowing to design efficient bianisotropic metasurfaces. Finally, the fifth part will
overview several examples of metamaterial magnetless nonreciprocity applications recently
developed in the speaker’s group, including nongyrotropic/gyrotropic rotators and isolators,
nonreciprocal refractive and birefringent systems, nonreciprocal specular transformers, energy
sinking cavities and angle-independent absorbers/amplifiers.
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