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Electrically tunable nonreciprocity of microwave transmission through “ferrite –varactor loaded resonant element” planar metastructure
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Nonreciprocal properties and devises play critical roles in communication because of their ability to eliminate cross-talk and feedback. It has been shown that one can observe unique nonreciprocal properties at microwaves by taking of metamaterials. Planar metastructure “ferrite plate – grating of resonant elements (chains or single element)” can exhibit two frequency bands of nonreciprocal transmission due to ferromagnetic resonance (FMR) and dipole resonance (DR) related to resonant elements [1,2] while nonreciprocal resonance effects are absent with free ferrite. The nonreciprocal effects are due to the interaction between precessing spins in ferrite and a local magnetic field h of the surface wave with elliptic (circular) polarization formed by a grating (chains or single resonant element). In many publications electric field tunable FMR response was observed in ferromagnetic – ferroelectric heterostructures through the voltage controlled dielectric permittivity of the ferroelectric layer, for example, [3, 4]. In [4] the structure gives a 60 GHz FMR frequency shift of 16 MHz at a bias of 29 V. In this presentation we suggest a metastructure “ferrite plate – varactor-loaded resonant element” capable of the simultaneous magnetic and electric tunability of transmission nonreciprocity in DR domain through the voltage controlled varactor capacitance. The nonreciprocity δ is the difference between transmission coefficients T corresponding to the opposite directions of magnetization H+ and H- or is the difference between coefficients T for propagating modes in the opposite directions. Evolution of frequency dependence of the nonreciprocity δ changing varactor reverse-bias voltages VDC from 1 V to 20 V is presented in Fig.1. Meta-structure is arranged along the rectangular waveguide axis in a transverse external static magnetic field H and oriented parallel to the narrow side wall. The metastructure gives a large DR frequency shift of 0.5 GHz (δ = 19 dB) at a bias of 20 V between 5.4 and 5.9 GHz. Presented meta-structures are useful for development of quick-tunable nonreciprocal systems. 
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