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Giant Faraday Effect and Properties of Magnetic Metal Thin Films in 
Multilayer Photonic Structures
Smith, K. (UTSA, Physics) and Chabanov, A.A. (UTSA, Physics)


Magnetic materials are an essential part of conventional nonreciprocal devices, such as isolators, circulators and nonreciprocal phase shifters1,2. However, due to their energy losses, many magnetic materials with strong nonreciprocal response and superior physical properties, e.g., ferromagnetic metals such as iron and cobalt have been rejected for uses in nonreciprocal devices. Recently we have showed by using numerical simulations that a properly designed nonreciprocal metal-dielectric multilayer system can not only become highly transmissive, but can also produce a strong Faraday rotation3. In 2014, we started a project aimed at the realization of multilayer structures to achieve a 450 Faraday rotation for the MW range. In 2015 we have completed the project by achieving our goals. 
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Our multilayer structure consists of high-dielectric-constant ceramic (ε1=38) and glass (ε2=3.8), and its design represents a Fabry-Perot cavity sandwiched between two distributed Bragg reflectors. A 150-nm thin film of Co90Fe10 is placed at the middle of the structure. The structure’s lateral dimension is 3” in diameter. The sample was positioned in a 195mm diam. magnet in Cell 4 with magnetic field directed perpendicular to the CoFe film plane, and MW transmission through the structure was measured with a MW set-up (VNA and 2 dual-polarization MW horn antennas). From transmission data, transmittance and Faraday rotation were obtained for varying magnetic field.

MW transmittance through the multilayer structure and Faraday rotation at the cavity resonance frequency of 9.3 GHz is shown as a function of applied magnetic field in Fig. 1. The strong dip in transmission at 2.15 T indicates the ferromagnetic resonance. When the FMR coincides with the transmission cavity resonance, Faraday rotation is enhanced reaching more than 50 degrees. The vertical dashed line in the figure indicates the field at which Faraday rotation is 45 degrees. The corresponding transmittance is -8 dB, which is 40 dB higher than transmittance through the standalone CoFe film. The induced transmission through the metal film is due to placing the film in the node of the electric field in the cavity.

We have achieved, for the first time, 45 degree Faraday rotation from a ferromagnetic metal nanometer film. This result may lead to a host of applications not only in MW range, but in THz and FIR.
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Fig.1 Transmittance (red) and Faraday rotation (blue) in a CoFe thin film in a MW Fabry-Perot cavity at the transmission resonance frequency of 9.3 GHz
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