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Abstract; Metamaterials have attracted considerable attention and research owing to their unique electromagnetic and
optical properties, which cannot be realized in natural materials. Compared with traditional metal-based metamaterials,
dielectric metamaterials have both exotic electromagnetic properties and high sensitivity, whose electromagnetic parameters
can be tuned by magnetic field, electric field and temperature, etc. Therefore, they attract much attention from the area of
materials and information function devices. This paper summarizes the tuning methods of the tunable dielectric metamaterials
from three aspects; magnetically tunable, electrically tunable and thermally tunable. Firstly, for magnetically tunable
dielectric metamaterials, both the research progress of various magnetically tunable structures based on ferrite and the
relevant ferromagnetic resonance principles are introduced. Secondly, for electrically tunable dielectric metamaterials, the
research progress of various electrically tunable structures based on graphene, varactor diode and liquid crystal material is
introduced. Finally, for the thermally tunable dielectric metamaterials, the metal-insulator phase transition mechanism
based on vanadium dioxide is introduced to realize the thermally tunable performance. Additionally, the research progress
and physical mechanism of the thermally tunable performance based on indium antimonide and strontium titanate materials
are introduced. The development trend and potential applications of tunable dielectric metamaterials are prospected.
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Fig. 1 Schematic of tunable left-handed material (LHM) consisting of YIG rods and copper wires (a) , measured transmission for the combination

under different applied magnetic fields (b), shematic diagram of dual-band negative refraction index ( NRI) ferrite-based metamaterials

(¢), simulated transmission spectra for the dual-band NRI ferrite-based metamaterials (d) [2*)
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Fig. 2 Schematic diagram of the tunable microwave bandstop filter using ferrite-based metamaterial structure (a), measured transmission spectra for

the magnetically tunable microwave bandstop filter with a series of Hy (b) , schematic diagram of the magnetically tunable microwave bandpass

filter using ferrite-based metamaterial structure ( ¢) , measured transmission spectra for the magnetically tunable microwave bandpass filter with

a series of H(d) (28]
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Fig. 3 Schematic diagram of the magnetically tunable dual-band transmission (a), measured transmission spectra for ferrites-dielectrics resonators

under a series of H(b), simulated electric energy density distribution in the xy-plane for aperture-only coupling at 10. 76 GHz (c¢), simulated

electric energy density distribution in the xy-plane for resonators-resonators coupling with H =0 Oe and H =1500 Oe at 11.31 GHz (d) ]
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Fig. 4 Schematic diagram of the metamolecule (a); Measured transmission response of a single dielectric cube (blue), a single ferrite cuboid

(green) , and the metamolecule (black) (b); The simulated spectra of the metamolecule are illustrated in red color, measured S,, and S,

spectra of the metamolecule (c); Experimental results of dependence of Fano resonance frequency on the applied magnetic field (d)!
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Fig. 7 The proposed tunable absorber: cross section (a) , bird’s-eye view of the hexagonal unit cell and its six nearest neighbors with scalable features
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Fig. 10 Tunable Si/STO all-dielectric metamaterial in THz ranges (a) , transmission spectrum of tunable Si/STO all-dielectric metamaterial at different

temperatures (b) , photograph of the fabricated SAMs (c¢), and measured transmission spectrum of tunable Si/STO all-dielectric metamaterial

at different temperatures (d) [59)
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