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Magnonic crystals are micro/nano-structured magnetic systems that can be used for passive microwave devices such as filters, waveguides, sensors etc.. The Heusler-based Co 2 MnSi (CMS) alloy is considered as a promising material for magnonic applications due to its relatively high saturation magnetization and low Gilbert damping. Here, we demonstrated with micromagnetic simulations that its cubic crystal anisotropy allows microwave reconfigurable operations and filtering properties at zero bias field in a simple model consisting of a squared antidot magnonic crystal. We showed that a low amplitude (few mT) and ultra-short (≈ 1 ns) initialization field can be used to recover different quasi-uniform remanent states that can couple or not to a microwave field. A first experimental demonstration of the reconfigurable operation at zero magnetic field has been observed by ferromagnetic resonance on a squared antidot lattice with square size 200 nm and spacing 600nm.
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• Relatively high saturation magnetization (𝜇 0 𝑀 𝑠 ≈ 1.3𝑇) [2] • Relatively high magnetocrystalline anisotropy (𝑲 𝒄 ≈ 𝟏𝟎. 𝟏𝟎 𝟑 to 𝟏𝟕. 𝟏𝟎 𝟑 𝑱. 𝒎 -𝟑 ) [2] • Very low Gilbert damping (2.10 -3 down to 7.10 -4 )

• High Curie temprature (𝑇 𝑐 ≈ 860𝐾) 

•

  dynamic states in a CMS based magnonic crystal: A numerical study First experimental measurement of the reconfigurable operation (to be submitted)

• 3 Frequency

 3 Spin polarization above 90% Allow to work at high frequencies Possible reconfigurable properties at zero bias field Long propagation distances for spin waves Process with semiconductor facilities Magnon spintronics applications • Micromagnetic simulations performed with Mumax3 • Model system: a squared antidot lattice in a Co 2 MnSi thin film of thickness 20nm Magnetic parameters: 𝑴 𝒔 = 𝟏. 𝟐𝟔 𝒎𝑻, 𝜸 = 𝟐𝟖. 𝟕 𝑮𝑯𝒛. 𝑻 -𝟏 , 𝑲 𝒄 = 𝟏𝟕. 𝟏𝟎 𝟑 𝑱. 𝒎 -𝟑 , 𝑨 = 𝟏𝟖. 𝟏𝟎 -𝟏𝟐 𝑱. 𝒎 -𝟏 [2] Case 1 : CMS with cubic anisotropy On/off switching of SW modes! Strong cubic anisotropy such as with Co 2 MnSi thin film is required for simple reconfiguration operation ([3] S. Mantion et al., Phys. Rev. Applied 17, 044054 (2022)) Heusler-based Co 2 MnSi thin films Magnetization equilibrium position determined by 𝐻 𝑒𝑓𝑓 Magnonic crystal (MC): magnetic material with periodically modulated properties Creation of frequency band gaps in SW dispersion (analog to Bragg diffusion) Perspectives: • Fabrication of a similar device with different s and d in order to compensate the lower 𝐾 𝑐 obtained • Measurements of the filtering applications at remanence with Magneto Surface Spin Waves (MSSW) • Measurements of FMR and propagating SW modes with varying electrical currents through the MC Electrical contacts Micro antenna Spin Wave transduction [4] Ferromagnetic material Growth via ultra high vacuum magnetron sputtering on MgO [110] substrate Extinction of most of the SW modes but attenuations lower than expected  lower 𝑲 𝒄 induces domain wall at remanence Frequency shifts and/or attenuations of particular SW modes Nonlinear effects Reconfigurable dynamic states at remanence Nanofabrication of the magnonic crystal 𝐻 = 0 𝑚𝑇 Objective: Find quasi-uniform magnetic states at remanence ➔ How we proceeded: Calculation of remanent magnetic states vs initialization field 𝐻 0 (saturation at 1T → 0T) Fix s/d ratio Application of a uniform RF pulse 𝒉 𝑹𝑭 along x Calculation SW mode spectrum: 𝑭𝑭𝑻(𝑴 𝒙,𝒚,𝒛 𝒕, 𝒙, 𝒚, 𝒛 ) temporal sinc pulse Result: Optimized reconfigurable states obtained for s/d ≤ 1/band gaps generation at remanence for Magneto Surface Spin Waves (MSSW) in cubic crystal Co 2 MnSi Filtering properties at remanence in a CMS based magnonic crystal [3] SW dispersion in the case of an infinite MC Application of a localized microwave excitation ℎ 𝑅𝐹 to excite propagating SW towards the MC Quasi-Uniform remanent states: • Switching times below 1.2ns • Pulse amplitudes lower than 6 mT • Decrease of s → decrease of amplitude field pulse Remanent state 𝑀 𝑠 = 1.28 𝑇 𝛾 = 28.8 𝐺𝐻𝑧. 𝑇 -1 𝑲 𝒄 = 𝟏𝟎. 𝟏𝟎 𝟑 𝑱. 𝒎 -𝟑 𝐴 = 18. 10 -12 𝐽. 𝑚 -1
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