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Shaping non-reciprocal spin wave beams using gold nanowire grating
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  out-of-plane field of Au NW Fourier transform of NW field 𝒉 Well-defined comb of wavevector Two Gold (Au) nanowires (NW) of D=20µm distant : 40nm-thick, 100nm-wide, 35µm-long 400nm lattice constant / 80nm Au-antennas Excited wave mode 𝑘 𝑛 = Τ 𝑛2𝜋 𝑎 (i.e. λ 𝑛 = Τ 𝑎 𝑛) -Chiral coupling between NW field 𝒉 and 𝒎 in YIG -Degree of chirality related to aspect ratio Τ : 𝑡 𝐴𝑢 𝑤 I=0.01 mA, w=100 nm, t=40 nm, a=400 nm • Perfect chirality for higher wave vector(𝒌 𝟐 𝒑=𝟎 Decrease of the coupling efficiency as 𝒕 𝑨𝒖 increase 𝒌 𝟎 𝒌 𝟏 𝒌 𝟐 𝒌 𝟑 ► Miniaturization of non-reciprocal components Unidirectional excitation of spin wave for isolators and circulator [1,2,3] Spin wave beamforming Exploration of interferometric magnonics sensors [4] ► High k-vector propagation properties Broadband k-dependence of the spin-wave relaxation time 𝒕 𝒀𝑰𝑮 = 55 nm, 𝒕 𝑨𝒖 = 40nm ❖ 𝒕 𝒀𝑰𝑮 = 22 nm, 𝒕 𝑨𝒖 = 60nm NW length << λ 𝐸𝑀 ⇒ DC current [5] Δ𝐿 12 Δ𝐿 21 p=0 p=1 Mode identification, Group velocity, and relaxation time D-dependence of attenuation 𝐷 = 20,30,40 µ𝑚 ► Unidirectionl propagation of spin wave beam up to 𝟓𝟎 𝒓𝒂𝒅. 𝝁𝒎 -𝟏 over a 20 GHz frequency band ► Well-resolved mode (𝒌 𝒏 𝒑 ) for high k spin-wave spectroscopy studies (higher k with reduced grating periodicity) Increase of relaxation time (𝝉 𝒌 ) with k contrary to expectations, further study in-progress • Wave vectors conform with Fourier transform • Good agreement of 𝑉 𝑔 with disperion relation • Precise evaluation of the effective damping, which decreases with k ⟹ 𝐿 𝑎𝑡𝑡 𝑘 3 𝑀 𝑠 = 0.185T, 𝛾 = 28.4 GHz/T, 𝐴 𝑒𝑥ℎ = 3.8 PJ/m • Good reproducibility of group velocity 𝑉 𝑔 • Relaxation time higher for 𝑡 𝑌𝐼𝐺 =55nm than 𝑡 𝑌𝐼𝐺 =22nm for all respective excited mode • Increases of relaxation time with wave vector Lower amplitude for 𝑡 𝑌𝐼𝐺 =22nm compared with 𝑀 𝑠 = 0.183T, 𝛾 = 28.2 GHz/T, 𝐴 𝑒𝑥ℎ = 3.8 PJ/m 𝑆 𝑖𝑗 → 𝑍 𝑖𝑗 → ∆𝐿 𝑖𝑗 : ∆𝐿 𝑖𝑗 𝑓, 𝐻 = 1 𝑖2𝜋𝑓 (𝑍 𝑖𝑗 𝑓, 𝐻 -𝑍 𝑖𝑗 (𝑓, 𝐻 𝑟𝑒𝑓 ) VNA transmission parameter converted into mutual inductance