@ Copyright ©2023 by the Magnetics Society of Japan.
@ This article is licensed under the Creative Commons Attribution International License (CC BY 4.0)
Ev http://creativecommons.org/licenses/by/4.0/

T. Magn. Soc. Jpn. (Special Issues)., 8, 15-20 (2024) <Paper>

FREZERBEEA 22T Y TIVICHEITT
R E VRS IR L O

Evaluation of spin-current-induced permeability variation
toward time-varying magnetic metamaterials
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The permeability (1) variation of lithographically-prepared magnetic metamaterials consisting of Ta/Py/Pt
trilayers is studied by means of spin-torque ferromagnetic resonance (ST-FMR) with a direct current up to £20 mA.
The substrate dependence of ST-FMR signals demonstrate that the non-doped Si substrate is the most stable and
capable of carrying large direct currents. The u analytically calculated on the basis of the experimentally obtained
resonance field and Gilbert damping parameter are plotted on a complex plane, which shows the permeability variation
visually and quantitatively. The present study enables us to design a microwave converter using time-varying
magnetic metamaterials for millimeter wave or terahertz light sources toward the post-5th generation mobile
communication system.
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Fig. 1 (a) Schematic illustration of magnetic meta-atom of
Ta/Py/Pt trilayer with spin-torque ferromagnetic
resonance measurement setup (b) Photograph of
lithographically-prepared magnetic meta-atom, which is
re-drawn from Ref. 11. () Magnetization curves with
parallel (red dotted line) and perpendicular (black solid
line) magnetic fields to the film plane.
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Fig. 2 Measured Vgygr as function of external magnetic
field, poHey:, at 6 GHz with direct electric current of 14 mA.
(@Red and (b) black solid lines correspond to signals
obtained from measurements using samples with MgO and
non-doped Si substrate, respectively. (b) Thick blue and (c)
green and purple lines show fitting results using Eq. (1).
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Fig. 3 Dampinga (circles, left axis) and poHSRf .

(triangles, right axis) are plotted as function of I4.. This
graph was created by compiling data from Ref. 11.
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Fig. 4 (a)(b) Calculated dispersion curves of p. and u.’ with I3, = 420 mA are plotted as function of frequency. Data are re-
drawn from Ref. 11. (c) Variation of u| and y;’ for I4. from —20 mA to +20 mA. Each arc corresponds to frequency at

which p, is evaluated.
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