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Artificial media with topological or non-uniform geometrical characteristics may pro-
vide new possibilities for manipulating spin waves (SWs) [1]. A fully connected 3D
network enables interactions and collective effects in all three dimensions, offering
vibrant perspectives on new phenomena [2]. Gyroids were first discovered and pre-
sented in 1970 [3] and are a promising yet almost unexplored structure in magnetism.
It is defined by chiral triple junctions and periodicity in all three spatial directions,
classified as the I4132 space group [4].
The analyzed nickel (Ni) gyroid nanostructure was fabricated by thermally annealing
a block copolymer template, selectively dissolving one of the gyroid-forming blocks,
and filling the voided right-handed gyroid network with Ni by electrodeposition. For
broadband ferromagnetic resonance measurements (BBFMR), the orientation of the
gyroid network toward the static magnetic field axis is significant. We have observed
a strong impact of crystallography to the BBFMR spectra signals as a variation in
its main intensities. To better understand and explain the experimental results, we
performed micromagnetic simulations of gyroid systems in the finite element method
solver. They qualitatively confirmed our findings from the BBFMR and determined
how complexity, chirality, and curvature allow the crystallographic direction to affect
the resonance frequency.
The results demonstrate that geometric anisotropy can contribute significantly to the
alternation in the power of resonance signals in rotating gyroid samples. Further-
more, with FMR measurements and micromagnetic simulations, we showed that SW
spectra of nm-scale gyroids depend on the orientation of the external magnetic field
to the crystallographic structure. The results offer much potential for developing 3D
nanomaterials for magnonic applications.
References:
[1] G. Gubbiotti, Three-Dimensional Magnonics, 1st ed. New York: Jenny Stanford Publishing, July
2019.
[2] P. Fischer, D. Sanz-Hernández, R. Streubel, and A. Fernández-Pacheco, “Launching a new di-
mension with 3D magnetic nanostructures,” APL Materials, vol. 8, pp. 010701, Jan. 2020.
[3] A. H. Schoen, “Infinite periodic minimal surfaces without self-intersections,” Tech. Rep. (NASA
Electronics Research Center Cambridge, MA, United States, May 1970).
[4] C. A. Lambert, L. H. Radzilowski, and E. L. Thomas, “Triply periodic level surfaces as models for
cubic tricontinuous block copolymer morphologies,” Philosophical Transactions of the Royal Society
of London. Series A: Mathematical, Physical and Engineering Sciences, vol. 354, pp. 2009-2023,
Sept. 1996.

The research has received funding from the National Science Centre of Poland, project
No. UMO-2020/39/I/ST3/02413, and from JSPS KAKENHI 21K04816 and the
Graduate Program for Spintronics (GP-Spin), Tohoku University.


	Gyroid Nanostructures in Magnonics
	Abstract


