Spin-wave excitations in a 3D woodpile magnonic crystal
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Three-dimensional (3D) magnonic crystals have long been predicted to host mini-
bands, symmetry-protected edge excitations, and unconventional spin-wave transport,
yet their coherent dynamics have remained experimentally inaccessible due to major
fabrication and integration challenges. Here, we demonstrate the coherent excita-
tion and detection of spin waves in an experimentally realized 3D magnonic crystal
[1]. Using two-photon lithography combined with atomic layer deposition, we fabri-
cate a face-centered-cubic woodpile architecture composed of nickel nanotubes with
curved end-caps. The structure is integrated into a planar microresonator, enabling
microwave magnetic-field excitation at 14 and 24 GHz and high sensitivity to both
localized and extended resonances.

Angular-resolved ferromagnetic resonance measurements reveal a rich spectrum of
coherent modes with clear fourfold symmetry, consistent with the underlying 3D lat-
tice. Finite-element micromagnetic simulations quantitatively reproduce the reso-
nance fields and identify two dominant classes of excitations: bulk modes extending
through the interconnected nanotube network and strongly confined modes local-
ized at the curved nanocaps. The cap modes form nearly angle-independent (,flat”)
branches and exhibit a directed, wave-like phase evolution across neighboring caps
arising from dynamic dipolar coupling.

These results provide the first evidence of phase-coherent, edge-dominated spin-wave
dynamics in a 3D magnonic crystal and demonstrate the exceptional sensitivity of
such systems to localized excitations. Our work establishes a scalable route toward 3D
magnonic architectures and opens new opportunities for wave-based signal processing,
tunable magnonic band structures, and energy-efficient 3D spintronic devices.
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