On-chip emission and detection of short-wave magnons:
from conversion to spin textures and grating couplers
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Magnetic nanomaterials play an important role in current technologies ranging from
sensing to data storage and processing [1]. To develop novel applications beyond
todays information technology [2] the exploration of magnons at 10 GHz and beyond
becomes of key importance. At such frequencies they exhibit wavelengths  of 100
nm and below. To perform experimental studies routinely in the laboratory in this
regime relevant instrumentation is still under development. Traditional techniques
based on e.g. neutron diffraction, spin-polarized electron loss spectroscopy and light
scattering do not allow for studying the tiny volumes foreseen for technological
applications, do not provide sufficient frequency resolution and require overcoming the
diffraction limit at about 250 nm, respectively. New approaches are needed to obtain
experimental data on short-wave magnons and thereby explore both fundamental
aspects and possible novel functionalities.
We review approaches realized recently to emit and detect magnons with  of a few
10 nm on a chip. The approaches include wavelength converters, anisotropic spin
textures and grating couplers which incorporate periodic nanomagnet lattices. They
are complementary in that they allow for emission in one- and two-dimensional
configurations [3,4] as well as emission of multi-directional plane-wave magnons [5,6].
We also discuss our recent experiments performed on aperiodic grating couplers and
coplanar waveguides incorporating a ferromagnetic layer which serve as efficient
wavelength converters.
Experimental work by K. An, K. Baumgaertl, V. Bhat, P. Che, J. Chen, C. Dubs, M.-C.
Giordano, A. Mucchietto, and S. Watanabe is gratefully acknowledged. We thank for
financial support by the Swiss National Science Foundation (SNSF) via sinergia
project NanoSkyrmionics CRSII5 171003, grants No. 163016 and IZRPZ0 177550, as
well as by the EPFL COFUND Grant No. 665667 (EU Framework Programme for
Research and Innovation (2014-2020)).
[1] S. Bhatti et al., Materials Today, Volume 20, Number 9, November 2017.
[2] A.V. Chumak et al., Nature Physics 11, 453–461 (2015).
[3] V. Demidov et al., Applied Physics Letters 99, 082507 (2011).
[4] V. Sluka et al., Nature Nanotechnology 14, 328 (2019).
[5] H. Yu et al., Nature Communications 4, 2702 (2013).
[6] H. Yu et al., Nature Communications 7, 11255 (2016).

