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Spin waves & Brillouin light scattering SW dynamics in the presence of
Dzyaloshinskii-Moriya interaction (DMI) 

SW nonreciprocity by interband transition

Defect magnonic crystal

ground state

(T = 0 K)

excited state => spin waves

(T > 0 K)

Spin waves (SWs) are propagating wavelike disturbances in the 
ordering of magnetic materials [1].

Brillouin Light Scattering (BLS)
• Inelastic light scattering through 
creating or annihilating a magnon
• Used to measure SW dispersion 
relation
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Magnonic crystals (MCs) are 
metamaterials with periodically 
alternating magnetic properties. 
Like electrons in periodic crystal 
potentials, the dispersion relation 
of magnons in MCs features 
interesting bandgaps, within 
which propagation of SWs is 

forbidden. We have made the 

first experimental observation of 

nanostructured MCs with artificial 

defects, which can be used for 

energy band engineering for 

various magnonic devices [2-4].

Like photon-absorption induced indirect 
electronic transitions in semiconduc-
tors, magnons can undergo interband 
transitions when microwave photons 
with suitable symmetry are present, as 
shown by our simulations [5]. Due to 
the conservation of energy and momentum, this 
transition can happen in only one direction, leading to nonreciprocal 
magnonic transitions. Our finding is useful for stabilizing magnonic circuits.
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DMI may arise at the interface between a ferromagnet and a metal with a 
very strong spin-orbit coupling (SOC) due to a 3-site super-exchange 
interaction. It is responsible for the atomic-scale magnetic skyrmions, the 
topological spin configurations that hold promise for future non-volatile 
memory and computing [6].
    DMI is an antisymmetric exchange interaction with the energy term 
between two spins: HDMI = − Dij∙(Si×Sj), which together with Heisenberg 
exchange interaction, favors canted alignment of neighboring spins.

    Using BLS, we made the first direct observation of interfacial DMI in 
ultrathin Pt/Co/Ni and Pt/CoFeB films. Our results show the asymmetry of 
the SW dispersion relation and lifetime due to DMI depending on propaga-
tion direction, which agree well with our theoretical predictions [7, 8].

(a) Spin configurations of two different types of magnetic skyrmions. (b) Illustration 
of origin of interfacial DMI by super-exchange interaction.

(a) Brillouin spectra recorded at a fixed incident angle of θ = 45° (k = 17.3 μm−1) under 
oppositely oriented external magnetic fields. (b) Asymmetric spin-wave dispersion relation of 
a Pt(4nm) / Co(1.6nm) / Ni(1.6nm) film showing interfacial DMI at the Pt/Co interface. Dots 
represent experimental data, while solid lines are theoretical predictions.

Measured SW band structure of a MC with 
artificial defects. Inset: SEM image of the 
thin-film-based MC showing defects.

Band structure of the nano-stripe waveguide. Green arrows represent  the enrgy and 
momentum  of  microwave photons showing possible transitions.
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Schematics of the precession of the 
magnetization M under the total 
effective field Heff + hDMI for (a) k>0 
and (b) k<0. All the vectors in the 
xy-plane are labelled blue. This 
explains why the dispersion relation 
is asymmetric.

The samples for the experiments were provided by Prof Yang Hyunsoo of the ECE 
Department, NUS.
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