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Vine, F. J. & Matthews, D. H. Magnetic Anomalies Over Oceanic Ridges. Nature 199, 947–949 (1963).
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Spin wave excitation: LLG to Schrödinger

d
dt

m(r, t) = − m ×
Heff

(K + Hext + J ∇2m) + αm × ·m

Landau-Lifshitz Gilbert (LLG) equation

m(r, t) = z + m⊥(r, t)
static + dynamic

m⊥(r, t) ⇒ ψ(r, t) ≡ mx + imy

iℏ
∂
∂t

ψ = −
ℏ2

2m∗
∇2ψ

Effective Schrödinger Eq.

7 Yan, P., Wang, X. S. & Wang, X. R. Phys. Rev. Lett. 107, 177207 (2011) 
J. Lan, W. Yu, R. Wu, and JX*, Phys. Rev. X 5, 041049 (2015)
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Spin wave excitation: LLG to Schrödinger

d
dt

m(r, t) = − m ×
Heff

(K + Hext + J ∇2m) + αm × ·m

Landau-Lifshitz Gilbert (LLG) equation
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Down domain
Domain wall

m(r, t) = m0(r) + m⊥(r, t)
static + dynamic

8 Yan, P., Wang, X. S. & Wang, X. R. Phys. Rev. Lett. 107, 177207 (2011) 
J. Lan, W. Yu, R. Wu, and JX*, Phys. Rev. X 5, 041049 (2015)

m⊥(r, t) ⇒ ψ(r, t) ≡ mx + imy



Spin wave excitation: LLG to Schrödinger

A homogeneous domain

V = 0, A = 0

A magnetic domain wall

V ∝  sech2(x/w), A = 0

iℏ
∂
∂t

ψ = [−
ℏ2

2m∗ (∇+i
q

ℏc
A(r))

2

+V(r)] ψ

Effective Schrödinger Eq.
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Domain wall: waveguide

E =
p2

2m
=

ℏ2k2

2m

Spin wave dispersion

Zhang, J., Yu, W., Chen, X. & JX* AIP Advances 13, 055108 (2023).



Domain wall: waveguide

intensity was observed at the lowest possible detection frequency of
500 MHz, whereas in the domains (triangular symbols) the highest
intensities can be found at frequencies around 2.8 GHz.

To analyse the nature of these different spin-wave modes, we
detected their intensity profile across the width of the waveguide.
Measurements were carried out at the excitation frequencies where
the maximum intensity was observed within the wall and the
domains. Figure 2b summarizes the results. The modes show a
clear spatial separation, with one mode strongly confined at the pos-
ition of the domain wall (squares). In contrast, the higher-frequency
mode (triangles) is spread throughout the domains at both sides of
the wall and almost vanishes at the domain-wall position. Thus,
the potential well formed by the domain wall can be used to
confine spin waves in a certain frequency range on the nanoscale.

The slightly different intensity profiles detected at 2.8 GHz in the
two domains are attributed to a misalignment of the domain wall
relative to the centre position. This asymmetry leads to different
lateral confinement conditions in the domains and, consequently,
to a relative shift of the excitation spectra. However, quantization

due to confinement in micrometre-sized waveguides has already
been studied extensively22–24.

Here, we focus on the spin-wave mode inside the nanochannel
formed by the domain wall. Its localization becomes even more
evident from the two-dimensional BLS measurement presented in
Fig. 2c. Solely at the position of the domain wall, the signal of the
mode propagating away from the antenna is detected, revealing
the channelling character of the domain wall.

To obtain a deeper insight into the propagation characteristics
within the wall, micromagnetic simulations were carried out25. The
studied system was a 5-μm-long, 1-μm-wide and 10-nm-thick Py
rectangle. This reduction in size compared with the experiment
allowed for a sufficiently fine discretization to be achieved, as
required to simulate the nano-sized domain wall without affecting
its character, which is mainly determined by the material parameters
and not by the different dimensions. Therefore, the comparison
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Figure 1 | Channelling principle, sample geometry and magnetization
configuration. a, Schematic illustration of a 180° Néel wall carrying a spin
wave. The divergence of the magnetization ∇·M across the width of the wall
shows opposite sign on the two sides of the domain wall centre and results
in a strong magnetostatic field Hdemag oriented antiparallel to the
magnetization direction. This potential well confines the spin-wave
propagation into the narrow region of the wall. b, SEM image of the
investigated Py structure and the microwave antenna for the external
excitation of spin dynamics. Inset (lower right): magnetic field sweep used
to initialize the domain configuration. c, The black–white contrast of the Kerr
microscopy image confirms the formation of a Landau-like domain pattern.
Arrows indicate the magnetization direction in the domains.
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Figure 2 | Excitation spectra and spin-wave mode profiles. a, Spin-wave
spectra measured by BLS microscopy inside the domain wall (squares) and
the domains (triangles), respectively. The measurement clearly shows
different excitation spectra depending on the probing position. b, Line scans
of the spin-wave intensity across the width of the Py waveguide for the two
excitation frequencies that yielded maximum spin-wave intensity inside the
domain wall (squares) and in the domain (triangles). The data exhibit two
spatially separated spin-wave modes with the low-frequency mode strongly
localized at the domain wall position. c, Two-dimensional intensity
distribution of spin waves propagating along the nanochannel formed by the
domain wall in the centre of the waveguide.
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LLG to Schrödinger
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due to DMI & inhomogeneous texture

due to inhomogeneous  texture

Dzyaloshinskii-Moriya interaction 
(DMI) F = D ⋅ (S1 × S2)

iℏ
∂
∂t

ψ = [−
ℏ2

2m∗ (∇+i
q

ℏc
A(r))

2

+V(r)] ψ

Yu, H., JX & Schultheiss, H. Magnetic texture based magnonics. Physics Reports (2021).



Domain wall circuit: reconfigurable

domain wall wire

J. Lan, W. Yu, R. Wu, and JX*, Phys. Rev. X 5, 041049 (2015)
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Ferroelectric domains
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Wu, X. et al. Science Advances (2017).  SIM: Scanning Impedance Microscope (@ 1GHz). Hexagonal rare-earth manganites (h-RMnO3)

Ferroelectric domain walls are (locally) electrically conductive (AC).



Ferroelectric domain wall
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Ferroelectricity
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Ferroelectric domain wall
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Ferroelectric domain wall
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Ferroelectricity

Landau–Khalatinikov–Tani (LKT) equation



LKT vs. LLG
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Landau–Khalatinikov–Tani (LKT) equation

d
dt

m(r, t) = − m × (K + Hext + J ∇2m) + αm × ·m

Landau-Lifshitz Gilbert (LLG) equation

2nd order

1st order



Landau–Khalatinikov–Tani equation

Polar wave: Linearized excitation
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Without DW (Bulk) With DW

Bulk gap
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Polar wave: Linearized excitation
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With DW

m(m + 1)sech2(x)



Polar wave: Linearized excitation
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Soft modes of ferroelectric domain wall
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Collective coordinates description (X(t), W(t))

Landau–Khalatinikov–Tani equation

p(x, t) = P tanh ( x − X(t)
W(t) )

non-linearity
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Ferroelectric domain wall: waveguide
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Up domain

Down domain

Domain wall

Vibration mode @ 0.2THz Breathing mode @ 0.65THz



Ferroelectric domain wall: waveguide
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Ferroelectric domain wall: waveguide

26



Ferroelectric domain wall circuit
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AC in

AC out

domain wall wire



Take-home message
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Wu, X. et al. Science Advances (2017). 
Ferroelectric domain walls are  

electric transmission lines for AC signal  
via “ferron” excitation without charge transport.Chen, G., Lan, J., Min, T. & JX 

Narrow Waveguide Based on Ferroelectric Domain Wall.  
Chin. Phys. Lett. 38, 87701 (2021).


