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Abstract
Spin waves (SWs), being usually reflected by domain walls (DWs), could also be channeled along them. Edge SWs yield 
the interesting, and potentially applicable to real devices property of broadband spin wave confinement to the edges 
of the structure. Here, we investigate through numerical simulations the propagation of quasi one-dimensional spin 
waves in triangle-shaped amorphous YIG  (Y3Fe5O12) micron sized ferromagnets as a function of the angle aperture. The 
edge spin waves (ESWs) have been propagated over the corner in triangles of 2 microns side with a fixed thickness of 85 
nm. Parameters such as superior vertex angle (in the range of 40◦–75◦ ) and applied magnetic field have been optimized 
in order to obtain a higher transmission coefficient of the ESWs over the triangle vertex. We observed that for a certain 
aperture angle for which dominated ESW frequency coincides with one of the localized DW modes, the transmission is 
maximized near one and the phase shift drops to �∕2 indicating resonant transmission of ESWs through the upper corner. 
We compare the obtained results with existing theoretical models. These results could contribute to the development 
of novel basic elements for spin wave computing.
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• High transmission of edge spin waves through a vertex 
domain wall in triangular dots.

• Dependence in the propagation on the local topology 
of the vertex domain wall.

• Resonant interaction between the bulk and the local 
domain wall spin wave modes in the magnetic nano-
structure.
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1 Introduction

Despite the growing success of magnonics in recent years, particularly due to its potential application for spin wave 
computing and signal processing [1], the currently available spin-wave devices based on ferromagnetic strip lines 
are restricted in the frequency span and have none or limited capability in the redirection of SWs [1, 2].
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Their typical operating frequencies are below few 
GHz, and the propagation is confined to linear copla-
nar waveguides. Magnon excitation is usually achieved 
through the coupling between the magnetization and 
the magnetic field due to microwave (mw) currents. The 
field is however difficult to confine to sub-micrometre 
volumes. This impedes the use of the traditional induc-
tive coupling methods. Lara et al. [3] proposed a tech-
nologically new approach which could lead to a radical 
enhancement of the coupling in small magnonic struc-
tures, ultimately promising a full integration of the SW 
devices into CMOS technology.

This radically new pathway is based on the excitation 
and propagation of a new class of localized quasi-one-
dimensional spin waves, the so called Winter magnons 
(WMs) [4]. These spin waves are analogous to the dis-
placement waves of strings and could be excited in a 
wide class of patterned magnetic nanostructures pos-
sessing domain walls. Localized WMs have been identi-
fied experimentally in different ferromagnetic structures 
with DWs. Winter magnons have been identified in meta-
stable double vortex states in ferromagnetic permalloy 
disks being localized along DWs connecting vortex cores 
with half-antivortices [5]. Later it was shown theoreti-
cally and by micromagnetic simulations [6] that Winter 
magnons may channel non-reciprocally along Néel 
domain walls formed in ultrathin ferromagnetic films 
with Dzyaloshinskii-Moriya (DMI) interaction.

Other possible application of WMs include spin wave 
diode [7] or SW propagation along DWs using reconfig-
urable spin-wave nanochannels or spin textures [8–10]. 
Park et al. [11] and Osuna Ruiz et al. [12] investigated 
the propagation of WMs in patterned structures involv-
ing both DWs and single vortex states. WMs excited in 
exchange-coupled ferromagnetic bilayers have been 
suggested for their implementation in emerging spin 
wave logic and computational circuits [13].

An entirely different proposal of SW transmission 
and processing uses Winter magnons confined to edge 
DWs in ferromagnetic geometries such as triangles or 
rectangles in configurations created by an in-plane 
(IP) bias field [3, 14]. The resulting state indeed sup-
ports the excitation and detection of SWs locally in 
magnonic logic gates, leading to a natural decrease in 
device dimensions. Control over edge-localized SWs was 
accomplished by Zhang et al. [15] by placing magnetic 
structures adjacently to a propagating microstrip. Addi-
tionally, micromagnetic simulations done by Gruszecki 
et al. [16] demonstrated that the edge of a structure 
with locally confined SWs could be used to excite plane 
waves with twice its frequency and less than half its 
wavelength.

Our work investigates numerically the excitation, propa-
gation and control of edge spin waves in micron sized YIG 
triangles with different apertures. We have observed a 
resonant enhancement of the ESW transmission for certain 
aperture angles accompanied by a �∕2 phase shift of the 
propagated spin wave. We link this effect to the interac-
tion of the surface spin waves with the vertex domain wall.

The manuscript is organised as follows: the next sec-
tion explains in details the different methods of analysis 
performed on the results presented in the manuscript, as 
well as a description of the simulated system. In Sect. 3, 
we first introduce the static configuration of the dot under 
applied bias field and perform an analysis of the exchange 
energy density related to the channels with the purpose of 
optimizing the applied magnetic field for the performed 
dynamic simulations. Then, a dynamic examination of the 
spin waves propagation is done, introducing the modes 
of the system and the transmission coefficient of the SWs 
along with the their phase shift at the DW. After this, we 
present a discussion over the dispersion relations for each 
chosen path of analysis, providing its relation with the 
observed modes of the system. Finally, the focus is placed 
on the phase shift of the transmitted edge spin waves 
through the domain wall placed at the vertex, provid-
ing a discussion and literature that supports the possible 
explanation.

2  Methods

The micromagnetic simulations were carried out using the 
MuMax3 code [17]. The typical YIG parameters were used: 
saturation magnetization M s = 130 kA/m, exchange stiff-
ness constant A 

ex
 = 3.5 × 10−12 J/m and damping constant 

� = 2.8 × 10−3 . The base of the used triangles was 2 μ m and 
its thickness 85 nm. Discretization was set at 7.8 × 6.7 × 4.2 
nm per cell (256 × 256 × 20 cells) for a standard 60◦ angle 
triangle, enough to precisely characterize the upper vertex 
DW. No anisotropies were added to our structure. To find 
the eigenfrequencies of a magnetic system, a 2 Oe, 20 ns, 
sinc-shaped IP magnetic field pulse was applied uniformly 
perpendicularly to both the base of the triangle and the 
direction of the applied static field. After relaxing the sys-
tem, the spin wave eigenmode spectrum is obtained using 
the Fourier Transform of the OOP component of the mag-
netization. Knowing the eigenfrequencies, which appear 
as peaks in the absorption spectrum, a local excitation at 
a single eigenfrequency can be applied locally to observe 
the response of the magnetic system (i.e., to observe the 
propagation of spin waves away from the source), for as 
long as it may be necessary for the spin waves to reach a 
target area. The excitation source was localized in the left 
vertex of the triangle, in a small volume of just three cells 
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over all the thickness of the triangle (in-plane area is 256×
256 cells2 ). MW excitation is also directed perpendicularly 
to the left edge of the structure to ease the propagation 
and help localize the SW into the edges.

To characterize the DW asymmetry we first reflect the 
propagation of one side into the other of the DW, thus cre-
ating a map in which completely symmetric SWs maxima 
or minima cancel each other. Then, we estimate the DW 
asymmetry as the resulting magnetization in the reflected 
map as follows: DW asymmetry = 

∑

∣ Mz ∣ , the summatory 
being over all the cells in the map.

Dispersion relations are calculated from the simulations 
using a 2D Fourier Transform of the OOP magnetization 
component along a desired path after the sinc-shaped 
pulse is applied. The proceeding involves using the output 
magnetization files from the pulse simulation to record a 
1D path of magnetization for each assigned time (keeping 
only the magnetization from the path that has been cho-
sen). An n × m matrix should emerge from this, where n is 
the number of cells in the path and m the number of time 
points in the pulse simulation. Then, the 2D Fourier trans-
form is used to switch it into the reciprocal space, which is 
what is presented in Fig. 4.

Since the two signals from left and right edge-localized 
propagated spin waves share one fundamental frequency, 
its phase difference can be analyzed the same way as two 
AC signals: we first remove the DC part, i.e, the offset. Then 
we perform a Fourier Transform on both signals. Since the 
returned values of the Fourier Transform are in terms of 
magnitude and phase, the phase angle of each signal can 
be extracted numerically. The phase shift is calculated in 
the manuscript as the phase encountered in the left edge 
subtracted from the phase at the right edge of the dot 
once the signal reaches equilibrium.

Transmission has been computed by analyzing the sig-
nals of the ESWs (once the steady state in the propaga-
tion has been reached) by performing a Fourier Transform 
of the edge spin wave signals on both sides of the dot 
(approximately 15 nanometers away from the edge) and 
determining the amplitude of the Fourier Transform peaks 
quotient. This method allows the almost total elimination 
of interferences in the process of analysis that would be 
characterized by undesirable frequencies in the FT.

The analytical fit of the ESWs dispersion relation in 
Fig. 4a was supported by the model proposed by Lara et al. 
[3] for edge localized spin waves in magnetic dots, valid 
only when the dot’s aspect ratio is (thickness/in-plane size) 
<< 1:

where � is the wavevector along the edge of the dot, 
h = H∕4�Ms corresponds to the reduced bias magnetic 

(1)�
2(�) = �

2

M
[1 + l
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e
�
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field parallel to the base of the triangle, le =
√

A∕2�M2

s
 is 

the exchange length, and � , which is a parameter of the 
model that quantifies the ratio of spatial decays between 
dynamic and static magnetizations, has to be less than one 
to assure that the frequency of the SWs increases with 
decreasing h.

3  Results and discussion

3.1  Optimization of the exchange energy channels 
with applied bias field

To get the ground state magnetization distribution a static 
bias field is applied parallel to the base of the triangle. 
Once the system is relaxed, the exchange energy distri-
bution will be similar to Fig. 1a. Under a DC field parallel 
to the base of the triangle, the edge magnetic moments 
rotate and therefore the internal magnetic field distribu-
tion is minimized near the lateral dot edges. Edge spin 
waves confined to this potential well can propagate along 
the nanostructure edges [3].

Depending on the strength of the magnetic field, the 
exchange energy will be accumulated in a larger or lesser 
degree in the lateral edges of the triangle, shaping two 
excess exchange energy edge channels [3]. The exchange 
energy channels boundaries are determined here by per-
forming exchange energy cross sections at the middle 
of the in-plane size of the dot (see inset of Fig. 1a), and 
established where the exchange energy density in the 
channels is reduced by 90% from its maxima, determining 
their width, as presented in Fig. 1b. The maximum value 
of exchange energy density in the channels determines 
the exchange energy in the channel (C

exch.
 ), illustrated in 

Fig. 1c, and the delocalized energy (D
exch.

 ) shown on Fig. 1d 
is the total summatory of exchange energy outside the 
channel boundaries. Both quantities are normalized by 
the maximum value achieved over the applied field. The 
accumulation of exchange energy on the lateral edges of 
the triangle with magnetic field is a phenomena reflected 
on Fig. 1b−d: at small fields the exchange energy density 
progressively transfers from being delocalized (exchange 
energy outside the channel) to being part of the exchange 
energy channels. Logically, when stronger field is applied 
the edge exchange energy channels are being narrowed 
and there is a better localization for the possible propa-
gation of ESWs (see Fig. 1b). For fields greater than 800 
Oe however, the exchange energy localized in the edges 
drops, Fig. 1c. This results in a weakening of the channels, 
which is not desirable for SW propagation.

Hence, we chose to use 1 kOe applied field for our 
micromagnetic simulations. The application of this IP field 
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results in reasonably high exchange energy in the chan-
nels for the SW propagation, well localized at the edges 
of the triangle, as well as reasonably low delocalized 
exchange energy in the bulk of the system Fig. 1d, which 
implies that the spin waves will less likely travel through 
the non-edge region of the triangle and cause interfer-
ences on the opposite edge from the source.

Relaxing the magnetic system with no applied field 
yields in a configuration with an excess of exchange 
energy as a perpendicular barrier from the middle of the 
triangles base up to the top corner, which could poten-
tially also be used to propagate SWs. When the 1kOe IP 
field is applied and the system is relaxed, the remnants 
of this barrier survive in the top corner. This is related to 
a domain wall that is originated in the top corner in this 
particular configuration (see Fig. 1e, f ).

After the bias field is applied and the system is relaxed, 
the static magnetization distribution is mostly IP saturated 
in the direction of the field. However, close to the edges of 
the triangle the magnetization becomes increasingly par-
allel to them due to the minimization of stray fields. In the 
upper corner, this translates as a complete change of the 
IP magnetization component perpendicular to the base (Y 
axis) from one side to another of the triangle, leading to 
a soft 30◦ Néel-type DW in the top vertex (see Fig. 1e, f ). 
However, this statement is accurate only for the bulk of the 

structure, since the magnetization has an increasing out-
of-plane (OOP) component in the surfaces of the triangle 
(see Fig. 1f ), leading to a state were the DW minimum-
energy configuration is intermediate between Bloch and 
Néel. The resulting state is close to having a weak DMI-
like effect [18]. This topological anomaly has in itself its 
own magnetic texture and it is of interest to understand 
spin wave propagation through such structures. The DW 
spin configuration is head-to-tail, however, extreme high-
reflection and low-transmission effects that would occur 
in 90◦ Néel-type head-to-tail DWs are negligible due to 
the softness of the DW, leading to an almost transparent 
structure in terms of transmission [19]. The width of the 
DW is measured at ∼ 180 nm.

3.2  Propagation of the edge spin waves

The generated DW has its own associated eigenmodes 
that can be dynamically stimulated, this is key to under-
stand SW transmission and further effects that will be 
discussed later on. After a 20 ns sinc-shaped pulse (see 
Sect. 2), we found that the response of the whole system 
to the pulse resulted in clear distinguishable eigenmodes 
(bulk modes from now on). For all of the analyzed angles, 
from 40° to 75°, the observed eigenmodes were restricted 
in the 3 GHz to 5 GHz range (see Fig. 2a for the modes of a 

Fig. 1  a Shows the exchange energy density (Eexch. dens.) distribu-
tion of the YIG triangle with an applied 1 kOe IP magnetic field par-
allel to the base of the geometry. Inset shows a cross section of the 
exchange energy density at the middle of the dot, indicating the 
way to evaluate the exchange energy channel width. Part b repre-
sents the exchange energy channel width vs. the IP applied field. c 
Indicates how the normalized to maximum value exchange energy 
in the channel (Cexch. ) varies with the intensity of the applied field. 
Part d shows the normalized to zero field delocalized exchange 

energy (Dexch. ) against the applied field. Dashed lines in b, c and d 
indicate the optimal applied field (1 kOe) used in the dynamic sim-
ulations. Parts e and f correspond to the zoomed area surrounded 
by the red dashed rectangle in a. e Illustrates the variation of the 
top corner static M y component magnetization profile in the bulk 
normalized by the saturation magnetization (Ms ). Part f reveals an 
out-of-plane (OOP) profile, limited by the base of the dashed red 
rectangle in a, of the M z  magnetization component normalized by 
M s
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49◦ triangle). The mode of the highest amplitude, however, 
is closer to 4.4 GHz, slightly oscillating for the different tri-
angle apertures (Fig. 2b).

The analysis of the eigenfrequencies is also done for 
local known specific magnetic structures such as the 
edges or the upper vertex DW. This allows to differenti-
ate the propagation of the spin waves through three dif-
ferent magnetic structures with their own modes: bulk, 
edges, and the DW. Local analysis of the eigenmodes dis-
plays that generally f(bulk) > f(edges) > f(DW) (f being 
the frequency of the modes) (see Fig 2c). However, these 
modes are not overwhelmingly separated (all of them are 
between 1 and 5 GHz), and one can exploit this fact to 
excite the system at matching frequencies between two 
-or more- of these structures, resulting in a resonance-
like system in which energy is being pumped from the 
magnetic structures to the spin wave to boost and per-
petuate the propagation.

Local excitation of the spin waves is done at the left 
corner of the triangle (see Sect. 2), where the magnetiza-
tion is conflicted between being parallel to the left edge 
or to the base, which is the bulk magnetization direction. 
Our micromagnetic simulations indicate that it is possi-
ble to excite edge spin waves propagating either from 
the left or the right vertex with a difference in transmis-
sion below 5 % and a difference in the excited wavelength 
below 2 % . Interestingly, the amplitude of the propagated 
SW was found to be about twice larger when ESWs are 
excited from the left vertex (configuration discussed in 
this manuscript). The ESW intensity difference could be 
due to the difference in the angle between the mw exci-
tation (directed perpendicularly to the triangle side) and 
the direction of the static local magnetization in left and 
right corners.

The used frequencies for the mw excitations are the 
most intense detected bulk modes (red line in Fig. 2b). 

Fig. 2  a Average modes of the whole YIG triangle’s OOP mag-
netization component visualized in the particular case of a 49◦ 
aperture. The most intense mode (in this case 4.39 GHz) is to be 
excited in the left corner of the triangle. Inset shows a sketch of 
magnetic field distribution in the system: a 1 kOe DC field parallel 
to the base of the triangle and a smaller AC pulse perpendicular 
to it. b Frequency of the mode with the highest frequency in the 
DW and the most intense bulk mode (corresponding to the pos-
terior SWs excitation frequency) against the angle aperture. For 
a wide range of angles in the high transmission region or fairly 

close to it, some DW modes frequencies agree with bulk modes, 
i.e, when exciting with this frequency they couple and result on 
a resonant system, which amplifies the transmission through 
the DW. Inset of b  is an enhancement in the high transmission 
regime, showing the overlapping of modes. c  Two most promi-
nent modes in the bulk, edges and DW against the corner aper-
ture from 40° to 60°. In light green is highlighted the high trans-
mission regime. Inset for each graph in c corresponds to a typical 
profile of the most intense mode for the bulk, edges and DW
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However, these excitations are directed effectively perpen-
dicular to the left edge of the triangle. Thanks to this and 
to the exchange energy channels, we can “trick” the spin 
wave to being almost completely localized in the edges of 
the system (see inset of Fig. 3a), even though the excited 
modes are present in the whole system.

Spin waves propagated from the left to the right corner 
of the triangle (see Supplementary videos) show a range 
of aperture angles in which there is a peak in transmis-
sion (see Sect. 2 for a description of the transmission analy-
sis), even slightly surpassing the value of 1 for 49◦ , which 
means the edge localized spin wave is a bit more intense 
in the right side of the triangle than on the left one, where 
the source is placed (see Fig. 3a). We tentatively explain the 
transmission coefficient exceeding one obtained for the 
aperture angle of 49°, as a result of ESWs and DW modes 
excited through their resonant interaction with bulk 
modes. This is backed up by the fact that at the high trans-
mission regime angles some of the highest frequency DW 
modes coincide with the most intense main modes of the 
whole system (Fig. 2b), probably providing an enhanced 
excitation of the upper vertex DW by the delocalized SWs 
and therefore effectively boosting the ESWs amplitude at 
the right side of the triangle.

To verify the possible resonant transmission for specific 
frequencies we performed a simulation of a 49° triangle 
excited at an arbitrary frequency of 4.35 GHz (varying less 

than a 2 % the frequency of the resonant mode), which 
does not correspond to any mode in the system. Although 
the ESW signal is propagating (probably because the exci-
tation is close in frequency to other modes), the resulting 
transmission dropped from about 1, obtained for the most 
intense mode of 4.39 GHz, to 0.36.

The strong dependence in ESW transmission on the 
aperture angle remarks the importance of the upper 
vertex DW topology in the transmission process. As we 
mentioned, an increment in transmission of the SWs in a 
narrow range of top corner aperture angle could be due 
to the concordance between the most intense bulk SW 
modes and the highest frequency DW modes (see Fig. 2b). 
This correlation is difficult to disregard, and backs up the 
expected result in a resonant system with two sources. A 
deep analysis of the process in the upper vertex DW when 
the SW is propagated helps to understand these effects: 
for the high transmission angle range, the SWs experi-
ments a phase shift (see Sect. 2) close to � /2 (marked in red 
in Fig. 3b), which is in agreement with some mechanical 
systems in resonance and previous recorded phase shifts 
in Néel-type DWs [20].

The calculated DW asymmetry (see Sect. 2) along an 
axis parallel to the Y axis that divides the upper vertex in 
two (see inset of Fig. 3c) is also maximum for the angles of 
high transmission coefficient, which is highly correlated 
to the � /2 phase shift (Fig. 3c). At 49◦ (see inset of Fig. 3c), 

Fig. 3  a Transmission coefficient and wavelength of the ESW for an 
upper vertex angle aperture between 40° and 75° analyzed in the 
bulk of the triangle. The distinct transmission peak at 49–50◦ indi-
cates that the spin wave propagates almost perfectly through the 
edges of the triangle. Inset shows the ESW propagating through 
the edges a for 49° angle dot. The excited frequencies correspond 
in each case to the most intense bulk modes. b Phase shift of the 
ESW induced at the upper vertex DW. At the 49◦–50◦ aperture 
angle, which is the high transmission range, the ESW experiences 

a � /2 phase shift, indicating the possible existence of resonance. 
c Normalized DW asymmetry between the two lateral sides of the 
triangle in the propagation of the ESW indicates a more asymmetri-
cal propagation for the high transmission angles. Insets reveal an 
enhancement of the upper vertex DW, showing a snapshot of the 
SWs once the propagation is steady for three different angle aper-
tures. Enhanced area is marked in red in the top inset, which consti-
tutes approximately only 17.5% of the in-plane length of the whole 
dot
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the incoming and departing signals at the corner do not 
interfere with each another (which happens due to the 
� /2 phase shift), showing the high efficiency of the local 
DW SW propagation for this angles. However, for an angle 
outside of the high transmission range this statement is 
not true since the incoming and departing SWs collide at 
the corner, resulting in a transmission not as efficient.

3.2.1  Dispersion relations

Analyzed SW dispersion (see Sect. 2) reveals two different 
dynamic regimes: low-frequency modes, which are con-
stant in frequency along all wavenumbers, and a parabolic 
mode at higher frequencies (see Fig. 4a). These regimes 
are both present when the dispersion is represented from 
the data obtained in the edge region. Different performed 
tests reveal that the intensity of the dynamic regimes is 

dependent on the path chosen for the 2D Fourier Trans-
form analysis, which generates the dispersion relations: a 
path that crosses through the left edge of the structure is 
associated with the two dynamic regimes being present 
(Fig. 4a). However, they become less intense if the path is 
separated from the edges (see Fig. 4b). If the path crosses 
the triangle from the base all the way to the upper vertex 
the dispersion relation only shows the constant frequency 
modes through all wavenumbers (see Fig. 4c). These fre-
quency constant modes (coinciding with some of the 
modes presented in Fig. 2a) most probably originate from 
the localized DW modes along the analyzed vertical line 
(remarked by a dashed line in Fig. 1f ) in contrast with delo-
calized parabolic-type modes linked to edge spin waves. 
Here, the positive k vector branch of the parabolic mode 
corresponds to the ESWs emitted by the left vertex while 
the negative k branch describes ESWs emitted by the top 
corner in direction to the left vertex. In this configuration, 
these two branches have an equivalent intensity, mean-
ing that the propagation of ESWs is in both directions is 
comparable.

Their approximately parabolic dispersion relation also 
corroborates the predominantly 1D character of SWs along 
the edge with an IP field parallel to the base. Indeed, the 
exact solution for SDWs in a 1D ferromagnetic chain pre-
dicts a parabolic k dispersion [21], valid except in the 
region of k → 0, where the dipolar contribution dominates. 
The parabolic nature of the dispersion relation of the ESWs 
also matches the expected for the analytical model pro-
posed by Lara et al. [3] (see Sect. 2) if the exchange length 
in the edges is more (an order of magnitude) than the 
expected value at the bulk (see inset of Fig. 4a). This is rea-
sonable since the exchange energy is predominantly accu-
mulated in the edges, which would generate a stronger 
coupling of the magnetic moments in this region, and 
thus, a longer coupling distance.

3.3  Edge spin waves phase shift at the vertex 
domain wall

Several studies have previously considered theoretically 
spin wave propagation through a domain wall. Hertel et al. 
[22] predicted that there is a proportionality between the 
SW phase shifted produced by DW and the angle by which 
the magnetization rotates inside this domain wall ( Δ� = Δ

f/2), meaning that the phase of spin waves with k-vector 
perpendicular to a domain wall changes by a factor of 
� /2 when the wave propagates in a ferromagnetic layer 
through a transverse wall. The changes of phase shift of 
the spin wave with upper vertex aperture angle observed 
here suggests a possible topological variability of the DW 
magnetic texture with angle aperture once the excitation 
reaches a steady state, as confirmed by our results. The 

Fig. 4  Dispersion relation in a 49° angle aperture triangle for a 
the left edge of the triangle from the left vertex all the way to the 
top. Both dynamical regimes are represented in the chosen path: 
the low-frequency modes constant in frequency and the para-
bolic ones, at higher frequencies. b The left side of the dot with a 
separation of ∼ 80 nm from the edge. Although noticeable, both 
mode regimes are less intense than in the case of the left edge 
analysis. The black dashed line indicates the less intense parabolic 
dispersion. c A straight line perpendicular to the base of the dot, 
separating it in two halves. In this particular case only the low-fre-
quency modes are present. These results reveal a direct correlation 
between the low frequency modes and the top corner of the trian-
gle, associated with the DW, and the parabolic mode with the edge 
of the system
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change in propagation direction near the vertex could also 
be a potential cause of the background variation in phase 
and amplitude of the transmitted edge waves outside the 
region where resonant enhancement of the transmission 
and abrupt change in the phase shift is observed. How-
ever, the model [22] also suggests that at the high trans-
mission range, in which the phase shift is almost exactly �
/2, the DW becomes completely transverse. This scenario 
must be discarded due to the analysis done at the DW, 
which does not show a situation with a particularly hard 
DW, even when the spin wave is stabilized.

On the other hand, Bayer et al. [23] predicted analyti-
cally that the spin-wave transport through an infinitely 
extended one-dimensional Bloch-type domain wall 
induces a finite phase shift without reflection. We deduce 
then that the slight OOP component in the DW plays a role 
in the transmission of the wave. Indeed, when the excita-
tion stabilizes, the spin wave propagating on each side of 
the dot have opposing OOP magnetization component, 
meaning that is key for the energy minimization in the sys-
tem. Further studies involving more precise control over 
the magnetic texture of the vertex domain wall, for exam-
ple using an underlying material with spin orbit coupling 
(such as a Pt underlayer) are needed to explore the direct 
link between the vertex DW internal magnetic texture and 
the spin wave transmission through it.

4  Conclusions

Detailed investigation on the influence of the upper ver-
tex aperture on transmission and dephasing of edge spin 
waves in amorphous YIG ferromagnetic triangles shows 
the possibility of fine tuning of the edge spin wave trans-
mission between two remote corners. The results suggest 
that an aperture angle of 49◦–50◦ triggers a high transmis-
sion response of the spin wave propagation system. Local 
analysis of the eigenmodes reveals the following relation: 
f(bulk) > f(edges) > f(DW) for the vast majority of those 
SW modes branches. In some instances, however, the 
local modes seemingly overlap each other, resulting in an 
energy pumping into the upper vertex DW structure. The 
maximum DW asymmetry is found at the high transmis-
sion range, as well as a phase shift of �/2, characteristic of 
resonant systems and Néel-type DWs. The analysis of the 
SW dispersion relations reveal that the DW-related modes 
are constant in frequency, whereas the ESWs modes have 
a parabolic behavior. The best fit to the analytical model 
[3] suggests a possible increase of the exchange length 
along the edge DW. We conclude that the high transmis-
sion mechanism is greatly due to the specific DW topology 
on each angle aperture, which could indeed raise reso-
nance-like interactions between local and bulk SW modes 

in the triangular ferromagnetic structure. We believe that 
this work could contribute to better understand the SW 
propagation through topological objects and/or magnetic 
textures.

Future work should overcome some of the limitations 
of the present study. Among them are consideration of the 
influence of edge roughness, of bulk and surface anisotro-
pies of the ferromaget, as well as of the finite temperature 
at which a real device would operate, constrains which 
have not been accounted by the present work. Future 
pathways could also include using insulating antiferro-
magnets as substrates to substitute the external magnetic 
field by the exchange bias. Finally, an experimental dem-
onstration of the controlled local excitation and propaga-
tion of the edge spin waves would present a giant step 
towards a practical implementation of our results for spin 
wave computing.
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