
Physics of the Solid State, 2023, Vol. 65, No. 7

05,08

Investigation of the propagation of spin waves in the corrugated

waveguide−planar waveguide system when changing

the modulation parameters

© V.A. Gubanov, A.V. Kostrikin, A.V. Sadovnikov

Saratov National Research State University,

Saratov, Russia

E-mail: vladmeen@gmail.com

Received April 17, 2023

Revised April 17, 2023

Accepted May 11, 2023

The influence of the period filling parameter in the lateral system planar waveguide/corrugated waveguide is

investigated by the method of micromagnetic modeling. The modes of switching the propagation of spin waves to

the output ports are shown. When a defective region is added to the system — a region without periodicity — the

transmission spectrum changes, and additional frequency regions of wave transmission appear. Based on the results

obtained, it is possible to create a directional coupler applicable to information signal processing devices based on

the principles of magnonics.
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1. Introduction

Currently, creation of a base of complementary inter-

connecting devices on magnonic principles [1] is of great

interest in order to implement new data signal processing

devices. Spin waves (SW) serve as data carriers [2]. High

variability of connection of elementary magnetic units allow

to create a set of functional units [3].

Yttrium-iron garnet (YIG) ferromagnetic film featuring a

record-low damping parameter are the best medium for SW

propagation [4]. YIG films may be obtained by the liquid-

phase epitaxy methods [5] or laser deposition technique [6].
Minimum film thicknesses suitable for SW propagation may

reach dozens of nanometers.

Spin wave can be controlled by varying system pa-

rameters such as external magnetic field direction and

strength, frequency and power of SW signal excited in the

system and by introduction of additional control parameters

in the system — application of deformations [7], laser

emission induction [8], imposing metallized surfaces on the

ferromagnetic waveguide.

Also, creation of an irregular profile of the waveguiding

structure is one of the SW parameter control options.

For example — creation of periodic irregularities forming

magnon crystals (periodic conditions for profile variation

along the waveguiding structure thickness) or corrugated

waveguides (periodic profile variation conditions over the

waveguide width) [9]. Depending on geometrical param-

eters of spin wave signal period and excitation frequency,

conditions will occur when the incident and reflected waves

in the periodicity domain will be opposite in phase, and will

result in damping of spin wave propagation.

The study will investigate, using the micromagnetic simu-

lation method, the SW propagation modes in the coupled

waveguide structure system, one of which is a planar

waveguide and the other is a corrugated waveguide without

and with a defective region. SW power redistribution

conditions between the output ports of the coupled structure

will be investigated. This structure may be used as a

directional coupler of spin wave signal to create microwave

signal processing devices on magnonic principles.

2. Studied structures and numerical
simulation procedure

The studied structure is a system of laterally coupled

waveguides — planar waveguide and corrugated waveguide

with similar width (shown in Figure 1, a) with parameters

for the YIG film: saturation magnetization M0 = 139G.

A region without periodicity was created in the corrugated

waveguide, hereinafter referred as the defect, which will be

shown in Figure 1, b and highlighted in orange color. The

defective segment length was equal to Idef = 1000µm.

These coupled waveguides have the following parameters:

structure length l = 6000µm, structure width w = 500µm,

groove depth a was varied from 40 to 60µm, waveguide

thickness was equal to t = 10µm. The waveguide structures

were placed along the long axis of the waveguide and with

spacing of d = 15µm.

For this structure, overlapping parameter was optimized

L = h + k , where k is the corrugation
”
ridge“ length,

and h is the groove length. In further discussion, the over-

lapping parameter was equal to L = 160µm (h = 80µm,

k = 80µm).
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Figure 1. Image of the studied lateral structure planar waveguide/corrugated waveguide without addition of a defective region (a) and

with addition of a defective region into the corrugated waveguide region (b).

Micromagnetic simulation created conditions for excita-

tion of magnetostatic surface wave (MSSW) when external

magnetic field H0 with strength 1200Oe was applied along

the y axis.

This system of waveguide structures has 4 ports which

were placed over the width of each of the waveguides.

Port P1 served as an input microstrip on which the spin

wave was excited. Ports P2, P3 and P4 served as receivers

of propagating spin waves. Widths of these antennas were

equal to 30µm.

The study was carried out in MuMax3 software

package [10], where the simulated structure had a

1024 × 256× 1 (L×W×D) grid in whose points the

Landau−Lifshitz equation with the Hilbert damping was

solved numerically [11,12]:

∂M

∂t
= γ[Heff ×M] +

α

Ms(x ,y)

[

M×

∂M

∂t

]

, (1)

where M is the magnetization vector, α=10−5 is the YIG

film damping parameter, Heff=H0+Hdemag+Hex+Ha is the

effective magnetic field, H0 is the external magnetic field,

Hdemag is the demagnetization field, Hex is the exchange

field, Ha is the anisotropy field, γ = 2.8MHz/Oe is the

gyromagnetic ratio. Spin wave was excited as follows:

hz (t) = h0 sinc(2π f t), where f is the spin wave excitation

frequency, h0 = 0.1Oe. Then the dynamic magnetiza-

tion mz (x , y, t) in the output antenna regions P2, P3,

P4 was recorded with step 1t = 75 fs during t = 200 ns.

And further, one-dimensional Fourier transformations were

performed using the obtained data and as a result amplitude-

frequency characteristics (AFC) were obtained for the

propagating spin waves.

Figure 2 shows AFC for parameter a = 40µm (Figu-
re 2, a) and parameter a = 60µm (Figure 2, c) without

introduction of defective region ldef and for parameter

a = 40µm (Figure 2, b) and parameter a = 60µm (Figu-
re 2, d) with introduction of defective region ldef. To obtain

AFC, a signal was applied to the input port P1 (brown line)
and removed from input ports P2 (green line), P3 (blue line)
and P4 (red line) in the simulated structure.

These AFC suggest that the transfer characteristics are

transformed and frequency range displacement with dips

is observed. In this case, only when the depth of the

corrugated waveguide is changed a from 40 to 60µm

in the frequency range 5.22−5.3GHz, spin wave power

distribution occurs into the output port P3 into the output

port P4.

When a defective region is introduced, AFC of the

corrugated waveguide structure (Figure 2, b, d), when the

corrugated waveguide depth is changed a from 40 to 60µm,

frequency tuning region broadening from 1 f = 80

to 170MHz (range 5.21−5.38GHz) was observed.

For the dips observed on AFC using micromagnetic

simulation, spatial maps of distribution of mz component

and spin wave intensity I =
√

m2
z + m2

x were plotted for

different parameters a without defective region addition

(Figure 3) and with defective region addition (Figure 4).
At f = 5.28GHz (Figure 3, a, b) with a = 40µm, a

mode is observed when the spin wave is transferred into

the planar waveguide and back to the corrugated waveguide.

In this case, conditions occur in the planar waveguide for

propagation of the second spin wave width mode.

When a increases up to 60µm at f = 5.25GHz (Figu-
re 3, c, d), spin wave power transfer and output via the

output port P3 are implemented.

When a defective region is added to the corrugated

waveguide during plotting of the maps of distribution

of mz component and spin wave intensity at the dip-

specific frequency, conditions can be implemented when
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Figure 2. Amplitude-frequency characteristics for parameter a = 40 µm (Figure 2.a) and parameter a = 60 µm (Figure 2, c) without

introduction of defective region ldef and for parameter a = 40 µm (Figure 2, b) and parameter a = 60 µm (Figure 2, d) with introduction

of defective region ldef. To obtain the amplitude-frequency characteristics, a signal was applied to the input port P1 (brown line) and

removed from input ports P2 (green line), P3 (blue line) and P4 (red line) in the simulated structure.
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Figure 3. Spatial distribution maps mz SW magnetization and intensity components in the system without defective region at

f = 5.28GHz (a, b) with a = 40 µm and with a = 60 µm at f = 5.25GHz (c, d).
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Figure 4. Spatial distribution maps mz SW magnetization and intensity components in the system with defective region at

f = 5.23GHz (a, b) with a = 40 µm and with a = 60 µm at f = 5.36GHz (c, d).

the spin wave is redistributed between the output ports P3

and P4 (Figure 4, a, b) at 5.23GHz, or spots redistributing

(Figure 4, c, d) at 5.36GHz providing conditions for SW

reflection from the defect boundary.

3. Conclusion

Thus, a coupled structure planar waveguide−corrugated

waveguide was investigated using numerical simulation.

transfer chatacteristics and spatial maps of distribution

of mz magnetization component and spin wave intensity

were plotted to demonstrate the SW power redistribution

conditions. When a defective region without periodicity was

added into the corrugated waveguide, additional frequencies

occur in the system to redirect the SW power. This structure

may be used as a directional microwave signal coupler

to create data signal processing devices on magnonic

principles.
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