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In this paper, we propose configurations of a magnonic microwave guide with a two-dimensional array of

magnetic elements located on the surface of the microwave guide. Using the micromagnetic modeling method

based on the numerical solution of the Landau–Lifshitz–Gilbert equation, we show the possibility of controlling the

characteristics of spin wave (SW) propagation in a structure with polymer planar ordered microreservoirs based on

a yttrium iron garnet (YIG) film on a gallium gadolinium garnet (GGG) substrate by changing the configuration

of the structure, varying the direction of the magnetization field and changing the magnetization of the magnetic

material inside the microreservoir. It is shown that the proposed configurations of magnonic structures allow

implementing methods for controlling spin-wave signals, which can find application in magnonic logic devices and

sensorics of bioactive materials.
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1. Introduction

Spin waves (SW) with wavelength from millimeters

to nanometers in gigahertz and subterahertz frequency

ranges [1–4] can be basis of new approach of
”
alternate

electronics“ to implement high-speed calculations and pro-

cessing of signals at micro- and nanolevel. At the same

time the characteristics o spin waves (SWs) spreading via

magnonic microwave structures can be varied by change

in set of parameters that can be divided into different

classes. The first class of parameters comprises geometry

of waveguide structure (e. g., type of symmetry); the second

class — variables (direction and value of external magnetic

field H0, field of exchange interaction and anisotropy of

the material [2]), included in the effective field He f f under

framework of the approach accepted to describe the mag-

netization dynamics, namely solutions of Landau–Lifshitz–
Gilbert equation [5]; third class — interphase properties

that comprise heterogeneous distribution of magnetization

inside the waveguide or adjacent magnetic phase from top

and/or in the direct vicinity of the magnonic waveguide [6,7].
The latter class of parameters is used as basis of the

universal method of surface view change of magnetic film

and as alternate method of control the spin-wave properties,

e.g., by making metasurfaces based on yttrium-iron garnet

(YIG) — films with low losses, decorated with magnetic

structures [8–11].

The hybrid quantum systems, being basis of magnonic,

microwave, optical and mechanical devices, have unique

properties: wide range of frequency re-adjustment, low

level of magnetic decay, large nonlinearity and internal

nonreciprocity [12]. Besides, remember, that change of SW

properties can be basis of very sensitive method of descrip-

tion of magnetic materials interaction with environment.

So, magnetic YIG waveguides can be used as sensitive

magnetoelectric sensors, for example, to early detection

of low concentrations of gaseous hydrogen [13–15]. Area

of application of magnetic YIG and gadolinium-gallium

garnet (GGG) sensors increases and also finds can be

applied as biosensors [16]. The hybrid structures, that

use giant magnetic impedance [17], ensure production of

sensors with high sensitivity to detect cancer markers [18]
and inflammatory proteins [19], production of universal

coatings to detect different diseases using antibodies [20,21].
3D-design of magnetic structures is very important, as

ensures the surface increasing of sensor contact with

environment, which properties shall be measured. So,

formation of bulk magnetic microstructures can be basis of

new approach during development of high effective sensors

based on YIG.

Synthesis of magnetic nanostructures with reproducible

parameters is new problem in the material engineering,

biomedicine and electronics [22]. Planar polymer mi-

croreservoirs are biologically used, in particular, growth of

neuroblastoma cells on polymer surface with simultaneous

release of active substances from the microreservoirs during

their destruction by laser radiation is shown [23]; release

of low molecular weight substance under the action of

hydrolases from polymer microreservoirs is shown [24],
the surface of ophthalmic contact lenses was coated with

a polymer coating with microreservoirs to obtain depot-

systems with prolonged release of drugs for the eyes treat-
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ment [25]. Using laser radiation the intravital drug release

from polymeric planar microreservoirs using mouse vessels

as an example is shown [26] and other. Besides, films with

hollow 3D-containers (chambers) demonstrate sensitivity to

VHF-range, this ensures formation of feedback systems

and basis of organic electronics for accurate delivery of

drugs and/or neurotransmitters [27]. Magnetic nanoparticles

(MNP) are widely used to manufacture flat nanocomposite

coatings, and are frequently used during drugs delivery [28].
Exhibition of high-frequency magnetic properties of the

polymer, with embedded MNP with variation of their bulk

portion was detected by experiments using Mandelstam–
Brillouin spectroscopy [29]. At the same time introduction

of nanoparticles of iron oxide into the polymer matrices

ensures to purposefully vary the physical properties of

nanocomposites and ensure their sensitivity to electromag-

netic effects [30]. The polymer microreservoirs, additionally

to depot-release of drug, also demonstrate the sensitivity to

UV-radiation, and to radiowaves [31–34]. 3D-biocompatible

biodegradable polymer coatings with/without inclusions of

metal nanoparticles are successfully used for biotechnolog-

ical and medical applications, and are good candidates for

new biosensor devices with feedback.

To solve problem of implementation of controllable

modes of spreading the spin-wave signal the present paper

suggests configuration of magnonic microwaveguide based

on film YIG/GGG with two-dimensional array of magnetic

elements of magnetite based on example of polymer film

with ordered magnetic microreservoirs. The method of

micromagnetic modeling shows the possibility to control the

characteristics of SWs spreading based of making the spatial

distributions of magnetization and spectral power density of

signal in the output section of the considered structure. Two

structure configurations and transformation of electrons of

signal passage upon variation of direction of bias field are

discussed.

2. Description of studied structure
and numerical model

The micromagnetic modeling [35] was performed for dif-

ferent configurations of lattice of irregular magnonic struc-

ture with microreservoirs (Figures 1, 2). YIG (Y3Fe5O12)
and magnetite (Fe3O4) were selected as materials. The

structure comprises two layers, where YIG microwaveguide

lies on the first layer, the waveguide is made in form of

elongated strip L2 = 4mm long, L1 = 300µm wide and

b1 = 10µm thick. On the second layer at the center

of structure in zone a = 1mm there are microreservoirs

b3 = 10µm thick. Saturation magnetization of YIG is

4πMYIG = 1750G, and saturation magnetization of mi-

croreservoirs with magnetite is 4πMchamber = 6000G. We

studied cases when external magnetic field is directed in

positive or negative direction of axis OY . In both cases

value of the external magnetic field is H0 = 1200Oe.
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Figure 1. Schematic diagram of structure with microreser-

voirs (a). The following notations are introduced in the Figure:

L1 — width of microwaveguide, L2 — length of microwaveguide,

P in and Pout — microstrip antennas to excite and receive SWs,

respectively; (b) schematic image of structure with microreservoirs

in plane Z−X , where b1 — thickness of film YIG, b2 — thickness

of film GGG, b3 — thickness of microreservoir, a — area of

microreservoirs application, g1 — diameter of external ring of

microreservoirs, g2 — diameter of internal ring, r — distance

between microreservoirs.
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Figure 2. Diagram of structure with microreservoirs (a) in plane

OZ−OY (b), where j — diameter of microreservoir, r — distance

between microreservoirs.

When solving the problem of spin-wave signal transmis-

sion to reduce SWs reflections fro boundaries of the design

area at boundaries of structure, designated in Figure 1 and

Figure 2 by shaded area, the absorbing layers were intro-

duced with exponentially rising decay coefficient α [36–37].
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Figure 3. Amplitude-frequency characteristics: (a) for structure shown in Figure 1, (b) for structure shown in Figure 2, taken with Pout .

As excitation source of spin-wave signal directly after decay

area a microstrip antenna P in 30 µm wide was located, and

detecting area Pout located at structure output, see Figure 1

and Figure 2.

3. Characteristics of systems
YIG/ordered polymer films with
magnetic microreservoirs based
on micromagnetic modeling

Let’s consider operation principle of studied structures:

on input antenna P in the microwave signal is applied, its

frequency range depends on value of permanent external

magnetic field, and from output antenna Pout mz component

of magnetization is taken. Using micromagnetic modeling

based on solution of Landau–Lifshitz–Hilbert (LLH) equa-

tion [38], the modes of SWs spreading in configurations of

YIG microwaveguides were studied. LLH equation may be

written as:

∂M
∂t

= γ
[

He f f × M
]

+
α

Ms(x ,y)

[

M ×

∂M
∂t

]

, (1)

where M — magnetization vector, α = 10−5 —
decay parameter of film YIG, He f f = H0 + Hdemag

+ Hex + Ha — effective magnetic field, H0 — external

magnetic field, Hdemag — decay field, Hex — exchange field,

Ha — anisotropy field, γ = 2.8MHz/Oe — gyromagnetic

ratio.

Note that consideration of structure change of internal

magnetic field in YIG due to microreservoirs is ensured by

consideration of demagnetization field created inside YIG

microwaveguide by magnetite localised in microreservoirs.

To analyze effect of the microreservoirs configuration in

SW properties in YIG it is important to analyze spectra of

VHF signals passage via the studied microwaveguide. For

this on the input antenna the magnetic field is set in form

h = h0 sin(2π f t) with different amplitude of oscillations h0

and with frequency f .
To obtain information about what happened to the

wave after interaction with the system of microreservoirs,

the spectral power density of the spin-wave signal was

constructed, it was obtained by recording the to file of time

realization of the integral value mz (x = xout, t) for time

interval Tmax = 300 ns in area of output antenna at x = xout.

In Figure 3, a the amplitude-frequency characteristic is

plotted for structure configuration with polymer ordered

microreservoirs with magnetic inclusions, deposited on

film YIG, shown in Figure 1, at parameters g1 = 20µm,

g2 = 8µm and r = 10µm. In Figure 3, b the amplitude-

frequency characteristic is plotted for the structure con-

figuration shown in Figure 1, at parameters j = 10µm,

r = 20µm. Blue curve in Figure 3, (a, b) corresponds to the

case when external magnetic field H0 = 1200 Oe is directed

opposite to axis OY , red curve corresponds to the case
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Figure 4. Amplitude-frequency characteristics: for structure with

rings at different magnetization of magnetite 4πMchamber = 6000G,

3800G, 1900G, taken with Pout in case when external magnetic

field is oriented in positive direction of axis OY .
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Figure 5. Spatial maps of distribution of mz component (b, c) and intensity (d, e) of spin waves for structure 1 at frequency f 1 in case

of magnetic field oriented in negative (b, d) and positive (c, e) direction of axis OY .

when external magnetic field H0 is directed along axis OY .
The black curve is plotted for the reference microwaveguide.

During modeling the case of reference microwaveguide was

considered for structure configurations at Mchamber = 0G. At

that we see that when considering the microwaveguide with

magnetite the level of signal passage decreases by about

20 dB. Also, in frequency dependences of power spectral

density we can determine frequencies f 1,2, when drip is

observed at direction change of external bias field.

Note also that changing magnetization of the magnetic

material inside the microreservoir 4πMchamber we can pro-

vide change in nature of SW spreading. For this AFC were

plotted for structure in Figure 1, at 4πMchamber = 6000G,

3800G, 1900G (see Figure 4) if the external magnetic field

is 1200Oe and oriented in positive direction of axis OY .
We see that in selected range during value variation of

magnetization 4πMchamber the narrowing of range of signal

passage is observed (blue curve in Figure 4), and areas of

signal non-passage occur at the beginning of spectrum of

magnetostatic surface waves. When value of magnetization

4πMchamber approaches value of magnetization of YIG the

frequency band of signal passage occupies the entire fre-

quency range (green curve in Figure 4). At that the selected
frequency range 5.07−5.6 GHz corresponds to band of

excitation and passage of magnetostatic surface waves upon

field increasing 1200Oe, at that the main effect, confirmed
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Figure 6. Spatial maps of distribution of mz component (b, c) and intensity (d, e) of spin waves for structure 2 (semicylinders) at

frequency f 2 in case of magnetic field oriented in negative (b, d) and positive (c, e) direction of axis OY .

by results of micromagnetic modeling, is observed for the

values of the detuning from the ferromagnetic resonance

frequency relative to the magnetized film 200MHz and

300MHz for frequencies of peaks f 1 and f 2, respectively.

For the drips observed in amplitude-frequency charac-

teristics the spatial maps were prepared of distribution of

mzcomponent and intensity of spin waves I =
√

m2
z + m2

x at

frequencies f 1 = 5.295GHz for structure shown in Figure 1

(see Figure 5) and at f 2 = 5.315GHz for structure shown

in Figure 2 (see Figure 6), when external magnetic field is

directed in positive or negative direction of axis OY .
As we can see from the analysis of profiles of magnetiza-

tion distribution in Figure 5 (b, d), SW signal at frequency f 1

at direction of external magnetic field downwards along the

axis OY does not pass to the end of structure, and at oppo-

site direction of external magnetic field (see Figure 5 (c, e))
it passes, on the contrary. We can conclude that change in

direction of the external magnetic field in structure 1 affects

the nature of SW spreading. In area after microreservoirs

at x > 2.5mm the field distribution indicates that there is

no regular wave process after the moment when spin wave

passes the are of interaction with microreservoirs.

As we can see from the analysis of profiles of magnetiza-

tion distribution in Figure 6 (b, d), SW signal at frequency f 2

at direction of external magnetic field downwards along the

axis OY does not pass to the end of structure, and at oppo-
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site direction of external magnetic field (see Figure 6 (c, e))
it passes, on the contrary. We can conclude that change

in direction of the external magnetic field in structure 2

affects the nature of SW spreading. Moreover note that wave

process spreading in area of microreservoirs at x > 2.5mm

as per nature of field spreading corresponds to SW excited

in area with installed input antenna.

The reservoirs configuration as semicylinders (see Figu-

re 2) ensures the system sensitivity change for sensorics

application, at the same time, as it follows from modeling

results in Figure 6, e, in linear oriented region between

microreservoirs there is spin wave power localization, at

that such effect is possible only during reorientation of

external field direction. So, we can compare the observed

effect with effect of spin wave collimation, described in

paper [39]. Number of maxima in the transverse structure

of field corresponds to number of rows of microreservoirs.

Moreover note that localization is more obvious exactly in

case of semicylinders as compared to rings, this is shown by

comparison of the results of 2 maps plotting in Figure 5, e

and Figure 6, e. Configurations selection of metasurface

ensures control of field structure of surface wave, this

is important for sensorics applications, their idea is that

region filled with bioactive material with microreservoirs

can be used as medium with change in magnetic properties

due to interaction of introduced chemicals that can change

the microreservoirs configuration, and hence the profile of

distribution in of magnetic material in form of magnetite

nanoparticles located inside the microreservoirs.

In region under microreservoirs there is magnetization

distribution close to the case when one wavelength fits along

length of this interaction region, at that it is well seen that

wavelength excited by antenna is by about 5 times larger

than wavelength before the region with microreservoirs.

Such difference in wavelengths can be explained by analysis

of value of internal field in YIG in region under microreser-

voirs. Actually, value of internal field reaches 0.8 kOe in

region under magnetite, this together with artificially created

resonator under the magnetite can be reason of change on

spin wavelength. Note that when changing the configuration

of magnonic structures with simultaneous variation in the

direction of the bias field based on the proposed method

of applying microreservoirs filled with magnetite, it may

be possible to implement methods for controlling spin-wave

signals, which can be applied in magnonic logic and sensoric

devices.

4. Conclusion

Thus, study was performed relating the control of the SW

characteristics in structure with polymeric planar ordered

microreservoirs with magnetic inclusions based on YIG

film upon change in the structure parameters, varying the

direction of the bias field and change in magnetization value

of the magnetic material inside the microreservoir. Spatial

maps of distribution of mz component and intensity of spin

waves are plotted for different structure parameters. It is

shown that change in the orientation of the magnetic field to

the opposite orientation leads to change in the level of the

spin-wave signal passage and the formation of frequency

regions on the amplitude-frequency characteristics where

the signal stops to spread. The suggested configurations

of YIG microwaveguide with system of microreservoirs on

surface can be used as orientation controllable magnetic

field of VHF signal filter, and to develop new types of

biosensors with feedback.
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