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Space-resolved Brillouin light-scattering spectroscopy and micromagnetic simulations are used to study
the propagation of magnetostatic spin waves across nonidentical magnonic crystals within close proximity.
We show that the characteristics of spin-wave modes in such structure depends on the geometry of adjacent
magnonic crystals. In particular, our results demonstrate that the efficient spin-wave coupling at the
frequency of the magnonic forbidden gap can be achieved, enabling the spin-wave power drop between
asymmetric magnonic crystals. We demonstrate, that the combination of spatial-filtering features and the
spin-wave coupling in the adjacent magnonic crystals leads to the realization of the frequency-selective
magnonic drop filter which is expected to offer new functionalities for spin-wave demultiplexing
applications within the complex magnonic circuitry.
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In recent years, much research has been directed towards
the use of spin waves (SWs) for signal processing at
microwave and subterahertz frequencies [1] due to the
possibility to carry the information signal without the
transmission of a charge current (see Ref. [2] and references
therein). Magnonic crystals (MCs) have attracted signifi-
cant attention due to their wide range of applications and
numerous ways to fabrication [3–9]. MCs are used in linear
and nonlinear magnonics as a building block of magnonic
networks [10–17]. In the majority of the previously realized
devices the MCs have been used as the high-Q tunable
rejection filter due to the most important features of the
MCs—the magnonic forbidden (rejection) band or mag-
nonic band gap in the spin-wave spectra [3]. However, the
possible use of the magnonic forbidden band to fabricate
the drop filters in magnonic integrated circuits can extend
the application of MCs, in particular, for the magnonic
logic [18]. The more complex the magnonic network, the
more nodes are needed, the more interjunctions between
the magnonic functional blocks are required. The connec-
tion of functional magnonic units in a magnon circuit is an
undisputed challenge. The recently demonstrated

phenomenon of propagating spin-wave coupling [19–21]
has inspired a lot of interest due to the possible applications
for controlling the spin-wave propagation [22,23] and
fabrication of micro- and nanodevices based on low-loss
insulating magnetic materials [24]. The magnonic direc-
tional coupler (MDC) based on adjacent magnetic stripes
has the frequency-selective features due to the periodic
power transfer from one waveguide to the other at a dis-
tance L as a result of the symmetrical and antisymmetrical
spin-wave mode interference [21]. Thus, the input power
can be divided between the output ports with the frequency-
dependent ratio due to the frequency dependence of the
coupling length LðfÞ [21,23]. The major limitation of the
conventional MDCs is the relatively high frequency range
of effective spin-wave coupling [21,23,25–28]. The stan-
dard strategy to reduce the frequency range of effective
power transmission between the magnetic stripes and, thus,
to enhance the wavelength selectivity consists of increasing
the value of dL=df. For a typical magnonic coupler this can
be achieved by the increase of spin-wave wave numbers
[19,21,23,24]. However, the latter leads to the decrease of
the group velocity and, thus, to the decrease of the pro-
pagation length of the dipolar SWs [29,30]. Therefore, the
transmission of the spin-wave signal through the MDC is
significantly reduced.*sadovnikovav@gmail.com
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Here, we present an alternative way to enhance
the frequency selectivity by the use of the concept of
side-coupled MCs. Two magnonic crystals of different
width, period, or saturation magnetization placed in prox-
imity can be treated as side-coupled asymmetric MCs. In
this structure, the spin waves have nonequal propagation
constants and, thus, the phase-matching condition is
violated. While phase mismatch might seem on the surface
to decrease the coupling efficiency, the unusual increase of
the spin-wave coupling can be observed at the frequencies
in the vicinity of the magnonic band gap. This idea can
underpin the experimental and theoretical studies regarding
the side-coupled magnonic crystals [31], which can also act
as frequency-selective multiplexers [23,32–34].
In this Letter, we report the experimental observation of

the spin-wave coupling in the asymmetric adjacent mag-
nonic crystals based on multimode yttrium-iron-garnet
(YIG) waveguides. We show that the combination of
frequency- and spatial-filtering features of the MC and
spin-wave coupling in the adjacent magnetic waveguide
leads to the realization of the magnonic drop filter. We also
identify the mechanism of the efficient spin-wave power
transmission between the magnonic crystals. As a major
result, we demonstrate by the means of the space-resolved
Brillouin light-scattering (BLS) technique, that nonident-
ical MCs within close proximity demonstrate the efficient
spin-wave coupling at the frequency of the magnonic
forbidden gap of one of the MCs. Thus, MCs can be used
not only to achieve the spatial and frequency filtering of the
spin-wave signal but also to provide the phase condition
with an efficient spin-wave power transfer from the input to
the drop port of the magnonic coupler.
The schematic of the experimental layout is sketched

in Fig. 1(a). The coupled magnetic stripes of width
w1 ¼ 500 μm (MC1) and w2 ¼ 200 μm (MC2) with a
d ¼ 30 μm edge-to-edge spacing are fabricated from
t ¼ 10 μm-thick monocrystalline ferrimagnetic YIG film
with a saturation magnetization of M0 ¼ 139 G on the
500-μm-thick gallium-gadolinium-garnet substrate using
the precise laser ablation technique.
The periodic sequences of the grooves of dg ¼ 1.1 μm

depth with the period of D ¼ 200 μm are fabricated on the
surface of the both YIG stripes using the precise ion-beam
etching. Both MCs had 25 periods along the coupling
region with the length of Lc ¼ 5 mm. As it is shown in
Fig. 1(a), we denote the output area of the coupling region
inside MC1 and MC2 as a port P1 and P2, respectively.
The excitation of spin waves in MC1 is performed by

utilizing the 50-Ω matched microstrip transmission line
with the gold microwave transducers of 40-μm width. The
input and output transducers are attached to MC1 at a
distance of 8 mm between each other. The uniform static
magnetic field H0 ¼ 1300 Oe is applied in the plane of the
structure along the z direction for the effective excitation of
the magnetostatic surface waves [35,36].

We first investigate the spin-wave transmission res-
ponse for the fabricated device using the microwave
spectroscopy technique based on the E8362C PNA vector
network analyzer (VNA). The solid red curve in Fig. 1(b)
shows the measured absolute value of S21. The input power
of the microwave signal is of −10 dBm in order to avoid
nonlinear effects at this frequency range [29,31]. A well-
pronounced rejection band with the width of ΔfB ¼
0.03 GHz at the level of −30 dB is clearly observed at
the frequency of f1 ¼ 5.7 GHz. To verify that the fre-
quency f1 is the center frequency of the magnonic
forbidden gap we measure the phase-frequency response
and acquire the dispersion characteristics denoted with the
blue dashed curve in Fig. 1(b). As it is seen from Fig. 1(b),
the frequency f1 corresponds to the Bragg wave number
ky ¼ kB ¼ π=D ¼ 157 cm−1, and thus to the central fre-
quency of the first forbidden zone (magnonic band gap).
In the following, we demonstrate the spin-wave coupling

by means of spatially resolved BLS spectroscopy in the
quasibackscattering geometry. We perform the scanning
with the probing laser light with the wavelength of 532 nm
of the 5 × 0.73 mm2 area on the surface of the MC1 and
MC2. The intensity of the resulting BLS signal is propor-
tional to the dynamic magnetization squared at the position
of the probing spot. The two-dimensional spatial maps of
the spin-wave intensity with the spatial resolution of 25 μm

YIG
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MC1

0
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FIG. 1. (a) Schematic of the experiment: nonidentical side-
coupled magnonic crystals of periodD; microwave transducers at
input and output to perform the microwave experiment by the
means of VNA; probing laser light for space-resolved BLS
measurement. (b) Spin-wave transmission (red curve) and
dispersion (blue curve) characteristics measured by VNA at
MC1. The value of the Bragg wave number is denoted with
the horizontal dashed line.
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are shown in Fig. 2. The reason for the absence of the
power exchange between the MCs at the frequency below
the f1 [see Figs. 2(a) and 2(b)] is the low spin-wave
coupling efficiency due to wave-number mismatch between
adjacent asymmetric magnonic crystals (MC1 and MC2).
However, as it is shown in Fig. 2(c) at the frequency of the
magnonic band gap f1 one can observe the strong spin-
wave coupling between the asymmetric MCs. The spin-
wave signal drops from the input of MC1 at the frequency
of f1 and is transmitted to the output port P2 of MC2.
Next, to support these findings, we perform the micro-

magnetic study of spin-wave propagation along the side-
coupled waveguides (see Fig. 3). In spite of the case of the
backward volume magnetostatic spin-wave coupling [37],
where the analytical expressions of the coupling coeffi-
cients and spin-wave dispersion can be obtained, only the
straightforward micromagnetic calculation of the surface
spin-wave coupling is possible, due to highly nonuniform
internal magnetic field profiles inside the adjacent mag-
nonic stripes. Therefore, we use the Object-Oriented
Micro- Magnetic Framework (OOMMF) [38] to perform
the numerical solution of the Landau-Lifshitz equation for
the dynamics of the magnetization [39]. The volume of the
simulation area is ð3000 × 730 × 10Þ μm3, the size of
the mesh cell is ð0.1 × 0.1 × 1Þ μm3. First, we perform
the static simulation to obtain the ground magnetic state of
coupled MCs. Therefore, we define the internal magnetic
field profile HiðzÞ [see Fig. 3(e)]. Next, the SWs are
excited in the vicinity of the left edge of MC1 by a local

magnetic field of harmonic temporal profile. Figure 3(a)
demonstrates the dynamic out-of-plane component of
magnetization mz after a lapse of 200 ns from the onset
of the excitation at the frequency of 5.1 GHz. Because of
the effective excitation of the first and third transverse
modes [36,40], the multimode spin-wave propagation is
observed in MC1 and the weak coupling with MC2 is also
seen. At the frequency of f1 the SW drops to the output
of MC2.
The observed signal drop can be qualitatively explained

taking into account the two mechanisms which can lead to
the frequency shift of the magnonic band gap in MC1 and
MC2. First, we need to take into account the redshift of
the lower cutoff frequency of the first transverse mode in
the YIG stripe of finite width [40]. Figure 4(a) shows the
dispersion of the first, second, and third transverse mode for
the stripe of width w1 (blue solid curve) and w2 (green
dashed curve). Second, it should be noted that in the
adjacent magnonic stripes the internal magnetic field Hi is
reduced due to the shape anisotropy. The frequency of
ferromagnetic resonance for the in-plane magnetized stripe
[41] can be defined as f1;2¼ γ=ð2πÞ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

Hi1;2ðHi1;2þ4πM0Þ
p

,
where γ=2π ¼ 2.8 MHz=Oe is the gyromagnetic ratio for
YIG, Hi1 ¼ 1179 Oe and Hi2 ¼ 1162 Oe are the values of
internal magnetic field in the center of the stripe of widths

(a)

(b)

(c)

FIG. 2. (a) Normalized color-coded two-dimensional BLS
intensity map of magnetization squared demonstrating the
spin-wave propagation at the excitation frequencies of f ¼
5.65 GHz (a), f ¼ 5.68 GHz (b), and f ¼ 5.7 GHz (c).

(a)

(b)

(c)

(d)

(e)

FIG. 3. The results of micromagnetic simulation: snapshot of
mz component in the adjacent MCs at f ¼ 5.68 GHz (a) and
f ¼ f1 ¼ 5.7 GHz (b); (c) and (d) show profiles of the quasisym-
metrical and quasiantisymmetrical modes; (e) shows the internal
magnetic field profile in both MCs.
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w1 and w2, respectively, estimated from the micromagnetic
simulation [38] [see Fig. 3(e)].
One should note from Fig. 4(a), that the dispersion

branch of the first transverse mode in the stripe of width w2

almost coincides with the dispersion branch of the third
mode of the stripe of w1. This leads to the effective
coupling of the third mode of MC1 and the first mode
of MC1. The quantitative explanation of this effect can be
provided via the calculation of eigenmode spectra of the
side-coupled magnonic stripe of a finite width. When two

identical parallel magnetic stripes are brought in proximity,
the SWs are coupled by the dipolar field and the spin-wave
dispersion branch of an isolated waveguide is split into
symmetrical and antisymmetrical spin-wave modes. In the
case of nonidentical magnonic stripes the eigenmode
spectrum consists of the quasisymmetrical (QS) and qua-
siantisymmetrical (QAS) modes. By the means of the
finite-element method (FEM) [21,42] we calculate the
eigenmode spectra and mode profiles of the laterally
asymmetric parallel magnetic stripes with the nonuniform
static internal magnetic field. These calculations show that
the effective coupling is possible between the third trans-
verse mode in MC1 and first mode in MC2. Figures 3(c)
and 3(d) show the field profile of the QS and QAS modes,
respectively. The interference of these modes defines the
spatial spin-wave intensity pattern in asymmetrical side-
coupled magnonic stripes. We have to emphasize that the
spin-wave propagation constants mismatch in both MCs
allow one the use of the weak coupling approximation to
describe the characteristics of coupled spin waves. Thus,
the spin-wave dynamics can be described by the means of
the solution of coupled mode equations [24] taking into
account the results of FEM calculation, in particular, the
wave numbers of the QS and QAS modes. Thus, there are
two mechanisms leading to the energy transfer between the
nonidentical MCs. The first is the multimode coupling and
the second is the spin-wave forbidden-frequencies mis-
match due to the shape anisotropy of MCs.
The calculated spin-wave transmission response in the

separate MC of widths w1 and w2 is denoted with blue-solid
and green-dashed curves in Fig. 4(b), respectively. The
frequency positions of the first magnonic forbidden zone in
these MCs are noticeably different from each other,
enabling the signal propagation along MC2 with the
frequency in the vicinity of the band gap of MC1. In other
words, the mismatch between the frequencies of the
magnonic band gaps of MC1 and MC2 opens the pos-
sibility to signal drop from the input of MC1 to the output
of MC2 (drop port) at the frequencies inside the magnetic
forbidden zone of MC1.
The frequency dependence of the BLS signal at the ports

P1 and P2 reveals the well-defined peak at the frequency of
f1 in the drop port. The width of this peak is about
Δf ¼ 15 MHz, which corresponds to the width of the
magnonic band gap (at 3 dB level). This value is in good
agreement with the theoretical value of the forbidden
frequency gap width of single MC [43]: Δf ¼
ðγ4πM0Þ2ð2π=DÞðdg=tÞ exp½−πt=D� ≈ 12.4 MHz. Thus,
the band-gap-induced transmission band is at least 5 times
narrower than the transmission band in the conventional
magnonic coupler [21,23,24]. The drop efficiency reads
as T21ðfÞ ¼ 10 log½P2ðfÞ=P1ðfÞ� and defines the ratio
between the spin-wave power transmitted in drop port
P2 from the MC1. The maximum value of T21 ¼ 8 dB is
reached at the frequency of f1.

(a) (b) (c)

(d)

(e) (f)

(g)

FIG. 4. (a) Dispersion of the spin waves in the magnonic stripes
of width 200 μm (dashed green curves) and 500 μm (solid blue
curves). (b) Spin-wave transmission response in the separate
magnonic crystal of the widths of 200 μm (dashed green curves)
and 500 μm (solid blue curves). Horizontal dotted lines show the
frequencies of magnonic forbidden gap. The frequency mismatch
of the forbidden-gap position is denoted by δfB. (c) Frequency
dependence of BLS intensity at the output position of MC1
(P1, red dashed curve) and MC2 (P2, blue solid curve).
(d) Frequency dependence of BLS signal across the z coordinate
at the output position of magnonic crystals. (e) Magnetic field
tunability of the drop filter. The shaded green and blue colors
denote the numerical simulation results; BLS data: open circles
demonstrate the “through” regime (f) and open squares—the
“drop” regime (g).
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Figure 4(d) shows the frequency dependence of the
intensity of the BLS signal Iðy; zÞ at the y position, which
corresponds to the position of ports P1 and P2. At the
frequency range in the vicinity of f1 the proposed coupler
operates in the “drop regime” when the signal attenuation
in port P1 is visible and the increase of the spin-wave
intensity in port P2 is clearly observable. Below and above
the frequency range f1 − Δf=2 < f < f1 þ Δf=2 the
“through regime” is realized, when the spin-wave power
propagates along the MC1 without coupling to MC2.
One of the most important features of the proposed

magnonic drop filter is to be adjustable. By the variation of
both the value and angle of the bias magnetic field the
frequency position of the magnonic band gap and the
frequency region of the transverse modes coupling can be
adjusted [21,37]. Thus, the drop frequency can be tuned in
a wide operation range, which is shown in Fig. 4(e).
In conclusion, we systematically investigate the spin-

wave coupling in the nonidentical (asymmetrical) adjacent
magnonic crystals. We demonstrate that the spin-wave
coupling efficiency in the waveguiding nonidentical peri-
odical structure within close proximity can be significantly
increased in the frequency range of the magnonic band gap.
In spite of the absence of full energy transfer between the
nonidentical magnonic crystals, the proposed structure
demonstrates the narrow frequency range of the efficient
spin-wave signal drop between the magnonic crystals. We
show that the intermodal coupling and the frequency shift
of magnonic band gaps in adjacent structures is responsible
for the observed narrow frequency range of the spin-wave
power transmission between the magnonic crystals. Using
the asymmetric side-coupled magnonic crystals we fabri-
cate the drop filter, which is the base for a variety of
magnonic switching and routing devices.
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