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In this paper, we present a detailed numerical micromagnetic study of the spin wave propagation in
a thin magnetic film where several columns of circular antidots (holes) are cut out. We determine
the transmission coefficient of such a system as the function of the spin wave frequency
(transmission spectrum), and study the absorption and transmission frequency regions in dependence
on the interdot distances and on the number of antidot columns. It turns out that already several
antidot columns are sufficient to obtain nearly perfect gaps in the transmission spectrum of spin
waves, so that already a system of a few such columns can be used as a very effective magnonic
filter. Next, we establish a close relation between the transmission spectrum of our system and the
spectrum of eigenmodes of the corresponding infinite antidot lattice. Finally, we demonstrate that
transmission and absorption bands can be easily tuned (for the given antidot arrangement) by
changing the external magnetic field. Importantly, the transmission spectrum exhibits a universal
scaling when the external field is changed, when this spectrum is plotted as the function of the
C 2013 AIP Publishing LLC. [http://dx.doi.org/10.1063/1.4812468]
magnon wave vector. V

I. INTRODUCTION

The main strategic goal of the rapidly expanding field of
magnonics1–3 is the development of structured magnetic systems which would allow the manipulation of spin waves
(magnons) by, e.g., changing their propagation direction, filtering out magnons with desired frequencies, focusing them
on prescribed locations, etc. One of the most important physical tasks in this area is the study of the spin wave propagation through nanopatterned thin film systems. This problem
is not only of a large fundamental importance4,5 but also of
interesting from the applied point of view, in particular, for
creating reliable spin wave filters which would allow to
change the spectrum of a magnonic signal in a prescribed
way.
Systems of separated nanodots are not well suitable for
this purpose, because the only coupling between such nanodots is due to the magnetodipolar interdot interaction. Such a
coupling is normally too weak to ensure an efficient wave
propagation over large distances. To enable a long-range
propagation of spin waves, a nanopatterned thin film structure must be connected, i.e., spin waves should be able to
“follow” a continuous path within the magnetic film, taking
advantage of a strong exchange interaction in a ferromagnetic material. For this reason magnetic films containing ordered arrays of so called antidots (holes cut out in a thin
magnetic films) are much better suitable for studying corresponding phenomena and developing magnonic devices
where a signal transmission and filtering is required. We
note, already here, that such a device should possess good filtering properties: preferably complete absorption of magnons
with undesired frequencies (frequency bands), whereas
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magnons with frequencies outside these bands should pass
without noticeable losses.1,3,6
In general, antidots in various geometric configurations
(circular holes arranged as antidot lines,7 quadratic8–13 and
rectangular lattices,14 hexagonal antidot arrays15,16 and honeycomb lattices,17 and square lattice of square-shaped antidots9,18) in films made of different materials have been a
subject of intensive research during the last years. It has
been shown in these theoretical and experimental studies
that antidot lattices possess many non-trivial features. In particular, these lattices demonstrate strong in-plane anisotropy
of their FMR spectra (see, e.g., Refs. 8, 9, 15, and 17), and
the spin wave propagation inside them strongly depends both
on the external field direction and the wave vector orientation with respect to the main lattice axes.9,10,12,16 Such lattices also exhibit magnonic gaps—frequency regions where
the propagation of magnons is forbidden,13,14 so we expect
the ordered arrangements of antidots to be good candidates
for acting as magnonic filters.
In this paper, we perform a systematic study of spin
wave propagation through a thin magnetic film where several
antidot columns are cut out. The paper is organized as follows. In Sec. II, we describe our simulation methodology
and present simulation results for the wave propagation in a
continuous film, which form the basis for the understanding
of the behaviour of a thin film with antidots. Section III A
contains the discussion of transmission spectra for an antidot
system consisting of several antidot columns in dependence
on the distance between antidots inside the column and the
number of these columns. Here, we show that already a few
such columns might lead to a nearly perfect spin wave
absorption in broad frequency regions, and to an almost complete transmission outside these regions. In Sec. III B, we establish an important relation between the transmission
spectrum of our system and the spectrum of eigenmodes of
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the infinite antidot lattice with the same antidot diameter and
interdot distances. Section III C is devoted to an important
question concerning the possibility to tune the transmission
spectra of an antidot system by changing the external field.
In this section, we also demonstrate that this transmission
spectrum obeys an important scaling relation when plotted as
the function of the magnon wavevector. Finally, we summarize our findings in conclusion.
II. SIMULATED SYSTEM AND SIMULATION
METHODOLOGY

To demonstrate the functioning of such a device, we
simulate the propagation of spin waves in a thin film with
the following parameters: film thickness h ¼ 10 nm, magnetization M ¼ 800 G, exchange stiffness A ¼ 1.0106 erg/cm,
and the negligibly small magnetocrystalline anisotropy. To
study the magnon propagation over sufficiently long distances, we have set the damping constant to k ¼ 0.001 (we note
that small damping value is a mandatory prerequisite for
developing technically relevant magnonic applications).
Damping values of this order of magnitude are typical for
several magnetic materials like Heusler alloys (see, e.g.,
Refs. 19 and 20; the damping in the “classical” magnonic
material yttrium iron garnet can be more than one order of
magnitude smaller.2,21 An in-plane external field is applied;
its direction is used as the x-axis direction. Dynamical simulations have been performed using our software package
MicroMagus,22 which solves the standard Landau-LifshitzGilbert (LLG) equation of motion for the system
magnetization.
In simulations, we have used periodic boundary conditions (PBC) in both in-plane directions. PBC in the direction
perpendicular to the spin wave vector k and the external field
Hext (y-direction) was used to avoid complications due to the
inhomogeneous magnetodipolar field and the wave reflections from the long stripe edges. Corresponding effects
should be a subject of a separate research. The propagation
of spin waves between neighboring system replica (parallel
to Hext, or in the x-direction) was prevented by using the artificially increased damping near the edges of the simulated
area perpendicular to Hext (for details of this procedure, see
Refs. 23 and 24).
In this study, we simulate the propagation of magnons
with the wave vector k parallel to the external field Hext, and
hence—to the magnetization direction. For this so called
backward volume magnetostatic (BVMS) mode the angular
frequency x of a propagating spin-wave depends on its wave
vector k via the well known relation (see, e.g., Ref. 25)



2A 2
2A 2
2
2
Hext þ
k
k þ 4pMF00 ; (1)
x ¼ c Hext þ
M
M
where c is the material gyromagnetic ratio, and the factor
F00 ¼ ð1  ekh Þ=kh depends on the film thickness h. For
the thin film magnetic parameters listed above and the external field Hext ¼ 1000 Oe, this dispersion relation is plotted in
Fig. 1 as the frequency dependence on the wavelength
k ¼ 2p/k) for further references. For our purposes, it is

FIG. 1. Dispersion f(k) for the unpatterned magnetic film used in our simulations. Inset: the same dispersion relation plotted within the narrow frequency
region 9.2–9.3 GHz to show the existence of the minimal frequency
fmin  9.23 GHz at kmin  760 nm.

important to note that this dependence has a (very flat) minimum of fmin  9.23 GHz at kmin  760 nm.
In our simulations, we excite the spin waves by applying
an additional magnetic ac-field h(t) localized along a single
row of discretization cells, which is perpendicular to the
external field (red line in Fig. 1). This ac-field is directed
perpendicular to the film plane and has “sinc”-pulse time dependence given by
hðtÞ ¼ h0

sin 2p f0 ðt  t0 Þ
;
2p f0 ðt  t0 Þ

(2)

with the field amplitude h0 ¼ 250 Oe, frequency f0 ¼ 20 GHz
and the offset time t0 ¼ 1 ns. Spectrum of such a pulse has
the constant power in the frequency range 0 < f < f0, and
zero power for f > f0. Due to the presence of the excitation
gap in the spectrum of the BVMS-mode (waves with fre2
¼ ðc=2pÞ2  Hext ðHext þ 4pMF00 Þ canquency less than fmin
not propagate), we create with such a pulse propagating
waves with frequencies in the range fmin < f < f0, as shown
with the shaded band in Fig. 1. Because the ac-field is localized along a single row of discretization cells, for each frequency in this range we excite initially magnons with all
wave vectors (supported by our discretization). However, for
each frequency the unpatterned film “filters out” the magnons with the single wave vector according to the dispersion
relation (1); energy of all other magnons is transferred to
magnons which frequency and wave vector satisfy this
relation.
To study the propagation of spin waves in our filter device, we have first computed the magnon spectrum for an
unpatterned film P0(f). The spin wave power was averaged
along the “measurement” line (shown in Fig. 2(a) in green),
placed parallel to the “excitation line” at some distance Lx
from it. For this case, the size of the simulated area was 4400
 1600 nm2, and it was discretized in-plane by cells with lateral sizes 2.5  2.5 nm2, to assure an accurate representation
of short-wave magnons.
The oscillation power spectrum shown in Fig. 2(b) is not
flat (as the spectrum of the excitation signal (2)), but
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FIG. 2. (a) Simulation geometry for an unpatterned film and (b) oscillation power spectrum of the my-component computed along the measurement line (see
(a)) at the distance Lx ¼ 500 nm from the “excitation” line (note the logarithmic scale of the ordinate axis).

demonstrates a sharp peak at the minimal propagation frequency fmin ¼ 9.23 GHz. Then, the spectral power gradually
decreases towards the maximal frequency of the excitation
signal f0 ¼ 20 GHz, above which P(f) exponentially decays
to zero. The peak near fmin is due to two circumstances. First
of all, the main contribution to the peak comes from the
magnonic density of states, which is proportional to
(dx/dk)1 and thus diverges near fmin. Second, oscillations
with frequencies f < fmin (induced by the ac-field (2) along
the excitation line) cannot propagate, i.e., remain localized.
For this reason their energy is transferred to higher frequencies; in our case this transfer becomes possible due to a
highly non-homogeneous dynamical magnetodipolar field
(this field, in turn, arises due the strongly localized excitation
used in our simulations). The efficiency of this energy transfer is higher for frequencies closer to the minimal propagating frequency (because near fmin the frequency difference
between the localized and propagating modes is smaller),
what also increases the oscillation power near fmin.
III. SIMULATION RESULTS FOR ANTIDOT SYSTEMS
AND DISCUSSION

To study the characteristics of the spin wave filter based
on antidots (which are introduced by setting the magnetization of corresponding discretization cells to zero), we have
simulated a filter consisting of several equally spaced columns of antidots having equal diameters D ¼ 50 nm. The distance between the centers of antidot columns was set to
ax ¼ 200 nm, distance between the centers of antidot rows ay
was varied (see below) to study the dependence of the filter
properties on this parameter. The geometry of our system
with all parameters mentioned above is summarized in Fig. 3.

FIG. 3. Geometry of the antidot filter with definitions of corresponding geometric parameters.

Spectral power of the wave transmitted through the filter
Pfil(f) was measured along the line placed 500 nm to the right
of the last antidot column (green line in Fig. 3). Transmission
ratio shown in all figures was calculated by definition as the
ratio of the power measured along the this line with and without antidot columns: T(f)¼ Pfil(f)/P0(f).
We have studied the dependencies of the filter properties
on (i) the distance between the antidot columns ay (Fig. 4),
(ii) the number of these columns Ncol (Fig. 5), and (iii) the
value of the constant external field H (Fig. 9); note the logarithmic scale of the ordinate axis on all figures (the dependence of the filter transmission spectrum on the distance
between the antidot rows ax turned out to be rather weak for
200 nm  ax  400 nm and is not discussed here). It can be
seen that all transmission spectra in these figures are very
different from those for the unpatterned film (see Fig. 2),
which means that the antidot lattice exhibits strong filtering
properties (we note that our system is qualitatively different
from those studied in Ref. 12, where the propagation of spin
wave with a characteristic wavelengths about k  1 lm in
antidot lattices with a much large lattice constant
ax ¼ ay ¼ 0.8 lm was studied).
A. Dependence of the transmission spectrum on the
geometry of an antidot system

Starting the analysis of simulation results, we note, first
of all that the general feature of all filter transmission spectra is the appearance of the gap above the minimal propagating frequency fmin (where all spectra demonstrate a
sharp peak). The width of this gap depends on all parameters which influence we have studied, but it is always
present.
To understand the origin of this gap, we have to clarify
first the origin of the peak at f ¼ fmin ¼ 9.23 GHz. Spatial
power distribution for this frequency displayed in Fig. 6
reveals that the corresponding incident wave does not pass
through the filter. Namely, the upper image in Fig. 6 unambiguously demonstrates that the power at 9.23 GHz exponentially decays within the filter in the wave propagation
direction. The same image reveals that the reason for the existence of this peak in transmission spectra is the following:
After the last antidot column the energy of all magnons
passed through the filter is partially transferred to magnons
with the minimal frequency (which possesses the minimal
energy). This energy transfer manifests itself in the huge
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FIG. 4. Transmitted power spectra P(f)
(left column) and transmission ratio
T(f) (right column) for various distances between the antidot rows ay as
shown in the legend. The number of
the antidot columns for all systems
shown here is Ncol ¼ 4, the distance
between the columns is ay ¼ 200 nm.
Spectra are calculated for the oscillations of the in-plane magnetization
projection perpendicular to the external field direction (my-projection),
averaged along the (green) measurement line positioned at the distance
500 nm on the right from the last antidot column shown in Fig. 3.

increase of the oscillation power at f ¼ fmin after the antidot
filter, as it can be clearly seen also at the upper image in
Fig. 6. We note that this process becomes possible due to the
large static inhomogeneous magnetodipolar field caused by
the presence of holes (antidots) in a continuous film.
The appearance of the peak in the transmission spectra
for the lowest possible propagating magnon frequency due to

such an energy transfer can be considered as a classical analogue to the quantum-mechanical Bose-condensation of
magnons. This process also means that under certain prerequisites the corresponding antidot system can be used as an
amplifier of spin waves at the frequency fmin corresponding
to the bottom of the allowed spin wave propagation band in
the given thin film.

FIG. 5. Transmission ratio T(f) for various numbers of antidot columns Ncol as
shown in the legend, calculated at the
distance of 500 nm from the last antidot
column. The distance between the antidot columns is equal to the distance
between their rows: ay ¼ ax ¼ 200 nm.
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FIG. 7. Geometry for the calculation of spectra in-between the excitation
line and the antidot filter (upper scheme) and magnetization oscillation spectra at various distances from the filter (as shown in the legend at the lower
graph). Typical interference patterns observed for frequencies within the gap
in the transmission spectra of the same filter (compare to Fig. 5, spectra for
Ncol ¼ 8) prove the strong reflection of spin waves from the antidot columns
for these frequencies.
FIG. 6. Oscillation power maps (on the logarithmic scale) for propagating
modes in a system of Ncol ¼ 8 antidot columns with ay ¼ ax ¼ 200 nm.
Letters to the left of each map denote the transmission bands indicated in
Fig. 8. A qualitatively different propagating character for the ground mode
(upper image) and all other modes can be clearly recognized.

The gap in the transmission spectrum immediately
above fmin appears because magnons with k > ay (interdot
distance in the direction perpendicular to the wave propagation) are reflected from the antidot structure. This reflection
is very efficient already for a single antidot column (see
Fig. 5(a)) and is nearly complete for Ncol  2. One can
observe the effect of this wave reflection by inspecting the
power spectrum of magnetization oscillations along the line
placed between the excitation line and the antidot filter as
shown in Fig. 7. It can be clearly seen that for frequencies
inside the transmission gap (up to  12 GHz) there exist
strong oscillation of power as the function of frequency,
showing the presence of the interference, which at this locations can occur only when waves in this frequency region are
reflected from the filter. We note that this property of the set
of antidot columns enables to use these columns as a magnonic mirror.
This reflection should take place from frequencies ranging from fmin to those frequencies, where the magnon wavelength k decreases to the value about the distance between
the antidot edges. For ay ¼ 200 nm, D ¼ 50 nm and the film
parameters used in our simulations, the upper boundary of
gap
 11 GHz, according
the transmission gap should be at fmax
to the dispersion relation (1) and Fig. 1. In fact, it is somewhat higher (12 GHz, see Fig. 5), because the areas around
the nanodots with the strong demagnetizing field decrease
the effective interdot spacing, where spin waves can pass
through the structure. This explanation is supported also by
the observation that when the interdot distance ay (along the
gap
y-direction) decreases, the upper boundary of the gap fmax

increases, as shown in Fig. 4. Generally, with increasing the
interrow spacing ay, the filtering properties get worse, so that
already for ay ¼ 400 nm the only noticeable feature of the
transmission spectrum is a narrow gap on the right of fmin
(Fig. 4(c)).

B. Relation between the filter transmission spectrum
and the antidot lattice eigenmodes

As expected, filtering properties of our antidot structure
become more pronounced with increasing the number of the
antidot columns Ncol, as shown in Fig. 5: The wide gap on
the right from fmin becomes deeper and new (narrower) gaps
for larger frequencies in the region 14 GHz < f < 20 GHz
emerge. To understand physical reasons for the formation of
this spectrum, it is highly instructive to compare the transmission spectrum of the antidot filter with frequencies and
spatial power distribution of the eigenmodes of an infinite
antidot lattice with the same geometry.
Corresponding comparison is presented in Fig. 8, where
on the upper graph we show the transmission spectrum of
the antidot filter consisting of 8 column (i.e., the same spectrum as in Fig. 5(d)) together with the eigenmodes spectrum
of the infinite antidot lattice (red line) having the same lattice
parameters ax ¼ ay ¼ 200 nm, and the antidot diameter
D ¼ 50 nm. The latter spectrum was computed in a standard
way by applying the same spatially homogeneous sync-pulse
(2) to a system containing 2  2 antidots; PBC without any
artificial damping increase were used. Spatial profiles of
eigenmodes obtained by the spectral analysis of the system
response to the above mentioned pulse are shown in Fig. 8
for all eigenfrequencies of this infinite lattice. Note that these
our results cannot be meaningfully compared with
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FIG. 8. Upper graph: comparison of
the transmission spectrum for the filter
with 8 antidot columns to the eigenmode spectrum for the infinite antidot
lattice with the same antidot diameters
and interdot distances. Images below
the graph show the spatial power distributions for the antidot lattice
eigenmodes. For most cases, frequencies of eigenmodes which are delocalized in the x-direction (Dk -modes)
correspond to the peaks in the transmission spectrum, frequencies of other
eigenmode types (L and D? )—to the
minima in this spectrum. See text for
the detailed discussion.

eigenmodes obtained in Ref. 26, because Zivieri et al. have
studied, first, the square antidot lattice with a much larger
lattice constant a ¼ 800 nm (the same as in Ref. 12), and second, have considered a geometry where the external field H

is perpendicular to the wave vector of a propagating wave k
(the Demon-Eshbach geometry).
For our purposes, it is convenient introduce the following mode classification:

FIG. 9. Transmitted power spectra P(f)
(left column) and transmission ratio T(f)
(right column) for various external fields
calculated at the same location as in
Fig. 5. Here, Ncol ¼ 4, ay ¼ ax ¼ 200 nm.
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Localized modes, i.e., modes where the distance
between adjacent power maxima is much larger than
the width of these maxima in all directions; we denote
these modes as L-modes (modes L1 and L2 in Fig. 8).
Modes which are delocalized in the y-direction, i.e.,
in the direction perpendicular to the incident wave
vector k of the spin waves used by the filter modeling
(D? -modes); for these modes the distance between
adjacent power peaks in the y-direction is less or
approximately equal than the peak width along this
?
direction (modes D?
1 -D5 in Fig. 8).
Modes delocalized in the x-direction, i.e., in the direction of the incident wave vector k (Dk -modes); for
these modes the distance between adjacent power
peaks is small in the x-direction; this means that the
distance between the peaks is smaller or comparable
to the corresponding wavelength. These are modes
k
k
D1 -D3 .

From a general point of view, one can expect that the
behaviour of the transmission spectrum should be qualitatively different at frequencies close to the L- and D? -modes,
on one side, and frequencies close to Dk -modes, on another
side.
When the frequency of the incident wave is close to the
eigenfrequency of some L- or D? -mode, the energy of this
wave is spent for the excitation of the corresponding mode.
The distance between the spatial maxima of such modes in
the wave propagation direction is large (much larger than the
wave length), so that the dynamical coupling between regions
with a significant oscillation amplitude is weak and the incident wave cannot propagate. Hence, for corresponding frequencies we should observe dips in the transmission spectra.
For incident wave frequencies close to those of Dk modes, the incident wave should also excite these modes.
But in contrast to the previous case, due to a favorable spatial
structure of Dk -modes (distance between their spatial maxima in the wave propagation direction is small), the incident
wave can still propagate due to a substantial dynamical coupling between regions with the large oscillation amplitude.
In this case, we expect a maximum on the frequency dependence of the transmission coefficient T(f). We note here that a
related effect—tunneling of dipolar spin waves (with a much
larger wavelength k  0.1 mm) through a region where the
external magnetic field is strongly inhomogeneous was first
described in Ref. 27. For a square lattice of circular antidots,
dynamical coupling of magnetization oscillations in regions
adjacent to the hole edges—if the distance between the holes
was not too large—was supposed to be the main reason for
the large spin-wave propagation velocities of some modes
observed in Ref. 11. Qualitatively similar modes have been
also found (and classified as propagating modes) for a hexagonal lattice of circular antidots16 for some specific directions
of the external field (see Fig. 2(b) in Ref. 16).
Finally, when the frequency of the incident wave is far
from any eigenfrequency of the antidot lattice (and the wavelength of the incident wave is significantly smaller than the
interdot spacing), such a wave should propagate in-between
the antidot rows nearly undisturbed. Thus, in-between the
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eigenfrequencies of L- and D? -modes we expect transmission bands.
Comparison of the eigenmodes spectrum for the infinite
antidot lattice and the transmission spectrum for the 8columns antidot filter in Fig. 8 confirms these predictions.
First, we note that the frequency of the lowest eigenmode—
L1-mode-lies below the minimal propagating frequency fmin,
so this mode has no influence on T(f). For the second lowest
eigenmode –D?
1 mode—the length of the incident wave with
this frequency is still much larger than the interdot spacing,
so this wave is reflected (see above) without being able to
interact with this eigenmode. We note in passing that qualitatively similar eigenmodes have been found in the square lattice of circular antidots (with somewhat different
parameters) in Ref. 9.
The next eigenmode L2 is localized and marks the end
of the broad transmission gap above fmin. The presence of
this mode explains why the high-frequency edge of the transmission gap is so sharp: On the one hand, when the wavelength approaches the interdot spacing, the reflection
coefficient should decrease gradually. On the other hand,
when the wave frequency approaches (from below) the frequency of the localized eigenmode L2, the energy of waves
with these frequencies is spent for exiting this mode, so that
these waves are absorbed and the transmission coefficient
remains very small.
Above the frequency of the L2-mode we observe the
transmission band b; it extends up to the next delocalized
mode D?
2 . The energy of the waves with frequencies slightly
larger than that of the D?
2 -mode is absorbed into this mode,
whereas the energy of waves with frequencies slightly
k
smaller than that of the mode D1 is transmitted via this
k
mode, because it is a D -mode. This interaction explains
k
the absorption band between the modes D?
2 and D1 and the
transmission peak c at the frequency corresponding to the
k
D1 -mode. Other features of the transmission spectrum can be
explained in same way—the transmission band d between
k
k
the modes D1 and D2 arises due to the absence of any
eigenmodes in this frequency interval, transmission peak e at
k
the frequency of the mode D2 appears because this is a Dk mode, and the dips inside the transmission band f correspond
?
to the modes D?
3 -D5 .
C. Scaling of the transmission spectrum with the
external field

As mentioned above, an important issue is also the possibility to control the transmission spectra of our antidot filter
by changing of the external field value. This is a general and
very important advantage of magnonic devices,3 because this
possibility opens a way of an external control of their properties without having to change their structural characteristics,
which would mean the manufacturing of a new device. For
this reason we have also studied the dependence of the transmission spectrum of the antidot filter on the external field
value; results of these simulations are summarized in Fig. 9.
The overall shift of the transmission spectrum towards
higher frequencies with increasing external field is the direct
consequence of the dispersion relation (1), according to
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FIG. 10. Transmitted power spectra P(f) for the same systems as in Fig. 7
plotted versus the wave number k. A nearly perfect coincidence of spectra
for various fields (as shown in the legend) is clearly seen.

which the dispersion curve f(k) moves to higher frequencies
when H increases. In particular, the increase of the minimal
possible frequency for the spin wave propagation fmin leads
to the shift of the lower boundary of the transmission spectrum towards higher frequencies with increasing H. The
upper spectrum boundary fmax ¼ 20 GHz remains constant
because it is determined by the spectrum of the incoming
signal (2), which was kept the same for all values of H to
enable the quantitatively accurate comparison of filter properties at various fields.
A much more interesting property of the transmission
spectrum with respect to the change of the external field is
the presence of the universal scaling of this spectrum when
the transmitted power P is plotted as the function of the
wave vector k (or the wavelength k), and not as the function
of the frequency, as in previous figures. Corresponding scaling is shown in Fig. 10, where it can be seen that transmission spectra for all simulated fields nearly coincide when
plotted as P(k). Most probably, this scaling is the consequence of the following two circumstances: first, in the frequency region above the first transmission gap (where the
scaling is observed) the spin wave is exchange dominated25
and second, the waves with these frequencies propagate
through the film regions where the stray field caused by antidots is relatively weak. We note that this scaling does not
hold for peaks at the minimal propagation frequency fmin,
because at different fields H this frequency, being a minimum of the f(H,k)-dependence (1), obviously corresponds to
different wave vectors k.
IV. CONCLUSION

Summarizing, we have presented and analyzed in detail
a concept for a magnonic filter implemented as a thin film
stripe with several parallel antidots columns. We have shown
that already several antidot columns are sufficient to achieve
strong filtering properties of such a system, with the transmission coefficient being smaller than 105 for forbidden
frequency bands, and remaining at the same time close to
unity in allowed bands. A common and physically very interesting feature of all studied antidot systems is the existence
of a sharp transmission peak at the frequency corresponding
to the bottom of the allowed spin wave frequency band fmin
in the given thin film. We could explicitly demonstrate that
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this peak arises not due to the transmission of the spin wave
with f ¼ fmin through the filter (this wave is absorbed inside
the antidot system), but due to the energy transfer of higherfrequency magnons passed through the filter.
Further, we have shown that the transmission spectrum
of such filters can be changed by simply varying an external
magnetic field (a very attractive property of magnonic devices in general). Importantly, this change obeys a universal
scaling relation. This scaling allows the prediction of filter
characteristics in a large region of applied fields from the
transmission spectrum measured in only one external field.
We have also established a close physical relation between
the filter transmission spectrum on one side, and the spectrum of standing spin waves of the antidot lattice (with the
same parameters as the antidot column system of the filter),
on the other side. Our findings are expected to be of a large
importance for understanding the spin wave propagation in
patterned thin film structures and developing novel magnonic devices—not only filters but also magnonic mirrors
and absorbers.
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