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Spin-wave diffraction, caustic beam emission, and Talbot carpets in a yttrium iron

garnet film with magnonic Fabry-Perot resonator gratings
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We report spin-wave diffraction, caustic beam emission, and the formation of Talbot carpets in an
yttrium iron garnet (YIG) film equipped with magnonic Fabry-Perot resonators. The resonator structures
are created by patterning cobalt iron boron (Co-Fe-B) nanostripes on the YIG film. Small gaps in the Co-
Fe-B nanostripes generate a magnetic field profile within the YIG film, functioning as a slit grating when
the resonators block incoming spin waves at specific frequencies. We employ super-Nyquist sampling
magneto-optical Kerr effect (SNS-MOKE) microscopy to image the transport of spin waves through the
slits and supplement our experimental observations with micromagnetic simulations. For a single slit, we
observe a transition from spin-wave diffraction to caustic beam emission as the slit size decreases. These
phenomena are influenced by the effective magnetic field within the slit, which varies with the direction of
magnetization in either the YIG film or the Co-Fe-B nanostripes. For multiple slits, we detect self-imaging
of spin-wave profiles and the formation of Talbot carpets. Furthermore, we demonstrate active tuning of
spin-wave interference patterns through magnetic switching in the Fabry-Perot resonators or by rotat-
ing the in-plane magnetization of the YIG film. The magnonic grating system described here integrates
low-loss spin-wave transport and programmable spin-wave interference, offering potential applications in

advanced magnonic computing devices.

DOI: 10.1103/PhysRevApplied.22.014038

I. INTRODUCTION

Magnonics aims to utilize spin waves as information
carriers in low-power logic circuits and unconventional
computing devices [1-5]. Recently, a novel computing
paradigm has emerged, based on programmable spin-wave
interference in a magnetic film with multiple inputs and
outputs [6—8]. This approach of utilizing an extended
medium for spin-wave scattering, diffraction, and interfer-
ence marks a departure from traditional magnonic circuits,
where logic elements and interconnects are made of nar-
row waveguides [3]. Besides circumventing challenges
inherent to signal processing in magnonic waveguides,
such as their short spin-wave decay length, the need for
large magnetic bias fields, or the guiding of spin waves
through bends, the programming of wave interference pat-
terns in magnetic films offers several attractive features for
information processing. For example, wave interference
in a magnonic scattering network can map input and out-
put signals of a magnonic neural network with all-to-all
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connectivity [7] or create magnonic components such as
multiplexers, nonlinear switches, and circulators [6].

Interference patterns formed by wave diffraction on a
grating of slits provide another avenue for configurable
spin-wave computing. These patterns reproduce the spin-
wave profile in the slits at specific distances behind the
grating, a self-imaging phenomenon known as the Tal-
bot effect. This effect has been observed in experiments
on permalloy films [9] and simulated for exchange and
magnetostatic spin waves in films with both perpendicular
and in-plane magnetization [10]. Recently, programmable
logic blocks utilizing the self-imaging effect with phase
control at the inputs have been proposed [8]. Additionally,
various diffraction gratings, including Rowland-type con-
cave gratings [11,12] and Fresnel-zone plates [13], have
been investigated for spectral analysis and the focusing of
spin-wave signals.

Another effect that can be harnessed in magnonic
devices with extended signal-processing areas is the emis-
sion of caustic beams. Caustic spin-wave beams, char-
acterized by high intensity, a clearly defined propagation
direction, and narrow angular width, can form in
anisotropic magnetic media, such as films with in-plane

© 2024 American Physical Society


https://orcid.org/0009-0002-5753-1104
https://orcid.org/0000-0001-8650-1954
https://orcid.org/0000-0003-4411-0589
https://orcid.org/0000-0002-6894-3967
https://orcid.org/0000-0001-6372-2252
https://ror.org/033vjfk17
https://ror.org/020hwjq30
https://crossmark.crossref.org/dialog/?doi=10.1103/PhysRevApplied.22.014038&domain=pdf&date_stamp=2024-07-16
http://dx.doi.org/10.1103/PhysRevApplied.22.014038

YIFAN WANG et al.

PHYS. REV. APPLIED 22, 014038 (2024)

magnetization, when a pointlike source emits spin waves
with a broad angular spectrum of wave vectors [14-20].
Due to their nondiffractive nature, caustic beams propa-
gate over long distances and can be easily redirected by
a magnetic boundary or local change of anisotropic dis-
persion [15,21]. Proof-of-principle caustic devices, such
as spin-wave splitters [22] and frequency-division mul-
tiplexers [23] or demultiplexers [24], have already been
proposed.

Studies on spin-wave diffraction, caustic beam emission,
and spin-wave interference have utilized slits or gratings
within magnetic films [9,12,13,20,25], as well as waveg-
uides connected to an extended film [14,15,18,21]. In
these implementations, the magnetic film is either pat-
terned [9,14,15,18,20,21,25] or its properties are locally
altered by focused ion-beam irradiation [12,13]. Here, we
report on spin-wave diffraction, caustics, and the formation
of Talbot carpets in a pristine yttrium iron garnet (YIG)
film with in-plane magnetization. We investigate single-
and multiple-slit structures using magnonic Fabry-Perot
resonators [26,27] to locally block Damon-Eshbach spin
waves at specific frequencies. The resonators are formed
by patterning Co-Fe-B nanostripes on the YIG film. Gaps
in the Co-Fe-B nanostripes create magnonic slits within
the YIG film through which incoming spin waves can pass.
This method of creating a magnonic grating maintains the

structural integrity and low magnetic damping of the YIG
film, while enabling active control of spin-wave diffrac-
tion and interference patterns via independent magnetic
switching in the YIG film and Co-Fe-B nanostripes.

II. RESULTS

A. Experimental configuration

The sample geometry and measurement configuration
are illustrated in Fig. 1(a). The investigated sample com-
prises a 48-nm-thick YIG film with four parallel Co-Fe-B
nanostripes patterned on top. The YIG film, with a Gilbert-
damping constant of (5.5 £2) x 107%, has been grown
on a (111)-oriented single-crystal Gd;GasO;, (GGG) sub-
strate by pulsed laser deposition (PLD) [28,29]. Co-Fe-B
nanostripes, with a 40:40:20 composition, have been fab-
ricated by electron-beam lithography, magnetron sputter-
ing, and lift-off. The stripes are 240 nm wide, 24 nm
thick, and have a center-to-center distance of 480 nm. The
Co-Fe-B nanostripes and YIG film interact via dynamic
dipolar fields across a 6-nm-thick TaO, spacer. Together,
they function as magnonic Fabry-Perot resonators [26,
27] that block propagating spin waves in the YIG film
at specific frequencies. We have employed four parallel
Co-Fe-B nanostripes to completely suppress spin-wave
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(a) A schematic of the measurement geometry. The sample consists of a 48-nm-thick yttrium iron garnet (YIG) film with

different magnonic slit structures (here, a single slit is shown). The slits are formed by patterning four Co-Fe-B nanostripes with small
gaps on top of the YIG film. Together, the Co-Fe-B nanostripes and YIG film operate as magnonic Fabry-Perot resonators. Damon-
Eshbach spin waves are excited by a 1-pm-wide microwave antenna and their transport through the slits is imaged by SNS-MOKE
microscopy with a 515-nm femtosecond laser. (b) An SNS-MOKE frequency scan of the YIG film recorded behind four Co-Fe-B
nanostripes at a magnetic bias field of 410 mT and —10 mT along the y axis. (c),(d) An SNS-MOKE microscopy image of the spin-
wave amplitude profile in the YIG film with a 2-pm-wide slit recorded at 2.1 GHz and a magnetic bias field of (c¢) +10 mT and (d)
—10 mT. (e) A fast-Fourier-transform (FFT) spectrum of the SNS-MOKE image in (c). The dashed line is the calculated isofrequency
curve of the YIG film at 2.1 GHz and +10 mT. The small arrows indicate the direction of the spin-wave group velocity. (f) An SNS-
MOKE microscopy image of caustic beam emission in the YIG film with a 1-pwm-wide slit. The frequency is 2.1 GHz and the magnetic
bias field is +10 mT. In all spin-wave maps, the black lines mark the position of the Co-Fe-B nanostripes.
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transmission. The periodicity of the stripes has been cho-
sen such that Bragg reflection does not occur within the
frequency range of the experiments. Various slit structures
and diffraction gratings have been created by introducing
l-wm-wide or 2-wm-wide gaps in the Co-Fe-B stripes.
Spin waves have been excited in the YIG film by a
1-pm-wide microwave antenna with a Ta(3-nm)/Au(150-
nm) structure, patterned 50 wm from the Fabry-Perot
resonators by electron-beam lithography, evaporation, and
lift-off. Wave diffraction on the slits, caustic beam emis-
sion, and spin-wave interference have been imaged using
SNS-MOKE microscopy in a custom setup [26,30]. In
most experiments, Damon-Eshbach spin waves have been
excited by applying a magnetic bias field parallel to the
microwave antenna.

B. Spin-wave diffraction and caustic beam formation
by single-slit structures

In Fig. 1(b), we show an SNS-MOKE frequency scan
of the YIG film with four Co-Fe-B nanostripes, recorded
10 wm behind the stripes in a magnetic bias field of
410 mT and —10 mT. A clear spin-wave transmission
gap, ranging from approximately 1.8 GHz to 2.2 GHz, is
observed at +10 mT. This gap results from the interaction
between incoming and circulating spin waves in the YIG/
Co-Fe-B Fabry-Perot resonators, as described in our pre-
vious works [26,27]. The wavelength of the spin waves
within the resonators is smaller than in the uncovered
YIG film and, because dynamic dipolar coupling between
YIG and Co-Fe-B is chiral, it differs for opposite propaga-
tion directions. From micromagnetic simulations, we have
derived wavelengths of 1.46 wm and 0.37 wm within the
resonator at 2.1 GHz and +10 mT. For the field sweep
direction used in the experiments, the magnetization of
the YIG film and Co-Fe-B nanostripes align parallel at
+10 mT and antiparallel at —10 mT. The spin-wave dis-
persion in the YIG/Co-Fe-B bilayer differs for these two
magnetization states [26], leading to a transmission gap
only at +10 mT. In the antiparallel configuration at —10
mT, the Co-Fe-B nanostripes minimally affect spin-wave
propagation in the YIG film.

In Fig. 1(c), we show an SNS-MOKE microscopy image
of the spin-wave amplitude profile in the YIG film with
a 2-pm-wide slit, with the Co-Fe-B nanostripes indicated
by black vertical lines. This measurement is performed
at 2.1 GHz in a +10 mT field, a condition under which
spin waves in YIG do not transmit across the Co-Fe-B
nanostripes except at the slit area [see Fig. 1(b)]. For
this parallel-magnetization state, the incoming Damon-
Eshbach spin waves create a curved wave pattern behind
the slit. In contrast, in a —10-mT field, the spin waves prop-
agate across the four Co-Fe-B nanostripes without notice-
able decay [Fig. 1(d)]. In the antiparallel-magnetization
state, the YIG/Co-Fe-B Fabry-Perot resonators induce a

phase shift but do not significantly affect the amplitude or
direction of the spin waves.

The curved wavefront in Fig. 1(c) results from spin-
wave diffraction on the magnetically induced slit in the
YIG film and caustic beam emission along the edges
of the wave pattern. To illustrate this, we plot the fast
Fourier transform (FFT) of the SNS-MOKE image in
Fig. 1(e), along with the isofrequency curve of the YIG
film at 2.1 GHz (dashed white line), calculated using the
Kalinikos and Slavin model [31]. The high intensity at
(ky, k) = (2.61,0) rad/pum in the FFT image corresponds
to the wave vector of the incoming spin waves. The
isofrequency curve is nonlinear for small &, but linearizes
rapidly at larger k,. Consequently, spin waves with differ-
ent wave vectors have the same group-velocity direction,
as illustrated by the small red arrows in Fig. 1(e). While
this is a prerequisite for caustic beam emission, the forma-
tion of such nondiffractive beams is effective only when
the incoming spin waves scatter onto a pointlike source
[14-20], i.e., when the slit size is considerably smaller than
the wavelength. In the measurement shown in Fig. 1(c),
the slit is 2 pm wide and the wavelength of incoming
Damon-Eshbach spin waves is about 2.4 wm. Under this
condition, the waves primarily diffract on the slit and only
weak caustics are observed at the edges of the wave pat-
tern. To enhance caustic beam formation, we have also
investigated smaller slits. In Fig. 1(f), we show the spin-
wave amplitude profile in the YIG film with a 1-pm-wide
slit. In this case, two caustic beams are clearly defined,
with their intensity remaining constant over a distance of
20 wm. The opening angle of the beams is approximately
45°, consistent with 2tan~!(Ak,/Ak,) in the linear part of
the isofrequency curve.

To further investigate the characteristics of spin-wave
diffraction and caustics, we have performed micromag-
netic simulations using the MuMax3 software [32]. The
simulation area has been set to 81.92 x 40.96 wm?. The
48-nm-thick YIG film has been discretized into 40 x 80 x
6 nm?® cells and periodic boundary conditions have been
applied along the y axis. Four Co-Fe-B nanostripes, iden-
tical in dimensions to those used in the experiments, have
been placed 6 nm above the YIG film. Spin waves have
been excited in the YIG film by applying a 0.5-mT out-
of-plane sinusoidal ac field over a 1-um-wide region. A
magnetic bias field of +10 mT or —10 mT has been applied
along the y axis in most simulations. The input parame-
ters for the simulations have been as follows: saturation
magnetization M; = 192 kA/m for YIG and M; = 1150
kA/m for Co-Fe-B, exchange constant 4., = 3.1 x 10712
J/m for YIG and 4., = 1.6 x 10~!! J/m for Co-Fe-B, and
magnetic damping parameters ay;g = 0.001 and acope =
0.005. We have intentionally used a larger damping param-
eter for YIG than in the experiments to limit the com-
putation time and reduce wave reflection from the edges
of the simulation area. During continuous ac excitation,
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(a),(b) Simulated spin-wave amplitude profiles in the YIG film with (a) a 2-pum-wide and (b) a 1-pwm-wide slit. The excitation

frequency is 2.1 GHz and the magnetic bias field is +10 mT (parallel-magnetization state). (c) The simulated spin-wave amplitude
profile for a 2-pm-wide slit at 2.1 GHz and —10 mT (antiparallel-magnetization state). (d)(f) Corresponding line profiles of the
effective magnetic field across the magnetically induced slits in the YIG film. The plotted effective magnetic field is averaged over the
YIG film thickness. The insets show the spatial distribution of the effective magnetic field in the slit area.

the time evolution of the z component (m,) of the film
magnetization has been recorded for 100 ns.

In Fig. 2(a), we present the simulated spin-wave ampli-
tude profile for a 2-pm-wide slit at 2.1 GHz and +10 mT.
The curved wavefront and the increased wave intensity at
the pattern edges align well with the experimental data
shown in Fig. 1(c), though the simulations reveal finer
features not resolved by SNS-MOKE microscopy. Addi-
tionally, the micromagnetic simulations confirm the emis-
sion of caustic beams from a 1-pwm-wide slit at +10 mT
[Fig. 2(b)], as well as effective spin-wave transmission
across the Co-Fe-B nanostripes with some wave diffraction
and caustics at —10 mT [Fig. 2(c)]. In Figs. 2(d)-2(f), we
illustrate the effective magnetic field in the YIG film for the
simulation parameters corresponding to Figs. 2(a)-2(c).
The magnetic stray field from the Co-Fe-B nanostripes
determines the effective field profile of the slit in the
YIG film. For the parallel-magnetization state at +10 mT
[Figs. 2(d) and 2(e)], the effective magnetic field in the
YIG film peaks near the edges of the Co-Fe-B nanostripes.
In this configuration, the stray field from the Co-Fe-B
nanostripes adds to the applied bias field, resulting in an
effective magnetic field greater than +10 mT in the slit
center, which increases as the slit size decreases. Conse-
quently, the slit only becomes transparent to incoming spin
waves above a threshold frequency. The 2.1 GHz used in
Figs. 1 and 2 surpasses this threshold, allowing spin-wave
transmission through the slit. Tailoring the effective field
profile of magnetically induced slits enables programming
of spin-wave diffraction patterns and caustic beams. For
the antiparallel-magnetization state at —10 mT [Fig. 2(f)],

the effective magnetic field in the slit center is smaller than
that in the YIG film. This local reduction in the effec-
tive field causes a wavelength down-conversion within
the slit. Since the Fabry-Perot resonators with antiparal-
lel magnetization do not block spin waves at 2.1 GHz,
the diffracted spin waves and caustic beams emanating
from the slit interfere with the incoming Damon-Eshbach
spin waves behind the Co-Fe-B nanostripes, as depicted in
Fig. 2(¢c).

C. Spin-wave interference and self-imaging in
multiple-slit structures

To explore the formation of spin-wave diffraction pat-
terns by multiple slits, we first focus on structures with
two or three slits formed by four parallel Fabry-Perot
resonators with 2-pm-wide gaps. In Fig. 3, we show SNS-
MOKE measurements and micromagnetic simulations at
an excitation frequency of 2.1 GHz and a magnetic bias
field of +10 mT. In the double-slit structure, spin-wave
interference results in the formation of an n = 1 self-image
between the slits, as indicated by the dashed boxes in
Figs. 3(a)-3(c). In wave physics, a self-image forms when
all Fourier components present at a grating cross section
reach an image line with a phase shift of 0° or 180° com-
pared to the phase at the grating. Self-images on lines
between the slits are formed by constructive interference of
180°-shifted waves. In our magnonic double-slit structure,
this phase shift can clearly be seen in the phase-resolved
SNS-MOKE image depicted in Fig. 3(c). The simulated
effective magnetic field distribution in the YIG film with a
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(a),(b) The SNS-MOKE measurement and micromagnetic simulation of the spin-wave amplitude profile in the YIG film

with a double-slit structure. The slits are 2 pm wide, the excitation frequency is 2.1 GHz, and the magnetic bias field is +10 mT. (c)
An SNS-MOKE microscopy image of the spin-wave phase measured on the same structure and for the same experimental parameters
as in (a). (d) The simulated spatial distribution of the effective magnetic field in the double-slit area of the YIG film. The inset shows
a line profile of the effective magnetic field along the dashed line in the main graph. The applied magnetic field is +10 mT. (e),(f)
The SNS-MOKE measurement and micromagnetic simulation of the spin-wave amplitude profile in the YIG film with a triple-slit
structure. The slits are 2 wm wide, the excitation frequency is 2.1 GHz, and the magnetic bias field is +10 mT. The period of the slit
grating is 7.5 pm. In all spin-wave maps, the black lines mark the location of the Co-Fe-B nanostripes. The dashed boxes indicate the

self-images with order number n = 1.

double slit is shown in Fig. 3(d). The nonuniform fields of
the slits do not interact and thus the Fabry-Perot double-
slit structure acts as two coherent spin-wave sources at
2.1 GHz.

Experimental and simulation data for a triple-slit struc-
ture are presented in Figs. 3(e) and 3(f). Adding another
slit introduces an additional n = 1 self-image. Previously,
spin-wave self-imaging has been observed in experiments
on a permalloy film containing square-shaped holes [9].
Compared to that material system, the interference pat-
tern in our YIG film with magnonic Fabry-Perot resonators
decays much more slowly. In Fig. 3(e), the spin-wave
amplitude measured at the slits and the n = 1 self-images
are comparable, with the latter only about 5% smaller.
This indicates that intense higher-order self-images can
be obtained in this low-loss system, which is promis-
ing for the implementation of programmable logic blocks
proposed recently [8].

Reversing the magnetic field to —10 mT signifi-
cantly alters the interference pattern. In this antiparallel-
magnetization configuration, the Fabry-Perot resonators no
longer block incoming spin waves [see Fig. 1(d)]. Con-
sequently, the wave pattern forming behind multiple slits
results from the interference of plane waves, diffracted
waves, and caustic beams.

We have further evaluated spin-wave interference in
systems with larger gratings through micromagnetic simu-
lations. In Fig. 4, we show simulation results for an infinite

Fabry-Perot resonator grating with 2-pum-wide slits. The
YIG film thickness is 48 nm and the grating period p
is 5 wm. The spin-wave interference pattern behind the
grating at 2.1 GHz and +10 mT [Fig. 4(a)] resembles a
Talbot carpet [8—10]. In this pattern, primary self-images
with even-order numbers form on lines running through
the grating slits, while secondary self-images with odd-
order numbers appear on lines between the slits [10]. The
envelope profiles of these self-images are similar, as shown
by the spin-wave amplitude along y = 12.5 pum and y =
15 wm in Fig. 4(b). In isotropic media, such as in wave
optics or forward-volume magnetostatic spin waves in
magnonics, self-images of a diffraction grating appear at a
specific distance Z; = np? /A, known as the Talbot length.
The spacing between self-images is therefore constant for
a fixed wavelength (frequency) and grating period.

We have fast Fourier transformed the simulated inter-
ference pattern in Fig. 4(a) to analyze self-imaging in our
YIG film with in-plane magnetization. The FFT result is
plotted in Fig. 4(c) together with the calculated dispersion
isofrequency curve at 2.1 GHz. We observe well-defined
intensity maxima at (k,,k,) = (2.61,0), (2.91,£1.26),
(3.53,42.52), (4.17,+£3.78) and (4.79,+£5.06). The peak
at (ky,k,) = (2.61,0) rad/pm corresponds to A = 2.4 um
of the incoming spin waves. The other peaks represent
the wave vectors of spin-wave modes contributing to the
interference pattern. The k, values are equally spaced by
Ak, =126 rad/pm, determined by the grating period
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(a) The simulated spin-wave amplitude profile for an infinite Fabry-Perot resonator grating with 2-pwm-wide slits. The exci-

tation frequency is 2.1 GHz, the magnetic bias field is +10 mT (parallel-magnetization state), and the grating period is 5 wm. (b) Line
profiles of the spin-wave amplitude along y = 12.5 pm (top) and y = 15 pm (bottom) in (a). (c) The FFT spectrum of the spin-wave
map in (a). The FFT spectrum of the grating and the dispersion isofrequency curve for 2.1 GHz are indicated by horizontal lines and
a curved dashed line, respectively. (d) The distance of the spin-wave self-images from the grating extracted from the simulation in (a)
(symbols), together with a calculation using Z7 = np?/A (line). (e) The simulated spin-wave amplitude profile for the same grating
as in (a) but with the 10-mT field applied at an angle of 15° with respect to the grating. The excitation frequency is 2.1 GHz. (f)
The simulated spin-wave amplitude profile for the same grating as in (a) but for the antiparallel-magnetization state. The excitation

frequency is 1.74 GHz and the magnetic bias field is —10 mT.

(Ak, = 2m/p). The k. values result from the convolu-
tion of the Fourier spectrum of the grating [horizontal
lines in Fig. 4(c)] with the dispersion isofrequency curve.
Because the curve linearizes for small k,, Ak, ~ y Ak,
where y is a constant. This translates to an approximately
constant spacing between self-images along the x axis of
d ~ 21w/ Ak. ~ p/y = p*/A. Thus, the periodic repetition
of spin-wave self-images in our YIG film with in-plane
magnetization is well approximated by the Talbot length
formula (Z7) for isotropic media, as illustrated in Fig. 4(d).

Finally, we discuss tuning the spin-wave interference
pattern by an external magnetic field. In our slit sys-
tem, the magnetization alignment in the YIG film and
Co-Fe-B nanostripes influences spin-wave diffraction and
caustic beam emission due to the anisotropic spin-wave
dispersion. The resulting interference pattern behind the
slit grating therefore changes with magnetization rotation
or reversal. For example, Fig. 4(¢) shows the spin-wave
amplitude profile for the same grating as in Fig. 4(a), but
with the 10-mT bias field rotated by 15°. Here, the mag-
netization in YIG (black arrow) aligns along the magnetic
bias field, while the magnetization of the Co-Fe-B nanos-
tripes (red arrow) remains aligned with the long axis of the
stripes due to shape anisotropy. This significantly alters the
spin-wave interference pattern from the 0° field angle case
[Fig. 4(a)]. Another example is the interference pattern
for the antiparallel-magnetization state at 1.74 GHz and
—10 mT shown in Fig. 4(f). In this configuration, incoming

spin waves are partially reflected by the magnonic Fabry-
Perot resonators, resulting in a markedly different interfer-
ence pattern compared to Fig. 4(a).

The approach for forming magnonic gratings in low-
loss YIG films reported here is both scalable and
programmable. Unlike methods that involve milling or
etching holes into YIG films, which lack high spatial
resolution, our method involves straightforward pattern-
ing of Co-Fe-B nanostripes. This technique preserves the
structural integrity and spin-wave properties of YIG and
allows for the creation of 1-pum-wide slits in YIG films
with potential for further down-scaling. Since the Tal-
bot length scales with the square of the grating period,
magnonic computing concepts utilizing intense self-
images require small slit sizes and grating periods. In addi-
tion to programmable spin-wave computing, our results
can be applied to designing optics-inspired magnonic
components, benefiting from strong nonreciprocity and
nonlinearity. Potential applications include programmable
spin-wave splitters, multiplexers, spectrometers, and
focusing elements.

ITI. CONCLUSIONS

In summary, we have introduced a magnonic grating
system using a continuous YIG film with magnonic Fabry-
Perot resonators made of Co-Fe-B nanostripes. Small gaps
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in these resonators create a magnetically induced slit grat-
ing in the YIG film at a frequency where the resonators
block incoming spin waves. We have demonstrated a tran-
sition from spin-wave diffraction to caustic beam emission
with decreasing slit size and shown that spin-wave inter-
ference behind a slit grating produces self-images at low
bias fields. Due to the anisotropic spin-wave dispersion
in the YIG film, diffraction, caustic beam emission, and
the Talbot effect can be tuned by rotating the magnetiza-
tion in the YIG film or Co-Fe-B nanostripes. Programming
spin-wave interference patterns along with low-loss wave
propagation in a YIG film with magnonic Fabry-Perot res-
onators will hopefully pave the way for implementing new
computing concepts in magnonics.

The data that support the findings of this study are
available from the corresponding authors upon reasonable
request.
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