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We combine ferromagnetic resonance absorption measurements (FMR) with spin pumping measurements
to ascertain the full magnetization dynamics of Y;FesO, (YIG)/Gd;FesO,, (GdIG)/Pt heterostructures. This
trilayer system offers the unique possibility to individually investigate the spin dynamics of the ferrimagnetic
GdIG close to its compensation temperature. We show that this trilayer acts as a highly tunable spin current
source and our experimental results are corroborated by micromagnetic simulations. The detected spin current in
the top Pt layer is governed by spin dynamics in the GdIG layer, while the broadband FMR absorption spectrum
of the full heterostructure comprises contributions from spin dynamics in both layers. Thus, combining the
measurements of FMR absorption and spin current generation from the spin pumping and spin Seebeck effect
allows us to understand the spin dynamics contributions of both constituents.

DOI: 10.1103/7d4q-j8cl

I. INTRODUCTION

In recent years, the field of magnonics has been rapidly
developing. Encoding information by spin angular momentum
instead of moving charge carriers can potentially decrease
energy consumption [1,2]. This fuels interest in developing
magnonic devices, which can be used for magnon logic oper-
ations and offer potentially increased speed and lower power
consumption [1,3]. Rare-earth garnets such as Y;FesO,
(YIG) offer a unique platform with long-distance magnon
propagation, enabled by its low Gilbert damping constant of
down to @ ~ 107 [4-7]. Gd3Fes0,, (GdIG) is a compensated
ferrimagnetic rare-earth garnet with a temperature-dependent
net magnetization that vanishes at the magnetic moment
compensation temperature in the bulk of Tcomp ~ 295K [8].
Heterostructures of these materials provide an interesting
static magnetic system and allow one to study the spin dy-
namics of the coupled heterostructure [9—11]. Currently, the
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study of antiferromagnets and, in general, antiferromagneti-
cally coupled systems is an active research area, as it promises
materials with resilience against external magnetic fields per-
turbations, long-distance spin transport, and naturally high
resonance frequencies [12,13]. Antiferromagnet-ferromagnet
heterostructures [14] and ferrimagnetic systems, especially
close to their compensation temperature, provide an exciting
platform to study antiferromagnetic (and antiferromagnet-
ically coupled) spin dynamics with accessible magnetic
properties for each of the individual constituents [15-18].
Until now, the investigation of the dynamics of ferrimagnets
close to their compensation temperature has been challeng-
ing [19,20]. However, the coupling to a second layer can
potentially be used to facilitate such studies.

In this study, we experimentally investigate a
YIG/GdIG/Pt thin-film heterostructure, as schematically
depicted in Fig. 1(a). We observe a strong impact of the
magnetic configuration of the individual layers of our
heterostructure on the spin dynamics, spin pumping, and
spin Seebeck effect signals. We show that the generated spin
current originates from the GdIG layer, which provides a
unique opportunity to investigate the GdIG spin dynamics

©2025 American Physical Society
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FIG. 1. (a) [lustration of the YIG/GdIG/Pt trilayer (the GGG substrate is not shown). The spin current Js, which is potentially generated
by both the YIG and GdIG layers, is converted into a charge current Jc in the Pt layer via the iSHE. (b) Illustration of the sample positioning
on a CPW. The sample is connected with two thin wires, on the left and right side. The voltage Visuyg, generated in the Pt layer of the sample,
is measured by a lock-in technique. (c) Illustration of the SSE sample stack with a constant temperature gradient. The temperature gradient is
established between the Pt heater on top of the sample and the copper piece (in contact with the VTI of the cryostat). The gradient is estimated
by comparing the resistance of the Pt heater and Pt sensor below the sample. The zoomed-in section illustrates the iSHE in the Pt after a
spin current is channeled into the Pt top layer. (d) Illustration of the YIG/GdIG/Pt trilayer alignment and switching field as a function of
temperature with the information from Ref. [9]. Orange arrows depict the Gd sublattice, and the red (purple) arrows illustrate the direction of
the combined Fe sublattices of YIG (GdIG). The Hy line indicates the approximate temperature dependence of the magnetic field necessary

to switch the respective layer.

individually, aided by the coupling to the YIG layer, close
to the compensation temperature. This temperature range is
usually difficult to study because of the diverging linewidth
of single GdIG layers at Tcomp [19]. Furthermore, we study
the spin current generation in our system, which is tunable by
temperature, external field, and relative layer thickness [9].
We drive the ferromagnetic resonance (FMR) modes of
our heterostructure and measure the spin current which is
pumped across the GdIG/Pt interface when a resonance
condition is satisfied [21,22]. This spin current, resulting
from the spin pumping (SP), is detected by means of the
inverse spin Hall effect GSHE) in the Pt top layer [23] in the
experimental configuration sketched in Fig. 1(b). We obtain
unique information about the switching behavior of our
GdIG layer by observing the spin Seebeck effect (SSE) [24].
The SSE measurements are performed by applying an
out-of-plane thermal gradient, as depicted in Fig. 1(c) [25].
We compare these results with SSE measurements, in which
the gradient is generated by microwave heating during the
SP measurements [26]. The microwave-induced SSE is a key
tool as a measure to determine the switching of the top GdIG
layer during the SP measurement itself, and is less susceptible
to temperature mismatch compared to remounting the sample
in another setup.

II. SAMPLE CHARACTERISTICS

The investigated sample is a trilayer of YIG, GdIG, and
Pt, grown on a Gd3;Gas;0;, (GGG) (001) substrate. The thick-
nesses of the YIG and GdIG layers are chosen to be 36 nm
and 30 nm, respectively. The coupling between YIG and GdIG
moments was previously studied in Ref. [9]. The YIG and
GdIG films are grown in a pulsed laser deposition chamber.
The substrates are (001)-oriented GGG. The chamber operates
at an ultrahigh vacuum with a base pressure of 2 x 1078 mbar.
Laser pulses with an energy of 130 mJ per pulse and a wave-
length of 248 nm are used at a repetition rate of 10 Hz. During
growth, the chamber conditions are a substrate temperature
of 475°C and an O, pressure of 0.026 mbar. The thickness
is determined by the number of laser pulses used for the
deposition. These films show high crystallinity and sharp
interfaces, which can be resolved in high-angle annular dark-
field (HAADF) scanning transmission electron microscopy
(STEM). The high-resolution image at the YIG/GdIG in-
terface is provided in Fig. 2 of the Supplemental Material
(SM) [27]. The STEM images and film quality are discussed
in more detail in the SM [27].

The relative alignment of the YIG and GdIG layer
magnetizations is investigated by superconducting quantum
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FIG. 2. (a) Broadband VNA-FMR measurement of the YIG 36 nm/GdIG 30 nm/Pt 4 nm trilayer at 50 K. The raw data are processed by
derivative divide and an fast Fourier transform (FFT) filter. The resonance linewidth is extracted by fitting to the derivative of the susceptibility
for N resonances [28]. (b) Broadband VNA-FMR spectrum measurement at 200 K. The raw data are processed by derivative divide and an
FFT filter, which filters signals by frequency apart from an allowed window. The resonance linewidth is extracted by fitting to the derivative
of susceptibility for N resonances [14,28]. (c) The linewidth at 50 K from the YIG 36 nm /Pt 4 nm and GdIG 30 nm samples (red and orange,
respectively) and the trilayer LF mode (blue) in comparison. We provide the color map of the GdIG thin film in Fig. 1 of the SM [27].
(d) Extracted linewidth at 200 K from the trilayer and a pure YIG sample in comparison.

interference device (SQUID) magnetometry and spin Hall
magnetoresistance [9,10]. With this information and the
(microwave-induced) SSE measurements, we can determine
the relative alignment of the layer magnetizations in our sam-
ple. Figure 1(d) shows an illustration of the switching field
(and thus relative alignment) as a function of temperature for
the YIG 36 nm/GdIG 30nm/Pt 4 nm sample. For tempera-
tures below the bilayer compensation temperature T¢ g, the
net moment of the GdIG layer, Myt Gaic, 1s larger than the one
of the YIG layer, My vig- At Tc , the two layers have the
same net moment, which are antiferromagnetically coupled
via the Fe-Fe sublattices [9,10] and thus fully compensate
each other. For temperatures above 7c g and below Tt gaig
(the compensation temperature of single-layer GdIG), the net
moment of the YIG layer, Mye vig, is larger than that of
the GdIG layer, Mpet garg- Under small external applied in-
plane magnetic fields, the net magnetization of both layers is
parallel to the applied field, while the individual layer magne-
tizations are antiparallel. For larger external magnetic fields,
the Zeeman energy exceeds the exchange coupling between
the layers, and the layer with the smaller net moment also
switches so that both magnetizations are parallel with the
external magnetic field. While the net moments Myt gaic and
Mt vic are antiferromagnetically aligned below 7¢ gaig, the
two-layer magnetizations Mye gaic and Mg vig are always
parallel above Tc gaig. The results of this trilayer structure
are compared to the FMR data of a single GdIG layer of

a comparable thickness of 30 nm and a YIG 36 nm/Pt 4 nm
bilayer film. Having thus established the static magnetization
configurations of the multilayer heterostructure, we next study
the dynamics.

III. RESULTS AND DISCUSSION

A. Ferromagnetic resonance absorption

The ferromagnetic resonance measurements are key to un-
derstanding the dynamic behavior of our system. With the
FMR measurements, we can identify features originating from
each layer, but also understand the underlying coupling of
the heterostructure. To obtain FMR color maps, as shown in
Figs. 2(a) and 2(b), we use a vector network analyzer (VNA)
to measure the microwave absorption of the sample. In this
case, the frequency is swept by the VNA for each exter-
nal magnetic field step poH, resulting in a broadband FMR
measurement (bbFMR) [29]. The obtained raw data are then
processed by the derivative Divide (dD) algorithm following
the work of Maier-Flaig ef al. [30],

doSy — Sa1(w, Hy + AHy) — Sy (w, Hy — AHy) )
P Sa21(w, H)) AH+

~ —iwA' =2 2)
w
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FIG. 3. (a) Broadband VNA-FMR measurement of the YIG 36 nm/GdIG 30 nm/Pt 4 nm trilayer at 250 K. The raw data are processed by
derivative divide and an FFT filter. The resonance linewidth is extracted by fitting it to the derivative of the susceptibility for N resonances [28].
(b) FMR spectrum of the micromagnetic simulation. The magnetization is estimated from the literature to match a temperature of 265K to
compare to the thin film at 250 K as the bulk compensation temperature is shifted compared to the value for our thin films.

Here, dpS»; is thus effectively the normalized
derivative of the S, parameter (transmission parameter)
with respect to the magnetic field [30]. Equation (2)
contains the magnetic susceptibility x (w, Hy) and the signal
amplitude A’,

oy (y noHo — iAw)
[wres(HO)]2 —? —iwAw’

x(w, Hy) = )

with wy = yuo|M|, the resonance angular frequency wres,
and the gyromagnetic ratio y [30].

In our FMR measurements, we compare VNA-FMR color
maps recorded at different temperatures. We measured our
single-layer YIG and GdIG films first to compare them later
to the features of our heterostructure [Figs. 2(c) and 2(d)].

For the heterostructure, the signal differs strongly in its
shape and temperature dependence from those of the single
layers. For a temperature of S0K < T¢ g [see Fig. 1(d)], we
observe two distinct modes, one at lower and one at higher
frequencies [Fig. 2(a)]. Both modes do not behave as one
would expect from the Kittel equation for in-plane applied
external magnetic fields for single layers, which we attribute
to their coupling. However, the linewidth and signal strength
of the mode at lower frequencies (LF mode) are closer to that
obtained for the YIG single layer [Fig. 2(c)]. The increase
of the slope of the mode towards lower temperatures was
also previously observed for GdIG [31]. The higher-frequency
mode (HF mode) resembles the behavior of the single GdIG
layer. However, for temperatures in which the two modes are
close to each other [see Figs. 2(b) and 3(a)], it becomes clear
that the behavior is increasingly complex, making it more
challenging to disentengle the modes for the bilayer system.
At 200K > T¢ gaig, we observe a merged resonance line
[Fig. 2(b)], which we attribute to the detection of the YIG
FMR as corroborated by the resonance field and linewidth
[Fig. 2(d)]. The pronounced change of the linewidth during
the field sweep for the trilayer system can be explained by
the coupled dynamics between the YIG and GdIG layers.
To identify the features and investigate their origin in more
detail, we next complement the FMR absorption data with
micromagnetic simulations, and SP and SSE measurement
results.

B. Micromagnetic simulation

The data from our experiments at an increased temperature
of 250K are next compared to micromagnetic simulations
[Figs. 3(a) and 3(b)] to understand the observed features of
the measurements of the spin dynamics. The simulations were
conducted using MUMAX? [32] via the UBERMAG metapack-
age [33] written for PYTHON with small modifications. Our
micromagnetic approach can be compared to a macrospin
model (see Fig. 4 of the SM [27]; see, also, Ref. [34] in
the SM [27]). From this comparison, we find that the mi-
cromagnetic simulation captures the experimental features in
more detail and provides more information about the static
magnetic states, especially during the switching process. The
initial parameters for the simulation are set by the literature
values [15,35-37]. We assume the damping parameter ayig
to be 3 x 1073, which we extracted from single-layer YIG
measurements (see the SM [27] and Fig. 3 of the SM [27];
see, also, Ref. [38] in the SM [27]), and compatible with
that expected for pulsed laser deposition (PLD)-grown YIG
samples [39]. The GdIG damping is estimated to be 5 x 1072
from Ref. [19]. The magnetization of each layer is esti-
mated from the literature values for a set temperature [40].
An interfacial coupling between YIG and GdIG is expected
and estimated from the exchange constant, determined in
Ref. [9]. The result of such a simulation is shown in Fig. 3(b).
The overall signal shape reproduces our FMR spectrum well
[see Figs. 3(a) and 3(b) for measurements at 250 K]. The
exchange-driven mode [41,42] with negative frequency to
field dispersion appears to be only a weak signal, in simu-
lation and experiment. However, the effect of its anticrossing
with the main mode is very conspicuously captured by the
measurements (see Fig. 3, and Fig. 5 of the SM [27]). As
the static magnetic state of the system is crucial to the
dynamics, we compare the SSE measurements and magne-
tization curve extracted from the simulation in Fig. 6 of the
SM [27]. The micromagnetic simulations also suggest a he-
lical spin structure in the GdIG layer during and after the
switching (see Fig. 7 of the SM [27]), which supports the
previous conclusion by Ref. [10] of a spiral magnetization
state.

To explain the switching behavior and the dynamic re-
sponse of the heterostructure, we next use the SSE as a tool to
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FIG. 4. (a) The SSE measurement by microwave heating at 200 K of the trilayer. A constant offset is subtracted. The dashed line helps
as a guide to the eye to clarify the switching behavior. The error bars show the standard error of the average over 15 data points per field
step. The background colors of the plot (red, yellow, and blue, respectively) refer to the ranges in which the GdIG layer is antiparallel (AP),
reorienting (RO), and parallel (P) to the magnetic field. (b) Spin Seebeck effect measurements by microwave heating and DC heating with
a resistive heater attached to the sample at 250 K, where both indicate the start of the reorientation of the top GdIG layer above 0.5 T. The
reorientation continues to higher fields >2 T T. (c¢) Visyg of the SSE by microwave heating for low temperatures, with the DC voltage offset
subtracted [24,43,44]. (d) The low-field step of Vigug has its origin in the spin Seebeck effect. The observed SSE signal shows no sign change,

in contrast to the SP signal over the same temperature range as in (a).

probe the relative alignment of the YIG and GdIG layers. The
SSE also provides a complementary approach to spin current
generation in the sample via a temperature gradient.

C. Spin Seebeck effect measurement

The SSE measurements performed in the course of this
study give important insight into the static magnetic state
of the system for the respective applied external magnetic
field [43]. The YIG contribution to the SSE signal is heavily
attenuated, thus providing us with just the information about
the GdIG top layer [9].

We compare the SSE signal caused by microwave heating
with the SSE signal from a simple continuous temperature
gradient to verify the field dependence of the SSE sig-
nal, which is measured during the application of the FMR
[Fig. 4(b)]. For the latter, the sample is clamped in between
a cold sink, on which a Pt stripe is attached, and a resistive
Pt heater, as implemented in Ref. [43] [Fig. 1(c)]. When
applying a current to the top Pt heater, a temperature gra-
dient is established perpendicular to the sample plane. The
voltage, which builds up on the sample, is measured with
an HP 34420A nanovoltmeter. For the SSE signal during the
microwave application, we measure the Visyg during the field
sweep. By applying a sufficiently strong microwave power,
we coincidentally heat the film, additionally inducing the spin

Seebeck effect [45,46]. This background signal is dependent
on the magnetization direction of the GdIG layer, which pro-
vides us with a direct comparison between the switching state
of the top layer and the FMR signal. This signal includes the
distinct peak attributed to spin pumping (SP) at resonance (at
woH =~ 0.15T); see Figs. 4(a) and 4(b). When we compare
it to the DC-SSE, we can see a good agreement in the field
dependence (apart from the aforementioned SP-signal peak at
FMR).

As observed in Ref. [9], the SSE signal is dominated by
the GdIG top layer. The SSE signal probes thermally excited
magnons of all wavelengths, while FMR leads to wave-vector
k = 0 magnon excitations. This means that for the appropriate
temperature range, we can detect the reorientation process
during the field sweep of the GdIG layer. We do not ob-
serve a clear contribution of the YIG bottom layer, even if
a superposition of spin currents could appear in our SSE
measurements [3,47]. Our results indicate that the spin current
generated in the YIG layer cannot penetrate across the GdIG
layer due to its larger damping and the interface between YIG
and GdIG.

After comparison with the microwave-generated SSE, we
confirm good agreement with the DC-SSE signal. For further
investigations, we would mainly use the microwave-generated
SSE. This enables a more direct comparison to the SP and
FMR signal, as no remounting of the sample is needed.
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FIG. 5. (a) Measurement of V;syg from SP at resonance with different excitation frequency at 200 K. A constant offset of 2 uV is artificially
added to visibly separate the signal at different frequencies. The background colors of the plot (red, yellow, and blue, respectively) refer to the
ranges in which the GdIG layer is antiparallel (AP), reorienting (RO), and parallel (P) to the magnetic field. (b) Measurement of Visyg from
SP at resonance with different excitation frequencies at 250 K. A constant offset of 2 uV is artificially added to separate the signal at different
frequencies visibly in the plot. (c) Visyg at fixed resonance frequency of 6.5 GHz for different temperatures. The temperature range reaches
across the GdIG compensation temperature. The sign of Visyg switches at 7 &~ 270 K. (d) Microwave absorption (red curve) and Visyg (blue
curve) in comparison at 295 K and at 6.5 GHz. Inset: A linear power dependence of the measured V;syg with respect to the power set at the RF

source.

A good indication, that the observed background signal
during the microwave application indeed stems from the
SSE originating from the GdIG is the sign change at low
temperatures. The signal vanishes at low temperature, which
agrees with the sign change of the SSE in GdIG due to a
change of occupied magnon modes [Fig. 4(c)] [24]. As the
microwave heating power is dependent on the microwave
frequency, for the applied constant microwave power, the
frequency is kept constant at f ~ 6.5 GHz while sweeping
the magnetic field. The SSE measurements are essential to
interpret the spin pumping (SP) measurements in detail by
revealing the relative alignment state of the two ferrimagnetic
layers in the same setup. We use this information about the
static magnetization configuration that we extract from the
SSE [Figs. 4(a) and 4(b)] for the interpretation of the SP
signals. To this end, we include the relative orientation of
GdIG and YIG net magnetizations in Fig. 5(a) encoded in the
background color [red = antiparallel (AP), yellow = reorien-
tation (RO), blue = parallel (P)].

D. Spin pumping at ferromagnetic resonance

To understand the contributions of the individual layers
to the magnetization dynamics, we not only study the FMR
absorption spectrum that comprises contributions from both
layers, but also carry out spin pumping experiments. We detect
the signal of the inverse spin Hall effect i(SHE) in the Pt top
layer [22,23]. At the resonance condition, a spin current is
pumped from the YIG/GdIG bilayer into the adjacent Pt layer.

This generated spin current is dominated by the spin dynam-
ics in the GdIG layer, which offers a chance to separately
investigate the GdIG layer spin dynamics. While the FMR
measurements are sensitive to both the GdIG and YIG spin
dynamics, the SP and SSE measurements are complementary
to the FMR measurements, as they only reflect the GdIG spin
dynamics. The investigation of magnetic field sweeps, espe-
cially at the switching fields of the respective layers, offers
the opportunity to study the spin current origin. The sample is
placed on top of the coplanar waveguide (CPW) with a thin
insulating tape, so that there is no electrical contact from the
CPW to the Pt film. The contacts are made by a thin copper
wire and silver paste to fix the wire on the Pt layer.

The alternating current is generated by a microwave gen-
erator, which is amplified and fed into the CPW, generating
an alternating magnetic field at the sample. The alternating
magnetic field is modulated in its amplitude by a frequency of
30 Hz. The resulting voltage Visgg is measured in the Pt layer
by a lock-in technique with a Stanford Research Systems (SR)
830 lock-in amplifier with a SR-530 pre-amplifier, improving
the signal-to-noise ratio and removing artifacts in the signal
due to small temperature fluctuations inside the cryostat. The
measurements are performed as field sweeps with a constant
frequency of the alternating field, at different temperatures.
At a temperature of 200 K, we can observe a sign change of
the generated signal for a sweep from low to high magnetic
fields (lower and higher resonance frequencies) [see Fig. 5(a)].
In this temperature range (Icp <7 < Tc.gaig), the net

064432-6



TEMPERATURE-DEPENDENT STUDY OF THE SPIN ...

PHYSICAL REVIEW B 112, 064432 (2025)

moment of the YIG layer is larger than the GdIG net magnetic
moment [see Fig. 1(d)]. Thus, at low fields, the YIG layer
magnetization is parallel to the magnetic field, while the GdIG
magnetization is oriented antiparallel. By comparing the sign
change to the indicated ranges in Fig. 5(a), one can observe the
voltage sign at resonance following the GdIG orientation. It is
worth noting that the FMR spectrum shows a clear resonance
line during the GdIG switching [compare Fig. 2(b)]. This
suggests that the YIG can still be excited during the GdIG
switching, and the FMR spectrum is dominated by the YIG
layer in this field range. This is supported by the narrowing
of the linewidth during the GdIG switching (0.2 T to 0.5 T)
[see Fig. 2(c)]. From the SSE measurements [Fig. 2(b)], it is
clear that the switching is not abrupt, but occurs as a reorien-
tation over an extended field range. In this range, the linewidth
is compatible with the linewidth measured in the single YIG
layer. From this, we can conclude that our measurements are
not sensitive to a spin current originating from YIG in this
range, as there is no signal with the expected linewidth and
sign observed in the Visyg signal. From SSE measurements,
we can estimate the 50% switching field value. For GdIG
switched 50% (at ~0.3 T), we do not see any distinct peak,
supporting the assumption that there is no significant trans-
mitted spin current from the YIG across the GdIG into the Pt.
The sign change of the voltage signal can be easily explained
by a reorientation of the GdIG layer magnetization. As the
magnetization direction of the spin current source (the GdIG
layer) inverts, the spin current polarization changes, leading to
an inverted voltage Visyg [Fig. 5(a)]. For higher temperatures,
there is no complete switching in our measurement window
from OT to 0.7 T [Fig. 4(b)]. Thus, the signal sign does not
invert in this field range [Fig. 5(b)].

When sweeping the temperature across Tc gdig, One can
also expect a sign change. The GdIG net moment is inverted
across the compensation temperature, as the combined mo-
ment of the Fe sublattices exceeds the Gd sublattice moment.
Thus, the net magnetization direction of GdIG is inverted,
leading to an inversion of the iSHE voltage [see Fig. 5(c)].
This again indicates that the spin current is generated in the
GdIG layer, as there is no sign change of a possible YIG-spin
current expected.

This sign change from the SP-generated spin current is
compatible with the net magnetization orientation of the GdIG
layer, which is inverted at the compensation temperature.
In contrast, the spin current generated from the SSE de-
pends on the orientation of the Fe sublattices [24,43,44]. The
orientation of the sublattices does not change across the com-
pensation temperature due to the coupling to the YIG layer
[see Fig. 1(d)], which explains the absence of this sign change
in the SSE measurement of the bilayer [Fig. 4(d)] compared
to previous studies [24,43].

For single GdIG layers, at T¢ gaic one can observe a diver-
gence of the linewidth of the FMR signal, which makes it hard
to study the dynamics of the layer close to the compensation
temperature. We can extract a linewidth from Fig. 5(c), which
clearly shows no such divergence of the linewidth in our
case. This divergence was previously studied and linked to
the relation between net angular momentum and total angular
moment of the material [19,48]. However, the experimen-
tal investigation is difficult due to the decrease in signal

intensity and increasing linewidth. In our system, however, the
relation between the net angular momentum and total angular
momentum is shifted by the coupling to the YIG layer. Thus,
close to the compensation temperature, we still observe a
signal originating from the GdIG layer [Fig. 5(c)]. While the
linewidth does slightly change across Tc caig. it is compatible
with the damping estimated in Ref. [19], supporting the ap-
proach of extracting the damping for ferrimagnetic materials
close to their compensation temperature with different meth-
ods than the standard ones used for ferromagnets.

IV. CONCLUSION

In this study, we investigated the spin dynamics and spin
currents in a trilayer of YIG/GdIG/Pt. With complementary
measurements of the spin current from the spin Seebeck effect
and spin pumping measurements at FMR, and comparison to
our micromagnetic simulations, we can explain the features
seen in the FMR spectrum.

Our ferrimagnets exhibit a strong coupling, which is re-
flected in the observed static magnetic state. We find the
coupling between YIG and GdIG to be strong enough to not
only facilitate the different observed antiparallel and paral-
lel alignment states of the net magnetic moments, but also
key to understanding the dynamics of the heterostructure.
The spin current, pumped at the ferromagnetic resonance
condition, indicates that the GdIG is the origin of the spin
current, which provides the opportunity to study the GdIG
layer resonance close to its compensation temperature. The
coupling to the YIG layer is found to prevent the resonance
linewidth of the GdIG from diverging at ¢ Gaig, in contrast
to measurements of single-layer GdIG. The ferromagnetic
resonance measurements at 250 K show an avoided crossing,
an additional indication for the coupled dynamics of the two
ferrimagnetic layers. The coupled dynamics of the system
are especially of interest for further studies and applications
exploiting coherent spin transport.

We show that our system can be used as a highly tunable
spin current source over a large temperature and external mag-
netic field range. This provides a platform for more complex
systems such as magnon spin valves in a fully insulating
system. We envision the system to facilitate further studies
of coherent spin dynamics.
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