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Magnetic films with low Gilbert damping are crucial for magnonic devices, which provide a promising platform for
realizing ultralow-energy devices. In this study, low Gilbert damping and coercive field were observed in Bi/In-doped
yttrium iron garnet (Biln:YIG) thin films. The Biln:YIG (444) films were deposited onto different substrates using pulsed
laser deposition. Low coercivity (<1 Oe) with saturation magnetization of 125.09 emu/cc was achieved along the in-plane
direction of Biln:YIG film. The values of Gilbert damping and inhomogeneous broadening of ferromagnetic resonance in
Biln: YIG films were obtained to be as low as 4.05 x 10~ and 5.62 Oe, respectively. In addition to low damping, the giant
Faraday rotation angles (up to 2.9 x 10* deg/cm) were also observed in the Biln:YIG film. By modifying the magnetic
structure and coupling effect between Bi*t and Fe3* of Bi:YIG, doped In>* plays a key role on variation of the magnetic
properties. The low damping and giant Faraday effect made the Biln:YIG film an appealing candidate for magnonic and

magneto-optical devices.

Keywords: magnonic device, Gilbert damping, Faraday effect

PACS: 75.70.Ak, 78.20.Ls, 75.50.Gg, 75.75.—¢

1. Introduction

Magnonic devices have attracted considerable interests
in recent years and are promising as data carriers in next-
generation information processing devices, where magnons
serve as carrier of spins inside the magnetic materials.
Magnons, which are the quanta of spin waves, can effi-
ciently carry spin information without movement of charge
during its transmission. As a result, magnonic devices
Zhang

theoretically predicted that the magnon can be ex-

can circumvent the occurrence of Joule heating.
et al.
cited via the s—d exchange interaction between the conduc-
tion electrons in the heavy metal (HM) and the localized
magnetic moments in the magnetic insulator (MI) due to
the magnon-assisted electric current drag phenomenon.!!-?]
Han er al. experimentally detected and quantitatively ver-
ified the YsFesOj» (YIG) magnetic insulator in a typi-
cal HM/MI/HM sandwich structure. They further devel-
oped two prototype devices, namely the magnon valves (i.e.,
YIG/AwYIG & YIG/P/YIG)P! and the magnon junctions
(i.e., YIG/NiO/YIG & YIG/CoO/YIG).I*3! A novel magnon
nonlocal spin Hall magnetoresistance (MNSMR) effect was
further discovered and observed in the YIG/NiO/YIG/Pt
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magnon junction, revealing the transport nature of the magnon
as an intermediary.[®! In magnetic materials, the phenomenon
of voltage generation driven by temperature gradients in the
flow of spins is referred to the spin Seebeck effect (SSE). Due
to the fact that SSE does not generate Joule heating from the
directed movement of electrons, it has become a focal point
in spintronics research in recent years. The strong spin—orbit
coupling of Pt and the low damping of YIG makes Pt/YIG
the primary focus of research on driving spin currents.”=]
When Bi,Ses is used as an intermediate layer, the enhance-
ment of surface magnetization is observed, significantly im-
proving SSE of Pt/YIG.!!0]

Low Gilbert damping and inhomogeneous broadening of
MI are crucial due to the ability of magnon spin currents to
propagate and interact effectively with local magnetic textures
of MI. YIG film is considered to be an ideal magnon car-
rier having a long magnon decay length because the values of
damping and inhomogeneous broadening are as low as 107>
and 4 Oe, respectively.

Bi-doped YIG is particularly noteworthy in the domains
of spintronics and magnonics because of its stronger spin orbit
coupling and magneto-optical properties. A lot of researchers
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have adopted the approach of doping YIG with Bi’* to en-
hance the Faraday rotation. When the Bi’* replaces Y>* in
YIG, the Faraday rotation of YIG is significantly improved,
and Bi:YIG exhibits giant Faraday effect.!!!=14]

In addition, a large number of studies on magnonic de-
vices focus on Bi:YIG films. Very recently, Fan et al. pro-
vided evidence that the magnon spin current can drive domain-
wall motion in a Bi-doped YIG device by means of magnon
spin-transfer torque, and the required energy for driving the
domain-wall motion is orders of magnitude less than that re-
quired for metallic systems.!!3] Caretta et al. observed ul-
trafast domain wall motion using pure spin currents result-
ing from the spin Hall effect in Bi-doped YIG.!'¢! Further-
more, the spin current can be driven by a temperature gradi-
ent as a result of the spin Seebeck effect in Bi-doped YIG.!!"]
Many other studies devoted to the development of magnetron
devices have been published.!!8-21 In the Pt/Bi:YIG bilayer
structure, an exponential increase in the intensity of propa-
gating spin waves up to 500% at a propagation distance of
ten micrometers.>!! The spin wave travel distance is inversely
proportional to the Gilbert damping. However, the magnetic
coupling that occurs between Bi** and the octahedral Fe3* of
YIG can result in a large damping.

In this paper, we report low Gilbert damping and coerciv-
ity in Bi/In-doped YIG (Biln:YIG) thin films. The values of
Gilbert damping and inhomogeneous broadening of ferromag-
netic resonance in the in-plane direction of Biln: YIG films are
as low as 4.05 x 10~* and 5.62 Oe, respectively. Besides low
damping, the variation of giant Faraday rotation angles fur-
ther confirms the magnetic coupling between Bi** and octa-
hedral Fe3* in the Biln:YIG film. The doped In** can modify
the magnetic structure and coupling between Bi*T and Fe3*,
which changes the magnetic properties of YIG. Our results
open up prospects for the incorporation of YIG films in de-
signs of future magnonic and magneto-optical devices.

2. Method and materials

Y3F€5012, BiY2F65012 (Bi:YIG) and BiYgFe4.7In0_3012
(Biln:YIG) films (70 nm) were deposited on the (111)-
oriented garnet substrates, including Gd3GasOj; (GGG) and
Gd; 6Cag 4Gaq 1 Mg 2571 65012 (SGGG), using pulsed laser
deposition (PLD).[!32>24] The target-to-substrate distance
was maintained at 4-6 cm. With a repetition rate of 3 Hz, the
targets were ablated using an ArF excimer laser (A = 248 nm)
inside a vacuum chamber. The laser energy was kept at
250 mJ and the film deposition rate was estimated to be around
1 nm/min. The substrate temperature was kept around 973 K
with an ambient oxygen pressure of 20 mTorr. The as-prepared
films were annealed under argon gas for three hours at 1073 K.
The crystal structure of films was identified by x-ray diffrac-
tion (XRD) analysis obtained using an X’Pert XRD spectrom-

eter equipped with Ni-filtered Cu K, radiation.[>! A vibrating
sample magnetometer (VSM, EZ-9) was used to characterize
DC magnetic properties. The absorption spectra of ferromag-
netic resonance (FMR) were measured within a microwave
frequency range of 3—11 GHz (MG3692C) in the in-plane di-
rection of the film at room temperature with a magnetic field
up to 3.2 kOe. The modulation amplitude and frequency of
their field modulation are 2 V and 921 Hz using a lock-in am-
plifier (SR830), respectively. The Faraday rotation angle un-
der magnetic field was measured using a lab-created system.

3. Results and discussion

Figure 1(a) displays the XRD patterns of the Y3FesOy;
(YIG), BinFe5012 (Bi:YIG), BiY2F64,7IIl0.3012 (BiIn:YIG)
films, and the substrates. The single crystal diffraction peak of
each film is marked in the illustration. Theoretically, the lat-
tice constants of GGG and SGGG are 12.383 A and 12.480 A,
respectively. Furthermore, the lattice constants of GGG are
closer to those of YIG (12.376 A). The diffraction peaks of
different films are located in the (444) orientation, and the
diffraction pattern of the substrates reveals a splitting of the
main peak (444).

(a) (;(;(;(444);

(b) SGGG(49)
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Fig. 1. XRD patterns of YIG, Bi:YIG, and Biln:YIG films on (a) GGG
substrate and (b) SGGG substrate. The diffraction peaks of the films are
selectively shown in the inset.

The XRD patterns of films on GGG substrates are also
shown in Fig. 1(a), where the single crystal diffraction peaks
of YIG, Bi:YIG, and Biln:YIG are located to the left of the
substrate peak. The double peaks for the GGG(444) and
SGGG(444) are from the Cu K and Cu K radiations.[20-27]
After the entry of Bi**/In>* into the lattice, it only influences
the lattice constants, but garnet phase still maintains.?8-30]
The theoretical lattice constants and lattice mismatches (&)
of YIG, Bi:YIG and Biln:YIG with GGG, SGGG (111) sub-
strates are listed in Table S1 in the supplementary material.
Moreover, as the number of doped-ion species increases, so
do the magnitudes of lattice constants, which causes a leftward
shift in the diffraction angle. This phenomenon was caused by
the variation of the ionic radii, where Bi’* has a larger ionic
radius (1.03 A) than that of Y3* (0.9 A), and the ionic radius
of hexacoordinate In3* (0.8 A) is larger than that of hexacoor-
dinate Fe?* (0.645 A). As a result, the films experience com-
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pressive strain by the GGG substrate. The XRD patterns of
films deposited on the SGGG substrate are shown in Fig. 1(b).
The lattice constants of Biln:YIG films are larger than those
of SGGG substrates. Thus, the diffraction peaks of Biln:YIG
films are all located to the left of the substrate and change
slightly at GGG and SGGG. The Biln:YIG films experience
compressive strain from the SGGG and GGG substrates. How-
ever, the lattice constant of the SGGG substrate is larger than
that of YIG and Bi:YIG films, thus diffraction peaks of YIG
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and Bi: YIG films are positioned to the right of the SGGG sub-
strate, indicating tensile strain on the films. Therefore, the
diffraction peaks of Bi:YIG and YIG films clearly exhibit a
left shift as the substrate changes from GGG to SGGG. A ten-
sile (compressive) strain will shorten (elongate) the film lat-
tice along the out-of-plane [111] axis for these (111)-oriented
YIG-based films, which will affect the magnetic properties of
the films.!?°!
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Fig. 2. Magnetic hysteresis loops of films at room temperature. (a)—(c) In-plane magnetic hysteresis loops of YIG, Bi:YIG, and
Biln:YIG on GGG and SGGG substrates, with a close-up view of the curves in the range from —1 Oe to 1 Oe. (d) Numerical plots of

saturation magnetization M and coercivity H, for different samples.

The magnetic properties of YIG deposited on GGG and
SGGG substrates are illustrated in Fig. 2(a). The (111)-
oriented YIG films are found to be magnetically isotropic in-
plane, so the influence of in-plane azimuthal angle on mag-
netism is ignored.!! It is well-known that there is an anti-
ferromagnetic coupling between Fe3* at the octahedral a-sites
and Fe3* at the tetrahedral d-sites in YIG.[3>34 YIG films
grown on GGG substrates exhibit significantly lower coerciv-
ity (H.) compared to films on SGGG substrates because the
small lattice mismatch between GGG and YIG results in re-
duced number of defects in YIG films.[*>! However, Bi-doped

and/or In-doped YIG films exhibit distinct magnetic proper-
ties, as shown in Figs. 2(b) and 2(c). In contrast to YIG,
the doped films deposited on SGGG substrates have lower H,
(<1 0e). This is attributed to the larger lattice size of SGGG in
comparison to the GGG. Bi:YIG experiences less compressive
strain on an SGGG substrate compared to a GGG substrate.
Conversely, Biln:YIG undergoes tensile strain on an SGGG
substrate which is opposite to that encountered on a GGG
substrate. Based on the above analysis, Bi-doped YIG films
grown on SGGG substrates are considered to have a larger

ionic radius and a lower H,. The specific values and trends of
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saturation magnetization (Ms) and H, obtained from different
films are demonstrated in Fig. 2(d). The saturation magnetiza-
tion of YIG@GGG is 137 emu/cc, which is consistent with
the previously reported value.**37) In comparison to YIG,
Bi:YIG exhibits an increase in saturation magnetization. %]
This is ascribed to the magnetic coupling interaction between
Bi®* and Fe3T at octahedral a-sites, which weakens the mag-
netic moment of the a-site Fe>* and thus enhances the total
magnetic moment. Nevertheless, the total magnetic moment
of the Biln:YIG depends on the superposition of the mag-
netic moments of two different Fe3* positions. Higher M and
(150.67 emu/cc @GGG, 125.09 emu/cc @SGGQG) and lower
H. (37.75 Oe @GGG, 0.33 Oe @SGGG) were observed in
Biln:YIG films. The enhanced M observed in Biln: YIG sug-
gests that the doped In>* ions preferentially occupy the oc-
tahedral a-sites. Once the non-magnetic In>* ions preferably
replace Fe*" ions at the octahedral a-sites, the antiferromag-
netic coupling between Fe>" ions situated at the octahedral
a-sites and the tetrahedral d-sites weakens which enhances the
overall magnetic moment. Usually, the higher the M of a ma-
terial, the stronger its magnetic rotation performance in the
microwave frequency range. Ga ions with smaller ionic radius
were doped into YIG to reduce the magnetic moment due to its
higher probability of occupying the tetrahedral d-sites, which
results in the reduction of moment.® The H, of the Bi:YIG
film is significantly increased due to the large lattice mismatch
with the GGG substrate. %0 Although there is an increase of
lattice mismatch after the co-doping of Bi and In, the replace-
ment of Fe3* at the octahedral a site by In reduces the anti-
ferromagnetic coupling between the octahedral a site and the
tetrahedral d site, which is the main reason why the Biln: YIG
exhibits a sudden decrease compared to the Bi:YIG films de-
posited on the GGG substrate. On the SGGG substrate, the lat-
tice mismatch of Bi:YIG and/or Biln:YIG is smaller than that
on the GGG substrate, so variation of H, is very small. A low
H. was observed in the Biln:YIG@SGGG film, which sug-
gests that the Biln: YIG films can benefit to the transmission of
spin waves (magnons) and are more suitable for applications
in magnonic devices.

The Landau-Lifshitz—Gilbert (LLG) equation can be

used to describe the precession of magnetic moments:

oM
ot

%—]‘f:—nyHm %Mx )
Here, the first term describes the source of precession, corre-
sponding to the precessional torque of the magnetic moment
under an effective magnetic field; y represents the gyromag-
netic ratio. The effective magnetic field is calculated by H.g =
Hex + Hqe + H,,i, where Hex represents the exchange field,
Hjy. denotes the demagnetization field due to shape anisotropy,
H,ni = 2K1/M; represents the anisotropy field due to magnetic

(411 and K; is the anisotropy constant. The

crystal anisotropy,
second term describes the Gilbert damping torque, with ¢ and
M; being the Gilbert damping and the saturation magnetiza-
tion, respectively. 4]

The absorption spectra of ferromagnetic resonance
(FMR) spanning the microwave frequency range of 3—11 GHz
were measured at room temperature, as shown in Fig. 3. The
film is placed on the coplanar waveguide (CPW) and the mag-
netic field along an in-plane direction with the film.[43-%]
The ferromagnetic resonance signal was modulated by a coil,
which was then detected by a detector equipped with a lock-in
amplifier.

The gyromagnetic ratio ¥ can be achieved by fitting the
ground-state YIG formula based on the frequency dependence

of the resonance magnetic field (Hyes):

o= 27'Cf = Y\/Hres (Hres +47rMeff); (2)

where @ represents the angular frequency, f is the fre-
quency of the applied microwave field; 4wM.g signifies the
effective magnetization, 4TMegs = 4TM — H,pi; ¥ represents
the gyromagnetic ratio, and the parameter y/(27) of thin
film is 2.8 MHz/Oe.[?>264648] By fitting the LLG equa-
tion, the frequency-dependent relationship defining the ferro-
magnetic resonance peak-to-peak linewidth (AHjp) could be

obtained, 3543

20

70),
V3y

where AH is the inhomogeneous linewidth.

AHp, = AHy + 3)

Table 1. FMR-related parameters involving samples with different compositions.

Sample Gilbert damping (10‘4) Inhomogeneous broadening (Oe) AtMegr (Gs) H,,i (Gs)
Bi:YIG@GGG 15.3+0.56 7.114+0.32 2151.32+56.63 417.41+7.21
Bi:YIG@SGGG 5.34+0.20 3.89+0.23 1733.80+27.79 162.67+1.84
Biln: YIG@GGG 23.7+0.63 8.43+0.26 2187.57+63.51 265.154+2.36

Biln:YIG@SGGG 4.05+0.30 5.62+0.12 1734.24 +30.26 215.99 +1.67
YIG@GGG 6.06+0.32 3.00+0.10 2102.414+47.33 396.89 +3.25
YIG@SGGG 5.09+0.23 2.56+0.05 1517.26 +30.46 83.63+0.85

The corresponding FMR-related data at this point are pre-
sented in Table 1. The important results can be observed. The

Hy,; values of all films are negative, indicating that the films

exhibit the in-plane magnetism.
The AH,,;, as a function of the in-plane azimuthal angle

at 7 GHz is shown in Fig. S1 in the supplementary material.
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The isotropic FMR linewidth in the (111)-oriented Biln:YIG
film was found, which is consistent with recent studies on the
ferroresonance anisotropy field. ]

Field-modulated FMR across the frequency range of 3—
11 GHz was measured for fields in the in-plane direction. The
local FMR data pertaining to the Biln: YIG@SGGG film are

shown in Fig. 3(a). Zero-field FMR can be realized at 1.6 GHz,
which allows for the excitation of coherent magnons and re-
duces the saturation magnetization. The slope of the ferro-
magnetic resonance linewidth with respect to the resonance
frequency was fitted for six films using Eq. (3), as shown in
Fig. 3(b).

(a) (b) 20
10. o(,”7 18 4
9. JGHZ
8.5 GH 161
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Fig. 3. FMR data of films at room temperature with the magnetic field along the in-plane direction: (a) FMR of the Biln: YIG film at different
frequencies, (b) frequency-dependent fitting results of FMR linewidth ranging from 3 GHz to 11 GHz, (c) FMR signals of films at 11 GHz.

It is worth noting that the Biln:YIG@SGGG has a low
Gilbert damping (4.05 x 10~%). The Gilbert damping of YIG-
based films are shown in Table S2 in the supplementary mate-
rial. Compared with the metal film, the low damping greatly
reduces the power dissipation in the process of magnetism and
spread.l>3% Tt is well acknowledged that YIG has a lower
Gilbert damping, a crucial parameter in the development of
magnetism and spintronics. The Gilbert damping of the YIG
film deposited on the SGGG substrate was found to be smaller
than that on the GGG substrate. The strain is the main fac-
tor for the Gilbert damping when the sample has the sam-
ple magnetic structure. Although the lattice mismatch be-
tween GGG and YIG is smaller than that between SGGG and
YIG, but the lattice constants of YIG are smaller than those of
the SGGG substrate, the tensile strain can reduce the Gilbert
damping. Similar results have been observed in YIG@GGG

and YIG@SGGG films.5!] However, the introduction of Bi*+
in YIG increases AH,,, and o on both GGG and SGGG sub-
strates. The inhomogeneous linewidth and Gilbert damping of
Bi:YIG are relatively higher. In Bi: YIG films grown on GGG,
« increases by an order of magnitude. There are many fac-
tors that can affect the Gilbert damping of YIG-based films,
including structure, film quality, strain, magnetic moments,
interactions between spin and orbit, and so on.[>? However,
such phenomena can be explained by the enhanced spin—orbit
coupling (SOC) after Bi-doping. Pure YIG exhibits almost
quenched orbital momentum of half-filled d shell in Fe3* elec-
tron configuration, leads to weak SOC. The coupling between
Bi3* and octahedral Fe>" can enhance the spin—orbit coupling

[53.54] Another reason for the

which results in a high damping.
elevated FMR-related parameters is the significant lattice mis-

match that exists between the Bi:YIG film and the GGG sub-
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strate. The compressive strain imposed by the substrate en-
hances electron scattering within the lattice.>>! Both lattice
constants of YIG and Bi:YIG films are larger than those of the
GGG substrate, the compressive strain exerted by the GGG
substrate on Bi:YIG is greater than that on YIG, which may
enhance the Gilbert damping. The Gilbert damping of the
Biln:YIG film on the SGGG substrate is reduced, because the
experiencing compressive strain from the SGGG substrate is
smaller than that of GGG. Considering the reduced Gilbert
damping by the In-doping and the small compressive strain
from SGGG, there is a little reduction of Gilbert damping of
Biln: YIG@SGGG than that of Bi:YIG@SGGG.

The FMR signals of films at 11 GHz are displayed in
Fig. 3(c).
nance magnetic field, while the Biln: YIG films show the min-

The YIG films demonstrate the maximum reso-

imum resonance magnetic field. This is due to the lattice mis-
match between the films and the substrate. In the absence
of substrate-induced strain and with a small amount of non-
magnetic In>* ions substituting the octahedral Fe3* ions in
the crystal, the antiferromagnetic coupling between the a-site
Fe3" and d-site Fe3* reduces. As a result, a lower magnetic

field can satisfy the resonance absorption of magnetic moment

precession.
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Fig. 4. Faraday effect of YIG, Bi:YIG, and Biln:YIG films: (a) hys-
teresis loops under 532 nm laser, (b) Faraday rotation angles within the
wavelength range of 40-1000 nm.

The giant Faraday effect has been observed in Bi**-doped

YIG films as a result of the coupling between Bi** and the oc-
tahedral Fe** ions of Bi: YIG.[’*-°] To validate the hypothesis
regarding the roles of Bi** and In* within the crystal, vari-
ous Faraday effect tests are presented in Fig. 4. Firstly, we
employed light with a wavelength of 532 nm to measure the
Faraday rotation angle of the films, since the Faraday effect of
the Bi:YIG films at 532 nm has been widely reported.[%-¢2]
Figure 4(a) illustrates the unit-length rotation angle of polar-
ized light subjected to a magnetic field at room temperature.
The magnetic field is scanned using a fixed optical wavelength.
The light, when directed perpendicular to the plane, passes
through the film. Bi:YIG@SGGG exhibits the greatest Fara-
day rotation angle (3.2 x 10* deg/cm @532 nm), followed by
Biln:YIG@SGGG (2.9 x 10* deg/cm@532 nm). Bi:YIG and
Biln:YIG films on GGG have smaller Faraday rotation angles
of 2.5 x 10* and 2.2 x 10* deg/cm @532 nm, respectively. The
Faraday rotation angle of the YIG film is much smaller than
that of the Bi*T-doped YIG materials. The doped Bi** ions
replace Y37 at the dodecahedron c-site, inducing octahedral
lattice distortion. The local symmetry of Fe3* in the octahedra
is disrupted, leading to an increase in its orbital degeneracy,
which amplifies the available energy-level transitions between
different excited states and strengthens the oscillator strength
of crystal field transitions in the octahedra. This process facil-
itates and contributes to the enhancement of the Verdet con-
stant via magnetic-optical transitions, particularly within the
low-energy region. 16!

When subjected to a fixed magnetic field of 4 kOe, the
Faraday rotation angles of all samples attain saturation. The
variation of the Faraday rotation angle over different wave-
lengths is illustrated in Fig. 4(b). The Faraday rotation an-
gles of all films are found to have optical wavelength depen-
dence. However, the wavelength dependence of Faraday ro-
tation angles of Bi:YIG and Biln:YIG is more pronounced in
the same diagram. In addition to this, the sign of the Fara-
day rotation angle is determined by the direction of the mag-
netic moment that couples to the electric vector through spin-
orbit coupling.[®3l The maximal Faraday rotation angle oc-
curs at around 520 nm. Furthermore, the trend of the max-
imum Faraday rotation angle for several samples correspond
to that shown in Fig. 4(a). Obviously, the Faraday rotation
angle slightly decreases after In>* doping. The results of the
Faraday effect can be interpreted as an evidence supporting
that the doped In®* replaces the Fe** at octahedral a-sites of
Biln:YIG because the coupling between Bi** and octahedral
Fe3* of YIG is the source of the giant Faraday effect. Further-
more, the variation of Faraday rotation of BiY;Fes5_,In,O1>
(x=10.3, 0.4, 0.5) films at a wavelength of 532 nm are shown
in Fig. S2 in the supplementary material. The Faraday rotation
decreases gradually with increasing In content. These results
confirm that the doped-In3* ions preferentially occupy the oc-
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tahedral a-sites and weaken the coupling between Bi** and
octahedral Fe** in Biln:YIG.

4. Summary

In conclusion, the structure, magnetic, and Faraday ef-
fect of Biln:YIG films have been investigated in detail. The
doped In** can tune the magnetic structure and the coupling
effect between Bi*"T and Fe** of Biln:YIG. The enhance-
ment of saturation magnetization of Biln:YIG suggests that
the doped In** preferentially occupies the octahedral a-sites
of Fe3*, which can be confirmed by the variation of giant
Faraday rotation angles in Biln:YIG films. The coercivity of
Biln:YIG is much smaller than that of Bi: YIG, suggesting that
the magnetic coupling strength between magnetic domains
weakens after In3* doping. The values of Gilbert damping
and inhomogeneous broadening of ferromagnetic resonance
in the in-plane direction of Biln:YIG films exhibit minima of
4.05 x 1074 and 5.62 Oe, respectively. As a result, Biln:YIG
films can benefit to the transmission of spin waves (magnons)
and have better applications in magnonic devices. The findings
open up prospects for incorporation of YIG films into designs
of forthcoming magnonic devices.

Supplementary material

See the supplementary material for the comparison of lat-
tice constant, Faraday rotation, damping coefficients and Fara-
day rotation for BiY,Fes5_,In,O1; (x =0.3, 0.4, 0.5) films.
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