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Impact of Twin’s Landscape on the Magnetic Damping of
La2/3Sr1/3MnO3 Thin Films

Shoulong Chen, Alberto Pomar, Lluis Balcells, Carlos Frontera, Narcís Mestres,
and Benjamín Martínez*

Understanding the origin and mechanisms of magnetic damping in complex
oxide materials is crucial for optimizing spin dynamics and tailoring their
properties for specific spintronic applications. Ferromagnetic resonance
spectroscopy (FMR) technique has been used to investigate the magnetic
damping of multiple La2/3Sr1/3MnO3 (LSMO) epitaxial thin films with similar
thickness and identical DC magnetic properties. However, the dynamic
magnetic properties exhibit noticeable variations among samples.
Microstructural analyses using X-ray diffraction (XRD) and atomic force
microscopy (AFM), confirm that the samples are structurally identical, except
for minute differences in the miscut angles of the substrates. Nevertheless,
when examining the samples using backscattered electron (BSE) images in
scanning electron microscopy (SEM), significant disparities in the twin
distribution are observed. These variations in the twin distribution directly
correlate with the observed differences in the damping values. A careful image
analysis of BSE images allows to demonstrate that the increase of damping is
due to the pinning of the magnetization in the twin boundaries.

1. Introduction

Spintronics is a rapidly growing field of research that involves
the generation, manipulation, and control of the spin of electrons
in materials. These have the potential to revolutionize informa-
tion technology by providing faster, more efficient, and more ver-
satile ways of processing and storing information.[1,2] To reach
these objectives materials used in spintronics must possess spe-
cific characteristics to enable efficient manipulation and control
of electron spins. Materials with long spin diffusion lengths are
desirable as they facilitate efficient spin transport over larger dis-
tances. In addition, low magnetic damping coefficients are also

S. Chen, A. Pomar, L. Balcells, C. Frontera, N. Mestres, B. Martínez
Instituto de Ciencia de Materiales de Barcelona
ICMAB-CSIC
Campus Universitario UAB, Bellaterra 08193, Spain
E-mail: ben.martinez@icmab.es

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/admi.202300882

© 2023 The Authors. Advanced Materials Interfaces published by
Wiley-VCH GmbH. This is an open access article under the terms of the
Creative Commons Attribution License, which permits use, distribution
and reproduction in any medium, provided the original work is properly
cited.

DOI: 10.1002/admi.202300882

crucial for attaining efficient spin trans-
fer, preserving spin coherence, and low-
ering energy dissipation.[3,4,5] Thus, con-
trolling and minimizing magnetic damp-
ing is essential for achieving efficient
spin dynamics and transport in spin-
tronic devices.[2,4] However, low-damping
materials are scarce; ferrimagnetic insu-
lators, such as Yttrium-iron-garnet (YIG),
use to exhibit very low damping due
to the absence of conduction electrons,
which suppress the magnon-electron
scattering but, their applications are lim-
ited by their insulating nature.[6,7] Find-
ing ferromagnetic metallic materials with
low damping is a complex task because
of the scattering of magnons by the con-
duction electrons. Heusler alloys are an
example of this kind of materials with
damping values typically in the range
1 × 10−3 to 4 × 10−3 however, their spe-
cial preparation requirements limit their

possible applications.[8,9] In this context, complex oxides have
gained significant attention in recent years since they can com-
bine a relatively low damping with a wide range of magnetic and
electronic properties that can be tuned by controlling the crys-
tal structure or composition of the material.[10,11] In particular,
La2/3Sr1/3MnO3 (LSMO) compound has been the subject of in-
tense research due to its half-metallic ferromagnetic character
and predicted related low damping.[12,13] Nevertheless, its mag-
netic dynamic properties are still to be well established. Previous
reports gave values of damping of LSMO films that are clearly
larger than 1 × 10−3,[14,15,16] and only go down to 10−4 range for
sample thickness of ≈40–50 nm and above.[17,18]

Magnetization dynamics is usually described by the Landau–
Lifshitz–Gilbert (LLG) equation that takes magnetic damping
into account in a phenomenological manner.[19] In the attempt
to unveil the physical origin of the damping, models, such
as Kambersky’s breathing Fermi surface (BFS) and torque-
correlation models (TCM),[20,21] have been introduced. These
models explicitly incorporate spin-orbit coupling, a crucial factor
in the energy transfer between magnetization and electronic
degrees of freedom, and have shown to be effective in capturing
the important physical effects involved in precession damp-
ing. However, they fail to establish a clear relationship with
the physical properties of the material and how to influence
damping through its modification.[3,22] Further developments
based on these two models (BFS and TCM) have revealed a close
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correlation between damping and density of states and spin-
orbit coupling strengths.[22] In complex oxides, such as LSMO,
several factors can affect the magnetic damping. These factors
encompass the lattice structure, defects, interfaces, and electron-
electron interactions. They have the potential to enhance the
scattering rate between electrons and the lattice, introduce local
scattering centers in the form of magnetic inhomogeneities,
modify the density of states, and alter the effective spin-orbit
parameter thus, affecting the magnetic damping. In particular,
in epitaxial LSMO thin films misfit strain affects the deforma-
tion of perovskite-type ABO3 octahedral frameworks therefore,
modifying the delicate balance between lattice, spin, charge, and
orbital degrees of freedom.[23] Epitaxial LSMO films grown onto
(001) oriented SrTiO3 (STO) substrates are under biaxial tensile
stress imposed by the accommodation of the incommensurate
rhombohedral lattice of bulk LSMO to the STO cubic substrate.
This process implies an intricate relaxation pattern that involves
a complex rotation and deformation of corner-sharing BO6
octahedra that changes as a function of the film thickness affect-
ing the magnetic anisotropy,[23,24] and therefore the magnetic
damping. A typical mechanism for misfit strain relaxation in
LSMO thin films of about 10 nm thick and above is twinning.[25]

This relaxation mechanism gives place to the formation of a
twin domain pattern and the appearance of twin boundaries, i.e.,
interfaces separating regions of the LSMO film with different
crystallographic orientations. These twin boundaries can have
a significant impact on the film’s electronic and magnetic prop-
erties and its abundance and distribution may be modified by
subtle changes during the postgrowth annealing processes.

In this study, we investigate the magnetic damping of mul-
tiple LSMO samples with similar thickness and DC magnetic
properties. However, despite having identical DC magnetic prop-
erties, the dynamic magnetic properties exhibit noticeable vari-
ations among the samples. We conduct microstructural analy-
ses using X-ray diffraction (XRD) and atomic force microscopy
(AFM), confirming that the samples are structurally identical, ex-
cept for minute differences in the miscut angles of the substrates.

Nevertheless, when examining the samples through backscat-
tered electron (BSE) images in scanning electron microscopy
(SEM) , we observe significant disparities in the twins’ distribu-
tion. These variations in the distribution of twins directly corre-
late with the observed differences in the damping values. Sam-
ples that possess only one family of twins display a narrow ferro-
magnetic resonance (FMR) linewidth and a uniaxial anisotropy
term superimposed to the usual in-plane fourfold anisotropy
found in LSMO thin films under tensile strain. In contrast,
in the samples containing two families of twins, the uniaxial
anisotropy term is absent exhibiting only the usual in-plane four-
fold anisotropy, where the hard magnetization axis aligns along
the [100] and [010] directions. In addition, these samples show
a broader FMR linewidth and therefore, higher magnetic damp-
ing. A careful image analysis of BSE images allows to demon-
strate that the increase of damping is due to the pinning of the
magnetization in the twin boundaries.

2. Experimental

A set of LSMO samples with a thickness of 11–15 nm have been
prepared by RF sputtering on top of (001)-oriented SrTiO3 (STO)

single-crystal substrates. LSMO films were deposited at 850 °C
and 140 mTorr of pressure in an Ar-O2 atmosphere. Then, the
films were annealed at 850 °C in high-pressure oxygen atmo-
sphere (380 Torr). Structural features of the samples were stud-
ied by XRD, X-ray reflectometry (XRR) and AFM measurements.
The static magnetic properties of the LSMO films were studied
using a SQUID magnetometer by Quantum Design. The dia-
magnetic signal of the substrate and other instrumental con-
tributions for DC magnetization measurement were properly
corrected.[26] The dynamic magnetic properties of the LSMO thin
films were studied by means of FMR using a commercial broad-
band coplanar waveguide (CPW) (by NanOsc) inserted into a
physical properties measurement system (PPMS by Quantum
Design).

X-ray microstructural characterization reveals that the samples
are epitaxial and growing on a cube-on-cube orientation relation-
ship onto the STO substrate, [100]LSMO//[100]STO (pseudocu-
bic indexation is used throughout for simplicity) (see Support-
ing Information). AFM measurements show that the surfaces of
the different samples are very similar with surface roughness of
about 0.2 nm. All these studies indicate that samples are struc-
turally identical, except for minute differences in the miscut an-
gles of the substrates, that has no measurable influence on the
magnetic properties of the samples. X-ray reciprocal space maps
(RSM) around the (1 0 3) reflection of the STO substrate show
that films grow with in-plane lattice parameters well matched to
the STO substrate, and without evidence of lattice relaxation (see
Supporting Information).

However, BSE images of the surface of the different samples
exhibit significant disparities in the twin distribution, as shown
in Figure 1. It can be clearly appreciated that the distribution of
twin domains is substantially different from one sample to an-
other.

On the other hand, the temperature dependence of magne-
tization, normalized to the value at T = 10 K (all the samples
exhibit saturation magnetization (MS) values close to that corre-
sponding to the theoretical value (MS ≈ 580 emu cm−3)), corre-
sponding to the same set of samples is shown in Figure 2a. The
figure demonstrates that, concerning DC magnetic properties, all
the samples exhibit a very similar behaviour, i.e., similar TC and
MS.

However, a detail of the hysteresis loops in the low field regime
(see Figure 2b) make evident that in the case of sample A, both
the hysteresis cycle and the approach to saturation process dif-
fer from the others, suggesting a subtle variance in the mag-
netic anisotropy. Hence, considering the DC magnetic proper-
ties, it can be inferred that all the samples share a similar be-
havior. Next, we proceed with the study of the dynamic mag-
netic properties by using the FMR technique. FMR measure-
ments were performed by sweeping the externally applied mag-
netic field, H, in the microwave range from 2 to 16 GHz. The
external static magnetic field was applied in-plane. In Figure 3
the field derivatives of the FMR absorption lines, at room tem-
perature, corresponding to some of the samples in Figure 1 are
depicted. The figure makes evident a clear broadening of the
resonance linewidth, ∆H, closely related to the magnetic damp-
ing of the system, that correlates with the abundance of twin
boundaries in each sample according to the results shown in
Figure 1.
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Figure 1. BSE images of several LSMO thin films displaying diverse distributions of twin domains. The twin formations manifest as parallel stripes
exhibiting alternating dark or bright contrasts, aligning with the [100] and [010] film directions.

Figure 2. a) Temperature dependence of the magnetization for LSMO thin films. For comparison, values have been normalized by the corresponding
magnetization at 10 K. b) Hysteresis loops at T = 10 K.

3. Results and Discussion

FMR curves at different frequencies were fitted according to the
expression:

dS
dH

= d
dH

[
ksΔH2

ΔH2 + 4
(
H − Hres

)2
+

kasΔH
(
H − Hres

)
ΔH2 + 4

(
H − Hres

)2

]
(1)

where dS/dH is the field-derivative of the absorption peak, ks and
kas are the (dimensionless) symmetric and antisymmetric ampli-

tudes, respectively, and Hres is the resonance field. From the fre-
quency dependence of ∆H and Hres dynamic and static magnetic
parameters of the LSMO film, such as the gyromagnetic ratio 𝛾 ,
the effective magnetization Meff and the Gilbert damping param-
eter, 𝛼, can be determined. When magnetic field is applied in-
plane parallel to an easy axis direction, the resonance frequency,
fres, and Hres are related through the in-plane Kittel equation:[27]

fres =
𝛾

2𝜋

(
Hres +

2K4

MS

)1∕2

⋅
(

Hres + 4𝜋Meff +
2K4

MS

)1∕2
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Figure 3. Field derivatives of the FMR absorption peaks corresponding
to some of the samples exhibiting distinct twin structures (see Figure 1)
taken at 300 K and 8 GHz.

where K4 is the fourth-order term of the magnetic anisotropy
that, as mentioned above, is typically present in LSMO thin films,
and Meff is the effective magnetization. This effective magneti-
zation can be expressed as 4𝜋Meff = 4𝜋MS − 2K2/MS, being K2
the second-order or surface/interface anisotropy constant and MS
the saturation magnetization of the LSMO film, which opposes
the demagnetizing field. The linewidth of the FMR spectra is de-
scribed by a linear dependence on the resonance frequency:

ΔH = ΔH (0) + 2𝜋
𝛾
𝛼fres (3)

Being ∆H(0) the so-called inhomogeneous line broadening or
damping, which is nearly zero for magnetically and structurally
homogeneous systems, and 𝛼 the Gilbert damping parameter.
To further investigate the effect of the twins on the dynamic re-
sponse, FMR measurements were carried out with the magnetic
field applied parallel to the main crystallographic directions of the
substrate. Characteristic FMR spectra recorded at 8 GHz while
applying the magnetic field parallel to the substrate edges ([100]
and [010] directions) at room temperature are shown in Figure 4.
The spectra pertain to two distinct samples: one containing a sin-
gle family of twins (Sample A in Figure 1), and the other en-
compassing both twin families, thus exhibiting different twin do-
mains (Sample D in Figure 1).

Figure 4 provides clear evidence that sample A, which com-
prises only one family of twins, i.e., without twins’ boundaries,
exhibits distinct anisotropic behavior, as already intuited from
the slightly distinct hysteresis loop. In contrast, samples contain-
ing both families of twins, i.e., containing a distribution of twin’
boundaries, display primarily isotropic characteristics. Interest-
ingly, despite the anisotropic behavior observed in sample A, it’s
noteworthy that the value of 𝛼 is the same regardless of the ori-
entation of the magnetic field (see Figure 4b).

To clarify the impact of twins on the observed increase of
𝛼 and the anisotropic dynamic magnetic behavior, FMR mea-
surements with the DC magnetic field applied parallel to the
main crystallographic directions of the substrate (see Figure 4)
have been performed. In the case of sample A, which contains

only one family of twins (see Figure 1), the FMR measure-
ments yielded orientation-dependent resonant field values (see
Figure 4a). These findings provide direct evidence of a domi-
nant uniaxial anisotropy, Hu, with the hard magnetization axis
aligned along [100], i.e., parallel to the twin’ walls. On the other
hand, FMR spectra corresponding to sample D, which possesses
both families of twins (see Figure 1), did not show any signif-
icant orientation-dependent shift of the resonance fields (see
Figure 4c). Thus, it can be inferred that, in this sample, Hu is
negligible at room temperature. At this point it is convenient to
recall what is known regarding magnetic anisotropy in the LSMO
system. Previous research on LSMO single crystals has revealed
the presence of a uniaxial in-plane magnetic anisotropy stem-
ming from magnetocrystalline anisotropy.[28,29] However, in the
case of LSMO thin films, epitaxial stress induced by the substrate
can introduce an additional source of anisotropy, i.e., magne-
toelastic anisotropy, alongside the crystalline anisotropy. Specifi-
cally, when LSMO epitaxial films are grown on (001) STO sub-
strates, the tensile epitaxial stress exerted by the substrate re-
sults in a tetragonal symmetry,[30] which is compatible with the
already reported fourfold in-plane magnetic anisotropy with the
easy axis along ⟨110⟩.[24,31] Since LSMO films used in this study
are in-plane fully strained, it is natural to assume that they also
present fourfold in-plane magnetic anisotropy with hard axes
along tetragonal ⟨100⟩, assumption that is compatible with the
results shown in Figure 4c. In fact, the value of Hres along the
[010] direction in sample A is similar to Hres values in sample D
which suggests similar values of anisotropy. According to this,
sample A would present and extra dominant uniaxial anisotropy
term with the hard direction along the [100].

To take into account the effect of this additional anisotropy
term Equation (2) has been conveniently modified to include an
extra anisotropy field, Hu, term. The resulting expression, for in-
plane measurements, may be written as:

f = 𝛾

2𝜋
𝜇0

[
Hres + Hu cos 2∅u + H4 cos 4∅4

]1∕2

[
Hres + 4𝜋Meff +

1
2

Hu

(
1 + 2 cos 2∅u

)
+ 1

4
H4

(
3 + cos 4∅4

)]1∕2

(4)

where ∅u and ∅4 are the angles between the applied magnetic
field and the corresponding easy axis associated to Hu and H4
anisotropy fields. According to this, the frequency dependence
on the resonant field has been analyzed using Equation (4). Us-
ing the above expression, we have obtained that, for sample A,
at room temperature, Hu( = 2Ku/Ms) ≈ 37 Oe which yields an
anisotropy constant of Ku = 5.4×103 erg cm−3, while Hu is neg-
ligible for the rest of the samples. Furthermore, it is found that
in all the samples H4(300K) ( = 2K4/Ms) is estimated to be below
7 Oe (i.e., K4<1×103 erg/cm3 at room temperature). It’s notewor-
thy to highlight that the in-plane fourfold anisotropy constant ob-
tained from our measurements closely aligns with values docu-
mented in the literature for LSMO films of comparable thickness
grown on (001)STO substrates.[24,31] In order to understand the
origin of this uniaxial anisotropy term, it is convenient to review
the structure of the twins in the LSMO. As shown in our previous
work,[32,33] the twins have a precise structure in which the central
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Figure 4. a) Field derivatives of the FMR absorption lines corresponding to sample A with the magnetic field applied parallel to the twins’ walls ([100]
direction) and perpendicular to them ([010] direction) taken at 300K and 8 GHz. b) Dependence of the FMR linewidth, ΔH, on the resonance frequency
for sample A with the magnetic field applied along the [100] and [010] directions. c) Field derivatives of the FMR absorption lines corresponding to
sample D with the magnetic field applied along the [100] and [010] directions

part (twin wall (TW)) is strongly distorted and has a cubic struc-
ture that relaxes progressively on both sides in the twin domain.
Therefore, the twinned film can be viewed as a self-organized
nanostructure consisting of ≈1 nm thick sheets of strongly com-
pressed LSMO (the TW) embedded in an LSMO matrix subjected
to tensile stress in the direction perpendicular to the TWs that go
alongside the (100) or (010) directions.[32] Since in LSMO mag-
netostriction is positive,[34] the easy axis occurs when the mag-
netization is parallel to the stress axis, i.e., perpendicular to the
TWs, as observed in sample A. In contrast, in the rest of the sam-
ples, since both twin families are present, this effect is washed
out leaving the fourfold in-plane anisotropy term as the predom-
inant effect.

4. Conclussions

Once the source of the uniaxial anisotropy observed in sample
A has been established, our attention will shift toward examin-
ing the changes in damping. As illustrated in Figure 1, the emer-
gence of the two distinct twin families inherently results in the
appearance of boundaries between twinning domains. The biax-
ial tensile stress imposed by the STO cubic substrate generates
an equal in-(out-) phase rotation of the MnO6 octahedra along
the a-(b) axis, without rotation along the c-axis. Given that the oc-
tahedra rotation directions within each twin family are opposite
and that the physical properties of LSMO are strongly dependent
on the MnO6 octahedra arrangement, these twin boundaries will
generate zones characterized by pronounced distortions in mag-
netic interactions. These distortion zones can serve as effective
pinning centers for magnetization, consequently amplifying the
damping effect. In fact, as can be appreciated in Figure 5, a clear
correlation exists between the twins’ boundaries density (quan-
tified by the perimeter density = length of twin boundaries/area
(see Figure S5, Supporting Information)) and the damping of the
different samples.

The figure unmistakably illustrates that the fluctuations in 𝛼

values are directly linked to the boundary length of twin domains,
i.e., the amount of zones with pronounced distortions of the mag-

Figure 5. Dependence of the magnetic damping, 𝛼, on the amount of
twin boundaries present in the different samples (twin boundaries perime-
ter density = perimeter of twin boundaries/area) obtained from scanning
electron microscope images. The red point at the left-hand side of the
graphic corresponds to sample A.

netic interactions. Consequently, these regions exhibit depressed
magnetic properties and act as pinning centers hindering magne-
tization switching. In the case of sample A, which predominantly
consists of a single twin domain, the twin perimeter density is
significantly smaller than that in the other samples so it appears
clearly out of the observed correlation.

In summary, our findings underscore the complexity of opti-
mizing damping in complex oxides, as the correlation between
damping and physical properties remains unclear. Furthermore,
our results reveal that conventional criteria used to assess sam-
ple quality based on DC measurements of magnetic properties
(MS and TC) may not be the most appropriate indicators when it
comes to decide on its dynamic magnetic properties.

We have demonstrated that samples with nearly identical opti-
mal DC magnetic properties can exhibit significantly different 𝛼
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values. Through a meticulous investigation, we have established
a connection between damping variations and the presence of
twin boundaries. These twin boundaries, where twin domains
aligned along the (100) and (010) directions intersect, cause a sig-
nificant degradation in magnetic properties due to the opposing
rotation of MnO6 octahedra, serving as pinning centers that im-
pede magnetization switching. Consequently, an increase in the
number of twin domains corresponds to higher magnetic damp-
ing.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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