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Abstract. The temperature dependence of the spin-pumping effect on the Gilbert damping in a bilayer
based on epitaxial manganite film grown on neodymium galate substrate was investigated by measuring of
the linewidth of the ferromagnetic resonance spectrum (FMR). Ferromagnetic resonance in thin

ferromagnetic manganite La,;Sro3;MnO3 (LSMO) films is used to produce a spin current at the interface
between a metallic and a ferromagnetic layer. Pt/LSMO/NGO, Auw/LSMO/NGO and LSMO/NGO
heterostrucutres were measured. An increase of the linewidth in FMR spectrum at the temperature lower

liquid nitrogen temperature (77K) is observed .

1 Introduction

The operation of the most promising spintronics devices
is based on a spin transport in magnetic heterostructures
associated with the transfer of the spin moment when a
spin-polarized current flows through them. Magnetic
heterostructure, as a rule, consists of magnetic and
nonmagnetic layers. Rare-earth manganite perovskites
with the structure Re; A,MnO; (Re is-rare-earth
materials of the type La or Nd ), and A is alkaline earth
metals such as Sr, Ca, Ba) exhibit a wide range of
unusual electrical and magnetic properties, including the
colossal magnetoresistance effect (see, review [ 1]). The
parameters of epitaxial films of these materials very
often differ substantially from the properties of single
crystals. A significant influence on the magnetic and
electrical properties of the films is caused by the strain in
the films caused by a mismatch with the substrate on
which the manganite film [1-3] is deposited, as well as
the effects of phase separation and the presence of a
nonmagnetic layer at the substrate/film interface [4],
which are the strongest Appear in very thin films (less
than 10 nm). The lanthanum-strontium manganites
Lag7Sro3MnO; (LSMO) have high spin polarization (up
to 100%) and can be used in magnetic tunnel junctions
[5,6] and spin valves [7,8]. Manganite films for which
the Curie temperature Tc is close to room temperature,
especially attractive for practical applications. Although
a number of studies have been carried out on the
excitation of a spin current by ferromagnetic resonance
in two LSMO/NM layer structures (NM is a normal
metal, usually platinum) [9,10], there is no data on the
temperature dependence of the width of the FMR line in
the presence of spin current in ferromagnets.

2 Model for spin current
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Due to phonon or magnon scattering an infinite
precession of the magnetization around the external
magnetic field reaches a stable equilibrium state parallel
to the effective magnetic field. For a correct description
of this phenomena Gilbert proposed introduced a
phenomenological correction responsible for the
dissipation in the magnetic dynamics [11], which leads
to the Landau-Lifshitz-Gilbert equation (LLG):

dm — dm
— =—y.mxH  +amx—, (1)
a0 & dt

here a is the Hilbert damping coefficient, =N/ | M | 1S

unit magnetization vector of ferromagnetic layer,
vy=gup’h is the gyromagnetic ration, H.g is s the local
effective magnetic field including the external,
demagnetization and crystal anisotropy field.  The
Gilbert damping « is the times scale for relaxation which
can take place in two different ways: either the spin
angular momentum is transferred to non-magnetic
degrees of freedom, which is called direct, homogenous
damping; or the spin angular momentum is transferred to
other magnetic degrees of freedom such as spin waves,
impurity, which is called indirect Inhomogeneous
dampingm Significant relaxation processes in thin
ferromagnetic films [12] are spin-orbit relaxation
damping, two-magnon scattering and eddy current
damping.

The increase in the Gilbert damping parameter in a
heterostructure from a ferromagnetic and a normal
(nonmagnetic) metal caused by precession of the
magnetization in a ferromagnetic that causes the spin
current to flow through the boundary into a normal metal
was considered theoretically [13]. The theory explains
the injection of a spin current from a ferromagnetic to a
nonmagnetic metal by scattering of the spin at the
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interface. The spin current from ferromagnetic to the
non-magnetic layer moves perpendicular to the interface

%5 =T Re(2g 'N«)[rﬁxa—m} ®)
87 ot

where Re(2g™) is the spin mixing conductance which is
additively added to the components of the Gilbert
damping.

The Gilbert damping parameter can be written as
a=a,+a', where ¢ is the intrinsic contribution and

o' is the additional damping due to spin pumping
[13,14]

N
o =M
47M it )

3 Samples and experimental technique

Epitaxial films Lag;Sro3;MnO; (LIMO) were deposited
by magnetron sputtering on the (110) plane of a single-
crystal substrate of NdGaO3 (NGO). 10-20 nm of Pt or
Au were sputtered ex situ just after cooling of the film.
Contact areas were produced by sputtering of Pt through
a metal mask. The resistance of the films was studied by
a four-point method, which excludes the influence of
contact resistance.

The magnetic characteristics were measured by
magnetic resonance technique using ER-200 EPR
spectrometer from Bruker (frequency 9.76 GHz). When
recording the signals, a synchronous detection was used
at the modulation frequency of an external magnetic
field, the value of which was 100 kHz. The investigated
samples were located in the microwave cavity of the
spectrometer in such a way that the plane of the sample
was always parallel to the direction of the constant
external magnetic field and the magnetic component of
the microwave field (parallel orientation). The
parallelism of the plane of the samples to a constant
magnetic field was controlled by the minimum of the
resonance value of the field of the ferromagnetic
resonance (FMR) lines). This arrangement of the
samples eliminated the change in the magnetic
resonance spectra due to shape anisotropy. Rotation of
the samples was carried out around an axis perpendicular
to the plane of the samples.

The films just after deposition ( is designd as d-
LSMO) and heated at T=720C during one hour (is
designed as h-LSMO) were investigated

4 Magnetic parameters of the films

The method for determining the parameters of the
magnetic anisotropy consists in processing the angular
dependences of the resonant fields of the FMR spectra.
The solution of the Landau-Lifshitz equation for the
evolution of the magnetization M in an external constant
magnetic field H under the action of the magnetic

component of the radio-frequency field is used, which
gives an analytic equation for the resonance field H, and
the frequency ® [15]
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here y is the gyromagnetic ratio, M, is equilibrium
magnetization, K, and K, are the uniaxial strain and the
biaxial cubic anisotropy constants correspondingly. te,
and ¢, are the angles between the earsy axis of the
uniaxial and cubic anisotropies and the external
magnetic field correspondingly. K,, K., M, as well as
angles ¢, and @. were obtained by the fitting of the
angular dependence (Fig.1)
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Fig. 1. Angular dependence of resonance field for h-
LSMO film at T=300K. The fitting of the experimental
data using eq. (3) give the following magnetic
parameters of LSMO film: magnetization M,=300 Oe,
H,=190 Oe, H.=10 Oe

Fig. 1 shows the angular dependence of the

resonance value of the magnetic field Hy for the LSMO
film taken at room temperature and which was rotated
around the normal to the film plane.pthe sample by an
angle @. The angle was measured from one of the faces
of the substrate. The constant magnetic field and the
magnetic component of the microwave field were in the
plane of the film. Since the substrate with the film was
square 5x5 mm, the effect of the anisotropy of the shape
of the sample is minimal, and the entire shift of the
resonant field is due to the planar magnetic anisotropy of
the LBMO film. The angular dependence was described
by a resonance relation taking into account magnetic
uniaxial and cubic plane anisotropies (3) [15]. It can be
seen that the relationship used describes the
experimental data quite well. As a result, the
magnetization M, anisotropy constants Ku and K¢ H,
= 2Ky, / My were determined.
The temperature dependences of magnetic parameter are
shown on Fig.2. Magnetization of the film increases up
to 2.2up/Mn at T<200K. Magnetic anisotropy fields
increase at lower T<50K. Uniaxial magnetic anisotropy
dominates over cubic anisotropy.
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Fig.2. Temperature dependence of magnetization M, ,
biaxial H, and cubic H. magnetic field anisotropy
correspondingly for h-LSMO film

5 The linewidth of FMR

The width of the ferromagnetic resonance line
(FMR), measured during the scanning of an external
magnetic field H, is defined as the difference betweem
the extrema of the spectrum.
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Fig. 3. FMR spectrum for d-LSMO and Pt/LSMO
heterostructures. The increasing of linewidth is clearly
observed. The spectra for d-LSMO and Pr/h-LSMO are
moved on the axis dP/dH.

The initial and final points of which H,. and H,.
constitute the position of the maximum and minimum of
the first derivative dP/dH of the high-frequency field
absorption signal P (H) (see Fig. 2). At this value of the
resonance field, Hy, defined as the transition point of the
signal dP/dH through zero, always lies in the range of H,
+ <Hy <H ,.. It is known that the linewidth &,
determined in the above way depends on the angle ¢ that
determines the orientation of the resonant magnetic field
with respect to axes of anisotropy.

The physical reason for the change in linewidth AH,
films of anisotropic ferromagnets due to the change of
the equilibrium orientation of the magnetization M with
the registration of the absorption line. It is known that in

manganite films contribution to the angular dependence
of Hy are making as uniaxial (substrate influence) and
cubic (crystallographic) magnetic anisotropy. When the
deviation of the magnetic field from the axis of the
anisotropy of the linewidth of the FMR increases .

We deposited normal metal (Pt, Au) on LSMO to
evaluate the efficiency of generation of spin current at
the boundary of a ferromagnetic—normal metal. Using
the following expressions, we calculated the spin mixing
conductance in bilayers LSMO/Pt.

Azy M t
T s
gy = £ e (5H Pt/LSMO ~— 6HLSMO )

yg:17,605°106 is gyromagnetic ratio for electron ,
©=21*9.51+10%s" is the microwave angular frequency,
M;=300 Oe is the magnetization LSMO film, t; ,;0=40
nm is the thickness of the layer of platinum,
1p=9.274+10" erg/Gs is the Bohr magneton, g=2 is
Lande factor. We got in the case 8,,=130 Oe at T=60K
gerr=1,5 10 2m? . For comparison for interface Py/Pt it
was obtained geff:2,1'1019 M2 [16] and for YIG/Pt
geff:4,8'1020 M* [17]. There is no spin conductance in
bulk Pt taken into consideration. So the obtained value of
spin-conductance is over estimated.

6 Temperature dependence

Temperature dependence of FMR spectrum and, in
particular, the width of the resonance lines of
magnetization, and other parameters in the
heterostructure of Pt/LSMO and LSMO were measured.
Possible sources of additional damping could be the
sputtered film of normal metal (Pt and Au) on LSMO.
The mechanism of spin pumping weakens the precession
of the magnetization, creating a spin current from the
ferromagnetic film to the layer of normal metal[16-18].
Several other processes contribute to the temperature
dependence of damping [14].
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Fig.4. Temperature dependence of FMR linewidth for
the following heterostuctures Au/d-LSMO, Pt/d-LSMO
(triangle), d-LSMO (empty triangle, inverse triangle) for
two angles of magnetic field directions
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The temperature dependence of the FMR linewidth
for the heterostructures based on d-LSMO are given in
figure 4. It is seen that with decreasing temperature the
linewidth of all the structures is reduced. The increase in
linewidth in the heterostructure Aw/LSMO/NGO at low
temperatures T<150K can be attributed to existence the
layer with the reduction of Curie temperature at the
interface LSMO with substrate. It plays the role of a
barrier which blocks the spin pumping interface at T low
TCU of interfaced. The effect was observed for
heterostructure Pt/SRO/LSMO. Here SRO is SrRuO3
film with Ty =150K[19].
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Fig.5. Temperature dependence of FMR linewidth for
the films h-LSMO, and Pt/h-LSMO taken with an
external magnetic field directed along the easy axis of
uniaxial magnetic anisotropy

The temperature dependences of linewidth for the
manganite film h-LSMO and for Pt covered Pt/h-LSMO
are presented at Fig. 5. There is no reduction for
linewidth at high T observed. Comparison data on Fig.4
and Fig.5 show that inhomogeneous increasing of line
width clearly observed at high temperature T>150K.
Increasing of linewidth at low T still exist even at h-
LSMO which more homogeneous then d-LSMO. Here
possible mechanism increasing of linewidth with T is
connected with interface at the substrate and LSMO
film.

7 Conclusion

The temperature dependence of FMR linewidth and
magnetic parameters of LSMO and Pt/LSMO films were
investigated. From linewidth obtained for the film before
and after deposition of Pt film on top of epitaxial LSMO
films the spin mixing conductance was determined. The
non monotonic dependence of linewidth of FMR
spectrum was observed; decreasing of linewidth at high
temperature and increasing at T<I50K. The increase in
linewidth in the heterostructure Au/LSMO/NGO at low
temperatures T<150K can be attributed to existence the
layer with the reduction of Curie temperature at the
interfaces of LSMO either with normal metal or
substrate.
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