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Ferromagnetic resonance spectra of the LagerCags3MnOs ferromag-
netic film deposited onto the z-cut LiNbOs substrate were investigated in
a wide temperature range. The strain was mechanically introduced into the
film using a special holder configuration. This leads to a shift of resonance
field with respect to that of the as-grown sample. Analysis of the magnetic
resonance shift, induced by a mechanical stress, allowed us to determine the
magnetostriction constant Aipo. The magnetostriction determined in this
way versus saturation magnetization could be well described by the Callen
and Callen theory suggesting the domination of the single ion crystal field
interaction in the sample being in the ferromagnetic state.

PACS numbers: 73.50.Jt, 75.80.4q, 68.60.Bs, 71.70.E;

1. Introduction

Manganites attract considerable scientific and practical interest due to their
colossal magnetoresistance effect (CMR) involving double exchange (DE) inter-
action [1-3] and can be very useful in technical applications of magnetic de-
vices [4-7]. The DE interaction model [3] is a basic mechanism to explain the
paramagnet—ferromagnet and semiconductor-metal transitions as well as CMR.
However, it was recently suggested [8] that the double exchange interaction alone
i1s not sufficient to explain the resistivity behavior as a function of temperature
and that the strong electron—phonon interaction arising from the Jahn—Teller (JT)
splitting can play an important role in the mechanism of the magnetotransport.

The strong electron—crystal lattice interaction suggests that manganites
should be extremely sensitive to applied mechanical stresses, which affect the
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magnetic system through magnetoelastic interactions. Experiments performed on
manganites up to now imply that there are a lot of mechanisms responsible for
magnetoelastic phenomenon in these materials. It was shown that the magne-
tostriction below the Curie point is strongly anisotropic and takes values typical
of 3d metals. However, the magnetostriction of manganites in paramagnetic state
is related to the charge carriers localization in applied magnetic field. In many
cases the electronic phase separation is responsible for unusual properties of these
materials [9, 10].

The fact that mechanical deformation has a strong influence on magnetic
properties of manganites is responsible for significant difference in magnetic and
transport properties of thin films comparing to their bulk counterparts.

Magnetic properties of manganite thin films are strongly dependent on a
lattice constant mismatch between a thin film and its substrate. Strain arising
from this mismatch could be responsible for the magnetic state of a manganite
sample.

It is shown [11] that Lap 5Cag sMnOs thin films are metallic and ferromag-
netic, while bulk samples are antiferromagnetic insulators. Probably some mis-
match and resulting strain led here to the elimination of the cooperative JT effect,
which determines the ground state of the system. It was also shown that about
1% of lattice misfit results in lattice relaxation, which occurs in manganite films
thicker than 100 nm. That gives a possibility to change film properties by changing
its thickness. The experimental verification of this hypothesis would permit “man-
ganite films engineering”. Conductivity measurements of manganite films with
different thickness [12] confirm the above suggestion.

Since the magnetoelastic tensor components of thin films differ from their
bulk counterparts (because of surface contribution, mismatch stresses, as well as
possible texturing effects) the magnetic properties and magnetostriction of thin
films could be also different. High magnetostriction is not welcomed for CMR
development due to its direct connection with magnetic anisotropy and with the
magnetic softness of the material.

It is therefore important that one should obtain maximum information on
magnetoelastic properties of manganite films in order to understand macroscopic
mechanisms responsible for magnetoelastic interactions.

A strain applied to a ferromagnetic sample induces a magnetoelastic aniso-
tropy, which strongly influences spin configuration and can change magnetic pa-
rameters such as resonance field, coercive force, and magnetic susceptibility.

In this work we present the ferromagnetic resonance (FMR) investigation of
Lag ¢7Cag 3sMnOs (LCMO) film under stress. The stress gives a magnetoelastic
contribution to magnetic energy of the system. The analysis of the results of these
investigations can be treated as an indirect method of magnetostriction measure-
ment in thin films, allowing temperature dependent studies.
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2. Experimental

Using the Lag g7Cag.33MnQOs target the LCMO 3000 A thick film was de-
posited onto z-cut thick LINbO3 substrate having temperature of 730°C by pulsed
laser deposition without postannealing. X-ray diffraction investigation showed that
the film is single phase, epitaxial, (001) oriented with the pseudocubic lattice pa-
rameter ao = 0.3853 nm. The magnetic properties of the film were studied using
SQUID magnetometer.

There are many mechanical methods of introducing stress into films [13-16].
In this work, the controlled strain was introduced to the film using the special
holders with known radii of curvature [17]. The sample holders were machined
from a block of PTFE, which was appropriate because it did not give any con-
tribution to FMR, spectrum. The FMR studies were performed using the X-band
spectrometer with the reflection resonance cavity (operating at the fixed frequency
about 9.25 GHz), equipped with a variable temperature flowing gas cryostat. FMR
measurements, performed in the magnetic field applied in the plane of the sample,
have allowed observing the changes in the resonance field when the constant stress
was introduced mechanically into the film.

3. Results and analysis

It was the most suitable to express the stress effect as a shift 6H of the
resonance field at a fixed resonance frequency. In order to calculate magnetoelas-
tic parameters we have used similar approach as for stress modulated ferromag-
netic resonance (SMFMR) technique [18], taking into account the analysis used in
Ref. [19]. However, one should note that SMFMR involves dynamic stress applied
to the film in contrast to static one used in this work.

As it could be seen in Fig. 1, the stress results in the shift of in-plane reso-
nance field towards higher field values corresponding to non-zero magnetostriction
in our sample. The shift of the resonance line contains information on magneto-
elastic tensor components and can be estimated by evaluating the resonance field
for the stressed and as-grown states from well known FMR conditions [20]:

Wo _ ar o oy |PEOPE (9B N|T
> = (Mgsin0) 50 992 5699 ; (1)

where F is a free energy of the sample evaluated for the condition 0F/00 =

OF/0¢ = 0, wo is a ferromagnetic resonance frequency, v is a gyromagnetic ratio,
My is a saturation magnetization, # and ¢ are polar and azimuthal angles repre-
senting the orientation of magnetization. The introduction of the dimensionless pa-
rameters allows the task to be simplified. Taking 2 = w/ypuoMs and F = E/puoM?
the dimensionless resonance condition is obtained [20]. The F includes all kinds of
energies taken into account: magnetostatic, magnetocrystalline, and magnetoelas-
tic, likewise an energy of Zeeman splitting, as well as of the uniaxial anisotropy.
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Fig. 1. FMR spectra of Lage7Cag.3aMnOs film in stressed and in as-grown states at

161 K with in-plane magnetic field geometry.
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Fig. 2. Reduced saturation magnetization and reduced shift in resonance magnetic field

as a function of temperature. Magnetic field is in the film plane.

Figure 2 shows how the reduced shift of resonance field and the reduced
saturation magnetization of the sample change with the temperature. The mea-
surements of FMR under stress, with the in-plane dc magnetic field, allow a A1gg
magnetostriction constant to be determined [20].

o100

AL (2)
where ¢ is the angle between H and applied stress ¢ defined as o = £¥5, /(1 — v?)
[14]. Here ¢ = t/(2R) = 250 ppm is the strain induced by film bending over radius
R, t is the thickness of the film and substrate, Y, and v are the Young modulus
and Poisson ratio equal to 232 GPa and 0.26, respectively [21]. The dimensionless
parameter « is determined by the following expression:

pobH = [—6 4+ (94 3a)sin¢]
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where m. = 1 — 2K, /puoMs, K, — the uniaxial anisotropy constant, w =
/22 + mZ/4. In the case when ¢ = 90°, the corresponding dimensionless quan-
tities of £2 = 0.5614, w = 0.72411, me = 0.9145 give at 46 K o = 0.6314. The
magnetostriction constant is calculated to be (7.9 £ 0.34) x 107> at 46 K. This
is comparable with previously reported data for the Lag s7Cag33MnQOs film on
SrTiOs substrate [22].

Figure 3 presents the A1p0 magnetostriction constant as a function of temper-
ature. To get insight into the origin of magnetostriction the reduced magnetostric-
tion constant Aigg is plotted against reduced saturation magnetization (Fig. 4)
and one can see that experimental data are well described by Callen and Callen
theory [23, 24]:

Aoo(T) = Aoo(0) g1 2 { L™ m(T)]}, (4)

where m = Mq(T)/Ms(0) is the reduced saturation magnetization of the film,
fl+1/2 is the reduced hyperbolic Bessel function, and L~! — the inverse Langevin
function. Equation (4) can be well fitted to the experimental points (within the ex-
perimental errors) using hyperbolic Bessel function of order { = 2 that corresponds
to the domination of single ion magnetostriction mechanism in our sample.
Manganites are well known materials characterized by a cooperative JT con-
tribution to the magnetocrystalline energy associated with Mn®+ (3d*) configura-
tion. The ey electron of Mn-ion interacts with the lattice due to the JT distortion
and the effective hopping is determined by the nearest neighbor spin—spin coupling
of 124 electrons. It is reasonable to make an assumption about a close relation in
the origin of JT effect in ferromagnetic manganites and single ion magnetostric-
tion reported here. Both effects are determined by d-shells of ions in the crystalline
lattice and both effects are accompanied with existence of the orbital moments
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Fig. 3. Magnetostriction constant Aigo of the Lag.g7Cagp.aa MnO3 film versus tempera-

ture.
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Fig. 4. Reduced magnetostriction constant A1go versus reduced saturation magnetiza-
tion of Lag.¢7Cag.33sMnOs film (points). Theoretical calculations with { = 2 in Eq. (4)
(solid line), f9/2(x) (dotted line) and [m(T)]* (dashed line) respectively.

degeneracy. Both effects also involve the strong electron—phonon coupling as well
as elastic interactions [25].

4. Conclusions

The magnetostriction of the Lag 67Cag 33MnOs film was determined from the
strain dependence of ferromagnetic resonance. This technique for measuring mag-
netoelastic properties in thin films is straightforward and highly sensitive. The tem-
perature dependence of the magnetostrictive constant Aigo has been determined
over the wide temperature range. Single ion mechanism of crystal field interaction
in Lag s7Cap 33MnO3s film was found to be dominating in magnetostriction phe-
nomenon. It is assumed that the Jahn—Teller effect in ferromagnetic manganites
and the single ion mechanism of magnetostriction could be originally associated.
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