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Temperature Dependence of Magnetization Reversal
of Thin Manganite Film

L. Uspenskayaa,∗, T. Nurgalievb and S. Mitevab

aInstitute of Solid State Physics RAS, Chernogolovka, 142432 Moscow dist., Russia
bInstitute of Electronics BAS, 1784 Sofia, Bulgaria

The magnetic domain structure, its transformation with temperature, and the magnetization reversal
in 20 nm La0.7Sr0.3MnO3 film grown on LaAlO3 substrate by off-axis magnetron sputtering at 700 ◦C and
post-annealed at 600 ◦C were studied in a wide temperature range. The magnetic domains with either in-plane-
or out-of-plane-orientation of the vector of spontaneous magnetization were observed in the same film depending
on the prehistory. The domains with the in-plane magnetization were found to be more stable. Magnetization
reversal of the film was shown to occur via the nucleation and motion of 180-degree head-to-head domain walls,
the number and the type of which were found to be dependent on temperature. Moreover, the transition between
two magnetization reversal regimes was found at 30 K.

PACS numbers: 75.30.Gw, 75.30.Hx, 75.47.Lx, 75.60.Jk, 75.60.Lr, 75.70.Ak, 75.70.Kw

1. Introduction

Thin manganite films as well as bulk manganites ex-
hibit the important ability to vary the electrical resis-
tance under external magnetic fields [1–6]. Magnitude of
the effect, which could reach 1000%, makes manganites
the prospective materials for applications. However, the
colossal magnetoresistance (CMR) is observed under the
magnetic field of a few tesla and in narrow temperature
range close to the temperature of magnetic reordering.
The resistance switching under the moderate magnetic
field (MFMR) is observed mainly in thin film mangan-
ites. MFMR is less than 100%, i.e., lower than CMR, but
it takes place in a wide temperature range, which looks
attractive for practice. The effect is associated with elec-
tron scattering by small scale inhomogeneities like grain
boundaries, twins, magnetization disturbance by strain-
-induced magnetic anisotropy, and spin-dependent scat-
tering by magnetic domain boundaries [6, 7]. The do-
main structure is very sensitive to all mentioned above
defects and could highlight not only the scale of magnetic
ordering, but the defect distribution, too [8, 9]. How-
ever, despite a long study of manganites [10, 11], little
is known about the magnetic domain structure of bulk
and especially thin film manganites [12]. According to
a few available publications concerning direct visualiza-
tion of magnetic domains in films, domains with perpen-
dicular spontaneous magnetization are observed in the
films with thickness below 100 nm [13–15]. Domains with
the in-plane magnetization are usual for the perfect films
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with thickness over 100 nm; the perpendicular magneti-
zation occurs there in the vicinity of structural defects
(twins, grain boundaries) only [16, 17]. Though, recent
results on variation of pattern of magnetic field penetra-
tion into manganite/superconductor heterostructures at
temperature below superconducting transition give evi-
dence that magnetic domain structure of thin manganite
film is determined not only by the growth conditions and
film thickness, but by the magnetic field during magne-
tization reversal [18]. The last data motivate the present
study of magnetic domain structure of thin manganite
film and investigation of its transformation under the in-
-plane magnetic field and with the temperature.

2. Experimental

The experiments were performed on 20 nm
La0.7Sr0.3MnO3 film epitaxial grown on LaAlO3

substrate by off-axis magnetron sputtering at 700 ◦C and
post-annealed at 600 ◦C [19]. The main area of the films
was twin free. High quality of the films was confirmed
by good homogeneity of local magnetic properties,
such as constancy of local coercivity for domain wall
motion along the film and constancy of temperature of
the transition into the ferromagnetic state, which was
observed at Tc = 340 K.

The study of magnetic domain structure was per-
formed by magnetooptic visualization technique (MO) in
the temperature range of 6–340 K, like it was done in [18].
Bismuth doped Y3Fe5O12 film with 20 grad/T/µm rota-
tion of polarization of incident and reflected polarized
light, was used as an “indicator” film of magnetic induc-
tion. To increase the sensitivity of the method, up to 16
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images were averaged frame by frame and background
image was subtracted. So, we got the sensitivity to the
field about 0.05 mT.

3. Magnetic domain structure
and magnetization reversal

The magnetic domain structure of the film after zero
field cooling from T > Tc was hardly resolved by MO
because of the domains were a little larger than 1 µm
(Fig. 1a). Spontaneous magnetization vector M s in do-
mains had alternate perpendicular component, the ex-
act direction of which was impossible to recognize. M s

changed its orientation to the sample plane through the
growth of stripe domains with out-of-plane magnetiza-
tion followed by M s rotation to the plane under the
in-plane magnetic field of about 26 mT [20]. The film
remained in the single domain state with M s oriented in
the film plane after field switching off.

Fig. 1. (a) — small scale magnetic domain structure
of the film at T = 300 K after zero-field cooling from
T > Tc; (b–k) — 180-degree domain wall between do-
mains with in-plane M s (the direction is shown by black
arrows) at: T = 311, 306, 300, 273, 200, 177, 154, 69,
and 26 K. Black double arrow (left top corner) corre-
sponds to 100 µm scale.

Magnetization reversal of the film at next field cycling
occurs via the nucleation of the 180-degree head-to-head
domain wall (DW) on the sample edges and propagation
of the walls through the whole sample area (Figs. 1b–e).
The nucleation of DW and its motion begin when the field
strength exceeds some threshold value Hc, which depends
upon the temperature. Hc increases thirty times with
temperature decrease from 310 K down to 10 K (Fig. 2).
The typical images of DWs are shown in Figs. 1b–k. One
could see that all DWs are 180-degree head-to-head do-
main wall, but DWs look different depending upon the
temperature. The walls are zigzag-like at T > 200 K. The

lower the temperature, the shorter zigzag lines (compare
Figs. 1b–e). In the temperature range of 200–60 K the
zigzags disappear and the wall becomes straightened. At
once multiple stroke lines appear before the moving do-
main wall. This is fair indication that the nucleation of
domains with inverse magnetization occurs ahead of mov-
ing of the domain wall. These stroke lines become shorter
and more numerous with the temperature decrease. Fi-
nally, at T < 30 K the domain wall spreads into a wide
band of “boiling” magnetization with bubbles of opposite
perpendicular magnetization alternating in the direction
across the wall. The width of this band exceeds 100 µm.

Fig. 2. Variation of the coercitivity of magnetic do-
main wall in manganite film with temperature, semilog
plot. Inset — high temperature range, linear scales.

So, we observe the transition between two magnetiza-
tion reversal modes; the first is the nucleation and motion
of a few domain walls, and the second is the process of
inhomogeneous rotation of magnetization from multiple
nucleation centres. This transformation of magnetization
reversal with temperature seems to be a specific feature
of manganite films.

4. Discussion

Zigzag-like domain walls appear in thin ferromagnetic
films as a result of competition between dipolar forces
and magnetocrystalline anisotropy in thin films with
head-on magnetization between nearest-neighbour do-
mains [21]. These walls have been originally observed in
thin film magnetic recording media, where head-on do-
mains are induced by the application of a recording head
field, and have been then reported in several magnetic
materials, such as Gd–Co, Co, epitaxial Fe films [21–23],
and many others. In our case the zigzag-like domain walls
are observed in 340–200 K temperature range. It was nat-
ural to suppose that below 200 K nothing should happen
with domain wall configuration, because exchange, dipo-
lar and crystallographic anisotropy energies are weakly
varied at low temperature. For example, zigzag-like do-
main walls in thin FeNi single-layer film have been ob-
served in a wide temperature range from room temper-
ature down to 10 K, and zigzag became even more pro-
nounced with temperature decrease [24]. However, in
manganite film zigzag domain walls are straightened with
temperature decrease from 340 K down to 200 K.
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Cerruti and Zapperi [25] have calculated the ener-
getics of zigzag domain wall considering the magne-
tostatic anisotropy, and disorder contributions. They
roughly estimated the dynamic coercivity Hdyn

c and the
period of zigzag domain wall p as Hdyn

c ∼ Ku/M s, and
p ∼ M2

s/Ku, where Ku is the anisotropy energy, M s is
the spontaneous magnetization value. Besides, they per-
formed simulation of variation of Hdyn

c with temperature.
A comparison of our experimental and estimated values
of Hdyn

c and p at room temperature shows reasonable
agreement. However, experimentally obtained Hc(T ) de-
pendence demonstrates much deeper increase of Hc with
temperature decrease than the calculated Hdyn

c (T ) even
under the assumption that the rate of field increase of
20 T/s used in the experiments is slow.

What is the origin of the discrepancy? According to
our observations, M s in domains is in line with 〈110〉 di-
rections, which are projections of easy 〈111〉 axes of bulk
manganite. The in-plane M s orientation is probably a
consequence of the influence of demagnetization factor.
On the other hand, the La0.7Sr0.3MnO3 film is stressed
due to 2% misfit with the LaAlO3 substrate [26–28]. The
stresses favour the perpendicular to the film M s orienta-
tion, which plays probably the key role in the formation
of virgin small-scale domains formed during the cooling
from T > Tc in zero external field (Fig. 1a). If we sug-
gest that stress-induced anisotropy increases with tem-
perature decrease, then we could explain the additional
growth of Hc. Thus, we could explain the unexpected
growth of Hc with temperature decrease; nevertheless,
we could not find the origin of disappearance of zigzags
on domain walls at T < 200 K.

The straightening of the wall (the simplification of do-
main wall appearance) is followed by the complication
of magnetization process, namely, multiple nucleation of
new domains ahead of the moving domain wall. The same
was observed in FeNi/FeMn heterostructure, where the
interface defects between ferromagnet and antiferromag-
net layers start to contribute to magnetization reversal
at low temperature, which produces complicated domain
pattern and increase in Hc by the order of magnitude [24].
Note, in our case Hc is varied approximately in the same
range of values, and Hc grows by tens times with temper-
ature decrease down to 10 K, like in [24] (Fig. 2). Taking
into account huge increase in the dynamic coercivity with
temperature decrease and suggesting again the increase
in perpendicular stress induced anisotropy, while Ku and
M2

s are nearly constant, we suggest that the energy of
nucleation of new magnetic phase becomes compatible
with the coercivity at T ≈ 150 K. This results in the ap-
pearance of nucleation of new domains ahead of domain
wall. The lower the temperature, the higher dynamic co-
ercivity, and the more nucleation centres become active.
The nucleation process becomes so active at T below 30 K
that the domain wall spreads into the wide band of bub-
ble domains. It may be considered as the inhomogeneous
magnetization rotation in a wide band between two do-
mains with in-plane magnetization.

5. Conclusions

Magnetic domain structure and magnetization reversal
kinetics of thin manganite film are studied in the temper-
ature range of 340–6 K. It is established that the mag-
netization reversal process is temperature dependent. At
higher temperature the magnetization reversal occurs via
the nucleation and motion of a few domain walls. Below
30 K the magnetization reversal proceeds through inho-
mogeneous magnetization rotation. An unusual trans-
formation of a type of domain walls with temperature is
found. Zigzag-like domain walls, which are typical for
thin film with in-plane anisotropy, are observed only in
the temperature range of 340–200 K, the straight do-
mains walls are observed at 200–60 K, diffuse wide do-
main walls are found below 30 K. The dynamic coerciv-
ity of domain walls is found to be a nonlinear function
of temperature, rising by tens times with temperature
reduction down to 10 K.

The transition in magnetization reversal mechanism
and in the type of domain walls from usual narrow do-
main wall to diffuse one, as well as the unexpected growth
of dynamic coercivity with temperature reduction are
explained qualitatively taking into account increasing
stress-induced anisotropy. No explanation is found for
the straightening of zigzag domain wall.
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