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Abstract

We present a study of structural change of the magnetic domains in La1.36Sr1.64Mn2O7 using magneto-optical
effect of a garnet film mounted on the ab-plane of a crystal. The maze domain formed below 65 K changes into the
stripe domain elongated along field direction by applying in-plane field. Under an offset field perpendicular to the
plane, however, the domain pattern changes into bubbles. These domain patterns are stable even after removing
the field. The in-plane field needed for such structural change becomes small at higher temperatures. These changes
are similar to those observed in bubble garnet films.
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1. Introduction

Bilayer manganites La1+2xSr2−2xMn2O7 have rich
phase diagram [1]. There are some reports about mag-
netic domain structures near x=0.3, which have uni-
axal anisotropy in some temperature regions. In x=0.3
compound, Fukumura and co-workers reported the ex-
istence of ”spontaneous” bubble domain by using scan-
ning Hall probe microscope [2]. More recently, Welp
and co-workers observed maze domain in x=0.32 com-
pound which is common in the ferromagnets with uni-
axial anisotropy [3]. However, there are few reports fo-
cused on external field effects on these magnetic do-
mains structures. In manganites, it is well known that
magnetic properties are strongly correlated with trans-
port properties. So if one can control the magnetic do-
main structure, it may also be possible to control trans-
port properties. Here we present a study of structual
change of the magnetic domain in La1.36Sr1.64Mn2O7

mainly caused by in-plane field with using magneto-
optical effect (Faraday effect) of a garnet film mounted
on the ab-plane of a crystal.
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2. Experiment

Single crystal of La1.36Sr1.64Mn2O7 was melt grown
in 100 % O2 atmosphere by using floating zone method.
Samples were cleaved from the resulting boule. We used
the cleaved surfaces for magneto-optical (MO) observa-
tions. In-plane field (Hab) and field along c-axis (Hbias)
were applied to the samples by using electromagnets.
Garnet indicator film magnetized along in-plane di-
rection was mounted on the ab-plane of the crystal.
MO images were taken by cooled charge-coupled de-
vice (CCD) attached to the polarizing microscope in
the cross nicol configuration. Note that all images ob-
served here were on cleaved surfaces, and hence, free
from strain caused by polishing process.

3. Results and discussion

Figure 1 shows temperature dependence of magne-
tization in the field of 100 Oe along the c-axis and
in-plane direction. No hysteresis is observed in cooling
and warming processes. Ferromagnetic transition tem-
perature in this sample is near 120 K. At lower tem-
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Fig. 1. Temperature dependence of magnetization of

La1.36Sr1.64Mn2O7 along ab-plane direction and c-axis at 100

Oe. Inset shows applied field dependence of magnetization

along in-plane direction up to 20 kOe at 20 K and 50 K.

peratures, magnetization along c-axis shows almost
constant value, although in-plane magnetization is
strongly suppressed. This difference corresponds to the
change of easy axis [3]. The first and the second order
anisotropy constant K1 and K2 calculated from M -H
curves along hard axis (ab-plane), taking into acount
of Zeeman energy and demagnetization factor [3], are
K1 = 8.4 × 105 erg/cm3, K2 = 2.3 × 105 erg/cm3 at
20 K, and K1 = 1.0 × 105 erg/cm3, K2 = 1.6 × 105

erg/cm3 at 50 K respectively.
In MO measurements, the maze domain is observed

below 65 K in the zero field cooling process. Fig. 2 (a)
shows maze domain observed at 20 K. The thickness of
the crystal here is 105 µm. To investigate field-induced
effect on this pattern, we apply Hab on it and take an
image in the remanent state after removing the Hab. In
case that Hab is smaller than 2700 Oe, we observe maze
domains elongated along the field direction. Futher in-
crease of Hab causes change into stripe domains as
shown in Fig. 2(b). Changes in domain structure also
depends on field parallel to the c-axis. Fig. 2 (c) and
2 (d) are images taken under bias field Hbias=500 Oe
parallel to the c-axis. At low in-plane field, maze do-
mains are elongated along the field direction (Fig. 2
(c)), which are almost the same as those observed in
the former process. After applying higher in-plane field,
however, remanent state becomes bubble-like pattern
(Fig. 2 (d)). the threshold Hab is again about 2700 Oe.
With increasing temperature up to 50 K, the thresh-
old field decreases to 1800 Oe. Such a change is consis-
tent with the decrese of uniaxial anisotropy. Remanent
states observed here are quite different from the ini-
tial maze domain, though hysteresis in M -H curve is
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Fig. 2. MO images of (a) state after zero field cool process

(b) remanent state after applying in-plane field Hab=2750 Oe

(c) remanent state after applying in-plane field Hab=1000 Oe

under an offset field Hbias=500 Oe perpendicular to ab-plane

(d) remanent state after applying in-plane field Hab=2750 Oe

under an offset field Hbias=500 Oe perpendicular to ab-plane.

All images are taken in the presence of field along Hpic=500

Oe for better contrast which is sufficiently small so as not to

change the domain structure.

hardly seen. The remanent bubble state here is differ-
ent from ordinary bubble, because the latter needs bias
field perpendicular to the plane for its existence; bub-
bles observed here are stable even after removing the
field, or applying inverse bias field up to 500 Oe. Re-
laxation to the initial maze domain is not observed in
the time scale of a few hours. These structural changes
of magnetic domains are similar to those observed in
bubble garnet films [4].

In summary, we present a study of in-plane field
induced structural change of magnetic domains in
La1.36Sr1.64Mn2O7. The maze domain formed below
65 K changes into the stripe domain by in-plane field.
Under an offset field perpendicular to the plane, the
domain pattern becomes bubble-like, which is stable
even in the remanent state.
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