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Low field magnetotransport properties of „La0.7Sr0.3MnO3…0.5: „ZnO…0.5
nanocomposite films

B. S. Kang,a�,b� H. Wang, J. L. MacManus-Driscoll,c� Y. Li, and Q. X. Jiaa�,d�

Superconductivity Technology Center, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

I. Mihut and J. B. Betts
National High Magnetic Field Laboratory, Los Alamos National Laboratory, Los Alamos,
New Mexico 87545

�Received 29 November 2005; accepted 11 March 2006; published online 11 May 2006�

�La0.7Sr0.3MnO3�0.5 : �ZnO�0.5 nanocomposite thin films were deposited on c-cut sapphire substrates
via pulsed laser deposition. The as-grown films were composed of fine grains of 20–50 nm size.
The epitaxial orientation relationships between the La0.7Sr0.3MnO3 �LSMO� and the sapphire was

�111�LSMO/ / �0003�Al2O3
and �112̄�LSMO/ / �101̄0�Al2O3

. A low field magnetoresistance �LFMR� of
�12% was achieved at an external magnetic field of H=1 T at 77 K, possibly due to enhanced grain
boundary effects. The postannealed film had columnar structures with well-crystallized large grains
��200 nm�, and showed a low resistivity and consequently negligible LFMR similar to that of
single crystal LSMO. © 2006 American Institute of Physics. �DOI: 10.1063/1.2197317�
The discovery of colossal magnetoresistance �CMR� in
rare-earth manganites of R1−xAxMnO3 �where R is rare earth
and A is divalent cation� has triggered enormous studies on
these perovskite-based materials over the last decade.1,2

However, the intrinsic CMR effect in the perovskite manga-
nites is observed only under high magnetic fields of several
teslas at a narrow range of temperatures around the
ferromagnetic-paramagnetic phase transition, which has
greatly limited its practical applications. Therefore, it is
highly desirable to exploit low field magnetoresistance
�LFMR� that can be triggered at an external magnetic field of
the order of the coercive field Hc.

Improvements of LFMR have been achieved either by
making the manganites in polycrystalline granular
structure2–5 or by incorporating other materials to enhance
the spin-polarized tunneling through grain boundaries.6–10

Through various secondary phase attempts using
insulators,6–8 glass,9 and other CMR oxides10 to make poly-
crystalline films, many researchers have sacrificed crystallin-
ity and epitaxial orientation to obtain more grain boundaries.
However, it is hard to achieve uniform properties in ran-
domly oriented polycrystalline films with grain size of
0.2–2 �m.7,10 The importance of growing well-oriented
manganite composites has been emphasized in a recent re-
port on epitaxial �La0.7Ca0.3MnO3�1−x : �MgO�x nanocompos-
ite films.11 It is, therefore, highly desirable to extend these
composite approaches to various fields to acquire physical
properties superior to those of naturally existing material
systems.

In this letter, we report our successful growth of
�La0.7Sr0.3MnO3�0.5 : �ZnO�0.5 nanocomposite thin films and
their magnetotransport properties. Since the ionic radius of
Zn is rather different from that of La, Sr, or Mn, the Zn
substitution for these ions is minimized. Therefore, we can
avoid unexpected alterations in the spin-polarized nature of
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La0.7Sr0.3MnO3 �LSMO� that depends on the balance of La3+

and Sr2+ cations as well as Mn–O–Mn coupling. We demon-
strate that as-grown films made by pulsed laser deposition
�PLD� have a well-oriented structure with fine grains, while
films postannealed at 1000 °C have a columnar structure
with well-crystallized large grains. We compare the resistiv-
ity and LFMR properties of the films.

The LSMO:ZnO thin films were deposited on c-cut sap-
phire substrates by PLD using a XeCl excimer laser
��=308 nm� operating at a repetition rate of 5 Hz. A sub-
strate temperature of 750 °C and oxygen pressure of
200 mTorr were used during the deposition. After the depo-
sition, the films were cooled in an oxygen atmosphere of
200 Torr The postannealing was performed using a conven-
tional furnace at 1000 °C for 1 h in an oxygen atmosphere.

Figure 1�a� shows the x-ray diffraction �XRD� �-2�
scans for the as-grown film and the postannealed film. The
LSMO�111� orientation was predominant in both films. Fig-
ure 1�b� shows the XRD � scans for the postannealed film.
The �-scan patterns of the as-grown film �not shown� were
similar to those of the postannealed film except that the full
width at half maximum �FWHM� values were larger, as
shown in Table I. A clear threefold symmetry of LSMO�100�
planes aligned to the sapphire �101̄4� planes in the � scan
indicates that the majority grains of LSMO were grown in
epitaxial relationships of �111�LSMO/ / �0006�Al2O3

and

�112̄�LSMO/ / �101̄0�Al2O3
. The result is remarkable since there

has not been any report of successful growth of epitaxial
LSMO thin films directly on c-cut sapphire substrates. A
randomly textured La0.67Sr0.33MnO3 film was reported from
the growth on a c-cut sapphire by metal-organic chemical

vapor deposition.12 La0.71Sr0.29Mn1.01O3−� films on �112̄0�
sapphire by sputtering also resulted in a mixed orientation of
LSMO�001� and �011�.13

Furthermore, ZnO�0002� peaks were observed in a
threefold symmetry in the XRD �-scan with the same �
and � angles as those of the LSMO�110� poles
��=cos−1�1/31/2��54.7° �, although no ZnO peak was ob-
served in �-2� scan. Since the d spacings of LSMO�110� and

ZnO�0002� are close, we performed an XRD �-2� scan with
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�=54.7°, where we observed two clearly separated peaks for
the two planes. This shows that the majority grains of ZnO
were grown in a unique pattern with their �000l� planes par-
allel to the LSMO�110� planes.

To characterize the microstructures of the films before
and after annealing, cross-sectional transmission electron
microscopy �TEM� analysis was performed. Figure 2�a�
shows a bright field low magnification TEM image of the
as-grown film on a sapphire substrate. The grains are small
and elongated along the c axis. The average grain size is in
the range of 20–50 nm, which is smaller than other reported
values for the as-grown composite manganite films with
different additions.7–10 A corresponding selected-area
diffraction �SAD� was carried out and is shown as an insert
in Fig. 2�a�. It is clear that both ZnO and LSMO have
preferred orientations on sapphire. The orientation relations

are determined to be �112̄�LSMO/ / �0001�ZnO/ / �101̄0�Al2O3
,

�111�LSMO/ / �0003�Al2O3
, and �101̄0�ZnO/ / �21̄1̄0�Al2O3

�marked in SAD�. This confirms the result of XRD on the
orientation of LSMO, although the ZnO here is different
from the majority grains observed in XRD. After annealing,
the film has much bigger grains epitaxially grown on the
sapphire substrate. More interestingly, high quality epitaxial

FIG. 1. X-ray diffraction �a� �-2� scans and �b� � scans for the as-grown
films and the postannealed films.

TABLE I. FWHM of the �-scan peaks of the films.

Peaks
FWHM �deg�
�As grown�

FWHM �deg�
�Postannealed�

ZnO�0002� 5.6 2.1
LSMO�110� 6.5 3.4
LSMO�100� 7.2 3.8
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LSMO and ZnAl2O4 �a spinel phase due to the reaction of
ZnO and Al2O3� have produced big alternating grains on
sapphire as shown in Fig. 2�b�. The average grain size was
about 200 nm. SAD from the same area is shown as an insert
in Fig. 2�b�. The orientation relations have changed to

�112̄� 	 �011�ZnAl2O4
	 �101̄0�Al2O3

and �001�LSMO	 �0003�Al2O3
.

Disregarding the case that ZnAl2O4 grains were grown epi-
taxially on sapphire, we focus on the epitaxial growth of
LSMO only. A high resolution TEM image of the interface
between LSMO and sapphire is shown in Fig. 2�c� with the
major planes marked. The epitaxial relations between the
film and the substrate after annealing, established through

domain matching with six of �11̄0�LSMO planes matching

with seven of �21̄1̄0�Al2O3
planes, are �111�LSMO	 �0003�Al2O3

and �11̄0�LSMO	 �21̄1̄0�Al2O3
. The lattice mismatch between

�11̄0�LSMO and �21̄1̄0�Al2O3
is about 15.7%. We see that the

interface has formed very regular domains of 1.6 nm size
�7�0.236 nm2�.

Figure 3 shows the resistivity versus temperature,
��T�, of the as-grown and the postannealed films in an exter-
nal magnetic field. The transport measurements were
performed along the film surface using the four-probe
method, and the magnetic field was applied normal to the
film surface. The magnetoresistance �MR� �%�= 
���H
=0 T�−��H�� / � �H=0 T���100 was also depicted for the
as-grown film. The ��T� of the postannealed film is shown
for H=0 T only since there was no practical difference at
H=1 T.

The resistivity of the as-grown film was two orders of
magnitude larger than that of the postannealed film, with the

3

FIG. 2. Cross-sectional bright field low magnification TEM images of
LSMO:ZnO on sapphire �a� before annealing and �b� after annealing. The
corresponding SAD patterns are shown as inserts. �c� High resolution TEM
image of the interface between LSMO and 	-Al2O3.
latter having a similar resistivity as an epitaxial film. This
 AIP license or copyright; see http://apl.aip.org/apl/copyright.jsp



192514-3 Kang et al. Appl. Phys. Lett. 88, 192514 �2006�

D

might be due to the additional grain boundaries and the pres-
ence of ZnO in the as-grown film. �Note that undoped ZnO
has two to three orders higher resistivity than LSMO.� As
higher values of resistivity in a granular or composite system
have been reported in a number of studies,6–8 it is natural for
our as-grown film with intermixed LSMO and ZnO to have
higher resistivity than the postannealed film with clearly dis-
tinct and less resistive ZnAl2O4 grains.

In the as-grown film, a metal-insulator-transition-like
feature was observed with a peak temperature �Tp� of around
260 K, which is considerably lower than the reported Curie
temperature of LSMO �TC=330–365 K�.2,4,5 A large differ-
ence between Tp and TC has previously been explained by
grain boundary effects.14 According to the double exchange
model, the metallicity occurs at the onset of ferromagnetism
in single crystals and epitaxial thin films, causing Tp to co-
incide with TC.14 However, in the polycrystalline or compos-
ite system, where the grain boundaries and/or insulating dop-
ants play important roles in the transport phenomena,
discrepancies between Tp and TC are often observed.3,7

As shown in Fig. 3, the MR of the as-grown film mo-
notonously increased with the decrease of the temperature,
reaching up to 16.5% at 10 K. Similar temperature depen-
dence was previously observed in polycrystalline LSMO
samples.3 The LFMR of the postannealed film was negligible
��1% � like those of epitaxial films.4

The resistivity ratio ��H� / � �H=0 T� of the as-grown
film is shown in Fig. 4 as a function of the magnetic field at
a temperature of 77 K. The maximum LFMR value of the
film in an external magnetic field of 1 T was 12%. This is
superior to that of epitaxial LSMO thin films2 and is compa-
rable to that of a La0.7Sr0.3MnO3:Al2O3 composite film
�H=0.3 T, 77 K�5 and many of the ceramic bulk
composites.7,8

The enhanced LFMR of our LSMO:ZnO composite thin
films can also be interpreted by the mechanism of spin-
polarized tunneling through magnetic tunnel junction struc-
tures. The large variation of resistance in granular mangan-
ites depending on the presence of a low external magnetic
field has been ascribed both to high spin polarization and to
the pinning of domain walls at grain boundaries. By incor-
porating ZnO, an artificial grain boundary effect could be

FIG. 3. Resistivity, ��T�, of the as-grown films �solid circles at H=0 T,
open circles at H=1 T� and the postannealed films �solid square� at H
=0 T as a function of temperature. The MR �solid line� of the as-grown
films is also exhibited.
obtained, maintaining the consistent orientation of LSMO
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with respect to the sapphire substrate. Furthermore, the ZnO
located at the interface of LSMO grains could build tunnel-
ing barriers to enhance spin-polarized tunneling.

In summary, we have deposited well-oriented
�La0.7Sr0.3MnO3�0.5 : �ZnO�0.5 nanocomposite thin films on
single crystal sapphires via pulsed laser deposition. The as-
grown films and the postannealed films have showed differ-
ences in their microstructures. An enhanced LFMR of �12%
has been achieved in the as-grown films with fine intermixed
grains, while a negligible LFMR has been observed in the
postannealed films with large single-crystal-like, clearly
phase-separated grains.
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