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We report on the structure and transport properties of nanocrystalline manganite Lag ;Sr;3;MnO5
(LSMO) synthesized on nanowires-engineered MgO substrates by pulsed laser deposition, which is
compared with reference samples deposited directly on flat MgO substrates. Such LSMO/MgO
nanocomposites show enhanced low field magnetoresistance, especially at low temperature,
due to the dominant spin-polarized intergrain tunneling. This work suggests that growing on
nanoengineered substrates is a viable route to achieve nanostructured materials with desired

crystalline structure and physical properties. © 2010 American Institute of Physics.

[doi:10.1063/1.3432113]

Manganites are prominent members in the strongly cor-
related electron systems and have attracted lots of interest in
the recent decades.’ La, 7Sty sMnO; (LSMO) is a stereotypi-
cal manganite with T above room temperature. In mangan-
ites, applied magnetic field shifts the metal-insulator transi-
tion to higher temperature, leading to the well known
colossal magnetoresistance (CMR).> However, a high mag-
netic field (>1 T) is usually required to produce CMR, thus
limiting the applications. Previous studies indicate that en-
hanced low field MR can be achieved at high frequencies
or in polycrystalline manganites with small grains.sf5 In
bulk ceramic synthesis, controlling the solid state reaction
temperature and the quenching process are often used to tai-
lor the grain size,” whereas in thin films the purpose is
usually fulfilled by strain engineering or using polycrystal
substrates.*? Recently, Moshnyaga et al” reported that the
structural phase transition could be manipulated in epitaxial
manganite/MgO nanocomposite films and large CMR was
acquired at the percolation threshold.

In exploration of the emerging physics in complex ma-
terials, combining bottom-up nanomaterials growth with
conventional thin film techniques has emerged as an effec-
tive approach to achieve hierarchically structured nanomate-
rials and functional devices.** In conventional thin film
growth, sufficient diffusion barrier can induce the transition
from the two-dimensional (2D) layer-by-layer mode to the
three-dimensional island-growth mode."’ The characteristics
of diffusion and nucleation during growth can be signifi-
cantly modified if the flat substrate surface is engineered
with predesigned nanostructures, thus rich growth behaviors
and resulting morphologies are expected. Recently, this para-
digm of materials synthesis has received increasing attention.
For example, Nagashima et al. " deposited titanate on MgO
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nanowires (NWs) and studied in detail the growth behaviors.
From the theoretical perspective, Wang et al."* have analyzed
the morphological stability of heterogeneous growth on NWs
and found a growth regime analogous to the Stranski—
Krastanow mode in conventional epilayers synthesis.

In this letter, we deposited LSMO on MgO NW arrays
by using pulsed laser deposition (PLD) to achieve nanocrys-
talline films with uniform grain structure. Low field MR
reaches —32% (5 kOe, 10 K) in these nanoengineered
LSMO thin films, which is among the highest reported val-
ues. This approach combining NW synthesis and thin film
techniques posits as a viable route to produce nanocrystalline
oxides with predesigned structural and physical properties.

In typical experiments, MgO NW arrays were first
grown on (100)-oriented MgO substrates via a vapor trans-
port method at 900 °C in a tube furnace, and the details of
the setup were given in previous reports. 13 Catalyzed by Au
nanoparticles, vertical MgO NWs were epitaxially grown on
the substrates via the vapor-liquid-solid mechanism."* This
growth produces nanoengineered MgO substrates with 2D
arrays of MgO NWs with uniform diameter (~40 nm),
height (~300 nm), and density (~10'® cm™2). Then LSMO
was deposited by PLD, as illustrated in Fig. 1(a). For com-
parison, LSMO thin film was also fabricated directly on flat
MgO substrate as the “reference sample.” A nominal thick-
ness of 300 nm was maintained in both cases. Au electrodes
were sputter deposited for four-point transport measure-
ments.

Insets in Fig. 1(a) show the scanning electron micro-
scope (SEM) images of the well-aligned MgO NWs grown
on MgO substrate. After PLD deposition, uniform nanocrys-
talline films with grain size <40 nm [Figs. 1(b) and 1(c)]
were observed on the NWs. The NW density and the depo-
sition rate were carefully chosen to produce uniform poly-
crystalline films. The growth morphology is in strong con-
trast to the reference sample deposited directly on flat MgO
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FIG. 1. (Color online) (a) Schematic illustrating the PLD deposition on
NW-engineered substrate. Insets: top (upper) and 20° tilt (lower) SEM im-
ages of the MgO NW arrays. Scale bars: 200 nm. (b) and (c) Top and 20° tilt
SEM images of the LSMO/NW sample. (d) SEM image of LSMO film
deposited directly on flat MgO substrate (reference sample). (e) Correspond-
ing XRD patterns.

substrates, where no well-defined grain was observed [Fig.
1(d)] and the structural defects in the form of nanopits are
presumably the result of large lattice mismatch (9%). As
shown in Fig. 1(e), the x-ray diffraction (XRD) pattern of the
LSMO/NW sample confirms the polycrystalline rhombohe-
dra LSMO structure (¢=5.50 A and ¢=13.33 A, JCPDS:
89-4466). In comparison, the reference sample is (012) ori-
ented, suggesting different growth behavior. Transmission
electron microscope (TEM) images in Figs. 2(a) and 2(b)
indicate that the LSMO/NW sample comprises of crystalline

FIG. 2. (Color online) (a) TEM image of nanocrystalline LSMO coated on
MgO NWs. (b) HRTEM image from the highlighted area in (a). Inset:
SAED pattern. (c)—(h) Corresponding EDS element mappings. The weak
Mg signal in (c) outside the MgO NW is an artifact.
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FIG. 3. (Color online) (a) R—T data of the nanocrystalline LSMO/NW
sample under various magnetic fields. Inset: M —T data measured under both
zero-field-cooled (ZFC) and field-cooled (FC) conditions with a magnetic
field of 0.3 T. (b) Magnetic hysteresis loops measured at various tempera-
tures. Inset shows the low field details. (c) MR—H curves at various tem-
peratures. (d) T-dependent MR at 5 kOe.

LSMO nanograins. The selected area electron diffraction
(SAED, inset in Fig. 2(b)) also suggests a polycrystalline
nature. Energy-dispersive x-ray spectroscopy (EDS) element
mappings (Figs. 2(c)-2(h)) confirm the composition of the
LSMO/NW heterostructure and show Au catalyst nanopar-
ticles remaining on top of the MgO NWws. !

The resistance versus temperature (R—T) characteristics
of the nanocrystalline LSMO/NW sample were measured un-
der various magnetic fields (Fig. 3(a)), showing semiconduc-
tor or insulator-type behavior. Since the magnetism versus
temperature (M —T) curves of the sample are bulk-like with
Tc~355 K (inset in Fig. 3(a)), we can conclude that the
transport in the LSMO/NW sample is dominated by the spin-
polarized tunneling at the grain boundaries, which is in line
with the previous reports.z’4 The magnetic hysteresis loops
are shown in Fig. 3(b), also suggesting ferromagnetic order
in the whole temperature range. In the tunneling process, the
spin polarization of electrons is preserved, and the misalign-
ment of the magnetic moments between the neighboring
grains gives rise to the large tunneling resistance.” The MR
(defined as [R(H)—Ru]/Rmax) versus magnetic field (MR
—H) data were measured at various temperatures. As shown
in Fig. 3(c), low field MR of —32% (5 kOe, 10 K) was
achieved, which is among the highest reported values. In the
high field regime (>5 kOe), the increment of MR slows
down (Fig. 3(b)), but no saturation was observed even as the
field reaches 5 Tesla.

The R—T and MR—-H characteristics of the reference
LSMO thin film deposited on the normal flat MgO substrate
were measured for comparison. As depicted in Fig. 4(a), this
sample shows the typical metallic R—T behavior and its re-
sistance is 4 to 5 orders lower than the nanocrystalline
LSMO/NW sample. In addition, the MR of the reference
sample is much smaller (—1.4% at 5 kOe and 300 K) and
always proportional to the applied field (Fig. 4(b)).

The reduction of spin fluctuations by magnetic field
should be responsible for the MR in the reference sample
grown on flat MgO substrate.” In contrast, the enhanced low
field MR of the nanocrystalline LSMO/NW film arises from
the dominant spin-polarized tunneling across the grain
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FIG. 4. (Color online) (a) R—T data of the LSMO thin film deposited on flat
MgO substrate (reference sample). (b) MR—H curves at various
temperatures.

boundaries."” It has been shown that the intergrain dipolar

coupling can reduce the tunneling MR of magnetic compos-
ites containing magnetic grains due to the paramagnetic
feature of this interaction.'® However, the grains in the
LSMO/NW sample are quite small, which weakens the inter-
grain dipolar interaction and favors the enhancement of the
low field MR. Another important factor is the broken sym-
metry at the grain boundaries which may induce spin disor-
der at the grain boundaries'” and contribute to the high re-
sistance at zero field. A magnetic field can align these
disordered spins, thus reducing the tunneling barrier and giv-
ing the large MR.

In summary, nanocrystalline LSMO thin films were
grown on NW-engineered MgO substrates by PLD. En-
hanced low field MR, which reaches —32% at 5 kOe and 10
K, was acquired due to the dominant spin-polarized inter-
grain tunneling. Our result suggests that growing thin films
on nano-engineered substrates is a viable route to achieve
desired crystalline structure and physical properties.

We acknowledge support from the Singapore National
Research Foundation (Grant No. NRF-G-CRP 2007-05), the
C’Nano Nord Ouest (Grant No. GDR 2975), the Merlion
(2.04.07) programs, the National 973 Project (Grant No.
2009CB929202), and the National Science Foundation of
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