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In this paper we report a new method to fabricate nanostructured films. Lag.g7Cag.33MnO3 (LCMO) nanostruc-

tured films have been fabricated by using pulsed electron beam deposition (PED) on anodized aluminium oxide (AAO)

membranes. The magnetic and electronic transport properties are investigated by using the Quantum Design physics

properties measurement system (PPMS) and magnetic properties measurement system (MPMS). The resistance peak
temperature (T}) is about 85K and the Curie temperature (T¢) is about 250 K for the LCMO film on an AAO membrane
with a pore diameter of 20nm. Large magnetoresistance ratio (MR) is observed near Tp. The MR is as high as 85

% under 1T magnetic field. The great enhancement of MR at low magnetic fields could be attributed to the lattice

distortion and the grain boundary that are induced by the nanopores on the AAO membrane.
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1. Introduction

Colossal magnetoresistance (CMR) in rare earth
perovskite manganites has attracted attention be-
cause of their potential applications in magnetoresis-
tive transducers and sensors. High MR ratio under
low magnetic fields is very important in sensor ap-
plications. CMR effects in bulk forms or thin films
have been extensively studied,!!=3! but high MR ra-
tio at low magnetic fields is hard to obtain. The
electrical and magnetic properties of manganese per-
ovskites strongly depend on strain, grain size and
grain boundary.  Grain size reduction results in
increasing resistivity and decreasing metal-insulator
transition temperature.[] In recent years, nanostruc-

tured materials have attracted much attention due

to their unusual properties.5=8 For La—Ca-Mn-O
(LCMO) nano-crystalline grain with an average parti-
cle size of 30 nm, its ferromagnetic transition tempera-
ture is 300 K, which is about 50 K higher than that of
its single crystal.’!. The magnetoresistance increases
with grain size decreasing at low temperatures./1?!
All of these results indicate that the manganese per-
ovskites on a nanoscale could be quite different in
comparison with those in the bulk forms. Thus, we
believe that studies of the manganese perovskites un-
der nanometre scale may offer great opportunities to
explore the intriguing physics and the potentials for
device applications. Gong et al obtained nano-dots
on the surface of Lag5CagsMnOgs thin film by an-
nealing the film at a high temperature, and found the
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magnetoresistance to be enhanced.™) As an impor-
tant preparation method, the template method has
been successfully used for the synthesis of nanostruc-
tured materials.['2~14 The two-dimensional Fe nanos-
tructured network has been deposited by dc sput-
tering on the nanochannel alumina. The Fe nanos-
tructured network shows its coercivity to be dra-
matically enhanced compared with the continuous
Fe film with the same thickness,[!”! and the antifer-
romagnetic/ferromagnetic coupled nanostructured bi-
layers exhibit their exchange bias and coercivity to
be augmented.!*®! Zhao et al reported nanostructured
LCMO prepared by pulsed-laser-deposition on the sur-
face of porous Al,O5.1'7 In this work, we prepare
Lag ¢g7Cag.33MnO3 films on anodized aluminium ox-
ide (AAO) membranes by using pulsed electron beam
deposition (PED), and the enhanced MR ratio is ob-

tained under a low magnetic field.

2.Experimental

Nanostructured LCMO thin films were deposited
by using the pulsed electron deposition technique.
The anodized aluminium oxide (AAO) membranes
were used as substrates for the growing of LCMO thin
films.

two-step anodization process.[!®] The substrate tem-

AAO membranes were fabricated by using a

perature was around 973 K, and the deposition atmo-
sphere was pure oxygen at a pressure of 1.5Pa. After
the deposition, the LCMO thin films were annealed
at 1023 K for 30 minutes in an oxygen atmosphere at
a pressure of 101Pa. The LCMO thin films grown on
the SrTiO3 (100) substrate under the same deposition
condition were used to calibrate the film thickness on
the AAO membranes. Dektak 8 surface profiler was
used to measure the film thickness. The morphology
of LCMO thin films on AAO membranes was studied
by using DB235 focused ion beam system. The mag-
netic and electronic transport properties of LCMO
thin films were measured using PPMS and MPMS sys-

tems.

(c)

(d)

Fig.1. The SEM images of AAO membrane (a) and morphologies of LCMO films on AAO
membranes with pore diameters of 20 nm (b), 70nm (c) and 100 nm (d).
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3. Results and discussion

Figure 1 shows the SEM images of AAO mem-
brane (a) and the morphologies of LCMO films on
AAO membranes with different pore diameters (b)—
(d). It can be seen that LCMO is deposited along
the wall of the pore, forming an ordered hexagonal
LCMO networks on AAO with larger pore diameters
(70 nm and 100nm). The LCMO film on AAO with
a smaller pore diameter (20nm) shows the feature of
grained film. The morphology of LCMO film changes
with the reduction of pore diameter, which provides a
way to control the morphology of the film by adjusting
the pore diameter. The result of Detak8 shows that
the thickness of LCMO film is about 100 nm.
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Fig.2. Temperature-dependent of the magnetizations
of ZFC and FC for the LCMO film on the AAO mem-

brane with a pore diameter of 20 nm.

The temperature-dependent magnetizations with
zero field cooling (ZFC) and field cooling (FC) were
measured using the MPMS system. The ZFC mag-
netization was measured in the warming process with
a magnetic field of 0.01 T applied after cooling the
sample down to 5K without magnetic field, and the
FC magnetization was measured in the warming pro-
cess with a magnetic field of 0.01 T applied after cool-
ing the sample down to 5 K under 1 T magnetic field.
The results are shown in Fig.2. The Curie temper-
ature (7¢.) is about 250 K. The transition from para-
magnetism to ferromagnetism takes place in a very
The ZFC and FC curves
are split below the paramagnetic—ferromagnetic tran-
sition. This could result from the size effect of LCMO,
as reported in Ref.[10], and high degree of disordered

broad temperature range.

spin orientation at the interface of grain boundary.
When the sample cools under a magnetic field, part
of disordered spins are oriented, thus the magnetiza-
tion at lower temperatures is larger than that at higher
temperatures. When the sample cools under no mag-
netic field, those spins will keep disordered and frozen
at low temperatures, thus the magnetization of ZFC
is lower than that of FC.

To check our measuring system, the I-V curves
at different temperatures were measured first and the
results are shown in Fig.3. The linear I-V curves
indicate that during measuring the electrical probes
are in ohmic contact with the film and there exist no
electronic tunnelling effect in the film in the whole
temperature range. Figure 4 shows the temperature-
dependent resistances under different magnetic fields.
To avoid the thermal hysteresis effect, data were taken
in the cooling process, as shown in Fig.4. It is found
that in the absence of magnetic field 7T}, is about 85K,
much lower than that of a usual bulk material or thin
film. The T}, shifts to higher temperatures and the re-
sistance below T}, is suppressed significantly when the
magnetic field is increased. The magnetoresistance ra-
tio, which is defined as MR=[R(0)-R(H)]/R(0), ver-
sus temperature under different magnetic field are
shown in Fig.5. The MR ratio is as high as 85 %
under 1T at 75 K. Such a large MR at low magnetic
fields has not been reported for bulk or thin film sam-
ples before. The high field MR reaches nearly 100%
and the MR remains almost unchanged at low tem-

peratures.
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Fig.3. I-V curves at different temperatures for the
LCMO film on the AAO membrane with a pore diam-

eter of 20 nm.
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Fig.4. Temperature-dependent resistances under dif-

ferent magnetic fields.

It is considered that there are two possible causes
that can result in the large low-field magnetoresis-
tance: one is lattice distortion and the other is grain
boundary. Alumina crystallizes in a tetragonal struc-
ture with a lattice parameters of a=4.76A, c=12.99A,
and LCMO is a pseudo cubic structure with a lat-
tice parameter of a=3.87A, thus large mismatch stress
exists between LCMO and AAO. A larger substrate-
induced lattice distortion leads to a larger zero-field
resistivity and larger negative magnetoresistance. The
substrate-induced lattice distortion includes lattice
strain and lattice relaxation. The lattice strain yields
intrinsic effects on the phonon modes and magnetic
exchange interaction; the lattice relaxation yields ex-
trinsic effects such as dislocations and domain walls.
The incompletely aligned moments of the magnetic
domains due to either inhomogeneity or pinning by
local defects below T, give rise to larger scattering of
conduction electrons. Therefore when a magnetic field
is applied the magnetic domains are aligned, thereby
the resistivity will decrease largely in samples with the

larger lattice distortion being formed.
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Fig.5. Magnetoresistance versus temperature under

different magnetic fields.

Besides the effect of the lattice disorder between

the film and substrate, the grain size and grain bound-
aries could play a more important role in achieving a
large MR under low-fields. The LCMO film on AAO
with a pore diameter of 20nm shows the feature of
grained film. For the magnetic matrix, the grain size
and grain boundaries play important roles in the spin-
dependent tunnelling and scattering of the conducting
electrons. The spins on the interfaces of magnetic par-
ticles are disordered because of the coexistence of bro-
ken bonds and symmetry breaking, and the magnetic
coupling of the interfacial spins is weaker than that
of spins in the grain. The structural disorder on the
interfaces induces the interfacial disordered spin state
or spin glass state. As a result the magnetic parti-

(191 in which the core

cles form a core-shell structure
is metal-ferromagnetic and the shell is insulated and
spin is disordered. The shells are the barriers for the
conducting electrons, and increase the resistance of
the film. When a magnetic field is applied, the disor-
dered spins on the interfaces are directed towards the
field direction, and the resistance will decrease. This is
maybe another cause for low-field magnetoresistance.

The following three models are usually used
In the

small polaron hopping (SPH) model, the temperature-

to describe above T, for CMR samples.

dependent resistivity is expressed as
p = ATexp(E, /ksT) (1)

where A is a constant, kg is the Boltzmann constant
and E, is the activation energy.
In the variable range hopping (VRH) model, the

temperature-dependent resistivity is given by

p = Aexp(Tp/T)"/* (2)
with

To = 1.5/€kg N (eF) (3)
where ¢ is the hopping constant, N(ep) is the state
density of Fermi surface.

In the (SEM) model, the

temperature-dependent resistivity is written as

semiconductor

p = Aexp(E,/ksT) (4)

where A is a constant and E, is the energy gap.

We fit the data with these models, the relevant pa-
rameters are given in Table 1. Though these models
are for temperature-dependent resistivity, the curve is
for temperature-dependent resistance in Fig.6. The
fitting curves are plotted in Fig.6. It is seen that the
SPH model fits our experimental data best.
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Table 1. The fitting parameters with different models. 550 ~
400
Model Formula Fitting Parameters % 500 A % 380 Equation: R=Ro+A*T0-5
g2 360
SPH | p = ATexp(Fa/kgT) A=4.1x10"%, E,=0.12eV g E L
8 4504 B 340 W
VRH | p = Aexp(To/T)/* A=2.1x10"7, Ty =2.9x107 :-’é & 320 i NN
e 4004 300
SEM | p= Aexp(Eg/ksT) A=0.24, Eg =0.09¢V 0 5 10 15 20
350 - a Temperature/K
At low temperatures, we fit the resistance with 300 L
the law T T T T T T T T
" b 0 10 20 30 40 50 60
R = Ro+ AT + BT (5)
Temperature/K
— — 1.5 ; :
where a=1.5 or 2, b=4.5 or 5. T™" is attributed to the Fig.7. Temperature-dependent resistance in the

effect of electron scattering in spin glass, T to the ef-
fect of electron—electron scattering, T%? to the effect
of electron—magnon scattering, and T° to the effect
of electron-phonon scattering. Using Eq.(5) to fit the
experimental data, a=2 and b=5 are found to be more
suitable. The following values are used: Rp=337.36,
A=4.48x10"7 and B=0.027. Thus electron—electron
scattering and electron—phonon scattering are the

main mechanism at low temperatures.
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Fig.6. Temperature-dependent resistances above T,
fitted with three models.

The low temperature transport properties appear
to be strongly correlated with the grain boundaries
and magnetic domain wall scattering as well. The up-
turn of resistance curve at low temperatures as shown
in Fig.7, is maybe because of weak localization, which
the T2 regime is ascribed to it. The inset of Fig.7
shows our fitting result. A characteristic signature of
weak localization is the strong temperature-dependent

negative magnetoresistance at low temperatures.

metallic regime fitted with Eq. 5 shown as solid line,

the inset is for fitting with AT''/2 at low temperatures.

Figure 8 shows the cooling resistance and warm-
ing resistance under zero-field. It can be seen
that there exists a significant difference between two
curves. The cooling resistance is much higher than
the warming resistance and reaches a maximum value
near T},. The strong temperature-hysteresis observed
at the metal-insulator transition indicates that this is
a strong first-order transition. We call it hysteretic

resistance (HR), which is defined as
HR = (R(H). — R(H)w)/R(H)e, (6)

where R(H). and R(H)s, are the cooling resistance
and the warming resistance with magnetic field H re-
spectively. Figure 9 indicates the HR varying with
temperature under different magnetic fields. With the
increase of applied magnetic field, the HR reduces and

its peak shifts to higher temperatures.
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Fig.8. Temperature-dependent resistance during

cooling and warming respectively.
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Temperature-dependent HR. under different

4. Conclusions

The transport properties and magnetic properties
of an LCMO film on the AAO membrane with a pore
diameter of 20nm are investigated. The resistance
peak temperature (T},) is about 85K, and the Curie
temperature (7¢) is about 250 K. 85 % magnetoresis-
tance is found for the film under a 1T magnetic field.
The considerable enhancement MR at low magnetic
fields could be attributed to the lattice distortion and
the grain boundary that are induced by the nanopores
on the AAO membrane.
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