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Abstract

Low-"eld tunnel-type magnetoresistance (MR) was enhanced through annealing in the air, in contrast to the intrinsic
CMRwhere the optimized MR is associated with the annealing in O

�
, and 10 times larger MR was obtained. Impedance

analysis showed that the grain boundary resistance was 2 times larger in the "lm annealed in the air than that in the O
�
,

while the grain resistance was invariant in the "lms. From these results, it can be concluded that the characteristics of
grain boundaries play a crucial role in low-"eld tunnel-type MR of manganite LSMO/SiO

�
/Si thin "lms. Therefore, we

suggest that the complex impedance analysis can provide us with useful information about not only transport at grain
boundaries, but also the separated contribution of grains and grain boundaries toMR. � 2001 Elsevier Science B.V. All
rights reserved.
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The main application of complex impedance analysis
(CIA) has been for liquid and solid electrolytes system,
where polarization of ions and the chemical reaction at
the electrode are of a great concern [1]. However, the
technique is extremely useful for transport in solid state
electronic system (like electrical ceramics), particularly in
di!erentiating the transport characteristics in grains and
grain boundaries. In this case, the interpretation of com-
plex impedance data is much easier, since time-depen-
dent chemical reactions are not involved. The best
example should be a ferroelectrics PTCR varistor system
(e.g. BaTiO

�
), where grain boundary transport is critical

for PTCR e!ect. In such a system, the materials are
composed of relatively conductive grains and highly re-
sistive grain boundaries [2]. Hence, grain boundary
capacitance (C

��
) exists in the parallel combination with

grain boundary resistance (R
��
) since highly resistive

grain boundaries are sandwiched between relatively
conductive grains. Through the simulation of the equiva-
lent circuit and "tting with the experimental data, all
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components (R
�
,R

��
,C

�
and C

��
) are distinguished and

evaluated.
The motivation of CIA on low-"eld tunnel-type MR

arose from recent papers where intergrain tunneling MR
demanded a careful characterization of grain boundaries
transport [3]. Magnetoresistance arises from the tunnel-
ing through grain boundaries, and may be called an
extrinsic low-"eld MR. More interesting than intrinsic
CMR is the possible half-metallic character of a fully
spin-polarized conduction bend. In La

���
Sr

���
MnO

�
system, the spin polarization is virtually 100%. This lead
to a large spin polarized tunneling MR either by inter-
granular tunneling in manganite mono-layer or by inter-
layer tunneling in magnetic tunnel junction. Therefore,
CIA can provide useful information not only on the
transport at grain boundaries, but also on the separated
contribution of grains and grain boundaries to low-"eld
tunnel type MR.
La

���
Sr

���
MnO

�
(LSMO) "lms were prepared by spin

coating of thermally oxidized SiO
�

substrates with
a stock solution prepared by a novel water-based sol}gel
processing [4]. The "lms were deposited at 4000 rpm for
30 s and pyrolized on a hot plate at 80, 200, and 3003C for
3min, respectively, between each coating. The LSMO
"lms were annealed in O

�
and air at 8503C. The thin "lm
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