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Film heterostructure with soft ferromagnetics to enhance low-field
magnetoresistance
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A heterostructure composed of two NiFe films and a perovskite La0.7Ca0.3MnO3 film is prepared
using pulsed-laser deposition and magnetron sputtering. An enhanced effective low-field
magnetoresistance~LFMR! is observed in this heterostructure because the NiFe thin films
concentrate magnetic induction lines onto the small-area La0.7Ca0.3MnO3 film. The dimension of
this heterostructure can be reduced to several micrometers by lithography technique, and a great
potential for enhancing the effective LFMR for La0.7Ca0.3MnO3 at room temperature is
predicted. ©2002 American Institute of Physics.@DOI: 10.1063/1.1522130#
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Colossal magnetoresistance~CMR!, which refers to a
huge decrease in resistance in response to a magnetic
H, was observed in manganese oxides with perovs
structure.1 Although the CMR effect is attractive, the mat
rials must be submitted to a large field at low temperature
order to gain the CMR. Currently, there are at least th
challenges before CMR materials can be used for indus
applications. First, they must be used at room tempera
and up to 100 K above room temperature. Second, a valu
MR (5Dr/r(0), wherer is the resistivity! as high as 20%
is required underH5100 Oe. Finally, the magnetotranspo
properties must remain roughly unchanged in patterned fi
of a dimension as small as;100 nm.2 Although the two-
phase perovskite oxides and bilayered manga
La222xSr122xMn2O7 also show high low-field magnetoresi
tance~LFMR! in the low temperature range, the effect sho
a rapid decay with increasing temperatureT, unfavorable for
device applications.3,4

By utilizing the high magnetic susceptibility of soft fe
romagnetics to concentrate magnetic induction lines on
small area where a magnetoresistive material is develope
macroscale structure was fabricated to enhance the LF
and TMR response.5,6 In this structure, a thin, flat single
crystal of La2/3Ca1/3MnO3 ~0.1 mm thick! was coordinated in
the gap of two long columns of polycrystallin
(Mn,Zn)Fe2O4 ~each piece 1.47331.473324.2 mm3). The
MR of the La2/3Ca1/3MnO3 crystal by itself is 0.85% unde
H5400 Oe at room temperature, while that of the sa
sample in this structure is 20%. However, such a structur
too bulky~typically 5 mm! for integrated applications. In thi
letter, we fabricate a heterostructure entirely made up
films and composed of soft ferromagnetic materials, a
show some of its advantages.

As shown in Fig. 1~a!, the heterostructure we propose
made up of two trapeziform soft magnetic films and o
foursquare perovskite manganite film, in order to concent

a!Author to whom correspondence should be addressed; electronic
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the magnetic induction lines onto the centered small a
The lengths of the long and short sides, and the height
the thickness of the trapeziform film are denoted byw, g,
(L2g)/2, andt, respectively. As shown in Fig. 1~b!, there is
a gap between the two soft magnetic films~GTSM!, whose
side length and thickness areg and t, respectively.

In the heterostructure proposed here, the metallic N
alloy (Ni580%, Fe520%) is used to replace
(Mn,Zn)Fe2O4, because NiFe is an excellent soft magn
~relative magnetic susceptibilitym r;104) and conductor
~conductivity s;103 V21 m21, resistivity ;10mV cm)
over 70;350 K. Therefore, the NiFe in thin films can b
used as electrodes while they concentrate magnetic induc
lines, and this function is very important for reducing hete
structure to several micrometers. In fact, the thin film Ni
retains the high susceptibility even though the grain size
down to submicrometer. However, (Mn,Zn)Fe2O4 in thin
film form shows quite lowm r since the grain size is small. In
addition, the time for domain relaxation in the NiFe is abo
1029 s, also favorable for high-frequency applications.7,8

Because perovskite manganites show much higher resist
than NiFe alloy and the area of GTSM is small, the resist
ity of the heterostructure, as shown in Fig. 1, is ascribed
the perovskite manganite, which is polycrystallin
La0.7Sr0.3MnO3 ~LSMO! thin film confined in the GTSM
area.9–11

If we first deposit two trapeziform NiFe films on th
substrate and then deposit the LSMO film into area GTS
as shown in Fig. 1~b!, the two layers~LSMO/NiFe! keep
good contact. However, the LSMO thin film must be depo
ited in the oxygen ambient at high temperatu
(600– 800 °C), the pre-deposited NiFe layer will be ox
dized. In our experiment, we shall first deposit LSMO fil
and pattern it so that only the GTSM area is left. Sub
quently, two trapeziform NiFe films are deposited and
small LSMO/NiFe overlap is permitted.

The LSMO thin film~about 300 nm thick! was deposited
on Si substrate using pulsed-laser deposition~PLD!.12 De-
il:
3 © 2002 American Institute of Physics
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tails of the PLD procedure were reported earlier.13 Perm-
alloy (Ni580% and Fe520%) film ~about 150 nm thick!
were deposited on Si substrate, using single-target rf ma
tron sputtering under a base pressure of 231025 Pa at room
temperature. The length of the rectangle for total LSMO fi
(G) is 2 mm, and the lengths of the rectangles for one-la
LSMO film (g) and two-layer NiFe/LSMO film@(G–g)/2#
are 1 mm and 0.5 mm, respectively. The applied elec
current flows through the NiFe films and LSMO film. Th
triangle-wave ac magnetic field, 3 kOe in magnitude a
0.01 Hz in frequency, was applied to the heterostructure.
resistivity as a function of temperature over 77;300 K was
measured. The Lakesshore vibrating sampling magnetom
~VSM! was utilized to probe the magnetic property. Magn
tization (M ) of the sample was measured under a magn
field of 500 Oe from 80 K to 320 K.

The measuredM –H hysteresis loops of NiFe an
LSMO films are shown in Fig. 2~a!. A coercive magnetic
field Hc;80 Oe for NiFe andHc;240 Oe for LSMO can be
determined. The magnetizationM of NiFe is much larger
than that of LSMO, especially at lowH. However, the mag-
netization of NiFe saturates at a much lower field (;Hc),
while the saturated magnetic fieldHs for LSMO is much

FIG. 1. ~a! Surface schematic drawing of the heterostructure.~b! Left:
Transverse schematic drawing of the heterostructure in order to pre
oxidation of the NiFe film. Right: Transverse schematic drawing of
heterostructure in order to deposit LSMO completely into the GTSM.
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higher than its ownHc . Therefore, in the fabricated hetero
structure, the magnetic fluxes can be effectively concentra
onto the sandwiched area GTSM by the neighboring N
thin films. As shown in Fig. 2~b!, M of the NiFe film is ten
times larger than that of the LSMO film under 500 Oe ov
70;300 K.

Figure 3~a! shows a schematic drawing of the magne
induction lines in the heterostructure, which is parallel
perpendicular to the electric currentI (Hi I , H'I ). For Hi I ,
the measured LFMR is enhanced due to the concentr
magnetic fluxes within the area GTSM. This opposite eff
is observed in the case ofH'I , since the NiFe film partitions
the magnetic induction lines across the GTSM. On the ba
of the spin-polarizd transport across grain boundaries,
maximal LFMR under a saturated field takes the form:MR
}M0

2 , whereM0 is the normalized magnetization.14 The co-
ercivity Hc is equal toHpeak, corresponding to MR50 for
normal CMR materials. As shown in Fig. 2~a!, Hc;90 Oe
for NiFe and Hc;250 Oe for LSMO. However,Hpeak

;85 Oe is observed for LSMO in our heterostructure, wh
is consistent withHc of the NiFe film. That means that th
real magnetic field in the area GTSM is about;250 Oe,
although the applied field is only 85 Oe, demonstrating t

ntFIG. 2. ~a! M –H hysteresis loops of NiFe at 293 K and LSMO film at 22
K. ~b! MagnetizationM of NiFe and LSMO films as a function of tempera
ture T under 500 Oe.
IP license or copyright; see http://apl.aip.org/apl/copyright.jsp
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the present structure works well and efficiently. The con
quent feature is the rapid decreasing of the sample resist
under a low magnetic field, which benefits especially to
enhancement of LFMR. For the LSMO thin film sample, t
LFMR in mode H'I is about 70% of that in modelHi I
under the same field. However, in our heterostructure,
LFMR of LSMO thin film in modeH'I is only 0.5% under
300 Oe but reaches 13.5% in modelHi I under the same
field.

Although the enhancement of the LFMR in our hete
structured sample is significant, it is still far lower than t
theoretically predicted value. A qualitative analysis allows
to argue that the LFMR in our heterostructure depends
four factors: width of the GTSM (g), thickness of the soft
magnetic films (t), quality of the deposited layers and th
geometric pattern. Ifg decreases with other conditions bein
the same, the magnetic resistance@} (g/m rm0) , wherem r is
relative magnetic susceptibility of LSMO# in the GTSM will
decrease too, which will correspondingly enhance the ca
bility to fortify the magnetic field in the GTSM. The thicke

FIG. 3. ~a! A schematic drawing of the magnetic induction lines in t
heterostructure, which is parallel or perpendicular to the electric curreI
(Hi I , H'I ). ~b! Normalized resistivity of LSMO with or without hetero
structures (LSMO1NiFe or LSMO! as a function of applied magnetic fiel
(Hi I , H'I ) at 77 K.
Downloaded 20 Mar 2010 to 219.219.118.106. Redistribution subject to A
-
ity
e

e

-

s
n

a-

the NiFe film, the stronger its capability to fortify magnet
fields in the GTSM. In the case ofg;t, the LFMR enhance-
ment reaches the maximal. Therefore, the perovskite
should be completely deposited into the GTSM, where
strongest magnetic field is available. If a soft magnet with
very low electrical resistivity but high resistance against o
dation at elevated temperature is available, we can dep
the soft magnetic film first, followed by the deposition of th
perovskite manganite, as shown in Fig. 1~b!. Some of nano-
crystalline alloy, such as Fe73.5Cu1Nb3Si13.5B9 , can keep
good soft magnetism and conductance even after air ann
ing. Thus, they can also be used in the heterostructure
course, the coercivityHc of NiFe films may be far smaller
than 85 Oe. For example, the measured coercivityHc along
the easy axis of NiFe film is as small as 16.3 Oe if an
plane magnetic field is applied to induce a uniax
anisotropy.8 When the size of the GTSM is as small as 1
mm, for example, using photolithography, and the thickne
of the NiFe films is as thick as 1.0mm, the LFMR under a
field of 300 Oe can be as high as 30% at room temperat

In conclusion, we have fabricated a heterostructure co
posed of soft magnet NiFe thin films and perovskite man
nite LSMO layer, and have predicted its application pote
tials as magnetoresistance devices. Our experiment
demonstrated that the magnetic fieldH in the GTSM is sig-
nificantly enhanced under an applied fieldH (i I ) and sup-
pressed underH ('I ). The LFMR will increase remarkably
if the heterostructure can be fabricated as small as poss
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