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Abstract: A polycrystalline Lay3( Cao.s0Bao.40) 13MnO3 was prepared by standard solid reaction method. M agneti

zation( M) and magnetoresistance of the sample were measured between T= 77 K and 350 K. It is found that some

correlations exist in the external field dependency of the magnetoresistance magnetoresistance and M in the low and

high temperature regions. Moreover, there are different magnetic field dependence of magnetoresistance and mag-

netization in different temperature ranges, which indicates the presence of different magnetoresistance mechanisms.

Based on the models of spin-polarized tunneling and percolation model, the simulated magnetoresistance obtained u-

sing Monte Carlo method well explains the experimental fact.
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1 INTRODUCTION

The colossal magnetoresistance ( CMR) of
Rei-xMe.MnOs ( Re= La, Y, Me= Ca, Ba, Sr,
Pb, K) with perovskite structure has drawn con-
siderable interest'" *. Much theoretical and exper-
imental work has been done to study the physical
mechanism of CMR effect. There are two distinct
CMR effects in polycrystalline materials: the first
one is the low-temperature CMR that increases
with decreasing temperature, which is attributed
to the spin polarized tunneling through a magnetic

7121 1n order to ex-

barrier in the grain boundaries
plain the tunneling magnetoresistance of the nano-
structured materials, a two-level model of tunne-
ling magnetoresistance containing co-play of the
relative orientation of moments between clusters,

Coulomb

blockade effect, was suggested in our previous
[13]

the intrinsic characters of clusters,
work' 7. It is found that the unusual enhancement
of magnetoresistance is due to the interaction be-
tween the clusters and the intrinsic characters of
clusters coating the complex surface. Especially, it
is thought that the coating surface of the cluster or
the interface between the clusters plays an impor-
tant role for the enhancement of magnetoresist-
ance. Another one is CMR near the ferromagnetic
ordering temperature, which have been explained
by several theories, such as percolative phase sepa-

[ 14717)

ration , the double exchange model with the

Jahn-Teller effect'™, the double exchange model
with the norrmagnetic disorder'”” and the double
spin-disorder  scatter

exchange model with

ing** *' . In the percolation model, it is assumed
that the sample consists of ferromagnetic metallic
particles with a volume fraction randomly distribu-
ted over the paramagnetic insulating matrix, and
the simulated results suggest that the percolation
of FMM domains is responsible for the observed

. The complex mag-

insulator-metal transition''
netic field dependence of magnetoresistance, espe
cially the low-field magnetoresistance (LFMR) and
the high-field magnetoresistance (HFMR) at the
low-temperature, has also been an interesting topic
due to the importance in the understanding of CMR

5 . . 5,22724
mechanism and applications' ..

However, up
to now, the underlying CMR mechanisms are still
unclear. In this paper, the temperature and field
dependence of the resistivity and magnetoresistance
of polycrystalline sample were studied. Based on
the double exchange model with spin-disorder scat-
tering, spimpolarized tunneling effect and Monte
Carlo simulation, the magnetoresistances as function of
temperature and magnetic field were obtained, which
well explain the experimental results.

2 EXPERIMENTAL

Polycrystalline sample Lays(Cao.e0Bao.40) 1/3
MnOs was fabricated using a standard solid state
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reaction method. The mixed La,03;, CaCOs, Ba-
COs and MnO: powers in stoichiometric propor-
tions were ground with an automated mortar at dif-
ferent velocities for 24 h and preheated at 1 000 C
for 10 h. Then they were reground at low velocity
for 24 h, pressed into pellets, sintered at 1290 C
for 24 h. The structures of the materials were ana-
lyzed by means of X-ray diffractometry ( XRD)
with Cu Ka. Resistivity and magnetoresistance
were measured by a standard fourprobe in the
temperature range of 777400 K from zero field up
to 1.2T.
VSM.

M agnetization was performed using

3 RESULTS AND DISCUSSION

Fig. 1 shows the magnetization and magneto-
resistance as a function of temperature for the sam-
ple. From Fig. 1, it is found that magnetoresist-
ance increases evidently with decreasing tempera-
ture for T< 250 K, which is attributed to the spin
polarized tunneling through a magnetic barrier. A
maximum magnetoresistance of 8% 1is also ob-
served at T,= 295K. T, is a transition temperature
?. From the
thermal magnetization, the Curie temperature of
the sample is found to be T.= 303 K, which is near
the value of T,. The hysteresis loops of the sample

between metal and insulator phases'"

at different temperatures are shown in Fig. 2. It
can be seen that, at low temperature as T< T.(303
K), a strong ferromagnetic state with small coerci-
vity exists; while at higher temperature as T> T,
a linear magnetization curve is found, which means
the existence of a paramagnetic state. In order to
establish the relation between the magnetoresist-
ance magnitude and magnetization, the formula
AM)/Q0) «<exp/— ¢(M/M.)*] or @AM) ><1- M’
Fig. 3 shows the the

square of magnetization and magnetoresistance as a

, has been considered™” .

function of the external magnetic field at different
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Fig. 1 Magnetization and magnetoresistance as
function of temperature for sample
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Fig.2 Hysteresis loops of sample
at different temperatures

temperatures for Lao ¢7( CaoesBao.a)033MnOs. It can
be seen that at T> T., magnetoresistance vs H
curve is the same as — M* vs H, which means
@M) o< (1- M?). However, as T is near T.,
@ M) —H curve starts to deviate from the M’ rela-
tion. When T is below T., the deviation from the
M? relation becomes more obvious, which means
that different magnetoresistance mechanisms may
be obeyed in different ranges of temperature. In
addition, as temperature is far below 7., LFMR
and HFMR are observed. It is considered that the
LFMR is attributed to the relative orientation of
moments between the magnetic clusters, while the
HFMR results from the disordered spin scattering
in the boundary region.

Fig. 4(a) shows the temperature dependence
of the percolative, tunneling and total resistivity
with H = 0 for Lao.e7( Cao.sBao.4)033MnOs sample.
The temperature dependence of the percolative and
total resistivity with H= 0, 0.4 T and the calculat-
ed percolative magnetoresistance for Lao.e7( Cao.6-
Bao.4)0.33 MnOs sample is shown in Fig. 4(b).
Here, the total resistivity is the measured result,
and the percolative and tunneling ones are fitted re-
sults, which will be discussed in the latter. The
double-peak resistivity-temperature ( Pvs T) curve
in Fig. 4 is similar to other experimental re

[ 1710]

sults For the film and single crystalline of

manganese perovskite, only single peak is found in
Pvs T curves' V.

Based on the recent studies on the tunneling
magnetoresistance model in the nanostructured ma-
terials'"” and percolation model near Curie temper-

L3711 \we construct the percolative structure

ature
containing ferromagnetic metallic (FMM) clusters
and antiferromagnetic (or paramagnetic) insulating
(AFI) matrix as seen in Fig. 5(a) and spin-tunne-
ling model between the near clusters consisting of

complex spin configurations.
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Fig. 4 Temperature dependence of percolative, tunneling and total resistivity at H= 07T (a),

calculated percolative resistivity and magnetoresistance for sample( b)

For a two-phase system (FMM and AFI phases),

we can calculate transport properties of composi
tionally disordered system containing insulators
and conductors using percolation theory. It is as-
sumed that the number fraction of FMM clusters is
p. With the in

similar calculated method

Ref.[ 16],
reduced magnetization curve as seen in Fig. 1. For
a 20 x 20 2D lattice with periodic boundary condi
tion, we also can calculate the probability (f) in
which the system with number fraction (p) of
FMM clusters is in a conducting state by Monte

we can derive the value of p from the
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(a)
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Fig. 5 Percolative structure containing ferromagnetic metallic clusters and
antiferromagnetic (or disordered) insulating matrix(a) and
spimr-tunnelng schematic illustration between near clusters(b)

Carlo simulation. It is assumed that the resistivi-
ties of the pure FMM and AFI phases are Rv and
Ry, respectively. Then the resistivity of the system
can be described as: Re= (1- f)Ri+ fRu. Here,
Mott's variable range
hopping resistivity for > T.'*'. From the data of
resistivity in Fig. 4, we can get

Ri= 5.5%10 "exp[4.5x10°/T]"* (1)

Also, from the best data fitting for the peak of
the resistivity in Fig. 4(a), we obtain

Ru= 0.00436+ 2.29x10°'T? (2)

Thus we can get the percolative resistivity at
H=0and 0.4 7T, and the magnetoresistance curve
near T'. can be calculated, as found in Fig. 4(b).
Another resistivity coming off the total resistivity
is also found in Fig. 4(a), which is thought as the
tunneling one.

Ri corresponds to the

The tunneling resistivity can be expressed
by!

QH, T) <QR<0.= (p- cosB) *

exp(ko JUi+ (Sv Sy ) — S *Sy))  (3)
where the first term Q results from the relative o-
rientation of moments between the magnetic clus-
ters, the second one P, is associated with the in-
trinsic characters of clusters, the definition of the
parameters in Eqn. (3) are found in Ref. [ 13].
Based on the reduced double exchange model with

antiferromagnetic superexchange coupling and a
[ 26]

magnetic field, Hamiltonian can be given as

Hoe = - Tox Z J1+ Si*Si—

@
J ar ZSi’Sj—H ZS? (4)
@ 7

According to Eqns. (3), (4) and combining
with Monte Carlo simulation procedure in Ref.
[ 13], we can obtain the temperature dependence of
the simulated tunneling magnetoresistance as seen
in Fig. 6. Fig. 6 shows the temperature dependence
of the simulated percolative, tunneling and total
magnetoresistance. Comparing with the results in

Fig. 1, it is found that the simulated ones are con-
sistent with experimental fact, which means that
the spin-tunneling and percolative models are quite
successful to explain magnetoresistance effect of

CMR materials.
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Fig. 6 Simulated percolative, tunneling and
total magnetoresistance as function of temperature

4 CONCLUSIONS

There are different magnetic field dependen-
cies of magnetoresistance and magnetization in dif-
ferent temperature ranges, which means the exist-
ence of different magnetoresistance mechanism.
Based on the models of spin-polarized tunneling
and percolation, the simulated magnetoresistance
character obtained using Monte Carlo method are
consistent with experimental fact, which means
that the spin-tunneling and percolative models are
quite successful to explain the magnetoresistance
effect of the manganese perovskite.
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