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The magnetic transport properties in granular perovskite system Lai_,Sr,MnO3; have been
investigated. The spin-dependent interfacial tunneling and the corresponding giant
magnetoresistance (GMR) effect have been observed in the whole region of temperature
below the Curie point T; for the samples with concentration x from 0.05 to 0.45. Theoretical
analysis shows that the interfacial tunneling originates from the difference in magnetism
between the grain surfaces and the cores, and the tunnel-type GMR stems from the
field-induced change of interfacial magnetic order. © 7999 Kluwer Academic Publishers

1. Introduction manganese perovskites and granular transition metals
The observation of giant magnetoresistance (GMR) iror other ferromagnets. This suggests that the conductive
fine particle perovskite [1-2] has extended the researchrigin of the granular perovskite is somewhat different
of GMR effect in granular ferromagnets. The modelfrom that in the both. Now we have known [4] that
of spin-polarized intergranular tunneling suggested bythe transport properties in granular perovskite depend
Hwang et al. [3] provided a reasonable clue to dis- on the magnetic difference between grain surface and
cuss the magnetic properties in granular perovskiteghe core. This difference makes the surfaces between
Our theoretical analysis [4] further showed that the in-neighboring grains to be a potential barrier considering
tergranular tunneling resulted from a spin-dependenthat anextra energyassociated with double exchange
interfacial effect. interaction (i.e., the difference between the two dou-
The spin-dependent transport properties in granulable exchange energies in cores and surfaces) will arise
ferromagnets have been known to depend on the graiwhen the ionic spins in cores are parallel and the ionic
size and intergranular materials [5—7], which construcispins in surfaces are not parallel, while the spin of itin-
the intergranular barriers. Conductive electrons can hoprant electron is conserved in tunneling. The randomly
from grain to grain through spin-dependent tunnelingoriented ionic spins in grain surfaces can also be field-
[8]. The probability of an electron tunneling across thealigned, just like those in films or crystals. Therefore,
intergranular barrier was calculated by considering arihe resistivity of the system can be reduced by external
extra magnetic exchange energy arising when the madield, and a tunnel-type GMR can then be observed.
netic moments of the neighboring grains are not par- In this paper, we present an observation of the inter-
allel and the electron spin is conserved in tunnelingfacial tunnel-type transport properties in granular per-
Randomly oriented moments of grains can be aligneavskite La_xSMnOs. We will show that the tunnel-
by an external field. This can significantly reduce thetype GMR can exist in all the temperature region below
tunnel resistance. T, for the samples in a considerably wide range of con-
The manganese perovskite is recently studied exeentration from ferromagnetic insulator to ferromag-
tensively due to a colossal intrinsic magnetoresistanceetic metal, even to some samples with mixed magnetic
(CMR) being observed near the Curie temperafige order, but not only for the samples ofd-&Ro 33MnO3
[9]. When in ferromagnetic state, the perovskite be{R=Ca, Ba...) [1-2].
haves as a metal in transport properties. In this sense, a
granular perovskite is also a conductive granular ferro-
magnet. However, the transport properties, especiall2. Sample preparation
the low-temperature transport properties, observed ifhe samples under investigation are synthesized by sol-
granular perovskite with smaller grain size [1-3] aregel method with the nominal concentratiochanging
obviously different from that in both single crystals of from 0.05 to 0.45, and in steps afx = 0.05. Samples
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Figure 1 The SEM photographs for (a) 100G sintered LagsSro.15 1901 18
MnO;, (b) 1400°C sintered LagsSr.15MnO;, (c) 1000°C sintered o5t

Lag.65Sr0.35MNO;, and (d) 1400C sintered LagsSr.35MNnO;. T - T
25} Lage55rg 3sMnO;

sintered at two temperatures, 1000 and 14DQare
studied. The photographs of scanning electron micro
scope (SEM) for the samples of 4. &Sy 15MnO3 and
Lage5Srh.3sMnO3 are shown in Fig. 1. The average
grain size estimated from SEM are 0.08-0,dr2 for oot
1000°C sintered samples and 1-1.%n for 1400°C
sintered ones. Evidently, the grain size of 100Gsin-
tered samples is smaller by two orders in magnitudgigure 2 Resistivity versus temperature at zero field and under an exter-
than that of 1400C sintered ones. In addition, the sam- nalfieldH = 1.5 T and the corresponding MRj curves for 1400C sin-
ples are found to be more porous when sintered at loweegred and different doped LaMnOwhere MR=[R(0) — R(H)]/R(0),
temperature, as shown in the SEM photographs. This inB(O) andR(H) are the_resistances at zero field and under an external
dicates that the conductive channels in low-temperatur&®'d ™ = 15T respectively.

p
sintered sample is fewer than that in high-temperature

sintered one. with peak temperaturg,,, and a broader peak well be-
low T with peak temperatur§y. The former obviously
reflects the crystal intrinsic transport properties of man-
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3. Experimental result and discussions ganese perovskite, and the latter can be attributed to the
Fig. 2 shows the curves of the resistivity versus temperinterfacial tunneling effect as discussed earlier.
ature at zero field and under an external fidle= 1.5 T, Compared with the curves om(T) for high-

together with the corresponding magnetoresistances faemperature sintered samples, a universally broaden-
1400°C sintered samples with different concentrations.ing of the Curie temperaturg, has been observed for
As can be seen, all the 1400 sintered samples show the low-temperature sintered samples, whearis the
a transport behavior almost the same as that detectetbrmalized magnetization. This point suggests a mag-
from films or crystals [9]. No intergranular tunneling netic surface effect existing in the samples with smaller
behavior can be observed. Thus we believe that thgrain size. According to the early study on surface mag-
1400°C sintered samples present the intrinsic transporbetism, we know that the coupling among the magnetic
properties. ions in surface is much weaker than that in the core due
The electric and magnetic properties of 10Q0sin-  to the existence of large number of dangling bonds and
tered samples are shown in Fig. 3. It can be seen thaton-coordination atoms in surface [10]. Moreover, the
most of them show a double-peak type curve of resistattice structure in surface is often amorphous [11] and
tivity versus temperaturep€T), a sharper peak ned¢  the magnetic configuration of such materials being very
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structure-sensitive [12]. Thus, the magnetic configuraBoltzmann constant. On the one hand, the average co-
tion of the compound can be expected more chaotic irdination numbeq in surfaces is lower, on the other
grain surfaces than in cores at a given temperature. Ihand, the overlap between neighboring atoms is also
other words, thél; is expected to be lower in surface lower due to the lower coordination number, and so
than that in core. In practice, in Heisenberg theory ofthe lower exchange integral thus theTl, in surfaces is

ferromagnetism [13], we have lower than that in cores. Additionally, with increasing
sintering temperature, only a little change of oxygen
T =29 J/k, (1) content has been observed in;LaS,MnO3 system.

Taking Lay g5S1p,1sMNnO;, as an example, 8gincreased
where q is the coordination number] is the ex- from 800 to 1400C, the oxygen conterz was found
change integral between neighboring atoms Jeisthe  to decrease only about 0.01 [14]. According to the data
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Figure 3 Upper panels: Normalized magnetization vs. temperature for A008nd 1440C sintered samples. Lower panels: Resistivity vs.
temperature at zero field and under an external fidle1.5T and the corresponding MR] curves for 1000C sintered samples, where
MR =[R(0) — R(H)]/R(0), Ts is the sintering temperaturgy is the Néel temperatureQontinued.
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nearest neighbors of Mn sites, thesymbol represents
a thermal average on the possible states of the ionic
spins. Denoting the surface and the core with foot notes
T =1440°C s andb, respectively, then the double exchange energy
T=1000°C ] in surfaces and cores can be respectively written as

125L Lao.55$r°.45MnO3
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25 15T
U = Egs — Eqp = NX[®P, COSAH/2)
— @5 cos(Abs/2)], (7
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WhereCDb = Zi tb(i,j) andCDS: Zi ts(i,j)- Making use
of the following relation [16]

1(;0 2(‘)0 3(‘)0 g 4(‘)0
Temperature (K ) (cos(Ab;,j/2)) = cos(Ab/2) = (3+ 2m?)/5,
C]

respectively to surfaces and cores, it gives
Figure 3 (Continued.

2
provided by Jetal. [15], so little change of oxygen can- cos@dh/2) = (3+ Zmb)/S, ®

not give rise to much influence on magnetic properties. COS(Abs/2) = (3 + 2m§)/5, (9)
We, therefore, conclude th&¢ broadening for the sam-

ples with smaller grain size may provide an evidenceyherem is the total magnetization normalized to the
for Tc-decreasing in surfaces. Thus the relative angle ogaturation valuem, andms are the normalized magne-
local spin is larger, and the energy of double exchangéizations in core and surface, respectively. In addition,

[16] should be higher in surfaces than in cores. for the present granular system we have
Dividing a grain into body phase and surface phase,
and denoting the resistivities of body and surfaceias m = (1 — 3w/D)mp + (Sw/D)ms, (10)
andp, respectively, the resistivity of a granular system
should be Collecting all the results from Equations 7 to 10, and

roughly taked, = 5, we consequently obtain

o= %[(1—%0>pb+%wm} 2

2 Dm-3 2
Umng%[M—mg] (11)

wherec is the compactness of the systedinis the aver- (D —3w)?

age diameter of grains; reflects the average thickness . . . .
g grains; g Itis generally believed that a surface includes about four

of surfaces, 8/D represents the volume fraction occu- five atom | Taki the thick f t
pied by surface phase. If the interface, i.e., the surfaced' MV€ atom ayers. faxing as the thickness of per atom

between neighboring grains together with theintergranl-ayer a bond length of Mn-O-Mn-4 A), w is about

ular distance (if there exists), is considered as the tun% ?mt.hThus, not(_ad th?t@nsE« D:_nwgenD >100nm,
neling barrierp; will be the tunnel resistivity. From the itTurthermore gives from equation s,

early discussion on tunneling theory of spin-polarized

1/2
electrons [8], we have _k m? 2
pr o exp(2Ba), 3)

wherea is the barrier widthg = [2..U /F2]Y/2, 1 is the whergk isa constant relative to th.e chemistry inhomo-
electronic mass, anld is Planck’s constant divided by 9eneity of the grain surface, which can be estimated
27, U is the barrier height, which can be consideredTom the resistivity of the system at zero tempera-
as the difference of the energies of double exchange iture,b = 2a,/m N x®y/5k°. Inserting Equation 12 into
body and surface. In the theory of double exchange, th&quation 2, we have

double exchange energy can be expressed as [16]

1 3w
Eq=-Nx) toj(cos(adj/2). (4 P~¢ (1_ E)pb

2 1/2
wherex is the concentratiori\ is the number of mag- + Bw—;exp b[miz_mg] . (13)
netic ions per unit volume, the suli; extends to the D (1—3w/D)
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Equation 13 is just the resistivity formula for granular between body and surface but not on magnetic mo-
manganese perovskite. The first and second terms iments of the neighboring grains. This discriminates a
the bracket represent the transport properties of bodgranular perovskite from other granular ferromagnets
phase and surface phase respectively. in transport mechanisms.

From Equation 13, we conclude that: (1) The tunnel
resistance is strongly influenced by the magnetism in
body phase and will disappear withtending to zero. Acknowledgement
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