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We investigated conduction through an artificial grain-boundary junction made, igBa ;dMnO3

thin films, deposited on a 36.7° SrTj@icrystal substrate using a laser ablation technique. The grain
boundary exhibits substantial magnetoresistance at low temperatures and also shows nenlinear
characteristics. Analysis of temperature dependence of the dynamic conductance allows us to
identify three carrier transport mechanisms across the grain boundary. These mechanisms exist in
parallel, and at a given temperature one mechanism may dominate. Particularly, at higher
temperatures T>175 K) the transport across the grain boundary involves spin—flip scattering,
which we establish leads to decrease of the bicrystal grain-boundary contribution in
magnetoresistance. At lower temperat(#e2—45 K), tunneling through a disordered oxide at the
grain boundary dominates, whereas in the temperature range from 100 to 175 K, carrier transport is
dominated by inelastic tunneling via pairs of manganese atoms.

Observation of colossal magnetoresistaf{@MR) in to account for the observed nonlinear current—voltage char-
perovskite manganese oxides has generated a lot of scienticteristic across a step-edge junction in LCMO films. This
interest! =3 Epitaxial thin films of hole-doped LaMnOshow letter reports the temperature dependence of magnetoresis-
large magnetoresistance at a large fieldfew tesla and in  tance and dynamic conductance of a bicrystal grain boundary
a narrow temperature range at the ferromagnetic transitiom Lag ¢Bay 3gMNnO; (LBMO) thin film. Our study indicates
temperaturé. Unlike epitaxial thin films, bulk samples and that the mechanism of grain-boundary transport strongly de-
polycrystalline films of doped LaMnOshow large magne- pends on the temperature. At low temperatures carrier trans-
toresistance effects in the low-field region and even at a temport across a bicrystal grain boundary in LBMO thin film is
perature much lower than the ferromagnetic transitionrdominated by inelastic tunneling, whereas at higher tempera-
temperaturé=® Recently, artificially created grain bound- tures spin—flip scattering dominates. In the past, the tempera-
aries in epitaxial CMR films such as the bicrystal junction inture dependence of nonlinear transport through the grain
LagCaMnO; (LCMO) or L& ;SihaMnO; (LSMO)  boundary led to contradictory resultd! This letter attempts
films,"® edge junction in LCMO fill have been found to to resolve the issue through an independent measurement.
exhibit substantial low-field magnetoresistance at a low tem- A thin film of LBMO was prepared on a 36.7° bicrystal
perature. In polycrystalline film or in bulk samples electrical substrate of SrTiQfrom a stoichiometric LBMO target us-
transport across the grain boundaries is proposed to be duejify a pulsed-laser deposition technique in 400 mTorr oxygen
spin-polarized tunnelirtgor due to spin-dependent scattering partial pressure with the substrate at 750 °C. For studying the
of polarized electrons at the grain boundafiés\ mesos-  effect of the grain boundary on the transport characteristics,
copic magnetoresistance model based on a grain-boundafyo microbridges (width-700xm) have been fabricated.
region with strongly suppressdd has also been propos€l. One microbridge was created across the bicrystal grain
Realization of a single artificial grain boundary in CMR ep- boundary and the other one away from the bicrystal grain
itaxial film provides a good opportunity for studying the role houndary. The resistance—temperatuRe-T) and current—
of the grain boundary in CMR materials. Toédlal"* stud-  yoltage (—V) characteristics of these microbridges were
ied the current-voltage characteristics of a bicrystal grainstudied using a four-probe technique. For magnetoresistance
boundary in La_(Sr/Ca)MnO; film and found that the (vR) measurements, a magnetic field was applied in the
results cannot be fully explained by direct tunneling acrossyjane of the film, parallel to the grain boundary.
an insulating barriel® Particularly, they found that the mag- Figure Xa) shows theR-T curves for both micro-
netoresistance might be uncorrelated to grain-boundaryyigges. The microbridge across the bicrystal grain boundary
transport. Zieseet al” proposed a model of spin-polarized (referred to as bridge Ashowed a larger resistance and a
tunneling in a ferromagnet/spin-glass/ferromagnet geometrymaiier value of peak temperatur, (236 K) in theR—T
curve. For the microbridge away from the grain boundary
dElectronic mail: nkhare@csnpl.ren.nic.in (referred to as bridge BR was distinctly lower and , was
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FIG. 1. (@) R-T curves for the LBMO thin-film microbridges. Inset shows a FIG. 2. (a) 1-V curves for the LBMO thin-film microbridge across the
close up folT<60 K. (b) Temperature dependence of the magnetoresistancéicrystal grain boundary and for the microbridge away from the grain
(MR) of the LBMO thin film microbridges across the bicrystal grain bound- boundary.(b) Variation of normalized dynamic conductanc®/G,) with
ary and away from the grain boundary. MRR(0)—R(H)]/R(0) voltage drop across the bicrystal junction at different temperatures.
X 100%; whereR(H) and R(0) are the resistance of the microbridge in
presence and in the absence of the magnetic field, respectively.

cal relation, which quantifies the contribution of the nonlin-

ear part:
higher(~250 K). The observed smaller value ©f of bridge
Ais most likely due to an oxygen-deficient layer at the grain ~ G/Go=1+k|V|?, 1)
boundary. Figure (b) shows the temperature dependence of

h ; ist tor both microbrid 4 kO wherek and « are constants. Figure 3 showsas a function
€ magnetoresistance Tor both microbrt 'gea emag- temperature from 4.2 to 300 K. In the same graph we also
netic field. Microbridge A shows a peak in MR—curves at

, ) show the temperature dependencekoivhich measures the
T=215K, whereas microbridge B shows a peak at 225 K

| RS . h |  th relative components of the nonlinearity. The valuekdfe-
At lower temperatures in microbridge B the value of the MR omes very small a¥ approaches 300 K. The value afis

decreases with the decrease in temperature, andTfor o g 4t 4.2 K, and it has a weak temperature dependence until
<100 K MR—0, as one expects for an epitaxial thin film. In 1_5q Kk As the temperature is further increasedncreases
sharp contrast, the value of the MR for bridge A shows agharply and approaches 1.0 @~80K. For 100 K<T
large rise as the temperature is lowered to 175 K. At 77 K. 175 K, « reaches a distinct plateast1.3 and then in-
the value of the MR for bridge B is 0.02%, which is much ¢reases again foF>175 K. At higher temperaturesy ap-
smaller than the MR of 6% for bridge A. The grain-boundary proaches a plateas1.8. Our result on the temperature varia-
contribution in total MR is found to decrease with the in- tion of « is similar to that of Zeiseet al® for a step-edge
crease in temperature and it becomes negligibly small abO\q@mction in La Ca) ;MnO5 film. These results, however, are
175 K. in sharp contrast to that observed by Toeidal!! on the
Figure 2a) shows thd —V curves for both bridges at 4.2 pjcrystal junction in a La,(Sr/Ca)yMnO; film, where the
K. Bridge A exhibits a nonlinear—V characteristic, whereas value ofa was~2.0 and it was independent of temperature.
bridge B shows a linedr—V characteristic. It is evident that In order to explain our results, we propose that a layer of
this nonlinearity is due to the presence of the grain boundangxygen-deficient LBMO with loweiT, (or with canted spin
Figure 2b) shows the normalized dynamic conductancestructure is present at the grain boundary. The observed be-
(G/Gp; G=dI/dV) versus voltage curves for the bicrystal havior suggests that there are essentially three types of cur-
junction at different temperatures. Hei®q is the conduc- rent transport through the grain boundary, which may occur
tance of the junction at zero-bias voltage. It is clear that thén parallel, but one of the mechanisms may dominate over
nonlinearity inl—V curves is a strong function of tempera- the other in a given temperature range. In temperature range
ture, and above 175 K the nonlinearity becomes very smalll (4.2—45 K, a~0.6. Such behavior has been observed in
We fitted the normalized conductance to the phenomenologthe past in tunneling experiments on a number of disorder



2.0 2.0 the grain-boundary materiglwhich is paramagnetic or a
;W mao O /,/"‘ . low-T. materia) and the materialwhich is ferromagnetic
T oo k /,7’ —1.6 on the two sides. This difference is a function of the differ-
15 r ‘ll _ ence of the magnetizatiom\M) of the two materials. On
o ,,,_".{ —1.2 cooling, AM increases leading to an increaseA and an
s [ v 7 4 x increase in MR??
L :az / l —08 To summarize, it has been found that the presence of a
101! j”\\ o I . bicrystal grain boundary in the LBMO epitaxial film en-
L F R | doa hances low-field magnetoresistance and introduces nonlin-
oA \b-qq'm_v_ —— earity inl =V characteristics. We could identify three mecha-
o5l w1 11 0T Joo nisms of grain-boundary transport that may operate in
0] 100 200 300 parallel. The mechanism of the transport across the grain
Temperature (K) boundary is found to be temperature dependent. At low tem-

peratures(4.2—45 K the dominant carrier transport across
FIG. 3. Variation ofa and k with t_emperaturfe._The values of andk at the grain boundary is due to tunneling through a disordered
different temperatures are obtained by fiting the equatBfGo=1  ,yiqe 4t the grain boundary and for temperatures 100—-175 K
+k|V|* to the experimental curves 06(G,) vs V shown in Fig. 2b). . . . . .
the dominant mechanism for transport is inelastic tunneling
via Mn pairs of atoms. At temperatures above 175 K, spin—
oxides, which has been explained as due to an electronflip scattering becomes dominant. The increase of grain-
electron interaction in disorder systefidt is likely that the ~ boundary MR with the decrease in temperatufe<(L75 K)
region immediately close to the grain boundary or the grairis due to an increase in spin polarization and suppression of
boundary itself acts like a disordered metallic oxide. Thisspin—flip scattering on cooling.
also is clearly visible in the temperature variation of the re-
sistance of the grain boundary f@r<20 K [inset in Fig.
1(a)]. This is a very common occurrence in a number o
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