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Interface stability in hybrid metal-oxide magnetic trilayer junctions
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We show that for hybrid oxide-metal trilayer junctions of Co0.8Fe0.2-SrTiO3-La0.67Sr0.33MnO3 and
Fe-SrTiO3-La0.67Sr0.33MnO3, the sign and field dependence of junction magnetoresistance are sensitive to the
junction interface condition. Both positive and negative magnetoresistance can be obtained in either system,
depending on the state of the junction interface. For high biases above 0.5 V, junction resistance shows
time-dependent creep. The magnitude and direction of the creep depend on the magnitude and direction of the
applied bias, indicating reversible structural modification of the junction interface. For these junctions, the
interface chemistry, rather than fundamental band structures of the electrode materials, appears responsible for
the observed sign-change of junction magnetoresistance.
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In spin-polarized tunneling junctions, a sign change
junction magnetoresistance~MR! is occasionally observed
For some junctions the sign of MR is shown to depend
the bias voltage across the device, or on the choice of dif
ent combination of barrier and electrodes.1–4 For example,
cobalt electrode with SrTiO3 or Ce0.69La0.31O1.845barrier and
La0.7Sr0.3MnO3 base is shown to have positive MR at certa
bias, and negative MR at other bias, while the same struc
with AlOx barrier appears to have negative MR regardles
bias.1,2 Other junctions showing a bias-dependent sign rev
sal include Permalloy electrode on top of a Ta2O5-AlOx
barrier,3 and junctions of the type Fe3O4 /SrTiO3 /
La0.7Sr0.3MnO3.4 It is suggested1,2 that the phenomenon i
caused by a change in the alignment of the majority a
minority electronic density of states between the two el
trodes at the junction interface.

Here we investigate this phenomenon in model system
Co0.8Fe0.2-SrTiO3-La0.67Sr0.33MnO3 ~CoFe-STO-LSMO!
and Fe-SrTiO3-La0.67Sr0.33MnO3 ~Fe-STO-LSMO!. Our re-
sults show that for junctions with SrTiO3 barriers, there is
another important factor contributing to the MR behavior
the junction. The additional factor is the oxygen mobilit
related interface chemistry between the transition metal
SrTiO3.

Junctions for the study were fabricated from films dep
ited on NdGaO3(110) substrates. First an epitaxial layer
La0.67Sr0.33MnO3, about 600 Å thick, was deposited usin
laser ablation at a nominal substrate temperature of 750 °
300 mTorr of oxygen. A thin layer of SrTiO3, about 30 Å
thick, is epitaxially deposited immediately after, under t
same condition. The film was cooled to ambient in 1 atm
oxygen, and transferred to another vacuum system for de
sition of counter electrode. A plasma oxygen cleaning w
done immediately prior to counter-electrode depositi
Counter electrodes of Fe or Co0.80Fe0.20, 100 Å thick, were
then sputter deposited. The film was capped by 100 Å
titanium, and removed from vacuum for processing.

Optical photolithography was used to pattern the junct
structure. The minimum junction feature was 131 mm2,
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formed for the top ferromagnetic electrode. Electrical cont
to the top electrode was made through a self-aligned lift-
window in an SiO2 insulator layer that separates the top a
bottom electrodes. The SiO2 was about 1000 Å thick. This
fabrication process has been discussed elsewhere.5 The high-
est temperature the samples were exposed to during pro
ing was 90 °C for an accumulated duration of less th
10 min. Junctions thus processed were wire-bonded t
sample holder and mounted to a close-cycle refrigera
cooled cold finger for measurements.

Junction MR was measured in a magnetic field appl
parallel to the film surface. Field alignments are illustrated
data plots shown below. The magnetic field was contin
ously swept during measurements at a frequency
0.077 Hz. In all measurements, the positive terminal deno
the base LSMO electrode. Thus a positive bias has cur
flowing from LSMO through the barrier to the top ferroma
netic metal electrode. Electrons flow in opposite directio
The bottom electrode, LSMO, is a 33% hole-dopedp-type
metal. The transition-metal counter electrodes aren type.
The barrier is SrTiO3 which when fully oxygenated is a
semiconductor with a calculated band gap around 5.1 eV6

Junction resistance shows a complex temperature de
dence. Figure 1 is a typical resistance vs temperatureR(T),
plot for each of the two types of junctions. For temperatu
below 50 K, junction resistance increases upon cooling. T
is consistent in direction with a simple metal-insulator-me
tunneling picture,7 although the magnitude of resistanc
change appears large. This may suggest additional supp
sion of the effective tunneling density of state at low te
perature, which is a common feature seen in trilayer ju
tions involving manganite electrodes,5 though not well
understood. The decrease ofR(T) for temperatures above
250 K is probably related to thermal population of impuri
sites within the SrTiO3 barrier. The rise of junction resis
tance in the temperature range of 50 to 200 K is not w
understood. TheseR(T) data were shown as a part of gene
junction characterization. In this study, we focus only on t
11 244 ©2000 The American Physical Society
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behavior of low-temperature junction magnetoresistance
13 K as a function of magnetic field and bias current.

The base electrodeRh at 13 K was measured to be b
tween 30 and 60V. It assures that junction resistance st
well above 103Rh , which is necessary for preventing cu
rent distribution-induced false measurement of junct
resistance8 and especially junction MR.9 This condition is
not satisfied for junctions presented in Ref. 1. It could co
tribute to an enhanced reading of junction MR.

For this study we define the sign of magnetoresistanc
be the same as@R(H)2R(0)#/R(H), where R(H) is the
resistance value at63.5 kOe, andR(0) is that in the low-
field region. The magnitude of MR is determined from t
minimum and maximum resistance value in theR(H) sweep
within 63.5 kOe. All R(H) curves shown are 10-trace a
eraged results. For an Fe-STO-LSMO junction, a nega

FIG. 2. An Fe-STO-LSMO junction with negative MR. Le
axis: MR as a function of bias voltage. Right axis: I-V character
tics of the junction. Solid symbols represent first sweep of b
current. Open symbols, second sweep. To observe the conseq
of high current stress on junction properties, bias sweeps were
with increasingamplitudeof bias current, alternating between fo
ward and backward biasing. A slight increase in junction resista
and MR is seen after the junction has experienced a high bias
rent, as evidenced by the difference inI -V and MR curve. Upper
inset: theR(H) curve during the first pass. Lower inset: junctio
geometry and the direction of applied field, numbers represen
mensions inmm.

FIG. 1. The temperature dependence of junction resistance
at
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MR is observed at all bias voltages up to 1 V, as illustra
in Fig. 2. For another junction on the same chip, just 200mm
away, a positive MR is observed with a strong asymme
bias-dependence, as shown in Fig. 3. For a CoFe-S
LSMO junction, a negative MR is initially observed in bot
bias directions at low voltage. Upon biasing up to close t
V, junction resistance irreversibly increased by a factor
20. From then on, the MR changed sign for negative bias
This is shown in Fig. 4.

These observations show that junction MR depends s
sitively on junction preparation and measurement histo
which relates to junction interface condition. Choice of ele
trode material alone is insufficient to determine even
sign—Data in Figs. 2–4 show that both Fe- and FeCo-ba
junctions can have MR’s of either positive or negative sig
depending on the specific junction condition and measu
ment history.

Importantly, spin-dependent tunneling is only sensitive
the magnetic state several monolayers into the electr
from the tunneling interface.10,11 Any interface transition re-
gion, such as an interface oxide layer between the transi
metal and the SrTiO3 barrier, will significantly affect the
spin-transport characteristics of the junction. Also, in suc
situation the magnetic moment at the junction interface m
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FIG. 3. Another Fe-STO-LSMO junction on the same chip, on
200mm away from the one discussed before, showing positive M
at low bias. This junction is about ten times more resistive than
one discussed in Fig. 2. Upper panel shows MR andI -V character-
istics. Lower panels show representative shapes ofR(H) at bias
currents of61 and625 mA, respectively.
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assume a very different orientation than those of the e
trodes on average.

Experimentally, the general shape ofR(H) observed in
our junctions show a significant high-field slope, indicati
the presence of unsaturated magnetic moments at the
tion interface. This points to a junction interface with diffe
ent magnetic characteristics from that of the native electro

The shape ofR(H) is complex, especially for junction
with strongI -V asymmetry and reversal of MR’s, such as t
ones shown in Fig. 4. This could indicate a complex dom

FIG. 4. A CoFe-STO-LSMO junction showing a bias-induc
reversal of the sign of MR.~a! MR vs bias voltage andI -V char-
acteristics. Inset: junction geometry and field direction.~b!–~g!
show theR(H) behavior at successively higher bias current. A
bias current of2375 mA (f), junction MR reversed its sign, the
low-bias junction resistance increased by a factor of 20. T
change of junction characteristics is irreversible, as shown by s
sequent measurements at a reduced bias current of610 mA in ~h!
and ~i!. The drift in ~f!–~i! is related to junction resistance-cree
that is discussed below.
c-

c-
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switching process, as well as the presence of inhomogen
current paths across the junction barrier. This is because
shape ofR(H) is determined by the average behavior
relative alignment of magnetic moments of the top and b
tom electrodes at the points of junction interface that cont
ute to the spin-dependent transport.

Inhomogeneous transport and barrier inhomogeneity
also implicated by the observation of abias dependencefor
shape ofR(H) as shown in Figs. 3 and 4. This can be u
derstood in light of multiple current paths that sample diffe
ent local magnetic states. The weight of each path to
overall R(H) shape could vary as a function of bias, th
causing different shapes ofR(H) at different bias.

Barrier inhomogeneity certainly exists over a macrosco
length scale of several microns. Junction resistances w
seen to scatter over two orders of magnitude, both for ro
temperature resistance and for low-temperature~13.4 K! re-
sistance.

A natural consequence of inhomogeneous junction c
duction is locally concentrated current flow. The avera
current density for measurements presented in Figs. 2–
on the order of 103 A/cm2, the local current density involved
could be much higher.

For junctions under high bias, a resistance creep was
served. Prior to irreversible change at the damage thresh
junction resistance creeps reversibly to higher or low
value, depending on the direction of the bias current. T
phenomenon is summarized in Fig. 5. The junction stud
here is 632 mm in size. Thus the areal-averaged curre
density applied, at 700mA, is around 5.83103 A/cm2. The
creep increases resistance when electrons are flowing
STO to the top metal electrode, and it decreases junc
resistance when electrons are flowing into STO from the
electrode. The creep rate increases as bias current is
creased in magnitude. Application of a static magnetic fi
up to 3 kOe does not affect the resistance creep rate. Th
qualitatively similar to what was observed in supercondu
ing tunneling junctions with an indium-oxide barrier.12,13

s
b-

FIG. 5. At high bias currents, junction resistance show sign
cant creep. The direction of resistance creep depends on polari
the bias current, the rate of creep increases with increasing ma
tude of the bias current.
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One possible cause for junction resistance creep her
oxygen electromigration. It is known that oxygen atoms
quite mobile in perovskite-type compounds. In the cuper
which is a close cousin of SrTiO3 and LSMO, electromigra-
tion has been observed systematically.14 Oxygen migration
was also viewed as a leading cause of junction resista
creep in the case of superconducting junctions with Inx
barriers.13 In our case, electromigration might cause a reve
ible oxidation of the top ferromagnetic metal electrode, c
ating an interface layer with altered magnetic properties
tween the electrode and the SrTiO3 barrier. It is likely that
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the magnetic properties of this intermediate layer would
termine the behavior of a junction’s MR.

In summary, our observations suggest the presence o
unstable junction interface between SrTiO3 and transition-
metal electrodes such as Co and CoFe. A variation of
interface will profoundly change a junction’s MR characte
istics. This factor should be taken into account when o
attempts to obtain a quantitative understanding of the m
netoresistance in magnetic tunneling junctions.

The authors wish to thank Bill Gallagher’s group for he
during sample preparation.
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