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We investigate the spin transport and interfacial magnetism of magnetic tunnel junctions with
highly spin polarized LSMO and Fe3O4 electrodes and a ferrimagnetic NiFe2O4 (NFO) barrier layer.
The spin dependent transport can be understood in terms of magnon-assisted spin dependent tun-
neling where the magnons are excited in the barrier layer itself. The NFO/Fe3O4 interface displays
strong magnetic coupling, while the LSMO/NFO interface exhibits clear decoupling as determined
by a combination of X-ray absorption spectroscopy and X-ray magnetic circular dichroism. This
decoupling allows for distinct parallel and antiparallel electrode states in this all-magnetic trilayer.
The spin transport of these devices, dominated by the NFO barrier layer magnetism, leads to a
symmetric bias dependence of the junction magnetoresistance at all temperatures.

PACS numbers:

I. INTRODUCTION

Magnetic tunnel junctions (MTJs) have been studied
extensively as they are the potential building blocks of
spin-based electronics. They are also excellent model
systems for the study of magnetism at interfaces and
spin injection. A MTJ device is composed of two fer-
romagnetic electrodes separated by an insulating bar-
rier layer. The device exhibits a high or low resistance
state depending on the relative orientation of the elec-
trode magnetizations.1 In order to achieve distinct par-
allel and antiparallel resistance states to allow for two
discrete junction resistance states, a non-magnetic insu-
lating barrier layer is commonly employed, resulting in
magnetically decoupled electrodes.

For many years, the spin polarization and spin scatter-
ing at the electrode-barrier interfaces was believed to be
the largest determinant of spin-dependent transport in
these MTJ devices, while the barrier layer was thought
to act as a passive potential barrier to achieve the neces-
sary spin-dependent tunneling and decouple the magnetic
electrodes. However, recent investigations have shown
that the choice of barrier layer material can have pro-
found implications on the spin-based transport in these
devices. This is particularly true for Fe/MgO/Fe MTJs
where the MgO plays the symmetry filtering role, lead-
ing to highly polarized up-spin electrons to tunnel across
the barrier.2,3 Recently, we demonstrated that inserting a
paramagnetic barrier layer between magnetic electrodes
does not preclude the observation of MTJ behavior.4

A completely ferromagnetic MTJ layer stack has yet to
be demonstrated. The nature of spin transport in such
MTJ’s would provide insight into the role of the bar-
rier layer and interfaces in such junction heterostructures.
The effect of a ferromagnetic barrier layer on the mag-
netic coupling of the stack and the nature of the spin tun-
neling are of particular interest. The spinel ferrites, with
strong exchange interactions and Curie temperatures well
above room temperature, are excellent candidates to in-
vestigate as strongly magnetic barrier layer materials.

Additionally, they have recently proven to be success-
ful magnetic barrier layer materials in spin filter tunnel
junctions.5,6 Luders et al. saw significant junction mag-
netoresistance values at low temperatures in spin filter
junctions of highly spin polarized La.7Sr.3MnO3(LSMO)
electrodes with NiFe2O4 (NFO) barrier layers and Au
counter-electrodes.5 Ramos et al. were even able to at-
tain small magnetoresistance values at room temperature
in spin filter junctions with CoFe2O4 barrier layers.6

In this paper, we investigate the spin transport and
magnetic coupling behavior of MTJ heterostructures
with LSMO and Fe3O4 electrodes and ferrimagnetic
NiFe2O4 barrier layers. Careful structural and mag-
netic characterization of the individual layers as well
as the interfaces have been performed. We find that
while the NFO/Fe3O4 interface exhibits ferromagnetic
coupling, the LSMO/NFO interface is magnetically de-
coupled. Therefore, in this all-magnetic stack, distinct
parallel and antiparallel electrode states can be attained.
Symmetric bias dependence of the junction magnetore-
sistance and inelastic tunneling spectra indicates that the
spin transport of these devices is dominated by the bar-
rier layer magnetism at all temperatures.

II. EXPERIMENTAL METHODS

Trilayers of LSMO(25 nm)/NFO(3 nm)/Fe3O4(25 nm)
were grown by pulsed laser deposition on (110)-oriented
SrTiO3 (STO) substrates. The (110) orientation creates
an in-plane uniaxial magnetic anisotropy along the [001]
direction for both the LSMO and Fe3O4. The LSMO was
grown at 700oC in 300 mTorr O2; the NFO was grown at
550oC in 10 mTorr of a 99%N2/1%O2 gaseous mixture;
and the Fe3O4 was grown in a vacuum of 10−6 Torr at
400oC. For these deposition conditions, single NFO films
were insulating and magnetic at room temperature.

The epitaxy and crystallinity of the films on the STO
substrate were investigated by X-ray diffraction and
cross-sectional transmission electron microscopy (TEM)
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using a Philips CM 300 microscope at the National Cen-
ter for Electron Microscopy, Lawrence Berkeley National
Laboratory. The bulk magnetism of the heterostruc-
tures as a function of applied magnetic field was in-
vestigated by SQUID magnetometry. The interfacial
chemistry and magnetism of the heterostructures was
investigated by Mn, Fe and Ni L-edge X-ray absorp-
tion spectroscopy (XAS) and X-ray magnetic circular
dichroism (XMCD) on Beamline 6.3.1 at the Advanced
Light Source (ALS). For XAS and XMCD studies, a
STO//LSMO/NFO/Fe3O4(0 - 9 nm wedge) trilayer sam-
ple was prepared whereby the graded thickness of the
Fe3O4 film was achieved by the incremental movement
of a Ta shutter over the sample during the Fe3O4 depo-
sition. Due to the surface-sensitive XAS and XMCD in
total electron yield mode (mean probe depth of 5 nm),
this wedge sample geometry enables different depths of
the heterostructure to be probed. The MTJs were fab-
ricated by conventional optical lithography and Ar ion
milling, and ranged in size from 4x4 - 40x40 µm2. Trans-
port measurements were conducted in magnetic fields up
to 8 kOe and temperatures from 30 to 300 K. The junc-
tion magnetoresistance (JMR) was calculated using Jul-
liere’s model by the following equation: JMR (%)=(RAP -
RP )/RP *100 where RP = R(H=0 Oe).

III. STRUCTURAL PROPERTIES

A. X-ray Diffraction

The crystallinity and epitaxy of the trilayer samples
were investigated by Cu Kα X-ray diffraction. Specu-
lar X-ray diffraction of the unpatterned trilayers shows
only {110} reflection peaks from the perovskite and spinel
crystal structures, indicating epitaxy with the STO sub-
strate. Single phase perovskite LSMO and spinel Fe3O4

crystal structures are confirmed. The ultrathin NFO film
peaks are likely obscured by the stronger peaks from the
thicker Fe3O4 film.

B. Transmission Electron Microscopy

The crystallinity and epitaxy of the films and inter-
faces were also investigated by cross-sectional TEM. As
seen in Figure 1, excellent crystallinity of both the per-
ovskite and spinel crystal structures is seen by high reso-
lution transmission electron microscopy (HR-TEM) and
the accompanying Fast Fourier Transform (FFT). One
can see that the spinel films grow epitaxially and with
high crystallinity on the perovskite LSMO template and
that a relatively abrupt interface exists between the two
crystal structures. The presence of two sets of spots
in the FFT indicates that the spinel-structured films
are relaxed on the perovskite template. This is likely
enabled by misfit dislocations and other defects in the

FIG. 1: Cross-sectional HR-TEM of LSMO/NFO(3
nm)/Fe3O4 trilayer showing high crystallinity and epitaxy of
the LSMO, NFO and Fe3O4 films. The LSMO/NFO inter-
face is characterized by defects within the spinel structure,
while the NFO/Fe3O4 interface cannot be seen, indicating a
coherent interface.

spinel at the interface. Although a small amount of in-
terfacial defects in the spinel structure arise at the per-
ovskite/spinel interface, these defects allow the spinel
films to maintain good structural registry with the per-
ovskite underlayer.8 Meanwhile, there is no distinct con-
trast of the spinel/spinel interface in the HR-TEM image,
strongly suggesting that the NFO/Fe3O4 interface is co-
herent.

IV. CHEMICAL PROPERTIES

A. X-ray Absorption Spectroscopy

The chemical order at and near the interfaces of the
heterostructure was studied by XAS. The valence states
of the Ni, Mn and Fe cations near the LSMO/NFO and
NFO/Fe3O4 interfaces were probed by L-edge XAS of
the STO//LSMO(25nm)/NFO(3nm)/Fe3O4(wedge) tri-
layer. The surface-sensitivity of L-edge XAS in total
electron yield mode allows one to selectively probe the
chemical signatures near the two interfaces by probing
at various points along the wedge sample.

First we examine the isostructural NFO/Fe3O4 inter-
face. As seen in Figure 2, the Ni lineshape is indicative
of Ni2+ and does not change across the sample.9 This
indicates that the Ni remains Ni2+ throughout the NFO
film and at the interface. The extra peak at 852 eV cor-
responds to the La M-edge, and arises from the La of the
LSMO bottom layer. Note that the Ni total electron yield
signal decreases by over an order of magnitude across the
wedge sample causing background effects to become more
prominent for positions C and D. The shoulder in the Fe
XAS at 708 eV changes slightly across the wedge. This
feature is commonly associated with a change in Fe va-
lence and site occupancy.10 Thus, this change is expected
as NFO has only Fe3+ cations, while Fe3O4 contains Fe2+
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FIG. 2: (Color Online.) Normalized L-edge XAS of
NFO/Fe3O4 interface at various positions along the trilayer
wedge sample, as indicated.

FIG. 3: (Color Online.) Mn L-edge XAS of LSMO/NFO
interface at positions A and B along trilayer wedge sample,
showing presence of Mn2+ near interface.

and Fe3+ cations.
Now we examine the non-isostructural LSMO/NFO in-

terface. As already seen in Figure 2, the Ni and Fe L-
edge XAS at positions A and B closely resemble those of
NFO single films.9,10 The Mn L-edge XAS at positions
A and B should correspond to Mn3+ and Mn4+ in the
LSMO layer. The Mn L-edge spectra for position A is
shown in Figure 3. At higher energies the spectra mim-
ics the typical LSMO spectra seen in single films, while
the presence of the small peak at 638.9 eV does not.11
This feature on the low photon energy side of the Mn L3

FIG. 4: (Color Online.)Bulk moment of a Fe3O4/NFO/LSMO
trilayer as a function of applied field at 300 K, showing cre-
ation of distinct parallel and antiparallel magnetization states.

absorption edge has been associated with the presence of
either Mn2+, Mn4+, or a changing symmetry of the Mn
environment.11–13

In order to determine the source of the peak at 638.9
eV, the spectrum at position B was analyzed and found
to correspond to Mn2+ in a MnFe2O4-environment (Fig-
ure 3).14 While position A corresponds to no Fe3O4 top
layer, position B corresponds to a top Fe3O4 layer of 1-2
nm. Therefore, the spectrum at B picks up changes in-
duced in the Mn by and near the additional NFO/Fe3O4

interface. Together these observations suggest that the
Mn near the LSMO/NFO interface (possibly in the NFO
barrier or at the NFO/Fe3O4 interface) has a valence of
2+ and is in a MnFe2O4-environment.

V. MAGNETIC PROPERTIES

A. Bulk Magnetism

The bulk magnetism of the unpatterned trilayers as
a function of applied magnetic field was investigated by
SQUID magnetometry. As seen in Figure 4, we obtain
abrupt magnetic switching of the LSMO and Fe3O4 elec-
trodes at 300 K. Large coercive field differences between
the LSMO and Fe3O4 create well-defined parallel and an-
tiparallel magnetization states at all temperatures, even
though the NFO barrier layer is ferrimagnetic at all tem-
peratures measured. The NFO film magnetism cannot
be separated in this hysteresis loop since it represents a
small moment compared to those of the thick electrode
materials. Nevertheless, it is striking that we obtain dis-
tinct switching between the antiparallel and parallel elec-
trode magnetization states in this all-magnetic stack.
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B. Interface Magnetism

In order to elucidate the magnetic interactions
among the LSMO, NFO and Fe3O4 layers in this all-
magnetic stack, we performed Mn, Fe and Ni L-edge
XMCD of the STO//LSMO/NFO/Fe3O4(wedge) trilayer
(Figure5(insets).) The surface-sensitivity of XMCD in
total electron yield mode allows one to selectively probe
the magnetic phenomena at and near the two interfaces
by probing at various points along the wedge sample. All
investigations were done at 300 K.

First we examine the NFO/Fe3O4 interface. The
XMCD investigations of the trilayer wedge show that
the NFO and Fe3O4 layers of the heterostructure display
XMCD spectra characteristic of single films of NFO and
Fe3O4, respectively. The Ni and Fe XMCD spectra are
displayed in Figure 5. The exposed NFO on LSMO with
no Fe3O4 top layer (A) shows Ni and Fe dichroism char-
acteristic of a single NiFe2O4 thin film, while the thick
Fe3O4 top layer on NFO (D) exhibits Fe dichroism char-
acteristic of a single Fe3O4 film.9,15 It is interesting to
note that although the Ni XAS intensity decreases sub-
stantially with increasing Fe3O4 overlay thickness across
the wedge from position A to D (Figure 2), the Ni XMCD
signal increases using the Ni X-ray absorption L3 edge for
normalization. It appears that proximity effects at the
spinel-spinel interface enhances the moment alignment of
the Ni2+ cations.

The coincident Ni (854.1 eV) and Fe (707.7 eV) hys-
teresis loops taken at all positions along the wedge
demonstrate strong interfacial ferromagnetic coupling be-
tween the NFO and Fe3O4 layers (Figure 6.) While this
is expected when only the NFO thin film is being probed
(A), the coincidence in Ni and Fe hysteresis loops persists
even when the Fe signal is dominated by the Fe3O4 top
layer (D). The coincidence of the Ni and Fe loops across
the wedge sample confirms that the NFO and Fe3O4 films
are ferromagnetically coupled across the spinel/spinel in-
terface.

A detailed investigation of the LSMO/NFO interface
indicates that there is cation intermixing. As seen in
Figure 7, the Mn XMCD spectra changes quite dramat-
ically in the presence of the NFO/Fe3O4 interface. At
position A, we see that the Mn XMCD spectra closely
resembles that of single LSMO films.16 At position B,
Figures 3 and 7 show that both the Mn XAS and XMCD
spectra closely resemble that of Mn in MnFe2O4.14 These
Mn XAS and XMCD results can be explained by a small
amount of Mn cation mixing from the perovskite into
the tetrahedral sites of the spinel near the LSMO/NFO
interface.

Surprisingly, although there is cation intermixing at
the LSMO/NFO interface, the neighboring spinel and
perovskite layers are magnetically decoupled. The
element-specific hysteresis loops for position A are shown
in Figure 8(a). The Mn shows abrupt magnetic switching
at low fields, characteristic of single LSMO films, while
the Ni and Fe show hysteretic behavior distinct from that

FIG. 5: (Color Online.) Ni and Fe XMCD spectra using +/-
1.5 T from various positions across wedge, as indicated.

FIG. 6: (Color Online). Ni (854.1 eV) and Fe (707.7 eV) hys-
teresis loops across trilayer wedge demonstrating coincident
switching.

FIG. 7: (Color Online). Mn XMCD using +/-1.5 T at posi-
tions A and B exhibit different lineshapes.
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FIG. 8: (Color Online). Mn, Fe and Ni XMCD hysteresis
loops taken at (a) position A and (b-c) position B.

of the Mn. The XAS, XMCD and hysteresis behavior
seen at position A is also reproduced in LSMO/NFO
bilayer samples (not shown). Together this indicates
independent magnetic switching between the perovskite
LSMO and spinel NFO layers.

At position B, the Mn displays different magnetic
switching behavior as a function of valence state. Hys-
teresis loops were taken at two different photon energies
of the Mn L3-edge, as circled and labeled in Figure 7.
The resulting hysteresis loops are shown in Figure 8(b-c)
and overlaid with the Ni and Fe hysteresis loops from the
same location on the sample (B). One can see that the
hysteresis loop probed at the characteristic Mn2+ energy
mimics the Ni and Fe hysteresis loops, again indicating
that there is some Mn incorporated into NFO creating a
mixed (Ni,Fe,Mn)3O4. Nevertheless, the field-dependent
Mn XMCD measured at the characteristic Mn3+/4+ en-
ergy still shows abrupt switching at low fields indepen-
dent of the Ni and Fe. The presence of these distinct Mn
hysteresis loops taken from the same exact location on
the sample underlines the robust and abrupt magnetic
decoupling between the spinel and perovskite materials.

VI. MAGNETOTRANSPORT

A. Magnetic Field Dependence

The behavior of the junction resistance was first inves-
tigated as a function of applied magnetic field. One can
see from Figure 9 that the junction resistance switches
abruptly between a high resistance and a low resistance
state. This abrupt switching is maintained at all mea-
surement temperatures (30-300K) and is consistent with
magnetic decoupling of the LSMO and NFO. The junc-
tions yield JMR values of up to -14% at 80 K. The
antiparallel LSMO-Fe3O4 magnetization configuration is
the low resistance state, which results in a negative mag-
netoresistance. This behavior can be explained in terms
of opposite signs of the LSMO and Fe3O4 electrode spin
polarizations; LSMO is positive and Fe3O4 is negative.17

Here we see that even in the presence of a magnetic
barrier layer this all-magnetic stack still exhibits very
distinct parallel and antiparallel resistance states due to
the magnetic decoupling at the LSMO-NFO perovskite-
spinel interface. Thus, while the epitaxial growth of

FIG. 9: (Color Online). Junction resistance and JMR as a
function of applied magnetic field.

LSMO and Fe3O4 in these heterostructures is impor-
tant for MTJ applications due to the desired coinci-
dent in-plane magnetic easy axes it brings, the non-
isostructural yet epitaxial perovskite/spinel interface al-
lows for distinct magnetic decoupling between adjacent
magnetic layers. Such behavior may likely be a general
phenomenon of perovskite/spinel interfaces, and proves
promising for the exploration of other decoupled mag-
netic barrier/electrode combinations for spintronic de-
vices.

B. Temperature Dependence

The temperature dependence of the JMR was inves-
tigated in these junctions to determine the effect of a
strongly magnetic barrier layer on the spin transport.
The temperature dependence of the JMR is shown in
Figure 10. We see that the JMR magnitude increases
with decreasing temperature between 200 K and 80 K.
A monotonic increase in JMR with decreasing tempera-
ture is common for oxide MTJ devices.18 However, below
80 K, the JMR magnitude begins to decrease with de-
creasing temperature. At these temperatures, the total
junction resistance increases markedly and the resistance
difference due to the parallel and antiparallel resistance
states progressively becomes a decreasing percentage of
the total resistance (Figure 10.)

This is expected from the temperature-dependence of
the resistivity of Fe3O4.19 As has been explained in simi-
lar Fe3O4-based junctions,4,20 we attribute this decrease
in JMR at low temperatures to a suppressed Verwey
metal-insulator transition of the Fe3O4 thin film elec-
trode, which is consistent with the temperature depen-
dence of the junction resistance. While bulk Fe3O4 un-
dergoes this transition at 120 K, it is common for epi-
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FIG. 10: (Color Online). Maximum JMR as a function of
temperature for LSMO/NFO/Fe3O4 junctions.

taxial Fe3O4 films to show a more suppressed Verwey
transition with less abrupt changes in resistivity. This
suppression has been attributed to defects in the films,
such as antiphase boundaries.21

The disappearance of the JMR by 200 K seen in our
NFO junctions is attributed in large part to the LSMO
electrode. It has been widely seen that junctions in-
corporating LSMO electrode materials exhibit a strong
temperature-dependent decrease in JMR values, which is
attributed to degradation of the LSMO spin polarization
at the electrode-barrier interface.5,17,20 Furthermore, the
Mn cation migration evidenced in the XAS and XMCD
results may deplete the LSMO of Mn near the interface,
which would in turn depress the interfacial spin polariza-
tion. Luders et al. found that the JMR values of their
LSMO/NFO spin filter junctions also vanished by 200 K,
again pointing to characteristics of the LSMO/NFO in-
terface as a limiting factor in attaining room temperature
magnetoresistance values.5 Such interfacial Mn cation
migration effects could also be the reason for the over-
all lower JMR values of the NFO junctions compared to
the paramagnetic NMO junctions previously studied.4 It
is consistent with Mn already present in the NMO bar-
rier layer, resulting in a smaller driving force for Mn of
the LSMO to migrate across the interface into the spinel-
structure barrier layer, resulting in larger LSMO interfa-
cial spin polarization values and higher JMR values for
a given temperature.

In addition to the degradation of the LSMO interfacial
spin polarization, another possible factor contributing to
the disappearance of JMR at 200 K is the barrier height.
Ramos et al. found that the lack of full oxygenation
of CoFe2O4 barrier layers leads to barrier lowering, thus
lowering the JMR values of such spin filter junctions.22
This is also supported by the linear current-voltage char-
acteristics seen in our NFO junctions beginning around
200 K, indicating loss of an effective potential barrier.
The NFO barrier layer was grown in oxygen-poor condi-
tions and exposed to vacuum at 400 oC in order to avoid
formation of Fe2O3 during the growth of the Fe3O4 top
electrode. This is a technical obstacle which may be over-
come by selection of the right barrier/electrode materials

FIG. 11: (Color Online). Bias dependence of magnetotrans-
port for LSMO/NFO/Fe3O4 junctions. Voltage dependence
of (a) JMR and (b) IETS are symmetric with respect to 0 V.

combination.

C. Bias Dependence

Finally, we investigate the bias dependence of the mag-
netotransport using a 4-point probe geometry. Conduc-
tance curves of the junctions were measured and fit to di-
rect tunneling at low biases and to hopping through two
or more states at higher bias. This behavior reflects the
importance of defect-mediated transport in these junc-
tions at higher bias.

The JMR displays a symmetric monotonic bias depen-
dence for all temperatures, characterized by a maximum
JMR at zero bias and a dramatic drop off of JMR with
increasing bias, as shown in Figure 11(a). Magnetic tun-
nel junctions commonly have asymmetric bias dependen-
cies based on the dissimilar electrode/barrier band offsets
and density of states. The symmetric bias dependence
seen in these junctions indicate that the barrier itself is
dominating the spin transport regardless of the direc-
tion bias is applied. Symmetric bias dependence of the
JMR has also been seen in junctions with BiMnO3

23 and
NiMn2O4

4 barrier layers when they exhibit long-range
magnetism. This symmetry is a signature that the bar-
rier layer and not the electrode/barrier interfaces domi-
nate the spin transport in these NFO devices.4,24

The bias symmetry of the JMR curves indicate that the
barrier layer is not just a passive layer through which elec-
trons directly tunnel. In order to investigate the role of
magnons from the magnetic barrier in our junctions, we
plot the second derivative of the current-voltage curves,
known as the inelastic tunneling spectra (IETS). The
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IETS illustrates the inelastic tunneling processes due to
phonons and magnons. In order to isolate the effects
of magnetism on the inelastic transport, IETS from the
two distinct magnetization configurations (IETSP and
IETSAP ) are subtracted from one another. The result-
ing IETS shows inelastic tunneling events related solely
to magnons as all other factors are held constant be-
tween both magnetization configurations.24 As shown in
Figure 11(b), the subtracted IETS shows symmetry of
the peaks at positive and negative voltage, and the peak
locations (+/-14 mV at 80 K) are well within the range of
12-100mV commonly associated with magnons.25,26 The
characteristic magnon-assisted transport across the het-
erostructures of 14mV corresponds to 180K, and may
explain why the IV curves become linear and JMR is
lost above 200K. The symmetric nature of the IETS in-
dicates that almost identical magnon-assisted tunneling
events dominate the conduction regardless of the direc-
tion of applied bias. This again points to the dominant
role of magnon-mediated transport through the magnetic
barrier layer. It is quite remarkable that despite such
hopping transport through the magnetic barrier, there
are very little spin flip scattering events that would de-
stroy the distinct P and AP states observed in the JMR.

VII. CONCLUSIONS

In conclusion, we have studied the magnetic coupling
behavior and spin transport of magnetic tunnel junc-
tion heterostructures with highly spin polarized elec-
trodes and room temperature ferrimagnetic NiFe2O4 bar-
rier layers. We see that introducing a room temper-
ature ferrimagnetic barrier layer into these novel all-
magnetic device heterostructures does not preclude the

abrupt switching of the electrodes between parallel and
antiparallel magnetization and high and low resistance
states. This is due to the robust magnetic decoupling
seen between the perovskite and spinel crystal structures
at the non-isostructural LSMO/NFO interface. However,
we note that there is limited cation migration at the per-
ovskite/spinel interface, which must be considered when
utilizing such interfaces in magnetic devices. The inter-
facial chemistry at transition metal spinel and perovskite
interfaces remains a vast field to be explored by XAS and
XMCD. The spin transport of these devices is dominated
by the barrier layer magnetism, which leads to a sym-
metric bias dependence of the JMR at all temperatures.
The decrease of JMR to zero by 200 K is attributed to
the degradation of the interfacial spin polarization of the
LSMO electrode, and barrier lowering of the NFO barrier
layer. The investigation of alternate electrode and barrier
layer materials will provide further understanding of this
new all-magnetic heterostructure for MTJ applications.
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