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Bulk NiFe2O4 is an insulating ferrimagnet. Here, we report on the epitaxial growth of spinel NiFe2O4

ultrathin films onto SrTiO3 single crystals. We will show that—under appropriate growth conditions—epitaxial
stabilization leads to the formation of a spinel phase with magnetic and electrical properties that radically differ
from those of the bulk material: an enhanced magnetic momentsMSd—about 250% larger—and a metallic
character. A systematic study of the thickness dependence ofMS allows us to conclude that its enhanced value
is due to an anomalous distribution of the Fe and Ni cations among theA andB sites of the spinel structure
resulting from the off-equilibrium growth conditions and to interface effects. The relevance of these findings
for spinel- and, more generally, oxide-based heterostructures is discussed. We will argue that this novel
material could be an alternative ferromagetic-metallic electrode in magnetic tunnel junctions.
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I. INTRODUCTION

Spinel ferrites1 have been studied in bulk form for many
years, to both understand their magnetic behavior and corre-
late it to their structural properties and to increase their per-
formance in high-frequency devices. Epitaxial films of spinel
ferrites have not drawn such a wide attention and have not
yet found their place in technological applications. Fe3O4
films have been the most studied since this material has a
high Curie temperature and is believed to be a half-metallic
ferromagnet.2,3 As such, it is of great interest in the field of
spintronics.4,5 Previous work on this material has allowed the
identification of some important differences between the
structure of the films and that of bulk samples, like the pres-
ence of antiphase boundaries6 sAPB’sd that alter the electri-
cal and magnetic properties of the films.7

More generally, the growth of spinel ferrite epitaxial thin
films has shown that many degrees of freedom exist to
achieve modified physical properties compared to the bulk
material.8,9 Recently, a theoretical study indeed predicted
new fascinating properties for NiFe2O4 and CoFe2O4, which
depend on the cationic distribution and on the electronic state
of the transition-metal ions of the spinel structure.10 In some
conditions, a half-metallic character is expected. This prop-
erty, combined with the high Curie temperature of these fer-
rites, would make them very useful as ferromagnetic elec-
trodes in magnetic tunnel junctions11 or in other spintronics
devices.

Motivated by these predictions, we have thus tried to en-
gineer the physical properties of NiFe2O4 sNFOd by growing
ultrathin films of this material onto SrTiO3 sSTOd which has
a perovskite structure. To study the growth of spinel films
onto perovskitessa group of oxides that has already shown
its potential for spintronics12–14d would pave the way towards
the realization of complex architectures integrating materials
from two of the richest oxide families. Literature is sparse on
this topic5,15,16 and much remains to be learned concerning
growth problems and interface properties.

In its bulk form, NFO has an inverse spinel structure and
shows ferrimagnetic order below 850 K. Its magnetic struc-
ture consists of two antiferromagnetically coupled sublat-
tices. A first sublattice is formed by ferromagnetically or-
dered Fe3+ f3d5, magnetic momentsMd :5mBg ions occupying
the tetragonalA sites of the spinelAB2O4 structure, while the
second sublattice contains ferromagnetically ordered Ni2+

s3d8, M =2mBd and Fe3+ s3d5, M =5mBd ions occupying the
octahedralB sites. This type of ordering results in a satura-
tion magnetization of 2mB/ f.u. sf.u.: formula unitd or
300 emu cm−3. Bulk NFO is an insulator17 and recent elec-
tronic structure calculations have estimated gap values of
1.1 eV and 2.2 eV for spin-down and spin-up electrons,
respectively.10

In this article, we explore a range of deposition tempera-
ture in which NFO films can be grown epitaxially on STO.
Interestingly enough, we have found that nanometric films
grown under reducing conditions display magnetic and trans-
port properties—namely, an enhanced magnetic moment and
a metallic behavior—that differ drastically from the corre-
sponding properties of bulk NFO. The magnetic moment is
found to increaseupon decreasing film thicknessstd. This
behavior is also in strong contrast with what is usually ob-
served in magnetic oxides. In manganites18–20 or
magnetite,21–23 the magnetization decays when the films
thickness is on the order of a few unit cells. We discuss the
possible mechanisms that may induce such an increase of the
magnetization beyond bulk value and conclude that cation
inversion is the one at play here. In agreement with some
recent work,24 our findings illustrate that interface effects in
ultrathin Fe oxide layers may lead to some unprecedented
magnetic properties. Indeed the magnetic moment observed
in our NFO films is larger than that observed in any other Fe
oxide and overcomes that reported for buried Fe-oxide
layers.24 In addition, we present ultraviolet photoemission
spectroscopy data that evidence the presence of a finite den-
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sity of states at the Fermi levelsEFd in a NFO thin layer,
indicating a metallic character. We discuss the possible rea-
sons for the stabilization of this new phase of NiFe2O4 and
give some perspectives on the possible use of this material in
spintronics experiments.

II. EXPERIMENTAL DETAILS

A. Film preparation

The NFO films were grown by off-axis target-facing-
target rf sputtering in a commercial Plassys UHV chamber.23

s001d-oriented STO single crystals were used as substrates
and heated to 800 °C before film growth. STO has a cubic
unit cell with a cell parametera=3.905 Å. Since the cubic
unit cell of NFO has a parameter of 8.34 Å, the structural
mismatch between the unit cell of NFO and a double unit
cell of STO is −6.4% and tends to induce a compressive
strain of the film. The two NFO stoichiometric targets were
pressed pellets prepared by standard solid-state chemistry.
The films were grown at temperatures ranging from
450 to 550 °C in a pure Ar atmosphere at a pressure of
0.01 mbar and with an rf power of 50 W. We have also set
the deposition temperature to 550 °C and varied the deposi-
tion time to prepare films with nominal thickness 3, 6, and
12 nm. The growth rate was estimated from x-ray reflecto-
metry experiments to be 0.2 nm min−1. This value was con-
firmed by high-resolution transmission-electron-microscopy
sHRTEMd cross-section images.

In a further step towards integration of ferrimagnetic
spinels into novel functional spintronics devices, we have
also grown—at 500 °C—a nanometrics3-nmd NFO film
onto a LSMO/STO bilayersLSMO: La2/3Sr1/3MnO3d depos-
ited ex situon a STO substrate.25 We refer to this sample as
a LSMO/STO/NFO trilayer further on.

B. Structural and magnetic properties determination

X-ray diffraction experiments were carried out on a Phil-
ips MRD system. The thickness of the films was checked by
x-ray reflectometry. Reflection high-energy electron diffrac-
tion sRHEEDd was operated on the substrates after the high-
temperature annealing before film growth and at the end of
deposition along several azimuths at an energy of 20 keV.
Atomic force microscopesAFMd images were performed
with a Digital Instruments system. The magnetic properties
were determined using a Quantum Design superconducting
quantum interferometer devicesSQUIDd.

C. X-ray and ultraviolet photoemission spectroscopy

X-ray photoemission spectroscopysXPSd and ultraviolet
photoemission spectroscopysUPSd analysis have been per-
formed ex situ in a ultrahigh-vacuumsUHVd apparatus for
electron spectroscopies.26 The sample was the LSMO/STO/
NFO trilayer. In order to reduce the surface contamination,
after the introduction in the UHV system, the sample was
annealed at 500 °C for 5 min in the presence of research-
graded oxygensP=10−7 torrd. Note that this temperature co-
incides with the growth temperature, so that minor changes

of the sample properties are expected. After this treatment
only some traces of spurious carbon were detected by XPS
on the surface. XPS and UPS experiments have been per-
formed employing a 150-mm hemispherical analyzersVSW
HA-150d in conjunction with a Mg-Ka x-ray source and a
helium I s21.2 eVd discharge lamp, respectively. A Ta foil in
electrical contact with the sample has been used for calibra-
tion of the Fermi energy.

III. STRUCTURAL PROPERTIES

A. RHEED

RHEED patterns for 12-nm films grown at 450, 500, and
550 °C are shown in Fig. 1, together with those of a STO
substrate prior to deposition, for two azimuths corresponding
to the f100g and f110g directions of STO. For the substrate,
the observation of well-defined lattice rods and of Kikuchi
lines reflects a good surface reconstruction after the anneal-
ing process. At 450 °C, the RHEED patterns show lattice
rods along thef110g direction of STO, thus demonstrating

FIG. 1. RHEED patterns collected on the STO substrate and on
the NFO films at the end of the growth for three different growth
temperatures and along two azimuths corresponding to thef100g
direction sleft columnd and f110g direction sright columnd of STO.
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the epitaxial quality of the film. Along thef100g direction,
they are more spotty, but the growth can be considered as
almost bidimensional. The pattern is typical of a spinel ma-
terial ssee, for instance, Ref. 27d, which we take as a first
indication of the formation of the NFO phase.

When Tdep increases, the RHEED patterns start to show
periodically organized spots, evidencing an epitaxial three-
dimensional growth. The comparison of the RHEED patterns
of the films with those of STO as well as the observation of
a 90° azimuthal period for the film RHEED patterns suggests
that the films grow cube on cube on the substrate. The spac-
ing between the rods observed in the patterns for thef100g
direction decreases when increasingTdep, which reflects an
increase of the in-plane cell parametersad for films grown
at higher temperatures.

Similar RHEED patterns were collected for the 3- and
6 nm-thick films which grew epitaxially in the same three-
dimensional mode as the 12 nmsdeposited at 550 °Cd pre-
viously discussed.

For the growth of the LSMO/STO/NFO trilayer, RHEED
images were also collected. The images of the LSMO/STO
template were similar to those of the STO substrates. Those
of the NFO layer grown onto the LSMO/STO template were
also identical to those of the NFO single film grown at the
same temperature.28

B. X-ray diffraction

In Fig. 2 we show x-ray diffractionu-2u scans of these
three films. Apart from the peaks associated with thes00ld
reflections of the STO substrates, two peaks can be detected
at about 43.6° and 95.6°, which can be ascribed to thes004d
and s008d reflections of NFO, respectively. The absence of
other reflections confirms that the films grow textured along
the s001d direction. f scans of thes202d reflection of the
STO substrate and of thes404d reflection of the films are
shown in Fig. 3. They evidence that the films have the same
in-plane texture as the substrate. From theu-2u scans and the
f scans, we conclude that the NFO films are epitaxial and
grow cube on cube on STO.

The full width at half maximumsFWHMd of the rocking
curves of thes004d reflection sDvs004dd takes values in the

1.5°–2° range and slightly decrease whenTdep increases. The
out-of-plane parameterscd always takes values between
8.315 and 8.325 Å—i.e., slightly below that of the bulk. It
may reflect a smaller unit cell volume for NFO in the films,
as compared to that of bulk NFO. A contraction of the unit
cell has already been observed in NFO films grown on STO
by Venzkeet al.15 We have tried to calculate the in-plane
parametersad of the NFO films from the diffraction positions
of several asymmetric reflections. For all films,a is in the
8.3–8.4 Å range, but it resulted in being impossible to obtain
more accurate values. Therefore, the precise strain state of
the films cannot be determined. Yet sincea is not smaller
than 8.3 Å, the films can be considered as virtually relaxed.

X-ray diffraction was also performed on the 3- and 6-
nm films. Two small peaks could be detected and attributed
to the s004d and s008d reflections of the NFO phase in the
6-nm film, like in the 12-nm films, yielding an out-of-plane
paramaterc=8.316 Å. These peaks could not be detected in
the 3-nm film, likely due to the too small amount of material.
However, from RHEEDssee Sec. III Ad, HRTEM ssee Sec.
III D d, and XPSssee Sec. III Ed we are confident that the
3-nm NFO film has a comparable structure.

C. Surface morphology

We have checked the surface morphology of the films by
AFM, and the corresponding images are shown in Fig. 4.
Their surface is smooth with a maximum root-mean-square
srmsd roughness of 0.6 nm measured for the film grown at
550 °C. The film grown at 450 °C is remarkably flatsrms
roughness: 0.2 nmd. Grainlike features are visible, with lat-
eral dimensions in the range of 20 nm. This morphology is in
agreement with the growth modes inferred from the RHEED
patterns.

D. Transmission electron microscopy and electron
energy loss spectroscopy

An extensive electron-energy-loss spectroscopysEELSd
analysis was performed on a HRTEM cross section of the
LSMO/STO/NFO trilayer. These results will be published

FIG. 2. u-2u scans of three 12-nm-thick NFO films grown at
different temperatures:spd ands1d signal reflections due to CuKb
and to the plastiline holding the sample, respectively.

FIG. 3. sad f scans of thes404d reflection for three 12-nm-thick
NFO films grown at different temperatures.sbd f scans of thes202d
reflection for the STO substrate.
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separately.28 This study revealed no interdiffusion between
the different layers and especially between STO and NFO. In
this sense, the interface between STO and NFO is abrupt and
the presence of any interfacial compound can be ruled out.

E. XPS

In order to evaluate the ratio between the Ni and Fe con-
tent in the film an XPS analysis has been carried out at 10 eV
of pass energy in the region of Ni 3p and Fe 3p on the
LSMO/STO/NFO trilayerssee Fig. 5d. The Mn 3p peak, aris-
ing from the LSMO underlying film, is also visible, so that
an accurate estimate of the peak area can be obtained only by
means of an appropriate deconvolution, shown in the figure
with a solid line. For each peak we used Voigt functions with
a Gaussian component taking into account the experimental
resolutionsFWHM of the source: 0.85 eVd. For Ni 3p a dou-
blet with the proper branching ratios1.95d and spin-orbit
separations1.85 eVd has been employed, while for Fe 3p and

Mn 3p a single peak was used, due the smaller value of the
spin-orbit interaction for these levels.29 From this analysis
we obtain a ratio of 0.50±0.05 between the Ni 3p and Fe 3p
areas normalized to the photoemission cross sections. As the
kinetic energy of photoelectrons corresponding to Ni 3p and
Fe 3p peaks is essentially the sames1182.9 eV and
1193.5 eVd the influence of the electron escape depth and
analyzer transmission on the peak intensity is also the same,
so that the ratio of the areas normalized to the cross sections
directly reflects the ratio between the Ni and Fe concentra-
tions. We can then conclude that the experimental ratio be-
tween the Ni and Fe content in the investigated NFO film is
in good agreement with the expected stoichiometry:
NiFe2O4.

IV. MAGNETIC PROPERTIES

A. Influence of the growth temperature

The magnetization of the films was measured at 10 K
after zero-field cooling, with the magnetic field applied in the
plane, along thef100g direction. In addition to the ferromag-
netic signal of the NFO film, a large negative slope was
always observed at high field and ascribed to the diamagne-
tism of the STO substrate. However, we cannot exclude that
this high-field part also contains some contribution from the
film, due, for instance, to spin disordersgiving rise to a posi-
tive dM /dH sloped. If present, this contribution could not be
discriminated from that arising from the substrate. To re-
trieve the ferromagnetic signal coming from the film, we
have fitted the linear field dependence of the magnetization
in the 30–50-kOe range and subtracted this contribution
from the experimental data. This contribution was almost the
same for all the films we have measured and roughly equal to
that given by a virgin STO substrate.

The corrected hysteresis cycles for the three films grown
at 450, 500, and 550 °C are presented in Fig. 6. The film
grown at 450 °C shows a saturation magnetizationMS of
about 250 emu cm−3, slightly smaller than that of the bulk
s300 emu cm−3d. The two other films haveMS values in the

FIG. 4. AFM imagess200 nm3200 nmd of 12-nm films grown
at three different temperatures.

FIG. 5. XPS spectrum of a 3-nm-thick NFO sample grown onto
a LSMO/STOs001d bilayer in the region of Ni 3p and Fe 3p. The
Mn 3p peak arises from the LSMO underlayer.

FIG. 6. Hysteresis cycles measured at 10 K and corrected from
the high-field contribution of the substrate for three 12-nm films
grown at different temperatures.
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600–emu cm−3 range, far above the bulk moment. This isa
priori surprising since no parasite ferromagnetic phases
could be detected by the different characterization techniques
employed. However, the observation of an excessively high
magnetic moment has already been reported in homoepi-
taxial NFO films.15

B. Thickness dependence

In order to get information on the interface properties of
the high-magnetization NFO films grown on STO, we have
measured the magnetization of the 3-, 6-, and 12-nm films
grown at 550 °C. Hysteresis cycles measured at 10 K after
zero-field cooling are shown in Fig. 7safter correctiond. All
the films show a saturation magnetization larger than that of
bulk NFO, and this effect is especially pronounced for the
3-nm film, which has a moment of about 1050 emu cm−3.
This latter value has be confirmed within an error of 15% for
several identical films. The results are summarized in the
inset of Fig. 7 in which we plot the saturation magnetization
versus the inverse of the film thickness. A roughly linear
dependence is obtained, suggesting that the increase ofM is
promoted at the NFO/STO interface.

V. VALENCE-BAND SPECTROSCOPY

In order to explore the electronic structure of these nano-
metric NFO films grown in Ar atmosphere, a UPS analysis of
the valence band has been carried out on the same trilayer
employed for EELS and XPS. The corresponding UPS spec-
trum is shown in Fig. 8 together with a reference spectrum
from a Ta foil in electrical contact with NFO. No surface
long-range order was detected on this samplesvia low-
energy electron diffraction analysisd, so that the UPS spectra
essentially reflect the sample density of states, instead of
vertical transitions between states of the full band structure.
As the onset of the UPS spectrum from NFO is placed ex-
actly at the Fermi level, as determined from the edge of the
Ta spectrum, the sample behaves as a conductor. Within the
finite resolution of our setups,100 meVd, in fact, a small

but finite density of states is present at the Fermi level, thus
ensuring electrical conduction.

VI. DISCUSSION

As previously mentioned, a magnetic moment 25%
greater than that of the bulk has already been reported for
NFO films by Venzkeet al.15 However, the effect that we
describe here is much more spectacular since is corresponds
to an enhancement of up to 250% and is clearly promoted by
the reduction of thickness. Several explanations can be in-
voked to account for our observation.

First, this large magnetic moment could be due to the
presence of parasite phases. Possible candidates include Fe
or Ni oxides and metallic alloys of Ni and Fe. However, no
Fe or Ni oxide has a magnetic moment as large as the one we
measure for the thinner NFO film. Furthermore, x-ray dif-
fraction, RHEED, HRTEM, and EELS clearly do not support
the presence of parasite phases and in fact provide evidence
that the largest fraction of the sample volume, if not all,
corresponds to a spinel phase.

Second, one must consider Fe vacancies onA sites as a
factor resulting in an enhanced magnetic moment. Neverthe-
less, this option can be ruled out as the Ni/Fe ratio we mea-
sure by XPS is 0.50±0.05; that is, the amount of Fe vacan-
cies, if nonzero, is very small.

A third possibility could be the presence of oxygen vacan-
cies in our films. In that case, the valence of some Fe ions
would likely be 2+ instead of 3+sNi+ is extremely improb-
abled. In the picture of a bulklike cationic distribution on the
A and B sites and assuming that all the Fe ions lying atA
sites are 2+, with a moment of 4mB, the total magnetic mo-
ment rises to 3mB/ f.u.—i.e., 450 emu cm−3. This is clearly
not enough to explain our data.

A fourth possibility, already invoked by Venzkeet al.,15 is
a change in the cation distribution. Indeed, if all the Ni2+

replace the Fe3+ at A sites and vice versa, ending at anA
sublattice fully filled with Ni2+ and aB sublattice fully con-
sisting of Fe3+ snormal spinel structured, the total magnetic
moment can increase up to 8mB/ f.u. s1200 emu cm−3d. This
scenario can explain our data and especially the very large

FIG. 7. Hysteresis cycles measured at 10 K and corrected from
the high-field contribution of the substrate for three films with dif-
ferent thickness grown at 550 °C. Inset: variation of the saturation
magnetization with the inverse of the film thickness. The dotted line
is a linear fit.

FIG. 8. UPS spectra from the NFO sample already used for XPS
investigation and from a Ta foil in electrical contact with the
sample.
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magnetic moment of 1050 emu cm−3 measured for the 3-
nm film. This value would correspond to 83% of inversion.
Such a high degree of inversion could indicate that close to
interface, the normal form is stabilized over few nm. We
cannot exclude, however, that deeper into the film the inverse
structure of the bulk NiFe2O4 is already formed. This could
be an appealing possibility, although the driving force for
such stabilization cannot be related to strain effects as all
films sthicker that 3 nmd appear to be relaxed.

As observed by UPS, the films have a metallic character.
We might expect that conduction occurs between mixed-
valent Fe ions located in theB sublattice, as happens in mag-
netite. In this scenario, some of the Fe ions must be 2+,
which can be expected as the films are grown in pure Ar
atmosphere. The presence of some Fe2+ ions in theB sublat-
tice would induce some decrease of the magnetic moment
from the value of 8mB/ f.u. expected for stoichiometric nor-
mal NFO.

In the following, we discuss the possible origin of the
anomalous cationic distribution in our films. In spinel fer-
rites, the distribution of the ions on theA and B sites is
determined by the total energy of the crystal, which depends
on a number of factors like the ion size, the Coulomb energy
of the ions in the lattice, etc. The difference in energyD
between the normal and inverse spinel structure30 ranges
from some hundreds of meV to more than 1 eV. In the case
of a smallD, a mixed inverse-normal structure can occur.

In NiFe2O4, the inverse spinel structure is more stable
than the normal structure byD=1.6 eV.30 Therefore, devia-
tions from the bulklike cation distribution are less likely to
occur than in other ferrites.31 However, substantial levelssup
to ,10%d of cation inversion have been reported in NFO-
quenched crystals.32 This shows that in off-equilibrium con-
ditions, cations can be stabilized in energetically unfavorable
sites, ending at a mixed normal-inverse spinel structure. Our
films have been grown by rf sputtering and the ions in an rf
plasma are usually highly energetic, as compared to what
happens in the case of molecular beam epitaxy, for instance.
Thus, it is very likely that the material deposited onto the
substrate is formed in conditions far from the thermody-
namic equilibrium. As a result, one might expect Fe and Ni
ions to be randomly distributed among theA and B sites.
This would yield a magnetic moment of 4mB/ f.u. or
600 emu cm−3, which is very close to the value obtained for
the 12-nm films grown at 500 and 550 °C.

Besides, several studies on nanoparticles33–35 have dem-
onstrated that cationic inversion is promoted at surfaces. This
might indicate that the value ofD strongly decreases at a
surface and may even change sign. In our films, the magnetic
moment increases as thickness decreases, indicating some
interface effect. We therefore argue that the similar effect
observed at nanoparticles surfaces is occurring at the NFO/
STO interface, resulting in a large cationic disorder and an
enhanced magnetic moment.

Finally we would like to draw attention to the fact that
understanding of the magnetism of the metallic and ferro-
magnetic nanometric NFO films we have been able to stabi-
lize will require a radically different approach than usually
used to describe ferromagnetism in spinels. Notice that in
bulk NFO the insulating character make the superexchange

interaction model appropriate to describe ferrimagnetic or-
dering. However, in the present case of metallic NFO, differ-
ent approaches, such as itinerant Ruderman-Kittel-Kasuya-
Yosida sRKKY d exchange or even double-exchange
ferromagnetic coupling mechanisms, should be invoked to
describe the nature of ferromagnetic ordering.

VII. CONCLUSION

In summary, we have grown NiFe2O4 epitaxial thin films
on s001d-oriented STO substrates in pure argon atmosphere,
with thicknesses ranging from 3 to 12 nm. The films grow
cube on cube with no evidence for parasite phases or inter-
diffusion and a relatively smooth surface statesroughness
,0.5 nmd. Surprisingly, their magnetic moment is larger
than that of the bulk compound and increases up to
1050 emu cm−3 si.e., almost 4 times the bulk valued as the
thickness decreases. As we rule out the presence of parasite
phases and since the Ni/Fe ratio as measured by XPS is
0.50±0.05, this enhanced magnetic moment can only be ex-
plained by a cation distribution different from that of the
bulk, the thinnest films3 nmd having 83% degree of cation
inversion. We argue that this anomalous distribution arises
from the growth process and from interface effects, in a simi-
lar way as what occurs at the surface of NFO nanoparticles.
In analogy to recent results on nanometric buried Fe oxide
layers,24 our findings thus show that unexpectedly large mag-
netic moments can be obtained through interface effects in
Fe oxides.

In addition, we show by UPS that the NFO films have a
finite density of states at the Fermi level, which indicates a
conductive behavior, in contrast with the insulating proper-
ties of bulk NFO. We have thus managed to prepare a new
phase of NiFe2O4, which is not stable in bulk form, by means
of epitaxial growth on a mismatched substrate, in a pure
argon atmosphere. The microscopic description of ferromag-
netic coupling in these new oxides is still open, but the role
of itinerant carriers associated with the observed metallic be-
havior cannot be neglected. Indeed, a carrier-mediated ferro-
magnetic coupling could be active. The possibility of a high
spin polarization in this new metallic ferromagnet is also
exciting and would deserve further experiments. This mate-
rial could thus be useful, for instance, as a ferromagnetic
electrode in magnetic tunnel junctions. More generally, our
study provides a way to design new magnetic materials
which might be of great interest for spintronics and other
fields. Spinel ferrites epitaxial thin films may appear as a
new playground for materials scientists.
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