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The crystalline structure, chemical composition, and bonding states across epitaxial Fe/MgO/Fe�001� mag-
netic tunnel junctions grown by molecular-beam epitaxy have been investigated down to the atomic scale by
spatially resolved electron energy-loss spectroscopy. Both metal-insulator interfaces exhibit significant rough-
ness, which can be attributed to Fe and MgO terraces overlapping one another. These terraces extend over
typical widths of 6–10 nm parallel to the interface and over typical heights below 1 nm, and a structural
asymmetry of the roughness is revealed. These features could be responsible for the nonsymmetrical transport
properties measured when reversing the applied voltage.
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I. INTRODUCTION

Magnetic tunnel junctions �MTJs� have been widely stud-
ied over the past few years due to their great potential appli-
cation in spintronic devices such as sensors or nonvolatile
magnetic random access memories.1,2 In these junctions,
electrons travel by tunneling between two ferromagnetic lay-
ers separated by a thin insulating barrier and the tunnel re-
sistance depends on the relative orientation of the magneti-
zation of both electrodes. Most of the experimental and
theoretical studies on MTJs have shown that the tunnel
magnetoresistance �TMR� strongly depends on the atomic
structure of the barrier and of the magnetic electrodes.
This can clearly be seen from the comparison between poly-
crystalline and single-crystal MTJs: the tunnel magnetoresis-
tance of the junctions which use a polycrystalline or an
amorphous barrier3–6 is indeed lowered by the low barrier
height, the interface roughness, the difficulty to control the
degree of oxidation throughout the amorphous insulating
layer,7 the magnetism of the polycrystalline ferromagnetic
electrodes, and the complexity of the transport mechanisms
across the disordered insulator. The situation is different for
single-crystal oxide barriers grown in epitaxial orientation
with respect to the magnetic films, for which recent calcula-
tions have predicted high TMR values. A TMR ratio of
1000% has for instance been predicted for an epitaxial
Fe/MgO/Fe�001�.8,9 This high theoretical TMR has moti-
vated experimental efforts for building single-crystal MTJs
of very good structural quality. TMR ratios of 180%, 340%,
and 420% have, respectively, been reported for single-crystal
Fe/MgO/Fe�001� junctions at room temperature10,11 and at
5 K,12 and for Co/MgO/Co single-crystal MTJs at room
temperature.13 Large TMR values ranging between 220%
�Ref. 14� and 500% �Ref. 15� have also been observed for
CoFeB/MgO/CoFeB MTJs grown by sputtering and crystal-
lized by annealing after growth. These exceptional transport
properties are due to coherent tunneling mechanisms in
which quantum correlation is preserved between the two
sides of the barrier. Coherent tunneling only exists in high

quality epitaxial junctions and explains phenomena such as
oscillations of the TMR as a function of the insulating barrier
thickness,10 quantum well effects in Fe/Cr/Fe/MgO/Fe
MTJs,16 or reduction of the magnetotransport due to
minority-spin interfacial resonant states.17–19

The magnetotransport properties of a MTJ depend not
only on the crystal structure of the barrier and magnetic elec-
trodes, but also on the quality of the two interfaces of the
junction. Calculations have for instance predicted that an in-
terfacial iron oxide layer modifies the transport properties of
Fe/MgO/Fe MTJs.20 Usually, the conductance and the TMR
measured in experiments are not even functions of the bias
voltage.10,18 The fact that the conductance differs when elec-
trons are injected from one side or from the other side of the
junction means that the atomic structure is different for the
two interfaces. Previous studies have investigated the struc-
tural and chemical qualities of these interfaces.

The bottom interface, which results from the two-
dimensional growth of MgO on Fe�001�, is nearly
perfect.11,21–23 No Fe-O hybridization has been detected for
one Fe flat atomic plane in contact with a very thin
MgO�001� barrier by x-ray photoemission spectroscopy
�XPS� or x-ray absorption experiments �XAS�.21,22,24 It has
nevertheless been proposed to explain measurements by sur-
face diffraction experiments performed on the Fe/MgO
interface.25 However, this is an indirect determination com-
pared to photoemission or absorption measurements.

The second top interface, which results from the three-
dimensional growth of Fe on the MgO barrier, is less flat: the
critical thickness for plastic relaxation of MgO on Fe�001� is
indeed rather small �between 4 and 5 atomic planes� �Ref.
23� and we used junctions with a MgO thickness of 2.5–3
nm in order to obtain a good spin filtering effect.9 This
means that the MgO barriers are relaxed in our samples and
that the top MgO barrier surface is rougher than the first
Fe/MgO interface. Such an increased roughness could lead to
an enhanced Fe-O hybridization for Fe atoms located on
steps or on threading dislocations. This assumption is sup-
ported by a previous study which concluded in a weak hy-
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bridization for the top interface.24 However, a rapid calcula-
tion using Fe and MgO surface energies and assuming a
reasonable island density around 1011–12 cm−2 allows us to
calculate that, in their experiments, only 10%–20% of the
XPS signal comes from the interface of the top Fe islands
with the MgO. The rest of signals are coming from the
“bulk” Fe atoms belonging to the Fe islands on top of the
interface. Therefore, due to this three-dimensional �3D� Fe
growth on the MgO, the Fe-O hybridization at this second
interface is difficult to detect and correctly interpret from
XPS experiments.

The experimental techniques which have been used up to
now to study the structure of the bottom and top interfaces
have mainly given information averaged over large interface
areas. Advanced techniques for atomic scale study of the
structural, chemical, and electronic structures are therefore
necessary for a refined analysis of the two interfaces of a
MTJ. In this paper, we present a transmission electron mi-
croscopy �TEM� investigation of the Fe/MgO and MgO/Fe
interfaces in epitaxial Fe/MgO/Fe magnetic tunnel junctions
prepared by molecular-beam epitaxy �MBE�. The local
chemical composition and electronic structure have been in-
vestigated by electron energy-loss spectroscopy �EELS�, a
technique which has already been demonstrated to be effi-
cient for local investigations of thin oxide films,26–28 with a
spatial resolution which can be as small as 0.1 nm. The re-
corded maps and profiles emphasize the presence of MgO
and Fe terraces, with typical width and height being respon-
sible for the observed roughness of the interfaces. Further-
more, fine structures of the oxygen K-edge spectrum have
also been used to identify a local Fe-O hybridization. The
differences between the atomic and electronic structures
which have been measured at the two interfaces can be used
to understand the asymmetry of the magnetotransport prop-
erties of the junction as a function of the direction of the
applied voltages. Our paper is organized as follows. Section
II describes sample preparation from the growth of the junc-
tions to the thinning of transverse sections for TEM studies.
Experimental results are reported in Sec. III, followed by a
short description of the highlights of the present contribution
within the general issue of understanding and controlling
MTJ properties.

II. SAMPLE PREPARATION

The Fe/MgO/Fe stacks were grown in a MBE system on
MgO�100� substrates. The growth conditions of single crys-
talline Fe films on MgO, and MgO barriers on Fe, have al-
ready been reported29,30 and we only repeat here the most
important of these conditions. The MgO substrates are bot-
tom out-gassed in situ at 1200 K to eliminate the carbon
contamination. A 10 nm thick MgO layer is subsequently
epitaxially grown on the MgO substrate in order to trap re-
sidual carbon impurities.11 The Fe first MTJ electrode is
grown at room temperature in a vacuum which does not
exceed 5.10−11 Torr. An annealing at 750 K leads to flat Fe
surfaces free of oxygen and carbon, as checked by Auger-
electron spectroscopy �AES� and XPS. The roughness and
the terrace size of this first Fe layer have been investigated

using scanning tunneling microscopy �STM�. The growth of
the different layers has been controlled in situ by reflection
high energy electron diffraction �RHEED�. No interdiffusion
between Fe and MgO was observed at room temperature, as
checked by AES and XPS techniques, which also shows that
the mixing between Fe and MgO only takes place at tem-
peratures higher than 900 K, far above the temperatures
which have been used during growth or surface smoothing in
our standard samples.

In order to study and understand the structure of the two
interfaces, TEM observations and EELS measurements were
performed on three specific samples grown with the follow-
ing stacking sequences:

Sample 1: MgO substrate//MgO 10 nm/Fe 42 nm/MgO 20
nm.

Sample 2: MgO substrate//MgO 10 nm/Fe 38 nm/MgO 10
nm/Fe 38 nm/MgO.

Sample 3: MgO substrate//MgO 10 nm/Fe 8 nm/MgO 1.5
nm/Fe 30 nm/Co 15 nm/MgO.

In all samples, the 10 nm width MgO underlayer grown
on the substrate plays only the role of a residual carbon trap-
ping layer. In the following, all comments about the MgO
will only concern the insulating barrier of the MTJ deposited
on top of the first Fe electrode. Sample 1, which only con-
tains the first Fe electrode covered by a thick MgO barrier,
has been grown to analyze the bottom Fe/MgO interface.
The top MgO/Fe interface is investigated with sample 2,
which contains a thick MgO barrier �10 nm� in order to ef-
ficiently separate the information coming from each inter-
face. The barrier thickness in MTJs being much thinner than
10 nm, we have also grown sample 3 with a 1.5 nm width
barrier. This value is close to the nominal thickness used in
standard MTJs.

The cross-sectional specimens for TEM studies were cut
along MgO�100� planes. They were glued face to face and
thinned using tripod polishing31 and ion milling at low angle
and low voltage32 to the electron transparency. The structures
of the different layers and interfaces were investigated by
TEM in high-resolution mode �HRTEM� using a TEM- scan-
ning transmission electron microscope �STEM�, a Tecnai
F20 fitted with an objective lens corrected for spherical ab-
erration �CEOS�. Spatially resolved EELS experiments have
been carried out on the same cross sections using two differ-
ent microscopes. A dedicated STEM VG HB501UX operated
at 100 kV equipped with a Nion aberration corrector and a
Gatan Enfina EEL �probe size of 0.13 nm�, and the TEM-
STEM Tecnai microscope operated at 200 kV equipped with
a Tridiem EEL filter �the microscope was used in its STEM
mode with a probe size of 0.8 nm�. EELS line spectra have
been generally acquired over a 500 eV energy range includ-
ing the oxygen K edge at 532 eV and the iron L edge at 708
eV.

To avoid artifactual contributions from the TEM sample
preparation, from the irradiation of the sample under the
beam and from energy and spatial drifts, we have worked
under the following conditions: �i� Samples were cleaned by
plasma cleaner prior to any analysis, �ii� EELS experiments
were performed far from the edges of the sample to minimize
the contribution of any possible surface oxidation, �iii� a re-
cording time of 0.1 s per pixel for the O and Fe edges was
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used in the case of the smaller probe size �0.13 nm� to avoid
irradiation damages. STEM and HREM image intensities
have been recorded before and after the EELS measurements
to validate the data. �iv� Sample spatial drift was controlled
in situ during the STEM-EELS experiments using the DIGI-

TAL MICROGRAPH acquisition software. �v� We used short re-
cording times to minimize the energy drift, and we per-
formed several analyses to get statistically reliable results. It
should be noted that the treatment of the drift is a key ex-
perimental point because any drift during an experiment may
lead to misleading interpretations.

III. EXPERIMENTAL RESULTS

A. Scanning tunneling microscopy

Typical STM images of the first Fe electrode are shown in
Fig. 1. Depending on the annealing temperature, two kinds
of morphology are observed. For limited annealing below
700 K, regular steps are observed aligned along �110� bcc Fe
crystallographic directions. The terrace sizes are rather small,
around 10 nm, and the root-mean-square �RMS� roughness is
around 0.25 nm for a 200�200 nm2 area. For higher an-
nealing temperature, the terrace size is greatly increased to
about 100 nm, but the steps are no longer straight along the
�110� bcc directions. They are now curved and often link two
threading dislocations. The RMS roughness is decreased to
0.12 nm for an area of 200�200 nm2. Another important
point is that regularly distributed holes are observed on the
Fe surface. The higher the annealing temperature is, the
higher the number and the size of the holes are. These holes
are due to the dewetting of the Fe layer on MgO, since the
equilibrium situation when growing Fe on MgO is three-
dimensional �3D� islanding. The annealing temperature and
duration have consequently to be adjusted in order to obtain
wide terraces but with a limited number of holes. For this
purpose, the annealing process was fixed at 750 K for 15
min.

B. HRTEM experiments

The regularity of all the stacks and the continuity of the
MgO barrier have been investigated by TEM. HRTEM ob-
servations were carried out to identify the structure of the
MgO barrier and the quality of the metal-oxide interfaces.
Figure 2 shows the structure of the Fe/MgO/Fe MTJ with a

10 nm thick MgO insulating barrier �sample 2�. In the Fe
layers only the �110� Fe planes �d110=0.202 nm� are re-
solved. In the MgO barrier, both the �200� and �002� MgO
planes, with an interplanar spacing of 0.21 nm in the bulk,
are observed. The Fe/MgO/Fe stacking is epitaxial with the
orientation relationship: Fe�001��110� �MgO�001��100�. The
cubic structure of bcc Fe is rotated in the interface plane by
45° with respect to that of fcc MgO. Darker areas are visible
on the different samples on each side of the two Fe/MgO
interfaces. These darker areas correspond to the position of
the misfit dislocations. A set of diffuse and discontinuous
fringes parallel to the Fe/MgO interfaces is also observed on
each side of the MgO barrier. These contrasts are due to
translational moiré fringes induced by interference between
the �002�-type beams of Fe overlapping the �002�-type
beams of MgO. This overlapping comes from the interface
roughness which is responsible for a double diffraction phe-
nomenon along the beam path. Mean value of the experi-
mental distance between the moiré fringes is dM �0.48 nm
�0.02 nm, in good agreement with the theoretical value
given by the relation dM =d�Fe��002�d�MgO��002� / �d�Fe��002�
−d�MgO��002��=0.47 nm �calculated with d�Fe��002�
=0.14 nm and d�MgO��002�=0.2 nm�.

Additional phases cannot be detected at the Fe/MgO in-
terfaces. The contrast due to misfit dislocations and moiré
fringes prevents any conclusion on the formation of very thin
iron oxide layers. Moreover, the Fe-O distances which are
expected at the interface only differ by 0.015 nm between an
oxidized and a nonoxidized interface.25,33

C. EELS experiments

EELS line spectra, i.e., sequences of EELS spectra mea-
sured for successive positions of the subnanometer probe on
the specimen,34 can be recorded in different directions. The
Fe and MgO layers can be clearly identified by monitoring

FIG. 1. STM images of the bottom Fe electrode performed be-
fore growing the MgO barrier. The image on the left side corre-
sponds to an annealing temperature which does not exceed 700 K.
The image on the right side corresponds to an annealing performed
above 750 K.

Fe

MgO

Fe

Growth axis

(002)

(200)

(110)

FIG. 2. HREM image of the Fe/MgO/Fe epitaxial MTJ grown
on MgO with a 10 nm thick MgO barrier �sample 2�.
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the oxygen K edge �at 532 eV� and the iron L2,3 edge �at 710
eV� as functions of the probe position. These edges are fur-
ther used to measure the local oxygen and iron contents. Line
spectra recorded in directions parallel and perpendicular to
an interface provide quantitative data on the characteristic
width and height of the roughness, averaged over the thick-
ness of the sample. Changes in the energy-loss near-edge
structures allow the identification of the extent of Fe-O
bonds formed at the interfaces.

The first series of EELS experiments has been performed
on sample 1 to analyze the bottom Fe/MgO interface �Figs. 3
and 4�. A very small probe size �0.13 nm� and a pixel step of
0.3 nm have been used to record the oxygen K, iron L edge,
and magnesium K profiles along the Fe/MgO interface. The
corresponding composition variations are shown in Figs. 3
and 4, in which the z direction corresponds to the growth
axis and the x direction is parallel to the interface. Spectra
have been recorded along ten lines parallel to the interface,
and principal component analysis �PCA� has been applied to
reduce the noise.35 Figure 3 displays the two-dimensional
�2D� elemental cartography. The Mg and O chemical maps
are nicely correlated, while the O and Fe chemical maps are
evidently anticorrelated. The variations of the Fe, O, and Mg
composition are due to the presence of steps, which are
clearly visualized in the elemental maps. The specimen
thickness was about 40 nm and from the STM image of Fig.
1 it can be seen that we expect either zero or one atomic step
within the specimen thickness from the as-deposited rough-
ness level. To measure the extent of the roughness after
deposition of the MgO layer in the growth direction and
perpendicularly, the 3D chemical composition has plotted in
Fig. 4. The vertical arrow shows a small area at the interface
which corresponds to a minimum of the Fe concentration and
to a maximum of the oxygen concentration. This area con-
tains two Fe steps separated by a MgO terrace extended over

�7 nm, the same size as a typical hole seen in the STM
image. The spatial variations of the Fe and O concentrations
are complementary. The interpenetration of the Fe and MgO
phases is a consequence of the interface roughness. These
results show that the RMS roughness measured by STM on
the free Fe surface is preserved after the growth of the MgO
layer.

The second series of EELS experiments has been per-
formed with the FEI Tecnai F20 electron microscope using a
probe size of 0.8 nm and a pixel step of 0.5 nm. The analysis
has been performed along the growth axis of sample 2 and
the two Fe/MgO and MgO/Fe interfaces have been investi-
gated. Figure 5�a� displays the bright field STEM image of
the sample, on which the oxygen and iron composition pro-
files have been superimposed. The spatial variations of the O
and Fe contents look similar at the Fe/MgO and MgO/Fe
interfaces. In Fig. 5�b� the concentration profiles at the two
interfaces have been superimposed �mirrored with respect to
the x-y plane for the bottom interface�. In the range of

Spectrum image

MgO

Fe

Fe

0

Mg

2 nm

Z

X

FIG. 3. �a� Annular dark field image �ADF� of the bottom Fe/
MgO interface in sample 1 using the lowest probe size available
�0.13 nm� and corresponding O, Fe, and Mg chemical maps. The
spectrum image has been treated by principal component analysis
�Refs. 35�.

Spectrum image
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X

FeFe

MgOMgO

5 nm

Slice 10

Slice 1

a

b

O %

Fe %
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X

Z

X

Z

7 nm

FIG. 4. �a� ADF of the bottom Fe/MgO interface in sample 1
using the lowest probe size available �0.13 nm�. �b� O and Fe con-
centrations along the x and z axes measured from the spectrum
image which contains ten slices �see window in Fig. 4�a��. Vertical
arrows show an area with a maximum of O concentration and a
minimum of Fe concentration. The spectrum image has been treated
by principal component analysis �Ref. 35�.
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20–80 at % the slope of the chemical concentration behaves
similarly for the two interfaces. However when we look at
the 0%–100% width of the signals we find that the upper
interface appears to 0.8 nm broader, as shown in Fig. 5�b�.
This suggests that there may be some additional roughness or
interdiffusion at the upper interface. We will see below that
the fine-structure analysis confirms this hypothesis. The dif-
ference between the extent of the bottom interface measured
in Figs. 4 and 5�b� can be explained by a different beam
broadening or by the probe size convolution.

The fine structures in the EELS spectra convey a signa-
ture of the coordination and bonding state of the relevant
atoms, for instance of a possible hybridization between Fe
and O at each interface. Spectra extracted from the line scan
shown in Fig. 5 are displayed in Fig. 6, together with refer-
ence spectra for iron oxide and iron metal. The oxygen K
edge fine structure recorded at the top interface presents a
small shoulder at 531 eV. This satellite peak coincides with
the energy of the first peak in the iron oxide spectrum. While
this peak may correspond to traces of Fe-O hybridization, its
low intensity does not allow us to make firm conclusions on
differences between the two interfaces. Figure 6 also dis-
plays the iron L2,3 edge fine structure. The background has
been removed using the same conditions for all the spectra.

The spectrum at the bottom interface is close to that of me-
tallic iron, while the fine structure slightly changes at the top
interface where the ratio I�L3� / I�L2� seems to increase and
becomes closer to the value measured in the reference oxide.
This trend is confirmed by quantitative measurements of the
white line ratio from the second derivative signal36,37of the
spectrum line reconstructed by PCA. Figure 7 displays this
result. The slight difference between the Fe-L2,3 energy loss
near edge structure �ELNES� suggests that a larger overlap-
ping of the MgO and Fe terraces exists at the top interface.
Fe atoms have more bonds with O atoms at the top interface
and this can be explained by the different extent of the
roughness. At the energy resolution used to record simulta-
neously the O and Fe �required here�, the chemical shifts of
the Fe L2.3 edge and the O prepeak intensity are not reliably
extracted. This confirms that the hybridization is relatively
weak, consistent with the small amount of intermixing seen
in the line traces of Fig. 5.

Figure 8 shows the spatial variations of the O and Fe
contents measured with a probe size of 0.13 nm along the

Fe MgO Fe
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0

100

10 nm

0

a

100

X

Z

X

Re
la
�
ve

co
m
po

si
�
on

(a
t%

)
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FIG. 5. �a� Bright field STEM image of sample 2. Gray line
indicates the position of the EELS line scan; the associated varia-
tion of �Fe� and �O�, obtained after PCA analysis, is superimposed.
�b� Fe and O contents near the top interface superimposed with
those near the bottom interface. For clarity, the curves related to the
bottom interface have been mirrored.

FIG. 6. O and Fe spectra extracted from the line spectrum pre-
sented in Fig. 5 at the two positions where the Fe and O concentra-
tions are identical. The Fe metal reference is taken far from the
interface. The Fe oxide reference spectrum corresponds to the edge
of the sample.
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growth axis of a MTJ with a 1.5 nm thick MgO barrier. The
iron EELS signal does not vanish when the probe is located
at the center of the barrier at about �1 nm from the inter-
face position measured by the HREM measurements. This
does not necessarily mean that some Fe/MgO interdiffusion
occurs, but it can simply be explained by broadening of the
beam due to dechanneling.

IV. DISCUSSION AND CONCLUSION

The present paper intends to provide an insight at the
atomic level onto the structural and chemical properties of
the metal-insulator interfaces involved in a magnetic tunnel
junction. It therefore complements the information provided
by well-established techniques: XPS and XAS, which probe
the response averaged over wide areas and STM which is a
local approach with atomic resolution but which applies to
free surfaces accessible at different stages of the growth pro-
cess. STM observations are therefore not useful to investi-
gate the buried interfaces involved in the device.

Transmission electron microscopy studies on cross sec-
tion are well adapted for a local investigation. However,
high-resolution images are generally not capable of provid-
ing unambiguous information. They exhibit intensities which
are governed by many factors when the composition varies
along the beam trajectory. The reported moiré fringes consti-
tute one of these puzzling effects.

Emphasis has therefore being put in this work on the use
of the characteristic EELS signals, recorded in a spatially
resolved mode, i.e., when scanning a minute probe of elec-
trons over the specific area of interest. At the level of reso-
lution achieved here, this constitutes a first demonstration. It
clearly reveals the existence of atomically thick terraces, and
not of a composition gradient with diffusion of species, at the
interfaces. Widths and heights have been imaged and mea-
sured. A weak asymmetry between the bottom and top inter-
faces �following the growth direction of the device� has been
identified through the increase of the terrace thickness visible
in chemical maps with atomic resolution and the existence of
a feature indicating formation of some Fe-O bonds on the top
interface. For this second interface, hybridization may be
considered as a consequence of the roughness. Figure 9 pro-
posed possible environments of the Fe atoms at a step: a flat
�001� MgO island grown on a �001� MgO substrate. This
type of islands has been found energetically favorable and
has already been observed.38 The Fe atoms located at the
�010� and �110� edges are, respectively, fourfold and three-
fold coordinated. As a matter of comparison, a single-
coordinated Fe atom located on the top of the flat substrate is
also shown in the figure. Locally, the environment of the Fe

FIG. 7. I�L3� / I�L2� ratio as a function of the spectrum
number.

Growth axis

MgO

Fe
2 nm

2 nm b

a

FIG. 8. �a� HREM image of sample 3. �b� Variations of the Fe
and O concentrations across the junction for the sample 3 �nominal
value of MgO barrier: 1.5 nm�. The width of the barrier measured
by HREM is shown for guide line and its irregularity is highlighted
by white circles.

1 2 3

FIG. 9. This figure shows an iron atom located at the edge of a
flat �001� MgO island. The Fe atoms located at the �010� and �110�
edges of the island are, respectively, fourfold �position 1� and three-
fold �position 2� coordinated. As a matter of comparison, a single-
coordinated Fe atom located on the top of the flat substrate �position
3� is also shown in the figure.
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atoms is thus O rich at the interface onset and the amount of
Fe-O interaction will depend on the extent and size of the
MgO islands. This behavior is strongly dependent on the
synthesis processes and in particular on intermediate anneal-
ing treatments, only possible for the bottom electrode, to
reduce the roughness.

These results constitute clear hints for the understanding
of the measured transport properties in these MTJs, since the
structural and chemical asymmetries of the junction may be
related to the asymmetry observed in the bias-dependent
conductance and TMR, as reported by several groups.10,18

Such an influence of the atomic and chemical structures on
the magnetotransport behavior has recently been confirmed

by ab initio calculations of tunnel conductivity of Fe/
MgO/Fe MTJs and Fe/Fe-O/MgO JTMs.39
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