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The chemical, structural, and electronic properties of MgO/Fe�001� and MgO /Fe�001�-p�1�1�O interfaces
for magnetic tunnel junctions �MTJs� have been widely investigated by means of electron spectroscopy. In
particular, we present a detailed analysis of the spin-resolved electronic structure above the Fermi level, carried
out by spin-polarized inverse photoemission and absorbed current spectroscopy. The MgO barrier presents
good crystallinity and sharp interfaces when grown both onto Fe�001� and Fe�001�-p�1�1�O. Moreover, we
find that the exchange splitting of unoccupied bands is essentially the same for the two MgO/Fe interfaces,
even though it is different for the two starting surfaces, being larger in Fe�001�-p�1�1�O than in Fe�001�. Our
findings indicate that Fe�001�-p�1�1�O is a good candidate for the realization of heterostructures for magnetic
tunnel junctions because of its high chemical stability and reproducibility, as compared to clean Fe�001�.
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I. INTRODUCTION

Magnetic tunnel junctions �MTJs� based on MgO�001�
barriers and ferromagnetic �FM� electrodes represent a very
popular and widely investigated subject in the field of spin-
tronics. Since the pioneering theoretical predictions1,2 of a
symmetry filtering effect in Fe/MgO/Fe�001� heterostruc-
tures giving rise to tunneling magnetoresistance �TMR� val-
ues on the order of 1000%, much work has been done in
order to find experimental evidence of this effect. In 2004,
two papers3,4 announced TMR values of 180% and 220%,
respectively, at room temperature �RT� in Fe/MgO/Fe�001�
MTJs grown by molecular-beam epitaxy �MBE� and CoFe/
MgO/CoFe MTJs grown by sputtering. Since then, much
work has been done on MTJs based on MgO�001� barriers in
order to find the best combination of ferromagnetic elec-
trodes giving the highest TMR together with relatively small
bias dependence and reasonable resistance area product.
TMR values at room temperature as high as 600% have been
recently announced,5 as a result of the optimization of the
interface quality and the choice of CoFeB as electrode. The
high magnetoresistive response, together with the stability
and reliability of these devices, make them very attractive for
applications in data storage6 and magnetic sensors.7

However, some fundamental aspects of these MTJs re-
main unclear such as the role of B in CoFeB electrodes and
the impact of the interfacial oxidation at the FM/MgO inter-
face. It is widely accepted that interfaces play a major role in
determining the final performances of MTJs, as it has been
demonstrated that the insertion of ultrathin layers in between
the FM and the MgO barrier completely alters the perfor-
mance of the junction.8 In particular, the interfacial oxidation
of the FM due to MgO growth has been widely investigated
in view of the possible deterioration of the TMR induced by
the FeOx interfacial layer. Zhang et al.9 calculated the effect
of different oxidation conditions in the FeOx layer, with x
varying from 0 to 1, finding a rapid decrease in the conduc-
tance ratio between the two spin channels when x increases
in asymmetric junctions FeOx /MgO /Fe�001�. Tusche et al.10

presented the calculated TMR for asymmetric junctions �Fe/

MgO/FeO� and symmetric junctions �FeO/MgO/FeO� in-
volving fully oxidized FeO layers, and predicted non-
negligible negative TMR values �−74% with six monolayers
�ML� of MgO� for asymmetric junctions, at variance with the
very high positive TMR values for symmetric junctions
�5750% with six ML of MgO�. Heiliger et al.11 consider
symmetric and asymmetric junctions; their calculations indi-
cate a sizable reduction in the TMR in the symmetric case
with respect to the ideal case without oxidation, while for the
asymmetric state a high value of the TMR is predicted for
one polarity of the applied bias. This overview clearly dem-
onstrates that the role of the interface oxidation in determin-
ing the TMR is not fully understood and, in particular, that it
is not completely clear if oxidation in itself really reduces the
TMR. On the other hand, it has been demonstrated by spin-
polarized electron spectroscopy12–14 that the surface spin-
dependent effects �namely, exchange splitting and spin asym-
metry in absorbed current spectroscopy� of the Fe�001�
surface are greatly enhanced upon a particular oxygen expo-
sure treatment giving rise to the well-known12,13,15–17

Fe�001�-p�1�1�O structure, corresponding to one ML of
oxygen adsorbed onto the Fe�001� surface. The large ex-
change splitting and the high order and stability of the
Fe�001�-p�1�1�O surface are appealing features in view of
the fabrication of MTJs with high TMR, as spin filtering is
essentially ensured by symmetry filtering, which strongly de-
pends on the interface quality. In this scenario we carried out
a detailed comparative study of the MgO/Fe�001� and
MgO /Fe�001�-p�1�1�O interfaces looking at the interface
chemistry, crystallinity, and spin-dependent electronic prop-
erties. We investigated structures with MgO thickness rang-
ing from 2 to 9 ML, i.e., from the initial stage of formation
of the interface to a typical thickness of the barrier in a MTJ,
with great attention also to the quality of the MgO barrier,
which plays a major role in determining the ultimate TMR.
Much work has been done on the occupied electronic states
of the MgO/FM interface, essentially via photoemission
spectroscopy �PES� with spin polarization,18,19 while here we
focus on the unoccupied states, investigated by spin-
polarized inverse photoemission �SPIPE� and absorbed cur-
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rent spectroscopy �ACS�. Unoccupied states close to the
Fermi level clearly participate in the tunneling process at
nonzero bias, so that their investigation provides useful in-
formation on the electronic structure, complementary to
those obtained by photoemission.

Additional information on the chemical and structural
properties of the interfaces have been obtained by x-ray pho-
toemission spectroscopy �XPS� and low-energy electron dif-
fraction �LEED�, respectively. The picture arising as a whole
from our detailed analysis is that the MgO /Fe�001�-p�1
�1�O interface is a good candidate for the realization of
MTJs based on MgO epitaxial barriers, essentially because it
has the same interfacial spin-dependent electronic structure
as MgO/Fe�001�, while the Fe�001�-p�1�1�O surface shows
higher chemical stability and reproducibility.

II. EXPERIMENT

The heterostructures have been grown and analyzed in
situ in an ultrahigh vacuum system equipped with a MBE
apparatus and a chamber for electron spectroscopy, as de-
scribed in detail elsewhere.20

Clean and well-ordered Fe�001� surfaces were prepared
by depositing a thick Fe film �1000 Å� on commercial
MgO�001� substrates as described elsewhere.21 The
Fe�001�-p�1�1�O surface was obtained by an exposure to
30 L of molecular oxygen �1 L=10−6 Torr s� and flash heat-
ing at 900 K of a clean Fe�001� surface.13

MgO was deposited at RT and at a slow rate of
�0.2 Å /min by evaporation of pieces of stoichiometric
MgO contained in a Ta crucible and heated by electron bom-
bardment. The coverage was estimated by a quartz microbal-
ance and then checked by XPS to ensure high reproducibility
for the thickness of the MgO layers deposited on the two
surfaces considered in this work. We investigated MgO lay-
ers with thicknesses ranging from 2 to 9 ML �1 ML corre-
sponding to 2.1 Å�, as grown and after two annealing treat-
ments: A1 �15 min at 570 K� and A2 �flash heating up to
870 K�.

During SPIPE and ACS, samples are magnetized in plane
along the �100� direction of the Fe lattice �i.e., the �110�
direction of the MgO lattice due to the lattice rotation which
minimizes the mismatch�, with the spectra taken in rema-
nence, as usual in electron spectroscopy. A collimated and
transversely polarized electron beam with 25% polarization
impinges on the sample, and then the ACS spectra are re-
corded by measuring the absorbed current running to the
ground. The SPIPE spectra are taken in the isochromat mode
by collecting photons at a fixed photon energy, h�=9.3 eV,
while varying the incident-beam energy.22 Data are collected
at RT and at normal incidence, thus probing states along the
�H line in the bcc Brillouin zone �BZ�.

III. RESULTS AND DISCUSSION

A. Structural and chemical properties

Qualitative information on interfacial structural order for
different MgO coverage and after annealing treatments has
been obtained by LEED. In Fig. 1, we report the correspond-

ing LEED patterns. Panels �a� and �b� refer to 2 ML of MgO
deposited at RT onto clean Fe�001� and Fe�001�-p�1�1�O,
respectively. The two images have been recorded at 190 and
180 eV in order to maximize the contrast for each sample,
and it is evident that a high contrast and spot sharpness is
obtained in both cases. This indicates the good crystallinity
of ultrathin MgO films grown onto the Fe�001�-p�1�1�O
surface, arising from the high order of the chemisorbed
p�1�1� oxygen. The increase in the MgO coverage onto
both surfaces still gives an ordered overlayer for deposition
at RT, as shown in panel �c� for the case of Fe�001�-
p�1�1�O covered by four ML of MgO. The A1 treatment
clearly improves the film crystallinity and increases the
coherence length for LEED, thus resulting in sharper
spots, as shown in panel �d�. Additional annealing �A2
treatment� results in a further improvement of crystallin-
ity, manifested in a slight sharpening of the LEED spots
�data not shown�. Note that at nine ML of MgO, i.e., for a
thickness of MgO suitable for the realization of MTJs
with high TMR, satellite spots appear around the main
diffraction spots for both interfaces.23 They reflect the
formation of misfit dislocations without evident depen-
dence on the state of oxidation of the Fe substrate. To
summarize, LEED reveals that MgO grows on
Fe�001�-p�1�1�O with essentially the same crystallinity
observed for MgO/Fe�001�.

We consider now the impact of the MgO deposition on
the interface chemistry and, in particular, on the Fe oxidation
state, as seen by XPS. In Fig. 2, we plot the Fe2p spectra
taken with a standard Mg-K� x-ray source �h�=1253.6 eV,
the signal from the �3 and �4 satellites was carefully sub-
tracted�, from MgO films with different thicknesses grown
either on clean Fe�001� �upper panel� or Fe�001�-p�1�1�O
�lower panel�. The spectra have been collected at 60° emis-
sion angle with respect to the sample normal in order to

a b

c d

FIG. 1. �Color online� LEED pattern taken on �a� 2 ML of MgO
on Fe�001�, �b� 2 ML of MgO on Fe�001�-p�1�1�O, �c� 4 ML of
MgO on Fe�001�-p�1�1�O grown at RT, and �d� 4 ML of MgO on
Fe�001�-p�1�1�O after annealing A1 at 570 K.
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increase the surface interface sensitivity. In consideration of
the standard curve for inelastic mean-free path, the use of a
laboratory Mg source to excite Fe2p levels implies a probing
depth of about 13 Å. In our case, however, working at a
large collection angle �60°�, such values are reduced by a
factor of 2, considerably increasing the surface sensitivity. In
the case of clean Fe�001� �upper panel� the spectra essen-
tially consist of a doublet at the proper binding energy of
metallic Fe �706.7 eV for Fe 2p3/2�. Deposition of MgO,
even though followed by annealing �either the A1 or A2
treatment�, does not produce any spectral variation: all the
curves in the stack in the upper panel of Fig. 2 can be super-

posed, within the experimental error. We conclude that a neg-
ligible Fe-O interaction takes place at the interface and this
behavior is stable up to 870 K. The sensitivity of this analy-
sis can be deduced from the comparison with the spectrum
referring to the Fe�001�-p�1�1�O substrate �lower panel,
bottom spectrum�. In this case, in fact, an additional signal
on the high-binding-energy side of both the Fe 2p3/2 and
Fe 2p1/2 peaks is clearly visible, at the energies expected for
Fe2+ and Fe3+ ions arising from Fe atoms interacting with O
�at 711.1 and 709.7 eV, respectively, shown by vertical ar-
rows in Fig. 2�.24 The signal coming from the interfacial
Fe-O layer is indicated by the hatched area in Fig. 2 �bottom
panel�, which represents the additional contribution to the
spectrum when it is fitted with the line shape of the spectrum
from clean Fe�001� �red curve�. From the weight of this com-
ponent relative to that from pure metallic Fe, the thickness of
the resulting interfacial Fe-O layer can be estimated to be
roughly 1.5 Å. This is coherent with the already established
presence of one ML of oxygen at the Fe�001�-p�1�1�O
surface.12,13,15,16 By comparing these results with the XPS
spectra from MgO/Fe�001� samples, we can estimate the de-
gree of Fe-O interface interaction taking place when depos-
iting MgO on clean Fe�001�. In fact, our XPS analysis is
based on the chemical shift of the Fe2p peak, which in turn
depends on the charge transfer from Fe toward O. The ab-
sence of any line-shape variation �in the upper panel of Fig.
2� points toward a much smaller interaction than in
Fe�001�-p�1�1�O. By taking into account the experimental
uncertainties, we can set an upper limit of some 10% of ML
for the interfacial Fe-O layer formed in MgO/Fe�001� sys-
tems. This result is in good agreement with synchrotron-
radiation photoemission data19 on MgO/Fe�001� interface
prepared in similar conditions, with a photon energy allow-
ing higher surface sensitivity with respect to laboratory XPS.
The authors of Ref. 19 found no evidence at all of the for-
mation of an interfacial Fe-O layer in the MgO/Fe�001� sys-
tem. A very limited degree of oxidation has been also re-
ported by Miyokawa et al.25 for sharp MgO/Fe�001�
interfaces investigated by XAS. A larger degree of oxidation
has instead been reported by Tusche et al.,10 who found an
FeO0.5 interfacial layer in MgO/Fe�001� studied by surface
sensitive diffraction. Such a small quantitative discrepancy
may be explained by slightly different preparation proce-
dures, as it is well known that O excess during MgO growth
plays an important role in the final oxidation.26 In any case,
all data point toward a much smaller Fe-O interaction in
MgO/Fe�001� interface than on the Fe�001�-p�1�1�O sur-
face, where Fe atoms in the top layer are in strong interaction
with one full ML of chemisorbed oxygen. This is also in
agreement with the first-principles calculations, which show
a negligible charge transfer between Fe and O atoms at sharp
Fe/MgO interfaces.9

The case of MgO growth on Fe�001�-p�1�1�O is very
similar, notwithstanding the initial presence of an Fe-O sur-
face layer: we find no significant increase upon MgO depo-
sition of the corresponding XPS signal. The Fe2p line shape
remains stable even after annealing at 870 K of four ML of
MgO �Fig. 2, lower panel�. The initial conditions are thus
preserved during the barrier growth onto the FM.

FIG. 2. �Color online� Fe2p XPS spectra taken at 60° of collec-
tion angle and at different MgO coverage on Fe�001� �upper panel�
and Fe�001�-p�1�1�O �lower panel�. A1 and A2 indicate different
annealing treatments �see text�. The hatched area represents the
contribution of Fe atoms interacting with O to the spectrum from
Fe�001�-p�1�1�O.
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The similarity of the two systems holds true for the elec-
tronic structure as well, as shown by spin-polarized data dis-
cussed below.

B. Spin-polarized electronic structure

The study of the spin-polarized electronic structure above
the Fermi level has been carried out by SPIPE. In Fig. 3, we
report the spin-polarized spectra from the Fe�001� surface
with different MgO coverage: 0, 2, 4 ML. For the 4 ML case
we also considered the effect of A1 and A2 annealing treat-
ments. Due to dipole selection rules and due to the fact that
electrons impinging on the sample at normal incidence have
�1 symmetry, only �1 and �5 final states are allowed in the
transition occurring during the inverse photoemission
process.27 However, at the fixed photon energy of our detec-
tor �9.3 eV�, there is no direct transition connecting �1 initial
states to �1 final states close to the Fermi level in the bulk Fe
band structure, so that �1 states relevant for tunneling cannot
be probed by SPIPE. Instead, close to the Fermi level the
spectrum of clean Fe �Fig. 3, bottom� is dominated by two
peaks, B1 and B2, with majority and minority spin charac-
ters, respectively, reflecting transitions into �5 final states
close to the H25� point of the BZ.12,27 These states belong to
the �5 band crossing the Fermi level and are then involved in
the tunneling process, according to the scheme of symmetry
filtering proposed by Butler et al.1,2 They participate in con-
duction in both spin channels but with a lower transmission
probability with respect to �1 states, so that a big difference
in the conductance between the parallel and antiparallel

states is observed. In particular, the energy separation ��EB�
between B1 and B2 is related to the exchange splitting of �5
bands close to the H point.12 At higher energy another dou-
blet C1-C2 appears, corresponding to transitions into final
states close to H15� , whose energy separation ��EC� reflects
the exchange splitting in this particular point of the BZ. An-
other feature S is visible in the spectrum �at �3.8 eV in the
spectrum for clean Fe�001��, marked with a blue triangle,
which originates from transitions into the image state reso-
nance, where electrons are confined between the energy bar-
rier at the sample surface and the image potential produced
by the electron approaching the Fe surface.28 MgO deposi-
tion attenuates the Fe features, not changing, however, the
overall structure of the corresponding spectrum, and causes
the appearance of new MgO derived peaks. The onset of the
latter contribution is given by the MgO conduction-band
minimum, which, on the basis of the position of the MgO
valence-band maximum �determined by ultraviolet photo-
emission spectroscopy data, not shown� and of its energy gap
of 7.8 eV, is placed at 4.4 eV above the Fermi level �vertical
green thick line in Fig. 3�. Three MgO features �labeled as D,
E, and F� can be identified, as seen more easily in the spectra
from relatively thick MgO films �see below�; they can be
found at 6.9, 10.5, and 17.6 eV, respectively, and their inten-
sities increase with the MgO coverage. No energy dispersion
with MgO coverage has been detected. Moreover, they are
completely unpolarized, not presenting any dependence on
the electron spin. In comparison with the calculated band
structure of MgO,29 we find that D arises from a transition to
a final state close to the � point, while E and F are connected
to final states close to the X point of the BZ.

The image state S, being predominantly located outside
the solid, is heavily affected by MgO deposition and it in-
deed shifts by 1.4 eV toward lower energies already for 2
ML coverage �see. Fig. 3�. This shift is mainly connected to
the decrease in the surface work function �WF� as the image
states are bounded to the vacuum level. The deposition of
MgO is expected to produce a reduction in the work function
due to the presence of electropositive Mg atoms, which cre-
ate a surface dipole, lowering the surface energy barrier. The
growth of MgO, however, could also cause the change in the
reflection coefficient of the wave functions at the solid sur-
face, as it essentially depends on the surface band structure,
with possible modifications of the image state position. In
any case, the MgO gap coincides with the energy range of
image states, so that their existence is still allowed after
MgO deposition, and the influence of the change in the re-
flection coefficient turns out to be lower than that of the work
function. To prove the connection between the change in the
energy of the image states and the work function we mea-
sured the latter by ACS �data not shown�, looking at the edge
of the absorption of the incident electron beam.30 Starting
from the Fe�001� work function of 4.75 eV, for 2 ML of
MgO we found a sizable reduction down to 3.40 eV, with a
decrease of 1.35 eV, which is in close agreement with the
shift of the image state �1.40 eV� within the experimental
accuracy �see Table I�. After the initial shift, minor variations
are observed when increasing the MgO coverage or after
annealing �Fig. 3, topmost spectra�, with relatively small
changes in the image state energy, which follow the trend of
work-function changes.
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FIG. 3. �Color online� SPIPE data for different MgO coverage
on Fe�001�. The position of the MgO gap is indicated on the energy
scale with a thick green line. The blue curves are the result of a
smoothing of the majority spectrum in the region of the image
state�s�, whose position is marked with a triangle.
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We consider next in detail the Fe contribution, which is
only minimally altered by the MgO overlayer,31 but contains
the spin-dependent information that is most interesting for
MTJ applications. Looking at the evolution of the exchange
splitting of peaks B and C we find an increase in �EB from
1.35�0.05 to 1.50�0.05 eV upon MgO deposition, accom-
panied by a decrease in �EC from 0.90 to 0.55 eV.32 The
latter result is heavily influenced by the presence in the re-
gion of the doublet C of the intense unpolarized MgO peak
E, which causes an apparent reduction in the splitting �EC.
The doublet B, instead, lies in the gap of the MgO, and in
turn does not suffer from any masking effect from the MgO
overlayer, which makes the measured increase in �EB fully
reliable. MgO deposition on the clean surface, thus, leads to
an Fe exchange splitting very similar to that present in
Fe�001�-p�1�1�O ��EB=1.55 eV, see Table I�. This occurs
at a very small MgO coverage and then remains stable, indi-
cating the persistence of a ferromagnetic interfacial layer,
with larger spin-dependent effects than in the clean surface.
Annealing essentially produces an increase in the surface or-
der, reflected by a sharpening of B1, B2, and S which is
clearly visible, especially when comparing spectra taken on
four ML of MgO/Fe�001� after A1 and A2 annealing. In-
creasing the annealing temperature from 570 to 870 K pro-
duces a sizable effect in the spectra, while minor improve-
ments in the sharpness of Fe peaks are observed when
comparing the spectra taken on four ML of MgO before
�data not shown� and after A1 annealing. On the contrary, the
exchange splitting and the energy position of the various
peaks are practically unchanged after annealing, as reported
in Table I, where the results from SPIPE and ACS data on
clean Fe�001� and Fe�001�-p�1�1�O are summarized.

Let us consider now the case of the growth of MgO onto
the Fe�001�-p�1�1�O surface. In Fig. 4, we report the spec-
tra from the free Fe�001�-p�1�1�O surface, along with
those corresponding to 2, 4, and 9 ML of MgO. For four and
nine ML, spectra after A1 annealing are reported. The spec-
trum from the free surface presents essentially the same
structure as that taken on clean Fe�001� but with a sizable
increase in the exchange splitting of peaks B and C, which
are now 1.55 and 1.05 eV, respectively, to be compared with

1.35 and 0.90 eV in the case of the clean Fe�001� surface
�see Table I�. The spectral evolution upon MgO deposition
strictly follows that was discussed for the case of the clean
Fe�001� substrate. In this case, the most relevant quantity,
i.e., the exchange splitting �EB, which is not affected by
MgO-derived states, stays stable at 1.55�0.05 eV also after
the deposition of four ML and the A1 annealing, while its
value can be hardly evaluated in the case of nine ML cover-
age, where in any case a sizable splitting is present. The
image state S presents an evolution, which is again very
similar to that observed in the case of the clean Fe surface,

TABLE I. Exchange splitting of feature B ��EB�, energy position of the image state �ES�, and WF for
different MgO coverage and annealing onto the Fe�001� and Fe�001�-p�1�1�O surfaces. The change in the
image state position ��ES� and WF ��WF� relative to the clean surface are also reported.

MgO coverage
�EB

�eV�
ES

�eV�
WF
�eV�

�ES

�eV�
�WF
�eV�

Fe�001� 1.35�0.05 3.95�0.05 4.75�0.05

2 ML 1.50�0.05 2.55�0.05 3.40�0.05 1.40 1.35

4 ML+A1 1.45�0.05 2.65�0.10 3.40�0.05 1.30 1.35

4 ML+A2 1.50�0.05 2.40�0.05 3.15�0.05 1.55 1.65

Fe�001�-p�1�1�O 1.55�0.05 4.05�0.05 4.50�0.05

2 ML 1.50�0.05 2.70�0.05 3.40�0.05 1.35 1.10

4 ML+A1 1.60�0.05 3.00�0.10 3.95�0.05 1.05 0.55

9 ML+A1 1.50�0.10 3.60�0.05 0.90
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FIG. 4. �Color online� SPIPE data for different MgO coverage
and annealing treatments on Fe�001�-p�1�1�O. The position of the
MgO gap is indicated on the energy scale with a thick green line.
The blue curves are the result of a smoothing of the majority spec-
trum in the region of the image state�s�, whose position is marked
with a triangle.

MgO/Fe�001� AND MgO /Fe�001�-p�1�1�O… PHYSICAL REVIEW B 80, 104437 �2009�

104437-5



with a shift to lower energy coherent with the overall reduc-
tion in the work function �see Table I�. The strong oscilla-
tions in the work function, which have already been ob-
served by Wu et al.,33 only partially influence the position of
the image state, possibly indicating compensation by the
variation in the reflection coefficients due to the surface
modifications upon deposition and annealing.

Our results show that the initial exchange splitting of
Fe�001�-p�1�1�O is maintained upon MgO deposition
while it is increased in the case of the growth onto Fe�001�:
this is indeed the major difference in the trend of �EB for
MgO growth onto the two templates The asymptotic situa-
tion, however, is more or less the same: at four ML coverage
essentially the same �EB value �1.50�0.05 eV for MgO/
Fe�001�� and �1.60�0.05 eV for MgO /Fe�001�-p�1�1�O�
is found. This finding is in close agreement with the results
of Ref. 33, showing that the asymmetry of the electron re-
flectivity at 14 ML of MgO is essentially the same for the
growth onto both templates. In fact, the asymmetry essen-
tially reflects the spin-polarized electronic structure at the
interface and gives information very similar to that provided
by SPIPE.

Finally, following theoretical17 and experimental14 results
on Fe�001�-p�1�1�O, we can ascribe the exchange splitting
increase in the MgO/Fe interface to the corresponding in-
crease in the interface Fe magnetic moment. This can in turn
be related to charge and structural rearrangements occurring
upon MgO deposition on Fe�001�, similar to those taking
place at the Fe�001�-p�1�1�O surface due to O chemisorp-
tion. Structural rearrangements and chemical interactions be-
tween Fe and O atoms occur in parallel and it is very hard to
clearly separate them. However, since our XPS data show
that the Fe-O interactions are different in the two cases,
while the spin-dependent electronic structure is the same, we
suggest that the dominant role is played by structural rear-
rangement, i.e., by the change in the Fe-Fe interlayer dis-
tance. An increase in such interlayer distance has been in-
deed reported for the MgO/Fe�001� interface,9 similar to that
measured15 and calculated17 for the Fe�001�-p�1�1�O sur-
face. On the other hand, it has to be noted that calculations of
the equilibrium structure for a chemically sharp MgO/Fe in-
terface predict a decrease rather than an increase in the Fe-Fe
spacing at the interface.34 However, also in this case the au-
thors find an increase in the interfacial Fe magnetic moment
with respect to the bulk. This represents an additional indi-
cation of a strong influence of the structure on interfacial
magnetism in MgO/Fe interface.

To summarize, our analysis indicates that controlled
growth of MgO onto clean Fe does not reduce the interface
exchange splitting, which is instead enhanced. On the other
hand, our measurements demonstrate that similar or better
results in terms of the interfacial exchange splitting can be
achieved also starting from a well-controlled oxygen expo-
sure, i.e., that giving rise to Fe�001�-p�1�1�O.

IV. CONCLUSIONS

We have carefully investigated the formation of the MgO
barrier onto the clean Fe�001� and Fe�001�-p�1�1�O sur-
faces. The picture arising as a whole is that the MgO barrier
grows on both templates with high crystallinity, as seen by
LEED. Concerning chemistry, we found that both interfaces
are stable under annealing at up to 870 K, with a Fe-O inter-
action lower in the MgO/Fe�001� interface than in the
MgO /Fe�001�-p�1�1�O interface. SPIPE data reveal that
the surface exchange splitting of Fe�001� is increased upon
MgO growth, toward that of Fe�001�-p�1�1�O, while being
stable in the case of the Fe�001�-p�1�1�O template. These
findings point toward a major role of interfacial structural
rearrangements occurring upon MgO deposition, instead of
Fe-O interactions, in determining the surface exchange split-
ting. The Fe�001�-p�1�1�O surface is then a good candidate
for the realization of good interfaces in Fe/MgO/Fe MTJs,
also considering that Fe�001�-p�1�1�O presents very high
chemical stability and its preparation is much easier than that
of clean and well-ordered Fe�001�.

As a final comment, during this work we knew that an-
other group from the University of Nancy had obtained good
results with MTJs employing Fe�001�-p�1�1�O electrodes,
i.e., TMR on the order of 120% with only a slight reduction
with respect to the value found in optimized junctions with
clean Fe electrodes annealed at the same temperature
�140%�.35 This is a further confirmation of the potential of
the MgO /Fe�001�-p�1�1�O interface for application in
magnetic tunnel junctions.
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