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Epitaxial MgO�100� films, deposited on the Fe�100� surface by direct evaporation of stoichiometric magne-
sium oxide under ultrahigh-vacuum conditions, are examined by spin-polarized valence-band photoemission
and magnetic linear dichroism in core-level spectroscopy. The excellent quality of the MgO films prepared in
this way is clearly revealed by relatively small photocurrent intensity observed above the MgO valence-band
maximum and by spectral features in the photoemission data. No evidence of the formation of an interfacial
FeO layer is found in this MgO/Fe�100� system. Only a structural reordering is promoted by annealing the
interface up to 400 °C, as evident by the minute changes in the photoemission spectra. Further annealing to
500 °C, however, leads to more substantial changes in the spectra, possibly related to further ordering of the
interface and/or partial uncovering of the Fe�100� metal due to MgO desorption and/or clustering. The influ-
ence of screening effects from the Fe�100� substrate to the photohole created by the photoemission process in
the MgO overlayer is also examined.
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I. INTRODUCTION

In recent years, there have been significant advances in
the preparation of single crystalline magnetic tunnel junc-
tions �MTJs� based on MgO�100� insulating barriers. For ex-
ample, the theoretically predicted tunneling magnetoresis-
tance �TMR� of several hundred percent1,2 in
Fe/MgO/Fe�100� has been experimentally verified with val-
ues of 180–220 % for room temperature �Refs. 3 and 4� and
higher values are being reported for various other electrode
compositions.5–7

The exact composition and atomic structure at the barrier/
ferromagnet interface are of primary importance for the per-
formance of single crystalline MTJs. In the case of
MgO/Fe�100�, surface x-ray diffraction measurements8 sug-
gest the existence of a partial interfacial FeO layer, which
could strongly reduce the Fe spin polarization at the interface
and, therefore, negatively influence the performance of the
MTJ.9 Other studies10 find no interfacial FeO layer, and also
when the second interface is formed, i.e., Fe is deposited on
MgO�100�, such an oxide layer is clearly absent.11,12 Thus,
an FeO layer does not appear to be an intrinsic property of
the interface. This view is also supported by theoretical cal-
culations by Li and Freeman,13 which find little interaction
between a thin Fe�100� layer and the MgO�100� substrate.
Similarly, recent total energy calculations of Yu and Kim14

also find that no formation of interfacial FeO is preferred
under Mg-rich conditions.

Manipulating the composition of the electrodes and im-
proving the crystalline structure at the ferromagnet-barrier
interface are keys to fabricating alternative devices with
higher TMR. A considerable effort, theoretical as well as
experimental, is currently underway to investigate this topic.
Most notably, recent theoretical calculations suggest placing
a thin layer of Au �Ref. 15� or Ag �Ref. 16� in between the
ferromagnetic electrode �Fe� and the insulating barrier

�MgO�, as an effective way to prevent oxidation of the fer-
romagnet, thus preserving its large spin polarization at the
interface. Large enhancements of the TMR effect �up to
1000%� are calculated for these ferromagnet/noble metal/
barrier systems, assuming ideal interfaces. On the other
hand, experimental work indicates that annealing up to
400 °C leads to substantial improvements in the magnetore-
sistance of the “simple” Fe/MgO/Fe�100� tunnel junctions
prepared at room temperature.3,6,7,17 The characterization of
the MgO/Fe interface is, therefore, an important and timely
issue.

Spin- and angular-resolved photoemissions are particu-
larly suited for characterization of these MTJ systems. In-
deed, the electronic structure at the MgO/Fe�100� interface
has already been probed by this technique. Valence-band
spectra in the submonolayer and up to 1 ML �monolayer�
MgO coverage have been reported in the photon energy
range between 35 and 60 eV for MgO films prepared by
depositing metallic Mg in the presence of an oxygen
atmosphere.18 Furthermore, soft x-ray spin-polarized photo-
emission spectra, which represent the density of states, of 2
ML MgO/Fe�100� grown on bulk MgO�100� were presented
by Sicot et al.19,20 More recently, a study combining spin-
polarized photoemission, diffraction, and microscopy of
MgO grown on another low index Fe surface, Fe�110�,21 re-
vealed the existence of an interfacial FeO layer for the
MgO/Fe�110� interface. However, the MgO films in this
study were grown by exposing the Fe�110� surface to Mg
vapors in a controlled oxygen atmosphere at room tempera-
ture �RT�,22 similar to the method used in Ref. 18.

In the present study, valence-band spin-polarized photo-
emission spectra and core-level magnetic linear dichroism
spectra are presented for the MgO/Fe�100� system for MgO
thicknesses between 0.5 and 10 ML. Moderately high inci-
dent photon energy �h�=128 eV� is used to minimize sur-
face contributions and simultaneously excite valence bands
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and shallow Fe 3p and Mg 2p core levels. The
MgO/Fe�100� junction is prepared at RT by direct evapora-
tion of stoichiometric MgO onto the clean Fe�100� surface
under ultrahigh-vacuum conditions �UHV�. In this way, it is
less likely to form the FeO layer at the MgO/Fe�100� inter-
face, which we confirm by the combined analysis of valence-
band and core-level spectra. Furthermore, in view of reported
postannealing enhancement of TMR mentioned above,3,6,7,17

the stability of the MgO/Fe�100� interface upon annealing
has been investigated. Annealing up to 400 °C produces only
atomic reordering of the interface as evidenced by the small
modifications in the photoemission spectra, mostly a sharp-
ening of all spectral features. More substantial modifications
of the spectra are instead observed by annealing to 500 °C.
These higher-temperature changes are possibly related either
to further ordering of the interface or to the desorption and/or
clustering of MgO.

Additionally, an interesting dynamic property of the elec-
tronic structure of the MgO/Fe interface is discussed. The
response of the conduction electrons from the Fe side of the
interface to the photohole creation in the thin MgO layers is
observed as additional screening in photoemission spectra.

II. EXPERIMENT

Experiments were performed at beamline U5UA at the
National Synchrotron Light Source �NSLS�. This beamline is
equipped with a planar undulator and a spherical grating
monochromator.23 The photon beam covers the range
20–200 eV and is highly linearly polarized in the horizontal
plane.

A commercial hemispherical electron energy analyzer,24

originally equipped with seven channeltrons, has been modi-
fied to host a mini-Mott spin polarimeter,25 leaving three
channeltrons for standard high-resolution spin integrated
photoemission. The analyzer was set to the angular-resolved
mode �±1° angular acceptance�. The experiments were per-
formed in normal emission with the photon beam incident at
45° with respect to the sample normal. Typical overall reso-
lution was 150 meV for spin-integrated and 300 meV for
spin-polarized spectra.

A Mo�100� single crystal was chosen as the substrate. It
was mounted on an UHV compatible manipulator with the
�001� direction vertical and cleaned by repeated flashing to
2000 °C. The sample temperature was monitored by a W-Rh
thermocouple attached directly to the Mo�100� crystal.

Fe�100� films of 40 Å thickness were grown at RT at the
rate of 5 Å/min by electron-beam evaporation. The base
pressure in the chamber was 5�10−11 Torr and rose to about

1�10−10 Torr during Fe depositions. We are not aware of
any in situ UHV study of Fe growth on Mo�100� in the
coverage region thicker than a few monolayers,26 although
Mo�100� single-crystal substrates were successfully used to
grow sophisticated Fe/Mo multilayer structures.27 Our low-
energy electron-diffraction �LEED� observations indicate
that above a few monolayers, the growth proceeds epitaxially
with a relaxed bulk Fe lattice constant. This behavior is es-
sentially identical to that found in the similar Fe/W�100�
system28 �Mo and W have the same bcc structure and very
similar lattice constants, aMo=3.147 Å, aW=3.165 Å�.

The preparation of atomically flat Fe�100� films requires
special precautions. We have found improvements in the
photoemission spectra �sharpening of the features� and
LEED patterns of Fe films upon annealing the sample to
500 °C for approximately 10 min, and such annealed
Fe�100� films were used for subsequent MgO deposition.
Figure 1 presents spectra of Fe/Mo�100� films before and
after annealing to 500 °C in comparison with the spectrum
of clean Mo�100�. There is no indication of Mo core levels in
the Fe/Mo�100� spectrum after annealing, which excludes
the model with 2 ML wetting layer and three-dimensional
islands.29,30

MgO was deposited at the slow rate of approximately
0.2 Å/min from pieces of stoichiometric MgO single crys-
tals put into a tungsten crucible and heated by electron-beam
bombardment. The coverage thicknesses were estimated by
calibrating the evaporator in situ with a quartz balance and

FIG. 2. �Color online� LEED patterns for �a�
clean Fe�001�, �b� 1 ML MgO/Fe�001�, and �c�
10 ML MgO/Fe�001�.

FIG. 1. �Color online� Survey photoemission spectra in the re-
gion of Mo 4s, Mo 4p, and Fe 3d core levels. The annotations are
printed in figure.

PLUCINSKI et al. PHYSICAL REVIEW B 75, 214411 �2007�

214411-2



further confirmed by comparisons to previous studies.18

MgO films are known to grow pseudomorphically in a layer-
by-layer fashion on the Fe�100� surface up to about 6 ML
�Ref. 31�, while the thickness of the barrier in the optimized
MTJs is between 5 and 15 ML.3,4 1 ML of MgO corresponds
to approximately 2.2 Å thickness.32 The epitaxial growth
mode of the MgO�100� overlayers on Fe�100� /Mo�100� is
confirmed in the LEED patterns displayed in Fig. 2. While
these LEED patterns are not as sharp as those from MgO
overlayers grown on Fe whiskers,31 they do show fourfold
satellite spots, surrounding each �10� LEED beam, in good
agreement with previous observations. These satellite spots
are clearly visible at high MgO coverage �see LEED picture
for 10 ML MgO, Fig. 2�c�� and are related to misfit
dislocations.31

III. RESULTS AND DISCUSSION

A. Valence-band measurements

In Fig. 3, a portion of the bulk band structure of Fe is
compared with the spin-resolved photoemission spectrum
measured from the clean Fe�100� surface in normal emission
with photon energy h�=128 eV. In normal emission geom-
etry, the photoemission experiment from the �100� surface
probes the Fe bands along the �-H high-symmetry line of the
bulk Brillouin zone. Assuming, as usual, direct transitions
and free-electron final states, only the states intersecting the
free-electron parabola shifted by h�=128 eV �see Fig. 3� are
detected in the photoemission spectrum. As one can see from
Fig. 3, an excellent agreement between theory and experi-
ment is found. The majority bands are located in two regions,
close to the Fermi level and at 4 eV binding energy, while
the energy region in between is filled by the minority states
at approximately 2.5 eV binding energy. High quality of our
films is further confirmed by clear band dispersions in off
normal emission at various photon energies �not shown
here�.

From the band structure shown in Fig. 3, one can see that
the Fe 3d states are mostly confined within the first 4 eV
below the Fermi energy, while the emission from MgO is
mostly at binding energies above 4 eV. This separation be-
tween the valence-band emission of the two materials offers,
therefore, the opportunity of examining the modifications of
the Fe 3d states upon the gradual formation of the
Mg/Fe�100� interface.

A representative collection of the valence-band photo-
emission spectra recorded as a function of MgO deposition is
shown in Fig. 4�a�. For each coverage, both the spin-resolved
components and their sum spectra are shown. For low cov-
erage �0.5, 1, and 2 ML MgO�, very little modification is
seen in the emission close to EF �between 0 and 3.5 eV�,
while the major modification is the appearance of the intense
emission centered at approximately 5.5 eV, characteristic of

FIG. 3. �Color online� Left panel: bulk band structure of Fe
along the �-H high-symmetry direction calculated using WIEN2K

�Ref. 49�. Solid and dashed lines represent majority and minority
spin bands, respectively. The energy distribution curve appropriate
for h�=128 eV �assuming direct transitions, free-electron final
states, and inner potential V0=10 eV� is superimposed on the band-
structure calculation. Right panel: spin-polarized photoemission
spectrum taken at h�=128 eV in normal emission. �, majority
spin; �, minority spin.

FIG. 4. �Color online� �a� Series of normal
emission spin-integrated and spin-polarized spec-
tra of MgO/Fe�001� at h�=128 eV, �b� compari-
son of spin-polarized spectra of clean and
oxygen-exposed Fe�001�, and �c� the effect of
400 °C annealing of 1 and 2 ML MgO/Fe films.
The annotations are printed in figure; �, majority
spin; �, minority spin. MgO-related features
show up at binding energies above 4 eV and are
predominantly O 2p character. Spectrum of 10
ML MgO/Fe was taken at 100 K and all other
spectra were recorded at room temperature.
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highly hybridized O 2p and Mg 3s of the MgO film.
Clearly, the Fe 3d emission close to EF remains highly

spin polarized upon 1 and 2 ML MgO depositions. The MgO
features at high binding energy instead are found equally
distributed in the spin-up and spin-down channels, indicating
that no polarization is induced in the MgO layer.

It is difficult to provide unique interpretation of the small
changes observed in the region close to EF. We observe simi-
lar changes at other photon energies �not shown�, which is
consistent with the study reported by Matthes et al.18 utiliz-
ing photon energies of 30–60 eV. Although still clearly
dominated by the highly polarized Fe 3d states, this region
should also contain some emission due to the likely defects
within the MgO overlayer. There is a nearly perfect in-plane
lattice match between MgO�100� and Fe�100�; however, a
large number of defects can be expected in the thin film due
to the large out-of-plane lattice mismatch �interlayer dis-
tances in bulk materials:32 Fe, 1.443 Å; MgO, 2.106 Å�. Ev-
ery terrace boundary in the Fe substrate is, therefore, a
source of defects in the MgO overlayer. The presence of
defects in the thin films is also consistent with the absence of
charging effects in the photoemission experiments from these
films. The spectrum obtained from the 10 ML thick MgO
film, shown at the top of Fig. 4�a�, shows feature assigned to
residual defects peaks at about 1.7 eV binding energy. Such a
broad unpolarized feature located at this binding energy is,
therefore, likely to represent the emission from the MgO
defects at low coverage. A spectral feature of this type may
explain the modifications observed in the low coverage spec-
tra in the low binding-energy region.

As previously stated, the MgO emission centered at
5.5 eV binding energy is found equally distributed in the
spin-up and spin-down channels, offset only by the differ-
ence in their respective backgrounds. Theoretical simulations
of the electronic band structure of Zhang et al.33 for the
MgO/Fe system with an FeO interfacial layer find that the
strong hybridization between Fe and O in the FeO layer in-
duces a sizable magnetic moment �as large as 0.19�B� on the
O site of the FeO. Such a large magnetic moment should be
reflected in a corresponding large exchange splitting in the
O 2p band and should be easily detected in the spin-resolved
spectra. The experimental results of Fig. 4�a�, showing no
difference in shape and binding energy between majority and
minority spin spectra for low coverage MgO, constitute,
therefore, the first strong indication of the absence of inter-
facial FeO.

It is worth noting that the very small emission in the re-
gion close to EF for the high coverage regime �note the mul-
tiplication factor of 50 in the top spectra in Fig. 4�a�� is a
clear indication of the high structural quality of these MgO
thick films. MgO films thermally evaporated under UHV
conditions from stoichiometric MgO source material are in-
deed known to be nearly stoichiometric or slightly oxygen
deficient.34 Theoretical calculations of MgO�100� oxygen de-
ficient surfaces35–37 predict wide oxygen vacancy features at
1 eV below the Fermi edge and 2 eV above the valence-band
maximum �VBM� of MgO. Such features do not necessarily
result from bulk vacancies; they may also result from the
intrinsic properties of the MgO surface,35 irregularities, and
imperfections of the surface.37 Only weak vacancy features

were present in our spectra at high MgO coverage, as judged
by the intensity ratio between the oxygen vacancy and the
main O 2p feature, being below 0.5% in our films �from Fig.
4�a�� compared to 5% in the spectra from bulk MgO reported
by Tjeng et al.38 Although these bulk spectra were taken with
h�=21.2 eV �He I lamp�, our spectra taken at h�=64 eV �not
shown� still show the ratio to be below 1%. We take this as
an indication that our MgO films are grown with good sto-
ichiometry. Another indication comes from the observation
of a weak but clear O 2p features already at very low MgO
coverage �0.5 ML� and at the binding energy equal to one for
thicker films.

From the above considerations, it is already quite clear
that the Fe�100� surface does not react strongly with the
MgO. In order to further address the specific question con-
cerning the formation of an FeO layer at the interface, we
have performed additional experiments intentionally expos-
ing the clean Fe surface to small dosages of molecular oxy-
gen. The photoemission spectrum for 1 L �1 L
=10−6 Torr s� oxygen exposure is compared with the one
from a clean Fe surface in Fig. 4�b�. The effect of 1 L oxy-
gen exposure is quite different from the one of the low cov-
erage MgO. Already upon 1 L of oxygen exposure, the
spin-up and spin-down spectra tend to assume a similar
shape in the Fe 3d region, suggesting a depolarization of the
surface layer as one would expect when forming FeO.39 This
different behavior is, therefore, a second indication of the
absence of an FeO layer at the interface.

Finally, an additional point can be learned from the
valence-band spectra. In Fig. 4�c�, the spin-integrated spectra
for 1 and 2 ML MgO/Fe�100� prepared at room temperature
and after annealing to 400 °C are compared. All of the room-
temperature spectral features are quite broad and so one does
not expect major changes from annealing; however, a distinct
sharpening of the spectral features is clearly seen, most no-
tably in the fine structure in O 2p �see arrows in Fig. 4�. The
sharpening of the spectral features in angular-resolved pho-
toemission is usually an indication of atomic ordering and
reduction of local inhomogeneities.

In Fig. 5, the effects of annealing a 2 ML MgO overlayer
are further explored. As already noticed, the deposition of 2
ML of MgO leaves a strong polarization of the Fe-related
part of the spectra �above the VBM of MgO�, although all
the spectral features are broadened by the deposition of the
MgO. Annealing these MgO films up to 400 °C begins to
sharpen the Fe 3d spectral features in the region close to EF
and this process is even more visible in the spectrum an-
nealed at 500 °C, where the sharp spectral feature of the
clean Fe surface is nearly fully recovered �see right panel in
Fig. 5�.

At first sight, this behavior seems to be consistent with a
further increase of atomic reordering of the MgO interface at
higher temperature. A reordering would certainly correspond
to a decreased emission from MgO defects in the region of
the Fe 3d. Furthermore, the electrons excited in the Fe un-
derneath MgO would leave the surface with less scattering if
the crystalline structure of the interface is improved and this
would explain both the reappearance of the sharp Fe features
and the decrease in the intensity ratio of O 2p to Fe-related
parts of spectra.
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We cannot, however, exclude also the possibility that the
recovering of the sharp Fe 3d feature could be due to partial
uncovering of the bare Fe surface by clustering and/or de-
sorption of the MgO. After all, MgO molecules must have
some degree of mobility at high temperature if reordering is
affected. Furthermore, this hypothesis would also naturally
explain the decrease in the intensity ratio of O 2p to Fe-
related parts of the spectra in Fig. 5�d�, compared to the
constant ratio in Figs. 5�b� and 5�c�. Finally, this interpreta-
tion would also explain the degradation of the magnetic tun-
neling properties experimentally observed for temperatures
just above 400 °C.3

In summary, on the important topic of the temperature
stability of the MgO/Fe interface, the photoemission data do
not offer a complete answer. The two different models pre-
sented above would seem to be both consistent with the
present observations, although they would have quite differ-
ent implications for the fabrication of high-quality MTJs. A
way to sort out this question would possibly be to perform
microscopy studies on this system.

B. Fe 3p and Mg 2p core-level measurements

We now turn to the study of the shallow Fe and Mg core
levels. As mentioned above, at the photon energy of 128 eV,
one can simultaneously excite both the Fe 3p and the Mg 2p
levels. These core levels are located at binding energies of 53
and 51 eV, respectively, and, although quite close, they still
offer the possibility of monitoring the two different materials
during the formation of the interface. Furthermore, the Fe 3p
levels exhibit a large magnetic linear dichroism in
photoemission,40 which can be used to monitor the magnetic
state of the Fe layer. The core-level data are displayed in Fig.
6, where results concerning the growth and annealing of
MgO layers on top of Fe�001� surface are shown, similar to

the study utilizing the valence-band photoemission already
discussed. The left panel presents mostly dichroic averaged
spectra �continuous lines�, while the right panel shows the
corresponding dichroism spectra �open and closed circles�, in
an expanded view emphasizing the smaller region around the
Fe 3p levels.

Comparing the spectra from the clean Fe�100� surface
�Fig. 6�a�� to the ones exposed to 1 L of molecular oxygen
�Fig. 6�b��, the appearance of a shoulder on the high binding-
energy side of the spectrum is evident. This shoulder feature,
best seen in the right panel of Fig. 6, is typical of the reaction
of oxygen with Fe and indicates the formation of Fe oxide.41

In agreement with the valence-band observations, this shoul-
der does not display any dichroism, indicating the formation
of an unpolarized surface oxide upon even 1 L of oxygen
exposure to the clean Fe surface. Most importantly, when
MgO is deposited on clean Fe�001� instead �Fig. 6�c��, there
is no indication of this feature in the spectra. On the contrary,
the curvature of the relevant part of the core-level spectrum
remains clearly positive for 1 ML MgO coverage, which is
further evidence that no FeO layer is present at the
MgO�100� /Fe�100� interface.

At higher MgO deposition, the Fe 3p emission becomes
rapidly obscured by the much more intense Mg 2p levels
�Figs. 6�c� and 6�d�� but the Fe dichroism remains strong,
which indicates a highly polarized Fe substrate in contact
with the MgO overlayer. It is also useful to note that while
the Fe dichroism is very strong, no sign of any dichroism is
detected under the Mg peak �the full dichroic spectra are
shown in the left panel for the case 0.5 ML MgO, as an
example�. This again tends to confirm the low interaction
between Fe and MgO at the interface.

FIG. 5. �Color online� Spin-polarized photoemission spectra at
h�=128 eV; �, majority spin; �, minority spin. Left panel: �a�
clean Fe�100� and �b� 2 ML of MgO/Fe�100� �c� annealed to
400 °C for 5 min and �d� subsequently annealed to 500 °C for
5 min. In right panel, selected spectra are magnified in the region
close to the Fermi edge. Spectra are normalized to the majority spin
Fe-related part near the Fermi edge. All spectra were taken at room
temperature.

FIG. 6. �Color online� Fe 3p and Mg 2p core-level normal emis-
sion energy distribution curves at h�=128 eV; �a� clean Fe�001�,
�b� Fe�001� exposed to 1 L of molecular oxygen, �c� 0.5 ML
MgO/Fe�001� deposited on clean Fe�001�, �d� 1 ML
MgO/Fe�001�, and �e� previous films annealed to 400 °C for
5 min. In the left panel, the sum of spectra from the sample mag-
netized in opposite directions is plotted. The right panel shows the
same spectra as on the left but renormalized to magnify the Fe 3p
contribution. Opened and closed circles represent spectra from the
sample magnetized in opposite directions. All spectra were mea-
sured at room temperature.
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For the thicker films where no Fe signal remains, there is
no additional Mg 2p line related to metallic Mg. Such a me-
tallic feature would be expected to appear at 2 eV lower
binding energy from the main 2p line of MgO �Ref. 42� and
its complete absence is, therefore, a further confirmation of
the good stoichiometry of these films. In agreement to what
was found in the valence-band study, when annealing
MgO/Fe�100� interface to 400 °C �Fig. 6�e��, there is little
change in the core level with only the shape of the Mg 2p
spectra becomes slightly more symmetrical. However, most
interestingly, upon annealing the 1 ML MgO/Fe�001� a
small feature, which is barely visible in the RT-deposited
MgO, clearly appears at 10.7 eV above the Mg 2p binding
energy �this is best seen in Fig. 7 and further discussed be-
low� but, quite independently of the precise interpretation,
the observed sharpening of the features indicates again a
structural reordering of the MgO layer induced by annealing.

Finally, we provide a brief analysis of the effects related
to the fast response of the Fe substrate to photoexcitation in
the MgO film. Two effects observed are shown in Fig. 6,
where a comparison of Mg 2p spectra of 1 ML MgO and 10
ML MgO film on Fe�100�, both annealed to 400 °C, is made.
First, we focus on the interface-induced electron screening as
observed in the Mg 2p spectra of thin MgO layer in contact
with the Fe substrate. Figure 7 shows that there is substantial
shift of Mg 2p �0.55 eV� to lower binding energy for thin
MgO layer. This shift occurs gradually with increasing cov-
erage, and was routinely reproduced over many freshly pre-
pared MgO/Fe�100� films �not shown�. Such shift is in
agreement with previous results from other MgO/metal
interfaces.43,44 The interpretation of the energetics of the
photoemission process in strongly correlated materials in the

immediate presence of metallic layers, which can rapidly re-
spond to the photoemission process, has been presented by
Duffy and Stoneham45 and in references therein. More re-
cently, related x-ray photoemission experiments performed
by Altieri et al.43,44 for the case of the MgO/Ag�100� inter-
face showed a shift of the Mg 2p peak on the order of 1 eV
with increasing MgO coverage, which was ascribed to image
potential screening from the underlying metal substrate. In
other words, while the charge relaxation in MgO appears to
be slow on the time scale of the photoemission process, the
screening of the hole created in the photoemission process by
underlying metal is rapid on this time scale. In this way, the
presence of the metal substrate influences the energy of the
photoelectron emitted from as far as 10 ML away from the
interface.43 In this interpretation, the observed shift can be
different for various core-level and valence-band features
due to different screening effects. We clearly observe such
effect in Fig. 7, and it is not due to charging, since no sub-
stantial shift between thin and thick MgO layers is observed
in the O 2p part of the valence band �Fig. 4�a��. This is in
contrast to MgO films with higher thicknesses ��15 ML�,
where charging effects are clearly detected in photoemission
spectra. The absence of charging effects in thinner MgO
might be a result of efficient tunneling from the Fe substrate.
The observed interfacial screening reveals the dynamics of
electronic response at the metal and/or insulator interface
that could be relevant in tunneling.

The second interesting observation that can be made from
Fig. 7 is an appearance of small feature at about 10.7 eV
below the Mg 2p peak in the spectrum for 1 ML
MgO/Fe�100�. This feature is completely absent in the clean
Fe spectrum and it also disappears for thick MgO films. Fur-
thermore, we note that this feature is barely visible in the
RT-deposited 1 ML MgO film �see Fig. 6�d��, and it is en-
hanced significantly by annealing to 400 °C �see Fig. 7 and
also Fig. 6�e��. It also appears to be diminished in strength
for submonolayer MgO coverage, as seen for the 0.5 ML
MgO spectrum �Fig. 6�c��. We suggest that this feature is
another example of a response of a conduction electrons of
the Fe underlayer to the excitation produced in the MgO
overlayer. Full support to this interpretation is given by the
fact that Fe surface plasmon peak is reported to be at energy
loss of 10–11 eV by previous studies.46,47 Thus, we assign
the feature observed at 10.7 eV below the Mg 2p to a plas-
mon excited in the Fe interface by sudden creation of the
core hole in the MgO layer across the insulator and/or metal
interface. Such plasmon feature excited across the metal
and/or insulator interfaces was reported recently for
MgO/Ag system,48 where it is also demonstrated that the
exact energy of such plasmon is shifted from the value for a
clean surface due to the changes of the electronic structure at
the interface. The energy shift for that system is reported to
be on the order of a fraction of an eV which is fully consis-
tent with our observation. In conclusion, the observation of
the Fe surface plasmon in the Mg 2p spectrum is another
indication of nontrivial electronic dynamics at the metal
and/or insulator interface.

IV. SUMMARY

The electronic structure of epitaxial MgO�100� films
grown on Fe�100� has been investigated by valence-band

FIG. 7. �Color online� Core-level and small satellite feature
spectra of MgO/Fe�100�. Full circles, 400 °C 1 ML MgO/Fe; solid
line, 400 °C 10 ML MgO/Fe. Spectrum of 1 ML coverage was
measured at room temperature and the 10 ML spectrum at 100 K.
Renormalized parts of spectra are also shown.
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spin-polarized photoemission and shallow core-level spec-
troscopy. The deposition of epitaxial MgO overlayers has
been realized by direct evaporation of stoichiometric MgO
on Fe�100� at room temperature. The good structural and
compositional quality of these MgO films was confirmed by
the small photocurrent intensity observed above the valence-
band maximum for the 10 ML film coverage and by the
absence of a metallic component in the Mg 2p spectrum.
From the valence-band spectra, the Fe 3p, and the Mg 2p
spectra, no indications of an FeO layer were found at the
MgO/Fe�100� interface prepared in this way. The high spin
polarization of the Fe valence band above the VBM of MgO
is preserved in the low coverage range and only a small
reduction in the sharpness of the Fe 3d features is observed.
Annealing the interface to 400 °C only partially restores the
sharpness of the Fe 3d features, very probably as a result of
structural ordering of the interface. Annealing to 500 °C in-
fluences more strongly both the Fe- and MgO-related parts of
the spectra. The recovery of the full sharpness of the Fe 3d
features could be the result of further and more complete
ordering of the interface or to uncovering the clean Fe�100�

substrate. No unambiguous interpretation can be offered on
this point from our data but a microscopy study should be
able to resolve the ambiguity.

In addition, we report several interesting electronic prop-
erties of the interface by comparing the core-level spectra at
various MgO coverages. The binding energy of the Mg 2p
levels increases by 0.55 between 1 and 10 ML coverages. At
1 ML coverage, a small feature is present at a binding energy
of 10.7 eV below the main Mg 2p line; it is ascribed to a
plasmon deexcitation from the underlying Fe substrate.
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