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Oxygen-dosage effect on the structure and composition of ultrathin NiO layers reactively grown
on Ag„001…
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NiO ultrathin films have been prepared under UHV conditions on Ag~001! substrate by metal deposition in
O2 atmosphere. The films were prepared by deposition of the amount of metal correspondent to 1 ML~mono-
layer! of NiO in the presence of different oxygen-to-metal flux ratios, to investigate the oxygen dosage effect
on the structure and composition of the growing layer and on the stoichiometry of Ni oxide. Thicker films~up
to 20 ML! were also prepared. The structure has been monitored both in reciprocal and direct space by
low-energy electron diffraction and primary-beam diffraction-modulated electron emission. Core-level x-ray
photoemission spectroscopy has been used to study film chemistry and composition. At low coverage~below
2 ML! a dramatic dependence of structure and composition on the oxygen-to-nickel flux ratio has been
observed. Low oxygen dosage induces a (231) reconstruction in the 1-ML films that evolves to a (131)
phase as the dosage and/or the film thickness increases. In the layers prepared at low oxygen dosage a large
fraction of metallic Ni coexists with the Ni oxide, but the oxidized fraction largely prevails for high oxygen
dosage. The oxygen dosage during the growth also affects thicker films. The mosaic formation, which has been
ascribed to misfit strain relaxation, is related to a low oxygen-to-nickel flux ratio.

DOI: 10.1103/PhysRevB.69.075418 PACS number~s!: 68.35.2p, 61.14.2x, 68.55.2a, 82.80.Pv
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INTRODUCTION

Epitaxial growth of NiO films provides the opportunity t
prepare materials specifically oriented to a large numbe
applications both in catalysis1,2 and in magnetic nanodevice
technology.3 NiO is also a very appealing material for fun
damental studies of electron correlation in solids.4,5 In par-
ticular, in the monolayer thickness limit, the reduced Mad
lung potential and asymmetric environment could yield n
electronic and magnetic properties of interest both theor
cally and technologically.6 Well-ordered and smooth NiO
films are obtained by evaporating Ni in an oxygen atm
sphere on substrates whose lattice parameter is close to
of NiO. In particular, the~100! surface of Ag was found to be
an ideal substrate for the NiO epitaxy, because of the
reaction kinetic of oxygen on Ag and of the low mismat
~2%! between the fcc metal and rocksalt oxide. The struct
and morphology of NiO films on the Ag~001! substrate have
already been investigated by low-energy electron diffract
~LEED! and Auger and photoelectron electron diffraction,7–9

scanning tunneling microscopy~STM!,10,11 spot profile
analysis~SPA! LEED,12 primary-beam diffraction-modulate
electron emission ~PDMEE!,13 and specular x-ray
reflectivity.14 For thin films, NiO were reported to grow laye
by layer, in an initially pseudomorphic, tetragonally distort
rocksalt phase with the NiO~001!//Ag~001! and NiO@100#//
Ag@100# epitaxial relationships with the Ag substrate. As t
thickness of the oxide increases, the formation of mosaics
the film surface has been observed and ascribed to the
cess of relaxation of the misfit strain. A significant substr
disruption was observed by STM.

STM studies of submonolayer deposits show that a 231
structure~in two orthogonal domains! is formed after the
0163-1829/2004/69~7!/075418~7!/$22.50 69 0754
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deposition of Ni at room temperature~RT! in an oxygen
atmosphere.10,11 This structure evolves in two-layer-thic
NiO islands upon annealing. A 231 structure has been als
observed in LEED studies of 0.5 ML~monolayer! NiO that
disappears at 1.5 ML thickness.9 The formation of a 231
layer and the preferential growth of double-layer islands d
ing the initial growth stages of NiO on Ag~001! has been also
reported in a SPA-LEED study.12 As far as the preparation
procedure is concerned, it has been shown that the us
more aggressive oxidizing agents like NO2 leads to high-
quality thin films, with a 131 structure since the first NiO
ML.6,15 On a larger thickness scale, both the structure a
composition of NiO films deposited by dc reactive sputteri
Ni in an Ar1-O2 mixed atmosphere on Si substrate we
found to depend on the oxygen content in the gas mixtur16

The aim of the present work was to investigate the fi
composition and structure, with emphasis on the occurre
of different reconstructions in the very initial stage of th
NiO growth on Ag~001! substrate, in dependence on the pr
cedure of reactive growth and in particular on the relat
amount of oxygen and nickel flux on the substrate surfa
The oxide structural arrangement has been monitored bo
reciprocal and in direct space by LEED and PDMEE,17–19

while chemistry and composition have been studied by co
level x-ray photoemission spectroscopy~XPS!.

EXPERIMENT

The Ag~001! substrate was prepared by repeated cycle
sputtering (Ar1 ions, 600 eV, 0.8mA/cm2! and annealing at
400 °C. Oxide films were prepared in an UHV chamber~base
pressure 5310211 Torr) using a Knudsen cell for Ni evapo
ration and a gas inlet for simultaneous O2 exposure. Ni at-
oms were deposited at a rate of 0.1–0.6 Å/min. The rate
©2004 The American Physical Society18-1
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C. GIOVANARDI, A. di BONA, AND S. VALERI PHYSICAL REVIEW B 69, 075418 ~2004!
measured by a quartz microbalance. The flux of O2 was lo-
calized on the substrate by a nozzle located close~10 mm! to
the surface. The O2-to-Ni flux ratio will be referred to asn
and was varied in the 30–800 range. Then parameter has
been evaluated after several assumptions. The number o2

molecules introduced in the growth system per unit time
been estimated by the product of the O2 partial pressure (4
31028 Torr) and the pumping speed of the system~500 l/s!.
Since a nozzle was used to direct the gas flow to the sam
surface, we assume that all the introduced molecules imp
on the surface. The Ni atom flux has been measured by
quartz microbalance placed at the sample position. Th
evaluations are quite rough with respect to the absolute v
of n: however, they are significant as far their relative valu
are concerned. The NiO deposition rate was about 0.1–
ML/min, as evaluated by the Ni deposition rate and the
atomic density in the oxide. During deposition, the substr
temperature was held to 190 °C. While in Refs. 7–10 and
a RT growth is performed, in Refs. 15 and 6 a higher sub-
strate temperature is suggested for obtaining higher-qu
films. With an increased substrate temperature, a higher
of O2 or a more reactive agent15,6 is needed for oxidizing the
Ni. At the same time, the substrate temperature could pla
role in the Ni-Ag alloying rate. The product of NiO rate an
deposition time will be referred to as the nominal thickne
Quantitative XPS analysis was used to check the reliab
and the accuracy of the Ni deposition rate measured by
quartz microbalance: the results of both methods ag
within 10%. The Ni-Ag alloying effect concerns a small fra
tion of the total area~if we exclude then530 sample! and
therefore cannot effect the actual height of the thick films

PDMEE measurements17–19 consist in measuring the
electron-excited Auger signal intensity as a function of
beam incidence angle. The incident beam intensity is mo
lated by the ordered crystal structure by a focusing and
fraction process similar to that occurring to the outgoi
photoelectrons in x-ray photoemission spectroscopy~XPD!.
The incident beam intensity modulation is reproduced by
measured Auger signal. The PDMEE experiments were
formed by a PHI 590A spectrometer with the cylindrical m
ror analyzer~CMA! operated in the first derivative mod
~0.6% resolution, 15-V modulation! and the coaxial electron
gun operated at 5 keV and 1mA. A computer-controlled
manipulator provided the rotation of the sample in front
the analyzer with an accuracy of 0.1°. Auger intensities fr
the film and substrate were collected as a function of
incidence angle of the primary beam which was changed
steps of 1° along the@100# substrate azimuth. The angula
acceptance of the CMA was proved to be large enough
smear out the outgoing electron diffraction features.17 LEED
measurements were performed using a WA Technology r
view, four-grid apparatus, with the electron gun operated
168 eV to minimize the contribution from the Ag substrate20

images were recorded using a computer-controlled 16
charge-coupled-device~CCD! camera. The position of the
sample in front of the LEED was reproduced with an ac
racy of 60.01 mm. XPS measurements were perform
using a nonmonochromatic AlKa source and an hemispher
07541
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cal analyzer Omicron EA125. Photoemission spectra w
taken with a resolution of 2 eV, measured at the Ag Fer
edge.

RESULTS AND DISCUSSION

The NiO growth mode has been first monitored
PDMEE. The intensity of the relevant Auger peaks of t
overlayer has been measured as a function of the incide
angle of the primary beam along the@100# substrate azimuth
for NiO films of increasing thickness. The intensity angu
distributions~IAD’s ! of O KLL and NiLVV peaks are shown
in Fig. 1~a! for 1- and 2-ML films prepared withn580.
Similar results have been obtained on NiO films prepa
with n5800. The AgMNN IAD measured on the clean sub
strate is also shown~bottom curve!. In the 2-ML IAD’s,
maxima in the Auger emission intensity occur, due to t
forward focusing of the primary intensity along low-inde
chains of the rocksalt NiO structure. The peaks at 0° a
about 45° correspond to the beam alignment along the de
@001# and@101# chains, respectively. The most direct way
follow the tetragonal distortion in cubic materials is by me
suring the position of the@101# forward-focusing peak in the
~100! azimuth.21 The forward-focusing peak related to th
close-packed@101# chain actually occurs at a lower ang
~43.9°! with respect to the ideal rocksalt value of 45°. Th
angular separation between the@101# forward peak and the
@001# one is related to the ratio between the in-plane~a! and
out-of-plane ~c! parameters of the NiO rocksalt structur

FIG. 1. ~a! IAD’s of Ni LVV and OKLL Auger signals along the
@100# azimuth on the~001! surface of 1-ML and 2-ML NiO films
prepared by then580 procedure; the AgMNN IAD is also shown,
measured on the clean substrate.~b! Intensity anisotropy of the
@001# peak as a function of NiO thickness, in the NiLVV IAD. ~c!
O KLL/Ni LVV Auger intensity ratio vs thickness of NiO film
prepared by then580 and 800 procedures~open and solid dots,
respectively!.
8-2
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The angular position of the@101# peak indicates the occur
rence of a tetragonal distortion of the cubic cell (a/c
50.96) to accommodate the lattice mismatch between
Ag and NiO equilibrium structure. Assuming a Poisson ra
value for NiO of 0.31,22 the calculateda/c value for the
in-plane compressed NiO film is 0.9594, in good agreem
with our experimental findings.

The strength of the individual features in the IAD’s
quantitatively described by the intensity anisotropy, defin
as 2(I max2Imin)/(Imax1Imin), where I max (Imin) is the maxi-
mum ~minimum! signal intensity measured crossing the co
sidered feature. The anisotropy of the@001# forward-focusing
peak in the NiLVV IAD is reported versus thickness of th
NiO film in Fig. 1~b!. Data refer to then580 film, but they
are representative also of then5400 and 800 films. The
nonzero~8%–10%! Ni and O intensity anisotropy observe
in the submonolayer and ML range is ascribed to the non
tropic contribution of the backscattered electrons to the i
ization of the outermost layers, as first discussed for Si s
monolayers on Mo~100! and ~110! ~Ref. 23! and recently
reported for ultrathin Ag layers on Cu~001! ~Ref. 24! and Co
layers on Fe~001! ~Ref. 25!. Backscattered electrons are
fact modulated in intensity by the substrate structure, acc
ing to the scattering-interference process experienced by
primary beam, and significantly contribute to the ionizati
of the outermost layer. In the presence of a significant fr
tion of double layer, forward focusing occurs along spec
directions and a sudden increase of the anisotropy, u
nearly the double of the backscattering value, is expecte25

The low, constant value of the overlayer signal anisotropy
0.5 and 1 ML deposition and the rise of the anisotropy
deposition larger than 1.5–2 ML both indicate that, if an
the occurrence of double or multiple layers in the nomina
1-ML-thick films is a minor effect and that a two
dimensional growth substantially occurs.

The OKLL/Ni LVV intensity ratio was obtained by av
eraging the PDMEE intensity angular distributions in ord
to reduce the effects of electron diffraction on the quant
tive analysis of the Auger spectra and is shown in Fig. 1~c! as
a function of the NiO nominal thickness for both then580
and 800 procedures. The expected OKLL/Ni LVV value
has been calculated~dashed curve! with the assumption of a
layer-by-layer growth of a stoichiometric oxide, also taki
into account the different inelastic mean free paths of the
KLL ~11 Å! and NiLVV ~17 Å! electrons26 ~this difference is
actually responsible for the increasing value of the inten
ratio as the film thickness reduces!. At 1 ML deposition a
marked effect of the deposition procedure on the film co
position is observed, while for deposition larger than 2 M
the film composition is nearly independent of then value.

In Fig. 2, the LEED patterns (Ep5168 eV, normal inci-
dence! of the Ag~001! substrate and of 1-ML Ni/Ag~001!
@panels~a! and~b!, respectively# are compared to the patter
of 1 ML NiO/Ag~001! film prepared with different oxygen
to-nickel flux ratios@n530, 80, and 800, panels~c!–~e!#, as
well as to the pattern of 2-ML NiO/Ag~001! film prepared
with n580 @panel~f!#. The corresponding spot profiles of th
LEED intensity along the@110# substrate direction are als
shown panels (a8) – (f8). In order to minimize the contribu
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tion from the Ag substrate,20 a beam energy value close t
the extinction of the~10! and ~11! spots was chosen. Thi
leads to the unusually large background to signal ratio
panel (a8). The film prepared with then5800 procedure
exhibits a substratelike (131) pattern with spot width
slightly larger if compared to the spots of the Ag~001! sur-
face, indicating the growth of large, well-ordered NiO~001!
domains with the NiO@100#//Ag@100# epitaxial relationship

FIG. 2. Left: LEED patterns~168 eV!. Ag~001! substrate
@panel~a!, where the white arrows indicate the unit cell in recipr
cal space#, 1-ML Ni/Ag~001! @panel~b!#, 1-ML NiO/Ag~001! film
prepared with different oxygen-to-nickel flux ratio„30, 80, and 800
@panel~c!–~e!#… and 2-ML NiO/Ag~001! film prepared withn580
@panel ~f!#. Right: the corresponding polar distributions of th
LEED intensity along the white path indicated in panel~a!.
8-3
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and an almost full coverage of the Ag substrate. Howe
the spot-to-background ratio is significantly decreased w
respect to the clean substrate, suggesting the nucleatio
point defects. LEED patterns allow the measure of the
plane lattice parameter of the outermost layer. The accu
of the measurement is enhanced by a careful positionin
the surface in the focal point of the screen and by averag
over distances between different spots in the LEED patt
From patterns~a! and ~e! of Fig. 2 it has been found that
nearly ideal in-plane matching occurs between the overla
and substrate.

At variance with then5800 procedure, then580 proce-
dure results in a fourfold-symmetric LEED pattern with ha
order extra spots along the@110# directions, beside the~00!,
~10!, and ~20! integer spots. This indicates a (231) over-
layer reconstruction in two orthogonal domains. Both t
width of the integer spots and the background intensity
slightly larger compared to then5800 (131) pattern, sug-
gesting a lower degree of long-range order in then580 film.
At 2 ML NiO deposition the (231) reconstruction disap
pears@panels~f! and (f8)] and the~10!-to-~11! spot intensity
ratio becomes larger than 1, thus evolving toward the va
measured on thicker~20 ML! films.

The occurrence of a (231) reconstruction has been a
ready observed by LEED~Ref. 9! and STM ~Ref. 10! for
submonolayer NiO films prepared at RT on Ag~001! sub-
strate by Ni deposition in a background oxygen atmosph
of about 131026 mbar. It has been also reported that t
231 phase disappears upon annealing of the RT-depos
film.10 However, an explicit correlation between the occ
rence of this structure and the preparation procedure
never been established up to now. Comparison between
n580 and 800 results indicates that the (231) structure
originates in an oxygen deficiency during the growth. Ho
ever, we notice that this structure cannot be detected in
oxide layer prepared with then530 procedure. More gener
ally, in terms of both the peak width and the~10!-to-~11! spot
intensity ratio then530 film pattern closely resembles th
1-ML Ni film pattern. The (231) LEED pattern observed in
ultrathin NiO layers has been sometimes ascribed to a su
structure of adsorbed oxygen on NiO.9 This hypothesis
seems not favored by the extremely low sticking coeffici
of O on Ag at temperatures above RT.27 This is confirmed by
STM data10 and an alternative model has been proposed f
(231) O/Ni/Ag~001! precursor structure, where protrudin
Ni rows alternate with rows which are located somew
deeper and the oxygen atoms are located in threefold ho
sites.10 This model is, however, not fully compatible with th
results of a recentab initio density functional study of the
interfacial geometry~adsorption sites and distances! of the
1-ML NiO/Ag~001! system.28 LEED intensities of the (2
31) NiO structure of 1-ML NiO films reactively prepare
on Ag~001! with low oxygen dosage have been measure29

but a quantitative structural analysis is still in progress.
The 1-ML oxide films prepared at different oxygen-t

nickel flux ratios were found to exhibit marked differences
the Ni 2p photoemission spectra. Ni 2p spectra, whose
background has been subtracted by the Shirley algorithm
shown in Fig. 3 for a wide range ofn values from 30 to 800.
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On moving then value from 800 to 80 we mainly notice tha
the 3d9L21-related 2p1/2 and 2p3/2 peaks progressively in
crease in width and shifts to lower binding energy~BE! and
that the 3d8L-related satellites become less separated fr
the main peak. As then value further reduces to 30, the N
2p line shape clearly evolves toward the metallic Ni lin
shape. This trend suggests that the 1-ML NiO spectrum
weighted superposition of contributions from both metal
and oxidized Ni atoms. Changes of the overall Ni 2p line
shape is therefore ascribable to changes in the relative in
sity of these two contributions and/or to changes in the sp
trum of the oxidized Ni phase.

To get a reference spectra for the metallic component,
Ni 2p line shape of 1-ML Ni/Ag~001! film has been mea-
sured in the same conditions in a separate experiment.
detailed study of the Ni/Ag~001! interface is beyond the

FIG. 3. ~a! Background subtracted Ni 2p photoemission spectra
of 1-ML oxide film prepared at increasing O2-to-Ni flux ratio from
30 to 800. Spectra have been collected in normal take-off geom
and were normalized to their area. Ni0 and Ni21 spectral contribu-
tions to the overall Ni 2p line shape atn580 are shown~black and
gray areas, respectively!. ~b! Ni21 spectral contributions to the N
2p line shape at increasing O2-to-Ni flux ratio. The Ni 2p photo-
emission spectrum of 3-ML NiO film prepared with then580 pro-
cedure is also shown~bottom curve!. Inset shows the percen
weight of the Ni21 contribution to the overall Ni 2p emission as a
function of then value.
8-4
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OXYGEN-DOSAGE EFFECT ON THE STRUCTURE AND . . . PHYSICAL REVIEW B69, 075418 ~2004!
scope of this paper. We subtracted the metallic compon
from the Ni 2p line shape of the 1-ML NiO/Ag~001! films,
and the remaining spectral contributions have been ascr
to the oxide phase. The criterion was to subtract the larg
amount of metallic component, provided that the spec
intensity in the 845–890 eV range remains non-negative.
example of the separation procedure is shown in Fig. 3~a!.
The Ni oxide spectral contributions to the overall 1-ML N
2p spectra are comparatively shown in Fig. 3~b!. We notice
that the shape of the oxide-related 2p emission is very simi-
lar for all the 1-ML films ~with the exception of then530
film, which will be discussed later!, indicating that a unique
oxidized phase is formed, irrespective of then value, and
that changes in the Ni 2p line shape associated with chang
in the oxygen-to-nickel flux ratio are mainly due to chang
in the relative amount of metallic Ni atoms in the so-call
1-ML NiO film. The weight of the Ni21 contribution to the
overall Ni 2p emission is shown in the inset of Fig. 3 as
function of then value. Forn5400 or larger, this contribu-
tion is of the order of 90%, but it significantly reduces f
n580 and becomes largely minor~about 20%! for n530.
We conclude that the effect of the oxygen dosage on
composition of the 1-ML-deposited film is dramatic for a
oxygen-to-nickel flux ratio lower than about 100, but it
less important for a ratio larger than about 300.

The presence of a relevant fraction of metallic Ni ato
for low values ofn is possibly due to the competing effect
the Ni dissolution kinetic in the Ag substrate with respect
the Ni oxidation kinetic. Both experiments and simulatio
showed in fact for the Ni/Ag~001! interface a ‘‘surfactant-
like’’ behavior that consists of the formation of layers
clusters of Ni buried below some Ag floatin
monolayers.30–32A similar effect has been observed for di
ferent metals like Rh~Ref. 33!, Cr ~Ref. 34!, and Fe~Ref.
35! on Ag~001!. Therefore in presence of an O2 molecules
deficiency with respect to Ni atoms, a fraction of the dep
ited Ni atoms dissolve into the Ag substrate, thus mainta
ing a metallic character. In a separate experiment~not re-
ported here! the actual occurrence of such an intermixing h
been observed by a comparative sputter profile of both
Ni/Ag~001! and NiO/Ag~001! interfaces. The Ni dissolution
effect is limited to the initial stage of the deposition. Act
ally, the spectral weight of the metallic Ni component for t
n580 deposition passes from 28% for 1 ML to 10% for
ML. This decrease is consistent with the assumption that
deposition of the subsequent layers do not contribute to
metallic Ni signal. Rather, they attenuate the metallic fr
tion that dissolved into the substrate in the early stage of
deposition.

It should be mentioned that the (231) phase cannot be
ascribed to an arrangement of the large fraction of meta
Ni atoms in then580 film. In fact, there is no evidence o
the occurrence of this phase in the LEED pattern of then
530 film, where the fraction of metallic Ni is even large
Therefore the (231) phase is ascribable to the oxidized po
tion of the film, but it is only observed in presence of met
lic Ni.

Oxide spectral contributions look very similar in shape
all the films prepared with ann value of 80 or larger. Rel-
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evant spectral parameters—namely, the BE of the 3d9L21

peaks and the energy separation between the 3d9L21 and
3d8L features—are in agreement with the data reported
the literature for 1-ML NiO films.6,36 The reduced intensity
of the 3d8 satellites with respect of the 3d9L21 main peaks
and the absence of the nonlocal screening satellite in
3d9L21 peaks are additional fingerprints of a Ni 2p emis-
sion ascribable to an ultrathin NiO layer. The relative inte
sity of the 3d8L satellites in fact starts to increase in th
3-ML spectrum@Fig. 3~b!, bottom curve#, and the nonlocal
screening satellite becomes evident only at 5 ML thickn
~not shown here!.

The oxide spectral contribution to the Ni 2p emission
from the film prepared with then530 procedure exhibits a
quite different shape@top curve in Fig. 3~b!#. Having in mind
that in this case only 20% of the deposited Ni atoms re
with oxygen to form a Ni oxide, we are possibly dealing wi
1-ML-thick NiO aggregates of very small lateral dimension
The line-shape difference with respect to then580– 800 is
therefore ascribable to the further~lateral! confinement in
addition to the vertical confinement of the ML films. As fa
as the BE, the splitting, and the relative intensities of
main lines and satellites are concerned, then530 spectrum
closely resembles that of diluted NiO, as measured
NixMg12xO mixed crystals or powders.4,37 The LEED pat-
tern @panels~c! and (c8) of Fig. 2#, strictly similar to the

FIG. 4. Ni 2p photoemission spectra~a! and 148-eV LEED
patterns~b! of 16-ML NiO films prepared byn580 and 800 pro-
cedures. The shape of the~1,1! spot is shown in detail in the bottom
panels.
8-5



t

a
at

o
s
th
rg

s

tr
s

bi
n

-

s

s

ctu
y

l
y-
tra
bl
ia

en
e

to
ial

ux
of

e

or
rs
ess
tion

n
ates

f-
the
n.

.
to

hy

M

i.

H

ar

.

F.

F.
.

r-

n-

ci.

rf.
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1-ML Ni pattern@panels~b! and (b8) of Fig. 2#, suggests tha
both the amount of oxidized Ni~0.2 ML from XPS analysis!
and the reduced lateral dimensions of the NiO aggregates
too small to give a detectable contribution to the LEED p
tern.

The effects of a different oxygen dosage during Ni dep
sition on the composition and structure of the NiO film
seem to be confined to the very initial phase of the grow
However, some effects were found to persist at a very la
coverage. In Fig. 4, the XPS spectra and LEED pattern
16-ML NiO/Ag~001! films prepared with then580 and 800
procedures are compared. The Ni 2p line shape is very simi-
lar for the two cases and fully consistent with the spec
reported in the literature for NiO thick films or bulk sample
LEED patterns, however, in spite of the similar, (131) four-
fold symmetry with respect to the surface normal, exhi
relevant differences as far as the spot shape is concer
Both the ~11! and ~10! spots in then580 pattern are sur
rounded by four additional spots in the^100& substrate direc-
tions. The separation of the satellites from the main spot
about 20% of the Brillouin zone~BZ!. Similar features have
been already observed in NiO films and also in MgO film
whose thickness is larger than a critical value~several ML’s!
and have been interpreted as induced by a mosaic stru
that forms in the oxide film to relax the misfit strain b
introducing interfacial dislocations.12,38 Following this inter-
pretation, the results of Fig. 4~b! suggest a larger critica
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