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NiO ultrathin films have been prepared under UHV conditions of08% substrate by metal deposition in
0O, atmosphere. The films were prepared by deposition of the amount of metal correspondent {onbidk.
layen 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. Thicketufims
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 cdvelage
2 ML) a dramatic dependence of structure and composition on the oxygen-to-nickel flux ratio has been
observed. Low oxygen dosage induces & (2 reconstruction in the 1-ML films that evolves to ax(1)
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.
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INTRODUCTION deposition of Ni at room temperatuid®RT) in an oxygen
atmospheré®!! This structure evolves in two-layer-thick
Epitaxial growth of NiO films provides the opportunity to NiO islands upon annealing. A>21 structure has been also
prepare materials specifically oriented to a large number opbserved in LEED studies of 0.5 M{monolayey NiO that
applications both in catalydi€ and in magnetic nanodevices disappears at 1.5 ML thickne3sThe formation of a X1
technology® NiO is also a very appealing material for fun- layer and the preferential growth of double-layer islands dur-
damental studies of electron correlation in sofiddn par-  ing the initial growth stages of NiO on A4g01) has been also
ticular, in the monolayer thickness limit, the reduced Made-éPorted in a SPA-LEED study.As far as the preparation

lung potential and asymmetric environment could yield newProcedure is concerned, it has been shown that the use of

electronic and magnetic properties of interest both theoreti™0re aggressive oxidizing agents like N@ads to high-

cally and technologicall§. Well-ordered and smooth NiO quality thin films, with a X 1 structure since the first NiO
films are obtained by evaporating Ni in an oxygen atmo-ML'G'lS On a larger thickness scale, both the structure and

sphere on substrates whose lattice parameter is close to t ggmposition of NiO films deposited by dc reactive sputtering

. X Iin an Ar"-O, mixed atmosphere on Si substrate were
of NiO. In particular, th€100) surface of Ag was found to be found to depend on the oxygen content in the gas mixGire.

an ideal substrate for the NiO epitaxy, because of the low The aim of the present work was to investigate the film

re?ctlon kinetic of oxygen on Ag and of th_e low mismatch composition and structure, with emphasis on the occurrence
(2%) between the fcc_mefcal and rocksalt oxide. The Structureyt gitferent reconstructions in the very initial stage of the
and morphology of NiO films on the AQ01) substrate have Nig growth on Ag001) substrate, in dependence on the pro-
already been investigated by low-energy electron diffraction.equre of reactive growth and in particular on the relative
(LEED) and Auger and photoelectron electron diffractioR,  amount of oxygen and nickel flux on the substrate surface.
scanning tunneling microscopySTM),**** spot profile  The oxide structural arrangement has been monitored both in
analysis(SPA) LEED,"? primary-beam diffraction-modulated reciprocal and in direct space by LEED and PDMEE
electron emission (PDMEB),'* and specular x-ray while chemistry and composition have been studied by core-
reflectivity.” For thin films, NiO were reported to grow layer level x-ray photoemission spectroscop$PS).
by layer, in an initially pseudomorphic, tetragonally distorted
rocksalt phase with the Ni@©01)//Ag(001) and Nig100]/ EXPERIMENT
Ag[100] epitaxial relationships with the Ag substrate. As the
thickness of the oxide increases, the formation of mosaics on The Ag001) substrate was prepared by repeated cycles of
the film surface has been observed and ascribed to the preputtering (AF ions, 600 eV, 0.8A/cm?) and annealing at
cess of relaxation of the misfit strain. A significant substrate400 °C. Oxide films were prepared in an UHV chami®se
disruption was observed by STM. pressure % 10~ ! Torr) using a Knudsen cell for Ni evapo-
STM studies of submonolayer deposits show that&l2 ration and a gas inlet for simultaneous &xposure. Ni at-
structure(in two orthogonal domainsis formed after the oms were deposited at a rate of 0.1-0.6 A/min. The rate was
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measured by a quartz microbalance. The flux gfv@s lo-
calized on the substrate by a nozzle located c{@®emm) to
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Thickness [ML]

0 1

2 3

the surface. The ©to-Ni flux ratio will be referred to as [100]Iazimu|th (a)I ol (t':) %
and was varied in the 30—800 range. Tin@arameter has Ep=SkeV  m ° 125
been evaluated after several assumptions. The numbey of O 120 3
molecules introduced in the growth system per unit time has §
been estimated by the product of the @artial pressure (4 118 §
% 108 Torr) and the pumping speed of the syst&a0 I/s. 410 =
Since a nozzle was used to direct the gas flow to the sample = -
surface, we assume that all the introduced molecules impinge 5 1°

on the surface. The Ni atom flux has been measured by the 5 )

quartz microbalance placed at the sample position. These z L + . N=::g
evaluations are quite rough with respect to the absolute value 8 o Nego |16
of n: however, they are significant as far their relative values £ ] \ Q
are concerned. The NiO deposition rate was about 0.1-0.5 :l % 114 E
ML/min, as evaluated by the Ni deposition rate and the Ni it [ % z
atomic density in the oxide. During deposition, the substrate o " '\ ! 5
temperature was held to 190 °C. While in Refs. 7-10 and 12 ! " i :f-!’! i : % 1.2

a RT growth is performed, in Refs. 15di® a higher sub- N “ -"-.i! VoW

strate temperature is suggested for obtaining higher-quality AT M R 10
films. With an increased substrate temperature, a higher dose 20 0 20 40 600 2 4 6

of O, or a more reactive agerifis needed for oxidizing the Incidence Angle [deg]  Thickness [ML]

Ni. At the same time, the substrate temperature could play a FIG.1.(a) IAD's of Ni LVV and OKLL Auger signals along the
role in the Ni-Ag alloying rate. The product of NiO rate and [100] azimuth on the001) surface of 1-ML and 2-ML NiO films
deposition time will be referred to as the nominal thicknessPrepared by the=80 procedure; the AGINNIAD is also shown,
Quantitative XPS analysis was used to check the reliabilit easured on the C'?an SUb.Stra@ 'ntens'.ty anisotropy of the
and the accuracy of the Ni deposition rate measured by the03 Peak as afunction of NiO thickness, in the BWV IAD. (©)
quartz microbalance: the results of both methods agresreKI:r‘égl IbL\:[Y m’iugg ra::;egzl(t)y rgé%gjrézczzezi dOfs(;\lli'(? dfggs
within 10%. The Ni-Ag alloying effect concerns a small frac- resgectively)c/ P P ’
tion of the total aredif we exclude then=30 sampl¢ and
therefore cannot effect the actual height of the thick films. cal analyzer Omicron EA125. Photoemission spectra were
PDMEE measuremerts'® consist in measuring the taken with a resolution of 2 eV, measured at the Ag Fermi
electron-excited Auger signal intensity as a function of theedge.
beam incidence angle. The incident beam intensity is modu-
lated by the ordered crystal structure by a focusing and dif- RESULTS AND DISCUSSION

fraction process similar to that occurring to the outgoing The NiO growth mode has been first monitored by
photoelectrons in x-ray photoemission spectroscOfyD).  PDMEE. The intensity of the relevant Auger peaks of the
The incident beam intensity modulation is reproduced by th&verlayer has been measured as a function of the incidence
measured Auger signal. The PDMEE experiments were petangle of the primary beam along th&00] substrate azimuth
formed by a PHI 590A spectrometer with the cylindrical mir- for NiO films of increasing thickness. The intensity angular
ror analyzer(CMA) operated in the first derivative mode distributions(IAD’s) of O KLL and NiLVV peaks are shown
(0.6% resolution, 15-V modulatigrand the coaxial electron in Fig. 1(a) for 1- and 2-ML films prepared wittn=80.
gun operated at 5 keV and AA. A computer-controlled Similar results have been obtained on NiO films prepared
manipulator provided the rotation of the sample in front ofwith n=800. The AgMNN IAD measured on the clean sub-
the analyzer with an accuracy of 0.1°. Auger intensities fromstrate is also showitbottom curvg. In the 2-ML IAD’s,

the film and substrate were collected as a function of thenaxima in the Auger emission intensity occur, due to the
incidence angle of the primary beam which was changed byorward focusing of the primary intensity along low-index
steps of 1° along th¢100] substrate azimuth. The angular chains of the rocksalt NiO structure. The peaks at 0° and
acceptance of the CMA was proved to be large enough tabout 45° correspond to the beam alignment along the dense
smear out the outgoing electron diffraction featufeSEED  [001] and[101] chains, respectively. The most direct way to
measurements were performed using a WA Technology reafellow the tetragonal distortion in cubic materials is by mea-
view, four-grid apparatus, with the electron gun operated asuring the position of thg101] forward-focusing peak in the
168 eV to minimize the contribution from the Ag substr&te; (100 azimuth?®* The forward-focusing peak related to the
images were recorded using a computer-controlled 16-bitlose-packed101] chain actually occurs at a lower angle
charge-coupled-devic€CCD) camera. The position of the (43.99 with respect to the ideal rocksalt value of 45°. The
sample in front of the LEED was reproduced with an accu-angular separation between tf1] forward peak and the
racy of 20.01 mm. XPS measurements were performed001] one is related to the ratio between the in-pléaeand
using a nonmonochromatic Kla source and an hemispheri- out-of-plane(c) parameters of the NiO rocksalt structure.
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The angular position of thgl01] peak indicates the occur-
rence of a tetragonal distortion of the cubic cel/¢
=0.96) to accommodate the lattice mismatch between the
Ag and NiO equilibrium structure. Assuming a Poisson ratio
value for NiO of 0.312? the calculateda/c value for the
in-plane compressed NiO film is 0.9594, in good agreement
with our experimental findings.

The strength of the individual features in the IAD’s is
guantitatively described by the intensity anisotropy, defined
as 2 max— I min)/(Imaxt Imin), Where | nax (Imin) is the maxi-
mum (minimum) signal intensity measured crossing the con-
sidered feature. The anisotropy of flt®1] forward-focusing
peak in the NiLVV IAD is reported versus thickness of the
NiO film in Fig. 1(b). Data refer to then= 80 film, but they
are representative also of the=400 and 800 films. The
nonzero(8%—10% Ni and O intensity anisotropy observed
in the submonolayer and ML range is ascribed to the noniso-
tropic contribution of the backscattered electrons to the ion-
ization of the outermost layers, as first discussed for Si sub-
monolayers on M@00 and (110 (Ref. 23 and recently
reported for ultrathin Ag layers on Q@@01) (Ref. 24 and Co
layers on F&O01 (Ref. 25. Backscattered electrons are in
fact modulated in intensity by the substrate structure, accord-
ing to the scattering-interference process experienced by the
primary beam, and significantly contribute to the ionization
of the outermost layer. In the presence of a significant frac-
tion of double layer, forward focusing occurs along specific
directions and a sudden increase of the anisotropy, up to
nearly the double of the backscattering value, is expected.
The low, constant value of the overlayer signal anisotropy for
0.5 and 1 ML deposition and the rise of the anisotropy for
deposition larger than 1.5—-2 ML both indicate that, if any,
the occurrence of double or multiple layers in the nominally
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 order
to reduce the effects of electron diffraction on the quantita-
tive analysis of the Auger spectra and is shown in Fig) &s

I T I

(a')"_ 6

a function of the NiO nominal thickness for both the- 80 ! ! | I L]
and 800 procedures. The expectedK@L/Ni LVV value (1.1 (2.1 [0.1)
has been calculate@diashed curvewith the assumption of a [ Kux, Ky ] reciprocal lattice units

layer-by-layer growth of a stoichiometric oxide, also taking
into account the different inelastic mean free paths of the O FIG. 2. Left: LEED patterns(168 e\). Ag(001) substrate
KLL (11 A) and NiLVV (17 A) electroné® (this difference is  [panel(a), where the white arrows indicate the unit cell in recipro-
actually responsible for the increasing value of the intensitycal spacg 1-ML Ni/Ag(001) [panel(b)], 1-ML NiO/Ag(001) film
ratio as the film thickness reduge#\t 1 ML deposition a  prepared with different oxygen-to-nickel flux ra80, 80, and 800
marked effect of the deposition procedure on the film com{panel(c)—(e)]) and 2-ML NiO/Ag00J) film prepared withn=80
position is observed, while for deposition larger than 2 ML[panel (f)]. Right: the corresponding polar distributions of the
the film composition is nearly independent of thealue. LEED intensity along the white path indicated in patel

In Fig. 2, the LEED patternsHp=168 eV, normal inci-
dencé of the Ag001) substrate and of 1-ML Ni/A@01) tion from the Ag substrat®, a beam energy value close to
[panels(a) and(b), respectively are compared to the pattern the extinction of the(10) and (11) spots was chosen. This
of 1 ML NiO/Ag(00)) film prepared with different oxygen- leads to the unusually large background to signal ratio in
to-nickel flux ratiog n= 30, 80, and 800, panels)—(e)], as  panel (&). The film prepared with then=800 procedure
well as to the pattern of 2-ML NiO/A@0]) film prepared exhibits a substratelike ¢41) pattern with spot width
with n=280[panel(f)]. The corresponding spot profiles of the slightly larger if compared to the spots of the (@91 sur-
LEED intensity along thg¢110] substrate direction are also face, indicating the growth of large, well-ordered N@D1)
shown panels (3—(f’). In order to minimize the contribu- domains with the NiQLO0]//Ag[100] epitaxial relationship
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and an almost full coverage of the Ag substrate. However, O,/Ni Fluxes
the spot-to-background ratio is significantly decreased with 0 400 800
respect to the clean substrate, suggesting the nucleation of w0l T T T 1] h=14ss6ev (@)
point defects. LEED patterns allow the measure of the in- r 1ML NiO

plane lattice parameter of the outermost layer. The accuracy

of the measurement is enhanced by a careful positioning of
the surface in the focal point of the screen and by averaging
over distances between different spots in the LEED pattern.
From patternga) and(e) of Fig. 2 it has been found that a
nearly ideal in-plane matching occurs between the overlayer
and substrate.

At variance with then=800 procedure, tha=80 proce-
dure results in a fourfold-symmetric LEED pattern with half-
order extra spots along t&10] directions, beside thed0),

(10), and (20) integer spots. This indicates a X2) over-
layer reconstruction in two orthogonal domains. Both the
width of the integer spots and the background intensity are
slightly larger compared to the=800 (1X1) pattern, sug-
gesting a lower degree of long-range order inrnixe80 film.

At 2 ML NiO deposition the (1) reconstruction disap-
pearg panels(f) and (f)] and the(10)-to-(11) spot intensity
ratio becomes larger than 1, thus evolving toward the value
measured on thickg20 ML) films.

The occurrence of a (1) reconstruction has been al-
ready observed by LEEDRef. 9 and STM (Ref. 10 for
submonolayer NiO films prepared at RT on (891 sub-
strate by Ni deposition in a background oxygen atmosphere
of about 1X10~° mbar. It has been also reported that the . ,
2X 1 phase disappears upon annealing of the RT-deposited 900 -880 -860 -840
film.1% However, an explicit correlation between the occur-
rence of this structure and the preparation procedure has Binding Energy [eV]
never been established up to now. Comparison between the
n=80 and 800 results indicates that thex(2) structure
originates in an oxygen deficiency during the growth. How-
ever, we notice that thi_s structure cannot be detected in thgnd were normalized to their area.°Nind NP+ spectral contribu-
Ox'd_e layer prepared with the= _30 procedure. More gener- tions to the overall Ni P line shape ah= 80 are showriblack and
ally, in terms of both the peak width and tti0)-to-(11) Spot g5y areas, respectively(b) Ni2* spectral contributions to the Ni
intensity ratio then=30 film pattern closely resembles the 7, jine shape at increasing,@o-Ni flux ratio. The Ni 2 photo-
1-ML Ni film pattern. The (2<1) LEED pattern observed in - emission spectrum of 3-ML NiO film prepared with the=80 pro-
ultrathin NiO layers has been sometimes ascribed to a supegedure is also showribottom curvé. Inset shows the percent
structure of adsorbed oxygen on NiOThis hypothesis weight of the N#* contribution to the overall Ni @ emission as a
seems not favored by the extremely low sticking coefficientfunction of then value.
of O on Ag at temperatures above RTThis is confirmed by
STM datd® and an alternative model has been proposed for &n moving then value from 800 to 80 we mainly notice that
(2x 1) O/INi/Ag(001) precursor structure, where protruding the 3d°L ~-related 2,,, and 25, peaks progressively in-

Ni rows alternate with rows which are located somewhatcrease in width and shifts to lower binding enef®E) and
deeper and the oxygen atoms are located in threefold hollowhat the 218L-related satellites become less separated from
sites!® This model is, however, not fully compatible with the the main peak. As tha value further reduces to 30, the Ni
results of a recenab initio density functional study of the 2p line shape clearly evolves toward the metallic Ni line
interfacial geometry(adsorption sites and distangesf the  shape. This trend suggests that the 1-ML NiO spectrum is a
1-ML NiO/Ag(001) systen?® LEED intensities of the (2 weighted superposition of contributions from both metallic
X 1) NiO structure of 1-ML NiO films reactively prepared and oxidized Ni atoms. Changes of the overall Ni Bne

on Ag(001) with low oxygen dosage have been measiffed, shape is therefore ascribable to changes in the relative inten-
but a quantitative structural analysis is still in progress. sity of these two contributions and/or to changes in the spec-

The 1-ML oxide films prepared at different oxygen-to- trum of the oxidized Ni phase.
nickel flux ratios were found to exhibit marked differences in  To get a reference spectra for the metallic component, the
the Ni 2p photoemission spectra. Nip2spectra, whose Ni 2p line shape of 1-ML Ni/Ag00)) film has been mea-
background has been subtracted by the Shirley algorithm, aured in the same conditions in a separate experiment. The
shown in Fig. 3 for a wide range ofvalues from 30 to 800. detailed study of the Ni/A@OJ) interface is beyond the

Ni 2p
normal
emission

wn
o
T

Niz*Component %]

o
T

Normalized Intensity

FIG. 3. (a) Background subtracted Ni2photoemission spectra
of 1-ML oxide film prepared at increasing,@o-Ni flux ratio from
30 to 800. Spectra have been collected in normal take-off geometry
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scope of this paper. We subtracted the metallic component Binding Energy [eV]

from the Ni 2p line shape of the 1-ML NiO/A@O01) films, -900 -880 -860 -840
and the remaining spectral contributions have been ascribed I T I . I I
to the oxide phase. The criterion was to subtract the largest [~ (a)
amount of metallic component, provided that the spectral h»=1486.6eV 4

intensity in the 845—890 eV range remains non-negative. An | 16 MLNIiO ;

example of the separation procedure is shown in Fg).3 . NiZp A"g

The Ni oxide spectral contributions to the overall 1-ML Ni
2p spectra are comparatively shown in Figb3 We notice -
that the shape of the oxide-related 2mission is very simi-
lar for all the 1-ML films (with the exception of then=30 =
film, which will be discussed latgrindicating that a unique
oxidized phase is formed, irrespective of thevalue, and
that changes in the Ni2line shape associated with changes
in the oxygen-to-nickel flux ratio are mainly due to changes
in the relative amount of metallic Ni atoms in the so-called
1-ML NiO film. The weight of the N&* contribution to the
overall Ni 2p emission is shown in the inset of Fig. 3 as a
function of then value. Forn=400 or larger, this contribu-
tion is of the order of 90%, but it significantly reduces for
n=280 and becomes largely mingabout 20% for n=30.
We conclude that the effect of the oxygen dosage on the
composition of the 1-ML-deposited film is dramatic for an
oxygen-to-nickel flux ratio lower than about 100, but it is
less important for a ratio larger than about 300. 010 0 10 20 20_20 10 0 10 20
The presence of a relevant fraction of metallic Ni atoms BZyyy[%] BZ;y[%]
for low values ofn is possibly due to the competing effect of o
the Ni dissolution kinetic in the Ag substrate with respect to
the Ni oxidation kinetic. Both experiments and simulations
showed in fact for the Ni/A@OL interface a “surfactant-
like” behavior that consists of the formation of layers or
clusters of Ni buried below some Ag floating
monolayers?—32A similar effect has been observed for dif-
ferent metals like RHRef. 33, Cr (Ref. 34, and Fe(Ref.  evant spectral parameters—namely, the BE of tdéL3 !
35) on Ag(001). Therefore in presence of an,@olecules peaks and the energy separation between i 3' and
deficiency with respect to Ni atoms, a fraction of the depos3d®L features—are in agreement with the data reported in
ited Ni atoms dissolve into the Ag substrate, thus maintainthe literature for 1-ML NiO film:3® The reduced intensity
ing a metallic character. In a separate experim@ot re-  of the 3d® satellites with respect of thed3L ! main peaks
ported hergthe actual occurrence of such an intermixing hasand the absence of the nonlocal screening satellite in the
been observed by a comparative sputter profile of both th8d°L ! peaks are additional fingerprints of a Np Z2mis-
Ni/Ag(001) and NiO/Ad00)) interfaces. The Ni dissolution sion ascribable to an ultrathin NiO layer. The relative inten-
effect is limited to the initial stage of the deposition. Actu- sity of the 8L satellites in fact starts to increase in the
ally, the spectral weight of the metallic Ni component for the 3-ML spectrum[Fig. 3(b), bottom curvé, and the nonlocal
n=80 deposition passes from 28% for 1 ML to 10% for 3 screening satellite becomes evident only at 5 ML thickness
ML. This decrease is consistent with the assumption that thénot shown herge
deposition of the subsequent layers do not contribute to the The oxide spectral contribution to the Nip2emission
metallic Ni signal. Rather, they attenuate the metallic fracfrom the film prepared with the=30 procedure exhibits a
tion that dissolved into the substrate in the early stage of thquite different shapgop curve in Fig. 8)]. Having in mind
deposition. that in this case only 20% of the deposited Ni atoms react
It should be mentioned that the X2L) phase cannot be with oxygen to form a Ni oxide, we are possibly dealing with
ascribed to an arrangement of the large fraction of metallid-ML-thick NiO aggregates of very small lateral dimensions.
Ni atoms in then=280 film. In fact, there is no evidence of The line-shape difference with respect to tive 80—800 is
the occurrence of this phase in the LEED pattern of the therefore ascribable to the furthéiatera) confinement in
=30 film, where the fraction of metallic Ni is even larger. addition to the vertical confinement of the ML films. As far
Therefore the (X 1) phase is ascribable to the oxidized por- as the BE, the splitting, and the relative intensities of the
tion of the film, but it is only observed in presence of metal-main lines and satellites are concerned, nke30 spectrum
lic Ni. closely resembles that of diluted NiO, as measured on
Oxide spectral contributions look very similar in shape forNi,Mg; _,O mixed crystals or powdefs}’ The LEED pat-
all the films prepared with an value of 80 or larger. Rel- tern [panels(c) and (¢) of Fig. 2], strictly similar to the

800

FIG. 4. Ni 2p photoemission spectréa) and 148-eV LEED
patterns(b) of 16-ML NiO films prepared byn=80 and 800 pro-
cedures. The shape of thie 1) spot is shown in detail in the bottom
panels.
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1-ML Ni pattern[panels(b) and (B) of Fig. 2], suggests that tween the substrate and film or via a different ability to
both the amount of oxidized ND.2 ML from XPS analysis  hucleate dislocations in presence of a different interfacial
and the reduced lateral dimensions of the NiO aggregates areughness?
too small to give a detectable contribution to the LEED pat-
tern.

The effects of a different oxygen dosage during Ni depo-
sition on the composition and structure of the NiO films In summary, we have shown that the oxygen-to-metal flux
seem to be confined to the very initial phase of the growthratio strongly influences the structure and composition of
However, some effects were found to persist at a very largd-ML Ni oxide films prepared by Ni deposition on the
coverage. In Fig. 4, the XPS spectra and LEED patterns oAg(001) surface in a background ;Catmosphere. For low
16-ML NiO/Ag(00J) films prepared with the=80 and 800 oxygen dosage, a relevant fractiup to 80% of the depos-
procedures are compared. The Ni Bne shape is very simi- ited Ni atoms shows a metallic character, while only a minor
lar for the two cases and fully consistent with the spectrdraction reacts with oxygen to form Ni oxide. The layers
reported in the literature for NiO thick films or bulk samples. show a 2<1 reconstruction that disappears as the thickness
LEED patterns, however, in spite of the similar 1) four-  of the film increases. For a large oxygen dosage, the fraction
fold symmetry with respect to the surface normal, exhibitof metallic Ni in the deposited film strongly reducégown
relevant differences as far as the spot shape is concernei@. about 8% and the layer exhibit a (1) structure. The
Both the (11) and (10) spots in then=80 pattern are sur- oxide-related Ni P line shape indicates that all the NiO
rounded by four additional spots in tk#00) substrate direc- films are actually 1 ML thick and that for very low oxygen
tions. The separation of the satellites from the main spots igosage a severe lateral confinement of the NiO aggregates
about 20% of the Brillouin zoné3Z). Similar features have also occurs.
been already observed in NiO films and also in MgO films  Finally, differences in the 1-ML films induced by the dif-
whose thickness is larger than a critical valseveral ML’ ~ ferent oxygen dosages during the growth also affect the
and have been interpreted as induced by a mosaic structug&ucture of thicker NiO layers, in terms of strain relaxation.
that forms in the oxide film to relax the misfit strain by
introducing interfacial dislocation'$:*® Following this inter-
pretation, the results of Fig.(d) suggest a larger critical
thickness for NiO films reactively grown with a larger oxy-  The authors are indebted to S. Altieri, A. Atrei, and G.
gen dosage or that there is smoother way to release the straiRpvida for useful discussions. Financial support by Istituto
different from mosaics formation. This is possibly ascribableNazionale per la Fisica della Materi&dvanced Research
to the already mentioned, different extent of the interfacialProject ISADORA and by Ministero dell'lstruzione,
disruption by Ni-Ag exchange in dependence of the differendell’'Universitae della RicercaProgetti FIRB is gratefully
growth conditions, either via a different elastic coupling be-acknowledged.
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