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We have studied the growth, interface and chemical stability of ultra-thin CoO films supported on
different single crystal oxides as substrates, namely SiO,, Al;03 and MgO. The films have been grown by
reactive evaporation of Co in an oxygen atmosphere at room temperature and analyzed in situ by
photoemission spectroscopy. Analysis of the Co 2p 3/2 photoemission spectra, supported by theoretical
cluster model calculations, reveals size effects for coverages below 5 equivalent monolayers for all
substrates. In the case of the Al,03 substrate, the predicted charge transfer from the substrate to the CoO
ultra-thin-film has been experimentally observed. The way of growth of the ultra-thin films is dictated by
the crystalline structure of each substrate in terms of the lattice mismatch. It has been found that the
quality and stability of the films depend more on the structural parameters of the oxide substrates rather
than on their covalent/ionic character. The chemical stability of the films upon air exposure and
aggressive oxidizing thermal annealing has also been studied. The most suitable substrate to grow or-
dered and stable CoO ultra-thin-films is MgO whereas nanoclusters of CoO formed at the early stages of
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growth on SiO; appear also to be very stable.

© 2018 Published by Elsevier B.V.

1. Introduction

Cobalt oxides thin films have recently attracted a great interest
in materials research due to their unique physical and chemical
properties. They find applications as super-capacitors anodes in
lithium-ion batteries [1—3], catalyst [4,5], gas sensors [6,7], mag-
netoresistant [8] and electrochromic [9,10] materials. In particular,
CoO is an antiferromagnetic material commonly used in ferro-
magnetic/antiferromagnetic bilayers for exchange bias devices [11].
All these technological applications involve the growth of CoO
layers to make up the corresponding device or coating. The
chemical stability of the layer in air conditions and upon thermal
annealing is another important aspect for the fabrication of the
final device. For instance, it is known that CoO surfaces undergo re-
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oxidation to Co304 under air exposure, thus losing their antiferro-
magnetic properties [12]. The main goal of this paper is a detailed
study of the interaction and chemical stability of ultra-thin CoO
films grown on different oxides. To this end, we have chosen a set of
oxide substrates whose interaction with CoO is relevant in many
devices and applications [13—15] and, at the same time, they
exhibit very different electronic structure namely, SiO,, Al,O3 and
MgO, being SiO, predominantly covalent, MgO strongly ionic and
Al,03 as intermediate.

We have put special effort in the analysis of the CoO-oxide
interface and the chemical stability of the CoO layers. It is known
that support, size and other effects may change the final properties
of the layer [16,17], in particular for ultra-thin films where these
effects are more visible and can be observed at the early stages of
the film growth, where the growing material is in direct contact
with the support. Interesting trends due to this different covalent-
ionic character of the support have been observed at the interfaces
formed by these oxides upon deposition of TiO; [18—20] and NiO
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Fig. 1. Co 2p 3/2 XPS spectra of CoO layers on SiO, (bottom); Al,O5 (center) and MgO
(top) for different coverages as labelled.

[21,22].

The early stages of growth of CoO by reactive evaporation on the
same set of oxides have already been quantitatively studied by us
using XPS and AFM [23]. It was found that the way of growth of CoO
on SiO; is of Volmer—Weber type (islands growth) whereas the
growth on Al,O3 and MgO substrates is of Frank-van der Merwe
type (layer by layer growth). Other studies dealing with the growth
of cobalt oxides on SiO; [24] and Al,03 [25] supports have already
been reported. In these works, it was found that for polycrystalline
SiO, substrate, cobalt oxide grows as CoO (Co**) for reactive
oxidation with molecular oxygen gas, whereas for oxidation using
oxygen plasma, the spinel Co304 (Co®*>*) oxide is formed. For the
alumina substrate, epitaxial Co304 films show the formation of fully
oxidized interfacial cobalt oxide (Co?*) layer octahedrally coordi-
nated [25].

In this work we have used in situ x-ray photoemission (XPS),
supported by cluster model calculations, and ex-situ x-ray absorp-
tion (XANES) spectroscopies to analyze the electronic structure of
the ultrathin CoO layers as grown in ultra-high vacuum (UHV)
conditions, upon air exposure and upon oxidizing thermal
annealing. The morphology of the ultra-thin films formed on the
oxide substrates both, before and after annealing, have also been
studied by atomic force microscopy (AFM). We first present the XPS
results for different stages of the growth of cobalt oxides on the
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Fig. 2. a) Cluster model calculations of the Co 2p 3/2 XPS peak for different Co ions in
different symmetries as labelled.

oxide substrates. Then we analyze the experimental Co 2p3/2 XPS
spectra in terms of cluster model calculations to obtain information
from the interface formed. Finally, results on the chemical stability
and morphology of the ultra-thin cobalt oxides layers upon air
exposure and thermal annealing for different coverages are
presented.

2. Experimental details

Cobalt oxides were grown by reactive thermal evaporation of
metallic cobalt in an oxygen atmosphere at 2 x 10> mbar. The
substrates were single crystals from MTI, with nominal roughness
< 5A: Si0; (x-cut quartz), Al;03 (0001) and MgO (100). The sub-
strates were previously heated at 400°C in UHV for 60 min to
desorb possible contamination and then exposed to oxygen at-
mosphere at 3 x 10> mbar to prevent from oxygen losses. The
substrates were at room temperature during evaporation and the
evaporation rate was maintained constant and very low (around
0.2 ML/min) to allow the study of the early stages of growth. More
details on the quantification of the growth rate can be found else-
where [23]. The films were grown by successive evaporations and
analyzed by XPS after each growth step.

The photoemission spectra were measured with a CLAM-4 MCD
hemispherical analyzer spectrometer (Thermo Fisher Scientific)
using Al K, radiation. The pass energy of the analyzer was set to
20 eV, giving an overall resolution of about 1.0 eV. The energy scale
was calibrated by adjusting the Si 2p XPS peak for SiO; at 103.0 eV
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Fig. 3. a) Cluster model calculations of the Co 2p 3/2 XPS peak for different values of the pds and 10Dq parameters. b) Main line-satellite energy separation (AEs,;) and relative
intensity (Isat/Imain) for the different values of pde and 10Dq parameters.
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Fig. 4. a) Examples of the fittings performed to the Co 2p 3/2 XPS experimental spectra containing the three peaks given by the calculations of different coverages of CoO grown on
the oxide substrates (as labelled). The intensities of the peaks have been left as free parameter. b) The same fittings as before for 2 ML CoO on the substrates. Values for the FNV\HM of
the main line and energy separation are given in eV.

[26], the Al 2p for Al,03 at 74.5 eV [27] and the Mg 2p for MgO at (E = 7.76 keV) x-ray absorption spectra (XAS) were measured ex-
50.0 eV [28] to correct from possible charging effects. The spectra situ at the SpLine BM25 beamline located at the European Syn-
have been fitted using the XPS Peak software, version 4.1. The Co K chrotron Radiation Facility (ESRF) in fluorescence yield mode, using
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a multi-element solid-state multichannel detector. The spectra
were normalized with the Ij signal to correct from beam losses. Ex-
situ AFM images were obtained with a Nanotec AFM microscope in
non-contact dynamic (tapping) mode, using commercial tips from
Nanosensors. The images were processed and analyzed with the
WSxXM software [29].

3. Results and discussion
3.1. Growth of cobalt oxides and their interfaces

3.1.1. The XPS spectra

The Co 2p XPS spectra have been measured for each step of
growth of the cobalt oxides ultra-thin films on each oxide substrate.
As the main changes in the spectra appear at the Co 2p 3/2 XPS
peak, we present in Fig. 1 these spectra as a function of the coverage
on the three substrates for clarity reasons. The experimental raw Co
2p XPS spectra showing the whole Co 2p doublet are presented in
Figs. S1, S2 and S3 as supplementary material of this article. A
Shirley background has been subtracted from the experimental
spectra and then, they have been normalized for comparison pur-
poses. The coverage is given in equivalent monolayers (ML); more
details on the quantification of the coverage of cobalt oxides on the
oxide supports can be found elsewhere [23]. At first glance, the
spectra obtained for low coverages on all substrates are similar,
consisting of a main line about 780 eV binding energy and a satellite
at about 786 eV. However, for large coverages (>40 ML), the spectra,
especially for SiO, and Al;03 substrates, show the main line shifted
by c.a. 1 eV with respect to that for low coverages, and a satellite
splitting into two weak peaks at c.a. 786 and c.a. 789 eV binding
energies. In order to clarify the interpretation of these spectra we
present in Fig. 2 theoretical cluster model calculations for different
Co ions in different symmetries and configurations. We have used
the well known standard parameters given by Bocquet and Fuji-
mori in Ref. [30]. According to these calculations, the spectra for
low coverages correspond to Co** species in octahedral symmetry
and high spin configuration (CoO). On the other hand, the spectra
for larger coverages approach the calculations for the spinel Co304
oxide, as they clearly show the splitting of the satellite marked by
arrows in Fig. 1. However, the relative intensity of these satellites
does not agree with those given by the calculations, since the sat-
ellite at c.a. 786 eV, which is due to Co?* species, is much higher in
the experimental spectra. This is easily explained by the formation
of Co304 on top of the CoO layer. We want to point out that
although for low coverages, CoO grows on all substrates, as ex-
pected at room temperature from the Ellingham diagrams shown in
Fig. S4 of the supplementary material, for high coverages, Co304
grows on the previous CoO layer grown on the SiO, and Al,O3
substrates. Although the energy cost of the formation of Co30;4 is
larger than for CoO, this can be due to the disorder of the CoO layers
grown on these substrates which favours the formation of Co304. In
the case of the spectrum for 75 ML of CoO on the MgO substrate,
although the spectrum has shifted toward lower binding energies,
the satellite has not diminished to the same extent, as for instance,
that of 80 ML on SiO,, indicating a larger stability of the CoO layer
grown on the MgO substrate.

3.1.2. Loss of covalence calculations

CoO is a highly correlated insulator with a gap of 2.5 + 0.3 eV
and the first ionization state in CoO corresponds to an
intermediate-spin [30]. The analysis of the 2p core-level photo-
emission peaks of transition metals (TM) in terms of peak-fitting is
always a difficult task since many effects like complex multiplet
splitting, charge transfer satellites and plasmon loss structures
appear in the XPS spectra [31]. However, these structures are very
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Fig. 5. Results given by the fittings of the Co 2p experimental spectra of CoO on the
oxides as a function of the coverage for: a) Co 2p 3/2 main line binding energy position
(top panel); b) AE,; energy separation (center panel) and c) Isa¢/Imain relative intensity
(bottom panel).

sensitive to the local coordination of the TM ions, thus giving
valuable information of the system being analyzed. In order to
analyze in detail the experimental XPS spectra, we have theoreti-
cally calculated the Co 2p XPS spectra by means of cluster model
calculations for Co®* jon in octahedral symmetry and high spin
configuration. Firstly, the Co 2p XPS peak for a CoOg cluster has
been calculated using standard parameters [30,32] to account for
bulk CoO. Then, the pdo and 10Dq parameters, which account for
the O 2p-Co 3 d hybridization integral and crystal field respectively,
have been intentionally lowered to simulate how a loss of cova-
lence, due for instance to disorder or bi-dimensional effects, affects
the relative intensities and energy positions in the experimental
spectra. This procedure is similar to the ones developed in studies
on the growth of other transition metal oxides [20,21]. The results
are shown in Fig. 3a where it is seen that for bulk CoO (top as
labelled), the spectrum consists of three different structures
labelled as main-line, satellite and multiplet. More details on the
electronic structure of this oxide can be found elsewhere [33]. The
inferior panels in Fig. 3, labelled as s1, s2 and s3, correspond to the
calculations where the pde and 10Dq parameters have been
decreased. Fig. 3b shows the values of these parameters in the
calculations as well as the energy separation (AEg;¢) of the main-
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line with respect to the satellite and the main-line/satellite in-
tensity ratio. The results show that as covalence is decreased, AEsy¢
diminishes and the relative intensity of the satellite increases. This
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Fig. 7. Co K XAS spectra of: a) 20 ML and b) 3 ML of CoO grown on the oxide substrates
(as labelled) after 1 month exposed to air.

means that the larger Co 3d—0 2p orbital overlap produces the
larger energy separation of the main-line and satellite.

According to these calculations we have performed fittings of
the Co 2p XPS experimental spectra using the above three struc-
tures, whose energy positions and relative intensities have been
allowed to vary to obtain the best fittings for the values given by the
calculations. Fig. 4 shows, to exemplify our analysis, the fittings
performed to the XPS experimental spectra for four different cov-
erages of CoO on the three substrates, showing the background
subtraction and the final spectra. In all cases the experimental
spectra (dots) are well reproduced showing an excellent agreement
with the calculated spectra. Only the spectrum for 0.4 ML of CoO/
SiOy needs a fourth curve in the fittings to simulate the small
amount of metallic cobalt as discussed in Ref. [23].

3.1.3. Analysis of the binding energy shift

As shown in Fig. 1, the binding energy of the main line un-
dergoes continuous shift together with a decrease of the satellite
intensity. To analyze these changes, we have depicted in Fig. 5 the
results obtained from the fittings of the experimental spectra. In
particular, Fig. 5a shows the binding energy of the main line for all
the spectra of the samples grown on all oxides. The most significant
feature observed is the energy position for all the spectra of the CoO
layers grown on Al,03 (circles), which appear shifted to lower
binding energies by c.a. 0.7 eV with respect to the spectra of the
layers grown on the other oxides. This experimental observation
confirms the Density Functional Theory (DFT) calculations per-
formed by Zayed et al. on nanosized CoO films on a- Al,03 (0001)
surface [34]. In this work, an electron density transfer of about
0.7 eV from the topmost O layer of the substrate to the first two CoO
monolayers is predicted. In this picture, the electric dipole moment
created at the interface make photoelectrons gain kinetic energy,
thus shifting towards lower binding energies. Apart from this
special feature for the Al,O3 substrate, the spectra for all substrates
undergo continuous shifts as the coverage increases, especially for
very low coverages under 10 ML. This shift can be interpreted as
due to quantum-size effects. Indeed, it is known that when the
dimension of a nanostructure approaches the atomic scale in
nanoparticles or nanofilms, the photoemission spectra moves to-
wards higher binding energies. This has been observed in CuO
nanoparticles [35] and TiO, ultra-thin films [36]. In our case, this
effect is observed for all oxide supports for coverages below 5 ML
i.e. about 1 nm. However, we want to point out that in the case of
the SiO, substrate, CoO grows forming small clusters or nano-
particles for coverages below 4—5 ML (equivalent) whereas for the
Al;03 and MgO substrates CoO grow in a layer by layer mode as it is
shown in Ref. [23]. In any case, we can conclude that size effects are
clearly observed in both, CoO nanoparticles and ultra-thin films,
formed at the early stages of growth on these oxides. For larger
coverages, the binding energy of the main-line approaches the
value for bulk CoO indicating that a stoichiometric CoO thin film
has been formed on all substrates.

3.1.4. Analysis of the effect of the support

As mentioned above, the oxides used as substrates in this work
differ in their electronic structure, in particular in the covalent-
ionic character of their O-metal bonds. We have already observed
interesting interfacial effects by deposition of TiO, and NiO layers
[20,21] on the above oxide substrates. For these TM oxides, the
strong covalent character of the Si—O bonding in SiO, weakens the
covalence of the overlayers as observed by the Ti 2p absorption and
Ni 2p photoemission spectra respectively. As the covalent character
of the oxide substrate decreases (SiO;>Al,03>MgO), such reduc-
tion is less important.

In the case of CoO, cluster model calculations of the Co 2p XPS
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spectra have shown that the loss of covalence (by diminishing the
pdo and 10Dq parameters) produces a decrease of the main-line to
satellite energy separation (AEsy). To investigate this effect in our
samples, we have depicted in Fig. 5b AEg,: versus coverage for the
CoO layers on the three oxides. Surprisingly, for coverages <4 ML,
the AEg, values are larger for the SiO; substrate than for the more
ionic MgO substrate, just the contrary as it was expected in com-
parison to NiO oxide as already discussed [21]. Also the relative
intensity ratio of the satellite and main line Is/Iy; data presented in
Fig. 5¢c confirms the above conclusions. The intensity of the satellite
is higher in the spectra of the CoO layers grown on the MgO sub-
strate than those of the others, whereas it is significantly lower for
those grown on SiO,.

According to the experimental results obtained above, it seems
that in the case of the CoO oxide, the covalence-ionicity of the
substrate does not affect the electronic structure of the early stages
of growth of the CoO overlayers. However, the FWHM values given
in Fig. 4b for the main line are narrower for MgO than for SiO,. This
behavior suggests the growth of a more ordered CoO layer on MgO
than on SiO, which, on the other hand, is not surprising taking into
account the better matching of the lattice parameter of CoO
(a=4.26 A) with that of MgO (a = 4.21 A) than with those of Al;03
(a=4.76 A) and SiO; (a=4.91 A). Besides, Co atoms have an octa-
hedral coordination in CoO, the same as Al atoms in Al;03 and Mg
atoms in MgO whereas Si atoms have a tetrahedral coordination in
Si0,. This suggests to be also the reason why CoO grows in a layer
by layer mode on Al,03 and MgO whereas for SiO; it grows forming
nanometric islands. In summary we can conclude that the effect of
the substrate for the growth of CoO is more related to the structural

properties of the oxide substrates than to their electronic structure
in terms of covalence/ionicity.

3.2. Chemical stability upon air exposure

One of the main goals of this work is the study of the chemical
stability of the ultra-thin CoO layers upon air exposure. For this
purpose, we have measured the XPS spectra of samples containing
3 and 20 ML of CoO grown on the different oxide substrates after 1
month exposed to air. Fig. 6 shows the Co 2p 3/2 XPS spectra for
those samples as grown and after air exposure. Although all the
initial spectra show small changes upon air exposure, the films
grown on MgO show less changes, conserving the initial AEs, en-
ergy separation and the relative intensity of the satellite. However,
the spectra for the CoO films grown on Al,O3 and SiO; substrates
show a clear increase of the intensity of the satellite and a decrease
the energy separation AEg,. According to the above calculations,
this effects are consistent with a slight loss of covalence due to air
contamination probably due to the presence of uncoordinated Co
atoms. In general, all the spectra resemble that of CoO (Co®*) and
are far away from the spectra of Co304 (Co?+3*) for which the in-
tensity of the satellite are much lower with the presence of a sec-
ond satellite at higher binding energies. These results suggest that
the CoO layers on the MgO substrate are more stable upon air
exposure than those grown on Al;0O3 and SiO, substrates, which
seem to be more sensitive to atmosphere contamination.

We have also measured the XAS spectra at the Co K absorption
edge in fluorescence yield for samples containing 3 ML and 20 ML
on all substrates after 1 month exposed to air, as shown in Fig. 7.
The spectra are related to the unoccupied electronic states at the
conduction band and are site selective and very sensitive to the
local symmetry [37]. First of all, we have to point out that the mean
probing depth in fluorescence yield for XAS is much larger (several
microns) than for XPS (20 A), so that the spectra should reflect the
bulk properties of the analyzed material with minor contribution of
the surface contamination. In general, the spectra for 20 ML CoO on
the oxide substrates (Fig. 7a) consist of a high peak at the edge
threshold about 7730eV (labelled as A) and two more resonant
structures at 7740 eV and 7770 eV (labelled as B and C). Also a small
pre-peak at 7710 is observed (labelled as D). All the spectra are
almost identical and match other spectra published elsewhere for
CoO [38]. Fig. 7b shows the Co K XAS spectra for 3 ML CoO on the
oxides. Although the spectra are similar to those for 20 ML, showing
the same set of structures A, B, and C, in this case these structures
are much broader and less defined. These broadening effects are
attributed to the low dimensionality of the analyzed material.
Indeed, this effect has also been observed by us in NiO [22] where,
according to the multiple scattering theory developed by Benfatto
et al. [39,40], the spectra of 80 ML of NiO grown on the same oxides
was accurately simulated using a 93 atoms cluster whereas the best
simulation for the spectra of 3 ML of NiO used only 19 atoms.
Nevertheless, the most interesting difference between the spectra
shown in Fig. 7b is the high intensity of the pre-peak of the spec-
trum for the Al,O3 substrate. This increase in intensity of the pre-
peak has been assigned in the literature to Co atoms tetrahedrally
coordinated [41,42] in the spectra for CoAl;04. According to this,
XAS seems to indicate the formation of CoAl,04 at the CoO/Al;03
interface. It is important to note that Co atoms in both, Al;03 and
CoAl;Qy, are in the form of Co?*, so that the XPS spectra have been
only able to observe the oxidation state of the cobalt atoms whereas
the high sensitivity to the local symmetry of XAS has allowed to
detect the formation of the binary oxide at the CoO/Al,03 interface.
These conclusions are also supported by the strong diffusion of Co
atoms into well ordered Al,O3 upon thermal annealing reported in
Refs. [43,44]. Therefore, we can conclude that air exposure does not
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affect the octahedrally coordinated CoO grown on the SiO; and
MgO substrates, however it promotes the formation of CoAl,04 at
the CoO/Al,03 interface.

3.3. Chemical stability upon oxidizing thermal annealing

In this section we study the stability behavior of the CoO layers
upon a more oxidizing process. To this end, samples with different
coverages have been submitted to thermal annealing at 400 °C in
an oxygen atmosphere of 1 x 10~ mbar. The Co 2p 3/2 XPS spectra
for 2 ML of CoO/grown on the different oxide substrates, before
(dots) and after (lines) annealing are depicted in Fig. 8a. The spectra
corresponding to the SiO, and MgO substrates almost do not
change upon annealing however the spectrum for the Al,03 sub-
strate clearly changes severely, suggesting oxidation to Co304 as

400hm
1

CoO/AlO,

Rq=0.15£0.02 |

Rq=0.10+0.02

400nn; =
=

= |
¢ Rq=0.88+0.05

CoO/MgO
after annealing (bottom) on the oxide substrates (as labelled).

observed in the significant loss of intensity of the satellite. Films
with different thickness containing 1, 2, 4 and 10 CoO ML on each of
the oxide substrates were also submitted to the same annealing.
Their Co 2p 3/2 XPS spectra are shown in Fig. 8b. For coverages of
10 ML the CoO layers on all the oxides undergo oxidation to Co304
as it is inferred from the shape of the spectra. In particular, all the
CoO layers grown on the Al,03 substrate always oxidize to the
spinel oxide independently of the coverage. In turn, the spectra for
coverages of 1 and 2 ML of CoO on the SiO, and MgO substrates
remain unchanged with respect to the as grown spectra, indicating
a great stability upon annealing.

In summary we have found that Al,Os is the less stable substrate
to obtain stable CoO layers. The formation of the binary CoAl;04
oxide, probably induced by the charge transfer from the substrate
to the CoO layer, seems to be responsible of such instability. On the
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other hand, 2 ML of CoO on SiO; in the form of small nanoparticles,
seem to be very stable up to coalescence (<2 ML). Further coverages
produce the oxidation of the CoO layer. Finally, the CoO layers
grown on MgO appear to be the most stable films although they
also get oxidized at higher coverages (<4 ML).

An interesting aspect of these experiments is to compare the
morphology of the CoO layers before and after annealing. Figs. 9
and 10 show the 2 x 2 um? AFM images of samples containing
2 ML and 10 ML respectively of CoO on the oxides substrates, before
(top) and after (bottom) annealing. The mean square roughness
calculated by flood analysis is given for each image. As already
indicated, CoO on the SiO, substrate forms nanoparticles
(150—250 nm) rather than homogeneous layers, as observed in
Fig. 9 (top-left). Upon annealing, these CoO nanoparticles reduce
their size (70—160 nm) but still conserve their morphology as
nanoparticles as shown in Fig. 9 (bottom-left). These results indi-
cate that when CoO is in the form of nanoparticles deposited on the
SiO, substrate, these nanoparticles are chemically stable upon
annealing. In turn, when coalescence is produced at coverages
>2 ML and CoO forms a continuous layer, as in the case of 10 ML on
SiO, (Fig. 10 top-left), the CoO layer becomes unstable and undergo
re-oxidation to Co304 (see also Fig. 8b). This seems to be related to
the high surface energy of CoO and Co304 nanoparticles as dis-
cussed in Ref. [45]. The images for the as grown 2 and 10 ML of CoO
on the alumina substrate (Figs. 8 and 9 top-center) show the typical
terraces of the Al,O3 single crystal surface, as corresponds to a
layer-by-layer way of growth [23]. It is seen that upon annealing,
the morphology of these samples almost do not change, still
showing the terraces of the substrate, although we have already
seen that are chemically different. Finally, the images for 2 and
10 ML of CoO grown on MgO (Figs. 8 and 9 top-right) show no is-
land formation. They do not change upon annealing giving also a
very low roughness.

4. Conclusions

We have studied the growth and chemical stability of ultra-thin
cobalt oxide layers deposited on oxides substrates with different
covalent/ionic ratio: SiO;, Al;03 and MgO. As deduced from the XPS
chemical shift observed in the Co 2p 3/2 spectra, we have found an
experimental evidence of the charge transfer produced at the CoO/
Al»03 interface as predicted by DFT. For CoO coverages below 5 ML,
size effects have been observed in all substrates, in agreement with
other published works. The effect of the electronic structure of the
substrates, i.e. covalent-ionic character of their bonds, does not
seem to play a relevant role in the electronic structure properties of
the CoO layers, however the structural parameters of the sub-
strates, like lattice parameter, dictate both, the way of growth of
CoO and its chemical stability. MgO has been found to be the most
suitable substrate to obtain ordered CoO layers by reactive evapo-
ration in UHV. Exposure to air of the grown CoO layers produce the
formation of CoAl304 at the CoO/Al,O3 interface whereas CoO re-
mains stable on the other substrates. This different behavior for the
alumina substrate seems to be related to the charge transfer
occurred at the interface. Aggressive oxidizing annealing of the
layers does not produce significant changes in the original
morphology of the deposits (nanoparticles for SiO,, and ordered
layers for Al;03 and MgO). However, it produces re-oxidation for
any coverage on Al;Os3. For the SiO; substrate, CoO is stable while it
grows as nanoparticles up to coverages of =2 ML. Once coalescence
is produced, the nanostructured ultra-thin-film undergoes re-
oxidation to the spinel Co304 oxide. MgO is the best substrate to
obtain chemically and structurally stable CoO layers up to 4 ML.
Both, the formation of stable CoO particles on the SiO, substrate
and ordered layers on MgO up to 2 ML seems to be an important

issue in magnetic devices fabrication.
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