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Probing the dynamical properties of the metastable bce Fe, Co,_, phase
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The stabilization of the metastable bee-Fe, Co;_,(0=x=0.25) phase is studied via the dynamical properties
of the atoms. By means of nuclear resonant inelastic scattering of synchrotron radiation the phonon density of
states (PDOS) spectra of Fe in bee and fee Fe,Co;_, are obtained. We analyze the measured PDOS spectra
using first-principles calculations of phonon vibrations. Theoretical models of the thermodynamic unstable bcc
phase, the stable fcc phase, as well as the bee-Fey/Co, superlattice are constructed. Via calculations of the
force constants and the phonon-dispersion relations we show that the bec-Fe,Co,_, phase confined between
two adjacent bee-Fe layers can be stabilized by the Fe atoms in the Fe Co;_, layer.
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I. INTRODUCTION

The development of advanced deposition techniques
opened the possibility to study the physical properties of
thermodynamically unstable phases. The formation of these
metastable phases can be induced by epitaxial growth. The
knowledge of the interatomic forces and thus the dynamical
vibrations in thermodynamical and nonthermodynamical
phases would contribute to the understanding of the stabili-
zation process. The present paper focuses on the atomic vi-
brations in the metastable bce-Fe, ;Cog o phase and the stable
fcc-Fey 1Coy 9 phase using an experimental as well as an ab
initio approach.

The phase diagram of pure Co exhibits two crystal struc-
tures. At low temperature Co crystallizes in the hcp phase
while at temperatures above 704 K it undergoes a phase tran-
sition to the fcc phase. For Fe Co,_, bulk alloys with 0.25
<x=1 the thermodynamically stable bcc crystal phase is
observed.! For 0=x=0.25 a mixed phase of bcc and fcc is
reported. However techniques such as molecular beam epi-
taxy (MBE) make it possible to obtain the metastable
bee-Fe,Co,_, phase”™* for 0=x=0.25. For example, it has
been demonstrated that it is possible to stabilize Fe Co,_(0
=x=0.25) in the bcc phase via epitaxial growth in
ZnSe/GaAs.* Alternatively, pure Co can be stabilized in the
bee phase in Fe/Co superlattices grown on MgO(100) up to a
critical Co thickness of 2.1 nm.> Generally thicker Co layers
are found to adopt the fcc phase. In this work both mecha-
nisms are used to obtain the metastable bce phase. That is,
[Fe/Fe,Coj_]ro(x=0.1,0.2) multilayers are epitaxially
grown to study the influence of the adjacent Fe layers and the
Fe impurities on the stabilization process of the bcc-Co
phase.

The dynamical properties are embodied in the phonon
density of states (PDOS), from which one can deduce the
thermodynamic properties such as the free energy, the en-
tropy, or the vibrational amplitude. In nanostructures, includ-
ing these ultrathin films, it is difficult to probe the PDOS by
established methods such as neutron inelastic scattering. On
the other hand, the recently developed technique of nuclear
resonant inelastic scattering (NIS) makes it possible to probe
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the site-selective PDOS of nanostructures due to the high
brilliance of undulator-based synchrotron facilities and its
sensitivity to probe nuclei (e.g., >’Fe).%7 Recent publications
illustrate the various possibilities of NIS to probe the partial
PDOS of dilute Fe atoms in alloys® and of nanosize precipi-
tates, clusters,” multilayers, and thin films.'®!> For bce-Co
nanostructures, nuclear probes have been successfully used
to study structural and magnetic properties of the metastable
phase.!®!” Here, we use the >'Fe isotope to study the atomic
vibrations via NIS in metastable bcc-Fe, Co,_, and stable
fcc-Fe, Co,_, thin films.

Recently the dynamical properties of crystals and low-
periodicity multilayers are successfully studied using first-
principles calculations. For example, the phonon-dispersion
relations in the bcc-Fe crystal are very well reproduced
within the spin-polarized general gradient approximation
(GGA) technique.'®!® These methods are also applied to ana-
lyze the stability of Fe/Au multilayers.?’ The first-principles
methods give opportunity to determine the magnetic proper-
ties of calculated systems. The magnetic moments distribu-
tion and the magnetic anisotropy energy of Fe/Co superlat-
tices have been already reported in Ref. 21. The fixed spin
moment ab initio calculations have been used to study the
effect of magnetism on the mechanical stability of bcc-Fe
and bce-Co.??

The accuracy of modern quantum-mechanical methods
for describing condensed matter from first principles allows
us to theoretically model the bee-Fe, Co;_, and fcc-Fe Coq_,
phases in a bulk configuration and a Fe/Co multilayer com-
position.

II. SAMPLE PREPARATION AND EXPERIMENTS

We combined multilayered growth, as described in Ref.
23, with the procedure of Prinz,? i.e., the addition of Fe at-
oms to the Co layer, to obtain the bcc-Co phase. Samples of
bee-Co doped with 10 and 20at. % °'Fe are grown with
MBE. The samples are composed of a Au (100 nm) buffer
layer grown at 180 °C on a °Fe(6 nm) precovered
MgO(100) substrate. Prior to the deposition of the Fe,Co,_,
layer the buffer layer was annealed at 600 °C for 30 min.
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FIG. 1. (Color online) RHEED patterns observed during the
growth in the Fe/bce-Co multilayer on MgO(100) for (a) the first Fe
layer on the Au buffer layer, (b) the fourth Co layer, and (c) the
thirteenth Co layer.

The Fe,Co,_, layer is codeposited with isotopically enriched
5TFe(95%) whereas the iron constituting the buffer layers
consists of the nonresonant *°Fe isotope. Taking into account
the difference in atomic density and the >’Fe, ,Coy o atomic
ratio the deposition rates for °’Fe and Co were 0.010 and
0.085 A/s, respectively. To increase the total amount of STFe
in the samples to the level required for NIS the FeCo layer is
repeated 20 times and stabilized with ° ‘Fe layers in between,
similar as described in Refs. 3, 5, and 23. The
[*Fe(2.4 nm)/>"Fey ,Coyo(1.7 nm)],,  multilayers  are
capped with 2 nm of Au deposited at room temperature.
Apart from the beneficial effects of the Au base and capping
layer to improve the epitaxial growth>* and to prevent the
oxidation, respectively, the deposition of the Fe/Fe Co,_,
multilayer between the denser Au layers leads to a significant
x-ray intensity enhancement within the enriched Co region.
This phenomenon, known as the waveguide effect, has been
used before in nuclear-scattering experiments to increase the
count rate of the delayed photons.?

The characterizations of the bcc-Fe,Co;_, samples by
means of reflection high-energy electron diffraction
(RHEED) and high angle x-ray diffraction (XRD) indicate
the existence of the bcc phase and epitaxial growth in the
multilayer. The RHEED patterns in Fig. 1 of the two Co
layers recorded at different stages of deposition (panels b and
¢) are seen to have the same symmetry as bce Fe (panel a).
Figure 2(a) displays the high angle x-ray diffraction scan
of the bee-Fe( Coj 9 multilayer obtained with an x-ray dif-
fractometer and a Cu x-ray source [K,(Cu)=1.5401 A].
The scan shows a diffraction peak around 44° resulting from
the fcc (200) reflection of the Au buffer layer. The satellite
peaks result from the Fe/FeCo superstructure as reported
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FIG. 2. High-angle x-ray diffractometry scans (6-26) of (a) the
bee-Co sample [*°Fe(2.4 nm)/*Fe ;Cogo(1.7 nm)]y and (b) the
reference fcc-Co sample *'Feg ;C0( o(50 nm).

by Dekoster et al’ A confirmation of the presence of
the becc structure is given by the double diffraction peak
around 65°. The peaks are attributed to the bcc-Fe(200)
and the bee-Fep;Cojo(200) reflections. From  this
bee-Fe 1Co( (200) diffraction peak a lattice parameter of
2.83 A is derived, which is close to the lattice parameter of
2.84 A reported for a bee-Fey;1Copgy film grown on
MgO(100).26

To compare the PDOS of the metastable bcc-FeCo with a
reference PDOS, an fcc-Fey Coyg sample is grown with a
thickness larger than the critical bee-Co thickness limit of 2.1
nm. The reference sample consists of a single *'Fe,;Coq.o
film of 50 nm thickness deposited at 150 °C directly on an
MgO(100) substrate and a 2-nm-thick Au capping layer. Fig-
ure 2(b) shows the diffraction spectrum of the fcc-Fey Cop g
reference sample with the fec-FejCoy0(200) diffraction
peak?’ located at 52°. From this peak a lattice parameter of
3.54 A is calculated.

The dynamics of the bee-Fe,Co;_,(x=0.1,0.2) and the
fce-Fey 1Cog ¢ samples were studied via nuclear resonant in-
elastic scattering of synchrotron radiation at beamline ID18
of the ESRF.?® The radiation was monochromatized to a
bandwidth of 2 meV with a high-resolution monochromator.
The delayed fluorescence photons were measured by an ava-
lanche photodiode placed close to the sample to cover the
largest possible solid angle. An energy range of =70 meV
was scanned in steps of 0.5 meV. All data were taken at room
temperature with collection times of ~5—10 h per spectrum.
The local vibrational densities of states of >'Fe in bee-Co and
fcc-Co were extracted from the measured excitation prob-
abilities after subtracting the elastic peak contribution by us-
ing the procedure described in Ref. 29.

III. COMPUTATIONAL PROCEDURE

Spin-polarized density-functional total-energy calcula-
tions are performed within the GGA method using the VASP
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FIG. 3. (Color online) The supercell of the (a) bulk fcc
Fe 0625C00.9375, (b) bulk bee Feg p525C00 0375, and (c) bee-Fey/Coy
superlattice.

package.3%3! The valence electrons for each atom (electron
configuration: d®s' and d’s' for the Co and Fe atoms, respec-
tively) are represented by plane-wave expansions with an
energy cutoff of 350 eV. The wave functions in the core
region are evaluated using the full potential projector
augmented-wave method.? The integrations in the reciprocal
space are performed on a 4X4X4 grid using the
Monkhorst-Pack scheme. During the optimization the
Hellmann-Feymann (H-F) forces and the stress tensor are
calculated. The crystal structure optimization is finished
when residual forces were less than 10 eV/A and stresses
are less than 0.1 kbar.

We started the ab initio calculations with the optimization
of the bulk fcc-Co and bee-Co crystals represented by the
Fm3m and Im3m symmetry space groups, respectively. The
obtained lattice parameters are ag.=3.50 A and ap.
=2.80 A for the fcc-Co and bee-Co crystals, respectively.
These results are in good agreement with the experimental
values of 3.55 and 2.83 A deduced from the XRD spectra.
The deviation of 1.5% from the experimental lattice con-
stants is typical for density-functional theory calculations.
The ground-state energy obtained for the fcc structure is 144
meV/atom lower than the calculated value for the bee struc-
ture which agrees with the fact that the fcc structure is ener-
getically more favorable than the bcc structure.

Next, in the relevant supercell consisting of 16 cobalt at-
oms one cobalt atom was replaced by one iron atom as illus-
trated in Fig. 3. All calculations are performed under the
periodic boundary conditions. Therefore structures (a) and
(b) are, respectively, the ideal fcc and bee crystals based on
Co atoms with Fe impurities placed periodically in a fixed
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site of the unit cell. These crystals are further called
fCC-FeO'0625COO_9375 and bCC-FeO'0625COO.9375 though their ac-
tual symmetries are P4/mmm and Pm3m, respectively. The
calculated lattice parameters  f for the tetragonal P4/mmm
structure are a=\2a;,.=4.95 A and c¢=2a;,=7.00 A and
the lattice constant for the cubic Pm3m structure is a
=2a,..=5.60 A. The difference of 66 meV/atom between
the ground-state energies of the doped bcc-Co and fec-Co
crystals is two times smaller than the calculated values of
144 eV/atom for the pure Co crystals.

So far we performed calculations on the bulk fcc and bee
crystals. However to represent the experimentally investi-
gated “°Fe(2.4 nm)/[*'Fe,,Coyo(1.7 nm)],, thin film by a
theoretical model a bce-Fey/Co, superlattice [Fig. 3(c)] is
considered as a model structure of the measured multilayer.
The number of repetitions and the thickness of the layers in
the model are limited to reduce the calculation time. In this
structure we replaced a Co atom of the middle monolayer
with an Fe atom. The Fe concentration x in the Co layer is
0.0625, which is the same concentration as used in the bulk
sample discussed above. The calculated lattice constants are
a=5.62 A and c=11.33 A.

Next, for the optimized structures the phonon-dispersion
relations are calculated using the direct method.?*>** The dy-
namical matrix of the crystal is constructed from the H-F
forces generated while displacing atoms from their equilib-
rium positions. The number of required displacements is de-
termined by the symmetry of the crystal and by the number
of nonequivalent atoms. For a pure bcc-Co and fce-Co crys-
tal only one displacement is sufficient but for a bee-Fey/Coy
superlattice, shown in Fig. 3(c), a complete set of Hellmann-
Feynman forces is obtained from 32 independent atomic dis-
placements. The amplitude of the displacements equals
0.03 A. To minimize systematic errors we applied displace-
ments in positive and negative directions. Finally the phonon
frequencies are obtained by the diagonalization of the dy-
namical matrix for each wave vector. The Bravais symmetry
group of the crystal indicates the high-symmetry points and
the directions in the reciprocal lattice for which the phonon-
dispersion relations are presented. The direct method gives
the exact phonon frequencies at the wave vectors commen-
surate with the size of the supercell and independent on the
range of the interaction. Moreover all phonon branches are
well reproduced when the magnitude of the force constants
decreases relatively fast. All structures considered in this
work satisfy this condition.

IV. RESULTS AND DISCUSSION

In this section we compare the experimental results with
first-principles calculations and discuss the effect of the ad-
jacent Fe layers and Fe impurities on the stabilization of the
metastable bce-Co phase in the multilayer structure. We start
with the comparison between the calculated phonon-
dispersion relations and PDOS of the pure and the doped
crystals and superlattices.

In Fig. 4 the phonon-dispersion relations and phonon den-
sity of states spectra calculated for the pure fcc-Co, bce-Co
crystals, and the bec-Fey/Coy superlattice are presented. In
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FIG. 4. (Color online) (left) The phonon-dispersion relations
and (right) the PDOS calculated for (a) fcc-Co crystal, (b) bee-Co
crystal, and (c) bee-Fey/Coy superlattice.

case of the fcc structure [Fig. 4(a)] all frequencies are posi-
tive indicating that the fcc-Co phase is stable. However, for
the bulk bee structure [Fig. 4(b)] imaginary frequencies are
observed at the exact point N (presented here as negative
values). These imaginary frequencies, as reported in Ref. 22,
indicate the instability of the bcc-Co crystal. Imaginary fre-
quencies are also observed for bee-Fe,/Co, [Fig. 4(c)]. The
phonon density of states spectra calculated for Co and Fe
atoms, respectively [see the right panel of Fig. 4(c)], show
that all frequencies related to the Fe vibrations are positive,
in contrary to the Co vibrations. Hence, we can conclude that
the bce-Co layer between two stable bee-Fe layers is un-
stable.

When one of the Co atoms in the Co crystals or the Fe/Co
superlattice are replaced by an additional Fe atom the vibra-
tional spectra change as it is shown in Fig. 5. The partial
PDOS presented in the right panels of the figure only show
the contribution of the Fe probe atoms to the total PDOS. For
the bCC-Feo_0625COO'9375 and fCC-FC0.0625COO_9375 phaSCS the vi-
brations of the Fe atoms mainly contribute into the high-
frequency region of the spectrum [Figs. 5(a) and 5(b)]. The
amount of Fe atoms introduced into the bcc-Co phase is
insufficient to stabilize this phase [Fig. 5(b)]. The instability
of this system is manifested by the appearance of the soft
mode at the exact point Gamma. Imaginary frequencies are
clearly present in the total PDOS of the bcc crystal while
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FIG. 5. (Color online) (left) The phonon-dispersion relations
and (right) the total and partial (calculated for Fe probe atoms)
PDOS calculated for (a) fec-Fepgg5C009375 crystal, (b)
bee-Fe 0625C00.0375 crystal, and (c) bee-Fey/Coy superlattice. All
structures are illustrated in Fig. 3. The partial PDOS spectra for Fe
probe atoms are multiplied by a factor of 5.

they are nearly absent in the partial Fe PDOS. Thus the in-
stability of the bce phase is related to the vibrations of the Co
atoms.

Table I summarizes magnitudes of the independent pa-
rameters of the on-site force constants matrices of Co and Fe
atoms in the various bcc and fec crystals. The site symmetry
of the cubic or lower symmetry structures causes that the
interaction between impurity and host is described by one or
several independent parameters. For the lower symmetry
cases the interval of the parameters is given. We find that the
calculated force constants of Fe atoms placed in the bcc-

TABLE 1. Calculated on-site force constants of Fe and Co atoms
in the various bcc and fcc crystals.

Force constant

(eV/A)
Co in bee-Co 7.7 Co in fce-Co 8.4
Fe in bce-Fe 11.7 Fe in fcc-Fe 8.4
Fe in bce-FeCo 10.3 Fe in fcc-FeCo 9.5-9.9
Co in bee-FeCo 7.6-9.3 Co in fce-FeCo 8.2-9.3
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FIG. 6. (Color online) The measured and calculated PDOS of
5TFe atoms in three different structures are compared: (a) the bee-Fe
crystal, (b) the bce-Co structure doped by Fe atoms, and (c) the
fcc-Co crystal doped by Fe atoms. In the calculations the ideal bulk
systems (as described in the text) are used. The calculated spectra
are convoluted with a Lorentzian function with a half width of 2 or
4 meV for the Fe crystal and Fe,Co,_, crystals, respectively.

FeCo system are higher than the force constant of a Co atom
in the bee-FeCo crystal. Higher values of the force constants
cause an increase in phonon frequencies. This is reflected in
the PDOS spectra of Figs. 5(a) and 5(b); i.e., the main con-
tribution to the partial PDOS is located at the high-frequency
region. Moreover the high-frequency limit of the partial
PDOS calculated for both bec structures is larger than that
obtained for the fcc-Co phase. Furthermore a noticeable in-
crease in the force constants of Co atoms in the nearest
neighborhood of an Fe impurity is also found. In
bce-Fe,Co,_,, their magnitudes rise from 7.6 to 9.3 eV/A for
Co atoms occupying sites far away from or close to Fe at-
oms, respectively. At higher concentrations of Fe atoms this
effect leads to the stabilization of the bce-Fe, Co;_, system. It
follows that the Fe atoms incorporated in the bee-Co system
can stabilize their nearest neighborhood.

The calculations performed on the Fe,/Co, superlattice
with a doped Co layer reveal that the full stabilization of the
bce-Co phase is established when the bee-Co structure doped
by Fe atoms is placed between two bee-Fe layers [Fig. 5(c)].

Now that a theoretical representation of the metastable
bce-Co phase is found, a comparison between the theoretical
PDOS and the experimental results can be made. Figure 6
shows the experimental vibrational PDOS for >’Fe in a
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bee-Fe foil, and in the bee-Fe Co,_, and fcc-Fey Cog g thin
films, respectively. The PDOS of the three systems have a
similar shape. Yet a clear shift toward lower frequencies is
observed for the PDOS of the bcc-Co with respect to the
PDOS of bulk Fe, and the PDOS of the fcc-Co sample is
shifted to even lower frequencies. To understand the origin
of this behavior a comparison between the experimental and
the calculated PDOS is necessary. The theoretical PDOS
spectra of Fe probe atoms placed in the bcc-Co and fcc-Co
crystals are obtained using the procedure described in Sec.
II. The spectrum calculated for bulk Fe is taken from Ref.
19. To make a direct comparison between the experimental
and the theoretical PDOS, the calculated PDOS is convo-
luted with a Lorentzian function with a half width of 2 and
4 meV for the pure bcc-Fe crystal and the Fe,Co,_,
systems, respectively. In the ab initio approach only single
units of Co atoms can be replaced by Fe atoms. Therefore the
calculations are performed for samples with a slightly lower
iron concentration than the measured samples, that is
Feg0625C00.0375 for the calculated crystals compared to
Fe( 1Coy ¢ for the measured sample. However, for such small
Fe impurities, a change in concentration has no big impact
on the PDOS, as illustrated by the measured PDOS of
bee-Fe, Co,_, with x=0.1 and 0.2 in Fig. 6(b).

The partial PDOS measured for >’Fe atoms placed in the
fcc-Co crystal compares well to the calculated spectra. The
position and intensity of the high-frequency peak are repro-
duced very well whereas the intensities of the lower fre-
quency peaks are slightly underestimated for fcc-FeCo.
These discrepancies are attributed to the ideal crystal struc-
ture used in the calculations, in contrast to the measured
sample with randomly distributed >'Fe.

The experimental PDOS of bcc-FeCo in panel b of
Fig. 6 is compared to three different theoretical PDOS.
The solid line represents the calculated PDOS of the
bee-Feg g605C000375  crystal.  As  discussed above, the
bee-Feg 605C00 9375 structure displays anharmonic modes
which make this crystal unstable. In the harmonic approxi-
mation these modes have an imaginary frequency. Anhar-
monic modes are not taken into account in the calculation of
the phonon density of states [solid line in Fig. 6(b)]. Hence
the low-frequency region cannot be correctly described. Yet
the position of the high-frequency peak is well reproduced
and agrees very well with the experimental one.

In the harmonic approximation the lattice dynamics is
characterized by a collection of noninteracting harmonic os-
cillators. The imaginary modes, however, are described by an
anharmonic oscillator vibrating in a double-well potential.
Yet for sufficiently large amplitudes an imaginary mode vi-
brates near the harmonic region of the potential and its fre-
quency turns to a real value (i.e., the system is stabilized).®
These larger displacements can be generated by the thermal
vibrations of the atoms. In our second theoretical model we
calculate the phonon frequencies of the bulk
bee-Feg 625C00 9375 crystal taking into account an additional
set of H-F forces. The additional H-F forces originate from
the frozen soft modes with sufficiently large amplitudes to
stabilize the crystal. From the known eigenvectors of the
phonon modes we find the displacement patterns related to
the particular soft mode. The realistic displacement ampli-
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tude of the frozen mode corresponding to room temperature
is less than 0.25 A. The room-temperature conditions are
fulfilled assuming the amplitude of the soft modes Q
=5 A (amu)"2. Then the additional H-F forces imposed by
the soft modes are computed and included in the construction
of the dynamical matrix. The obtained phonon frequencies
are all positive and considered in the phonon density of
states represented by the dash-dotted line in Fig. 6(b). The
presence of the low-frequency peak at 3 THz is the main
difference between the calculated spectra mentioned so far.
The position of the high-frequency peak stays almost un-
changed. With this approach all frequencies are taken into
account in the phonon density of states improving its behav-
ior at lower frequencies.

The third dashed line represents the partial PDOS calcu-
lated for Fe probe atoms placed into the bce-Co layer of the
bee-Fey/Co, superlattice. Although the structure is stable its
thickness is not sufficient to exclude the interfacial interac-
tion between the Fe probe atoms and Fe atoms placed in the
bce-Fe layers. This interaction leads to the increase in the
force constants of Fe probe atoms and successively to the
increase in its phonon frequencies. Comparing the discrete
phonon spectra presented in panels b and ¢ of Fig. 5 it is
clearly seen that the large intensity peak at 8 THz observed
in bulk bece-Fe 625C0g 9375 almost vanishes in a thin bee-Co
layer. It results in a nonsymmetric shape of the high-
frequency peak of the convoluted spectrum presented in Fig.
6(b). Taking into account the thickness of 1.7 nm of the
bce-Co layer in the measured sample, the influence of the
interaction between the probe and Fe layer is negligible in
the measurements. We therefore conclude that the high-
frequency peak of the bulk bcc crystal seems to be more
representative than the one computed for the Fe,/Co, super-
lattice. The calculations on more complex and larger super-
cells with randomly distributed Fe impurities in the Co-layer
would improve the agreement between experiment and cal-
culations but they are at the moment computationally too
demanding. Besides, the calculations do not take into ac-
count the strain present in the thin films. Such a strain is
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typically observed in epitaxially grown ultrathin films3%37

and is found to influence the PDOS.!413

V. CONCLUSIONS

The technique of nuclear resonant inelastic scattering al-
lowed us to obtain the experimental PDOS of Fe in meta-
stable bcc-Fe,Co;_, and stable fcc-Fe,Co,_, with 0=x
=0.25. The shift in the high-frequency peak observed in the
experimental PDOS is very well reproduced in the calcula-
tions. The shift is generated by the differences in the magni-
tude of the interatomic forces of Fe atoms introduced in the
various systems. These differences are probably caused by
significant changes in the electronic charge distribution. Us-
ing ab initio calculations we have proven that the metastable
bce-Co layer between adjacent Fe layers can be stabilized by
the addition of Fe atoms in the Co layer. The iron atoms
included in the bce-Co system cause the rise of force con-
stant values in its nearest neighborhood and stabilize its sur-
roundings in a bee structure. Thus both the Fe layers and the
Fe atoms diluted in the Co layer play a very important role in
the stabilization process. Finally this work demonstrates the
importance to study atomic vibrations and interatomic forces
to investigate the phase stability conditions.
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