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Electronic and magnetic properties of the CéFe(001) interface and the role of oxygen
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A combined theoretical and experimental study of the structural, electronic, and magnetic properties of a Co
thin film growth onto FE001) substrate is reported. This includes also an analysis of the role of oxygen in
modifying the properties of the Co/Fe interaction. Experimental results obtained by spin-resolved absorbed
current and inverse photoemission spectroscopies, as probes of the empty electron states, show nice agreement
with first-principles full-potential local-orbital calculations. Co growth has been shown to display different
paths according to various conditions. The ColPd) interface shows a distorted cubic Co growkinown as
bct) up to about 15 monolayer@iL ) turning to the equilibrium hcp Co structure for larger thickness. Co
growth onto the surface oxidized @81)-p(1x 1)O shows a similar behavior with an extended stability range
of the bct structure up to about 35 ML. Spin-dependent effects are, moreover, enhanced due to an oxygen
surfactant action. Fe@a01) formation is shown to take place by thermal treatment of the interface. Its features
are interpreted in terms of band filling arguments, and the surface oxidation displays again a considerable
enhancement of spin-dependent effects in analogy with the surface oxidation of 004)Fe

[. INTRODUCTION similar oxygen-induced effects are worth searching for also
on the Co/F&01) interface since they might occur upon the
Molecular beam growth of thin films under ultrahigh surface oxidation of FeCo and the Co epitaxy on
vacuum(UHV) conditions is an important technique for the Fe001)-p(1Xx1)0, respectively.
creation of new phases of solids, which can give rise to epi- In this paper we report a combined experimental and the-
taxially stabilized materials showing metastable crystaloretical study on the above issues. Results obtained by
structures. The strong link between structural and electronimeans of empty states spectroscopies, namely, absorbed cur-
properties is particularly relevant when magnetic species argent (AC) and inverse photoemissiofiPE) spectroscopies
involved, as substrates and/or thin film overlayers, in thepoth performed in the spin-resolved mode, are compared to
growth of interfaces or multilayers since these aspects magrst-principles spin-projected calculations based on a full-
strongly influence their magnetic properties. Due to the greagotential nonorthogonal local-orbitdFPLO) minimum basis
interest, both from fundamental and technological points ofy5nd-structure schem®.The discussion is basically per-
view, these systems are being extensively investigated. formed along three topics related (@ the Co/F€001) inter-

particular, concerning Co, which has a hcp equilibrium struct, e formation at room temperature and the analysis of the
ture, it has been found that it is possible to crystallize thlnS in-dependent effects related to the cubic-to-hexagonal
films in cubic metastable phases such as the bcc on G

and Fe(Ref. 2 and the fcc on CuRefs. 3 and #substrates. % f)s’ S tsrjr?;gfl(:; tt:iz nggr;);’iv;gnogﬁtéh%;g?;)s' F\)/\Si%h re-
In the following we focus our attention on the electronic b )

and magnetic properties vs crystal structure of the copPect tq the CO/RQOD growth, and(c) the format|o.n and

Fe(00)) interface which allows a variety of different growing ma_lgn(_etlc properties of the FeCo compound and of its surface

regimes(i.e., cubic and hexagona®® We also show that °Xidation.

when the interface is thermally treated the formation of a

stoichiometric FeCo compound takes place, with a CsCI

structure. Moreover, the role of oxygen may also be relevant Il. EXPERIMENTAL AND THEORETICAL DETAILS

in modifying the properties of the Co/f®01) interface

growth. In the case of the F&01) surface, a controlled ex- The experiments herein reported are spin-resolved AC

posure to oxygen induces a structural modification, resultingnd IPE, performed in an UHV  system

in a well-ordered F@01)-p(1x 1)O surfac€.® It has been (base pressure7x10 *'mbar) equipped with standard sur-

recently evidencéd that the atomic configuration of the sur- face characterization techniquésThe F€001) sample is ob-

face Fe atoms interacting with oxygen strongly enhances th&ined by growing a 300-nm-thick Fe film onto a M@D1)

spin-dependent effects showing a larger exchange splittingubstrate in UHV conditions. After annealing at 850 K, a

between opposite spin levels. Moreover, this surface oxygenlean and ordered F&01) surface is obtained as evidenced

acts as a surfactant in room-temperature Fe homoepitaxypy x-ray photoemission spectrosco@¥PS and low-energy

improving considerably the surface order and enhancing thelectron diffractionLEED) analysis-* F&(001)-p(1x1)O is

magnetic properties of the topmost Fe lay€rBy analogy, obtained by exposing the clean (1) surface to 30 L
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(1L=1x10°Torrs) of G at 450 K and then flash heating the cubic and tetragonal structures having a surface on the
at 900 K for few second®’ This procedure gives a nicely (001 plane and along’M for the hexagonal one which has
ordered structure, as evidence by the shafpx1) LEED a (112) surface orientation, as indicated below. Calcula-
pattern. XPS analysis for the determination of the core levelions have been performed for the FeCo compound as well;
intensities is also in good agreement with previous data oithey will be further discussed in Sec. V. The normal inci-
the F€001)-p(1x 1)O surface?® dence geometry gives also a further symmetry constraint on
The growth of Co overlayers has been carried out ontdghe states which can be occupied in the solid by the incoming
Fe(001) and F¢001)-p(1x1)O, at a pressure of~5  electrons. They are described by free electron bands outside
% 10" °mbar, by thermal evaporation from a water-cooledthe solid and belong to tha; symmetry of the bcc or bct
electron bombardment cell. The deposition has been petattice: therefore, such states are those directly probed by
formed, keeping the samples at room temperature, at a rate 6{C spectroscopy??° In the subsequent radiative decay to
~8 A/min as measured by a calibrated quartz microbalancéghe lower-lying empty states, dipole selection rules allow
In the following we will report Co coverages in monolayers only for given transitions selecting the symmetry of the final
(ML), the thickness of 1 ML corresponding conventionally states. For the bcc or bct BZ, these are Aheand A5 bands
to the F€001) substrate spacing, namely, 1.43 A. The film which are probed by IPE spectroscopy. If we translate the
purity was checked by XPS, which also allowed us to obtairnotation into a spherical harmonics language, we can assume
estimations of the Co thickness in good agreement with outhat the states accessible to AC spectroscopy imaye0;
deposition rates. via the dipole selection rule concerning, IPE final states
Samples have been magnetized in the plane along thare represented by wave functions with=0,=1 symme-
[100] direction of the Fe lattice, then spectra taken in mag-ry. Moreover, it has to be noted that all IPE data refer to the
netic remanence, as usual in electron spectroscopies. Mephotons taken off unpolarized at 45° from the sample nor-
surements have been performed at room temperature. Theal. Consequently, the electric field component parallel to
collimated and transversely polarized electron beam impingthe surface, which refers tomy==*=1 final states, has a 3
ing on the samples is produced by a spin-resolved electrotimes higher detection probability than the perpendicular
gun based on a negative electron affinity GaAscomponent, which refers tm;=0 final states? This will
photocathodé® Absolute calibration of the beam polariza- generally make very weak the IPE signal connected to final
tion (Py) was performed in a separate experiment by Mottstates havingn,=0 symmetry.
scattering’ yielding a valueP,=(25+2)%. The IPEspec-
tra are taken in the isochromat mode by collecting photons at lll. Co ON Fe (00))
a fixed energyhv=(9.4=0.3) eV while varying the incident o
beam energy® The AC spectra are recorded by measuring, C0/F&001) thin films up to~15 ML are known to grow
the target electron current running to ground. Data are nofl @ metastable distorted bcc structure, known as body-
malized to the current impinging onto the sample. All spectracentered tetragondbct), and to display a phase transition,
reported have been collected at normal incidence with théurning to the hcp structure with the (1@ orientation, for
beam polarization either parallel or antiparallel to the sampldarger thickness:>®?1?The spin- and symmetry-projected
magnetization. bands for bcc Fe, bet Co, and hep Co are presented in Fig. 1
First-principles band-structure calculations optimized toalong the related high-symmetry lines of the different Bz
obtain reliable eigenvalues for empty states up to about 2&olid (dashedllines indicate majority{minority-) spin char-
eV above the Fermi levelg:) have been performed by the acter bands, and the regions beleware shaded. For bcc Fe
FPLO schemé? In this scheme the crystal potential and den-and bct Co, the notation; (As) refers to bands havingy,
sity are represented as a lattice sum of local overlapping=0 (m,==*1). TheH critical points are also indicated and
nonspherical contributions. The decomposition of the extheir energy given for both spin directions. For hcp Co the
change and correlation potential into local parts is done usingand symmetry is instead labeled by the relatgdvalues.
a technique of partitioning of unity, resulting in local shape The results for bcc Fe and hcp Co are in good analogy with
functions, which add exactly to unity in the whole crystal previous calculations reported in Refs. 20, 24, and Ref. 25,
and which are easily treated numerically. The method is altespectively. A comparison between bcc Fe and bct Co
electron, which means that core relaxation is properly takeshows some substantial differences in the band structure
into account. The calculations were carried out in a scalarelose to theH point. These are due to the mentioned crystal-
relativistic approximation using an updated versfoof the  lographic distortion of the resulting Co structure and will be
code published in Ref. 12. Though the scheme is designed afown to play a relevant role in the interpretation of our
a minimum basis method, it allows one to include unoccu-spectroscopic results.
pied atomiclike orbitals into the valence basis. This possibil- In Fig. 2 the AC results are given in the spin-integrated
ity was utilized in the present calculations by using amode in the 0—50 ML Co coverage range. The spectrum of
3d/4s/4p/ad atomiclike orbital basis. This choice gives a the clean F@01) surface, which has previously been
reasonably complete basis set for the description of unoccudiscussed??’ shows the typical line shape of all bce struc-
pied valence states in the region 0—20 eV abBye tures due to the presence of a symmetry-relatedenergy
To interpret the data reported below, we performed thesgap between théi;s and theH,, levels atH (see Fig. 1
calculations for bcc Fe and for Co in different structures,Within this gap the impinging electrons cannot accommodate
namely, bcc, tetragonally distorted b@mown as bgt and  into the solid and are largely reflected, causing a deep mini-
hcp. Due to the scattering geometry, the accessible states lieum visible at~11.5 eV, with respect t&g, in the AC
along thel'H direction of the bulk Brillouin zondBZ) for ~ spectrum. The sharp onset at lower energy is instead related
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FIG. 2. AC results for the Co/Fe01) system at various Co
coverageggiven in ML). Vertical bars refer to the energy range
used for the subtractions made in order to evaluate the hcp character
(see text The spectrum with the shaded area is the subtraction
between 50 ML Co and the clean (B81) profiles. Inset: related
asymmetry profiles; for each spectrum, the zero-asymmetry refer-
ence is indicated by a horizontal line.

—
<

replaced by a broad and weak valley at higher energy, cen-
FIG. 1. Band-structure calculations for bcc Fe, bet Co, and hegered at~20 eV. This can hardly be related to a gap effect
Co. Dashedsolid) lines refer to minority(majority-spin contribu-  which, according to the calculations of Fig. 1, is not present
tions. For bce Fe and bet Co, thé critical points are shown and  in the hcp Co in this energy rang®A line shape analysis of
their energies given, wherg|) indicates majorityminority) spins;  the AC results in Fig. 2 shows that the bct-hcp transition
A1 (As) bands refer tan,=0 (+1). For hcp Co bands are labeled occurs at~15 ML,%? in very close agreement with previ-
by their m; value. The energy zero is &g, and the range of ously mentioned determinations.
occupied states is shaded. As mentioned above the position of the onset, with re-
. . .. spect toEg, in the AC spectra give a measure of the sample
to the crossing of the vacuum level since electrons with ; )
; work function (®). In Table | the magnitude of the work
lower energy cannot enter the solid, function, determined by the position of the zero in the second
Moving to the results concerning the Co(B@l) inter- ’

face, it is worth noting that, due to the small valifew A derivative of the AC spectra of Fig. 2, is given at various Co

. . coverages. For F801) the ® value agrees with reported
(Ref. 28] of the electron penetration depth in the energy ata.7'3°gAt 7 MLR Co) coverage the gnset moves F;oward
range used here for both AC and IPE spectroscopies, alrea gher energy, showing a trend in agreement with the larger
at 7 ML Co coverage the Fe substrate contribution to theC :

. . o . o work function with respect to F&. At 14 ML the ®
signal is negligible and the results have to be interpreted 38 rther increases by-0.1 eV keeping a constant value up to

due only to the Co overlayer. The 7 ML coverage spectrurr}he largest coverage investigated. Because of the close rela-

is quite similar to that of pure Fe, with still a well- . hi isting b h ‘ d )
ronounced minimum at-1 eV larger energy. This upward tionship existing between 2t e surface structure and magni-
P ) tude of the work function? the slight increase of the Co

22:2 :2 wglsgiﬁjr%%t:vcvzirznbtgf égesr%'%étl )Cvél)hier:ebit% ;kl:(/e work function occurring from 14 ML film thickness on, i.e.,

. P ! ! . when hcp Co formation starts to take place, may be consid-
spin-projected bands of thes andH, levels, respeciively. ered as a hint that a structural transition is occurring.
At 14 and 21 ML Co coverage, the minimum in the AC In the inset, the AC spin asymmetriéd) are given, in

spectra is completely washed out, indicating a structur : ; .
modification taking place in the Co structure. At 50 ML Co ercentage, for the spectra of Fig.22is defined as

coverage the AC line shape is strongly varied with respect to
the typical bcdor be profile and the deep minimum is now A=(1,=1)IPo(l4+1)),
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TABLE I. Work function values of the Co/F@01) and Co/F€001)-p(1x 1)0O interfaces in eV at various
Co coverages. The error i50.05 eV.

Co coveragéML )

Clean 7 14 21 28 50 56 Co
Fe(001) 4.70 5.08 5.23 5.19 5.18
5.2
Fe(00D)-p(1%x1)0 4.70 4.80 4.78 4.79 4.80 4.90

&The work function for Co refers to the @001 surface as reported in Ref. 31.

where |, and |, represent the AC intensities for primary profile of F€001). The majority-spin spectrum is now nearly
electrons with magnetic moment parallel and antiparallel tdeatureless, and the minority-spin profile shows an intense
the sample magnetization, respectively. The oscillating bepeak at~0.8 eV aboveEg. On the basis of the present
havior of A vs energy for the R&01) surface agrees well calculations, these results are interpreted as a global down-
with previous findings and is closely related to the presencavard shift due to the filling of the related bands, which
of the gapt®33 This can be understood in terms of the calcu-causes the majority level to move bel@&y, i.e., in a region
lations of Fig. 1: at~11 eV aboveEg, being across thel;s  which cannot be probed by IPE. At higher energy the spectra
levels, the incoming minority-spin electrons can still be ab-still show the spin-split peak similar to E91), but shifted
sorbed while the majority-spin electrons canrigtis there- by ~0.6 eV to lower energy. Interestingly enough, the shift
fore smaller than |, giving rise to a negative peak asymme- has an opposite sign with respect to what found, doing a
try; the opposite effect is found at15 eV, i.e., in the similar comparison, both for the AC spectra and related spin
vicinity of H,,. As a consequence, the intensity of the asym-asymmetry profiles(Fig. 2). This cannot be explained in
metry oscillation is strongly related to the value of the ex-terms of an ideal bcc Co growth since this would rather give
change splitting at the gap edges. a common downward shift for both AC and IPE resdfs.

The asymmetry at 7 ML Co coverage keeps a similatWe therefore interpret such an effect as due to the tetragonal
profile, indicating a ferromagnetic coupling between the Caodistortion occurring in bct Co, which is responsible for a
film and Fe substrate. A comparison of the spectrum with th&éemoval of the bands degeneracy at the forrHgg point
profile of FE001) shows that the gap-related minimum is betweenA; and A5 symmetry levels. As a result, th&;
shifting by ~0.7 eV toward larger energy, in analogy with level shifts to higher energy, while th&g level shifts to
the behavior of the AC spectra shown in Fig. 2. Moreover,lower energy, with respect to F#01), as shown by calcula-
the oscillation intensity shows a 35% decrease: this effections. The opposite shifts observed between AC and IPE
may be partly interpreted in terms of a reduced exchangspectroscopies, comparing the profiles of thé0B&) surface
splitting for the A, levels at both thed,; gap edges for bct  with those of the 7 ML Co, give therefore a clear indication
Co as compared to thel;s and H,, levels of F001), as  of a distorted cubic Co growth on the (©€1) in this cover-
suggested by calculations. A further contribution is insteacage range.
related to the decreased surface order which is known to be At larger Co coverages the low-energy IPE peak keeps a
very important in the development of spin-dependentcompletely minority-spin character and the high-energy fea-
effects!* We will further discuss this topic in Sec. IV. At 14
and 21 ML the asymmetry profiles are gradually losing the N R R S R R
previous oscillating behavior, coherently with the mentioned Co/Fe{001)
absence of a gap in the hcp structfiteyhile a small asym-
metry plateau is present at higher energy, reaching 20—-25 eV
at the maximum coverage investigated. This might be possi-
bly related to the broad valley found in the AC profile and
has anyway no clear counterpart in our theoretical results, as
mentioned.

Figure 3 displays spin-polarized IPE results for the same
set of Co coverages as for Fig. 2. The(®&l) spectra are in
nice agreement with reported resufts* They show, in both
spin channels, two peaks which have been interpreted in
terms of transitions to the spin-sphit;; andH 5 levels close
to Er and at~10 eV, respectively. This picture agrees very
well with our theoretical results: the majority-spin peak re-
lated to theH }; level lies just abovéEr, while the minority
one is found at-2 eV; the peaks related to tl, s levels are R R R SO T S N R
found just across the AC asymmetry minimysee the inset 0 4 8 12 16
of Fig. 2) and their experimental split is 0.57 &¥. E-Ef (eV)

At 7 ML Co coverage the line shapes become consider-
ably different, in the low-energy range, with respect to the FIG. 3. Spin-resolved IPE results for the Coff@l) system.

— majority spin
++ minority spin

IPE intensity (arb. units)
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T can therefore relate the depth of the minimum, normalized to
the intensity maximum occurring just above threshold, to the
degree of surface order. In the AC spectrum of
Fe(00D)-p(1x1)0O, this is 30% larger(i.e., more pro-
nouncedl than for the AC profile of F®01), indicating that
the surface order is improved by the oxygen surfactant ac-
tion. As for the 7 ML Co film, the depth of the minimum is
now ~10% larger than that of the spectrum referring to the
same coverage onto f01). Though smaller than above, the
effect is qualitatively interpreted in terms of a better ordered
Co overlayer growing on K801)-p(1x1)0, similarly to

the case of Fe homoepita¥yon this substrate. Increasing the

T T T T T T
ColFe(001)-p(1x1)O

Fe(001)-p(1x1)0

Absorbed Current (arb. units)

O e VRS Co coverage, one obtains a less and less pronounced mini-
R mum shifting toward larger energy. The shift is caused by
z LI ) the gradually reduced intensity of the minimum which sits on
‘é’ o W N, top of a strongly decreasing profile vs energy. At 28 ML the
Z i minimum is no longer present and a plateau takes place in
QalY 7 Feonpiixno | the range 15-22 eV. This evolution seems to imply a slower
PRI ,i' | dynamics if compared to the results of Caf6@l) where
N A already at 14 ML Co coverage the gap-related minimum has
8 12 16E_Ef?ev)24 % completgly disappeareq. .At 56 ML the profile st_arts to show
"1 * ;3 ‘ 1'2 . 1*6 ; 2'0 a new higher-energy minimum. In agreement with the previ-

ous picture, this can be interpreted as a precursor feature
E-Er(eV) evolving toward the hcp-like line shape displayed by the 50
FIG. 4. AC results for the Co/Fe(0019€1X1)O system as a ML Co coverage on REO1), as shown in Fig. 2. A line

function of Co coverage. Inset: related asymmetry profiles; forShape analysis of the AC results in Fig. 4 shows that the
ge. ' y yp ' “pet-hep transition occurs now at35 ML.?2 This value is

ggﬁ?alsﬁﬁgtrum, the zero-asymmetry reference is indicated by a ho'tr?ﬁore than twice the one found for the Co growth o),

giving a confirmation of the above mentioned picture.

tures disappear from the spectra. For a comparison of these S reported in Table 1, the study of the work function for
results with hcp Co calculations, it is worth keeping in mind various Co coverages does not give, in this case, a clear trend

that, beside symmetry considerations on the quantum &t varance with the Co/ke0] growth. For the
number, also angular momentum conservation, via Athe F&(00D-p(1x1)0O structure, we find the san@ as for the

=+ 1 selection rule, and energy conservation are relevant iﬁ'e?‘” _FéOOlla)so surface, in agreement . with _ previous
selecting the allowed transitions in IPE, where the detecte&snmat'on.g" ~At all C(.) coverages here mvestlgated,_ the
photon energy is kept fixed. These further constrictions ruIéNOrk fP”C“O”. keeps basically constanta4.8-4.9 eV. This

out many of the decay channels, leaving only with the mi_value is considerably smaller than What we found for any Co
nority feature clearly visible close .22 This is related to ~ COV€rage on Fe01). Due to the mentioned surface segrega-
am==+1 final state having its majority counterpart lying tion of oxygen in this mterfaqe, t_he topmost layer has to be
below Er in the calculations, similar to the case of bct Co. regarded as a Co surface oxide instead of a pure Co surface.

Furthermore, in consideration of the large amount ofdisorde;rhIS may likely pin the work function to the value of the

at the surface for large thickness films, the spectral featurerselatecj Co surface oxide irrespective of the underlying Co

may generally become broader and less intense. As a resu?(ryStaI symmetry, therefore preventing one from following

other possible higher-energy transitions might be lost insidgt’ructural transition. Th|_s argument is supporyed _by a recent
the background in the experiments. study of the work function variation upon oxidation of the

Co(1120) surface€® It is there shown that for an oxygen
i overlayer thickness of-1 ML, i.e., similar to our case, the
V. Co ON Fe(00)-p(1x1)0 work function decreases by 0.3—-0.4 eV with respect to the
The stability range of the Co bct phase is considerablyclean Co surface, in very nice agreement with our compari-
extended when the growth is performed onto theson between the results for 50 ML Co(B61) and for 50
Fe(001)-p(1x1)0 surface, due to the oxygen surfactant ac-ML Co/Fg001)-p(1x1)0O 56 ML Co/F&€001)-p(1x1)O0.
tion which makes an oxygen monolayer to float on top of the In the inset the spin asymmetries for the AC spectra of
Co surface?® In Fig. 4 the AC spectra for Co on Fig. 5 are reported. The large intensity oscillation shown by
Fe(001)-p(1x1)O are shown for various coverages. Thethe F€001)-p(1x 1)O profile, which is more than double if
starting substrate AC spectrum is quite similar to that ofcompared to that of F801), is one of the enhanced spin-
Fe(001) (see Fig. 2 with a deep minimum and agrees well dependent effects displayed by the oxidized pHaseghen 7
with previously reported datf. Structural disorder may ML Co are grown on top of it, the magnitude of the asym-
cause a partial relaxation of the symmetry rules given abovanetry clearly decreases. Nevertheless, the oscillation is 20%
with relevant consequences since the typical bac bcY larger than that of the 7 ML coverage on(B@1l) (cf. Fig. 2.
symmetry gap is in general absent along other directions iiThe increased magnitude of spin-dependent effects shown by
the BZ. For systems with a similar magnitude of the gap, wehe bct Co grown on F80D-p(1x1)0O is similar to what
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FIG. 6. Band-structure calculations for the simple cubic struc-
ture of FeCo. Dasheolid) lines refer to minoritytmajority-) spin
contributions.A; (As) bands refer tanj=0 (£1). We have omit-
ted, for the sake of clarity, 4, band lying completely below the
A vacuum levelsee Ref. 28 TheT critical points are indicated, and

FARY their energies are the following, with the same notation used in Fig.
M 2. T15115.8eV, T,114.7eV, Ti5/9.6eV, T19.2eV,

I's11.5eV, andl 557 —0.7 eV.

Fe(001)-p(1x1)0

IPE intensity (arb. units)

0 4 8 12 16 20

E-Eg (eV) intensity analysis based on the Fe and Gm2core level

peaks indicates the formation of a compound with FeCo sto-
FIG. 5. Spin-resolved IPE results for the Co/Fe(0@(}  ichiometry. This has been subsequently oxidized at the sur-
X 1)O system. face with the same procedure reported in Sec. Il for obtain-
ing the Fé001)-p(1x1)O surface. After this operation
reported for FED01)-p(1xX1)0O as compared to F&01) and LEED results show a sharp 1) pattern and the XPS
puts in evidence the role played by oxygen on the magnetianalysis indicates that an oxygen monolayer forms at the
properties as well. The same trend is found when comparingurface.
the results of the 14 ML coverages on the two substrates. At FPLO calculations have been performed for FeCo, which
higher Co thickness the asymmetry gradually disappears. has the CsCl simple cubic structure with a 1.41 A lattice
Figure 5 shows the IPE results for this interface. Thespacingg_sThis makesagood matching with the Fe Substrate,
Fe(001)-p(1X1)O spectrum, in agreement with previous yyling out any sizable stress in the FeCo crystal. Following
resultst®3’ resembles the K801 IPE profile, although the {he same geometry argument given in Sec. I, the states ac-
effect of larger spin-dependent effects is evidenced in theessible to our AC and IPE experiments for the simple cubic
conS|de_rapIy larger splitting of thél,s levels around 1%0 (sO crystal of FeC@0Y) lie along thel'X direction, which
ev: thisis now 0.87 eV as compared tq 0157 fo.(GIEL). . exhibits A-like symmetry bands. They are shown in Fig. 6,
In the 7 ML coverage spectrum, the majority-spin contnbu-Wi,[h the same meaning of the symbols as in Fig. 1. The sc
tion close toEr is absent and the minority one shifts to lower band structure alon§X can be viewed as the foldi.ng. of a

energy at~0.8 eV, similar to the profile of the same cover- bec band structure midway alotH in such a way to over
age on F&O01). The high-energy feature shows the same . . . .
g €00Y) 9 9y lap theH point with the BZ center. In this band structure the

splitting as that of 7 ML Co on K601, while the energy . )
scale shifts upward by-0.2 eV in analogy to AC results for Minimum of theA, energy gap is thus located &t The

this coverage. At 14 ML these states are still barely visible 8nergies of thd" critical points are given in the figure cap-

at variance with the case of the same coverage d0(Eg tion. )

where they have already vanished, confirming that surface In Fig. 7 the AC spectra of the FeCo, before and after the
order of the Co overlayer is better achieved, for a giveroxidation process described above, are shown. For FeCo a
coverage, on HO01)-p(1x 1)O than on F&O1). For higher  clear gap-related minimum is present coherently with the
coverages IPE Spectra do not show any further evo|uti0n, d’@SUltS of the band-structure calculations. The SpeCtrUm is

expected considering the results for the Co0P4) system.  quite similar to the F®01) profile including the position of
the onset which gives for FeCo a work function of 4.75 eV.

After oxidation, the profile keeps a similar shape, showing a
30% more pronounced minimum. In analogy to the case of
Fe(001) oxidation, this indicates that the oxygen surfactant
action plays a sizable ordering role in this case as well.

The Fe-Co phase diagram shows the occurrence of a few The asymmetry spectra associated to the above AC results
stable bcc substitutional compour@ihich display interest- are shown in the inset of Fig. 7. Fe@01) and F&001)
ing magnetic propertie¥. In order to investigate their pos- profiles are similar to each other in terms of the oscillation
sible formation as a product of the Co(B8Y) interfacing, intensity, in agreement with our calculations, which basically
we have thermally treated this system. After evaporating @ive the same values of the exchange splitting for the pure Fe
21-ML-thick Co overlayer keeping the Fe substrate at roonand for the compound. The FeCo spectrum is slightly shifted
temperature, an annealing at 900 K has been carried out forte larger energy by~0.1-0.2 eV, in qualitative agreement
min. A clear (1x1) LEED pattern is obtained. An XPS with theoretical findings which actually give-a0.6—-0.7 eV

V. FeCo COMPOUND FORMATION
AND SURFACE OXIDATION
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4 8 12 10 0.85 eV which is th lue found for(6@D-p(1
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FIG. 7. AC results for the FeCo compound before and after the!'ﬁbOUt the role of oxygen for increasing the surface magnetic
surface oxidation procegsee text Inset: related asymmetry pro- €ffects on the FeCo compound as well.
files.

shift on both sides of the gap, keeping the same gap ampli-
tude. Upon oxidation, a strong enhancement of the asymme-
try is visible and this reaches the large values found for the We have presented a combined experimental and theoret-
Fe(001)-p(1x1)0, as shown in Fig. 4. Thus, for the oxida- ical study of the Co growth as a thin film onto the(6@1)
tion of FeCo, the mechanism leading to the increase of spinsurface in different growing regimes including the role of
dependent effects seems to be basically the same as for th&ygen in modifying the properties of the Co growth. Fe-Co
case of FEO0D-p(1x1)0, given in Ref. 9. Following this represents an interesting system, both from basic and tech-
interpretation, the surface magnetism enhancement can wlogical research, due to the strong magnetic character of
qualitatively interpreted in terms of the giant adsorption-the species involved. First-principles calculations have been
induced relaxation occurring at the oxidized surface. Thigperformed by means of an updated version of the original
gives rise to a metal-metal bond length at the surface largefPLO scheme, giving particular emphasis on the empty state
than in the bulk, with an increase of the magnetic momentsegion aboveEr. Experiments, in fact, have probed these
towards the value of isolated atoms. states by means of spin-resolved AC and IPE spectroscopies,
In Fig. 8 IPE spectra are presented. For FeCo clo$g-to giving therefore access to structural, electronic, and magnetic
a strong minority feature is visible, while in the majority- information about this system. Nice agreement has generally
spin profile only a small shoulder, if any, is present coher-been found between theory and experiments. As for the Co/
ently with the theoretical results of Fig. 6, which predict the F&(002) interface, an initial Co distorted cubic growthct)
majority states to lie 0.7 eV belo®. It is interesting to  has been found, up to about 15 ML, with respect to the bcc
note that, at variance with the work function value which isstructure of the substrate. At larger coverages Co grows in its
very close to the Fe limit, the IPE profiles have a strongequilibrium hcp structure. In both cases we found a ferro-
Co-like character. In fact, in both calculations and experi-magnetic coupling between the overlayer atoms and sub-
ments Fe presents a majority-spin contribution just abovetrate. The Co/R@01-p(1x1)0 interface shows a behavior
Er, while in Co this has shifted belo®, . The position of qualitatively similar to Co/F@®01), but the range of stability
the minority-spin feature is-1.3 eV aboveEg, i.e., a value of the bct Co structure is now extended up to about 35 ML.
between the 0.8 eV found for both bct and hcp Co and the Furthermore, a surfactant action of oxygen is present, giving
eV of Fg001) as expected on the basis of a band fillingrise to an increased surface order and enhanced spin-
effect. At higher energy the peak related to the lower edge oflependent effects with respect to Cal). Our work
the symmetry gap is clearly visible on both spin channelfunction study supports this interpretation. The third situa-
s: the splitting is the same as for (B81), while a small tion studied is represented by the formation of a stoichio-
upward shift is visible. These results agree with both themetric cubic FeC@®01) compound upon thermal treatment
experimental findings on the asymmetry profiles and the calof the Co/F€001) interface. The trends shown are under-
culations. Upon oxidation, the spectra keep a similar shapestood in terms of a progressive band filling on going from Fe
but the exchange splitting at10 eV has now increased to to FeCo to Co. The FeCo surface oxidation shows an en-

VI. CONCLUSIONS
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