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Ultrathin Fe films, in the thickness range 0—40 monolaykts), have been grown on ®01) by molecular-
beam epitaxy and characterized by low-energy electron diffraction, inelastic medium-energy electron diffrac-
tion, x-ray photoelectron spectroscopy, angular-resolved ultraviolet spectroscopy, x-ray photoelectron diffrac-
tion, ion scattering spectroscopy, and transmission electron microscopy. For Fe depositiong@ioabi
room temperature, a disordered layer is obtained due to a high degree of intermixing between the Fe deposit
and the Si substrate. Successful epitaxial growth of Fe at room temperature is achieved by use @f &0thin
A) CosSi, silicide interlayer epitaxially grown on the 801) substrate prior to the Fe deposition, which
prevents the intermixing of the Si substrate atoms into the Fe overlayer. Below a coverage ML, a
reacted ordered iron-rich phase forms at the surface. At higher coverages, there is growth of an
epitaxial essentially body-centered cubfbcc Fe001) overlayer with the orientational relationships
Fe(001)(00D)IICoSK(001)(00DIISi(001)(00D). Finally, a well-ordered Fe/Coginterface is formed even at
room temperaturd.S0163-182@09)12335-X

[. INTRODUCTION evaporation. By this way, sharper interfaces between the sub-
strate and the overlayer are obtained but the resulting Fe
The ability to grow high-quality magnetic epitaxial thin films are found to be highly defected with rough surfates.
films of 3d metals on semiconductor single crystal is anThe Si interdiffusion of the RT as-grown Fe films is known
important field, since for many technological applications aso have strong influence on its magnetic behavior.
well as for fundamental physics studies one wants to exploit Recently, we have reported the connection between the
the magnetic anisotropy of the material. On the other handstructure and the magnetism on epitaxial $ig_, (0.5<x
the growth of magnetic thin films offer unique opportunities <1) films grown on Si111) at RT° Magneto-optic Kerr
for exploring the correlation between atomic structure andeffect (MOKE) measurements showed an increase of the
magnetic properties in these systems. magnitude of the uniaxial anisotropy constant with increas-
The Fe-Si system is of great interest due to the possibleng Si concentration. Furthermore, x-ray magnetic circular
incorporation of magnetic elements into silicon-integrateddichroism measurements indicated a diminution of the local
optoelectronic or microelectronic devices. A number of in-magnetic moment on the Fe atoms with increasing the Si
vestigations dealing with the interlayer coupling in Fe-Siconcentration in the layer. So, the presence of Si in the Fe
multilayers have been reportéd* However, concerning the layer strongly affects ferromagnetism and is found to quench
spacer, its nature metallic or semiconductor is poorly underit completely in the FeSi stoichiometfy.
stood, and it is not well established how it affects the cou- In order to obtain sharper semiconductor-metallic inter-
pling in the Fe-Si multilayers. faces and to better control the nature of the interface, it is
Several structural and magnetic studies of Fe q0(8)  desirable to prevent outdiffusion of Si by a barrier layer.
at room temperature® (RT) have already been reported. Moreover, it is noteworthy that body-centered cutticc) Fe
However, it has been observed that a spontaneous and sigad Si crystals have closely related lattice paramedgys
nificant chemical intermixing occurs between the Fe=2ag,with a misfit of 5.6%, which suggests thatFe may
transition-metal overlayer and the semiconductor Si subbe epitaxially grown on $001). Here, we have chosen as
strate. The first-deposited Fe atoms react with the surface byne such possibility a Cossilicide layer. CoSi crystal-
forming an ~20-30-A-thick amorphous E8i,_, silicide- lizes in the Cakstructure with very close lattice match to Si
like overlayer. For subsequent Fe deposits the reaction slowd.2% and is known to be of high-crystalline quality when
down probably due to the diffusion barrier through the inter-grown epitaxially on Si111).2*~*Previous studi¢$~1" have
facial disordered silicide layer and the Si dissolution in thealso demonstrated that single-orientation epitaxial
overlayer diminishes. Thus, a metallic disordered Fe layeoSi(001) films can be grown on top of &01) in the Cak
develops. The Fe-Si interfacial interdiffusion can be reducedubic-crystal structure. The CgSiilicide is metallic but pre-
by lowering the temperature of the substrate during the Fsents no magnetic ordering.
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In this study, we have employed low-energy electron dif- All in situ experiments were conducted using a Leybold
fraction (LEED), inelastic medium-energy electron diffrac- EA200 spectrometer equipped with a 150-mm radius hemi-
tion (IMEED), x-ray photoelectron spectroscopiXP9), spherical analyzer, selectable angular resolution frohi to
angular-resolved ultraviolet spectroscopfRUPS, x-ray  +8°, and a multichannel detector with 18 discrete channels
photoelectron diffractiotXPD), ion scattering spectroscopy capable of high-count rate. The measurements of the photo-
(ISS), and transmission electron microscopyEM) tech-  electron diffraction modulations of the Fgg, core line at a
niques to determine the atomic and electronic structure of Fkinetic energy of 779 eV, were performed with an unmono-
ultrathin films grown on Co${001)/Si(001) surfaces at RT. chromatized Ak, radiation (wv=1486.6 eV). Polar angular
It is shown that the addition of an ultrathin-ordered silicide scans along the two principal azimutti$00] and[110], in
layer (~10 A) on top of the S001) surface prior to Fe the CoSj(001) surface plane, were recorded by rotating
growth can drastically change the growth mode of this sys{angle 6) the sample in a geometry with a fixed angle be-
tem. We demonstrate that nearly pure epitaxial bcc Fe can @veen the incidence photons and the photoelectron collection
formed on S{001) by use of thin-CoSi silicide template directions. The polar angléis referred to the surface normal
layers epitaxially grown on 801) substrates. This epitaxial of the sample. The ARUPS experiments were done using a
interlayer acts as a seed and enables the epitaxial growth efandard He discharge lamp. The XPD and ARUPS angular
essentially bcc Fe at RT, with sharp interfaces, and alseesolutions of the electron detector were set-tt’. In XPS,
serves as a diffusion barrier of Si substrate atoms in the Feonochromatized A, radiation was used to measure the
overlayer, thereby decreasing drastically the Si concentratioRe2p,,, core lines. With the same analyzer in constant retard
in the Fe overlayer. This is the first demonstration of epitaxtatio mode the ISS spectra were recorded using a primary
ial Fe(00D) layer growth on §001) substrate at RT. He" beam of 1000 eV kinetic energy. The incidence angle
and the emission angle could be varied but the scattering
geometry(scattering angke 130°) was kept fixed. The ac-
ceptance angle in ISS was set to the maximum value &t

Sample preparation and all measurements, with exceptioMEED maps were collected at a primary energy of 900 eV
of TEM, were performed in a two-chambers ultrahigh by means of a conventional LEED optics.
vacuum(UHV) system including a molecular-beam epitaxy ~ Electron microscopy was performed employing a TOP-
(MBE) preparation chamber and an analysis chambef£ON EM 0023 microscope operating at a beam voltage of
equipped with facilities for LEED, IMEED, XPD, XPS, 200 kV.

ARUPS, and ISS techniques. The base pressure of the indi-
vidual chamber was better than T8 mbar.

The S(001) substrates were cleaned by cycles of"Ar lll. RESULTS AND DISCUSSION
sputtering and followed by annealing to 850 °C. This treat- LEED results
ment produced contamination free surfaces with a high de-
gree of crystallographic order with a long coherence length The surface order and morphology of Fe/Co&1)c(2
as attested by sharp 1) two-domain LEED patterns. X 2) is investigated by means of LEED. The LEED pattern

The CoSj template layer was grown on(801) by depo-  of the CoSj(001) surface shows a very clear and sha(g@
sition at RT of a thin4 ML) film of Co followed by heating X2) reconstruction indicating a very flat and well-
to 400°C for 30 min. This produces a fairly well-ordered crystallized surface with typical terrace widths larger than
single-domain CoSifilm with the (001) orientation, which  the LEED beam coherende-200 A). When Fe is deposited
exhibits a shar(2Xx2) (V2Xv2R45°) LEED pattern. In  at RT onto the clean Co&001) surface thec(2X2) spot
previous studies!*8it was proposed that, CoSiayers pre- intensity slowly decreases and the LEED pattern gradually
pared in such way, are arranged in the &affucture termi- evolves into a (X 1) periodicity. Thec(2X 2) spots vanish
nated by a Si layer with an additional half monolayer of Siafter deposition of 4—5 ML of Fe and only the X1.) inte-
atoms in ac(2X 2) arrangement. gral order spots are now visible indicating the pseudomor-

The Fe films were deposited onto substrates by MBE at @hic growth of a well-ordered phase with theX1) period-
rate of ~ one monolaye(ML) per minute from an AlO; icity. One point of interest is that the &1) spots show
crucible of a knudsen cell. The deposition rate was monispecific intensity profiles, which exhibit periodic variations
tored by a quartz-oscillator thickness monitor. Here, we deof their width and intensity distribution with increasing elec-
fine one ML of Fe as the atomic density of a single bcctron energy even for deposit as small as 1 ML of Fe. These
Fe(001) monolayer (1 Ml=1.210° atoms/crd) which is  oscillations of the width of LEED (X 1) spots with incident
twice that of the S0D01) surface. The substrate temperatureelectron energy are explained in terms of constructive and
was held at RT. During growth the background pressure redestructive interferences of the electron wave function re-
mained always below 2.16° mbar. flected from the(001) terraces, which are separated by

For theex situTEM analysis, the films were capped with monoatomic step5:%° This is consistent with the growth of
a nonmagnetic FeSi layér-20 A) and a Silayef~20 A)to  films with rough surfaces, i.e., surface morphologies with a
protect them from oxidation prior to removal of the com- high density of steps. The LEED spot widths at an out-of-
pleted sample from the growth chamber. The FeSi cappinghase condition, which allows us to estimate the average
layer grows epitaxially on the Fe-deposited layers by coterrace width, indicate mean step separations of the thin-film
evaporation of Fe and Si at RT in stoichiometric ratio. Thesurface of typically~10 A. At large thicknesse&=40 ML)
TEM samples were prepared by mechanical thiniingod  the LEED show an increased background intensity and a
method. reduction of the (X 1) spot intensity, suggesting a poorer

Il. EXPERIMENT
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FIG. 1. lon scattering spectroscosS) spectra recorded dur-
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FIG. 2. (a) Evolution of the Fe and Si ISS peaks intensity as a

ing Fe deposition on CogD01) at room temperature. The inset function of Fe coverage. The Si peak intensity is multiplied by 5 to
shows a schematic view of the geometrical conditions. The scaffacilitate the comparison with the Fe sign@) Ratio of the Si and
tered He ions are detected at a fixed angle-e130°. Fe ISS intensities as a function of Fe coverage for different angle of
incidence(6) of the He" ions.
long-range order of the growing films. No indications for
faceting can be detected by LEED. creases upon Fe deposition. One can see that I-ML Fe
Finally, the LEED patterns show that Fe layers grown atdeposit, the Fe signal reached its maximum intensity while a
RT are epitaxial on Cogi001) surfaces, despite the large very weak signal from Si~5%) is still detected under these
lattice mismatch of the two materials-7%), while they are  conditions. The Si signal completely disappears fe40
polycrystalline on S001). The stepped Fe surfaces during ML. The ISS data recorded during the early stages of Fe
the growth seem to be connected with the limited diffusiondeposition(coverage below 10 MLclearly excludes the for-
length of the Fe adatoms at RT. The surface topographynation of a pure Fe or Si termination. It can be seen in Fig.
should be examined with scanning tunneling microscopy2(a) that deposition of~2 ML of Fe corresponds to about
(STM) in order to obtain a better idea of the level of surface60% of the intensity of a single-bcc @921 layer while the
roughness exhibited. fraction of Si at the surface can be estimated to~b#0%.
We can interpreted this result in terms of either intermixing
or formation of three-dimensional Fe islands with segregated

) o ] Si. The measurement of the Si to Fe ISS intensity ratio as a
In order to determine the chemical identity of the atoms afynction of angle of incidence shown in Fig(k2 clearly

the surface as the interface is formed, ISS measuremeni§dicates that Si segregation certainly takes place since
were carried out during the Fe deposition. In ISS, the inelasstrong shadowing of the Fe is seen at grazing incidence. For
tically scattered ions are analyzed, and information on thggyerages above 5 ML, a largely unreacted Fe overlayer
atomic species in the topmost or two topmost atomic layergorms on top of the intermediate layer, while substantial Si
at the surface can be obtained by considering how the kinetigegregation is seen at coverages up to 40 ML.

energy of the incident ions is divided between the scattered A comparison with results obtained for 10 ML of Fe de-
atoms and the substrate atoms. Figure 1 shows ISS specigsited at RT onto Co§i001)/Si(001) and S{001) shows a
recorded at various Fe coverages. The inset displays §; signal three times greater and points to much larger inter-
scheme of the geometrical conditions for data recording. Theyixing and segregation phenomena in the R&X®i) than in

clean CoSi(001) surface spectrum shows only a peak atihe Fe/CoSi001)/Si(001) system.
~591 eV kinetic energy corresponding to Si atoms. This

observation points out that at least one or more Si topmost
atomic layers terminate the Cg&l01) surface, in good
agreement with the surface structure model suggested in the Structural information concerning the growth of
literature!”'® Fe deposition gives rise to a new peak atFe/CoSj(001) can be quickly obtained by inelastic medium-
~760 eV kinetic energy corresponding to Fe species. Figurenergy electron diffractiodlMEED). IMEED is based on
2(a) shows the Si and Fe ISS intensity variation upon depothe fact that inelastic backscattered electrons in the KeV
sition of the Fe onto the Cog001) surface. As is apparent, range show strong enhancement of intensity along directions
the Fe intensity rapidly increases, whereas the Si rapidly dedefined by atomic rows, because of the forward scattering

ISS results

IMEED results
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selective, since electrons inelastically scattered by atoms of
different kinds are superimposed. Figure 3 shows a IMEED F|G. 4. Fep,, photoelectron intensity angular distributions
pattern, also called Kikuchi pattern, measured for 10-ML Fealong the[110] azimuth for increasing thickness of the Fe film on
deposited at RT onto the Cg801) surface. The pattern is CoSi,(001). Crystallographic directions correspond to forward scat-
taken for electron beam at normal incidence with respect teering at nearest or next-nearest neighbors.
the surface, and at a primary energy=900eV. Only the
electrons emitted with polar angles in the 0—-40° range arerder, which makes it complementary to LEED, which is
collected by the fluorescent screen. A well-contrasted patterroutinely used to monitor long-range order in the films.
is observed, which clearly shows a fourfold symmetry as Figure 4 shows the evolution of the intensity angular de-
evidenced by strong-intensity modulations. Essentially, thgpendence of Fg&;, core level along th¢110] azimuth of
same IMEED pattern is seen at all coverages in the 1-40 Mithe Si substrate, as a function of the Fe coverages deposited
range and corresponds to the one observed on(G0Be at RT on the CoS{001). All the photoelectron angular dis-
single-crystal surface. This immediately indicates that well4tributions are very similar, with three major peaks clearly
ordered films grow on the Co$§001) surface, which adopt a identified at polar emission angle around 0°, 23°, and 52°.
cubic structure. Along the[100] azimuth only the profile corresponding to 10
ML of Fe is depicted in Fig. 5. It is typical for all the profiles
we obtained at various coverages. The major peaks appear at
0°, ~26°, and~45° polar emission angle. Marked intensity
In order to get more specific-site structural informationangular modulations with maxima at defined angular posi-
about the evolving structure of Fe films as a function of filmtions indicate the formation of an ordered phase. Because Fe
thickness, we have employed x-ray photoelectron diffractioris expected to be arranged in a bcc cubic structure, we have
(XPD). In XPD, the intensity of a specific core-level photo- reported the corresponding structure modek inset Fig. b
electron line is studied as a function of the emission direcAccording to this accompanying structure model a bcc film
tion. This technique is based on the observation of interferwould show forward scattering intensity maxima along the
ences between the direct photoelectron wave emerging frofri10] azimuth, at normal emissior9&0°) and 54.7° polar
a specific atom and those waves scattered by neighborirangle corresponding to beam alignment along[0®L] and
atoms to the emitter. As a result of the interference effects, if111] atomic rows of a bcc phase, respectively. Similarly,
is well establishetf? that at high kinetic energyseveral along the[100] azimuth, strong enhancement features are
hundred ey XPD angular distributions of photoelectron- expected at 0° and 45° corresponding to [ib@1] and[101]
emission intensity have intensity maxima corresponding t@tomic rows. Thus, it is immediately apparent from these
the internuclear direction, which connect the emitter atom taesults that Fe most likely grows in a bcc structure whatever
its nearest-neighbor scatterer atoms. This mechanism occuttse film thickness. Intermediate features at around 25° along
when photoelectron waves emitted by specific atoms are rehe two azimuths are assigned to nonzeroth-order diffraction
focused in the forward directiofforward scatteringdue to  and scattering by more distant atoms, but are also typical for
the strong core potential of the atoms neighboring the emita bcc local environment. Actually, the presence of peaks vis-
ter. XPD does not require the sample to have long-rangéle at normal emission and at52° along the[110] direc-

XPD results
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along the[100] azimuth from a 10 ML-thick Fe film deposited at ' 3 & 4 2 E
RT on CoS;j. Crystallographic directions correspond to forward BINDING ENERGY (eV)
scattering at nearest or next-nearest neighbors. Also shown are the
main close-packed atomic directions for a b@91) crystal cut FIG. 6. Angle-resolved photoemission spectra taken at 21.2 eV
along the[110] and[100] symmetry directions. (He,) photon energy in normal emission for different thicknesses of

Fe overlayers deposited at RT on Cg801).

tion for 1-ML Fe deposit reveals that a fraction of photoelec-
trons emitted from the Fe are scattered by at least of one and5.43 A) causing in-plane compression of the Fe lattice at
two overlying Fe or Si atoms, respectively, thus giving evi-the Fe/CoSi001) interface and expansion of the Fe lattice
dence of multilayer film growth. Consequently, the experi-normal to the interface. Thus, this shift indicates that the Fe
mental data for low coverages do not support a simple Feattice undergoes a pseudomorphic tetragonal distortion in
layer-by-layer growth mode but can be readily explained ifthe thinnest films but relaxes towards its natural bce form in
intermixing takes place in the early stages of growth, i.e., Fehe thick layers. This result is in good agreement with TEM
dissolves at least a part of the Si atoms terminating the LoSinvestigationssee below.
layer or if three-dimensional bcc Fe islands are formed. At this point one may thus conclude for Fe deposited on
As can be seen the Fpg, forward scattering peaks at CoSi(001) surfaces at RT, that even the thinnest films in-
normal emission and at52° increase in intensity versus Fe vestigated grow epitaxially with a cubic structure. Moreover,
coverage according to the focusing effect as the number ahe appearance of forward scattering peaks at 0° and 52°
scatterers along the chains becomes larger and reach full isdong the[110] azimuth for very low coverages-1 ML) is
tensity after deposition of-8 and~5 ML, respectively. The in line with the fact that either a mixed Fe-Si interface or Fe
saturation of the forward-scattering peak intensity with in-cluster formation takes place.
creasing film thickness is due to defocusing effect of mul-
tiple forward scattering, which appears for a number of scat-
terers larger than six to eight along close-packed chains in
cubic structure$* The observed anisotropies measured as The evolution of the ARUPS spectra yields information
(Imax4dmin)/l max is ~40% for the 0° peak at 8 ML. The on the surface electronic structure and in particular the nature
presence of this strong forward-scattering peak in the Fe coref the bonding between the different species of the probed
level also confirms high degree of crystalline order in theregion. Figure 6 shows typical ARUPS spectra recorded at
deposited layer. The anisotropy as large as 40% is found toormal emission geometry9E 0°) for different thicknesses
be very sensitive to the template layer crystalline quality.of RT deposited Fe layers on Co®&01) surfaces. The clean
Finally, a small shift of theg{111] forward-scattering peak CoSi(001) surface spectrum mainly exhibits two prominent
(Fig. 4) towards higher polar angles is observed for Fe covnarrow structures at 1.6 and~2.8 eV binding energyBE).
erages above-10 ML. We ascribe this shift to the strain They are assigned to the nonbonding states ofdCelgc-
evolution of the Fe films. The Fe overlayers are coherentlytrons in the CoSisilicide layer and to surface related states,
matched to the Co&001)/Si(001) surface, with the lattice respectively. The peak attributed to the bonding €& 3p
parameter larger a.=2.86A) than half that of Sids  electron states is located at3.5-eV BE. The origin of the

ARUPS results
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surface states at2.8-eV BE is not yet understood. The pres-

ence of a such narrow surface-state peak along with strong- coverage
angular dependenc@ot shown hergindicate an excellent | (ML)
crystallinity of the CoSi(001) layer in good agreement with | i

the sharp(2X 2) LEED pattern. After deposition of 0.5 ML \ \~

of Fe the surface states a2.8 eV is quenched and replaced
by a broad peak centered atl.6 eV. Above 0.5 ML of
deposited Fe a second peak develops close to the Fermi level
together with a peak at1.7 eV. The peak near the Fermi
level is assigned to nonbonding Fd 3tates while the peak
at~1.7 eV appears to be due to emission from an iron state,
which is caused by hybridization effect, i.e., caused by Fe-Si
interactions. Hence, for Fe evaporation in the 0—2 ML the \_
ARUPS spectra evolution suggests the formation of a thin- .___—___/T\'. 8
silicide layer at the interface rather then the growth of a pure 2
Fe layer.

In the coverage region between 2 and 6 ML, the spectra 1
are very similar with two prominent peaks &t0.5- and |
1.7-eV BE, respectively. Peak positions and energy separa- — | S
tions are very close to those reported for%ie”> However, 709 707 705
we can see that the intensity of the peak close to the Fermi BINDING ENERGY (eV)
level develops in this coverage range. This behavior can be
assigned to the growth of unreacted Fe on top of a stable g 7. Feg,, core-level spectra measured for increasing Fe
iron-rich phase with composition close tog8e by the fact  coyerages on CogD01) at RT. The spectra are taken at normal
that the spectra can be obtained simply as a superposition gfyission using a monochromatizedkal source(1486.6 eV. Also

pure bee iron and FSi spectra. A stoichiometry closse 10 shown is the spectrum recorded from a thin F&Si10 A) epitaxi-
Fe;Si has also been previously assigned by Gallegal.”to 4y grown on Sj003).

the reacted phase formed at the FEIS0) interface. A close

inspection of the spectra up t©2 ML of Fe reveals the eyamined the coverage-dependent emission from the fe2

presence of a broad structure around 4-eV BE, which may bgyre-jevel transition. In Fig7 a typical series of normal

due to Si P states reflecting Si segregated on the depositedmissjon monochromatized Wyj-excited Fedg, core-level

layer: This segregation of Si at low coverage is clearly gpectra is displayed for increasing Fe coverage on

evidenced by ISS'dat[éFlg. 2b)]. CoSh(00D at RT. Also shown for comparison is the spec-
Above 6-ML thickness, we see that the overall shape ofm corresponding to a thin FeSayer (~10 A) epitaxially

the spectra are similar to each other. Two main structures Cakown on Si001). Note that the Fef, core levels of FeSi

be identified at~0.8- and 2.6-eV BE, respectively, and a gre within accuracy identical in binding energy to those of
broader structure located at6-eV BE. The overall shape of £og;26 gqr coverages up to 8 ML, the Fpg, core-level

the spectra is in very good agreement with published photoyensity increases and are progressively shifted towards
emission spectra for clean bcc(B81).“** A careful inspec-

- ) lower binding energies. This weak shift-0.1 e\) of the
tion of the structure close to the Fermi level reveals the PréSspectra with increasing Fe coverage indicates an increasing
ence of two components a,(f0.3 and ~0.8 ?V,due 10 Fe coordination of the Fe atoms at or near the interface.
emission from minority-spifi’s and majority-spil’;, Sym- - Apove 8 ML, the energy position is indistinguishable from
metry bands, respectivefj. The peak at~2.6 eV corre-  hat of pure bee Fe. This behavior corresponds to the pres-
sponds to the emission from majority-spifbs Symmetry  ence of largely unreacted Fe on top of the reacted interface
band. The peak at-6 eV is attributed to a satellite effect region. As can be seen in Fig. 7 the binding energy of the
originating from doubled hole state. Fe2ps, core levels measured on the deposited layers, are
Hence, a thin-ordered iron-rich phase is formed at tthwer by about 0.2—0.3 eV than those of F@& FeSi sili-
interface for coverages up t62 ML of Fe deposited at RT  cides even for 1-ML Fe deposit. Thus, it can be concluded
onto the S(001) surface. The first Fe atoms react with the that the interfacial reaction product has a higher Fe concen-
surface as testified by the quenching of the G@Bil) sur-  tration than FeSi. The relevant energy shifts0.2 eV) are
face state and the appearance of new structures in thgstually detected for BSi with respect to FeSi or Fest’
ARUPS spectra. With increasing Fe coverages, the ARUP$hese results clearly confirm the ARUPS observations, i.e.,
spectra demonstrate that an ordered<() bcc F&001)  at low coverages a chemical interaction between Fe and Si

phase begins to grow on the iron-rich-ordered silicide intertakes place and that an ultrathin iron-rich silicide close to
facial film, for coverages above 2 ML. The ISS spectra Fg,Sj stoichiometry is formed at the interface.

Fe2p3/2 INTENSITY (arb. units)

FeSi,

indicate that very small amounts of & few percent of an Moreover, concerning the F@g, linewidths, drastic
atomic layey still persist at the Fe film surfadep to 40 ML) changes are observed. In comparison with the measured
but this is not detectable in the valence-band spectra. Fe2p,, core-level spectrum of FeSivhich exhibits only a

small asymmetry, typical of metals with ap Fermi surface,

the spectra become more and more asymmetric upon increas-
In order to gain additional information concerning the na-ing the Fe coverage. After deposition of 8 ML the g2

ture of the chemical bonding states of iron in the layers, wdine shapes and the binding energy are comparable with the

Core-level photoemission results
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value previously published in the literature for pure ifdn.

of the Fed;, line. This asymmetry in core-level lines can be
essentially interpreted as originating from two effects. The
first, related to many-body effects is the creation of electron-
hole pairs in the valence band simultaneous to core-hole cre-®
ation. This leads to a small tail at the high-binding energy &
side of the core lines and is present in all metals. The §
strength of this asymmetry is chiefly determined by the den- |
sity and symmetry of the electronic states near the Fermi
level. The second effect is originating from the spin and the
orbital angular momentum coupling between the core hole ‘.
and the open valenced3shell that leads to final state mul- -
tiplet structure in an atomic mod@&.This is the strongest &
effect of direct relevance here. Previous spin-resolved x-ray §
photoemission spectroscoplyas well as photoemissidh
magnetic circular dichroisniMCD) measurements on the
Fe2pg), have revealed exchange splitting of about 0.5 eV for &
ferromagnetic Fe due to the atomic moment of 22. We
have recently carried out XPS measurements of thepge?2
core level for epitaxial thick filmg100 A) on Si111) with FIG. 8. (a) (b) Cross-sectional high-resolution TEM photo-
compositions ranging from EeSi to F—’%Strong change O.f raphs. of. a sample with 10 ML of Fe deposited at RT on
the asymmetry versus st0|ch|0met_ry was observed and 'nt_egoS'b(OOD/Si(OOl) taken along th¢110] direction at two different
preted as the result of the evolution of the local magnetiGagnifications.(c) Typical plane-view diffraction pattern taken
moment in the layers. The shape of the pg2for coverages  from 10 ML of Fe deposited at RT on Co8I01/Si(001) with the
around 2 ML of Fe is very similar to that recorded for the gjectron beam along tH@01] direction. Marked on the diffraction

FeSi compound. It is less asymmetric than in pure Fe bepattern are the 400 and 220 spots from bulk Si reflections along
cause of a smaller atomic magnetic moment. We can congith the 200 and 110 spots from Fe reflections.

clude, as for the core-level shift, that the shape evolution of
the Fedg, core level is quite consistent with the ARUPS
data, i.e., the initial formation of an E®i film and growth of
essentially pure Fe on top.

o H00Si - 2208i

200k D0 ke

surface. For thicker film thickness€s40 ML) we find that

the accumulated misfit strain is essentially released, presum-
ably by introducing point defects or dislocations, the struc-
ture evolves to the relaxed bcc (B81) phase.

TEM results

High-resolution transmission electron microscofyR-
TEM) vyields interesting complementary information. It is
very appropriate to investigate the coherency of the Fe/Si In this study, we have proposed a procedure for the
interface and gain further insight into the epitaxial growthgrowth, at RT, of epitaxial ultrathin bcc F&01) films on
mechanism in this system. Si(001), by using an epitaxial thin CogD01) template layer

Figure 8 shows cross-sectional HRTEM images along thehat prevents the interdiffusion of the Si through the Fe over-
[110] zone axis and the plane-view diffraction pattern for 10layer. The CoSi001) seed layer has permitted the growth of
ML of Fe deposited onto CogD01) at RT. In Figs. 8) and  epitaxial as opposed to polycrystalline ultrathin Fe layers on
8(b) the dark deposited layer is seen on th@@&1) substrate.  Si(001) in the thickness range 0—40 ML. At low coverages
We can see that a fairly uniform epitaxial Fe layer is formed(< 2 ML) an ordered epitaxial Fe-rich interfacial layer hav-
on the(001) Si substrate with a sharp Fe/Si interface. The Feng a composition close to E8i is formed. On top of this
layer is continuous and has an uniform thickness. In Figreacted stable layer, growth of well-ordered essentially pure
8(c), the diffraction pattern shows the presence of the diffrachcc F€001) layers occurs with small Si surface segregation
tion spots from bcc Fe and Si. The diffracted beams commonisible at coverages up to 40 ML. The use of such a template
to both systems almost coincide with each otherboth blocks the reaction with the Si substrate and permits
which indicates that an epitaxia(001) Fe is grown epitaxial growth of the Fe in the form of sharp heterostruc-
on the S{001 substrate. The diffraction pattern gives tures or multilayers. Preliminary results indicate that such
the following orientation relationships ultrathin epitaxial Fe films present magnetic anisotropies
Fe(001)(00DIICoSKL(001)(00DIISi(001)(001) in agreement strongly modified by interfacial effects when compared to
with LEED, IMEED, and XPD measurements. The smallthose in the respective bulk material. MOKE investigations
difference in spot positions reflects a partially relaxed Feto be published elsewhéfeindicate that ordered001) Fe
layer. The ~5.6% lattice mismatch between the Si lattice layers stay ferromagnetic down to coverages around 4 ML at
constant and the Fe lattice constant results in a compressidiT. Moreover, we observe that the use of an epitaxial FeSi
of the Fe lattice at the Fe/CgSnterface. For a 10-ML film  silicide template layef~10 A) prepared by deposition of
a strained bcc structure is observed to form. The depositeet4 ML of Fe and subsequent annealing to 550 °C also re-
layer tends to grow pseudomorphically on the G@Eil)  sults in the growth of well-ordered bcc @981) layers at RT.

IV. CONCLUSION
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