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The valence-band and core-electron states of the iron silicides FeSi, a-FeSi,, and 3-FeSi,, were mea-
sured by synchrotron-radiation photoemission and x-ray absorption. The analysis of the Fe 3s, Fe 3p,
and Si 2p core-level photoemission line shape is made by comparing the silicide data with the data for
bee Fe, hep Co, fece Cu, CoSi,, and Si(111)7X 7 surfaces. The Fe 3p spin-orbit splitting in silicides is
resolved spectroscopically. The results are discussed in connection with the electronic properties of the
silicides and also provide reference standards for the very active spectroscopic research on the metasta-

ble interface-silicide phases of iron.

INTRODUCTION

Stoichiometric Fe silicides as well as metastable inter-
face phases can be produced by solid-state epitaxy on sil-
icon substrates. The electronic properties of iron silicides
are very different as a function of stoichiometry and
structure: cubic FeSi (B-20 structure) is a narrow gap
(0.05 eV) semiconductor,? orthorhombic B-FeSi, has a
band gap of 0.85 eV,>* and tetragonal a-FeSi, is a metal.
All these phases can be found at iron-silicon interfaces
when attempting epitaxial growth of silicides.’~”7 A large
research effort has been stimulated by the theoretical pos-
sibility of controlling the epitaxial growth of the silicides
on silicon single-crystal substrates thus obtaining
semiconductor-semiconductor heterojunctions or metal-
semiconductor Schottky junctions. In particular, one at-
tempts to grow homogeneous films of an epitaxial con-
strained metastable iron-disilicide phase with the cubic
fluorite (CaF,) structure: band-structure calculations®
predict, for such a hypothetical y-FeSi, phase, metallicity
and ferromagnetic ordering. A large body of this
research is based on electron spectroscopies.” !> Amor-
phous Fe-Si/Si multilayers display ferromagnetic
behavior and are widely studied because of the low coer-
civity and their thickness-dependent in-plane versus per-
pendicular magnetic ordering.'?

We have studied in detail the line shape of Fe 3p, Fe 3s,
and Si 2p core levels of the bulk silicides in order to pro-
vide better understanding of these spectra and therefore a
basis for fingerprinting the growth of interfaces with pho-
toelectron spectroscopy. We discuss the spectroscopic
analysis of the core-level data with respect to long-range
parameters such as metallicity and magnetism of Fe-
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silicide interfaces. The occupied and empty 3d band
states are measured by photoemission and soft x-ray-
absorption spectroscopy, respectively.

EXPERIMENT

Atomically clean FeSi and a-FeSi, surfaces were ob-
tained by grinding with diamond file polycrystalline rods
in an ultrahigh vacuum (UHV) (2X 107 1° mbar). Cu Ka
x-ray powder diffraction on the rod material showed that
the FeSi sample was single phase. The quenched a-FeSi,
samples, produced from batches, contained FeSi as a
minority phase involving about 15% (£5%) of the Fe
atoms. This is a typical result of batch preparations due
to the iron-defective nature of the tetragonal a phase of
FeSi,. The UHYV scraping technique produces clean sur-
faces without macroscopic annealing of the sample, nor
atom-selective effects: it warrants maintaining the sam-
ple stoichiometry, including the same proportions of
minority phases as present in the bulk material.

B-FeSi, was grown in situ by reactive deposition of Fe
onto an atomically clean Si(111)7X7 surface maintained
at 600°C by flowing a direct current through the silicon
wafer. Fe was evaporated from an e-beam evaporator in
a vacuum better than 1X 10™° mbar at a rate of 5 A/min
as controlled by a quartz microbalance. The sample tem-
perature was monitored by an optical pirometer, its abso-
lute value is quoted with a +=50°C error bar. The spec-
troscopic study of the samples was done in situ, as dis-
cussed below in detail. A subsequent crystallographic
study was done ex situ on a four-circle diffractometer
with synchrotron x rays,'* exploring in-plane and in-
depth Bragg diffraction in the case of the epitaxial 3-
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FIG. 1. Occupied and unoccupied density of states of bce-Fe,
FeSi, a-FeSi,, and B-FeSi,. In the left panel are shown the pho-
toemission spectra measured with a photon energy of 170 eV.
In the right panel are presented the Fe Lj-edge spectra
representing the empty 3d states.

FeSi, sample. Reference polycrystalline bcc Fe films of
100-200-A thickness were produced in situ by the same
deposition procedure onto sputtered Ta substrates, giving
identical results as obtained from an Ar-sputtered bulk
polycrystalline Fe sample of nominal 99.999 purity
(Johnson Matthey Puratronic). Ondulator radiation from
the DOMINO insertion device mounted on the SuperAco
positron storage ring at Orsay was monochromatized by
means of a 10-m toroidal grating monochromator
equipped with a 800 lines/mm grating for 140 < v <400
eV photon-energy output and with a 1800 lines/mm grat-
ing for 350 <hv <900 eV photon energies with resolution
power of 1000. Absolute energy calibration of the 1800
lines/mm grating was not possible during these experi-
ments so that the x-ray-absorption spectroscopy (XAS)
data analysis is limited to the line shape and L, ; branch-
ing ratios. Angle-integrated photoemission spectra were
obtained with a Riber MAC-II electrostatic electron-
energy analyzer whose axis makes an angle of 40° to the
linear polarization vector of the synchrotron light beam,
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and lies along the sample surface normal. The overall en-
ergy resolution is quoted for the various spectra. The
XAS spectra were measured with 45° incidence of the x
rays by collecting the total electron yield with a polarized
electron multiplier, as well as by directly measuring the
sample current. In these conditions the XAS spectra are
not surface sensitive. All data were acquired within 2 h
after sample preparation in a vacuum of 2X 107 !° mbar.
Several preparations were made for each sample (scrap-
ings, epitaxial growth) yielding consistent results.

RESULTS

Figure 1 presents on the left panel the spectra
representative of the one-hole density of states of the
valence band, as obtained by angle-integrated photoemis-
sion, and on the right panel the one-electron spectra of
the empty conduction-band states, as obtained by L-edge
x-ray absorption, for FeSi, a-FeSi,, 5-FeSi,, and for poly-
crystalline bcc Fe. The photoemission spectra were ob-
tained with Av=170 eV, i.e., with a high cross section for
the Fe 3d states relative to Fe 4sp and to Si 3sp states, and
represent the energy distribution of the occupied part of
the 3d bands. The absorption spectra on the right side of
Fig. 1 were aligned on the Fermi level of polycrystalline
bece iron.

Fe 3s and 3p spin-integrated data from bcc Fe are
presented in Fig. 2 along with reference spin-resolved
spectra from the literature. The data for the iron silicides
are collected in Fig. 3 (3p levels) along with reference
spectra for fcc Cu and for CoSi,, and in Fig. 4 (3s levels).
The data points were fit by Lorentzian-Gaussian and
Doniach-Sunjic?* functions, and by a proportional back-
ground function. The parameters obtained from the fit
are reported in Table I. The data for the silicon 2p core
levels, measured with comparable final-state energy as the
Fe core levels, are collected in Fig. 5. The fitting pro-
cedure was calibrated on the Si(111)7 X7 surface, obtain-
ing the well-established rest atom and adatom peaks at,
respectively, negative and positive shifts with respect to
the substrate Si peak as summarized in Table II. A
surface-shifted component is present for all silicides. Fig-

FIG. 2. Comparison of our spin-integrated
data of Fe 3s and 3p core levels in bce Fe (top
curves) with the spin-resolved measurements
from Refs. 20 and 22 (bottom). The curves in
the middle are our broadened spectra (continu-
ous) compared with the sum of the spin-
resolved components (points).
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FIG. 3. Photoemission from the 3p core lev-
els (hv=170 eV) in bcc Fe, FeSi, a-FeSi,, epi-
taxial 3-FeSi,, CoSi,, and fcc Cu. Raw data
(points) are shown along with the best-fit spec-
tra (continuous), the corresponding com-
ponents and the background. In the bottom of
each panel is reported the residual difference
between the data and the fit. The fit parame-
ters are reported in Table 1.

TABLE I. Parameters obtained from the best fit of the 3p core-level photoemission spectra of the sil-
icides and of bec iron, hep cobalt, and fcc copper. The different columns report the following: the
values of the low binding-energy peak (BE), the energy shift of the higher binding-energy component,
the Lorentzian width of the two peaks, and the asymmetry parameter. The Gaussian width was 0.38 eV

for all the fits, representing the experimental energy resolution.

BE AE L, L, Asymmetry

bee Fe 52.1 0.77 0.6 1.2 0.2
FeSi 52.7 0.95 1.1 1.4 0.18
B-FeSi, 53.6 1.04 1.1 1.1 0
a-FeSi, 53.1 1.04 1.2 1.6 0.025
CoSi, 60.0 1.43 1.5 1.5 0

hep Co 59.0 1.03 1 1.5 0.15

fcc Cu 75.0 2.5 2.3 2.1 0.025

TABLE II. Parameters obtained from the best fit of the Si-2p core-level photoemission spectra for
the silicides and for Si(111)7X7. The binding energy of the different components is given along with
their relative intensity (percent of the total intensity), the Lorentzian widths, and the asymmetry param-
eter. The Gaussian width was 0.38 eV for all the fits, representing the experimental energy resolution.

BE Intensity (%) LW. Asymmetry
Si(111)7 X7 99.1 74 0.13 0

99.4 22 0.13 0

98.4 4 0.13 0
FeSi 99.0 69 0.13 0.05

98.6 31 0.13 0.05
B-FeSi, 99.7 69 0.18 0

99.3 31 0.1 0
a-FeSi, 99.2 67 0.18 0.025

98.9 33 0.13 0.025
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FIG. 4. Fe-3s core-level spectra (hv=210 eV) of bcc Fe,
FeSi, a-FeSi,, and B-FeSi,. The continuous line is the best fit
obtained with a Gaussian width of 0.38 eV and a Lorentzian of
2.2eV.
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FIG. 5. Photoemission spectra of the Si-2p core level

(hv=170 eV) from Si(111)7X 7, FeSi, a-FeSi,, and epitaxial 3-
FeSi,. Raw data (points) are shown with the best fit and the
corresponding components and background. In the bottom of
each panel is reported the residual difference between the data
and the fit. The fit parameters are reported in Table II.
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FIG. 6. X-ray-absorption spectra at the Fe-L,; edges of
bece-Fe, FeSi, a-FeSi,, and epitaxial 3-FeSi, on silicon.

ure 6 presents the total electron yield L, ; absorption
spectra for the silicides and for bcc Fe: the absorption
branching ratio is seen to be strongly reduced in the sili-
cides.

DISCUSSION

Density of electron states

The bonding structure of transition-metal silicides has
been widely studied both spectroscopically!® and theoreti-
cally by means of band-structure'® and total-energy!” cal-
culations. The silicide bonding is based on the rehybridi-
zation of the transition-metal d bands with the silicon sp*
bands giving, in the case of metallic silicides, a peak of
bonding states well below the Fermi level and antibond-
ing states crossing the Fermi level and extending several
eV above it.'® The photoemission in the proximity of the
Fermi level is very intense in FeSi (see Fig. 1). The shoul-
der at —1.8 eV below E indicates the peak of the bond-
ing Fe d-Si p hybrid states. The prominent peak at —0.3
eV is due to a localized Fe d band. FeSi is a nonmagnetic
narrow gap (50 meV) semiconductor.!® The correlation
of the d states in the Iocalized band is reflected in the line
shape of the core levels, as discussed below: no valence-
band satellites are measured though, in agreement with
resonant photoemission studies.? A recent Si L, 5 soft-x-
ray emission study'> showed that the peak of silicon
states hybridized with the Fe d states lies at about —2 eV
below the Fermi level confirming the bonding nature of
the states that contribute to the shoulder in the photo-
emission spectrum. The empty part of the d density of
states (DOS) (in the presence of a 2p core hole) is probed
by L;-edge XAS: the spectrum has a first peak at 1.8 eV
and a shoulder at 4 eV above the inflection point of the
edge. Configuration interaction is probably responsible
for the large width of the XAS peak which probes both
the empty localized d states and the hybrid antibonding
states.

The «a-FeSi, raw spectra are presented in the third
panel of Fig. 1: they contain about 15% of signal from
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the minority FeSi phase. The a-FeSi, photoemission
show a clear Fermi edge even after substraction of the
scaled spectra for the FeSi impurity phase. The main
peak lies at —0.9 eV and extends down to —5 eV. It
represents the hybrid d-p bonding states of the disilicide.
The empty d states show a weak metallic edge and a
smooth double-peak structure centered at 2.7 eV above
the edge corresponding to antibonding hybrid states.

The DOS of the epitaxial 3-FeSi, phase is markedly
different: the Fe d —Si sp hybrid occupied states form a
rather symmetric main peak with a fine structure cen-
tered at — 1.4 eV and an extrapolated band edge at —0.2
eV from the Fermi level. The bandwidth and shape
closely resemble the d-partial DOS calculated by
Christensen.® X-ray emission results for B-FeSi, (Ref. 13)
also confirm the hybridized nature of the electron states
of the whole d band. The spectrum of the empty 3d
states show a sharper peak, with respect to the metallic
tetragonal phase, at about 2.5 eV above the edge.

The main difference between the electron states of f3-
FeSi, with respect to a-FeSi, is, therefore, a wider energy
gap between bonding and antibonding d-hybrid bands,
with the consequent lack of partially occupied antibond-
ing states near the Fermi level. The semiconducting gap
of 3-FeSi, cannot be established by the comparison of
photoemission and x-ray absorption due to the core-hole
effect on the absorption energy; nevertheless, the overall
energy distribution of the empty d states allows to com-
plete the picture of the d-band hybridization scheme.

Core-levels photoemission

The line shape of the Fe 3s and 3p core levels in bcc-Fe
has been long debated:!® their understanding has recent-
ly improved thanks to four independent spin-resolved
photoemission experiments carried out on pure Fe films
and single-crystal surfaces.??” 22 These studies show that
the valence-band exchange splitting in ferromagnetic Fe
has a direct influence on the core-level photoemission line
shape: a fully polarized satellite peak is measured in the
3s photoemission”® and two largely overlapping
exchange-split multiplets are measured in 3p photoemis-
sion.?? The conclusions on the exchange-interaction na-
ture of the core-level satellites cannot be generalized for
other ferromagnets: recent resonant spectroscopy results
on fcc Ni show that the large asymmetry in the 3p peak
and the satellite of the 3s peak can be understood in
terms of d mixing, i.e., configuration interaction within
the highly correlated narrow d band of Ni.2*> We com-
pare our spin-integrated, but better energy resolved, Fe 3s
and 3p data, with the spin-resolved data: a simple fit of
the line shapes can be obtained as shown in Fig. 2. Our
best fit of the measured 3p line shapes is shown in Fig. 3:
it was obtained by using Gaussian and Lorentzian peaks
along with the asymmetry parameter introduced by
Doniach and Sinjic.?* A step background following the
integral of the peak was subtracted. The Gaussian width
(0.38 eV) was taken as a measure of the experimental
resolution and was kept fixed in the fitting procedure for
all the spectra of a given core level.
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Fe 3p photoemission

The 3p peak shape should reflect spin-orbit interaction,
exchange splitting, and d-mixing effects (configuration in-
teraction in the d bands when d-d correlation is high).
All of these effects contribute to the intense tail of the 3p
spectrum of bcc Fe: a metallic energy loss and Doniac-
Sunjic spectrum alone cannot explain neither the width
nor the intensity of the tail. In the spectrum of Cu 3p the
Doniach-Sunjic effect amounts to only a small asym-
metry. By comparison with the results of the spin-
resolved experiment by Sinkovic and co-workers,?? one
can associate the main part of the low-energy tail of the
3p peak to a broad majority spin multiplet, and the lead-
ing peak to the minority spin multiplet. The bcce-Fe 3p
line shape is therefore dominated by exchange splitting,
the spin-orbit splitting being mixed in and not retrievable
from the data. The large difference in the Lorentzian
width that approximates the shape of the two multiplets
may be related to an effective longer lifetime for the
minority spin 3p holes that can be filled only by the
scarce minority spin electrons of the spin-split valence
band. We stress that although the fitting of the bee Fe 3p
photoemission peak was constrained by the spin-resolved
data, the final result of Fig. 3 represents the approximate
envelope of two final-state multiplets which depend on
the combination of spin-orbit, exchange, and correla-
tions; a deeper understanding of the spectra would re-
quire further experiments, e.g., the temperature depen-
dence, and is beyond the scope of this work on silicides.
Consistent line-shape parameters for the 3p core levels of
ferromagnetic hcp Co, as measured in the same condi-
tions, are given in Table I.

The Fe 3p peak in FeSi lies at 52.9 eV: it can be
decomposed in a doublet showing an energy splitting of
0.95 eV, a branching ratio of less than 2, a marked asym-
metry and a slightly higher Lorentzian value for the
lower energy peak than for the higher binding-energy
component. The peak asymmetry is surprisingly large, of
the same order as for bcc Fe: it cannot be connected to
metallicity since FeSi is a narrow gap semiconductor nor
to exchange interaction.!® The Fe site in FeSi has silicon
neighbors at distances between 2.29 and 2.52 A and six
iron neighbors at 2.75 A.!! Correlations within the local-
ized d band and configuration interaction are probably
large in FeSi: a resonant photoemission experiment on
the core-level line shape could shed light on this point.

The Fe 3p peak in a-FeSi, lies at 53.3-eV binding ener-
gy. The line shape is composed of a simple doublet with
unequal widths, energy splitting of 1.05 eV, and a weak
asymmetric tail approximated by a Doniach-Sunjic factor
of 0.025 which can be attributed to the metallic character
of the a disilicide. Fe occupies a single site in the tetrag-
onal a-FeSi, and is coordinated to 8 silicon neighbors at
2.35 A and 8 Fe neighbors, four at 2.68 A and four at
3.79-A distance.!!

The Fe 3p peak in B-FeSi, lies at 53.7-eV binding ener-
gy, i.e., 0.5-eV higher binding energy than in a-FeSi,.
The line shape is drastically simplified: a clear splitting
of the doublet is measured with identical Lorentzian
linewidths for both peaks which are symmetric. The en-
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ergy splitting of the two peaks is of 1.05 eV which we at-
tribute to spin-orbit splitting The 3p branching ratio is
nonstatistical. Fe atoms in 3-FeSi, occupy two nearly cu-
bic sites?® with silicon first neighbors at 2.34-2.39 A (site
1) and 2.34-2.44 A (site 2). The very similar first-
neighbor distances and bond angles imply a very small
difference in binding energy for the two sites, which can-
not be resolved in our experiment; Fe-Fe second nearest-
neighbors occur between 2.96 and 4.05 A. The large en-
ergy difference measured for the Fe 3p photoemission of
a-FeSi, and B-FeSi, does not correspond to large
differences in the atomic environment and should be at-
tributed to screening effects.

In Table I and Fig. 3 the results for the iron silicides
are compared with the 3p core-level line shape of CoSi,, a
metallic silicide having the CaF, structure, i.e., a single
Co site at the center of a cube of silicon nearest neighbors
at 2.31 A, and a long Co-Co second-neighbor distance of
3.8 A. A consistent result is found: a doublet of identical
Lorentzian widths, spin-orbit splitting of 1.43 eV, and a
nonstatistical branching ratio. The metallic character of
this disilicide contributes a very small asymmetry.

Fe 3s photoemission

The satellite peak in the 3s core-level photoemission
from bec Fe has 100% spin polarization.?° The different
final-state energy of the 3s core photoelectrons depends
on the spin orientation of the core hole left behind and on
its interaction with the spin-split 3d band. According to
this result the absence of the 3s satellite in an iron com-
pound would indicate the lack of magnetic ordering.
More generally, the absence of a 3s satellite indicates a
large rehybridization of the d bands with respect to bcc
Fe. The raising intensity at about 6-eV lower kinetic en-
ergy in the silicide Fe 3s spectra is due to the foot of the
very intense Si 2p photoemission peak: this reduces the
energy range for analyzing the Fe 3s peak shape. It is
nevertheless, clear that the prominent 3s satellite of bcc-
Fe is absent in the silicides.!”

The 3s line shape of FeSi can be fit by a single peak
with 2.2-eV  Lorentzian width and a Doniach-
Sunjic—type asymmetry of 0.18, identical to that obtained
in the fit of the Fe 3p core levels. A previous study
showed that the line shape is independent of tempera-
ture.! The 3s spectrum of a-FeSi, shows the same fit by a
single peak with 2.2-eV Lorentzian width and a reduced
asymmetry of 0.02; finally, the 3s spectrum of 3-FeSi, is
fit by a single, symmetric peak of 2.2-eV Lorentzian
width. The final-state energies of the Fe 3s peak of a-
FeSi, and B-FeSi, differ by about 0.5 eV, likewise the Fe
3p spectra. The photoemission intensity between the Fe
3s and Si 2p peaks in FeSi is therefore due to the same
phenomena that originate the large asymmetry of the 3p
peaks, i.e., a consequence of correlations within the d
bands. The metallic screening explains the weaker asym-
metry of the 3s peak of a-FeSi,.

The Si 2p core photoemission

As a reference line shape we take the complex, but well
understood, 2p line shape of a Si(111)7X7 surface. Our
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decomposition parameters are listed in Table II and are
fully consistent with the recent literature.?® The spec-
trum of FeSi shows a main peak at 99-eV binding energy
and a prominent shoulder at lower binding energy which
can be understood as a surface termination of the silicide.
The environment of silicon in the bulk FeSi sites is due to
iron atoms at distances between 2.29 and 2.52 A and six
silicon atoms at 2.78-A distance. The large intensity of
the second silicon peak measured at lower binding energy
indicates that silicon termination stabilizes most if not all
of the surface orientations since the FeSi sample is poly-
crystalline. This is equivalent to say that Si enrichment
occurs at the grain boundaries.

The Si 2p line shape of a-FeSi, is centered at 99.2-eV
binding energy. It shows a broad peak with a skewed
shape towards lower binding energy. The intensity of the
low binding-energy tail can be explained by the minority
FeSi phase contribution. A spectra subtraction of ap-
proximately 15% FeSi line shape does not modify the
main peak nor the higher binding -energy side of the peak
The silicon environment in a-FeSi, is due to four iron
neighbors at close distance of 2.35 A, one silicon neigh-
bor at 2.36 A and five silicon neighbors between 2.68 and
2.77 A.'' The presence of four strong Fe-Si bonds ac-
counts for the chemical shift of about 100 meV towards
higher binding energies with respect to bulk silicon. The
Fe-defective stoichiometry of the a phase and the pres-
ence of the minority FeSi phase are reflected in the width
of the spectrum.

The Si 2p photoemission of 3-FeSi, shows a bulk peak
at 99.7 eV and an extended shoulder to the lower binding
energies Two kinds of nearly tetrahedrical silicon sites
exist in B-FeSi,, each one coordmated with four Fe neigh-
bors between 2.33 and 2.43 A and six Si neighbors at dis-
tances of about 2.55 A.2* The Si environment is similar
to that of the a phase, yet the measured binding energy
differs by 0.5 eV. This is similar to the effect on the Fe 3p
and 3s photoemission and is probably due to the different
screening of the core hole in the photoemission final state
in the metallic versus semiconducting disilicides. Like-
wise, the case of the Fe inequivalent sites the energy
difference between the two silicon sites is small and not
resolved in the photoemission.

Silicon surface termination effects are known in the
fluorite-structure disilicides CoSi,, NiSi,, and in epitaxial
FeSi, on Si(100).!2 Table II also contains the data of the
deconvolution of silicon terminated CoSi, for reference.
The total relative intensity of surface versus bulk 2p pho-
toemission in the silicides is larger than in pure silicon.
This is a further confirmation of the termination of the
silicides with a silicon overlayer.

Fe L, ; x-ray-absorption branching ratio

The Fe L, ; absorption edges correspond to resonant
transitions from 2p core states to the empty 3d band
states, or equivalently to the conversion of spin-polarized
(in Fe) or spin-unpolarized (in the silicides) 3d valence
holes into 2p core holes. The L, ; branching ratio in
XAS of transition metals and transition-metal silicides
often deviates from the statistical value. In the 5d and 4d
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periods the spin-orbit term in the d band is large enough
to allow a discussion of the XAS in terms of LS coupling
and therefore recognize the spin-orbit character of the
empty-state multiplets. Unequal filling of the spin-orbit
split d band gives a reasonable explanation of the nonsta-
tistical branching ratios. Examples are the Pt L,;
branching ratio in PtSi versus fcc Pt (Ref. 27) and the Pd
L, 5 edges in PdSi and Pd,Si versus fcc Pd.”® Also, elec-
trostatic interactions in the final state can explain the
anomalous branching ratios: a rationale of this widely
observed behavior has been given recently in Ref. 29.
The situation is less clear for the 3d ferromagnetic solids:
the branching ratio in Ni and Fe exceeds a value of 3 and
no quantitative understanding of this result is available
insofar. Empirically, it is found that the high-spin Fe
compounds all have high branching ratios, while the
low-spin Fe compounds have nearly statistical branching
ratios.?” The results presented in Fig. 6 confirm the high
branching ratio (3.1) for bcc Fe and show a very close to
statistical branching ratio for FeSi, a-FeSi,, and B-FeSi,.

CONCLUSIONS

We have measured photoemission and XAS spectra of
FeSi, a-FeSi,, B-FeSi,, and becec Fe. Binding energies and
deconvolution parameters of the Fe and Si core-level
peaks were given which are accurate results within our
experimental resolution and fitting approximations. Key
elements for the understanding of the line shapes of the
disilicides were obtained: (1) we could retrieve directly
from the disilicide spectra the true spin-orbit splitting for
the Fe 3p core subshell which is 1.05+0.05 eV; (2) the
metallic (a-FeSi, and CoSi,) or semiconducting (3-FeSi,)
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character of the silicides could be distinguished by the
presence (or absence) of a small asymmetry in all core-
level peaks, with a Doniach-Sunjic-like fitting value
comparable to that of fcc Cu; (3) the strongly asymmetric
shapes of FeSi core-level spectra are attributed to correla-
tion in the narrow d band; (4) the effects of exchange
splitting on the core-level line shapes, which are very
strong in ferromagnetic bcc Fe and hep Co, are clearly
not found in the silicides; (5) the L, ; branching ratio in
the XAS spectra of the silicides is statistical, as expected
for nonmagnetic samples; and (6) the photoemission
final-state energies for the iron disilicides are largely
affected by screening depending on the metallic or semi-
conducting phase.

The surface of the silicides is silicon terminated for all
polycrystalline a-FeSi, and FeSi and epitaxial [3-FeSi,.
These results provide reference standards for the photo-
emission line-shape analysis of other iron-silicon systems
of great relevance: soft-ferromagnetic amorphous Fe/Si
alloys and Fe/Si interfaces.
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