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Structure of a two-dimensional epitaxial Er silicide on Si(111)
investigated by Auger-electron diffraction
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Annealing at 400'C of one Er monolayer deposited on Si(111)results in a p (1 X 1) two-dimensional ep-
itaxial silicide with a remarkable degree of perfection. In the present study, Auger and photoelectron
diffraction is used to investigate the atomic structure of this surface silicide. The Er MNN Auger-
intensity polar profiles as well as the photoemission intensities of the characteristic surface bands mea-

sured along the opposite [121]and [121]azimuths display a typical asymmetry that implies the forma-
tion of one domain of a silicide with @3m 1 symmetry. A comparison of the Er MNN polar profiles with

single-scattering cluster simulations demonstrates that the hexagonal Er monolayer is accommodated
underneath a buckled Si layer similar to a Si(111)double layer in the substrate. The buckling is found to

0 0
be comparable to Si(111) (0.90 A, as opposed to 0.78 A in Si) and the Er-Si interlayer spacing is contract-
ed with respect to bulk ErSi& 7 (1.80 A, as opposed to 2.045 A).

I. INTRODUCTION

The physical and chemical properties of ultrathin films
are of considerable interest for both scientific and techno-
logical reasons. The reduced coordination and symmetry
in such layers lead to important changes in crystallo-
graphic and electronic structure with respect to the same
material in bulk form. This offers the opportunity to
study new and exotic phenomena and so holds out the
promise of new device applications. In particular, two-
dimensional (2D) overlayers on solid surfaces constitute a
suitable class of systems for studying fundamental aspects
of ordering. They are also attractive to model by
computer-simulation techniques. A key question and
goal is the preparation of two-dimensional layers in a
controlled way.

Because of their favorable properties in view of appli-
cations in the microelectronic industry the rare-earth sili-
cides have been thoroughly investigated in the past few
years. In particular, the erbium disilicide is of special in-
terest since it can be grown epitaxially on monocrystal-
line Si. ' Moreover, this silicide is characterized by a
very low Schottky barrier to n-type Si combined with a
small electrical resistivity and is therefore attractive for
the Si based technology.

The hexagonal Er silicide crystallizes in the A1Bz-type
structure. Along the [0001] direction the ErSiz structure
consists of a stack of alternating hexagonal Er planes and
graphitelike Si planes. Experimentally the perfect ErSi2
structure is not observed in epitaxial growth on Si(111).
A nonstoichiometric form ErSi& ~ which contains an or-
dered array of Si vacancies is observed instead, giving rise
to a &3XV'3 R30' superstructure in the (0001) plane.
Bulklike ( 10 monolayers) Er silicide films exhibit a
reconstructed (0001) surface termination probably made
of a buckled Si double layer. We have undertaken a de-
tailed study of epitaxial Er silicide films versus thickness.

In particular, important information on these highly or-
dered systems can be obtained by studying the earliest
submonolayer film growth stages.

In a recent paper, we demonstrate that upon Er depo-
sition and subsequent annealing at 400 C, layer by layer
growth takes place up to one monolayer (ML) and an ep-
itaxial two-dimensional Er silicide with a very high de-
gree of structural perfection is formed. This silicide turns
out to be highly attractive from a fundamental point of
view since it exhibits remarkably sharp and strongly
dispersive surface bands. The 2D Fermi contour has
been determined and consists of a tiny hole pocket
around the I point, and a tiny electron pocket around
the M point of the surface Brillouin zone (SBZ). This is
characteristic of a semimetal with a rather small density
of states at the Fermi level. It is well known that the Fer-
mi surface structure has many implications on a large
variety of macroscopic and microscopic phenomena.
Moreover, an interesting and technologically important
property of the surface silicide is its extremely low reac-
tivity with respect to residual gases of the UHV system.
Hence this silicide possibly provides a good starting point
for obtaining highly ordered heterostructures.

To our best knowledge, this is the first observation of
epitaxial growth of a well-ordered 2D silicide. The latter
can be readily distinguished from its three-dimensional
counterpart by low-energy electron diffraction (LEED).
LEED shows a p ( 1 X 1) as opposed to the +3 X +3 R 30'
pattern observed on thick epitaxial ErSi& 7 layers. Pre-
liminary x-ray photoelectron diffraction data suggest that
the atomic structure of this surface compound can be
viewed as a single epitaxial ErSi2 layer without Si vacan-
cies but with a reconstructed Si top layer. It was con-
cluded that this reconstruction may be similar to the one
observed at the (0001) surface of thick epitaxial ErSif 7

(or related YSi, 7) films.
The goal of the present study is to gain more insight
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into the structure of this 2D silicide. Structural informa-
tion is inferred from elastic scattering of Auger and pho-
toelectrons originating in the silicide layer. It is now well
established that in favorable cases the dominant
forward-scattering processes at relatively high kinetic en-
ergies ( 500 eV) provide a rather direct identification of
the emitter-scatterer bond directions for those scatterers
lying above the emitter. ' '" Er MNN Auger peak inten-
sity polar profiles show prominent forward-scattering
enhancements which indeed allow us to roughly locate
the Si atoms in the reconstructed top layer by simple
real-space triangulation. In this respect, the data indicate
that the hexagonal Er monolayer is accommodated un-
derneath a buckled Si double layer which adopts a
geometry similar to a Si(111) double layer in bulk Si.
However, it appears that reasonably accurate structural
determination is only obtained by single-scattering clus-
ter modeling. In the present favorable case single scatter-
ing provides a remarkably good description of the Auger
intensity profiles. The calculations show the best fit to

0
experiment for a buckling of 0.90 A, somewhat larger
than in Si(111),and an Er-Si interlayer spacing of 1.80 A,
i.e., a contraction of —10% with respect to bulk ErSi~ 7.

The surface silicide has the same p3m1 symmetry as
the ideal Si(111)surface and only a single domain is actu-
ally formed. The relevant threefold rotational symmetry
is also rejected in a striking asymmetry of the photoemis-
sion intensities from 2D band features observed at
equivalent k~~ points along the I M lines of the SBZ corre-
sponding to opposite [121] and [121] azimuths. In the
geometry used in our experiments this asymmetry must
originate in the silicide structure itself. This confirms
that the (121) plane is not a mirror plane for the surface
silicide. In contrast, the relevant 2D energy-band disper-
sions E(k~~) are quite symmetric with respect to this
plane as expected from time-reversal symmetry which en-
sures that E (k~~ ) =E (

—
k~~ ).

II. EXPERIMENT

The experiments were performed in standard UHV in-
terconnected preparation and analysis chambers (base
pressure 1.10 ' mbar). The hemispherical energy
analyzer was set to a 2 full acceptance angle. Unpolar-
ized He, and high power x-ray source Al Ko, photons at
21.2 eV and 1486.6 eV, respectively, were used as excita-
tion for valence band and core-level (Auger) photoelec-
trons (electrons), respectively. In our spectrometer angle
resolved data are collected by rotating the Si(111) sub-
strate, the angle between incident light and electron
analysis being kept constant. The experimental geometry
and its relation to the SBZ is shown in Fig. 1. The mea-
sured energy and polar angle of emission 6 (referred to
the surface normal} of the photoelectron determine k~~, its
wave-vector component in the surface plane. There are
three equivalent [121]([121])azimuths corresponding to
k~~ points along the I M(I M '} symmetry lines and six
equivalent [101]azimuths corresponding to the I K sym-
metry line if one considers the symmetry group of the
Si(111)substrate or ideal surface.

Clean surfaces of Si(111) were prepared by cycles of

[121]

(b)

FIG. 1. (a) The (1X1) surface Brillouin zone with the main
directions of analysis and (b) the experimental geometry.

Ar+ ion sputtering and annealing at 800'C. Very sharp
(7 X 7) LEED patterns were observed after annealing.
The erbium was then evaporated from a boron nitride
crucible heated by an electron beam. The Er film thick-
ness was monitored by using a carefully calibrated
quartz-crystal balance. The deposition rates were chosen
to be —1 ML/mn. 1 ML corresponds to a single Si(111)
atomic layer density, i.e., 7. 83 X 10' cm . Deposition
of 1 ML Er at room temperature results in a disordered
phase as evidenced by a weak diffuse (1X1)LEED pat-
tern and the absence of structure in the angular distribu-
tion of core-level photoemission intensities. Yet upon
annealing at 400'C for 10 mn the (1 X 1) diffraction pat-
tern becomes very sharp and displays a remarkable three-
fold symmetry even at the lowest electron energies (-20
eV). At this stage, prominent energy bands with a nearly
perfect 2D character attest to the formation of a well-
ordered surface compound.

III. SINGLE SCATTERING MODELING

The single-scattering simulations used in the present
study are based on the simple model first used by Kono
et al. ' to interpret their O(ls) photoelectron diffraction
data from Cu(001) c(2X2)-O. In the present case of
Auger-electron emission no polarization effects are in-
cluded and the primary wave excited from a given Er site
is approximated by an s wave. Purely atomic plane-wave
scattering amplitudes are utilized but a correction has
been made for the spherical wave effects. ' This results in
a percentage of intensity modulations which compares
more favorably with experiment. However the same
structural conclusions are arrived at when no correction
is made. We have taken the following parameters in the
calculations for Er MAX emission: electron kinetic ener-
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gy, 1430 eV; isotropic electron mean free path, 15 A; iso-
tropic mean squared vibration amplitude, 0.015 A; and
inner potential Vo = —12 eV. As expected from the
strong forward-scattered amplitude, test calculations
show that at low polar angles only the scattering by the
nearest Si neighbors located just above the Er layer is
significant. However, at higher polar angles (6~50',
grazing emission) a much larger cluster size is needed in
order to simulate the experimental data. We have adopt-
ed a cluster containing —100 Er and -200 Si atoms in
all calculations presented. At the polar angles studied in
this work (6 ~80') only Si atoms located above the Er
monolayer significantly contribute to the scattering of the
Er emission.

IV. RESULTS AND DISCUSSION
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FICx. 2. Polar-angle scans of Er MNN Auger emission for the
Er surface silicide along the (b) [121], (d) [121],and (e) [101]
crystallographic directions. Also shown are the Si 2p core-level
intensity profiles from a clean Si(111) substrate recorded along
the two opposite (a) [121] and (c) [121] azimuths. Important
crystallographic directions and angles associated with simple
forward-scattering events expected for the Si monocrystal are
indicated for the Si 2p profiles.

Figure 2 shows the experimental polar profiles of the
Auger Er MNN intensity along the three different azimu-
thal orientations of the crystal, namely I M, I M ', and
I K corresponding to [121], [121], and [101]crystallo-
graphic directions, respectively. The Er MNN Auger
transition was chosen because it does not interfere with
photoemission from Si emission in contrast with the

strong Er 4f core levels which partly overlap the broad Si
3s valence-band feature. This ensures the absence of any
modulations from Si emission and thus the strict element
specificity of the technique. Any structure in these
curves must reAect the atomic environment of the Er
species. Since the kinetic energy of the Er MNN Auger
electrons is 1430 eV, forward scattering along the
nearest-neighbor bond directions is expected to dominate
the intensity modulations. As can be seen, a completely
featureless polar profile is observed along I K, i.e., the six
azimuths equivalent to [101]. This profile closely corre-
sponds to the instrumental response function measured
on the disordered phase obtained by Er deposition at
room temperature. The lack of any significant structure
along I K implies the absence of Si (or Er) scatterers
above the Er in the (121) (or equivalent) crystallographic
planes.

Consider now the data obtained along the I M and
I M ' azimuths it is apparent that the profiles are quite
different along the opposite [121] and [121] directions
and now show prominent intensity enhancements at
specific polar angles. Measurements along equivalent az-
imuths of the Si(111) substrate give identical results
within experimental uncertainty thus confirming the
asymmetric distribution. Obviously the surface silicide
structure exhibits exactly the same threefold rotational
symmetry as the substrate with only one kind of mirror
planes namely (101) and equivalent planes. This is con-
sistent with the LEED observations in normal incidence
which clearly reAect the threefold rotation axis even at
very low energies where the electrons mainly probe the
surface structure. The p3m 1 symmetry of the surface sil-
icide can be opposed to the sixfold rotational symmetry
of the ideal A1B2 structure of ErSi2. Yet it is the expected
symmetry if the surface silicide adopts a structural model
like that depicted in Fig. 3. This atomic arrangement can
be derived in a simple way from a single ErSi2 layer (A182
structure) by moving upwards every second Si atom in
the top Si(0001) plane. Such a buckling at the surface is
expected on physical grounds because of the compression
present in the graphitic Si(0001) plane which leads to the
formation of Si vacancies in bulk ErSi, 7. The nearest-

0
neighbor Si-Si interatomic distance is 2.18 A in ErSi, 7 as
opposed to 2.35 A in Si.

Now, we show that simple inspection of the Er MNN
intensity profiles supports the model depicted in Fig. 3 as
far as the Si top layer geometry is concerned and allows
us to roughly locate this layer with respect to the Er
monolayer. First, let us note that one observes a clear-
cut threefold rotational symmetry and the absence of
scatterers in the (121) plane. This implies that the Si
species must be located on top of the threefold hollows of
the hexagonal Er monolayer. A different kind of recon-
struction, for instance, the alternative location on top of
the Er atoms is incompatible with the absence of scatter-
ers in the (121) planes. This requirement implies that the
only possible structural change in the surface silicide with
respect to its 3D ErSi2 counterpart is a buckling of the Si
top layer by moving upwards one of the two Si atoms per
surface cell, i.e., by allowing them to become ine-
quivalent. The structure observed in the Auger-intensity
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profiles along inequivalent [121]and [121]azimuths can
indeed be understood in terms of scattering at two ine-
quivalent Si atoms in the top layer. Along [121]one ob-
serves two strong structures at 39' and about 66 polar
angles that may be assigned to forward scattering at Si„
and Sid „atoms, respectively, as depicted in Fig. 3. The
peak at 39 is very similar to the one attributed to for-
ward scattering at the similarly reconstructed YSi& 7 sur-
face. ' It's full angular width at half maximum of —14'
seems consistent with the expected width of forward
scattering at a single Si atom in the top layer. The
present situation is comparable to the one encountered in
photoelectron diffraction in adsorbed molecules, for in-
stance, C(ls) emission scattered by O in chemisorbed
Co. ' Actually the 66 and (to a much lesser extent) the
39 features show some distinct fine structure which obvi-
ously complicates the interpretation in terms of forward-
scattering peaks. Nevertheless, let us assume at this stage
that the angular positions of the centroids of the 39' and
66 features gives us the Er-Si bond directions. Hence

0
simple triangulation yields a distance of -2.7 A for Si„

0
and -2.0 A for Sid, „atoms above the Er plane. This is
comparable to the values observed at the reconstructed
YSi, 7 surface. ' The observed buckling suggests a
geometry of the Si top layer essentially similar to a
Si(ill) double layer in bulk Si. Moreover the Er-Sid, „0
interplane distance of about 2.0 A is very close to the
value of 2.045 A measured in bulk ErSi& 7.

FIG. 3. (a) A sketch of the atomic structure of the Er surface
silicide projected along the [lol] direction and (b) a top view of
the same structure. Large solid circles refer to the Er atoms and
small solid circles to the Si top layer atoms. In (a) the large and
small open circles represent Si atoms in the plane of the paper,
and in the (101) plane immediately above the paper, respective-
ly. Also indicated are the forward-scattering angles expected in
the polar profiles of Er MAX. The interfacial geometry adopted
is tentative and corresponds to the T4. registry discussed in the
text.

As shown in Fig. 3 within the above geometry deduced
from the data along [121] the Er-Si bond directions are
expected to yield forward-scattering features at 48', 58,
and 77 in polar intensity profiles taken along the oppo-
site [121] azimuth. The experiment shows a peak cen-
tered about 75 and a broad more complex feature cen-
tered at 55' with shoulders on both sides. The 75' feature
is close to the expected direction. On the other hand the
complex structure near 55' is indeed located near the ex-
pected forward-scattering directions at 48 and 58 .
However, it is clear that the observed structure is not
merely the superposition of two peaks at 48' and 58 .
Possibly, this results from the fact that the 48' and 58'
directions are so close that amplitudes of forward scatter-
ing at both Si„and Sid, „atoms are strong in the direc-
tions lying in between where they interfere constructively
and give rise to a strong enhancement near 55 . Thus the
Auger-electron difFraction data observed along [121]
seem to be roughly consistent with the location of the
atoms in the Si top layer inferred from the data along
[121].

Although valuable information is obtained from the
above discussion, it is apparent that at this level of inter-
pretation a reasonably accurate structural determination
cannot be achieved. Even in the present rather simple
system, except the peak at 39', most structures exhibit
quite complex shapes. Hence the concept of peak posi-
tion has no obvious meaning and, in turn, an accurate
bond direction cannot be determined. Moreover, there is
no reliable means to distinguish between zeroth-order
forward-scattering peaks and first-order interference
features.

In an attempt to obtain more detailed structural infor-
mation we now compare the experimental data, corrected
for the instrumental response, to single-scattering simula-
tions. There are only two structural parameters of
relevance here in the model of Fig. 3, namely the dis-
tances d„and dd, „ofthe Si„and Sid, „atoms, respec-
tively, to the underlying Er atomic plane. As expected
our test calculations show that for 6 ~ 80 the profiles are
not sensitive to the atomic geometry below the Er mono-
layer, such as, for instance, the distance to the Si sub-
strate. Figure 4 compares the experiment along [121] to
simulations for different values of d„with dd, „=1.80
0

A kept constant. First, we note a good overall agreement
in shape of all structures. The fine structure is rather
well reproduced in particular for the feature near 66.
The peak at 39' is essentially a pure forward-scattering
peak which originates in scattering at the Si„atom in
agreement with the above qualitative discussion. Calcu-
lations (not shown) indicate that the related first-order in-
terference feature near 18 as well as the peak position are
already correctly predicted when the cluster includes
only the Er emitter and the nearest Si„atom. As can be
seen in Fig. 4, its angular position directly follows the
change in d„. The best agreement is obtained for
d„„=2.70+0. 10 A. The angular width of this peak is
—14 significantly larger than predicted. Possible origins
of this difference include the approximate scattering fac-
tors, enhanced anisotropic thermal vibrations, structural
disorder, and angular averaging. On the other hand, the
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FIG. 4. Comparison of the experimental Auger MNN polar
profiles along the [121] azimuth (dotted line) to single-
scattering cluster simulations (solid lines) for various d„„and

0

d&,„„=1.80 A kept constant. The experimental data are
corrected for the instrumental response function in order to
make them directly comparable to the calculations.

complex structure near 66 displays less sensitivity to d„„.
This seems again consistent with our qualitative discus-
sion which attributes this feature mainly to scattering at
Si~,„„atoms. However, the calculations demonstrate
that at these larger polar angles up to -200 Si atoms in-
cluding both Si„and Si&, „atoms must be included in
the (spherical) cluster in order to reproduce the experi-
mental shape.

Figure 5 now compares the experiment along [121] to
single-scattering calculations for different values of dz, „0

with d„=2.70 A kept constant at its optimal value. It is
apparent that the complex structure near 55' displays a
great sensitivity to dz, „and the best fit is observed for
d„,„„=1.80+0. 10 A. The shape and location of all
structures in the experiment are then remarkably well
reproduced. It is clear that the agreement is not satisfac-
tory for the value of d~,„„=2.0 A inferred from qualita-
tive reasoning in terms of forward-scattering peaks along
the [121]azimuth. On the other hand, the peak near 75'
remains nearly unaffected by changes in the d„, „param-
eter. Again scattering at a large number of Si„„and
Siz, „atoms contributes to this feature.

Overall the simulations based on single scattering pro-
vide a remarkably good description of the data. This is
not too surprising since multiple scattering is only ex-
pected to become important at large polar angles (grazing

FICr. 5. Same as a Fig. 4 but along [121] and for various

d4 with d p
2 70 A kept constant.

emission) where rows of scatterers may be encountered in
the forward-scattering cones from nearest neighbors.
The values of d„=2.70 A and dz, „=1.80 A obtained
in the present study indicate a buckling (0.90 A) of the Si
layer slightly larger than in bulk Si(111). On the other
hand, the Er-Siz, „ interlayer spacing (1.80 A) contracts
by —10% with respect to the Er-Si interlayer distance in
bulk ErSi, ~ (2.045 A).

The physical origin of this contraction probably lies in
the enhanced Er-Si&, „(weakened Er-Si„„)bond strengths
for the buckled Si layer, as compared to the Aat graphite-
like Si(0001) plane where all Si-Er interactions are
equivalent. Thus the Er-Si interplane distance in bulk
ErSi, 7 is expected to lie between the Er-Siz, „and Er-Si„„
interplane distances. The presence of the surface may
also favor a stronger binding of Si top double layer to the
Er. On the other hand the buckling is larger than in bulk
Si. This is consistent with a charge transfer from Er to
the Si top layer since a larger buckling implies an evolu-
tion of the dangling bond from sp3 to more s-like orbital
character. This, in turn, is accompanied by a lowering of
the dangling-bond energy and a filling of the dangling-
bond band observed in photoemission.

An important point is that only one domain of surface
silicide with 3-m point-group symmetry is actually
formed. If this were not the case one should observe a
peak at 39' in the [121] polar profiles and conversely a
peak at 55' in the [121] profiles. There is no evidence of
the presence of such peaks with significant amplitudes.
Moreover, it appears that the orientation of the buckled
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Si top layer is opposite to that of the underlying Si(111)
double layers in the substrate. In this respect, we have
recorded both the surface silicide Er MNN Auger and the
Si 2p core-level intensity profiles measured from a clean
Si(111) substrate along a given ([121]or [121])azimuth.
The relevant x-ray photoemission diffraction curves for Si
2p are also shown in Fig. 2. These curves are discussed in
detail elsewhere. ' Here we merely note that they can be
used to identify the orientation of the substrate since they
display major forward-scattering features and a rich fine-
structure characteristic of a given azimuth ([121] or
[121]). Note for instance the skewed shape of the normal
emission peak which corresponds to forward scattering
from the [111] atomic row in Si and the forward-
scattering peak (near 70') from the equivalent [111]row
along the [121]azimuth. The [121]and [121]azimuths
referred to in the present report are determined in this
way.

Finally, the p3m 1 symmetry of the surface silicide is
also reflected in our angle-resolved valence-band photo-
emission studies. Selected photoemission spectra using
HeI photons are shown as a function of the polar angle e
in Fig. 6 for the [121]and [121]azimuths. One observes
the presence of many well-resolved structures with rela-
tive intensities and binding energies varying in a drastic
way with O. Examination of the energy dispersion along
the I M and I E lines (not shown here) reveals 2D band
dispersions E(k~~) consistent with a (1X1) surface

periodicity. In particular most structures lying in the
0—4 eV binding-energy range exhibit little or no disper-
sion with photon energy, having therefore a 2D origin in

k~~ space. They are either localized in the surface silicide
layer as bona fide surface states or they reflect strong sur-
face resonances. As expected, spectra taken along all the
equivalent I K directions are identical and display struc-
tures with the same energy dispersions and relative inten-
sities. In contrast, in Fig. 6 there are striking differences
between two series of spectra recorded along the two op-
posite [121] and [121] directions. When one compares
the spectra taken along the relevant I M and I M ', az-
imuths at a same polar angle, one observes a marked
difference in the surface state peak intensities whereas the
relevant binding energies are generally identical. Oc-
casionally, the intensity of a given peak is reduced in a
drastic way along the opposite azimuth, becoming possi-
bly hardly detectable. An example is given by the spectra
at 6=30' and 40' in the 2—4 eV binding-energy range.
Some spectral peaks apparently do shift in energy with
respect to the change k~~

—
k~~. This is the case for the

feature observed at 20' near 3.5 eV binding energy in Fig.
6 and is due to the composite character of that peak
which contains several narrow components whose rela-
tive intensities change along opposite azimuths so that an
apparent shift in the center of the gravity takes place. On
the other hand, Si substrate bulk band emission also con-
tributes to the spectra and initial bulk band states probed
along opposite [121] and [121] azimuths are not identi-
cal for a given polar angle since they correspond to non-
equivalent parts of the bulk Brillouin zone. Yet, from
our large body of angle-resolved spectra, we conclude
that those features with a marked 2D character and relat-
ed to the surface silicide strongly change in intensity but
do not shift in energy upon reversing kI~ ~ With the exper-
imental geometry of Fig. 1, this implies that the [121]
and [121] opposite azimuths are nonequivalent for the
surface silicide structure in contrast to the [101] and
[101]directions. Yet, interestingly, the relevant symme-
try lines in the SBZ, namely the I M and I M' lines and
in particular the M and M ' points, are found to be
equivalent as far as the energy location of the surface
features is concerned as expected from time-reversal sym-
metry which ensures E (k

l
) =E (

—k
~~

) even if the symme-
try group does not contain the inversion.

0
0

20

Pol

I I I . I

8 6 4 2 EF
BINDING ENERGY (eV)

FICs. 6. Comparison between angle-resolved photoemission
spectra obtained with unpolarized Her photons for the Er sur-
face silicide taken along the [121] (full lines) and [121] (dotted
lines) azimuths at emission angles of 20', 30, and 40'.

V. CONCLUSION

We have produced evidence that a single domain of Er
silicide forms on Si(111) when one Er monolayer is an-
nealed at 400 C. The analysis of Auger-electron
diffraction data shows that this silicide can be viewed as a
single ErSiz layer (A1B~ structure) but with a buckled Si
top layer. The latter is rotated by 180' around the sur-
face normal with respect to the similar Si double layer of
the Si(111) substrate. The fact that only one domain of
the surface silicide is formed is important for device ap-
plications where subsequent epitaxial Si overgrowth has
to be achieved. Clearly, the monotype buckled Si top lay-
er may provide a good template for either single domain
Si re-epitaxy or merely growth of high-quality ErSi& 7
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films. The present finding of a surface silicide with a
definite orientation with respect to the substrate also indi-
cates that a specific interfacial bonding geometry of sur-
face silicide to the substrate is energetically favored.
However, no information on the interface structure can
be inferred from the present data. In this respect, calcu-
lations show that data collected in the present mode (an-
gular scans) show essentially no sensitivity to the interfa-
cial bonding geometry. This is because scattering of the
Er emission by substrate atoms involves large scattering
angles. Hence, at the high kinetic energies utilized in our
experiments, this implies very small scattered amplitudes.

One may invoke three different registries with respect
to the Si(111) substrate, consistent with the observed 3 m
point group: the Er can be located (a) in top sites, i.e., on
top of Si atoms of the first Si(111) plane, (b) in T4 sites,
i.e., on top of Si atoms of the second Si(111)plane, and (c)
in H& sites, i.e., in threefold hollow sites of the Si double
layer. Since the T4 and H& sites are threefold coordinat-

ed sites they most likely correspond to a lower energy
than the on-top geometry. Now, it is remarkable that in
these bonding configurations we get a similar bonding
geometry to the Si double layer above and below the Er.
These structures also most closely resemble the atomic
arrangement in bulk ErSi2 both above and below the hex-
agonal Er monolayer. As an example the T4 geometry
has been adopted in the model of Fig. 3. Among other
techniques, methods exploiting backscattered amplitudes
and interferences such as surface extended x-ray absorp-
tion fine-structure measurements or photoelectron holog-
raphy may possibly shed some light on the interfacia1
bonding geometry.
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