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Origin of the buckling in the c(2x 2)-Si/Cu(110) surface alloy
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The atomic structure of the(2x 2)-Si/Cu110) interface has been determined by angle scanned photoelec-
tron diffraction at several electron kinetic energies using synchrotron radiation and by quantitative low-energy
electron diffraction(LEED) studies. Experimental photoelectron diffraction scans and LEEDcurves have
been compared throughfactor minimization with single and multiple scattering calculations in order to
determine an atomic model for the surface termination. Both techniques show tlt§2th@) superstructure
is originated by a two-dimensional alloy in which the Si atoms occupy substitutional Cu sites at the surface
layer, with a topmost Si layer vertically displaced inward by @&:2604 A. A possible mechanism for the
origin of the corrugation based on a strong chemical bonding between the Si deposited atoms is proposed.
[S0163-182698)02304-3

[. INTRODUCTION ductor deposition on metal surfaces. Most of the structural
work performed up to now have been carried out either by
In the last decade, the study of the growth of ultrathindepositing Si by adsorption and decomposition of sftdre
films has greatly progressed. Much of the effort on this matby diffusing it from the bulki® In all this previous work, the
ter has mainly been devoted to the growth of two-formation of Si-metal terminated overlayer is reported.
dimensional2D) layers with properties different from those  To gather information about the surface structure of this
of the bulk. This is the case for surface alloys. The atomidwo-dimensional alloy a combination of x-ray photoelectron
structure of an ordered surface alloy consists of a single ordiffraction (XPD) and LEED has been used. In spite of the
dered and mixed top atomic plane, where usually one out dfact that both techniques are well established and currently
two surface atoms are replaced by the deposited atonused, very few studies compare the structural results ob-
Among the recent structurally resolved surface alloys ard¢ained on the same system by using both of them. These
Au-Cu(100),! Pd-Cu100),2 Mn-Cu(100),% and Mn-Ni{100).*  techniques have been previously used for evaluating the
Particularly, in the last few years, unusual magnetic properbuckling of the surface layer$: Particularly, both these
ties have been found in Mn-ClOO) (Ref. 5 and technigues have been applied to the Mn:1O) case, lead-
Mn-Ni(100).% In these cases, a structural low-energy electroring to some differences in the buckling estimation. Thus, an
diffraction (LEED) analysis showed a highly corrugated sur- important motivation for the present work is to perform a
face where the Mn atoms are found to be relaxed outward bgomparative study of the results obtained by both techniques.
0.3+0.02 A in MnCu and by 0.250.02 A in the MnNi sur-  In the experiments we present hereafter, LHF®D and XPD
face alloy. However, for the nonmagnetic surface alloys, @&xperimental data were recorded one after the other, after
very slight buckling ¢-0.02 A) has been observed. There- each sample preparation. In this way we can rule out differ-
fore, the phase stability and the corrugation amplitude irences in the sample preparation. Three different analyses of
these alloys have been attributed to the high spin state of thbie experimental data have been performed. XPD photoelec-
Mn atoms rather than to the simple atomic size argumentron diffraction scans have been analyzed by single scattering
(the corrugation increases with the increasing size of the desluster (SSO and multiple scatteringMS) calculations. In
posited atomsproposed in Ref. 2. In this work we present a addition, LEED1/V curves have been fitted by using full
detailed study on the origin of the buckling by studying thedynamical calculations. The results obtained for all three
corrugation of a type of surface alloy very recently reported. analyses agree within their error bars. Also, this work shows
In thec(2Xx2) Si-Cu110 surface structure both atoms have a comparative study between the SSC and MS analysis ap-
very similar atomic radii and magnetic properties are notplied to the same system. The XPD structural results drawn
present. It will be shown that there is an inward surfacefrom this paper, clarify the real magnitude of the errors and
relaxation, that cannot be explained by any of the previouslenergy range of applicability of the SSC calculation method
considered mechanisms. Therefore, a strong chemical intete determine structural parameters in coplanar systems.
action between the surface deposited Si atoms is suggested toThe atomic structure of the(2x 2)-Si/Cu110) interface
be responsible for the vertical corrugation of this alloy. has been recently determined with full-hemispherical x-ray
There is a lack of scientific information about semicon-photoelectron diffractiohusing a x-ray tube. In this work, it
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is concluded that the surface atomic structure consists of an (a) Top view
almost coplanar layer, where the Si atoms replace one out of
two surface Cu atoms. Comparing the experimental data with
single scattering cluster calculations via a bidimensianal
factor, the Si atoms are found to be arouad= —0.05
+0.10 A below the surface layer. This atomic model is sche-
matically represented in Fig. 1. Hereafter we present a dif-
ferent approach to the structure which consist of measuring
XPD azimuthal scans at different photon energies. In agree-
ment with previous work,we have found that the Si atoms
are located in a lower position with respect to the surface Cu
atoms. On the other hand, the buckling of the surface layer
found in this work is higher € 0.26+0.04 A) than in the
previous work. Although small, the structural difference be-
tween both determinations is not within the error bars, and FIG. 1. Schematic structural model for thé2x2) Si/Cu110
the possible origin for the discrepancy between them is dissurface alloy(a) Top view, (b) side view along the thick line df),
cussed in the text. including the definition of the structural parameters used for the
Section Il describes the experiment and gives detaild$EED analysis. The surface unit cell of tii€2x2) surface struc-
about the calculation procedures. In Sec. Ill we present thiure is indicated. Filled circles represent Si atoms and empty circles
LEED and the XPD analysis and we compare SSC with MU atoms.
calculations. Section IV is devoted to discuss and to summa-
rize the results. normal incidence. The experimental curves were recorded at
room temperature and the total data set measured was 1443
eV. Experimental data were corrected for background sub-

Il. EXPERIMENTAL DETAILS straction.

Experiments were carried out at the SuperESCA beamline
at the ELETTRA synchrotron radiation facility. The photon lI. EXPERIMENTAL RESULTS AND DISCUSSION

energy was varied between 178 and 800 eV. The end station S .
. . . . . The surface termination geometry presented in Ref. 7 and
is an ultrahigh vacuum chamber equipped with an hemi-

spherical electron analyzer, LEED, and a computer assiste%enved from the present study is sketched in Fig. 1. This

sample manipulator. The overall energy resolutithream corresponds to a Q10 surface where one out of two Cu

line+analyzey at 178 eV was around 80 meV. (110 atoms from the surface rows are replaced by a Si atom

samples were prepared by repeated cycles of ion bombar&qarker circles in the figuje The Si atoms are at a different
ment and annealing to 550 °C. After the cycles the surfacvertlcal position with respect to the surface Cu atdimsck-

exhibited the characteristicxXd1 sharp LEED pattern. XPS ‘ﬁng, A2). By analyzing angle-scanned XPD data we can ob-

confirmed the absence of O, C, and S impurities at the Surt_aln accurate information about the buckling of the most ex-

face prior and after deposition. Si was evaporaitedsitu ternal layerAz. The interlayer distancesi(,,d;sd,) and a

using an electron bombardment Si cell previously caIibrate&)lJCk“r!g in the third IayerA;3 estimated by the LEED
by a quartz crystal. In addition to that, the coverage WasanalySIS are also shown in Fig. 1.
estimated by measuring the Qu3o Si2p core levels inten-
sity ratio. In this work, 1 monolaydiML ) is considered to be A. LEED results
the number of Cu atoms present on {i&0] rows. In these
experiments, the(2X 2) structure was produced by deposi-
tion of 0.55+0.05 ML. The working pressure was in the low
10 8 Pa. Both XPD scans and LEEIV curves were mea-

sured after each sample preparation. In this way differenc

The best established and most accepted technigue for elu-
cidating surface structures is quantitative LEED analysis. A
complete set of LEEO/V curves were recorded from the
c(2X2) superstructure. In order to reproduce the measure-

induced by variations in sample preparati@e., coverages er‘?]ents, LEED calculations were performed using full dy-
y pie prep - 985, namical calculations based on modifications of the Huang

substrate or source temperature, Jetre avoided. A com- and Tong codd®5 This formalism uses the muffin-tin ap-

plete experimental set took around 12 h and after the experiz__. = : . : :
. S roximation to describe the electron scattering by the atomic
ments it was checked by x-ray photoemission spectroscopg

) otentials in the lattice. The interlayer scattering was treated
(XPS) and LEED that the surf_ace was r_10t contaminated, by matrix inversion. The layers were stacked by the layer
All XPD scans presented in this article were performed

. ; doubling method. Thermal vibrations were considered by
moving the sample for a fixed photon energy. Polar angles

: means of a layer dependent Debye-Waller faélgy. The
are referred to the surface normal and azimuthal angles to thsefructural search was carried out by two methods: a param-
[110] direction. The angular error in the sample goniometer y -ap

is less than 1° XPD data were collecting by measuring th eter space scan in a reasonable range and the Levenberg-

area of the Sip XPS peak. A video LEED systefhwas q\/larquardt (M) -~ algorithm using  full ~dynamical

. . , . _formalism?*~*® We also performed an optimization of the
used to record simultaneously the intensity of ten nonequiva- o :
1. nonstructural parameters. For the quantitative comparison of
lent beam4(01), (10), (1,1), (2,9), (1,2, (0,2, (2,0, (3.2),  experiments and theory, the PendR] and that defined by
£.1), and ¢,2)]in an energy range from 50 to 250 eV with Moritz (Rpg) r factors’ have been used. The error bars have
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TABLE |. Summary of the structural results derived from this work. See Fig. 1 for definition of the

magnitudes. Values are given in 8,=1.27 A.

Az (R) di, A) das A) Azg A) d3p A)
LEED —0.24+0.02 1.08-0.03 1.39-0.05 —0.10+0.03 1.24-0.06
XPD-MS —0.24+0.04
XPD-SSC —-0.30+0.1

been deduced after Pendifrom the variance oRp. More

of the photoemission intensitw= (1 —1,,)/1y. The experi-

details about the LEED calculation procedure can be foundnental points of Fig. 4 have been obtained by integrating the

elsewhere®
The best fit was found &p=0.21 andRp=0.30 for the

Si2p core level photoemission peaks. The azimuthal scans
have been measured at a polar angle of 72°. The choice for

structure sketched in Fig. 1 and described in Table I. The redhis angle was a compromise: higher polar angles strongly

and imaginary part of the optical potential &fg =5 eV and

reduce the total count rate, and smaller angles lead to a re-

Vo =5 eV, respectively. The Debye temperature was fittecfluction of the high order interference features, resulting in

to ®p=422 K for the bulk Cu atomsp p=372 K for the
Cu atoms of the top layer, artll,;=671 K for the Si atoms.
The minimum of ther factor (Rp) is similar to other
LEED studies in other surfaces alloyf.28 and 0.31 for
Mn-Ni and Mn-Cu, respectively in Ref.)4Figure 2 shows
some selected measurbd/ beams with its respective calcu-

lation underneath. A visual inspection of these curves show

both cases in a decreasing of the experimental anisotropy.
The experimental curve recorded at 695 eV of kinetic energy
(upper part in Fig. #has only been measured around the
[110] direction because experimental beam time constraints.
However, due to the symmetry of tle¢2 X 2) atomic model
(Fig. 1) a fit of the structure around this direction also ac-
counts for the atomic positions around fi®1] surface di-
Fection. It has been verified that the final conclusions do not

that both peak position and intensities are fairly well réPro-genend on the angular range considered. In the SSC calcula-

duced by the theory as expected from the lofactor value.
Figure 3 shows the Pendryfactor calculation as a function

of the vertical corrugation. A deep minimum is clearly ap-

preciated arounchz=—0.24+0.02 A. The error bar in the

buckling determination is indicated in Fig. 3 by a horizontal

line.

B. Photoelectron diffraction results

As already mentioned, XPD scans were measured fro
the same sample preparation round as the previously di%—

cussed LEEDI/V curves. A set of experimental XPD azi-

muthal scans is shown in Fig. 4 together with its correspond
ing SSC calculation. The electron kinetic energies ar
indicated on the left of each scan. The angular dependence
the photoemission intensity is referred to the minimum of thete

intensityl ,, and normalized with respect to the maximuign

Exp.
Theor.
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FIG. 2. Experimental LEED/V curves for thec(2X2) Si-
Cu(110 (solid line) compared with its best fit calculatidibroken
line) for some selected beams.

tions we have used as parameters to fit and minimize the
inner potentiaV,, the electron free mean pathand surface
and bulk mean square atomic displacem@rt). Best agree-
ment has been found for 4 V, 3 A, 0.022 Aand 0.058 &,
respectively. The structural result obtained from the fit, de-
pends slightly on these parameters@.1 A). The SSC cal-
culated scans based on this proposed mgateitinuous lines
in Fig. 4) reproduce the angular position of most of the ex-
erimental fine structure features present in the XPD scans.
he little peaks appreciated in th&l0] and[001] directions
orrespond to the tail of the forward scattering emisdion.
The distance between Si and Cu along [th#&0] direction
causes the first order interference maximum to appear in the
sition indicated by an arrow in Fig. 4. It can be observed
w the arrow position moves away from the forward scat-
ring peak as the kinetic energy is decreded.

In order to give an accurate value for the vertical displace-
ment Az, a trial and error procedure was performed. To
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FIG. 3. Pendryrp-factor curve obtained by comparing the ex-

perimental LEEDI/V curves with calculations for different dis-
tances between the Cu and Si layeg,.
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FIG. 4. Photoelectron diffraction azimuthal scans of thepSi2 Az (A)

photoemission peak for the Si/C1i0) surface alloy. The different
curves have been recorded at different electron kinetic energies, FIG. 5. Pendry -factor curve obtained by comparing the experi-
indicated at the left. Dotted curves are the experimental points anghental curves of Fig. 4 with SSC calculations for different dis-
the solid lines underneath represent the single scattering cluster caknces between the Cu and Si layer.
culation for the best fit structure. The polar emission angle was 72°.
Small arrows indicate the calculated position for the first order ofticated MS formalisif® with a complex potential, which has
interference. been previously used to study cléinand adsorbed
surfaces” In this multiple scattering analysis the cluster size
have been used. One based on the Pendagtor®rp, and  yectors in the mathematical description of propagators, had
another on the standard deviationfactor® Therp factoris 156 atoms and 4 planes of scatters. The angular momentum
more SenSitive to the peak pOSitionS ra.ther than to absolutgxpansion was done up to |rn;aﬁ The Ca'cu'ated mean free
intensities. Bothr factors lead to the same structural result. pa‘[h was about 5 A The value of the interstitial potentia|
In Fig. 5 the result of applying a Pendry factor to each  varying from 4 to 7 eV does not change the structural result
of the experimental curves of Fig. 4 is presented. The miniof the minimum search. The minimization procedure was
mum of the curves of Fig. 5 shows the best agreement beyerformed by means of &iMPLEX routine with a Metropolis
tween the single scattering clust8SQ theory and experi-  a|gorithm for the annealing simulatidfirecently developed
ments and then, it COI’I’eSpondS to the best determination Q{) Study the clean S|(00E2X 1 surface Structur%?’_ During
the Cu-Si vertical diStanceA(Z). It can be observed in Flg this minimization, the kinetic energy and the anqwi_
5, that the minimum value for all of the curves appears in anuthal for polar scans and polar for azimuthal s¢amere
wide Az region ranging from-0.4 to—0.2 A (indicated by  free parameters in the calculation, together with the main
a straight line in Fig. h and therefore it can be stated from a structural parameters of the surface and the interstitial poten-
SSC analysis that the Si atoms present a vertical displacgrl. No linear tensor approximation has been attempted and
ment respect the Cu atoms 6f0.3+0.1 A. the full calculation has been redone at each iteration. Due to
The good agreement between theory and experiments ifhe little interstitial potentia(4—7 eV) the angle which mini-
dicates that the atomic geometry proposed in the model ohizes the structure is not at all affected by the refraction rule.
Fig. 1 is correct and atomic distances are in this range. Nev- This formalism has been applied to the XPD scans re-
ertheless, it can be appreciated in Fig. 5 that the minimum oforded at lower kinetic energies. A polar scan measured at
the curves is deeper as the electron kinetic energy increaseg eV of kinetic energy along thEl10] surface direction,
indicating a better agreement between theory and experiogether with some calculated scans for different values of
ments. For the higher electron kinetic energy curve of Fig. he vertical distance between Si and Cu atakzsis shown
ther p-factor minimum appears at around 0.22, a value comin Fig. 6. The calculation which present the best fit to the
parable to the one obtained by the LEED analy§ig. 3.  experimental data is plotted with a thicker line. As already
Particularly, ther p-factor curve for 90 eV of kinetic energy mentioned, a second factor (r,) was also calculated. It is
shows very small variations for the whalez range. As will  the sum of the absolute values of the difference between a

be discussed later, when the kinetic energy is reduced muhormalized theoretical curve and the experimental one di-
tiple scattering events become more important and the use §fded by the number of experimental points:

the SSC theory could be inappropriate. Nevertheless it can

be appreciated that the main features in the 90 eV spectrum Ej|x}h—xje"p|
around[110] are fairly well reproduced by the simple SSC ="~
code.

To improve the fit for the low kinetic energy region, an Figure 7 shows , evaluated for the MS calculation of the
independent calculation has been done using a more sophiazimuthal scan represented in Fig. 4 at 90 eV of kinetic
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08 —— 17— 1T T atomic structure derived from a LEED study. However, the

I Polar Scan along [110] | quality of the analysigas judged by the factor curves

06 L Zfrom0to-0.3A ] improve strongly as the kinetic energy is increas€iy. 5).

r E - 78 ev | When angle scan_ned photoelectron diffrac_tion is performed
=2 k™ by recording grazing azimuthal scans the information about
z 0.4 7 the atomic positions comes out from the analysis of the high
£ i e 024 A ] order interference featurés?® These features are more in-

2 02 '\ f L N tense and better defined as the kinetic energy is increased.
< - % Y . For low kinetic energies the high order interference features
o[ Ty Exp. Data 7 get broader because of the energy dependence of the scatter-
C o b ing factor and then, it is difficult to extract the structural
0.2 Lt e e ] information from the azimuthal scans. This fact is manifested

in the r-factor curves of Fig. 5: at lower kinetic energy,
wider curves with higher-factor values are obtained. More-
over, at low kinetic energiegaround 100 eVY the back-
FIG. 6. Experimental photoelectron diffraction polar scan of thescattering is strong and makes photoelectron diffraction sen-
Si2p peak recorded along tHd10] surface direction for a kinetic sitive to the interlayer spacing when the photoemission
energy of 78 eV(dotted curvg The continuous lines represent intensity is measured close to normal emission. This fact is
different MS calculations varying the distance between the Cu andlustrated in Fig. 7. For low kinetic energies grazing azi-
Si layer,Az. The best fit to the experimental data is plotted with a muthal scans give wide-factor curves and worse agreement
thicker line. than polar scans. From these curves it is also evident that a
MS calculation strongly improves the quality of the fits for
energy(full squares symbols in the figur@and of the polar  the polar scans but not for the azimuthal scans. Nevertheless,
scan along th¢110] direction from Fig. 6(full circles). All it js important to remark that with a simple SSC calculation
the curves present a clear minimum corresponding ze- one can easily get the atomic geometry and distances in the
—0.24+0.04 A. A similar result has been obtained by ana-atomic model.
lyzing polar scans along th@01] and[112] surface direc- The fact that both SSC and MS analyses found an inward
tions (data not shown for concisengss corrugated surface indicates the sensitivity of the XPD tech-
Thisr factorr, was also evaluated for the SSC calcula- nique for evaluating nearly coplanar atomic structures. The
tion of the same angular scans and the resulting curves a6 A difference between the MS and the SSC evaluation of
also shown in Fig. Tempty squares and empty circJeShe Az is just within the error bar. The SSC theory has probed its
applicability of angle scanned XPD technique for determin-yalidity for evaluating surface structufés=2°even for ki-
ing coplanar structures is evident after the examination of th@etic energies as low as 100 eV. Recently, the validity of a
Figs. 5 and 7. Recording azimuthal scans at grazing anglessc approximation for evaluating interlayer spacing of the
the simple SSC calculation gives good agreement with thega(100) surface by analyzing low-energy XPD features has
been reported®

40 -20 O 20 40 60 80 100 120
Polar angle (8)

-0 polar scan-SSC

0.25 [TTTTOTIIITTT| O Azimth. scan-SSC IV. DISCUSSION

—&— Azimth. scan-MS

In the present study we have found thetgg—= —0.30
—e— Polar scan-MS +0.1A, Azys=—-0.24+0.04 A, Az gep=—0.24+0.02.
These values are in excellent agreement and within the error
bars. The whole set of structural values derived from these
. ] analyses are summarized in Table I. In this work, the error in
0 . the buckling determination has been evaluated by examining
A ther-factor curves. The position in thefactor curves where
the error bar has been taken is indicated in Figs. 3, 5, and 7
by a horizontal line. For the XPD analysis, these values are
slightly higher than the obtained by a classical statistical
analysis(i.e., variancg Thus, the final value oAz can be
assumed to be an average of the three results obtained by
independent analysis. A very conservative error can be taken
I ] to be the intersection of all of them and therefore, a final
e value for the surface corrugation Az=—0.26+0.04 A can
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 be derived from this work.
Az (A) In Tablg Il we summarize the main results optained up to
now on different surface alloys for the buckling together

FIG. 7. r,-factor curve obtained by comparing several XPD With the difference in atomic radii for the deposited and sub-
polar (circles and azimuthal scan&quares with MS (full sym-  Strate atoms. It can be appreciated that in all cases the de-
bols) and SSQlempty symbolscalculations for different distances posited atoms have a bigger atomic radii than the substrate
between the Cu and Si lay&rz. See text forr-factor definition. atoms, and then an outwards relaxation is expected in all

0.2 [

r -factor

0.15 |
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TABLE Il. Summary of the bucklingAz (A) difference in  for the clean C(110) surface by LEED studies; 8.5% 2°31
atomic radiiAR (A) and interlayer variatior,(%) for different This fact suggests that the buckling, although having nega-
ordered surface alloys. The references from which the values havg,e sign, is not strongly affecting the Cu inner layers. Thus,
been taken are indicated. it could be that Si atoms bond parallel to the surface forming
a strong covalent bond with the next Si atom of the surface
and very weak with the rest of the surrounding Cu atoms.

Az(A) ARMA)  Ady, (%)

Au-Cu(100 (Ref. 1) 0.1 0.18 +4.2 This bonding can lead to an important reduction of the Si
Pd-Cy100 (Ref. 2 0.02 0.09 +0.7 radii. Recent STM images have revealed the presence of
Mn-Cu(100) (Ref. 4 0.3 0.07 +7.4 charge density along the diagonal of the surface unit cell
Mn-Cu(100)-XPD (Ref. 9 0.39 0.07 +0.9 (i.e., the[112] surface direction, see Fig.) Which could
Mn-Ni(100) (Ref. 4 025 011 +105 correspond to a Si-Si bondirfg.This charge arrangement
Si-Cu110 (Ref. 7) ~0.05 0.04 - leads to an important core level shift for the Bideak
Si-Cu(110 (this work ~026 004 —15 (-59%) (around 0.5 eY.*° However, it is difficult to discern whether

the shift is induced by charge transfer from the neighboring
Cu atoms or by final state effects due to the screening of the
cases. However, in the case under study, the detection @bre hole. Moreover, ultraviolet photoemissi@uPS stud-
forward scattering peaks in the Qizhotodiffraction experi- ies of the valence band modification upon Si coverage have
ments for grazing anglégsee Fig. 2 assure that the Si at- shown that the Cu electronic states are not modified by the
oms are located underneath of the Cu surface. surface alloy layef® This fact is also suggesting a Si-Cu
The in-plane atomic structure schematically representedverlayer slightly interacting with the Cu inner layers. In the
in Fig. 1(a) exhibits some similitudes and differences with third column of Table Il the variations id;, distances with
the found for others Si/Cu systefh8 A incommesurated bi- respect to the clean surface for the previous studies are sum-
dimentional overlayer with hexagonal symmetry of,Suis  marized. A big dispersion of the data is observed for this
formed when Si is deposited on (M0 via a saturation magnitude. The second interlayer spacing is also found to be
exposure of Siland The Si-Cu distance in the overlayer is expanded by 9.0%, whereas in the clear(X10) surface is
2.46 A. In our case the first nearest neighbor distance is 2.5®und to expand by 2.3%. For Mn-Cu an unexpected buck-
A, which is imposed by the Cu lattice. The structure pro-ling in the second layer instead of in the third layer as re-
posed for Si/C(L00 has a remarkable similarity with the quired by the symmetry of the system and what we found in
Cu/Si111) (Ref. 30 system. Both works found a locally this work is observed.
hexagonal CySi planar overlayer with very close inter- In a previous work on Si-Gd10) a value of —0.05
atomic distances. Interestingly, we found in the present work-0.1 A was found for the surface relaxation by angle
that the Si atoms forms a bidimensional overlayer but thescanned XPD. Although both results indicate the same
stoichiometry of the surface is CuSi, similar to the one foundrend, i.e., a inwards relaxation, the obtained values are out
for Si segregated on §i ,)Fe(100) (Ref. 10 and other of the error bar. The result of the buckling obtained in Ref. 7
bimetallic surface alloys® grown on the(100) face of fcc  has been revised by measuring the angular distance from the
metals. An accurate determination of the atomic position hafirst order interference fringe to the forward scattering peak.
not been performed for the semiconductor-on-metal systemBhus, it has been verified without an extended calculation,
referred to earlier. that the experimental data indicate the existence of a nearly
Up to now, two different mechanisms for the buckling of coplanar Si-Cu overlayer. It is worthy to note that also dis-
ordered surface alloys have been proposed. It has been suggreement in the experimental determination of the buckling
gested that the corrugation surface alloys increases with irin the Mn-Cy100) system by energy scanned XPD and
creasing differences in atomic diameters of the constitutind EED has been reported! Particularly, in Ref. 11 perform-
elements. This is summarized in Table I, where the differ-ing further structural analysis by different techniques is sug-
ences in atomic radii for the studied alloys are shown in thegested. In this work we found agreement between different
second column. This simple model explains the trend for Auexperimental techniques performed on the same round of
and Pd but it fails for Mn. For this reason, the magneticmeasurements, but disagreement with other different works
interaction as the driven force for the large corrugation hasising the same experimental technique. Thus, the difference
been proposed ulteriorly. However, Si-Cu forms nonmag-between both results cannot be induced by an error in the
netic surface alloys, and then, weak corrugation could belata analysis, and therefore the difference in the buckling
expected from this theory. The change in the sign and largestimation could be originated by the difference in experi-
relaxation value found in this work suggest that neither magmental conditions. Since in this work the XPD and the LEED
netism nor a simple difference in atomic radii are responsiblelata were recorded one after the other, from the same surface
for the buckling and other different mechanism should bepreparation, we conclude that changes in the structural pa-
invoked to explain its vertical relaxation. rameters induced by differences in the sample preparation
Another striking structural result obtained in this calcula- (i.e., substrate temperature, coverage, deposition rate, de-
tion is the unusual large relaxation of the second laygr fects, terrace width, efcare not meaningful in the present
[Ady,=(d;,—dp)/dyx100] [dp=1.27 A, for Cu110] work and they could be at the origin of the reported differ-
which is estimated to be around15% (see Table Il. How-  ences. Particularly, the measurements of Martin-Getgal.”
ever, if this distance is considered with respect to the Cwvere performed for a total coverage of 0.4 ML, before the
topmost plane, the contraction is only ©/5.9%. This value saturation coverage. The work presented here was performed
is more likely, and it is of the same order of the one foundjust after the saturation coveragaround 0.55 0.05 ML).
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Recent STM images have revealed that there are differencéseen the neighboring Si deposited atofatong the[112]
in the surface morphologies for both coveradfeb.could be  surface directionand very weak interaction with the rest of

that the strongly Si-Si bonded layer parallel to the surfacghe coplanar Cu atoms and with the second Cu layer.
plane slightly accommodate its height with respect to the

surface Cu plane depending on surface stress, surface de-
fects, steps, and other experimental parameters. Thus, Si
would form a nearly floating overlayer, as has been reported
to happen for the hexagonal §3i alloy® We are grateful to J. L. Saceddor useful discussions

Summarizing, an atomic model for the(2x2) Si/ and to J. Cerda, W. WBj and S. Gallego for computing
Cu(110 interface has been refined by means of the XPD andssistance with the LEED calculation. This work was par-
LEED technigues. We have found that the topmost mixedially supported by the Spanish CYCIT project PB94/53 and
layer is relaxed inward by around 0.26.04 A. The origin by the European Union under Contract No. ERBCHGECT
for this buckling could be a strong chemical bonding be-920013(access to large scale installatipns
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