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Formation and chemical structure of the Au/Si(111) interface
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The formation of the Au/Si(111) interface was investigated by photoemission and partial-electron-
yield spectroscopy using synchrotron radiation, as well as by electron-excited Auger-electron spectrosco-
py. For n-type Si(111),the Fermi level is found to shift by 0.43 eV toward the center of the band gap due
to band bending at the interface. The chemical structure of the interface depends quite critically on the

0
thickness of the deposited Au layer: for very low Au coverages, e(2 A, Au forms an unreacted ad-

0

layer; in the intermediate range, 2 e 25 A, a reacted layer with a composition close to Au3Si is found;
0

in the high-coverage range, e) 25 A, the interfacial layer has a sandwich structure, with an unreacted
metallic Au phase buried underneath a reacted layer. The critical Au thickness for chemical interaction
between Au and Si(111) is explained in terms of the evolving electronic structure of Au with increasing
Au coverage.

I. INTRODUCTION

The formation of interfaces between noble metals and
Si has been a topic of widespread interest during the past
decade. ' It is mainly based on endeavors to improve
the understanding of the electronic and structural prop-
erties of these systems for both technological and more
fundamental reasons. In particular, the widespread use
of such interfaces in electronic devices, like Schottky bar-
riers or Ohmic contacts, serves as a strong incentive for
studying their formation and chemical structure.

Interfaces between covalent elemental semiconductors,
like Si, and d-transition metals represent highly suitable
systems for investigating the nature of p-d hybridization.
Quite different from Ag, which forms a rather abrupt in-
terface with Si, the other d-transition metals react chem-
ically with the Si surface, giving rise to alloyed interfaces
or even to the formation of chemical compounds in the
interfacial layer. Among these interfaces, Au/Si(111)
has been studied most extensively in the past. Despite
the fact that Au and Si are known to form no thermo-
dynamically stable bulk compounds, ' the Au/Si(111) in-
terface has been found to be reactive, giving rise to the
formation of compounds or alloys at the interface. '
Like Ag, bulk Au has almost completely filled d-electron
states, which are, however, situated closer to the Fermi
level (Et;) than those of Ag. A study of the origin of
reactive interface formation is particularly interesting in
the case of Au/Si(111), since it is expected to shed light
on the role of noble-metal d-states in the interaction with
a covalent semiconductor. An additional impetus comes
from the recent discovery of superconductivity in
Au/Si(111) alloy films.

In previous work, a variety of experimental methods
has been applied to investigate Au/Si interfaces provid-
ing complementary information on electronic and

structural properties. These include photoemission and
Auger-electron spectroscopy, ' low-energy electron
diffraction (LEED), inverse photoemission, ' x-ray-
absorption near-edge structure, x-ray standing-wave
spectroscopy, " and scanning-tunneling microscopy. ' It
is well established by now that for high Au coverages the
top layer always contains Si. However, several unsolved
problems remain, like the question of the existence of a
"critical" Au thickness for Si—Si bonds breaking and
forming a reacted Au-Si phase. ' In addition
stoichiornetry and thickness of the various reacted phases
remain unclear as well as the nature of chemical interac-
tion between Au and Si. Moreover, the process of
Schottky-barrier formation at the interface requires more
detailed investigations. The present study addresses these
questions by the use of several complementary experi-
mental methods: core-level and valence-band photoemis-
sion (PE}, Auger-electron spectroscopy (AES), and
partial-electron-yield (PY) spectroscopy.

The paper is organized as follows. After an experimen-
tal Sec. II, we present in Sec. III the set of experimental
results from care-level PE and Auger-electron spectros-
copy. In Sec. IV, the data on valence-band structure are
discussed. Section V contains results of partial-electron-
yield spectroscopy at the Au Xv, v» and Si L, »»j thresh-
olds. In the final section, Sec. VI, a model for the process
of Au/Si(111) interface formation, based on the present
results, is described.

II. EXPERIMENTAL DETAILS

The PE and PY measurements were performed at the
Berliner Elektronenspeicherring fiir Synchrotron-
strahlung (BESSY}using a toroidal-grating monochroma-
tor (TGM-1) and a hemispherical electron-energy
analyzer. The overall-system resolution in PE was =0.2
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eV [full-width at half maximum (FWHM)] allowing a
determination of binding-energy (BE) changes with an ac-
curacy of +0.03 eV. In a separate experimental setup, a
modified cylindrical-mirror analyzer with a resolution of
0.2% was employed for Auger-electron spectroscopy, us-
ing a 3-keV primary electron beam with +0.5-eV ampli-
tude modulation. The base pressure in both experimental
chambers was =10 ' Torr.

Pieces of n-doped Si(111) wafers were used as sub-
strates, with the cleaning procedure performed in UHV
pressures of typically 10 ' Torr; the wafers were not
pretreated by etching. The Si(111)surface was cleaned by
Ar-ion sputtering followed by Aash annealing at =900 C.
These cleaning cycles were repeated until no traces of C
or 0 could be detected in the AES or valence-band PE
spectra and sharp 7X7 LEED patterns were observed.
Au was evaporated from a gold bead melted on a
thin tungsten wire; such an evaporation source allows one
to keep the pressure in the experimental chamber during
Au deposition in the 10 ' -Torr range. The Au coverage
was monitored by a quartz microbalance. Since the aim
of the present work was to study interface formation at
room temperature, the Au layers were not subsequently
annealed. Previous investigations using AES, low-energy
electron-loss spectroscopy, and scanning electron micros-
copy had shown that Au deposited under these condi-
tions on Si(111) grows in a layer-by-layer mode, while
deposition at higher substrate temperatures (=400'C)
leads to agglomeration. ' ' Following each Au deposi-
tion, Si 2p and Au 4f PE and PY spectra as well as
Si(L VV) and Au(NVV) Auger spectra were recorded. Be-
fore a new set of spectra was taken, the Si(111) substrate
was again Ar-ion sputtered and characterized by LEED,
AES, and photoelectron spectroscopy (PES). To reach a
clean surface, several sputtering cycles were usually per-
formed until the clean surface was finally annealed.

Si 2p and Au 4f core-level PE spectra were taken with
synchrotron radiation at photon energies of h v= 115 and
130 eV, respectively; these photon energies were selected
in order to establish almost identical photoelectron kinet-
ic energies in the region of maximum surface sensitivity.
Valence-band PE spectra were studied with a photon en-

ergy of hv=40 eV. The recorded spectra were least-
squares fitted with Lorentzian lines (Si 2p and valence-
band spectra) or Doniach-Sunic lines (Au 4f spectra)
convoluted by a Gaussian to account for finite experi-
mental resolution. In order to achieve relatively high
surface sensitivity in the PY measurements, only elec-
trons with kinetic energies in the region of minimum
sampling depth, given by the "universal curve, " were
monitored.

Si(LVV) and Au(NVV) Auger spectra were taken in
the dX/dE mode. In order to obtain the local valence-
band partial density of Si sp states from the line shape of
the Si(LVV) Auger spectrum, a deconvolution of the
spectrum was performed employing the global inversion
method, which is based on the discrete Fourier trans-
form. ' To isolate the Si(LVV) spectra from the experi-
mental spectra for interfaces with various Au coverages,
Au(NVV) Auger spectra were subtracted. Distortions in
the line shape, caused by secondary electrons originating

from PE and Auger processes, were corrected for by sub-
tracting an integral scattering background.

III. CORE-LEVEL PE AND AUGER-ELECTRON
SPECTRA

A. Discussion of experimental spectra

In Fig. 1(a), Si 2p core-level PE spectra for various Au
coverages on Si(111)are displayed. The bottom spectrum
from a freshly cleaned Si(111)surface is composed of two
spin-orbit-split final-state doublets from bulk (dashed)
and surface (dash-dotted) atoms. From a least-squares fit
of the spectrum, a surface core-level shift of —0.48 eV is
derived, in close agreement with a previous result. ' For
a Au coverage of 0.5 A, a redistribution of the relative in-
tensities of bulk and surface components is observed, re-
sulting from a partial relaxation of the electronic struc-

(e) (b)

Au 4f
I

)

~ .N

~g ~

.5

102 '98 90 85
Binding Energy Rel. to EF(eV)

FICx. 1. (a) Si 2p, hv=130 eV, and (b) Au 4f, hv=115 eV,
core-level PE spectra of the Au/Si(111) interface as a function
of Au coverage O. The solid lines through the data points
represent the results of least-squares fits. The dashed subspectra
stem from (a) the unreacted bulk Si substrate or (b) bulk Au
metal, while the dotted components originate from a reacted
phase. Surface and bulk features are marked by s and b, respec-
tively. Dashed-double-dotted lines display the signal from sub-
monolayer nonreacted Au.
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ture of surface atoms. The reacted components (dotted),
which appears at higher Au coverages (6~ 2 A), is not
observed at a coverage of only 0.5 A of Au. This means
that the nature of interaction between Au and Si(111)de-
pends on the thickness of the Au deposit. With increas-
ing Au coverage, the spectra are shifted to lower binding
energies. This is a consequence of band bending, i.e., of a
movement of the Fermi level toward the center of the
band gap, away from its original position in bulk n-type
Si close the conduction-band minimum. The amount of
band bending can be derived in a direct way from the
binding energy of the bulk Si 2p3/2 component shown in
Fig. 1(a); it reaches a value of —0.43 eV for 6=2 A.
Further deposition of Au does not cause any additional
change in BE of the bulk Se 2@3/2 component.

For coverages 6 ~ 2 A, a reacted component (dotted)
appears in the spectra indicating the formation of a new
phase. The Si 2p3/p BE of this reacted phase is found to
be independent of Au coverage, and 0.61 eV higher than
that of bulk Si. With further deposition, the reacted
component becomes dominant, and for coverages beyond
= 10 A it completely defines the spectra. From 8= 15 A
on, no further changes in the Si 2p core-level PE spec-
trum are noted. This means that even for high Au cover-
ages, a reactive Au-Si layer is always observed on the
surface of the interfacial layer. The chemical shift AE~
of the Si 2@3/p level of the reacted phase should be mea-
sured relative to the Si 2p3/2 BE, E~, of an intrinsic Si
crystal (with Ez in the center of the band gap). Assum-
ing Ee =99.30 eV (relative to E~ ), a value of
AE~ =E~" ' —E~ =0.65 eV is obtained for 6 ~2 A..

Au 4f core-level PE spectra for various Au coverages
on Si(111) and for a thick layer of metallic Au deposited
on a nonreactive W substrate are shown in Fig. 1(b). All
spectra were least-squares fitted by a superposition of
doublets with Doniach-Sunic line shapes. Decomposition
of the top spectrum, taken from metallic Au, defines two
spin-orbit-split components with BE's of 84.07 eV (bulk,
dashed) and 83.70 eV (surface dash-dotted) for the 4f7&2
PE line. The difference in BE represents the surface
core-level shift, Ascs= —0.37 eV, in agreement with a
previous result. ' The least-squares fit result for the case
of metallic bulk Au is used as a reference for the fits of
the other spectra. For the highest Au coverages studied,
0 ~ 23 A, the spectra can be described by a superpositon
of two doublets. One of them (dashed) is assigned to un-
reacted metallic Au. The relative weight of the second
doted component, which is shifted to high BE, increases
with decreasing Au coverage, dominating the spectrum
for 8=15 A. A comparison of these observations with
the Si 2p spectra shown in Fig. 1(a) suggests that this dot-
ted component originates from the reacted phase in the
Au/Si(111) interfacial layer. It exhibits a Au 4f chemical
shift of 0.66 eV to higher BE relative to bulk metallic Au.
The growth in relative intensity of the PE signal from un-
reacted metallic Au with increasing Au deposition for
0 ~ 23 A displays the formation of an unreacted metallic
Au phase in the interfacial layer. This phase, however,
seems to be formed beneath a reacted Au-Si layer, since
the PE signal from the reacted phase remains stronger
than that from metallic Au even for the higher Au cover-
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FIG. 2. Si(LVV) and Au(NVV) Auger-electron spectra of
Au/Si(111) for various Au coverages 8 (solid lines). The dashed
spectrum was taken from a thick metallic Au film deposited on
a nonreactive 8'substrate.

ages studied (6~ 75 A).
For low Au coverages, 6 ~4 A, analysis of the Au 4f

PE spectra results again in two subspectra (dotted and
dash-double-dotted). While the dotted subspectrum is at
the BE of the reacted components, the second subspec-
trum is situated close to the one from metallic bulk Au
[Fig. 1(b)]. When proceeding from 0.5 to 2 A Au cover-
age, the latter component follows the shift of the Si 2p
core level to lower BE as expected upon metallization of
the adlayer. ' The dominant character of the dash-
double-dotted subspectrum for submonolayer and mono-
layer Au coverages illustrates the existence of a critical
Au coverage for the beginning of Au-Si chemical interac-
tion on Si(111); this critical coverage is found to be =2
A, in agreement with our conclusion from the analysis of
Si 2p PE intensities.

We have performed theoretical estimates for the chem-
ical shifts of core-level PE BE's on the basis of the Miede-
ma, Boom, and de Boer scheme. ' In both cases studied,
the observed chemical shifts of the reacted phase differ
from those calculated for Au3Si by only 0.03 eV. For
comparison, the differences between the calculated EEL
values for the Au 4f lines in the case of Au3Si and phases
like AuzSi or Au4Si amount to about 0.15 eV. We note
that the stoichiometric composition of Au3Si is close to
the eutectic point in the Au-Si binary phase diagram.

Figure 2 shows the evolution of the Si(LVV) and
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Au(NVV) Auger spectra as a function of Au coverage on
Si(111). The top spectrum (dashed) stems from bulk me-
tallic Au. A gradual increase of the intensity of the
Au(NVV) spectrum is observed with increasing Au depo-
sition, while the shape of the spectrum does not change
significantly. Simultaneously, a decrease in Si(LVV) in-
tensity is observed. The Si(LVV) peak broadens with in-
creasing Au coverage, which leads for 6 ~ 4 A to a split-
ting into two components at =90 and =94.5 eV, respec-
tively. This splitting is caused by a change in the occu-
pied local density of states due to Au-Si chemical interac-
tion. We note that additional spectral features, marked
by vertical arrows, are observed in the Auger spectra at
kinetic energies between 70 and 90 eV.

B. Analysis of spectral intensities

Sib

I r

(a)

Si2p PE
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Au/Si
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FIG. 3. Spectral intensities as a function of Au coverage on
Si(111) for (a) Si 2p PE, (1) Au 4f PE, and (c) Si(LVV) and
Au(NVV) Auger signals. For the PE intensities, closed squares
are used to denote the reacted component: closed circles, the
Si-bulk or the metallic-Au phases: and solid triangles, the sub-
monolayer of nonreacted Au on Si(111). In (c) open circles
(open squares) rerpresent the intensities of Au(NVV) [Si(LVV)]
Auger signals. The inset in (c) gives the dependence of the nor-
malized Au(XVV) Auger intensity for Au deposited on the non-
reacted substrate (solid curve) and for Au/Si(111) (dashed
curve), respectively (see text).

Figure 3 displays the relative intensities of the various
PE subspectra and Auger spectra as a function of Au
coverage for Au/Si(111). Here, the PE spectral intensi-
ties are defined as peak areas normalized to the storage-
ring electron-beam current; the AES intensities are taken
as peak-to-peak amplitudes normalized to the current of
the electron gun. Figure 3(a) shows that the relative

weight of the Si 2p3&z PE component from the unreacted
substrate decreases monotonically with Au coverage,
becoming negligible for 6~15 A. A small shoulder is
observed in the intensity-versus-coverage curve for

0
0.5 ~ 6 ~ 2 A. The reacted Si 2p3/2 component displays a
broad intensity maximum between =6 and =25 A, with
its relative weight decreasing slowly with increasing Au
coverage. It is striking that a Si 2@3/2 PE signal can still

0
be monitored for Au coverages as high as =75 A.

The intensity of the reacted component in the Au
4f3/2 PE spectrum exhibits also a broad maximum at
similar coverages as the reacted Si 2p PE component
[Fig. 3(b)]. At higher coverages, a smooth decay toward
a saturation value, reached at a coverage of =60 A, is
found; the intensity in the saturation region is only about
half of that in the maximum. At a coverage of =20 A,
the growth of an unreacted metallic Au phase begins, as
can be inferred from the coverage dependence of the Au
4f7/2 PE component originating from such a metallic
phase [Aub curve in Fig. 3(b)]. While the Aub intensity
increases steeply in the low-coverage range (for 6 (50
A), it saturates at higher coverages at a value substantial-
ly smaller than that of the reacted component and also
than that of the bulk component from a thick Au film.
By comparing the PE intensity of this unreacted metallic
Au phase for 6=75 A, I75+ which is assumed to be
buried underneath a Au3Si layer, with the sum of intensi-
ties of the bulk (I ) and surface (I' ) components in the
4f7/2 core-level PE spectrum of a thick Au film, the
thickness of the reacted surface layer may be estimated.

0
With an attenuation length of 4 A, derived from the slope
of the Sib(6) curve in Fig. 3(a), an experimental ratio
I" ~ /(I +I' )=0.35 is found corresponding to approx-
imately one monolayer of Au3Si on the surface of the
Au-Si interfacial layer.

Figure 3(b) reveals that a PE signal from submonolayer
nonreacted Au is only observed for Au coverages less
than =4 A. The increase in intensity of the respective
PE signal [Au; in Fig. 3(b)] with increasing 6, observed
for 0.5 6 ~ 2 A, is brought to an abrupt stop at 6=2—3
A; this signals again the beginning of chemical interac-
tion between Au and Si.

In Fig. 3(c), the intensity of the Si(L VV) AES spectrum
is shown as a function of Au coverage; it decreases mono-
tonically with 6 reaching a saturation value for 6 ~ 30
A. Again, from the slope of the curve we obtain an at-
tenuation length of =4.5 A, which agrees with the mean
free path of Auger electrons expected in case of a layer-
by-layer growth mode. On the other hand, a continuous
growth of the Au(NVV) Auger intensity is observed for
6 up to =50 A. The inset in Fig. 3(c) shows the
Au(NVV) intensities normalized to the backscattering
factor for Au/Si(111) (dashed curve) and for Au deposit
ed on a nonreactive substrate (solid curve). From a com-
parison of these two intensities we conclude that the
amount of Si on the surface of the Au/Si(111) interfacial
layer corresponds to approximately one monolayer of
Au3Si. "

In the following, we summarize the conclusions from a
joint analysis of intensities of the various components in
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the core-level PE and AES spectra of Au/Si(111). Essen-
tially three stages may be distinguished in the process of
interface formation.

(i) Low-coverage depositon of Au on Si(111),6(2 A,
does not lead to a breaking of Si—Si bonds or
interdiffusion of Si and Au atoms.

(ii) The intermediate-coverage region from =2 to =25
A is characterized by strong interdiffusion of Au and Si
and the formation of a reacted Au-Si phase with approxi-
mate stoichiometry Au3Si.

0

(iii) The high-coverage region, 8) 25 A, is governed by
the formation of an unreacted metallic Au phase beneath
approximately a monolayer of reacted Au3Si.

In this way, the Au/Si(111) interface is characterized
by a "sandwich" structure. This is in accord with the re-
sults of a previous study of Au/Si(111) by AES depth-
profile analysis.

I

Au/S'

~
~

Ik Au

o{A)

75

~ ~ ~
23

40 eV

IV. VALENCE-BAND ELECTRONIC STRUCTURE

A study of the electronic structure of occupied and
unoccupied states close to EF provides additional infor-
mation on the nature of chemical interaction between Au
and Si. these valence-band states are directly involved in
the formation of chemical bonds between Au and Si. For
a study of the Au 5d states, PE measurements in the
valence-band region with photon energy of hv=40 eV
were performed.

A set of valence-band spectra for various Au deposi-
tions on Si(111), taken with hv=40 eV, is shown in Fig.
4. One first notices that the spectra are dominated by Au
5d states for all Au depositions studied. The splitting of
the two 5d-derived spectral branches increases with Au
coverage, rejecting an increasing interaction between
neighboring Au atoms and reaches a final value of 2.2 eV
at 8=15 A.

For high Au coverages (e ~ 23 A), a shoulder A at the
low-binding-energy side of the 5d5/2 derived branch is
observed. Such a shoulder has been noticed before and
was assigned to the formation of a Au-Si compound.
However, the present study is not supporting such an as-
signment, since it clearly shows that Au3Si is already
formed for Au coverages as low as 15 A. In addition, the
shape of the valence-band spectrum observed for 0= 15
0
A agrees quite well with the results of a density-of-states
calculation for Au3Si. Instead, we notice here that
shoulder A appears in the valence-band spectrum at a
coverage of 8 ~ 23 A, i.e., when the formation of an un-
reacted metallic Au phase buried in the interfacial layer
begins. The spectra for 6=23 and 75 A in Fig. 4 were
accordingly least-squares fitted to a superposition of two
subspectra, defined by the spectral shapes of bulk gold
(dashed) and of Au3Si (dotted), respectively. The solid
curves through the data points in the 23- and 75-A spec-
tra of Fig. 4 are the results of this special analysis, with
the subspectra and their relative intensities also given.
The quality of these fits demonstrates that shoulder A
should be assigned to the signal from an unreacted metal-
lic gold phase in the interfacial layer.

Figure 5 shows the spectral region close to the Fermi
level both for a coverage of 15-A Au and for bulk Au

15

Si(

10 5 EF
Binding Energy(eV)

0

metal in more detail. As is evident from this figure, the
spectral intensity close to EF is smaller for the Au/Si sys-
tem than for Au metal. This may be due to the observed
narrowing of the 5d band and rejects a decrease of a den-
sity of d states at EF in Au/Si(111) as compared to Au
metal, in agreement with the results of our PY measure-
ments (see Sec. V). Alternatively, a decrease in the par-

OeV

:Au/Si(111)
8=15 A

1

i

kA

Binding Energy (eV)

FIG. 5. Valence-band PE spectra close to Ez in detail:
dashed, 15-A Au/Si(111); solid, bulk Au. The spectra intensi-
ties are normalized with respect to equal photon Aux.

FIG. 4. Valence-band PE spectra of the Au/Si(111) interface
for various Au coverage 6. The bottom spectrum represents
clean Si(111),while the top one was taken from a thick layer of
Au metal. The spectra for high Au coverages, 6=23 and 75 A,
are composed of two subspectra, one from a reacted phase (dot-
ted) and the other one from an unreacted metallic gold (dashed).
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into account. The normalized-intensity curve reAects
therefore the variation of the unoccupied local partial d
density of states at EF as a function of Au coverage.
After an initial steep increase, the d density of states de-
creases in the coverage range from =4 to = 15 A,
reAecting the intense chemical interaction between Au
and Si.

It is interesting to note, that in spite of the large band-
width in the reacted phase (see Fig. 4), the number of
unoccupied d states is obviously smaller than for sub-
monolayer coverages. This may be explained by a dis-
tinct dispersive behavior of the different hybridized
bands: For submonolayer coverages as well as for Au
metal, hybridization takes place between d and s states,
and the larger dispersion of the s states leads to a wide
spread of d character. In the case of the reacted phase,
however, p-d hybrids are dominant, and the weaker
dispersion of the Si-derived p states diminishes the spread
of d character.

For Au coverages exceeding =15 A, a renewed in-
crease is observed due to the formation of an unreacted
metallic Au phase in the interfacial layer. Note, that for
all Au coverages studied, the normalized Xv»-peak in-
tensity stays well below that observed for bulk Au metal
[horizontal bar in Fig. 7(a)]. This is in good agreement
with the behavior of the density of states close to EF ob-
served by valence-band PE spectroscopy (Fig. 5).

PY spectra at the L»», threshold of Si are presented
in Fig. 7(b), both for clean Si(111) and for Au/Si(111)
with three different Au coverages. The five features
marked by vertical bars in the spectrum of clean Si(111)
agree well with previous electron-energy-less spectrosco-
py (EELS) and inverse-photoemission observations:
S, to S3 are assigned to excitations into unoccupied sur-
face states, while E& and E2 reAect transitions into unoc-
cupied bulk states. In the case of Au/Si(111), the
surface-state features become less pronounced with in-
creasing Au coverage, while the bulk features gain in rel-

0
ative weight. For 8~6 A, the PY spectra turn rather
structureless due to an additional signal from the reacted
layer, which is shifted to higher energies.

yi. THE PROCESS OF Au/Si(111) INTERFACE
FORMATION

The present work shows clearly that the formation of
interfaces between Au and Si(ill) is strongly influenced

by chemical interaction between Au and Si. Essentially
two models for the Au-Si chemical interaction have been
discussed up to now.

(i) Chemical interaction from the very beginning of Au
deposition. This concept, however, is not supported by
other observations. '

(ii) Existence of a critical thickness of Au for the for-
mation of a metallic Au layer, with the weakly bound
conduction electrons screening the Si—Si bonds. This
model, however, is unable to explain the different behav-
ior of the isoelectronic Ag/Si system, which is known to
be nonreactive for all coverages.

The present results suggest that the process of Au-Si
interaction is mainly governed by the evolution of the
electronic structure of Au with increasing of Au cover-
age. At low coverages, when the width of the Au Sd
band is small, we are in a situation similar to that of
Ag/Si, where the energy separation of the metal-derived
d states from Si-derived p states close to EI; is large
enough to suppress pd hybridization. At higher Au cov-
erages, the increasing interaction between neighboring
Au atoms leads to a broadening of the d band and, conse-
quently, to an increasing energy overlap of the d states
with Si-derived p states. This suggests the existence of a
critical coverage, where one arrives at a situation similar
to that encountered in transition-metal/Si systems.
There, the degeneracy of Si p and metal Sd states favors
the formation of hybrid bonds causing chemical reaction
at the interface. Thus, in the framework of this certainly
oversimplified picture, the existence of a critical thickness
for chemical interaction is readily understood. A more
elaborate model, however, should also consider the role
of s states.
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