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a b s t r a c t

Si 2p core-level spectra (CLS) of Au adsorbed Sið111Þ-
ffiffiffi

3
p
�

ffiffiffi

3
p

-Ag surface at various Au coverages were
measured using photoemission spectroscopy. At very low Au coverage where identical Au nanoclusters
randomly distribute on the surface, the Si 2p CLS are reasonably decomposed, which implies the dis-
persed electrostatic potentials induced by the Au nanoclusters are strongly screened so that the inhomo-
geneity of the underlying band-bending is negligible. However, at a higher Au coverage where a part of
Au nanoclusters aggregate into the Sið111Þ-

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

-ðAgþ AuÞ superstructure (
ffiffiffiffiffiffi

21
p

-Au), the Si 2p CLS
cannot be fully decomposed but be reproduced by combination of the CLS obtained from a pure Au nano-
cluster phase and a

ffiffiffiffiffiffi

21
p

-Au phase. This indicates a strong band-bending inhomogeneity due to the par-
tially aggregation of Au nanoclusters on the surface.

� 2008 Elsevier B.V. All rights reserved.
ffiffiffip ffiffiffip

1. Introduction

Band-bending (BB) inhomogeneity is an important issue in the
study of Schottky barrier formation, since it induces inhomogene-
ity in Schottky barrier height that strongly affect the electron
transport properties at metal–semiconductor (MS) interfaces [1].
The BB inhomogeneity may also severely affect a lineshape of pho-
toemission core-level spectrum (CLS) taken from a semiconductor
surface where metal atoms sparsely adsorb thereon and act as po-
tential centers altering the BB locally. This has been experimentally
demonstrated by Cimino et al. on metal-covered GaAs(110) sur-
face [2] and by De Renzi et al. on K adsorbed H:Si(111)(1 � 1) sur-
face [3]. In both cases, the BB inhomogeneity modifies the
lineshape of CLS significantly and makes them impossible to be
fully decomposed. On a metal terminated semiconductor surface
with metallic surface-state bands, by contrast, the sparsely distrib-
uted potential (adatoms) may be well screened by the surface-
state electrons so that BB inhomogeneity would be negligible. In
spite of its reasonableness, however, this conjecture has not been
testified in experiment yet.
ll rights reserved.
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A monolayer-Ag-terminated Si(111), the Sið111Þ- 3� 3-Ag
surface (

ffiffiffi

3
p

-Ag hereafter), adsorbed by an extremely low density
of Au atoms, is a particularly suitable system for studying this is-
sue. The

ffiffiffi

3
p

-Ag surface is a good substrate due to its high intrinsic
homogeneity and low defect density, which is reflected in the
sharpness of its Si 2p CLS. Moreover, being a two-dimensional
(2D) electron gas system, the

ffiffiffi

3
p

-Ag surface has a metallic sur-
face-state band with parabolic dispersion crossing the Fermi level
[4–6]. After extensive studies including photoelectron spectros-
copy (PES) [4–8], first-principles calculation [9–11], scanning tun-
neling microscopy (STM) [12,13], X-ray diffraction [14,15] and
other experimental techniques [16,17], the

ffiffiffi

3
p

-Ag surface has been
well known and become popular as a substrate for adsorption of
various metal atoms [5,18–21] and molecules [22–25]. Au atoms
were chosen as adsorbates because they form identical 2D nanocl-
usters, which distribute randomly on the

ffiffiffi

3
p

-Ag surface at the
extremely low Au coverage (named as Au nanocluster phase), as
Fig. 1a shows [26]. As the Au coverage increases, a part of 2D
nanoclusters aggregate into the Sið111Þ-

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

-ðAgþ AuÞ
superstructure (

ffiffiffiffiffiffi

21
p

-Au hereafter), resulting in a mixed phase
(Fig. 1b). The

ffiffiffiffiffiffi

21
p

-Au superstructure covers the whole surface uni-
formly at a saturate Au coverage, 0.14 monolayer (ML), inducing a
ffiffiffiffiffiffi

21
p

-Au phase (Fig. 1c).
In this study, we measured the Si 2p CLS of Au adsorbed

ffiffiffi

3
p

-Ag
surface to evaluate the BB inhomogeneity in different Au adatom
phases. In the Au nanocluster phase where only Au nanoclusters
sparsely distribute on the surface, the Si 2p CLS are reasonably re-
solved. This implies a negligible BB inhomogeneity resulting from a

mailto:liu.canhua@nims.go.jp
http://www.sciencedirect.com/science/journal/00396028
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Fig. 1. Topographic STM images of Au adsorbed
ffiffiffi

3
p

-Ag surface at various Au coverages, hAu, showing different Au adatom phases: (a) Au nanocluster phase at hAu = 0.02 ML,
Vtip = 0.5 V; (b) mixed phase at hAu = 0.04 ML, Vtip = �0.3 V and (c)

ffiffiffiffiffiffi

21
p

-Au phase at hAu = 0.14 ML, Vtip = 1.5 V. The same tunneling current of I = 0.75 nÅwas set. More STM
images and detailed discussion on the self-assembly of Au nanoclusters are available in reference [26].
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strong screening of the electrostatic potentials induced by the Au
nanoclusters. The influenced area of each Au-induced potential is
limited to the first Si layer and estimated to be less than 1– 2 nm
from the center of each Au nanocluster. At intermediate Au cover-
ages for the mixed phase, the Si 2p CLS can not be reasonably re-
solved. By combination of CLS taken from a pure Au nanocluster
phase and a

ffiffiffiffiffiffi

21
p

-Au phase, we successfully reproduce the CLS of
the mixed phase. This indicates that the underlying BB in the
mixed phase is inhomogeneous due to the difference in BB in the
two pure phases.

2. Experiment

The PES experiment was performed in a UHV chamber (base
pressure: better than 5 � 10�11 Torr) installed on the beam line
BL-1C at the Photon Factory in KEK, Tsukuba, Japan. The chamber
is equipped with a low-energy electron diffraction (LEED) system
and an analyzer of Scienta SES-100 with an energy resolution of
�20 meV. The sample surface was prepared in a same manner as
we did in previous report [26]. A B-doped p-type Si(111) wafer
with resistivity of 1–10 X cm at RT was used. After outgassing at
�400 �C throughout a night, the wafer was electrically flashed at
1250 �C to obtain a clean Si(111)-7 � 7 surface. The

ffiffiffi

3
p

-Ag surface
was produced at a substrate temperature of 450 �C by depositing
1 ML Ag atoms. Two minutes’ post-annealing at the deposition
temperature was proceeded to improve the quality of the

ffiffiffi

3
p

-Ag
surface. After deposition of Au atoms at RT, sample surfaces were
transported to another stage kept at 70 K for CL PES measurement.

The adsorption rate of Au atoms is roughly calibrated with LEED
by making a sequence of Au/Si(111) phases at optimal coverages
[27,28]: 5 � 2 (0.44 ML), a-

ffiffiffi

3
p
�

ffiffiffi

3
p
ð2=3MLÞ and b-

ffiffiffi

3
p
�

ffiffiffi

3
p

phases (1 ML). More precise Au coverages were determined from
the Au 4f CLS taken at normal emission with photon energy of
135 eV (see Fig. 2a), by comparing the intensity with that of an
optimized surface, Si(111)-5 � 2-Au.

3. Results and discussion

According to our recent STM observations [26] (see also Fig. 1),
each Au nanocluster consists of three Au adatoms that sit on equiv-
alent sites at the

ffiffiffi

3
p

-Ag surface, exhibiting three-fold symmetry.
This means all Au adatoms have identical chemical environment
so that photoelectrons emitted from CL states of Au atoms can be
easily resolved. To verify it, we measured the Au 4f CLS at various
Au coverages on the

ffiffiffi

3
p

-Ag surface, as shown in Fig. 2a. Two spin–
orbit splitting peaks are identified in each spectrum. All the Au 4f
CLS can be reproduced well by Voigt line shape added to a linear
background. A typical resolved result of the Au 4f CLS at
0.145 ML, where a clear

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

LEED pattern has been ob-
served, is shown in Fig. 2b. There are two components being recog-
nized: the grey component dominates the spectrum while the
black one is negligibly small. It can be simply explained by assign-
ing the grey component to the Au atoms adsorbed on well defined
sites of the

ffiffiffi

3
p

-Ag substrate, while the black one to Au defect
atoms adsorbed, for example, on steps of the Si surface. Thus,
one main component is enough for fitting the raw data of the Au
4f CLS, which is consistent with our STM observations mentioned
before.

Fig. 3 is a summary of the Si 2p CLS taken from the Au/
ffiffiffi

3
p

-Ag
surfaces at various Au coverages. LEED patterns, which agree with
the previous STM measurements, are also described in the figure.
‘‘No

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

” at 0.016 ML and 0.021 ML in Fig. 3 means that
no

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

LEED pattern was observed (only
ffiffiffi

3
p
�

ffiffiffi

3
p

pattern),
corresponding to the Au nanocluster phase discovered in the STM
observations (see Fig. 1a). At 0.060 ML and 0.037 ML, the LEED pat-
terns showed a series of faint

ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

spots due to small
ffiffiffiffiffiffi

21
p

-Au domains in the mixed phase (see Fig. 1b). When the Au
coverage reached 0.145 ML, the LEED pattern exhibited very sharp
ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

spots, indicating that the surface was covered by large
ffiffiffiffiffiffi

21
p

-Au domains. At 0.322 ML, however, the
ffiffiffiffiffiffi

21
p

�
ffiffiffiffiffiffi

21
p

LEED pat-
tern became faint again since the excess Au atoms partially destroy
the

ffiffiffiffiffiffi

21
p

-Au.
The Si 2p CLS shift gradually toward higher binding energy as

Au coverage increases, indicating that Au adatoms modify BB of
the Si substrate gradually. This is because Au adatoms dope the
ffiffiffi

3
p

-Ag surface with electrons, elevating the Fermi level and thus
softening the BB. The correlation of BB with surface band struc-
tures was reported previously [29,30], so here we concentrate on
the BB inhomogeneity, which correlates strongly to the topo-
graphic distribution of Au adatoms. Actually, the lineshapes of
the Si 2p CLS have a strong ‘‘phase dependence” rather than a Au
coverage dependence. Both in the Au nanocluster phase and
ffiffiffiffiffiffi

21
p

-Au phase where only one type of phase domain exists, the
CLS is insensitive to the Au coverage, i.e., the CLS lineshape at
0.016 ML (0.145 ML) is similar to that at 0.021 ML (0.191 ML). In
the mixed phase, however, the CLS changes a lot in shape from
0.037 ML to 0.060 ML. This can be naturally understood with the
fact that Si 2p CL photoelectrons emitted from Au nanocluster
phase domains and

ffiffiffiffiffiffi

21
p

-Au domains contribute two different line-
shapes of CLS. When the Au coverage within the mixed phase
changes, the intensity ratio of the CLS from the two different Au
phase domains varies accordingly, resulting in the change in the
CLS lineshape.

We have tried to resolve all the CLS shown in Fig. 3. However,
only those taken from the phases of bare

ffiffiffi

3
p

-Ag, Au=
ffiffiffi

3
p

-Ag nano-
cluster and

ffiffiffiffiffiffi

21
p

-Au, but not from the mixed phase, can be reason-
ably decomposed, as Fig. 4 shows. The parameters used in the
resolving procedure are summarized in Tables 1 and 2. In the fol-
lowing, we first discuss the resolvable Si 2p CLS in various pure
phases, and then turn to the irresolvable ones in the mixed phase,
to obtain the information of BB inhomogeneity in each Au adatom
phase.
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3.1. Surface superstructures of
ffiffiffi

3
p

-Ag and
ffiffiffiffiffiffi

21
p

-Au

In both
ffiffiffi

3
p

-Ag and
ffiffiffiffiffiffi

21
p

-Au phases, the superstructures uni-
formly cover the whole surface and thus modify the substrate BB
homogeneously. We succeeded in decomposing the Si 2p CLS
(see Fig. 4a and b and e and f), which have been reported previ-
ously in the construction of the

ffiffiffiffiffiffi

21
p

-Au atomic structure model
[26]. Here, we briefly summarize the decomposition results for
the purpose of a further discussion on the Si 2p CLS taken from
the other two Au adatom phases.

The Si 2p CLS of the bare
ffiffiffi

3
p

-Ag surface is decomposed into two
surface (C1 and C2), one bulk (B) and one defect (D) components.
The two surface components of C1 and C2 are assigned to the first
and second layer Si atoms, respectively, as shown in Fig. 5a. The
third layer Si atoms are in a bulk-like environment and may not
give rise to any significant energy shift in the spectra.

Similar to those of the bare
ffiffiffi

3
p

-Ag surface, the Si 2p CLS of the
ffiffiffiffiffiffi

21
p

-Au phase are resolved with three surface (R1, R2 and R3), one
bulk (B) and one defect (D) components. Based on our newly pro-
posed atomic structure model, in which Au atoms sit on the Ag tri-
angle centers of the unaltered

ffiffiffi

3
p

-Ag framework [26], we assigned
that both R1 and R3 are from the first layer Si atoms while R2 from
the second layer, as shown in Fig. 5b. The first layer Si atoms are
thus divided into two groups: one bonds with the Ag triangles ad-
sorbed by Au adatoms (R3 component), while the other with the
bare ones (R1 component). It is noted that a very recent first-prin-
ciples calculation suggests that the Au adatoms immerse in the Ag
layer and the Ag triangles be modified [31]. Because the calculation
agrees that the Au adatoms are supported by a part of Ag triangles,
it doesn’t conflict with our conclusions from the Si 2p CLS
experiments.

3.2. Au nanocluster phase

In the Au nanocluster phase (see Fig. 1a), the sparsely distrib-
uted Au nanoclusters are positively charged by doping the sub-
strate with electrons, and thus expected to induce BB
inhomogeneity. According to the previous studies on metal-cov-
ered GaAs(110) surface and K adsorbed H:Si(111)(1 � 1) surface,
[2,3], the Si 2p CLS should be difficult for decomposition, since it
requires a large number of components with various energy shifts
due to the BB inhomogeneity. However, we succeeded in resolving
the CLS taken at both 0.016 ML and 0.021 ML with only several
components. This implies the Au-induced electrostatic potential
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Fig. 4. Resolved results of the Si 2p CLS taken from the
ffiffiffi

3
p

-Ag surface, (a) and (b), the Au nanocluster phase at hAu = 0.016 ML, (c) and (d), and the
ffiffiffiffiffiffi

21
p

-Au phase at
hAu = 0.145 ML, (e) and (f). Note that in order to compare the energy shift of each component in the resolved results, relative binding energy is used in the horizontal axis. The
2p1/2 binding energy of the bulk components (0 eV in the figure) in the three phases,

ffiffiffi

3
p

-Ag, Au nanocluster and
ffiffiffiffiffiffi

21
p

-Au, is 98.36 eV, 98.48 eV and 98.76 eV, respectively.

Table 1
Summary of the parameters used in resolving the Si 2p CLS shown in Fig. 4

Parameters
ffiffiffi

3
p

-Ag 0.016 ML 0.145 ML

SO splitting (eV) 0.605(3) 0.594(6) 0.595(5)
Branching ratio 0.38(2) 0.44(5) 0.41(3)
Singularity 0 0.04 0.04
Lorenzian (meV) 80 80 80
Gaussian (meV) B: 65 B: 110 B: 110

C1,2:95(10) L1,2:150(10) R1,2:150(10)
L3:180 R3: 180

Other two parameters are shown in Table 2 in detail for discussion.

Table 2
Relative binding energy and relative intensity optimized in resolving the Si 2p CLS
shown in Fig. 4

Surface Component Relative binding energy (eV) Relative intensity

0� 30� 0� 30�
ffiffiffi

3
p

-Ag B 0 0 0.30 & 0.27
C1 0.32 0.31 0.42 % 0.62
C2 0.13 0.11 0.26 & 0.08
D �0.24 �0.27 0.02 0.03

Nanocluster B 0 0 0.27 & 0.25
(0.016 ML) L1 0.24 0.24 0.39 % 0.43

L2 0.12 0.10 0.20 & 0.09
L3 0.40 0.40 0.12 % 0.22
D �0.22 �0.26 0.02 0.01

ffiffiffiffiffiffi

21
p

-Au B 0 0 0.41 & 0.37
(0.145 ML) R1 0.31 0.30 0.16 % 0.25

R2 0.14 0.15 0.27 & 0.18
R3 0.44 0.44 0.13 % 0.16
D �0.20 �0.20 0.03 0.04

The arrows in the table indicate increase (%) or decrease (&) in the relative
intensity of the respective components when the emission angle changes from 0� to
30�.

Fig. 5. Atomic structure models of the
ffiffiffi

3
p

-Ag surface used for interpreting the
resolved results of the Si 2p CLS shown in Fig. 4. (a) is for the bare

ffiffiffi

3
p

-Ag surface,
and (b) is for the Au adsorbed case.
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should be strongly screened, resulting in a homogeneous BB be-
neath the

ffiffiffi

3
p

-Ag surface.
Figs. 4c and 4d show only the resolved results of 0.016 ML be-

cause those of 0.021 ML are the same. Both spectra taken at normal
and 30� emissions are decomposed into three surface (L1, L2 and
L3), one bulk (B) and one defect (D) components. The binding ener-
gies of all the components are independent on the emission angles
(Table 2), implying the reasonableness of the decomposition.
Irrespective of an extremely small number of Au adatoms thereon,
the CLS lineshape changes dramatically in the transition from
the bare

ffiffiffi

3
p

-Ag to the Au nanocluster phase, while the resolved
components have some similarities. For example, the relative
intensities of the bulk components in both phases are similar.
The component L2 has also very similar relative binding energies
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and relative intensities with C2 for both emission angles (see Table
2), which implies that L2 also originates from the second layer Si
atoms as C2 does. Moreover, since the sum of their relative inten-
sities is comparable to that of C1, the components L1 and L3 are be-
lieved to originate from the first layer Si atoms as C1 does. These
assignments are convinced by the fact that all the components
arising from a same layer Si atoms change in relative intensity in
the same manner when emission angle is changed. As indicated
by the arrows in Table 2, the relative intensities of all the compo-
nents from the first layer Si atoms (C1, L1,3 and R1,3) increase as
emission angle changes from 0� to 30�, while those from the sec-
ond layer (C2, L2 and R2) decrease simultaneously.

It is noted that the binding energy of L1 (0.24 eV) is smaller
while that of L3 (0.40 eV) is larger than that of C1 (0.32 eV). This
is obviously caused by the sparsely distributed Au nanoclusters
on the surface (see Fig. 1a). The Au adatoms transfer unlocalized
electrons to the substrate, so that the first-layer Si atoms far from
the Au adatoms may have a more negatively charged environment
than those of the bare surface, contributing to L1 with a lower bind-
ing energy. The first-layer Si atoms near the Au adatoms, on the
contrary, may have a more positively charged environment due
to the attractive potential induced by the Au cations, thus contrib-
ute to L3 with a higher binding energy.

The influenced area of the Au-induced potential can be roughly
estimated from the relative intensity of the related components.
Giving IL1 and IL3 to be the relative intensities of L1 and L3, respec-
tively, the ratio of the influenced area to the whole surface is esti-
mated to be

IL3

IL3 þ IL1
¼ 0:12

0:12þ 0:39
¼ 24%: ð1Þ

Here we used the resolved results of the normal-emission CLS listed
in Table 2 as an example. Since the Au coverage is 0.016 ML, the
concentration of isolated Au nanoclusters is 4.2 � 1016 m�2, notic-
ing three Au atoms per Au nanocluster. The influenced area of the
attractive potential is thus estimated to be 24%/(4.2 � 1016) =
5.7 � 10�18 m2. This value can be approximated to a circular area
with a radius of 1.3 nm. The same estimating procedure was also
carried on the 30�-emission CLS and those at other Au coverages.
As a conclusion, the radius of the influenced area of the potential in-
duced by one Au nanocluster is estimated to be 1–2 nm. This value
is comparable to the size of the Au nanocluster, indicating that the
potential influence on the CLS from the first-layer Si atoms is lim-
ited to very small areas around the Au nanoclusters. Actually, this
is a reasonable result considering that the Au-induced electrostatic
potentials may be strongly screened by the surrounding 2D free-like
electrons. Ono et al. [32] have directly observed such a screen effect
with scanning tunneling spectroscopy on the

ffiffiffi

3
p

-Ag surface, show-
ing that the electrostatic potential exhibits a strong distance depen-
dence only in a circular area with a radius of �2 nm, which is
consistent with our current estimations.

It is worth emphasizing that the component L2 from the second
Si layer has an almost identical relative binding energy with C2 of
the bare

ffiffiffi

3
p

-Ag surface. Moreover, it does not split into two com-
ponents as C1 does. These facts indicate that the influence of the
Au-induced electrostatic potentials is limited within only the first
Si layer. Si atoms in the second or deeper layers have little changes
in chemical environment caused by the sparsely distributed elec-
trostatic potentials. In other words, the BB inhomogeneity possibly
introduced by the Au adatoms is negligible. At even lower Au cov-
erage (less than 0.016 ML shown here), the lineshapes of Si 2p CLS
may be slightly different due to a reduction in intensity of L3 com-
ponents, and they may shift toward lower binding energy on the
whole due to smaller electron doping from Au adatoms to the
ffiffiffi

3
p

-Ag surface. However, the above discussion on the negligible-
ness of BB inhomogeneity is still applicable because the screen ef-
fect does not depend on the Au coverage in the nanocluster phase.
This contrasts well with the cases of meta-covered GaAs(110) and
K adsorbed H:Si(111)(1 � 1) surfaces, where there is no free-like
electrons to screen the adatom-induced potentials so that the BB
inhomogeneity is significantly exhibited in those CLS lineshape
[2,3].

3.3. Mixed phase

As mentioned before, the Si 2p CLS taken from the mixed phase
can not be decomposed in a reasonable way. In addition, they
change obviously in lineshape when Au coverage varies, as the dot-
ted curves shown in Fig. 6. These facts are obviously due to the
coexistence of Au nanocluster domains and

ffiffiffiffiffiffi

21
p

-Au domains at
the surface (see Fig. 1b), so the CLS of the mixed phase have to
be reproduced in a different way.

The binding energy of the bulk component shifts due to the Au
adsorption, which can be directly observed in Fig. 3 from the peak
shifts of the Si 2p CLS as the Au coverage varies. It is noted that the
‘‘bulk” component here corresponds to the Si atoms in the space-
charge layer very close to the surface, rather than those in the deep
bulk crystal. Therefore, we can obtain the modification of BB in-
duced by Au adatoms from the binding energy shift of the bulk
component in Si 2p CLS. After resolving the spectra shown in
Fig. 4, the binding energy of the bulk Si 2p1/2 state was obtained
to be 98.36 eV, 98.48 eV and 98.76 eV for

ffiffiffi

3
p

- Ag, Au nanocluster
and

ffiffiffiffiffiffi

21
p

-Au phases, respectively. In a rigid-band model for the
bulk electronic structure close to the surface, the valence band
maximum (VBM) shifts in the same way as the Si 2p CL state does.
Since the VBM at the

ffiffiffi

3
p

-Ag surface has been reported to be 0.l6 eV
below the Fermi level [29], we can thus obtain the VBM at the sur-
faces in Au nanocluster and

ffiffiffiffiffiffi

21
p

-Au phases to be 0.28 eV and
0.56 eV, respectively. These results indicate that the BB is quite dif-
ferent between the two phases, since the VBM in deep bulk is fixed
and independent of surface structure.

In the mixed phase, therefore, the BB is inhomogeneous due to
the coexistence of Au nanocluster and

ffiffiffiffiffiffi

21
p

-Au domains. The inho-
mogeneity may be large enough for significant modification of the
Si 2p CLS since the difference in BB between the two domains is
0.28 eV, which is comparable to the relative binding energies of
the surface components (see Table 2). Consequently, CL states of
Si atoms beneath different domains may have different binding
energies even if they are in a same layer, so that the Si 2p CLS con-
tain too much components with various energy shifts to be fully
resolved.

In a simplified case, the local BB may be homogeneous within a
single domain as long as the domain size is not too small, and its
value in different domains of the same type should be identical.
In other words, only two types of BB exist in the surface if domain
boundaries are ignored. In this case, the Si 2p CL photoelectrons
emitted from the mixed phase can be classed into two groups
depending on their binding energy: one is from Au nanocluster do-
mains and the other from

ffiffiffiffiffiffi

21
p

-Au domains. This means the mea-
sured Si 2p CLS of the mixed phase is the combination of those
from the two pure phases.

We verified the above idea by combining the Si 2p CLS taken at
0.016 ML (Au nanocluster phase) and at 0.145 ML (

ffiffiffiffiffiffi

21
p

-Au phase)
to reproduce those of the mixed phase, as Fig. 6 shows. In the com-
bination, the CLS of the two pure phases are shrunken due to the
decrease in their corresponding domain areas at the mixed phase.
Although the absolute value of the contribution from each compo-
nent CLS to the combined CLS is meaningless due to the imperfect
normalization of the CLS intensity, the trend of change in the
contribution with respect to the Au coverage is very reasonable
in the current combination; When the Au coverage is increased
from 0.037 ML to 0.06 ML in Fig. 6, the contribution of the
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Fig. 6. Si 2p CLS of the Au/
ffiffiffi

3
p

-Ag surfaces at the mixed phase at hAu = 0.037 ML, (a) and (b), and hAu = 0.060 ML, (c) and (d).
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ffiffiffiffiffiffi

21
p

-Au CLS (0.145 ML) to the mixed-phase CLS is increased while
that of the Au-nanocluster CLS (0.016 ML) is decreased both in nor-
mal and 30� emission data. The parallel arrows in Fig. 6 indicate
the energy shifts of respective CLS in combination. They are all
negligible considering the energy resolution of the experiment.
This implies that the BB of a single domain at the mixed phase is
identical to that of its corresponding pure phase.

The combination results are shown with grey curves in Fig. 6,
which reproduces well the Si 2p CLS of the mixed phase, as ex-
pected. This result also confirms our assumption that the areas of
domain boundaries containing intermediate BB due to continuity
are small enough to be neglected.
4. Conclusions

The Si 2p CLS of the Au=
ffiffiffi

3
p

-Ag surfaces have been measured at
various Au coverages to evaluate the BB inhomogeneity of the Si
substrate. At the Au nanocluster phase where Au nanoclusters
sparsely distribute on the surface, the Si 2p CLS are reasonably
decomposed in spite of the dispersed electrostatic potentials in-
duced by the Au nanoclusters. The resolved results imply that
the BB inhomogeneity in this phase is negligible since the electro-
static potentials are strongly screened by the 2D free-like electron
gas at the

ffiffiffi

3
p

-Ag surface. The influence of the Au induced poten-
tials on the Si atoms is limited to the first Si layer and within
areas of no more than 1–2 nm from the centers of the Au nanocl-
usters. At mixed phase where the Au nanocluster and the

ffiffiffiffiffiffi

21
p

-Au
domains coexist, the Si 2p CLS are well reproduced, in spite of
strong BB inhomogeneity, by combination of those taken from
the Au nanocluster and the

ffiffiffiffiffiffi

21
p

-Au phases. It indicates that the
BB in a single domain (the Au nanocluster or the

ffiffiffiffiffiffi

21
p

-Au domain)
at the mixed phase is identical to that of its corresponding pure
phase.
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