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Electronic structure of the In-adsorbed Si�111��3��3-Au surface was investigated by core-level and angle-
resolved photoelectron spectroscopy. On the Si�111��3��3-Au surface, In adsorbates were reported to re-
move the characteristic domain-wall network and produce a very well-ordered �3��3 surface phase. Detailed
band dispersions and Fermi surfaces were mapped for the pristine and In-dosed Si�111��3��3-Au surfaces.
After the In adsorption, the surface bands shift toward a higher binding energy, increasing substantially the
electron filling of the metallic band along with a significant sharpening of the spectral features. The resulting
Fermi surface indicates the formation of a perfect isotropic two-dimensional electron-gas system filled with 0.3
electrons. This band structure agrees well with that expected, in a recent density-functional theory calculation,
for the conjugate-honeycomb trimer model of the pristine Si�111��3��3-Au surface. Core-level spectra
indicate that In adsorbates interact mostly with Si surface atoms. The possible origins of the electronic structure
modification by In adsorbates are discussed. The importance of the domain wall and the indirect role of In
adsorbates are emphasized. This system provides an interesting playground for the study of two-dimensional
electron gas on solid surfaces.
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I. INTRODUCTION

Self-assembled metal overlayers on semiconductor sur-
faces recently attracted considerable interest due to their low-
dimensional electronic properties.1–4 Metal overlayers on
semiconductor surfaces exhibit not only two-dimensional
�2D� metallic systems such as Si�111��3��3-Ag,5,6

Si�111��7��3-In,7 Ge�111��3��3-Sn,8 and the dense Pb
layers on Si�111�,9 but also �quasi�one-dimensional �1D� me-
tallic systems such as Si�111�4�1-In �Ref. 10� and
Si�111�5�2-Au.11,12 On these systems, interesting low-
dimensional physics has been discussed such as 2D electron-
gas formation,5 frustrated 2D Mott insulating ground states,8

1D charge-density-wave phase transition,10 and 1D band-gap
engineering by the adsorbate doping.12

Another interesting candidate system for a 2D metal is the
Si�111��3��3-Au surface formed by Au adsorbates of
around one monolayer �ML�.13 This surface exhibits a com-
plicated domain-wall structure which depends sensitively on
the coverage of adsorbates.14 The similar domain-wall for-
mation can be found on a few other dense adsorbate systems
due to the surface strain such as Pb/Si�111� where the do-
main wall forms a variety of superstructures with long-range
orders.15–17 Detailed band dispersions and Fermi surfaces of
this system were reported recently, which depend systemati-
cally on the domain-wall ordering and the concomitant local-
structure change.9 However, in contrast to Pb/Si�111�, a dis-
ordered meandering domain-wall pattern was observed on
the Si�111��3��3-Au surface.18,19 The detailed surface or-
dering was classified according to the domain-wall configu-
ration; the �−�3��3 phase with the lowest domain-wall
density at 0.9 ML of Au, the �−�3��3 phase with a higher
domain-wall density at 1.0 ML, and the 6�6 phase with
ordered domain walls at 1.1 ML.13,20 These domain-wall
structures all melt at a higher temperature than 600 °C,

where a domain-wall-free �−�3��3 phase is formed.14,21

Throughout this evolution the local �3��3 structure
within the domains and the local structure of domain walls
are thought to be preserved.13,18,19 However, the detailed
atomic structures of the domain and, especially, the domain
wall are not fully clear. This is partly due to the existence of
the disordered domain-wall structure, which makes the struc-
tural analysis by a conventional diffraction technique diffi-
cult. As for the �3��3 domain, it has been widely accepted
that the structure is composed of Au and Si trimers, which is
similar to the well-established structure of the Si�111��3
��3-Ag surface.21,22 In detail, three variations of the trimer
structure are suggested; twisted trimer �TT�,23 honeycomb
trimer �HCT�,24 and conjugate-honeycomb trimer �CHCT�
�Refs. 25 and 26� models depending on the bond length and
the orientation of Au and Si trimers as shown in Figs.
1�a�–1�c�.

The electronic structure of the �3��3-Au surface de-
pends strongly on the Au coverage and the domain-wall
configuration.28 While both �−�3��3 and �−�3��3 sur-
faces have four distinctive surface-state bands consistently,
the so-called S1 state near the Fermi level provides an im-
portant difference; the �−�3��3 surface is metallic with
the dispersing S1 band in contrast to the �−�3��3 surface
with a flat semiconducting band.28 The 6�6 surface has
clearly different, largely dispersionless, bands and is not
metallic.28 The origin of such a drastic dependence is un-
clear.

On the other hand, recently, there was a very interesting
report concerning domain walls of the �3��3-Au surface. A
recent scanning-tunneling microscopy �STM� study27 found
that submonolayer In adsorbates on the �−�3��3 surface
eliminate the whole domain wall to yield a very well-ordered
and homogeneous �3��3 �h−�3��3, hereafter� phase.
This phenomenon was explained by the surface-stress relief
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caused by the In adsorption but is not trivial at all since the
In adsorbates at room temperature �RT� are not imaged by
STM and is thus thought to migrate actively on the surface.
While the mechanism of the In-induced structural change is
interesting enough, we by ourselves are interested in the
electronic structure of this h−�3��3 phase and the role of
the domain wall for the surface electronic property.

In this work, we measured the surface-band dispersions
and Fermi surfaces before and after the In adsorption on the
Si�111��3��3-Au surface using angle-resolved photoelec-
tron spectroscopy �ARPES�. We found that In adsorbates do
not significantly alter the surface-band structure but shift the
whole band by 200–500 meV. All the surface-spectral fea-
tures become very sharp after the In adsorption, which can
be understood from the disappearance of the disordered
domain-wall network. This electronic structure modification
yields a very well-defined 2D electron-gas system with an
isotropic Fermi surface filled with 0.3 electrons. The result-
ing band structure agrees very well with a recent calculation
based on the CHCT model �Fig. 1�c��.29 The chemical bond-
ings of the surface atoms were investigated by core-level
photoelectron spectroscopy �CLPES� using synchrotron ra-
diation. CLPES spectra indicate that In adsorbates interact
mostly with the surface Si atoms. The possible mechanism
underlying the present finding is discussed and the role of the
domain wall is emphasized.

II. EXPERIMENTAL DETAILS

The photoelectron spectra were measured at beamline
3A2 at Pohang Accelerator Laboratory �Pohang, Korea� and
beamline 7 at Advanced Light Source �Berkeley, CA�. High-
performance hemispherical electron-energy analyzers
�R4000, Gamadata Scienta, Sweden� were used at both beam

lines. Band dispersions were measured with the incident
beam energy of 45 or 90 eV while Fermi surfaces were
mapped with 90 eV photons. All data presented here were
obtained at RT. Si�111� samples cut from an n-doped �2
�8 � /cm� wafer were used. The samples were cleaned in
situ by direct current heating up to 1230 °C and the clean
surfaces were checked by the sharp 7�7 low-energy
electron-diffraction �LEED� pattern. Au was evaporated onto
the Si�111�7�7 surface kept at 600 °C from a tungsten fila-
ment source. The postannealing for 4 min at 600 °C fol-
lowed each Au deposition.

The Au coverage was calibrated with a well-established
Si�111�5�2-Au phase with a nominal coverage of 0.4 ML
�1 ML as defined by the surface atomic density of the bulk-
terminated Si�111� surface�. The Au deposition of 0.9 ML
resulted in the �−�3��3 phase as shown in Fig. 2�a�. In
agreement with the earlier LEED observations,13 the �−�3
��3 phase shows cloudlike diffraction streaks in between
�3 spots. The same annealing procedure with 1.0 ML of Au
yielded the �−�3��3 phase shown in Fig. 2�b�, which is
characterized by the weak and broad ringlike satellite fea-
tures surrounding �3 spots.13 The Au deposition of 1.1 ML
followed by a slow cooling to RT led to the formation of the
6�6 phase, shown in Fig. 2�c�, which exhibits clear
factional-order �1/6� spots due to the ordered domain-wall
superstructure.

After Au-induced reconstructions were formed, 0.5 ML of
In was deposited by a graphite effusion cell while the
samples were held at RT. The coverage of In was referenced
by the well-known surface phases of Si�111��3��3-In,
�31��31-In, and 4�1-In, with the nominal coverages of
0.3, 0.5, and 1.0 ML, respectively.30 The postannealing for
5–60 s at 600 °C following the In deposition resulted in
0.06–0.18 ML of In left on the surface, as measured by the In
4d photoelectron intensity. In this coverage range, a sharp
�3��3 LEED pattern without any other diffraction features
developed as shown in Fig. 2�d�, which should correspond to
the h−�3��3 phase without the domain-wall network ob-
served in the previous STM study.27 This procedure was kept

Si Au In

(a) (b)

(c) (d)

TT HCT

CHCT

FIG. 1. �Color online� Schematics of the structure models of the
Si�111��3��3-Au surface; �a� TT, �b� HCT, and �c� CHCT mod-
els. �d� The structure model suggested for In adsorbates on the
Si�111��3��3-Au surface at low temperature. Note that the nomi-
nal coverage of this structure is much higher than the experiment
�Ref. 27�.

(a) (b)

(c) (d)

FIG. 2. LEED patterns of the Au/Si�111� surfaces with the Au
coverage of �a� 0.9 �the �−�3��3 phase�, �b� 1.0 �the �−�3
��3 phase�, and �c� 1.1 ML �the 6�6 phase�. �d� LEED pattern of
the same surfaces after the adsorption of In �0.12–0.18 ML� and
postannealing at 600 °C.
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consistent with that STM report.27 The sharp �3��3 LEED
pattern was optimized at the In coverage of 0.12–0.18 ML.
Below the In coverage of 0.06–0.10 ML, the streaky LEED
features of the pristine surface with domain walls were dis-
cernible in accord with the STM result27 which showed the
mixture of the h−�3��3 areas with the domain-wall phase.
Here, one interesting thing is that the phase transformation
by In adsorbates occurred irrespective of the Au coverages
from the �−�3��3-Au to 6�6-Au phases as shown in Fig.
2.

III. RESULTS AND DISCUSSION

Figure 3�a� shows the band dispersion of the h−�3��3

surface along the �̄−M̄ direction ��11̄0�� of the �3��3 sur-
face Brillouin zone. Before and after the In adsorption, the
�−�3��3 surface shows similar dispersions as schemati-
cally depicted in Figs. 3�c� and 3�b�, respectively. Irrespec-
tive of the In adsorption, four surface-state bands can be
identified within the bulk band gap, which are fully consis-
tent with the previous reports for the �−�3��3 surface.28,31

The S2 and S3 bands are the most prominent spectral fea-
tures with strong dispersions. The S4 state is observed only
near the edge of the Si bulk band with a largest binding
energy. There exists a shallow metallic surface state S1 near
the Fermi level.

However, a few In-induced changes can be noticed by a
closer look. At first, the surface-state spectral features be-
come noticeably sharp after the In adsorption. The compari-
son of the spectral features, in particular for the S1 surface-
state band near the Fermi level, can be found in Figs. 4�c�
and 4�d�. The sharpening of the spectral features is consistent
with the sharpening of the �3 LEED spots accompanying the
disappearance of the streaky diffraction features due to the
domain walls. Thus, this spectral change indirectly indicates
that the disordered domain-wall network was removed by the
In adsorption and postannealing. The second overall change
by the In adsorption is the shift of the whole bands to higher
binding energies. This shift is particularly substantial for the
metallic S1 band as shown in Figs. 3 and 4; the S1 band
shifts by about 500 meV while the S2–S4 bands shift only by
200–300 meV. This shift is not related to the band bending;
the band bending shift measured from the Si 2p spectra in
CLPES and the bulk valence-band features in ARPES is
about 60–100 meV in the opposite direction.

The In-induced shift increases substantially the electron
filling of the metallic S1 band. Figures 4�a� and 4�b� show
the Fermi-surface maps, the intensity maps of photoelectrons
from the Fermi level, before and after the In adsorption, re-
spectively. For the pristine �−�3��3 surface, the Fermi
surface consists of a single circle of radius k=0.16 Å−1,
which is in good agreement with the previous study.5 Note
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FIG. 3. �Color online� �a� ARPES intensity maps in gray scale
�darker contrast for higher intensity� for the In-adsorbed
Si�111��3��3-Au surface �the h−�3��3 phase� taken at a pho-

ton energy of 45 eV along the �11̄0� axis �along �̄−M̄ in the surface
Brillouin zone�. �b� Measured surface-state dispersions by tracing
the peak positions of the ARPES spectral features of �a�. �c� Similar
surface-state dispersions measured for the �−�3��3 phase before
the In adsorption �raw data not shown�. The shaded parts in �b� and
�c� are the Si bulk band projected on the 1�1 surface Brillouin
zone.
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FIG. 4. �Color online� ARPES intensity maps at the Fermi en-
ergy to show the Fermi contours of �a� the Si�111��3��3-Au sur-
face ��−�3��3� and �b� the In-adsorbed Si�111��3��3-Au sur-
face �h−�3��3�. High photoemission intensity is shown as dark
contrast. Surface Brillouin zones for Si�111�1�1 structure �dashed
lines� and Si�111��3��3 �solid lines� are shown and the energy
integration interval of �20 meV around EF was applied. The

ARPES intensity maps along kx �along the �11̄0� axis�, which show
the dispersions of the metallic surface state S1 of �c� the �−�3
��3 and �d� h−�3��3 surfaces. The dispersions were measured
along the thick solid lines shown in �a� and �b�. The momentum
distribution curves of the ARPES intensity at the Fermi level are
provided together. All data were obtained with an incident beam
energy of 90 eV.
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that the Fermi circle is not so well defined due to the fuzzy
and broad spectral feature of S1. After the In adsorption, the
Fermi surface is also composed of a single circle but with a
substantially larger radius of. k=0.30 Å−1. The sharpening
of the spectral features, mentioned above, results in a re-
markably well-defined Fermi circles. By measuring the area
of the Fermi circles, the electron filling of the S1 band is
quantified to be 0.3 electrons per unit cell after the In depo-
sition. This is indeed a huge, three times, increase from 0.1
electrons of the pristine surface.

Figures 4�c� and 4�d� are the detailed energy dispersions
of the S1 metallic band for both surfaces obtained along the
momentum space lines indicated in Figs. 4�a� and 4�b� �thick
solid lines�. By fitting out the highest intensity positions of
the spectra, the band dispersions of the S1 band are more
quantitatively obtained. These dispersions are then fitted by
parabolic lines as shown in Figs. 4�c� and 4�d�.32 The
electron-effective mass m� determined from these fits are the
same for both surfaces as 0.3me within the experimental un-
certainty. This evidences that the metallic bands before and
after the In adsorption have the same origin. Thus, we con-
clude that electrons are donated to the S1 band through the In
adsorption, directly from In adsorbates themselves or indi-
rectly by the In-induced structural changes.

The In-induced h−�3��3 surface is optimized at 0.12–
0.18 ML as the LEED and the CLPES results tell �the
CLPES results are discussed below�. If we assume that the
electrons are donated from the In adsorbates, then the mea-
sured increment in the electron filling corresponds to 0.4–0.6
electrons from each In atom, which is not unusual for a metal
adsorbate. The situation is, however, more complicated than
the simple electron doping since we did not observe any
systematic dependence of the energy shift on the In cover-
age. The energy shift is consistent for a rather large range of
the In coverage, 0.10–0.18 ML, where the h−�3��3 phase
is observed. Below this coverage the ARPES spectral fea-
tures become fuzzy and the surface changes gradually into
the �−�3��3 phase. Moreover, the energy shifts are largely
different for different surface states; two times larger for the
S1 band than others. If the energy shift is due to the electron
doping, then the change in the chemical potential would shift
the whole bands rigidly. This manifests that the change in the
band structure cannot be explained by the simple electron
doping from In adsorbates.

In the well-known case of the Si�111��3��3-Ag surface
which has a very similar 2D metallic band, various metallic
adsorbates, such as alkali metals, Ag and Au were reported to
donate electrons into the 2D metallic band.33 On the �3
��3-Ag surface, the amount of the shift or the electron fill-
ing depends linearly on the adsorbate coverage to some ex-
tent in contrast to the present case. However, this system also
shows the deviation from the rigid-shift behavior of the
simple electron doping; the metallic surface state exhibits a
noticeably larger energy shift than the other fully occupied
surface states as in the present case.33 Although this behavior
could be properly reproduced in the recent density-functional
theory calculation,34 the underlying mechanism cannot
straightforwardly be accounted for from the simple electron-
doping picture mainly because the adsorbates interact with

the surface in a complicated way.34

In order to understand the observed electronic structures,
we compare the measured band dispersions with those cal-
culated very recently for the structure models of the pristine
surface.29 A similar calculation for the In-adsorbed surface is
not available at present. The band dispersions are calculated
for three structure models of TT, HCT, and CHCT models
shown in Figs. 1�a�–1�c�.29 As mentioned above, all these
models are based on Si and Au trimers. The TT model has
both Si and Au trimers rotated slightly from the symmetry
lines of the 1�1 structure �Fig. 1�a��. In the HCT �CHCT�
model, Si �Au� trimers are in highly symmetric positions but
Au �Si� trimers are rotated �Figs. 1�b� and 1�c��. The CHCT
model was introduced by the early first-principles
calculations25 and was supported by the Kikuchi-electron
diffraction study.26 The TT model was proposed from the
x-ray diffraction result23 and the HCT model was favored by
the recent first-principles calculations.24 In the very recent
calculation,29 the total-energy difference between the TT and
CHCT models was shown to be marginal while the HCT
model was not favored energetically. The close similarity
between these structures may prevent an unambiguous deter-
mination of the surface structure along with the experimental
and theoretical difficulty in dealing with the intrinsic disor-
der provided by the meandering domain walls.

However, the band dispersions calculated reveal clear dis-
tinctions between the models.29 Note that the calculated band
dispersions are all shifted by +220 meV to match the experi-
mental data properly. This shift is consistent with the overall
shift of the band structure induced by the In adsorption. We
especially focus on the shape of the dispersions and the rela-
tive binding energies of surface states. While all these mod-
els reproduce the four main surface-state bands S1–S4 within
the bulk band gap, their detailed dispersions are quite differ-
ent among the models. Most prominently, the dispersions of
S2 and S3 depend largely on the models; they do not cross in

the middle of �̄−M̄ only for the CHCT model. One can
obviously see that only the CHCT-model calculation repro-
duces the measured dispersions of the S2, S3, and S4 states
properly, which are consistent both for the pristine and In-
adsorbed surfaces except for an overall energy shift of 200–
300 meV.

As for the metallic S1 state occupied marginally on the
pristine surface �solid and dashed line in Fig. 5�d��, the HCT
model seems to closely reproduce its dispersion and binding
energies, but the CHCT model shows a large discrepancy in
the binding energy. This state is due mainly to Au 6s
electrons,29 which is similar to the metallic surface state of
the Si�111��3��3-Ag surface due to Ag 5s electrons. How-
ever, it is remarkable that the CHCT model can properly
reproduce this band for the In adsorbed surface, where that
band is strongly shifted to a higher binding energy. From this
comparison, we can reasonably conclude that the domain-
wall-free surface formed after the In adsorption �h−�3
��3� has a well-ordered CHCT structure. On the pristine
surface, we suggest that the surface structure must be very
close to the CHCT model but is slightly modified. This
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modification is assumed to be due to the presence of the
domain walls. That is, the deviation of the S1 band for the
pristine surface from the expectation of the CHCT model
could be the effect of the domain-wall network. Within this
scenario, the electronic role of In adsorbates is indirect
through the removal of the domain walls. This is consistent
with the core-level result shown below, which indicates that
In adsorbate has marginal chemical interaction with Au.
However, even in this case, we have to consider the exis-
tence of the electron doping to explain the overall energy
shift of the bands, which amounts to 200–300 meV. That is,
the change in the electronic structure by the In adsorption is
understood as a combined effect due both to the electron
doping from the adsorbates and the subtle structural change
by the domain-wall removal.

Even within the above explanation, the microscopic inter-
action of In adsorbates with the surface is uncertain, which
can be probed further by CLPES. Figure 6 shows the In 4d
and Au 4f photoelectron spectra for different In coverages
on the �3��3-Au surface. The In coverage was changed by
increasing the postannealing time at 600 °C after the depo-
sition of 0.5 ML of In. From the In 4d intensity in Fig. 6�a�,
the systematic decrease in the In coverage is clear as the
postannealing time increases. The clear �3��3 LEED pat-
tern �the h−�3��3 phase� was optimized after 5 and 10 s
annealings, which correspond to 0.18 and 0.12 ML,
respectively. For most of the coverage range where the

h−�3��3 phase is formed �up to 40 s postannealing� the
In 4d spectra show no significant change of the binding en-
ergy. Moreover, within this coverage range, the In 4d spec-
tral shape can be consistently fitted with a single spin-orbit
doublet indicating the largely unique bonding configuration
or the unique adsorption site of In on this surface.

As shown in Fig. 6�b�, In adsorbates do not cause a sig-
nificant change in the Au 4f spectra. This indicates that In
adsorbates do not chemically interact with Au atoms. Only a
marginal energy shift, up to 80 meV, is observed for the
Au 4f peak between the pristine and the In-induced surface.
The higher binding-energy shift is not consistent with the
increase in the metallic electron density on the Au sites im-
plying again that the electronic change in the surface has a
complicated mechanism. The direct electron doping from In
adsorbates into the Au 6s state �S1� cannot fully explain the
present observation.

In contrast, In adsorbates induce a noticeable change in
the Si 2p spectra �see Fig. 7�. While the Si 2p spectra for the
pristine surface is fully consistent with the previous report,13

those for the optimized h−�3��3 surface �at 5 and 10 s
postannealings� are distinct with a prominent surface-related
component at the higher binding-energy side �see the dashed
lines�. The surface sensitivity of this component was indi-
cated by the emission-angle dependence of its intensity. As
the In coverage decreases below 0.12 ML �for the postan-
nealings longer than 20 s�, the Si 2p spectra gradually return
to those of the pristine surface. This clearly shows that the
desorption of In gradually recovers the �−�3��3 surface
with domain walls. This result is consistent with the recent
STM study, which showed the mixture of the homogeneous
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FIG. 5. �Color online� �a� Measured band dispersion of surface
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��3-Au surface �enlarged from Fig. 2�. ��b�, �c�, and �d�� The same
data compared with the calculated band dispersions �circles� for TT,
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and �−�3��3 surfaces for a smaller In coverage than the
optimum value.27 On the other hand, Si 2p spectra tell that
the In adsorbates interact directly with the surface Si atoms
in contrast to Au atoms. It is highly likely that the In atoms
adsorb in the middle of the Si trimers as suggested by the
STM study27 �Fig. 1�d��; the In atoms could not be probed at
all at room temperature due probably to their active diffusion
but could be imaged at low temperature. A more detailed
curve-fitting analysis of Si 2p for the In-adsorbed surfaces
was not successful with a large uncertainty of the fitting due
mainly to the broad-line shape for the optimized h−�3
��3 surface and the intrinsically complicated line shape
with many different surface components for the �3��3 sur-
face itself.13

As discussed above, most of the spectral information is
not consistent with the simple electron doping from the In
adsorbates into the surface metallic state of the Au 6s elec-
trons. Moreover, the change in the band structure does not
scale with the In coverage but is consistent with the change
in the LEED pattern. These results indicate that the change in
the band structure is at least partly related to the domain
walls or the structural changes. This is also consistent with
the fact that the band structure of the pristine �3��3-Au
surface itself, especially the metallic surface state S1, de-
pends strongly on the change in the domain-wall density for

different Au coverages. A substantial structural modification
by the In adsorbates is not likely from the ARPES result.
Since the domain wall is generally caused by the surface
strain, one can suggest that the change in the surface strain
within the �3��3 domains results in the change in the elec-
tron filling of the S1 state. The electronic role of In adsor-
bates in this case is indirect, that is, to change the surface
strain through the bonding with the Si surface atoms. How-
ever, as mentioned above, the overall shift of the band dis-
persions �about 200–300 meV� should come from the doping
from the adsorbates. The doping is a nonlocal phenomenon
and is not contradictory to the absence of the local chemical
interaction between In and Au. Further theoretically study is
required in order to clarify the adsorption structure of In
atoms and to check the effect of In adsorbates on the surface
strain field and the effect of the strain on the surface band
dispersion.

The temperature dependence of the band structure would
also be interesting since the previous STM result27 suggested
that In adsorbates migrate actively at RT. We have measured
the whole band dispersions and Fermi surfaces from RT
down to 40 K but could not find any substantial change. This
indicates that the local adsorption site of In adsorbates
is consistent over this temperature range. This finding
seems also qualitatively consistent with the nonlocal and in-
direct interaction of In adsorbates with the surface band
structure.

IV. SUMMARY

Using valence-band and core-level photoelectron spec-
troscopy, we have studied the effect of the In adsorption on
the 2D metallic band structure of the �3��3 phases of Au
on the Si�111� surface. In agreement with the previous STM
result27 showing that the In adsorption removes the intrinsic
domain-wall network of the �3��3-Au surface, LEED
shows a very sharp �3��3 pattern with no streaky feature
from domain walls. The band structure exhibits distinct
changes accompanying the disappearance of domain walls;
the whole bands shift by 200–300 meV to higher binding
energy and the whole spectral features get significantly
sharp. Moreover the electron filling of the metallic surface
states increases substantially with a larger energy shift of 500
meV. The resulting Fermi surface is isotropic with an elec-
tron filling of 0.3 electrons and an effective mass of 0.3me.
That is, the In-adsorbed �3��3 surface forms an ideal 2D
electron-gas system. This band structure agrees well with the
theoretical expectation29 for the ideal �3��3-Au structure
based on the CHCT model without any In adsorbates. The
core-level spectra show that the In adsorbates interact not
with the Au atoms but with Si surface atoms. This is consis-
tent with the adsorption site of In on the Si trimers, which
was suggested by the STM study.27 We suggest that the
band-structure changes, the overall energy shift and the en-
hanced electron filling �or stabilization� of the metallic state,
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FIG. 7. Si 2p spectra of the pristine Si�111��3��3-Au surface
�the top spectrum� and of the surfaces for the postannealing series
after the In deposition of 0.5 ML at 600 °C. All spectra were ob-
tained with a photon energy of 130 eV at the normal emission
geometry.
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are due to the electron doping by the adsorbate and to the
disappearance of the domain walls �the change in the surface
strain�, respectively. The role of In adsorbates are understood
to be twofold; directly doping electrons and indirectly chang-
ing the surface strain by the bonding with the Si surface
atoms. Further theoretical study is required to understand the
microscopic mechanism of the domain wall in determining
the surface-band structure.
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