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A structural model of Au induced Si�553� surface is proposed. The model is based on the recently revised
value of Au coverage of 0.48 monolayers, which suggests the formation of two gold chains on each Si�553�
terrace. The resulting structural model, such as the models of other vicinal Si surfaces, features the honey-comb
chain, but no buckling of the step edge is observed, unlike in the case of the Si�335�-Au and Si�557�-Au
surfaces. The present model is more stable than the models with single Au chain only, and agrees well with
existing experimental data. In particular, calculated band structure, featuring two metallic bands coming from
the hybridization of gold in both chains with neighboring Si atoms, matches well the photoemission data.
Moreover, theoretical scanning tunneling microscopy topographs remain in good agreement with the
experiment.
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I. INTRODUCTION

More than decade ago it has been discovered that sub-
monolayer coverage of gold stabilizes the stepped silicon
surfaces, leading to one-dimensional ordering of the surface.1

Since then various stepped Si surfaces have been extensively
studied in relation to expected exotic phenomena, character-
istic for the systems of reduced dimensionality.2,3 Perhaps
one of the most known examples is a gold decorated Si�553�
surface. The Si�553�-Au surface consists of Si�111� terraces
4 1

3 �a�112̄�=1.48 nm wide and single atomic steps. The
Si�553� surface normal is tilted from �111� direction toward

�112̄� by 12.5°.4 The properties of this surface have been
investigated by number of techniques, including scanning
tunneling microscopy �STM�,4–12 angle resolved photoemis-
sion �ARPES�,4,5,7,10,13,14 x-ray diffraction,15–17 and density-
functional theory �DFT�.4,18–20

Topography of the surface, as measured by STM, features
single few nanometers long chains on each terrace, which
have been identified as originating from the step edge Si
atoms. Those chains are observed to have 3.84 Å periodicity

along the chains, i.e., in �11̄0� direction, which perfectly
matches the Si-Si distance in this direction a�11̄0�. This is
completely different from what is observed on other vicinal
Si surfaces, such as Si�335�-Au4,21 or Si�557�-Au,4,22,23

where chains show periodicity doubling, i.e., STM topogra-
phy shows maxima along the chains with a period of 2
�a�11̄0�. The periodicity doubling on the Si�557�-Au and
Si�335�-Au surfaces has been explained in terms of the buck-
ling of the step edge Si atoms,24,25 according to which every
second step edge Si atom occupies the up �down� position.
On the Si�553�-Au surface one occasionally observes the pe-
riodicity doubling and even oscillations of the topography
with a period of 3�a�11̄0�,

8 but this has its origin in
defects.11,12 In general, the observed chains on the
Si�553�-Au surface have the periodicity equal to the a�11̄0�.

The photoemission spectrum of the Si�553�-Au surface is
dominated by two one-dimensional bands �S12 and S3� with
parabolic dispersion.4,5,7,13 Those bands cross the Fermi en-
ergy EF at different k�, i.e., at 1.18–1.22 �1.25–1.30� 1 /Å,
and at 1.04 �1.07� 1 /Å.5,7,26 The S12 band is split by 85

meV, and the splitting has been identified to be a spin split-
ting induced by the Rashba spin-orbit �SO� interaction.13

Similar doublet of the proximal bands is also observed in the
case of the Si�557�-Au surface,27 which is also spin split due
to the SO interaction.28 The origin of the SO split S12 band
comes from the hybridization of the row of Au with the
neighboring Si atoms on the Si�557� terrace. Therefore it is
also expected that, in the case of the Si�553�-Au surface, the
situation will be similar. The S3 band observed in the photo-
emission seems to not suffer from the SO interaction �the SO
is very weak� and is very similar to the band observed in the
case of the Si�335�-Au surface,4 which also comes from the
hybridization of the Au row with the neighboring Si atoms.29

Both observed bands have been identified in two models �f2
and p2�� of the Si�553�-Au surface proposed in Ref. 20 �see
Fig. 8 of Ref. 20�. In the case of the f2 model, we have two
bands with similar dispersions like in the photoemission ex-
periments. The S12 band comes from the hybridization of the
Au row with the neighboring Si atoms, and the S3 band
comes from the unsaturated Si bonds on the surface. How-
ever, unlike in the experiment, the SO splitting is of equal
magnitude in both bands. On the other hand, the agreement
of the band structure calculated for the p2� model with the
experimental data is slightly better, i.e., both bands have
similar dispersions but the SO splitting is stronger in the
lower band. However, the band appearing at higher energies
also features some degree of splitting.

Early experimental and theoretical investigations assumed
Au coverage to be 0.24 ML, which is sufficient to form a
single row of Au atoms per terrace.4–14,16–18,20 However, re-
cently determined Au coverage on the Si�553� surface is 0.48
ML, i.e., two Au chains per terrace.30 Thus it is interesting to
see if the models based on the revised Au coverage perform
better in reproducing the photoemission spectra. In fact two
Au chains per terrace are consistent with the experimentally
obtained coverage from the x-ray diffraction.15 However, the
calculated band structure for the structural model deduced
from this experiment does not agree with the measured pho-
toemission spectra.19 A widely used coverage of single Au
chain for Si�553� surface traces back to the initial assumption
of 2/3 ML coverage for Si�111��3��3-Au and to 0.44 ML
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for Si�111�5�2-Au reconstructions.31,32 Thus, in light of
this new value of Au coverage, most of structural models of
the Si�553�-Au surface need to be revised in order to take
into account two gold chains per terrace.

The purpose of the present work is to determine a struc-
tural model of the Si�553�-Au surface, which accommodates
two gold chains, and calculate corresponding band structure.
The structural model derived from first principles density
functional calculations features two Au rows running parallel
to the step edges and located in the middle of terraces. The
step edge Si atoms rebond in order to form a honey-comb
�HC� structure, which is also present on other vicinal Si
surfaces.4,29 This structural model is more stable than other
structural models with single Au chain18,20 and the model
deduced from the x-ray diffraction.15 Moreover, the calcu-
lated band structure for this model matches well the mea-
sured ARPES spectra, showing two metallic bands associ-
ated with the hybridizing Au rows with the neighboring Si
atoms. The rest of the paper is organized as follows. In Sec.
II, the details of calculations are provided. The structural
models of Si�553�-Au surface are presented and discussed in
Sec. III, while Secs. IV and V are devoted to the simulated
STM topography images and the electronic band structure,
respectively. Finally, Sec. VI contains some conclusions.

II. DETAILS OF CALCULATIONS

The calculations have been performed using standard
pseudopotential density functional theory and linear combi-
nation of numerical atomic orbitals as a basis set, as imple-
mented in the SIESTA code.33–37 The local density approxima-
tion �LDA� to DFT,38 and Troullier-Martins norm-conserving
pseudopotentials39 have been used. In the case of Au pseudo-
potential, the semicore 5d states and the scalar relativistic
corrections were included. A double-� polarized �DZP� basis
set was used for all the atomic species.34,35 The radii of the
orbitals for different species were following �in a.u.�: Au-
7.20 �5d�, 6.50 �6s� and 5.85 �6p�, Si-7.96 �3s�, 7.98 �3p�
and 4.49 �3d�, and H-7.55 �1s� and 2.94 �2p�. A Brillouin
zone sampling of 12 nonequivalent k points, and a real-space
grid equivalent to a plane-wave cutoff 100 Ry have been
employed.

The Si�553�-Au system has been modeled by four silicon
double layers and a vacuum region of 19 Å. All the atomic
positions were relaxed until the maximum force in any di-
rection was less than 0.04 eV /Å, except the bottom layer.
The Si atoms in the bottom layer were fixed at their bulk
ideal positions and saturated with hydrogen. To avoid artifi-
cial stresses, the lattice constant of Si was fixed at the calcu-
lated value, 5.39 Å.

III. STRUCTURAL MODELS

Searching for the lowest energy structural model of any
surface is an uphill task. There are some sophisticated meth-
ods, like genetic algorithms,40–43 that can find optimal geom-
etries of the system. Those methods are computationally very
expensive and are mostly restricted to the use of empirical
interatomic potentials, which requires to check the most

stable structures using ab initio methods. The genetic algo-
rithms have been successfully applied to study the
Si�114�,40,42 Si�337�41 and Si�103�43 surfaces. However, in
the case of the Si�553�-Au surface we deal with Si and Au
atoms, and there are no reliable empirical potentials to rep-
resent the interaction between the Si and Au atoms. There-
fore, one usually adapt a common DFT-based approach, in
which one generates some trial configurations and compares
the total energies of the resulted structures. This heuristic
approach does not guarantee that the lowest energy configu-
ration corresponds to the global energy minimum. However,
one can hope to end up in the global minimum, if the re-
sulted atomic configuration is supported by some physical
arguments. Recently, a DFT-based method of an exhaustive
search of the structural models has been proposed.20 The idea
of this method is to automatically generate trial geometries
and iteratively step-by-step increase the accuracy and the
computational cost of the calculations. A compact notation
has been developed, in which different surface topologies are
mapped into a string of numbers. This allows for the enu-
meration and systematic computation of the structures.

In the case of the vicinal Si surfaces it was shown that it
is energetically favorable for the Au atoms to substitute into
the top Si layer.4,24,29 The surface energy gain per unit cell is
more than 1 eV, as compared to the adsorption of Au. There-
fore, in the following, I will focus on some structural models
of the Si�553�-Au surface featuring the substitution of some
of the top Si layer atoms by gold.

A. Models with the Ã1 periodicity

Since the STM measurements4–12 show that the topogra-
phy modulation along the chains is equal to the Si-Si dis-

tance in direction �11̄0�, it is natural to take for calculations
a single unit cell in this direction �see Fig. 1�. This can be
also supported by the fact that the buckling is not observed
on the Si�553�-Au surface, in contrast to the Si�557�-Au and
Si�335�-Au surfaces.24,25

Almost all the proposed structural models of the
Si�553�-Au surface4,18,20 feature a single Au chain per ter-
race, as the determined Au coverage was twice as small as
the actual one.30 Only the model, accounting for two Au
chains, was deduced from the x-ray diffraction experiment,15

and further verified by the DFT calculations.19 According to
that model, the Au atoms adsorb near the Si step edges.
However, none of the proposed structural models managed to
reproduce the phootemission spectra. The present investiga-
tions of the structural models of the Si�553�-Au surface with
proper Au coverage �2 Au atoms per the Si�553� surface unit
cell� show that the more stable models feature the Au atoms
substituted for the top Si layer atoms in the middle of terrace.

Figure 1 shows the most stable structural model �m1� of
the Si�553�-Au surface, where the Si surface atoms �Si1-Si7�
are labeled by numbers 1–6 and two gold atoms by Au1 and
Au2. This model is energetically more favorable than the
most stable Si�553�-Au model with a single Au row �f2
model of Ref. 20� for the relative chemical potential of Au
��Au=�Au−�Au

bulk down to −1.65 eV, and the calculated sur-
face energy is 12.40 meV /Å2 lower in the Au-rich limit.44 In

MARIUSZ KRAWIEC PHYSICAL REVIEW B 81, 115436 �2010�

115436-2



fact, the present model is similar to the f7 model of Ref. 20.
Replacing one additional silicon atom in that model with the
gold �Au1� results in the structural model shown in Fig. 1.
Some of the other models, in which Au atoms occupy vari-
ous top layer Si positions, shown in Fig. 2, have slightly
higher energies. The differences are usually in the range of a
few meV /Å2, and the next “best” structural model �m2� has
energy only 3.49 meV /Å2 higher. The surface energies of
the most stable �out of 36 models studied� structural models
referred to the most stable model with single Au row �f2
model of Ref. 20�, are summarized in Table I.

Although the energy differences between various models
listed in Table I are rather small, there are other arguments
supporting the model shown in Fig. 1. First one is that the
model has the lowest surface energy. Second one concerns
the HC chain. It is widely accepted that the structural models
of Au decorated vicinal Si surfaces should posses the honey-
comb chain at the step edges. The main feature of HC struc-
ture is the presence of a true double bond between Si2 and
Si3 atoms �see Fig. 1�, which is responsible for stability of
the HC chain.45 However, other models with the HC chain at
the step edge have much higher energies �compare m7, m9
and m4 models shown in Fig. 2�. Third argument, concerning
the band structure, also supports the present most stable
model. The calculated band structure reproduces the photo-
emission spectra of Refs. 4, 5, 7, and 13 reasonably well. The
other models, which have slightly higher the relative surface
energies disagree with the ARPES spectra. In particular they
do not give correct behavior of the bands near the Fermi
energy.

It is known that the other Au decorated vicinal Si sur-
faces, such as the Si�557�-Au or Si�335�-Au, show the buck-
ling of the step edge Si atoms.24,25 This manifests itself in the

STM topography images as a periodicity doubling along the

chains. Since the periodicity of the slab in the �11̄0� direction
taken for calculations is equal to the Si-Si distance in this
direction, all the models discussed above do not take into
account the possibility of the buckling of the step edge, by
definition. This is consistent with the experimental
observations.4–12 However, it is interesting to check if the

doubling of the unit cell in the �11̄0� direction will leave the
present model of the Si�553�- Au surface unchanged.
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FIG. 1. �Color online� Structural model �m1� of the Si�553�-Au
surface. Top panel shows side view of the structure, and bottom
panel shows top view with marked surface unit cell and Si-Si dis-

tance in the �11̄0� direction �a�11̄0��. The second uppermost Si
double layer is also shown in the bottom panel. Labels 1–7 stand for
the silicon surface atoms �Si1-Si7�, while Au1 and Au2 denote the
gold atoms. The dashed lines in the bottom panel indicate the step
edges.
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FIG. 2. �Color online� Final geometries of the most stable con-
figurations listed in Table I. Large filled circles denote the Au
atoms.

TABLE I. The relative surface energies of the most stable struc-
tural models of the Si�553�-Au structure, shown in Fig. 2 �column
2� and their �2 counterparts �column 3�. All the energies are re-
ferred to the most stable �1 model with a single Au row �f2 model
of Ref. 20�.

Model

�1 Models
�E

�meV /Å2�

�2 Models
�E

�meV /Å2�

m1 −12.40 −26.07

m2 −8.91 −8.98

m3 −8.18 −8.18

m4 −6.16 −6.32

m5 −6.16 −6.16

m6 −1.39 −1.39

m7 −0.11 −0.26

m8 −0.11 −0.13

m9 0.63 −9.27

m10 0.63 −1.15
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B. Models with the Ã2 periodicity

Doubling the unit cell along the step edges, i.e., in the

�11̄0� direction, leaves many of the �1 structural models,
discussed in the previous subsection unchanged �see Fig. 2�.
Moreover, it turns out that the models listed in Table I again
have the lowest surface energies. It seems that the
Si�553�-Au surface prefers the symmetrical arrangement of
the Au atoms in neighboring surface unit cells. The models
with the asymmetrically arranged Au atoms in neighboring
unit cells have much higher surface energies. What is also
interesting, none of the most stable structural models leads to
the buckling of the step edge Si atoms, in full agreement
with the experimental results.4–12 Thus one can assume that
the model with the �1 periodicity �Fig. 1�, i.e., the model
with gold atoms in the positions Au1 and Au2, is a good
candidate for a structural model of the Si�553�-Au surface.
However, a more detailed inspection shows that this is not
the case. It turns out, that in some of the �2 models, the Au
atoms change their positions, leading to the dimerization of
the Au atoms in the rows. This dimerization only slightly
lowers the surface energy, like in the case of the models m2,
m4, m7, and m8, or it leads to much larger changes in the
energy, like in the case of the models m1, m9, and m10
�compare �1 and �2 models listed in Table I�. The lowest
energy �2 model �m1� is shown in Fig. 3. In this case, the
dimerization of the Au atoms lowers the surface energy by
13.67 meV /Å2, as compared to �1 m1 model. It is worth-
while to note that the local arrangement of the Au and Si5
atoms is the same as in the recently proposed models of the
Si�111�5�2-Au reconstruction.46–49 Moreover, the dimer-
ization of the Au atoms leaves the structure at the step edges
unchanged, i.e., no buckling of the step edges is observed, so
the periodicity along the terraces still is equal to the Si-Si

distance in the �11̄0� direction. However, one can notice a

sort of horizontal buckling, i.e., the Si5 atoms alternate be-
tween left and right positions in the direction perpendicular
to the steps �see Fig. 3�, with distortion �y=0.73 Å. This
fact is reflected in the STM topography and the band struc-
ture, as will be discussed in text sections.

IV. STM TOPOGRAPHY

The STM topography data of the Si�553�-Au surface
shows one-dimensional structures, which are interpreted as
the step edge Si atoms.4,18–20 Both structural models dis-
cussed in Sec. III support this scenario. To further check
which one of two proposed models, i.e., �1 and �2 m1
models, is closer to a real model of the Si�553�-Au surface,
the STM simulations within the Tersoff-Hamann approach50

have been performed. The results of the filled and the empty
state constant current topography calculated for the �1 and
�2 m1 models are shown in Figs. 4 and 5, respectively.

Figure 4 represents the simulated STM topography of 4
�2.6 nm2 of the same area of the Si�553�-Au surface for
sample bias U=−1.0 V �top panel� and U=+0.5 V �bottom
panel�, obtained within the �1 m1 model. As it was men-
tioned previously, the most visible chain structure is associ-
ated with the step edge Si atoms. The modulation of the
topography along these chains is equal to the Si-Si distance

in �11̄0� direction, in agreement with STM
experiments.6,7,9,11,12 A less visible structure, observed at
both polarizations, has been identified as due to the Si4-Au1
bonds �see Fig. 1�. Similar structure, i.e., the chain with the
�1 periodicity in the middle of terraces, has occasionally
been observed in the STM experiments.6,7,11

24
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FIG. 3. �Color online� The most stable �2 structural model of
the Si�553�-Au surface. Top �bottom� panel shows side �top� view
of the structure. Again, labels 1–7 stand for silicon surface atoms
�Si1-Si7�, while Au1 and Au2 denote gold atoms.

Au Au12 step

−1.0 V

+0.5 V

FIG. 4. �Color online� STM simulations of 4�2.6 nm2 area of
the Si�553�-Au surface, calculated for the m1 model with the �1
periodicity. Top �bottom� panel represents the filled �empty� state
topography, respectively.
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The corresponding simulated STM image generated from
the �2 m1 model of the Si�553�-Au surface is shown in Fig.
5. Top panel represents the filled state �U=−1.0 V�, while
the bottom one—the empty state topography �U=+0.5 V�.
Similar as in the �1 m1 model �Fig. 4�, the modulation of
the topography along the step edge Si chain is equal to the
a�11̄0�. As one can notice, a less visible structure in the filled
state image �top panel� coming from the bonding of the Si4
and Au1 atoms, is very similar to that obtained in the �1 m1
model �see top panel of Fig. 4�. However, due to the dimer-
ization of the Au1 atoms, the Si4-Au1 bonds are slightly ro-
tated now, which is reflected in the STM image. On the other
hand, the empty state topography �bottom panel of Fig. 5� is
completely different from that of the �1 m1 model. We ob-
serve a sort of zigzag structure now, which comes from the
Au1 dimers, Si4 and Si3 atoms �see Fig. 3�. This could cor-
respond to the experimentally observed similar
structure.6,7,9,11,12

As we could see, both structural models, giving different
topography images, seem to be consistent with the experi-
mental results. So a question arises, how it is possible that
we experimentally observe different topography images,
once consistent with the �1 m1 model, and another time,
consistent with the �2 m1 model. To be more precise, the
STM topography recorded at the same conditions shows ar-
eas of different topographies. Some of the surface areas fea-
ture the structure in the middle of terraces with the a�11̄0�
periodicity, and the other areas show the structures with
double periodicity �see Fig. 1 of Ref. 6, Fig. 2 of Ref. 7, or
Fig. 1 of Ref. 9�. On the other hand, the chain structure
associated with the step edge Si atoms always has the peri-

odicity of the Si-Si distance in the direction �11̄0�. The most

plausible scenario for such a behavior is that both structures
are realized on real Si�553�-Au surface. The structure ob-
tained within the single cell calculations appears to be a
high-temperature phase, while the �2 structure, with a lower
energy, is a low temperature phase. At intermediate tempera-
tures, both structures can be locally realized, as it is evident
from the experimental data.6,7,9 Moreover, the presence of
defects, which could further stabilize one of the phases at
intermediate temperatures, cannot be omitted. Nevertheless,
at very low temperature, only the �2 structure is expected to
be observable.

V. BAND STRUCTURE

The experimentally measured electronic band structure
features two one-dimensional bands �S12 and S3� with para-
bolic dispersions.4,5,7,13 Those bands cross the Fermi energy
EF at different k�, i.e., at 1.07 Å−1 �S3 band�, and around
1.27 Å−1 �S12 band�.7 The S12 band, crossing the EF near the
�2 zone boundary �k� =1.27 Å−1 is split by 85 meV, and the
splitting has its origin in the Rashba spin-orbit interaction.13

Similar doublet of the proximal bands also is observed in the
case of the Si�557�-Au surface,27 and the bands are split due
to the SO interaction.28 It is expected that, also in the case of
the Si�553�-Au surface, situation will be similar. Indeed, the
DFT calculations for the f2 and p2� models of Ref. 20 �see
Fig. 8 of Ref. 20�, show that S12 band is spin split. However,
the other features of the calculated band structure for those
models disagree with the experimental data. In particular, in
the case of the f2 model, the S3 band also undergoes the SO
splitting of the same magnitude as the S12 band. On the other
hand, the agreement of the band structure calculated for the
p2� model with the experimental data is slightly better, i.e.,
both bands �S12 and S3� have similar dispersions but the SO
splitting is stronger in the S12 band. However the band ap-
pearing at higher energies �S3� also features some degree of
splitting. Therefore it is natural to check the band structure
calculated for the present ��1 and �2 m1� models against
the ARPES data.4,5,7,13 Although the SO interaction was not
included in the present calculations, the main features of the
band structure should be well reproduced.

Figure 6 shows the electronic band structure of the �1

m1 model, calculated in the direction �11̄0�, i.e., parallel to
the steps. The bands marked with open and the filled squares
are those bands observed in photoemission experiments,4,5,7

and come from the hybridization of the Au rows with the
neighboring Si atoms. Both bands are metallic and cross the
Fermi energy at k� =1.18 Å−1 �S12� and 1.00 Å−1 �S3�, and
slightly deviate from the experimentally determined values:
1.18–1.22 Å−1 and 1.04 Å−1 �Ref. 5� or 1.25–1.30 Å−1 and
1.07 Å−1.7 Moreover, bottom of the S3 band �open squares�
appears to be shifted toward the EF by 0.4 eV with respect to
the experimentally determined value of −0.64 eV.4,5 The
band marked with open circles, coming from the step edge Si
atoms is not observed in photoemission, probably due to the
zero amplitude of some matrix elements describing the pho-
toemission process. However, there is also another possibil-
ity. In the case of the other vicinal Si surfaces, like the
Si�557�-Au or the Si�335�-Au, this band is half occupied,24,25

stepAu2 1Au

−1.0 V

+0.5 V

FIG. 5. �Color online� STM simulations of 4�2.6 nm2 area of
the filled �top� and the empty state �bottom� topography of the
Si�553�-Au surface, calculated for the �2 m1 model.
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and the periodicity doubling caused by the buckling of the
step edge opens a gap in this band. As a result we have two
bands: one fully occupied, and the other one—completely
empty. Here, in the case of the Si�553�-Au surface, the situ-
ation is different. No buckling of the step edge was observed,
however, due to the presence of additional row of Au atoms,
this band becomes almost fully occupied. Perhaps in the real
situation, this band can be further doped by some passivating
atoms, and thus, shifted down in the energy. At the moment
it is not clear why this band is not observed in the experi-
ment, and the problem needs a further investigation.

The band structure calculated for the �2 m1 model, is
shown in Fig. 7. Again, different symbols mark the different
surface bands, similar as in Fig. 6. The open and the filled
square bands are those bands observed in photoemission.4,5,7

They have similar dispersions as in the case of the �1 m1
model, however the bands cross the Fermi energy at different
k� points, namely, at 1.22 Å−1 �S12� and 1.03 Å−1 �S3�,
which are closer to the experimental values, at least to those
of Ref. 5. What is also important, energy of the bottom of the
S3 band coincides now with the experimentally determined
value, i.e., −0.64 eV.4,5 The band structure coming from the
step edge Si atoms, marked as open circles, is now slightly
more complicated. Namely, the periodicity doubling and the
lateral buckling, discussed in Sec. III, open a gap in this

band. However, the step edge band again is almost fully
occupied owing to the presence of the Au atoms.

As it was mentioned previously, the SO interaction was
not included in the present calculations. Thus it is possible
that the calculated band structures for the �1 and �2 m1
models may suffer from the same problem as the band struc-
tures of Ref. 20. Since both bands �S12 and S3� have some
contributions from gold, this may result in the SO splitting in
both bands, not just in one as seen in the experiment.

All the above results show that the �2 m1 model is best
candidate for a structural model of the Si�553�-Au surface, as
this model is consistent with the STM and ARPES data and
features the lowest surface energy. However, it is also pos-
sible that the �1 m1 model is locally realized on the
Si�553�-Au surface.

VI. CONCLUSIONS

In conclusion, new structural model of the Au induced
Si�553� surface has been proposed. The model accounts for
experimentally found value of the Au coverage, i.e., 0.48
monolayer, which suggests the formation of two gold chains
per Si�553� terrace. Such as the structural models of the other
vicinal Si surfaces, the present model features the honey-
comb chain. However, no buckling of the step edge is ob-
served. The simulated STM topography images show the
chain structure, associated with the step edge Si atoms. The
calculated band structure features two metallic one-
dimensional bands, coming from the hybridization of the Au
atoms with the neighboring Si atoms. The experimentally
determined band structure as well as the STM topography
are well reproduced within the present model.
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FIG. 6. �Color online� Top panel represents the two dimensional
Brillouin zone for the �1 periodicity with the zone boundaries for
the �2 structure �ZB�2�. The �-ZB�2-K-ZB�2� -M� direction is par-
allel to the steps of the Si�553�-Au surface. The band structure of
the �1 m1 model is shown in the bottom panel. The atomic char-
acter of the bands is indicated by different symbols. Open �filled�
squares mark the band coming from the hybridization of the Au1

and Si5 �Au2 and Si6� atoms �see Fig. 1�, while the open circles
stand for the step edge Si atoms band. The energies are measured
from the Fermi energy �EF=0�.
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