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Using scanning tunneling microscopy, low-energy electron-diffraction observations, and density-functional
calculations, the effect of adding Ge to Si�111� substrate on the reconstructions induced by Al adsorption has
been studied. It has been found that Ge incorporation alters the relative stability of the reconstructions. In
particular, while in the “pure” Al/Si�111� system the magic cluster array ��-7�7 phase� is less stable than the
�3��3 reconstruction �to which it irreversibly converts upon heating above 600 °C�, in the Al /SixGe1−x�111�
system magic clusters possess an enhanced thermal stability and persist almost up to the Al desorption tem-
perature of �800°. The results of calculations allow us to track the sequential stages of the substitution of Si
atoms by Ge in the �-7�7 phase. The general trend found is that adding Ge to Si�111� makes the Al
substitutional configuration more preferable than the Al adatom configuration, which is opposite to the relative
stabilities of the configurations in the pure Al/Si�111� system.
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I. INTRODUCTION

Adsorbate-induced reconstructions on the surfaces of
single-crystalline elemental semiconductors, Si and Ge, have
been the object of numerous investigations for the last 50
years.1,2 At present, they receive still increasing interest mo-
tivated by technological importance for nanoengineering.
Understanding which specific parameters of the substrate
surface and adsorbate overlayer control the structure and
properties of a given reconstruction and finding techniques to
alter them in a desired way are the challenging tasks for
researchers. Among the most promising approaches to reach
the goal is the one associated with controllable change in a
system composition. Within this approach, adding the second
adsorbate is a rather traditional technique which has been
successfully used for many years. Less abundant is a tech-
nique based on the modification of a substrate surface. In
case of the Si substrates, this is adding Ge, which is chemi-
cally akin to Si but has 4% larger lattice constant. As the
initial adsorption of Ge onto the Si substrate is displacive, a
homogeneously mixed GexSi1−x alloying layer can be formed
on the Si substrate.3–7 A surface of this layer is believed to be
a fascinating playground for observing interesting phenom-
ena related to the reconstruction formation as the main effect
produced by adding Ge is just changing �increasing� the
mean lattice constant of the substrate.

In our previous study,8 we have examined the
In /GexSi1−x�111� system and detected reconstructions,
7�3 and �21��21, which are not observed in the “pure”
In/Si�111� and In/Ge�111� systems. The object of the present
study was a �0.3 monolayer �ML� of Al adsorbed onto the
GexSi1−x�111� surface. We have found that all the reconstruc-
tions well known for the Al/Si�111� system, �3��3, �7
��7, magic cluster array ��-7�7 phase�, and � phase, are
preserved at the GexSi1−x�111� surface but their relative sta-
bility alters dramatically. Particular sequence of this effect is
the enhanced thermal stability of the magic cluster array.

Bearing in mind the promising properties of the magic
clusters,9 in particular those of an effective catalyst,10 the
enhanced stability could facilitate their prospective applica-
tions.

II. EXPERIMENTAL AND CALCULATION DETAILS

Our experiments were performed with Omicron scanning
tunneling microscope �STM� operated in an ultrahigh
vacuum ��2.0�10−10 Torr�. Atomically clean Si�111�7
�7 surfaces were prepared in situ by flashing to 1280 °C
after the samples were first outgassed at 600 °C for several
hours. Aluminum was deposited from an Al-wrapped W fila-
ment at a rate of 0.20 ML/min. �1 ML=7.8�1014 cm−2, top
Si atom density on the unreconstructed Si�111�1�1 sur-
face�. Germanium was deposited from a W basket at a rate of
0.25 ML/min. For STM observations, electrochemically
etched tungsten tips cleaned by in situ heating were em-
ployed. The STM images were acquired in a constant-current
mode after cooling the sample to room temperature �RT�.

To find the energetically favorable structures among the
possible ones, we performed ab initio total-energy calcula-
tions using the FHI96MD code,11 in which the Car-Parrinello
type of electronic structure calculations12 was used. The
local-density approximation after Ceperley and Alder13 in the
Perdew-Zunger parametrization14 for the exchange and cor-
relation functional and fully separable Hamann15 pseudopo-
tentials has been employed. The pseudopotentials were con-
structed using the FHI98PP code16 and were verified to avoid
ghost states and to describe the basic experimental character-
istic of bulk materials.

The surface has been simulated by a periodic slab geom-
etry with 1�1, �3��3, and 7�7 unit cells containing eight
�for 1�1 and �3��3� and four �for 7�7� silicon atomic
layers. The dangling bonds of the bottom slab layer have
been saturated by hydrogen atoms. The hydrogen atoms and
bottom layer silicon atoms have been fixed and the rest at-
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oms have been set free to move. A vacuum region of ap-
proximately 10 Å has been incorporated within each peri-
odic unit cell to prevent interaction between adjacent
surfaces. The energy cutoff of 13 Ry has been applied in all
calculations presented.

III. RESULTS AND DISCUSSION

A. Al/Si(111) and Al/Ge(111)

Before considering Al adsorption onto the GexSi1−x�111�
surface, let us review briefly the reconstructions formed in
the pure submonolayer Al/Si�111� and Al/Ge�111� systems.
Upon Al deposition onto the Si�111�7�7 surface held at
relatively high temperatures of �650–750 °C, the �3��3,
�7��7, and � phase sequentially form.17 The �3��3-Al
phase is made of Al adatoms, which reside in T4 sites of the
almost bulklike Si�111� surface �see Fig. 1�a��. Ideally, it
contains 1/3 ML of Al, but actually the most homogeneous
Si�111��3��3-Al surface has been found to contain 0.25
ML of Al adatoms and 0.08 ML of Si adatoms.

The Si�111��7��7-Al phase consists of Al adatoms lo-
cated about T4 sites forming the trimers with the centers in

the on-top sites.18 An Al coverage in the �7��7-Al recon-
struction is 3/7 ML �one trimer per �7��7 unit cell�. Typi-
cally, domains of the �7��7-Al phase coexist with the do-
mains of the other Al/Si�111� reconstructions.

The Al/Si�111� � phase17,19–23 is formed upon saturated
adsorption of �0.65–0.75 ML of Al, which substitutes for
the Si atoms in the outermost atomic layer of the bulklike
Si�111�1�1 surface �Fig. 1�b��. Due to a greater atomic ra-
dius of Al as compared to Si, incorporation of Al atoms leads
to the increase in the surface lattice constant by �10%. The
misfit between the Al-incorporated layer and the Si bulk is
relieved through the formation of a domain-wall net, which
decomposes the surface into quasiperiodic incommensurate
superlattice of triangle-shaped domains. The domains have
close but not identical sizes; hence, the surface is lacking a
well-defined long-range ordering. The periodicity of the
�-phase superstructure is associated with the mean size of
the triangular subunits, which is �9–10 �expressed in the
units of the Si�111�1�1 lattice constant a0

Si=3.84 Å�.
The Si�111��-7�7-Al phase �Fig. 2�a�� develops upon Al

deposition at temperatures ranging from 475 to 600 °C. This

FIG. 1. Schematic illustrating various atomic configurations �top
and side views� of Al adsorbate on the Si�111� surface including �a�
adatom configuration �as in the �3��3 phase�, �b� sustitutional
configuration �as in the interior of the domains of the � phase�, and
�c� surface magic clusters �as in the �-7�7 phase�.

FIG. 2. Irreversible structural transition of the �-7�7-Al phase
to the �3��3 reconstruction taking place in the Al/Si�111� sys-
tem upon heating above 600 °C. �a� 295�220 Å2 filled-state
�−2.8 V� STM image of the original magic cluster array ��-7
�7-Al phase� prepared by depositing �0.3 ML of Al onto
Si�111�7�7 substrate at 550 °C. �b� 920�725 Å2 empty-state
�+1.9 V� STM image of the same surface after annealing above
600 °C. The surface comprises the extended �3��3 arrays with
inclusions of the �7��7 reconstruction. Inset illustrates STM ap-
pearance �empty state, +2.0 V� of the �3��3 phase shown at a
greater magnification �scale: 115�85 Å2�.
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phase has recently been recognized as being essentially a
highly ordered superlattice of the identical-size Al nanoclus-
ters �magic clusters� on the Si�111�7�7 surface.24,25 Each
cluster consists of six Al atoms linked through three Si atoms
to form a triangle-shape configuration with satisfied bonding
�Fig. 1�c��. Aluminum coverage in the ideal cluster array is
12 /49�0.24 ML, but actually it is greater ��0.30 ML� due
to substitution of about half of the corner Si adatoms by Al.
The �-7�7-Al phase is metastable.24,26,27 Upon heating
above 600 °C it converts irreversibly into the �3��3 array
with inclusions of the �7��7 reconstruction as illustrated in
Fig. 2�b�.

Compared to Al/Si�111�, submonolayer Al/Ge�111� sys-
tem is much less studied. To our knowledge, there is a single
publication on this subject28 where low-energy electron-
diffraction �LEED� observation of the 2�2 and 10�10 re-
constructions was reported. The 2�2 reconstruction is sta-
bilized by the Al impurity, while the 10�10 formed by
annealing several Al monolayers at �650 °C is an incom-
mensurate phase which is plausibly akin the Al/Si�111� �
phase.

B. Al ÕGexSi1−x(111): LEED and STM observations

The main regularities of the phase formation in the system
of �0.3 ML of Al on GexSi1−x�111� surface are illustrated in
the “phase diagram” shown in Fig. 3. For construction of the
phase diagram, the following procedure was employed. First,
a particular GexSi1−x�111� surface was prepared by deposit-
ing a given amount of Ge �indicated in the ordinate axis of
the diagram� onto the Si�111�7�7 surface at RT followed by
annealing at 550 °C. Typically, the resultant surface displays
a mixture of the 7�7 and 5�5 reconstructions with the 7
�7 reconstruction prevailing. Then, �0.3 ML of Al was

deposited onto this surface at RT and the sample was an-
nealed isochronally for 15 s at each temperature starting
from 550 °C and up to Al desorption at 800 °C with a step
of temperature increment being �13 °C. Evolution of the
surface structure was monitored by LEED after cooling the
sample to RT. The result of each experimental run is a set of
points along a vertical line at a fixed Ge coverage. The runs
were conducted every 0.1 ML of Ge. Usage of the LEED
observations ensures that domains of the phases indicated in
the diagram are of relatively large size and occupy consider-
able surface area. STM observations were conducted for the
points in the phase diagram which are of interest.

We have found that upon adding up to �0.5 ML of Ge the
�-7�7 phase �i.e., magic cluster superlattice� preserves the
structure and it appears in STM images �see Fig. 4�a�� iden-
tical to the �-7�7 phase in the pure Al/Si�111� system.
Similarly, annealing to high temperatures converts it to the
�3��3 surface with inclusions of the �7��7 domains �Fig.
4�b��. The difference is the greater transition temperature
which grows with the Ge coverage. At �0.5 ML of Ge, the
�-7�7 phase persists almost up to Al desorption �i.e., at
temperatures �150 °C beyond the stability range of the pure
�-7�7 Al/Si�111� phase�.

Due to enhanced stability of the �-7�7 phase in the
Al /GexSi1−x�111� system, it can be produced by adding Ge

FIG. 3. Phase diagram illustrating effect of adding Ge to the
Si�111� substrate on the surface structures observed by LEED in the
system of �0.3 ML of Al on GexSi1−x�111� surface.

FIG. 4. �a� Large-scale �2.000�1.500 Å2� filled-state
�−2.2 V� STM image of the almost ideal magic cluster lattice
��-7�7-Al phase� formed in the Al /GexSi1−x�111� system with 0.2
ML of Ge. Inset shows the surface at a greater magnification �scale:
450�270 Å2�. �b� 550�400 Å2 empty-state �+1.7 V� STM im-
age of the same surface after annealing at 675 °C. Like the case of
the pure Al/Si�111� system, the surface comprises the �3��3 ar-
rays with inclusions of the �7��7-reconstructed domains.
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to the �3��3-Al reconstruction. In other words, adding Ge
can induce a structural transformation opposite to that in
the pure Al/Si�111� system. This possibility is demonstrated
in the experiment illustrated in Fig. 5. Homogeneous
Si�111��3��3-Al surface was prepared by depositing
�0.25 ML of Al onto the Si�111�7�7 surface held at
700 °C �Fig. 5�a��. Then, a certain amount of Ge was depos-
ited onto this surface at RT followed by annealing. The tran-

sition from the �3��3 structure to the magic cluster array
��-7�7 phase� occurs at Ge coverage beyond �0.4 ML
and annealing temperature beyond �350 °C. The forming
magic cluster arrays are typically incomplete �Fig. 5�b��; the
cluster density amounts about 60% of its ideal value, which
is two clusters per 7�7 unit cell. Simultaneously, the surplus
Al agglomerates to form domains of the � phase. The tran-
sition starts from the step edge on the upper terrace as shown
in Fig. 5�c�.

One can see that the � phase is the most preferable and
stable configuration in the Al /GexSi1−x�111� system. The
tendency for its formation at the expense of the other Al-
induced structures �e.g., at the expense of dissolution of the
magic clusters in �-7�7 phase� enhances with increasing
Ge coverage to 1.0 ML and beyond. At relatively low tem-
peratures of around 550 °C, the patches of the diluted magic
cluster arrays still preserve �plausibly, due the kinetic limita-
tions�, while at �750 °C the surface comprises domains of
the � phase surrounded by the bare 7�7 reconstruction with
scarce magic clusters on it. �Recall that Al coverage in the �
phase is �0.65–0.75 ML, which is almost three times
greater than the average value of 0.25 ML present on the
surface.�

Summarizing the results of the LEED-STM observations,
let us consider the general effect of Ge on the stability of the
Al adsorption configurations on Si�111� surface. One can see
that all the Al/Si�111� reconstructions can be subdivided into
two groups. The first group combines the reconstructions
made of Al adatoms ��3��3 and �7��7�. The second
group unifies the reconstructions containing Al in the substi-
tutional sites of the Si�111� lattice �� phase and �-7�7
phase�. Note that the �-7�7 phase is attributed to the sec-
ond group as each magic cluster is essentially a triangular
domain of the Si-Al bilayer �see Fig. 1�c��.29,30 In the pure
Al/Si�111� system, the Al adatom appears to be more stable
than the Al atom in the substitutional site, hence the irrevers-
ible transition from the �-7�7 phase to the �3��3 recon-
struction upon heating beyond 600 °C. With increasing Ge
content in the Si�111� substrate, stability of the substitutional
configuration grows over the stability of the adatom configu-
ration and the reconstructions of the second group ��-7�7
phase and � phase� prevail over the adatomlike �3��3 re-
construction.

C. Al/Si(111) and Al/Ge(111): Density-functional
theory calculations

To quantify the relative stability of the competitive Al
adsorption configurations, we conducted first-principles cal-
culations of their formation energies. As a starting point, we
considered the pure Al/Si�111� and Al/Ge�111� systems, for
which stability of the Al atom in the adatom and substitu-
tional sites was evaluated. Results of the calculations are
summarized in Table I. Here, the relative stability is com-
pared within each material system and the energy of the ada-
tom configuration is set to zero. For the Al/Si�111� system,
the preference of the adatom configuration is evident; it is by
0.43 eV more stable than the substitutional configuration.
This coincides with the experimental observations mentioned

FIG. 5. Ge-induced transition from the �3��3 reconstruction
to �-7�7 and � phases. �a� 500�370 Å2 empty-state �+1.85 V�
STM image of the original �3��3-Al surface prepared by depos-
iting �0.25 ML of Al onto the Si�111�7�7 substrate at 700 °C.
�b� 335�250 Å2 empty-state �+3.1 V� STM image of the uncom-
pleted magic cluster array ��-7�7 phase� formed by adding 0.5
ML of Ge at 500 °C to the �3��3-Al surface shown in �a�. �c�
Coexisting surface structures developed near the step edge upon
adding 0.5 ML of Ge to the �3��3-Al surface at 400 °C. The
regions occupied by the �3��3 reconstruction, �-7�7 phase, and
� phase are indicated.
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above. For the Al/Ge�111� system, the results of the calcula-
tions are not so unambiguous; the formation energy of both
configurations appears to be the same within accuracy of the
calculations. Thus, one could conclude that, in contrast to the
Al/Si�111� system adatom configuration, the Al/Ge�111� sys-
tem has, at a minimum, no preference over substitution con-
figuration. As for the experiment, the adatomlike �3��3
reconstruction has never been observed on Ge�111� surface
for any group-III adsorbates Al,28 Ga,31,32 and In,33,34 but
formation of the incommensurate reconstructions akin the
Al/Si�111� � phase have been detected for all of them.

D. �-7Ã7 phase at Al ÕGexSi1−x(111):
Density-functional theory calculations

In this subsection, we consider the sequence of Si atom
substitution for Ge in the �-7�7 phase. To set the stage, Fig.
6 illustrates notation used for the various Si sites in the
�-7�7 phase. Note that in Fig. 6 a half unit cell is pre-
sented; hence, the whole number of equivalent sites in the
full 7�7 unit cell is twice that seen in the figure. The Si sites
are as follows:

�i� six Si corner adatoms �labeled A�,
�ii� 18 Si rest-layer atoms to which six Si corner adatoms

are bonded �labeled RA�,
�iii� six Si T4 atoms beneath six Si corner adatoms �la-

beled TA�,
�iv� six Si atoms incorporated in two magic clusters �la-

beled C�,
�v� 18 Si rest-layer atoms surrounding magic clusters, i.e.,

those to which Al atoms of the magic clusters are bonded
�labeled RC�,

�vi� six Si rest-layer atoms beneath Si atoms of the magic
clusters �labeled RC��,

�vii� 12 Si T4 atoms beneath Al atoms of the magic clus-
ters �labeled TC�,

�viii� 12 Si T4 atoms in between magic clusters and Si
corner adatoms �labeled T�, and

�ix� 18 Si atoms constituting dimers �labeled D�.
To describe the structure and composition of a particular

Al /GexSi1−x�111�-�-7�7 phase, we indicate which Si atoms
are substituted by Ge. For example, notation A6RA18C6 is for
the �-7�7 phase in which all corner Si adatoms A, all rest-
layer atoms to which the adatoms are bonded RA, and all Si
atoms incorporated in the magic clusters C are substituted by
Ge �Fig. 8�b��.

Using density-functional theory calculations, formation
energies were determined for 38 various configurations. The
obtained results are summarized in Table II and Fig. 7 which
show energies of the configurations as a function of the Ge
coverage incorporated in the �-7�7 phase. In Table II, con-
figurations are labeled according to the notation described
above. In Fig. 7, the configurations are indicated by their
numbers in Table II. For each Ge coverage several configu-
rations have typically been evaluated of which the one hav-
ing the lowest energy can be considered as the most plau-

FIG. 7. Calculated formation energies for the various configu-
rations of the Al /GexSi1−x�111�-�-7�7 phase as a function of Ge
coverage. Energy of the Ge-free Al /Si�111�-�-7�7 phase is taken
as zero. Configurations are indicated according to their numbers in
Table II. Shaded dots correspond to the configurations forming the
“reaction pathway” for the substitution of Si atoms by Ge in the
�-7�7 phase.

TABLE I. Calculated relative formation energies of the adatom
and substitutional configurations for Al atom at Si�111� and Ge�111�
surfaces. Energies of the adatom configurations are taken as zero.

Configuration �E in eV / �1�1 cell�

Al/Si�111� adatom 0.00

Al/Si�111� substitution +0.43

Al/Ge�111� adatom 0.00

Al/Ge�111� substitution +0.03

FIG. 6. Schematic illustrating various Si sites in the �-7�7
phase. Si atoms are shown by white circles and Al atoms by black
circles. For indicated notation see the text.
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sible. Thus, a set of the lowest-energy configurations
illustrates reaction pathway for the substitution of Si atoms
by Ge in the �-7�7 phase. As one can see, the first Si atoms
to be substituted are the most top ones, namely, Si corner
adatoms A and Si atoms incorporated in the magic clusters C.
Remarkably, the A6 and C6 configurations have almost simi-
lar energies with a slight preference �by �0.2 eV� for the A6
configuration. The energy difference for the “mixed” A2C6
and A6C2 �A3C6 and A6C3� configurations is still less. This

stage is completed by developing the A6C6 configuration at
0.24 ML of Ge �Fig. 8�a��. At the next stage, Si rest-layer
atoms around corner Ge adatoms RA are substituted, leading
to the A6RA18C6 configuration with 0.61 ML of Ge �Fig.
8�b��. Then, Si rest-layer atoms surrounding magic clusters
RC become involved in the substitution process and the
A6RA18C6RC18 is developed at 0.98 ML of Ge �Fig. 8�c��.
This configuration is believed to represent the global mini-
mum for the Al /GexSi1−x�111�-�-7�7 phase as having the
lowest energy among all the configurations tested in the
present study. Substitution of the deeper Si atoms �e.g., RC�,
TC, TA, etc.� with increasing Ge coverage beyond 1.0 ML
results in the growing energy. Note that this result is in a
principal agreement with the experimental data which indi-
cate that, at relatively large Ge coverage, the magic clusters
loose their enhanced stability and become replaced by a �
phase.

IV. CONCLUSION

In conclusion, using STM and LEED observations and
density-functional calculations we have examined how add-
ing Ge to Si�111� substrate affects the reconstructions formed

TABLE II. Calculated formation energies for the various con-
figurations of the Al /GexSi1−x�111�-�-7�7 phase. Energy of the
Ge-free Al /Si�111�-�-7�7 phase is taken as zero.

�Ge Number Configuration Energy �eV�

0.12 1 C6 −1.8

0.12 2 A6 −1.9

0.16 3 A2C6 −2.5

0.16 4 A6C2 −2.5

0.18 5 A3C6 −2.8

0.18 6 A6C3 −2.8

0.20 7 A4C6 −3.1

0.20 8 A6C4 −3.1

0.25 9 A6C6 −3.7

0.29 10 A2RA6C6 −3.3

0.37 11 A6RA6C6 −4.5

0.45 12 A4RA12C6 −4.5

0.49 13 C6RC18 −3.6

0.49 14 A6RA18 −3.9

0.49 15 A6RA12C6 −5.1

0.61 16 A6RA18TA6 −3.2

0.61 17 A6C6RC18 −5.5

0.61 18 A6RA18C6 −5.7

0.73 19 C6RC18RC6
�TC6 −2.6

0.73 20 A6RA18TA6C6 −2.9

0.73 21 A6C6RC18RC6
� −5.1

0.73 22 A6RA18C6RC6 −6.3

0.86 23 A6C6RC18RC6
�TC6 −4.7

0.86 24 A6RA18C6RC12 −6.9

0.90 25 A6RA18C6RC14 −7.1

0.92 26 A6C5RC16RC6
�TC12 −3.8

0.94 27 A6RA18C6RC16 −7.3

0.98 28 A6RA3C5RC16RC6
�TC12 −4.1

0.98 29 A6RA18C6RC18 −7.4

1.02 30 A6RA18C6RC18RC2
� −7.2

1.06 31 A6RA18C6RC18RC4
� −7.1

1.10 32 A6RA18TA6D12T12 −4.0

1.10 33 A6RA18C6RC18RC6
� −7.0

1.18 34 A4RA12C6RC18RC6
�TC12 −5.0

1.22 35 A6RA12C6RC18RC6
�TC12 −5.6

1.22 36 A6RA18TA6C6D12T12 −5.8

1.22 37 A6RA18C6RC18RC6
�TC6 −6.5

1.35 38 A6RA18C6RC18RC6
�TC12 −6.2

FIG. 8. Atomic configurations demonstrating the highest stabil-
ity at given Ge coverage including �a� A6C6 at 0.24 ML of Ge, �b�
A6RA18C6 at 0.61 ML of Ge, and �c� A6RA18C6RC18 at 0.98 ML of
Ge. The Si atoms substituted by Ge atoms are shaded.
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by adsorption of �0.3 ML of Al onto the surface. It has been
found that all the reconstructions typical for the pure Al/
Si�111� system, �3��3, �7��7, magic cluster array ��-7
�7-phase�, and � phase, are preserved at the GexSi1−x�111�
surface but their relative stability alters dramatically. While
in the pure Al/Si�111� system the Al adatom configuration is
more stable than the Al substitutional configuration �hence,
the irreversible transition of the �-7�7 phase to the �3
��3 reconstruction upon heating above 600 °C�, adding Ge
makes the Al substitutional configuration preferable over Al
adatom configuration. Thus, by adding Ge to the �3
��3-Al reconstruction, one can restore the �-7�7 phase.
The �-7�7 phase in the Al /SixGe1−x�111� system possesses
an enhanced thermal stability and persists almost up to the Al
desorption temperature of �800° that might be very useful

for its applications, in particular, as a catalyst.10 Results of
the calculations allow us to track the sequential stages of the
substitution of Si atoms by Ge in �-7�7 together with the
total-energy change. It has been found that Ge atoms substi-
tute first the corner Si adatoms and Si atoms incorporated in
the Al6Si3 magic clusters, then the rest-layer Si around Si
adatoms followed by the rest-layer Si around the clusters.
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