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Origin of the Parasitic (7 7 17) Domain on Reconstructed Si(5 5 12)-2 × 1
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From reconstructed Si(5 5 12)-2 × 1, the area of the locally-converted (7 7 17) domain has been
detected using scanning tunneling microscopy (STM). The atomic structure of (7 7 17) domain
turns out to be equal to that of Si(5 5 12)-2 × 1, simply missing one of the (3 3 7) sections, that is,
D(3 3 7) with a dimer-facing-adatom (D/A) row. In this structural transformation from (5 5 12)
to (7 7 17), neither the number of atoms nor the dangling-bond number changes, but the surface
atoms simply rebond under the external stress originating from the (1 1 3) facet parallel to the 1-D
row. Through the distribution of the (7 7 17) domain, the direction and the size of the compressive
surface-stress existing on Si(5 5 12)-2 × 1 can be deduced, which implies that the (7 7 17) domain
can be utilized as a nanometer-scale stress-indicator on the (5 5 12) domain.
PACS numbers: 68.37.Ef, 68.47.Fg, 68.03.Cd
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5 12)-2 × 1 was proposed by Baski et al. in 1995, many
groups have proposed a structural model of Si(5 5 12)-2
× 1 [11–16]. However, one of conveniences in treating
the high-index surfaces between the (0 0 1) and the (1
1 1) surfaces is that, even though the detailed structure
is not known, each surface can be distinguished by its

I. INTRODUCTION
For the fabrication of a one-dimensional (1-D) metal
nanowire using a template and self-assembly, the step
existing at the vicinal (0 0 1) and (1 1 1) surfaces was
used to cluster depositing atoms [1–4]. As the angle
increases from the low-index surface, the step density
increases, but an undesirable step-bunching also occurs
during reconstruction. Therefore, in order to change the
line-spacing of a 1-D metal nanowire grown on a template
with 1-D symmetry, it is essential to find the high-index
Si surface between the (0 0 1) and the (1 1 1) surfaces,
which is reconstructed to a planar surface keeping 1-D
symmetry and a single-domain. Up until now, the reconstructed Si(1 1 4)-2 × 1 and Si(5 5 12)-2 × 1 surfaces are
known to be surfaces that keep the same line-spacing as
that of the ideally bulk-terminated surface [5–10]. However, such high-index surfaces have potential problems
related to preparing the surface with a precise direction
due to the lack of bright diffraction-beams.
Besides such misalignment problems during slicing the
wafer, there are many kinds of surfaces existing near the
high-index surface, as shown in Fig. 1. Since several of
them have shorter periodicity than that of the (5 5 12)
surface, the reconstructed (5 5 12) surface turns out to
be a combination of them, those are, two (3 3 7) sections
and one (2 2 5) section [5,11]. As their relative angles are
within 1◦ from the (5 5 12) surface, the surface of such
a combination seems to be planar. The Si(5 5 12)-2 × 1
employed in the present study has a relatively large unitcell of 5.35 nm. Since the first structural-model of Si(5
∗ E-mail:

Fig. 1. Ideal Si cross-section viewed from the [1 1̄ 0] direction. One period of bulk-terminated Si(5 5 12), shown as
dark lines, consists of either two (3 3 7) sections and one (2 2
5) section, or one (3 3 7) section and one (7 7 17) section. All
of the high-index surfaces between the (0 0 1) and the (1 1 1)
plane are reconstructed to have 1-D symmetry along the [1̄ 1
0] direction. In the inset table, the angle relative to Si(0 0 1),
the periodic-length along the [1̄ 1 0], and the angle-difference
relative to the (5 5 12) surface are listed.
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periodicity only.
During our study on reconstruction of Si(5 5 12), a
wide (7 7 17) area happened to be discovered in a specific
area repeatedly. In addition to this, a clear boundary of
the transformation from a (5 5 12) to a (7 7 17) domain
along the same atomic rows was also detected. Therefore,
in the present study, the atomic structure and the origin
of the (7 7 17) domain existing on Si(5 5 12)-2 × 1 were
studied using scanning tunneling microscopy (STM).

II. EXPERIMENT
Under a base pressure of 1 × 10−10 Torr, n-type
Si(5 5 12)(P-doped, 13 × 2 × 0.25 mm3 ) was reconstructed. The wafer was cleaned using alcohol, acetone,
and trichroloethylene (TCE), mounted on a Mo holder,
degassed at 600 ◦ C for 9 hours, and flashed to 1150 ◦ C
(maximum pressure was 5 × 10−10 Torr). Finally, the
wafer was reconstructed by cooling it slowly from 700 ◦ C
to 300 ◦ C at a rate of 2 ◦ C/min. The topography STM
image was obtained with the constant current mode with
the sample-bias voltage between –1.7 V and –2.7 V, and
the corresponding error-signal image was obtained in order to single out the intensity variation.

III. RESULTS AND DISCUSSION
Fig. 2(a) presents the filled-state STM image of the reconstructed Si(5 5 12) surface with the structural model
of Jeong et al. [14]. On the reconstructed Si(5 5 12)-2 ×
1, although several groups have reported different structural models [11, 14–16], that of Jeong et al. using the
first-principles calculation and STM images is known to
be the most stable one to now [14]. As described earlier,
one periodicity of (5 5 12) along the [6 6 5̄] direction consists of D3 [i.e., a (3 3 7) unit with a dimer row facing a
buckled-adatom row (D/A)], D2 [i.e., a (2 2 5) unit with
D/A rows as D3 and a tetramer row (T)], and D1 [i.e.,
the other (3 3 7) unit with a tetramer row (T)] sections.
The bright 1-D features separating each section are honeycomb chains (H) of 1 × periodicity along the row [1̄ 1
0]. Such a Si(5 5 12)-2 × 1 forms a wide, single-domain
terrace.
Recently, while obtaining STM images from Si(5 5 12)2 × 1 with wide terraces and a (1 1 3) facet, a domain
with periodicity (along the [6 6 5̄] direction) different
from that of Si(5 5 12)-2 × 1 or the (1 1 3) facet was
detected as shown in Fig. 3(a). Such a domain, designated by ‘a’ at the boundary, mainly appears near (1 1
3) facets and has a 1-D symmetry along the [1̄ 1 0] direction, like other high-index surfaces discussed in Fig.
1. The high-resolution STM image obtained from these
domains is shown in Fig. 2(b). Based upon the length
scale obtained from the Si(5 5 12)-2 × 1 terrace, one
periodic length perpendicular to a 1-D row turns out to

Fig. 2. (a) Filled-state STM image (Size : 6.7 nm × 2.2
nm, Vs = –2.5 V, I = 0.6 nA) and the structural model of Si(5
5 12)-2 × 1 [14]. H, D, A, and T imply a honeycomb chain, a
dimer row, an adatom row, and a tetramer row, respectively.
One unit cell of Si(5 5 12)-2 × 1 consists of D1, D2 and D3
sections; those are (3 3 7) with tetramer, (2 2 5) and (3 3 7)
with a dimer-facing-adatom, respectively. (b) and (c) Filledstate STM image of two periods of reconstructed Si(7 7 17)-2
× 1 (Size : 10 nm × 2.4 nm, Vs = –2.7 V, I = 0.5 nA) and
the corresponding structural model. One unit cell of (7 7 17)2 × 1 consists of D1 with a tetramer (T) row and D2 with
a dimer-facing-adatom (D/A) row and a tetramer (T) row,
and has a periodic length of 3.78 nm. One unit-cell of (7 7
17)-2 × 1 is designated by using a dotted-parallelogram. The
largest, mid-sized, and smallest circles indicate an ad-dimer
adsorption site, a tetramer (T) site, and a buckled adatom
(A) site, respectively.

be 3.78 nm which matches perfectly with that of bulkterminated (7 7 17) area shown in Fig. 1. Fig. 2(b)
shows the magnified image of (7 7 17) area, where one
spacing between the brightest rows with 1 × periodicity
along the [1̄ 1 0] direction (indicated by arrows) is 2.21
nm, which is equal to one unit-length of the (2 2 5) facet,
and the other spacing (also indicated by arrows) is 1.57
nm, which is equal to that of the (3 3 7) facet. Therefore,
it can be deduced that one (7 7 17) periodicity consists
of one (2 2 5) unit and one (3 3 7) unit, which implies
that one kind of (3 3 7) unit is missing from two kinds
of (3 3 7) units (those are D1 and D3) in the (5 5 12)
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doamin, as shown in Fig. 2(a). As no additional dimer
(i.e., ad-dimer) has been detected from the (3 3 7) unit
in the present the (7 7 17) domain, it is not a D3 with
D/A features in it because it is well-known that D/A
features always provide an adsorption site for ad-dimers
[14,17,18].
In Fig. 2(b), three ad-dimers were adsorbed at D/A
sites in the (2 2 5) unit of the left (7 7 17) unit because a
Si ad-dimer appears to be a bright single dot in the filledstate STM images with a 2 × periodicity along the [1̄ 1
0] direction [5,11,14,18]. Therefore, one period of Si(7 7
17)-2 × 1 observed at a specific area of Si(5 5 12)-2 × 1
consists of D2 and D1 units. One unit-cell of Si(7 7 17)-2
× 1 can be expressed by the dotted-parallelogram shown
in Fig. 2(b). In the structural models of Fig. 2(c), two
periods of unit cells viewed from the side and the top are
shown. The Si ad-dimers in the neighboring unit-cells
were also used for estimating the relative unit-cell shift
along the 1-D row, that is, a0 /2, because the ad-dimers
are unique distinct features in the present STM image.
In Fig. 2(c), a parallelogram corresponding to that in
Fig. 2(b) was drawn in the Si(7 7 17)-2 × 1 structural
model, and the largest-dotted circles indicate possible
adsorption sites of ad-dimers. The smallest-dotted line
indicates a buckled rebounded-rest atom, and the midsized dotted circles indicate tetramer sites. Therefore, it
can be confirmed that the unit-cell of Si(7 7 17)-2 × 1
is simply that of Si(5 5 12)-2 × 1 missing the D3 unit,
that is, a (3 3 7) unit with D/A features.
In Fig. 3(a), the filled-state STM image of Si(5 5 12)-2
× 1 with a facet parallel to a 1-D row is shown. This
facet turns out to be a (1 1 3) facet due to the periodicity
perpendicular to a 1-D row, as shown in the magnified
image in the inset of Fig. 3(a) (from now on, the (1 1 3)
facet will be denoted by the letter ‘c’). The left-bottom
side of this (1 1 3) facet is the lower (5 5 12) terrace, and
the right-top side is the upper (5 5 12) terrace, which are
also deduced by their periodicity, 5.35 nm (from now on,
the (5 5 12) terrace will be denoted by the letter ‘b’). The
areas adjacent to this (1 1 3) facet turn out to be the (7
7 17) domains, which have also been confirmed by their
periodicities, 3.78 nm (from now on, the (7 7 17) domain
will be denoted by the letter ‘a’). At the bottom of Fig.
3(a), the line-profile along AB has been displayed. Relative to the (5 5 12) terrace, ‘b’, the other two sections,
i.e., ‘a’ and ‘c’, have positive tilting-angles toward the (0
0 1) direction of 0.3◦ and 5.3◦ , respectively. Therefore,
from the tilting-angle relative to the terrace in the line
profile shown at the bottom of Fig. 3(a), the facet at
the center (‘c’) turns out to be the (1 1 3) facet, which
was reported previously [12]. The upper-edge atoms of
the (1 1 3) facet will be pushed down toward the surface, and the lower-edge atoms of (1 1 3) facet will be
pushed up from the surface, as indicated by the dotted
arrows in Fig. 3(b). Since their vertical components will
act as a compressive stress limited to the facet, the remaining components parallel to the surface in both the
upper and the lower terraces will apply the compressive
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Fig. 3. (a) Filled-state STM image (Size : 100 nm × 100
nm, Vs = –1.7 V, I = 0.5 nA) of Si(5 5 12)-2 × 1 with a (1 1
3) facet (the magnified image of the rectangular box is shown
at the right bottom) and a line-profile along AB. The ‘a’,
‘b’, and ‘c’ at the boundary and in the line-profile denote (7
7 17), (5 5 12), and (1 1 3) domains, respectively, which have
been determined by their periodic lengths. (b) The schematic
illustration showing the stress induced by the (1 1 3) facet on
the terrace, which is based upon the line-profile along AB.

stress to the atoms adjacent to the (1 1 3) facet along
the direction perpendicular to the row. Hence, as the
distance from the (1 1 3) facet becomes larger, such a
compressive stress becomes weaker, and the (5 5 12) terrace reappears. Such an isolated (1 1 3) facet formed
along a 1-D row results from step-bunching during reconstruction. Although the total energy of the surface
has been lowered by step-bunching, the local atoms near
the (1 1 3) facet will experience the surface stress due
to the relatively large difference of facet angle relative
to the terrace (that is, 30.5◦ (5 5 12) – 25.2◦ (1 1 3) =
5.3◦ ). Ibach also reported a similar quantitative result
for Au(1 1 1) systems [19]. Kukta also reported that the
step is a source of stress, and that the amount of stress
produced by an isolated step is related to the height of
the step and to the distance from the step [20]. Figure
2(a) shows that the unit cell of Si(5 5 12)-2 × 1 consists of two (3 3 7) subunits (i.e., D1 and D3) and one
(2 2 5) subunit (i.e., D2) while that of Si(7 7 17)-2 ×
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1 consists of one (3 3 7) unit (i.e., D1) and one (2 2
5) unit (i.e., D2). Therefore, it can be deduced that
if the compressive stress perpendicular to a 1-D row on
the surface is applied to a (5 5 12) terrace, one of the
(3 3 7) units, D3, disappears. Since D3 has a dimerfacing-adatom (D/A) row in it, as shown in Fig. 2(c),
the dimer inserted in the seven-member ring generates a
compressive stress along the direction perpendicular to
the row. Therefore, the (1 1 3) facet adjacent to the (5
5 12) terrace plays the same role as the D3 subunit in
the (5 5 12) unit cell. This implies that the wide, planar
(5 5 12) terrace can be maintained due to the balance of
compressive and tensile stresses of their subunits. Thus
if any external source (e.g., facet or kink) were to provide
a certain kind of stress (i.e., tensile or compressive), the
subunit with the same kind of stress can be eliminated
from the (5 5 12) terrace or a subunit with the opposite
kind of stress can be added to the (5 5 12) terrace.
In Figs. 4(a) and 4(b), in order to understand the
effect originating from the different environments of a
parallel facets shown in Fig. 3, we obtained STM images from the place with crossing facets, a (1 1 3) facet
parallel to a 1-D row and a facet perpendicular to the
(1 1 3) facet. In Figs. 4(a) and 4(b), the filled-state
images were obtained from the lower and the upper terraces, respectively. In the lower terrace, as shown in Fig.
4(a), the (7 7 17) domain composed of D2 (wider subunit
with ad-dimers) and D1 (narrower subunit without any
ad-dimer) subunits is dominant near the (1 1 3) facet, as
with the previous case shown in Fig. 3(a). Conversely,
in the upper terrace shown in Fig. 4(b), the (7 7 17)
domain is dominant only at the places adjacent to the (1
1 3) facet, at the same time, far from the crossing corner
of the two facets. As the (7 7 17) domain approaches
the crossing corner at two places designated by the rectangular boxes, D2 transforms to D1 and vice versa. As
a result of this transformation, one (7 7 17) period in a
homogeneous (7 7 17) domain at the top-and-left corner
of Fig. 4(b) has been changed to one (5 5 12) domain
at the right-and-bottom of Fig. 4(b). Such a transformation is limited near the crossing corner, which implies
that the stress-inducing transformation is localized near
the corner. Based upon the results obtained in Figs. 4(a)
and 4(b), we have drawn the map, including terraces and
facets, in Fig. 4(c). It is evident that the two results obtained in Figs. 3 and 4 are qualitatively identical near the
(1 1 3) facets far from the corner, but the vertical facet
clearly modified the compressive stress due to the (1 1 3)
facet around the corner. The transformation boundary
designated by the dashed lines in Figs. 4(b) and 4(c) has
a certain acute angle relative to a 1-D row, which implies
that the stress interference originating from the vertical
facet reverses with respect to the crossing corner. One
of the interesting points related to the transformation
boundary is the fact that the transformation from D2 to
D1 and vice versa does not occur singly but as a pair, as
shown in the two rectangular boxes in Fig. 4(b) and their
magnified image in Fig. 4(d). As the atomic structures
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Fig. 4. (a) and (b) Filled-state STM images (Size : 50 nm
× 50 nm, Vs = –1.7 V) obtained from the lower and the upper
terraces near the crossing facet, respectively. (c) The domain
and the facet map based upon (a) and (b). (d) Magnified
image (Size : 5.3 nm × 7.6 nm) of the portion including the
transformation boundary in (b). (e) Based upon the Si(5 5
12)-2 × 1 and the Si(7 7 17) )-2 × 1 models shown in Fig. 2,
the STM image, including the transformation boundary (‘α’
and ‘β’), was expressed in terms of 1-D features.

of the (5 5 12) and the (7 7 17) domains have been defined
in Fig. 2, the detailed transformation at the transformation boundary can easily be understood. As Fig. 4(d)
shown, three (7 7 17) periodicities designated by ‘β’ in
the homogeneous (7 7 17) area were transformed to ‘α’ in
the area mixed with a (5 5 12) area. With the subunit sequence and its 1-D feature shown in Fig. 2, it is clear that
the ‘α’ portion consists of subunits D2-D1-D2-D1-D3-D2
or 1-D features H-D/A-T-H-T-H-D/A-T-H-T-H-D/A-HD/A-T-H, as designated in Fig. 4(e). On the other hand,
the ‘β’ portion is composed of D1-D2-D1-D2-D1-D2 or
H-T-H-D/A-T-H-T-H-D/A-T-H-T-H-D/A-T-H.
To identify D3 from D1, the intensity variation of
troughs in their subunits has been used. In the transformed areas designated by dashed lines in Figs. 4(b)
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and 4(d), it can be found either that the image of the
trough (i.e., dark strip) is not aligned or that its intensity is changed. That is to say, as designated by
the thicker arrows in Fig. 4(e), three (7 7 17) subunits experienced either switching between D1 and D2
or transforming from D1 to D3. Assuming that each
subunit has to conserve its own amount of stress inside
H chains, the net stress variation induced by a vertical facet is achieved through transforming a tetramer
row (T) to a dimer-facing-adatom (D/A) row in the
third (7 7 17) unit in the ‘β’ region. Such structural
transformation inside an identical subunit has also been
discovered during Si homoepitaxy or Bi-deposition on
Si(5 5 12) [18,21]. In these experiments, the additional
atoms were adsorbed and exerted a tensile stress to a
D1 unit, which resulted in tetramer separation to dimerfacing-adatoms. In this structural transformation, the
dangling-bond number was conserved, and total-energy
lowering was achieved through rebonding only. From
the present process through which the surface has been
prepared, it can be understood that the (1 1 3) facet
is expanding along a row by peeling off the layers, oneby-one, from the (5 5 12) terrace. Therefore, the image
obtained in Fig. 4 is that of a transformation from a (5
5 12) to a (7 7 17) area. In the present case, interestingly, as designated by the bold arrow in Figs. 4(b) and
4(d), no additional dimer was discovered at the transformed dimer-facing-adatom row near the transformation boundary, even though it had an adsorption site.
This implies that the origin of the tensile stress causing the structural transformation between D/A and T is
not an additional dimer, but the existence of a (1 1 3)
facet that exerts a compressive stress along the direction
perpendicular to the 1-D row, [6 6 5̄]. None of the transformations shown in Fig. 4 were conducted by depositing external atoms, but rather were achieved through rebonding surface atoms in 1-D rows; those are D/A→ T,
T→ H, and H→ D/A. As those three 1-D features have
identical dangling bonds, as shown in Fig. 2(c), such
transformations through rebonding processes are possible under minor variations of external stresses.
Up to now, we have shown that the terrace with (7 7
17) periodicity only appears at the local area under the
compressive stress caused by the facet. As there exist
two kinds of facets, those with parallel and non-parallel
facets to 1-D rows of Si(5 5 12), it is interesting to monitor their effects on the transformation from a (5 5 12)
to a (7 7 17) domain. In Figs. 5(a) and 5(b), terraces
are surrounded by parallel facets and non-parallel facets,
respectively. In Fig. 5(a), three facets parallel to the [1̄ 1
0] direction surround two homogeneous (7 7 17) terraces,
which was been confirmed by their periodicity, 3.78 nm.
This results from the fact that prior to full relaxation
of the compressive stress originating from one parallel
facet, another parallel facet appears. Therefore, such a
narrow terrace (width, 28 nm) surrounded by parallel
facets is transformed to a pure (7 7 17) terrace. Conversely, in Fig. 5(b), the STM image obtained from the
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Fig. 5. Filled-state STM images obtained from the terraces
surrounded by (a) parallel facets (Size : 56 nm × 69 nm, Vs
= –2.7 V) and (b) non-parallel facets (Size : 30 nm × 30 nm,
Vs = –1.7 V). The ‘a’, ‘b’, and ‘c’ at the boundary indicate
the (7 7 17), (5 5 12), and the (1 1 3) portions, respectively.

narrow terrace surrounded by non-parallel facets designated by bold arrows is shown. In this case, instead of
a pure (7 7 17) terrace, a few (7 7 17) units are mixed
in the narrow (5 5 12) terrace with a width of 17 nm.
Two distinct results indicate that the stress induced by
the vertical facet is not so efficient as that induced by
the parallel facet for transforming from a (5 5 12) to a
(7 7 17) terrace. Such an anisotropic characteristic of
the stress applied to a 1-D features existing on Si(5 5
12) can be easily understood by referring to the atomic
structures shown in Fig. 2. The compressive stress from
the vertical facet was applied to all 1-D features along
the [1̄ 1 0] direction evenly, and subsequently the transformation from a (5 5 12) to a (7 7 17) terrace was not
induced.

IV. CONCLUSION
From the reconstructed Si(5 5 12)-2 × 1, a single domain of locally-converted Si(7 7 17)-2 × 1 was detected,
and its origin as well as structure, was identified. It was
revealed that one unit of Si(7 7 17)-2 × 1 was composed
of one (3 3 7) unit with a tetramer in it (i.e., D1) and one
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(2 2 5) unit (i.e., D2). This corresponds to that of Si(5 5
12)-2 × 1 simply missing one (3 3 7) unit with a dimerfacing-adatom (D/A) row (i.e., D3). Such a structural
transformation typically appears at a terrace by relaxing the compressive stress originating from the (1 1 3)
facet existing at the reconstructed Si(5 5 12)-2 × 1. A
detailed analysis on the transforming area indicate that
a compressive stress perpendicular to 1-D rows on the
surface generated simultaneous transformations among
1-D features, such as a tetramer row, a dimer-facingadatom row, and a honeycomb chain. In this structural
transformation from a (5 5 12) to a (7 7 17) domain, neither the number of atoms nor the dangling-bond number
changes, but the surface atoms simply rebond under the
external stress originating from the (1 1 3) facet parallel
to the 1-D row. Therefore, we deduced that the appearance of (7 7 17) domain may indicate the magnitude and
the direction of the compressive surface-stress existing
on reconstructed Si(5 5 12).
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