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Electronic and geometric structure of Si(111)-5X2-Au
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Si(111)-5X 2-Au is investigated in detail using scanning tunneling microscopy and spectroscopy at 78 K. It
is shown that topographic features in STM images are strongly dependent on bias voltages, including a new
atomic feature, V unit. Detailed investigations of local distributions of electronic states by scanning tunneling
microscopy, point spectroscopy, and current imaging tunneling spectroscopy suggest extensive charge transfers
between intra- and interlocal unit cells. Comparisons of experimental and theoretical structural models pro-
posed up to date are made and it is found that none of models truly reproduces all the features observed so far.
Our findings suggest that further investigation is required.
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I. INTRODUCTION

A low-dimensional system has been extensively studied
for a number of years due to its novel electronic properties
and possible device applicability. Particularly, metal on semi-
conductor systems have drawn a lot of interest because they
are found to be easily fabricated to low-dimensional, espe-
cially one-dimensional, structures with tailored electronic
properties.

Recently, Au/Si(111) systems have become fascinating,
due to the report of an unusual ground state. A one-
dimensional metallic band observed on a highly stepped
Si(111) has been proposed to have spin-charge separation, an
evidence of the Luttinger liquid.'

Si(111)-5 X 2-Au, which is one of various phases>? found
when a submonolayer of Au is deposited on clean Si(111)
surface, is a self-organized one-dimensional system with the
two rows of weakly dimerized substitutional Au chains along

[110].4-° Although these rows are not imaged, scanning tun-
neling microscopy (STM) studies revealed a complex surface
structure’~'? and a preferential growth from step edges.!!'-1?
Angle-resolved photoemission studies found that the system
is metallic,'® however, more recently it was suggested to be
nonmetallic with up to a 0.3 eV gap,'’"!? although it was
commonly agreed that the system is one dimensional elec-
tronically as well as optically.?’

Reflecting interests on the system, a few experimental
models®? 10141521 a5 well as a recent theoretical model?
have been proposed. Among these models, the identity and
location of a feature called a bright protrusion (BP) plays a
central role, which always appears on the Si(111)-5X2-Au
surface. However, they had been no consensus on the iden-
tification of bright protrusions. It had been suggested that
bright protrusions are either Au adatoms’!3-15232% or Si
adatoms.® But a recent study using STM strongly supports
that bright protrusions are Si adatoms,?’ although the rest of
the structure remains still unclear. Interestingly these bright
protrusions were proposed as a possible atomic scale
memory at silicon surface capable of a terabit storage when
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atomically manipulated using STM.?® A recent theoretical
investigation?’ showed that two major proposed models®!>
do not reproduce key features observed by photoemission
and STM. Thus the correct structure model for Si(111)-5
X 2-Au is still lacking.

In this paper, the geometric and electronic structures of
Si(111)-5X2-Au are examined in detail using high-
resolution STM and scanning tunneling spectroscopy (STS)
at low temperature. Our results revealed a topographical
transition in STM images depending on bias voltages that
have not been observed in prior works. A new atomic fea-
ture, V unit, and a local distribution of electronic states are
observed by STM, point STS, and current imaging tunneling
spectroscopy (CITS). Influences of state D and a Si adatom
are found to be critical on both the geometric and electronic
structure. In addition, recently proposed structure models of
Si(111)-5X%2-Au will be discussed based on our STM im-
ages.

II. EXPERIMENTAL PROCEDURE

The experiment were carried out with an UHV system
consisting of an analysis chamber and a preparation chamber
that were used elsewhere.?® All standard sample preparations
including sample cleaning, Au deposition, and a low-energy
electron diffraction (LEED) measurement were performed in
the preparation chamber. Then samples were transported to
the analysis chamber equipped with commercial Omicron
LT-STM after sample preparations. At the base pressure less
than 2 X 10~'° mbar, the clean Si(111) surface was obtained

from a wafer vicinally oriented by 4 deg toward the [112]
direction, by 920 K annealing for more than 24 h and several
cycles of 1480 K flashing for the duration of 3 s. Au was
deposited from a tungsten filament at 940 K at a rate lower
than 0.01 ML/s and surface quality and coverage proper to
the STM measurement were monitored by LEED. STM mea-
surements were performed at a base pressure below 3
X 107" mbar, and liquid nitrogen temperature (78 K). Point
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FIG. 1. (Color online) Large-scale typical STM images in a
filled state (a), and an empty state (b). Rectangular 5X2 and
5 X4 units are depicted by solid lines and dashed lines, respectively.
Bright protrusions are imaged as white spots at both filled and
empty states. Bias voltages are (a) —=0.4 V and (b) +0.7 V and the
tunneling current is 0.1 nA.

STS measurements were performed for up to 20 s over indi-
vidual sites to enhance the statistics, during which the drift
rate was kept to less than 0.03 nm/min. In CITS, 1-2 s were
used for I(V) measurement at each pixel of an image. All
data presented here were acquired at liquid nitrogen tempera-
ture. Although STM imaging was performed at room tem-
perature as well, essentially no difference was found between
78 K and room temperature results, besides better resolution
and less thermal drift due to enhanced stability at low tem-
perature.

III. TOPOGRAPHIC FEATURES IN STM IMAGES

Figure 1 shows typical STM images of the Si(111)-5
X 2-Au surface, obtained simultaneously over the same area.
A rectangle in solid lines in the images marks a unit cell of
5 X 2. Baski et al. termed two main features in the rectangu-
lar unit cell a “round unit” and a “rectangular unit” from
their empty state images.?

As shown in our better resolved image, Fig. 1(b), how-
ever, the so-called rectangular unit clearly does not appear
rectangular. Two small tails are apparent on one side. Hence-
forth they will be called in our work “U units,” instead of
rectangular units, in order to avoid possible confusions. Fur-
thermore, a feature marked by an arrowhead was labeled as
triangular units in previous works, however, in this paper, it
will be called a “V unit” in the same vein. The reasons be-
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hind this relabeling will be discussed later. V units are found
between two bright protrusions separated by only 4a [ag is a
Si(111) unit length, 0.387 nm] under the tunneling condition
specified in Fig. 1(b). The counterpart in the filled state is
signified by a presence of a nodelike feature in the middle.
Note also that in the filled state image of Fig. 1(a), U units
appear V shaped. However, these U units are not V units
because they are found only in the region where two bright
protrusions are separated by 6a, or more. In conjunction
with a round unit in the same cell, the U unit forms a “Y”
feature, as previously described.”!?

Bright protrusions are typically located between two
neighboring U units, located on the same row running in the

[110] direction. A spacing between bright protrusions is a
multiple of 2a, because U units have a 2a, periodicity. How-
ever, the spacing, 2a,, was seldom found in our data. This is
attributed to apparent nearest neighbor repulsion
interaction>*?° between BPs. Consequently, they form short
chains spaced by 4a,, which is the actual minimum spacing,
and terminated by a BP-free segment of 2na,, where n is an
integer. One bright protrusion and two round features consti-
tute a local 5X4 unit cell (dotted lines in Fig. 1) and the
short chains of these units were found to exhibit very inter-
esting features.’® As mentioned earlier, the identity of bright
protrusions had been under question for a long time, and
suspected to be Au adatoms.”!3-152324 However, the recent
experiments with additional deposition of Si and Au onto
initial Si(111)-5X2-Au surface favored Si adatoms,> and
our own experiments also produced similar results.

IV. BIAS-DEPENDENT FEATURES IN STM IMAGES

In order to construct an improved Si(111)-5 X 2-Au struc-
ture, it would be informative to first examine the bias depen-
dence of STM images. Our high-resolution STM images
with various bias dependence are summarized in Fig. 2. Fig-
ure 2(a) is a filled-state image and Figs. 2(b)-2(f) are empty-
state images of the same area. The images show each row
labeled 1 through 4 include two Si adatoms spaced apart by
4,8, 6, and 4 ay’s. The first thing to note is that Si adatoms
(bright protrusions) are prominent throughout the whole bias
voltages. On the other hand, in a filled state [Fig. 2(a)], round
units and U units are imaged brightly. At an empty state [Fig.
2(b)] near the Fermi level, two units are imaged similar to
the filled state image, but U units now have thicker bridges
than in the filled state, resulting in U units that look like
rectangular shapes, as mentioned above. Interestingly, a dra-
matic change occurs in STM images as the bias voltage in-
creases. At +0.65 V, as shown in Fig. 2(c), while round and
U units show no change, the interval between the two Si
adatoms that belong to a 4ay-spaced Si adatom chain turn
bright in row 4 and produce a V unit. At +0.75 V, as in Fig.
2(d), 0.1 V higher than that of Fig. 2(c), V units emerge,
even in Si adatom-free regions. Notice that U and V units
begins to overlap on row 2 as V units emerge, while U units
on row 3 has already disappeared. BP-free segments over a
two-unit length show the same feature as two-unit length
BP-free segments (not shown here).
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FIG. 2. (Color online) Zoomed STM images with various bias
voltages over the same site. Bias voltages are (a) —0.5 V, (b)
+0.3 V, (c) 40.65 V, (d) +0.75 V, (e) +0.85 V, and (f) +1.0 V. The
tunneling current is set to 0.1 nA. Each row is labeled by numbers
1 through 4. (g) A schematic diagram of topographical features
corresponding to rows 2 to 4 between two Si adatoms.

Drastic changes observed in STM images at higher than
+0.7 V have not been reported before. At +0.85 V, as shown
in Fig. 2(e), all U units are fully transformed to V units. In
addition, round units gradually lose their intensities as the
bias voltage is increased before almost disappearing at Fig.
2(e) for round units with Si adatoms in the same local unit
cell. Finally at +1.0 V, V units appear triangle shaped be-
cause inner areas of V units are equally bright. Note also that
above this bias, a pair of lines emerge between rows, as
shown in Fig. 2(f). Among pairs of lines, right-hand side
lines are from the round units, whereas the origin of left-
hand side lines will be discussed in later sections.

It is easy to recognize that U and V units are geometri-
cally out of phase with each other. A schematic diagram is
presented in Fig. 2(g) to explain the phase relations, where U
and V units are depicted by solid lines and dotted lines, re-
spectively.

Each local unit at Si(111)-5 X 2-Au surface consists of 3
different [110] sub-rows, namely, @, 8, and ¥, which desig-
nate a row of round units, a row of U units (V units), and a
row of the dark region, respectively. Furthermore, row S,
that of U units and V units, appears to have at least two
subcomponents of bright features, 8; and (8,. As shown in
Fig. 2(g), row B, is composed of crosses and dots, and 3, of
pluses. Then the topographic transition between U and V
units may be interpreted as follows. At a low empty bias,
pluses, and crosses are responsible for bright features in
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FIG. 3. (Color online) Normalized dI/dV spectra acquired on
three different atomic sites «, 3, and y. Five states labeled from A
to D are recognized clearly in the spectra. Imaging conditions be-
fore measuring spectroscopy are V,=-1.5V and /,=1.0 nA. The
bias voltage and tunneling current for an inset are +0.7 V and
0.1 nA, respectively.

STM images, forming U units. As the bias is increased, how-
ever, crosses lose their intensity while pluses do not, and dots
gain intensity, resulting in V units. Thus, bias-dependent in-
tensities of each subcomponent such as crosses and dots may
form the topographical features in STM images.

The alternating occurrence of two different sites in STM
images are due to the local distribution of the density of
states (DOS), particularly in an empty state. In order to in-
vestigate the DOS of Si(111)-5 X 2-Au, site-specific tunnel-
ing spectra, I vs V, were measured, as shown in Fig. 3. A
normalized (dI/dV) curve, (dI/dV)/(I/V), may be taken as
an approximation of local DOS. Five distinctive surface
states were found, and designated A to E. The primed states
A’ to C’ denote segments without Si adatoms. As shown in
Fig. 3, BP-free segments are metallic due to the nonzero
LDOS at Ex. On the other hand, Si adatom chains that are
spaced by 4a, are semiconducting, as represented by site 1 in
Fig. 3. A pair of B and C, or B’ and C’, look like half-filled
dangling bonds states or 7, 7 states of Si(001)-2X 1. Note
that spectra over sites 2 and 3 are qualitatively similar to
each other, indicating that the LDOS are strongly delocal-
ized, with the exception of state D. State D is exceptionally
intense at site 3, because of its strong spatial localization and
proximity to row (. It is localized at the dot subunit site, as
denoted in Fig. 2, along row S;. On the other hand, state C’
has high LDOS and appear relatively stronger at site 2. State
E appear widely delocalized over the whole surface.

We find that the apparent topographic shift from U units
to V units is strongly correlated with state D. The contribu-
tion to a tunneling current comes from LDOS between Ej
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FIG. 4. (Color online) dI/dV maps obtained by CITS. (a) is a
topographic image acquired simultaneously with I(V). The bias
voltage and tunneling current are —1.5 V and 2.0 nA, respectively.
(b), (c), and (d) represent LDOS maps at states B’, C', and D,
respectively.

and a bias voltage, with the convolution of the transmission
factor. Thus, at the bias voltage less than +0.65 V, which
corresponds to Figs. 2(a) and 2(b), the contribution to STM
images comes only from state C’, and U units appear in
accordance with the local distribution of state C’. At
+0.65 eV, where state D lies, state D now begins to contrib-
ute to STM images and new bright feature emerges at dot
subunit sites, as shown in Fig. 2(c). Above +0.65 eV, the
contribution of state D dominates over state C’, leading to V
units. Beyond +0.85 eV, only V units stay bright, in addition
to ever-bright Si adatoms. Throughout the bias range consid-
ered, plus subunits stay persistently bright, while cross sub-
units disappear above +0.85 eV, as shown in Fig. 2(e). Thus
plus and cross subunits represent mutually distinctive chemi-
cal states.

CITS technique using scanning tunneling microscopy is
useful for investigating the distribution of LDOS at a particu-
lar energy.?! CITS is the measurement of local /(V) data at
every pixel of an STM image while maintaining constant
tip-sample separation by keeping the tunneling condition
fixed. Our CITS results are shown in Fig. 4. The topographic
image [Fig. 4(a)], simultaneously acquired with CITS [Figs.
4(b)-4(d)], does not reveal the surface in detail, because its
tunneling condition, —1.5 V and 2.0 nA, was set as far away
as possible from Er so as to obtain good tunneling spectra.
On the other hand, dI/dV maps from (b) to (d) clearly dem-
onstrate that states B’ and C' are found as round and U units,
while state D is restricted to dot sites.

In these images, Au rows are not directly imaged by STM.
The bands produced by Au 5d electrons are not only located
from —4.2 t0—6.0 eV, well out of the STM window, but also
too compact to be imaged.'® However, highly dispersive
Si—Au bonds may be weakly imaged in the empty state. In
Fig. 4(d), as in Fig. 2(f), a pair of linear lines emerge. The
right-hand side lines line up with the round unit rows, as
horizontally aligned figures in Fig. 2 demonstrates. On the
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FIG. 5. (Color online) Line profiles of a row of round units with
or without a Si adatom. Round units beside Si adatoms are imaged
less or more brightly in the (a) empty or (b) filled state image,
respectively. Bias voltages are (a) +0.3 V and (b) —=0.3 V and the
tunneling current is 0.1 nA.

other hand, the left-hand side lines corresponds to previous
dark rows v, and yet both sides of the left-hand side lines are
still separated by dark lines.

The presence of Si adatoms induce changes in electronic
states of adjacent round units. Figures 5(a) and 5(b) show
line profiles of round units (row «) at empty and filled states,
respectively. They were acquired simultaneously at the same
site through a dual-bias scanning method. Two round units
adjacent to a Si adatom appear weak in the empty state,
while they appear strong in the filled state. Charge transfer
from a dangling bond of a Si adatom to two adjacent round
units would increase LDOS of filled state B, while decreas-
ing that of empty state C. This trend is also found strong in
the upper spectrum in Fig. 6(a), where states B and C appear
weak. The same tendency is also clearly observable in dI/dV
images of states B and C, as shown in Figs. 4(b) and 4(c),
respectively. A local 5X4 structure is favored over local
5X2 with Si adatoms due to strong nearest-neighbor
repulsion.?*2° This repulsion may be attributed to the signifi-
cant reduction in the number of round units per Si adatoms in
the case of 5 X 2 with Si adatoms, where each Si adatom has
to share a round unit, and thus charge transfer becomes lim-
ited.
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FIG. 6. (Color online) Normalized dI/dV curves (a) inside and
(b) outside a local 5X4 chain. The intensity and width of the state
D indicated by an arrowhead are stronger and narrower outside the
chain than inside the chain. It is also observed that the state B is
increased and the state C is decreased inside the chain. Imaging
conditions for the inset is V3=+0.85 V and /,=0.1 nA.
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FIG. 7. (Color online) A Si adatom defect at biases (a) —0.4,
(b) +0.4, and (c) +0.85. P and P’ indicates the positions of normal
Si adatoms and defective adatoms located on an alternative site,
respectively.

Si adatom adsorption strongly influences adjacent states
on 3, i.e. Si atoms contributing to state D. As mentioned
above, a dot subunit on a 5 X 4 unit or a short 5 X2 chain (1-
or 2—5 X 2-unit length) is imaged at an empty state lower
in energy compared to those in a long 5X2 chain (over
2-5X2-unit length). Figure 6 shows normalized (dI/dV)
spectra obtained inside and just outside a 5X4 Si adatom
chain. It reveals that state D has a higher intensity and
smaller width inside the chain than outside the chain. It is
likely that state D inside the chain, confined by Si adatoms,
may become moleculelike, whereas state D outside the
chain, unhampered by Si adatoms, is spatially delocalized
and becomes more dispersive, resulting in a broader and
weaker state, as well as a lower binding energy.

V. ADATOM DEFECTS

Figure 7 shows a rarely observed Si adatom defect whose
center is marked by line P’. This defect is intriguing in that
it is a mirror image of a normal local unit cell with a Si
adatom. As indicated in Fig. 7(a), two adatoms are separated

by 2.93 nm~7.5a, in the [110] direction, and spacing be-

tween P and P’ in [112] is a,. This means that the relation-
ship between these two are strikingly similar to that between
Si adatoms across the dimer row in Si(111)-7 X 7, where one
is located in the faulted half, and the other in the unfaulted
half. This configuration can be obtained if the substrate with
a normal Si adatom is rotated by 180 deg, and shifted by a

in the [110] direction, while leaving the dark row intact. The
operation would place round units at the opposite side, and
the substrate surrounding the Si adatom defect in a faulted
half-configuration.

VI. MODELS FOR Si(111)-5 X 2-Au

Figure 8 shows two structure models proposed earlier: (a)
was proposed by Marks and Plass (MP) based on a high-
resolution electron microscopy and transmission electron dif-
fraction study,® and (b) was suggested by Hasegawa, Hosaka,
and Hosoki (HHH) from their STM images.'> Both models
include two rows of dimerized Au atoms located over Si
missing rows, but the separations between two rows are dif-
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(b) HHH

FIG. 8. Structure models for Si(111)-5X2-Au proposed by
(a) Marks and Plass (MP) and (b) Hasegawa, Hosaka, and Hosoki
(HHH). Empty circles represent Si atoms and filled circles represent
Au atoms. Conventional (dashed lines) and STM-based rectangular
(dotted lines) unit cells are added to guide the eye. Note that the
direction of round and U units are reversed between MP and HHH
models.

ferent. For the round units in STM images, MP model pro-
posed a 2a, periodic arrangement of Si adatoms, but the
HHH model suggested Si trimers between two rows of Au. It
should be noted that Si adatoms in MP model do not repre-
sent bright protrusions, but round units. The adsorption sites
suggested by MP and HHH models for bright protrusions are
P, and P,, respectively. As a consequence, round and U units
in the HHH model are reversed in comparison to those in the
MP model. The direction of round and U units in the HHH
model is in fact inconsistent with STM images and a surface
orientation of a substrate.

Recently, Kang et al. theoretically examined the MP and
HHH models for the Si(111)-5X2-Au surface without Si
adatoms using density-functional theory calculations.”’ In
their total-energy calculations, both models are found to be
energetically sound: They are all locally stable and have al-
most identical adsorption energies. Both models, however,
failed to reproduce key features of angle-resolved photo-
emission spectroscopy (ARPES) and STM results, indicating
that a better model is needed.

More recently, based on works by Kang et al., Erwin has
proposed an improved model that is lower in the total energy
than the other models, and that gives better agreements with
photoemission data.?> His model is shown in Fig. 9. Its unit
cell is characterized by a double honeycomb chain, and a
row of Si atoms half-removed. The removal of every other Si
atoms located between « and B, in Fig. 9(a) not only makes
sure the periodicity doubled to 5 X 2, but also keeps unsatur-
ated Si dangling bonds in « rows. Here the dangling bonds
would correspond to round units mentioned earlier. In Er-
win’s model, Si adatoms are assigned to H; sites marked by
a plus sign in Fig. 9(a), and they are off-symmetric with
respect to two round units, or two dangling bonds in row «a.
The stabilization of 5 X 4 comes from Si adatoms that supply
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FIG. 9. (Color online) Erwin’s model for Si(111)-5X2-Au.
Black shaded circles represent Au atoms, and empty circles and
dots represents the first and the second bilayer Si atoms, respec-
tively, with the largest empty circles denoting Si adatoms. A con-
ventional 5 X 2 unit cell and a STM-based 5 X4 local unit cell are
depicted by dashed lines and solid lines, respectively.

electrons that dope the 5 X 2 parent structure and thus lower
the surface energy. Gray square indicates a local 5X 4 unit
cell observed by STM, and another gray “Y” unit lying on its
side marks the position of a “Y” unit assigned by Erwin.

For comparison, our STM images with corresponding
markings are shown in Fig. 10. Although it was claimed that
the model agrees with photoemission data very well, there
are a few conspicuous discrepancies in Erwin’s model worth
mentioning when compared to our STM images of
Si(111)-5 X 2-Au surface.

First, the positions of Si adatoms, which are the most
prominent and persistent features at this surface, are experi-
mentally found symmetric with respect to each pair of round
units, clearly noticeable in Fig. 10. However, the Si adatoms
in Erwin’s models, indicated by a plus sign in Fig. 10(a), are
located off-symmetric with respect to round units. Placing
the plus sign together with a square box, as shown in Fig. 10,
clearly demonstrates that the plus sign does not lie at the
center of a Si adatom. Relocating the Si adatom to the adja-
cent T, site may improve agreements with STM images, al-
though at the cost of a significantly higher energy.?

Secondly, Y features, which appear only in Si adatom-free
segments and low empty bias, are not found in the correct
positions. A “Y” feature is a combination of a “V”” head unit
and a tail that ends at a round unit. Theoretical “V” comes
from Si sites in Au—Si honeycomb structures in the model,
with Au sites appearing dark in the STM image simulations.
A comparison of the “Y” features made in Fig. 10(a) shows
that theoretical “V” portion of “Y” falls completely within a
dark region, with experimental “V” lying outside. In other
words, experimental “V” is significantly shifted towards the
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FIG. 10. (Color online) STM images of (a) filled state
(-0.4 V) and (b) empty state (+0.4 V) of the same region on
a Si(111)-5X2-Au surface. (c) shows a Si(111)-7X7 and
Si(111)-5X2-Au coexistence region for the calibration purpose. A
large square and a rectangle denote local 5 X4 and 5 X2 unit cells,
while large circles within the rectangle denote Si adatom and Si
atoms with dangling bonds, with a plus sign marking the position of
a Si adatom. Small dots and medium-sized, shaded circles represent
the second layer Si atoms and Au atoms, respectively. See the text
for the discussion of “Y.”

round unit, compared to the theoretical counterpart. In addi-
tion, if Si adatoms are located off-symmetric, as mentioned
above, then a “Y” feature may be found in between 4qa,
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spaced Si adatoms, as drawn in Fig. 9(a). Round units are
strongly affected by Si adatoms within the local unit cell, as
observed in Fig. 5. If Si adatoms are located off-symmetric
as in Erwin’s model, then the round unit farther of the two
will be less affected, turning on the “Y” feature. However,
this was never observed experimentally, and “Y” features
were always found in 64, or more wide Si adatom-free seg-
ments.

Third, Erwin’s model exhibits strong LDOS along row v,
where the outer Si atoms of Si HC chains bond to Au atoms
and are assigned to the top part of “Y.” Simulated STM
images in fact makes “V” part of the “Y” feature look barrel-
shaped as a single bright piece. In contrast, STM images
show that the corresponding region appear low in topogra-
phy, or close to lowest, as found in Figs. 10(a) and 10(b),
serving rather as a natural boundary separating from the
neighboring rows. This is commonly found from the filled
state up to 1.0 eV above Ef, at which point a new feature
emerges, as shown in Fig. 2(f).

Figure 10(c) is shown for the calibration purpose. It
shows not only a Si(111)-5X2-Au surface, but also
Si(111)-7 X7, with an equitriangle denoting a half-unit cell
of 7 X7 reconstructed Si surface. A comparison of three fig-
ures in Fig. 10 clearly shows that the two-fold symmetry
exists in a local 5 X4 unit cell. In this regard, our data does
not agree with work by O’Mahony et al.!® that presented
seemingly off-symmetric images. The origin of the discrep-
ancy may be traced to either severe thermal drift during scan-
ning, or overdrift correction due to an improper determina-
tion of the inter-row phase slippage in their images. On the
Si(111)-5 X 2-Au surface, the phase slippage between the ad-
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jacent rows occurs frequently, and it is difficult to determine
the amount properly without the coexisting reference struc-
tures such as the Si(111)-7 X7 surface. In fact, when the
phase slippage between rows by the amount of a, in the
reverse direction was forced upon their images, an excellent
agreement with ours was achieved. On the other hand, a
work by Baski et al.® presents a excellent agreement with our
STM data.

Therefore, we find that Erwin’s model does not give sat-
isfactory agreements with our STM images of Si(111)-5
X 2-Au, and the true understanding of the surface structure is
still lacking.

VII. CONCLUSIONS

In summary, we have performed an investigation of geo-
metric and electronic structures of Si(111)-5 X 2-Au in detail
using high-resolution STM and STS at low temperature. Our
results revealed a topographical transition in STM images
depending on bias voltages. A new atomic feature, V unit,
and a local distribution of electronic states are observed by
STM, STS, and CITS. The influences of state D and a Si
adatom are found to be critical on both the geometric and
electronic structure. In addition, our STM images of
Si(111)-5X2-Au is found to be disagreed with the recently
proposed structure models.
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