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Electronic structure of Au-induced surface phases on Si(110): LEED and angle-resolved
photoemission measurements
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Au-induced reconstructions of the Si(110) surface have been studied using low-energy electron diffraction
and angle-resolved photoemission (ARP). Low-energy electron diffraction reveals three well-ordered phases:

1X2,2X5,and (4,0) X (1_, 3), depending on the Au coverage in accordance with previous studies. The highest

coverage phase is observed to be mixed with a (4,0) X (3,3) phase. ARP spectra show no clear surface-state
bands on the 1 X2 surface within the bulk band gap. The 2 X5 surface composed of one-dimensional (1D)
atomic chain exhibits two dispersive metallic bands with exact quarter and half fillings. Their Fermi surfaces
are straight lines within the experimental accuracy indicating strong 1D characters. This phase is thus one of

the most ideal 1D metallic systems ever fabricated on solid surfaces. The (4,0) X (1,3) surface has only one
strongly dispersing but semiconducting band following the X2 periodicity apparently.

DOI: 10.1103/PhysRevB.78.075315

I. INTRODUCTION

One-dimensional (1D) physics in solids is more intriguing
than in higher dimension due to enhanced many-body inter-
actions. The density wave formation and the breakdown of
the Fermi-liquid behavior are among well-known conse-
quences of such interactions.' In recent years, it was re-
ported that the self-assembled atomic wire arrays on silicon
surfaces exhibit well-ordered atomic structures and quasi-1D
metallic band structures. The examples are Si(111)4 X 1-In,
Si(553)4% X 2-Au,  Si(557)53 X2-Au, and  Si(5512)83
X 2-Au surfaces,*® where the interwire spacings are 1.33,
1.48, 1.92, and 3.14 nm, respectively.'? Peierls-type metal-
insulator transitions were observed on these surfaces due
probably to the 1D metallic bands satisfying proper Fermi-
surface (FS) nesting conditions for the strong electron-
phonon coupling.

More recently, another Au-induced atomic wire array with
an interwire spacing of 2.72 nm was found on Si(110) with a
unit cell of 2 X 5.!! The similarity of the overall atomic struc-
ture with double atomic rows to Si(557)5§ X 2-Au was sug-
gested in the scanning tunneling microscopy (STM)
observation.!' Since we follow the conventional notation of
the unit cells on the Si(110) surface, the X2 directions—
which are commonly along the atomic wires—are literally
opposite. While the atomic structure of these wires are un-
clear, two parabolic bands approaching the Fermi energy
(Ep) with band fillings of a half and roughly a third were
reported by angle-resolved photoemission (ARP) along the
wire direction.!! However, the detailed density of states
(DOS) at Er and the FS were not presented, leaving the
metallic nature and the dimensionality of these bands un-
clear. If these two bands are 1D metallic bands, then one may
expect to observe interesting phenomena such as the coexist-
ence of X2 and X3 Peierls distortions in Si(553)4% X 2-Au.
On the other hand, the earlier reflection high-energy electron
diffraction (RHEED) study found three Au-induced phases
on the Si(110) surface depending on the Au coverage; the
1 X2 phase at ~0.2 monolayer (ML), 2 X5 at around 0.4

ML, and (4,0) X (1,3) at higher coverages up to 1 ML.!2
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However, atomic and electronic structures of the 1 X2 and

the (4,0) X (1,3) phases are veiled.

In the present work, we systematically investigate the
evolution of the phases on the Au/Si(110) surface and char-
acterize their electronic band structures using low-energy
electron diffraction (LEED) and ARP. This system shows
three well-ordered phases as a function of the Au coverage in
overall agreement with the previous work.'> The 1X2 sur-
face does not exhibit any dispersive surface-state band. The
highest coverage phase is shown to be a mixed phase of
(4,0)x(1,3) and (4,0)%(3,3), for which only a single
strongly dispersing but semiconducting band is observed.
The 2 X5 surface shows two metallic surface-state bands,
which disperse one-dimensionally along the wire direction
with electron fillings of a quarter and a half. This result
partly disagrees with the previous ARP work.!! The ideal 1D
metallic property of the partially filled bands are confirmed
from the FS mapping. The 2X5 surface is promising for
further studies on the low-temperature physics of 1D metals.

II. EXPERIMENT

The ARP measurements were performed using a high-
resolution electron analyzer (SES-100, Gamma Data, Swe-
den) with a high-flux discharge lamp and a toroidal grating
monochromator. The He I radiation (hv=21.2 eV) was used
to excite photoelectrons at a base pressure better than 1
X 107!% torr. The nominal energy and angular resolutions
were 20 meV and 0.15°, respectively. The mapping of FSs
and band dispersions was performed by rotating the sample
along two orthogonal polar axes. The sample was cryogeni-
cally cooled down to 90 K as the temperature was monitored
by a calibrated resistance sensor. Well-ordered Si(110) clean
surfaces were prepared by repeated cycles of flashing at 1500
K and subsequent annealing at 870 K for 10 min followed by
slowly cooling down to room temperature (RT). This proce-
dure produced a well defined 16 X2 double-domain LEED
pattern, as shown in Fig. 1(a). The 16X 2 reconstruction
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FIG. 1. (Color online) LEED patterns of the Au/Si(110) surface
as a function of Au coverage (@) taken with a beam energy of 90
eV and at RT. (a) The clean Si(110)16 X2 surface, (b) the 1 X2
phase at ® ~0.2 ML, (c) 2X5 at @~0.4 ML, (d) (4,0) %X (1,3)
mixed with (4,0) X (3,3) at ® ~1 ML, and (f) its schematic repre-
sentation. The 1 X1 spots are depicted by open circles. The phase
diagram is summarized in (e).

typically exhibits a structure with atomic rows running along

two directions, [112] and [112], containing up and down
terraces separated by monatomic height steps.'>"'> This
phase exhibits two insulating bands at around 0.4 and 0.9 eV
below Ef.'® An Au-coated W filament was used as the evapo-
rating source. The temperature of the sample during the
deposition of Au was held at 870 K followed by annealing at
the same temperature.'> The phase formation was investi-
gated using a LEED optics with a charge coupled device
camera. The deposition rate of the evaporator was calibrated
by a well established phase diagram of Au/Si(111). The cov-
erage dependent phase changes were consistent with the ear-
lier study, which measured the Au coverage quantitatively by
the x-ray total reflection excited by a high-energy electron
beam.'?
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III. RESULTS AND DISCUSSION
A. LEED observation

According to the phase diagram derived by the previous
RHEED study,12 there are three ordered phases: 1X2, 2
x5, and (4,0) X (1,3). In this phase diagram, as Au of 0.18
ML is deposited on the clean Si(110) surface, the 1 X2 phase
is optimized at the annealing temperature between 810 and
1240 K. When 0.37 ML is deposited, the 2 X 5 phase is op-
timized at 810~ 1020 K. Between 0.5 and 1 ML the (4,0)

X (1,3) phase is well developed at 710~ 1120 K. At above
1240 K, all phases were reported to transform into a 1X1
phase.

Figures 1(b)-1(d) show the LEED patterns of the Au-
induced superstructures. The corresponding unit cells are de-
picted by solid lines. The fundamental (1 X 1) LEED spots of
the bare Si(110) surface are marked by large open circles.
The evaporation of 0.2 ML of Au followed by annealing at
870~950 K resulted in a sharp single domain 1 X2 LEED
pattern (X2 spots along the [001] direction) as shown in Fig.
1(b). This indicates that the small amount of Au adsorbates
changes the step morphology of the surface drastically.

By increasing the Au coverage to 0.4 ML, the 1 X2 phase
evolves into a well defined single domain 2 X 5 phase at the
same temperature range as the 1 X2 phase. The LEED pat-
tern in Fig. 1(c) shows the strong X2 streaks, which indicate

anisotropic 2 X5 domains along the [110] direction with a
weak lateral coherence along the [001] direction. The X2
order was also noticed in STM, which shows a rather well-
ordered atomic wire array with an intrawire X2 structure.'!
Similar X2 modulations were also observed in LEED and
STM studies of the Au/Si(553) and the Au/Si(557)
surface.!”!® The Au/Si(111) system also reveals a very simi-
lar 52 LEED pattern but with a smaller unit-cell size."”
Finally, at a higher Au coverage than 0.5 ML up to 1 ML
a new phase is observed, as shown in Fig. 1(d). Unlike the
earlier study,'? this phase consists of two different phases:

One is the (4,0) X (1,3) phase [dashed lines and open circles
in Figs. 1(d) and 1(f)] as reported in the previous study;'?
and the other, although its LEED spots are weaker, is the

(4,0) X (3,3) phase as marked by solid lines and symbols.

The isolated (4,0)X(1,3) phase could not be prepared
throughout various different coverages and annealing tem-

peratures. The (4,0) X (3,3) phase may not be resolved in
the previous RHEED study due to its weak diffraction inten-
sity. This mixed phase is called “4 X 3” hereafter for simplic-
ity. Above the Au coverage of 1 ML, no ordered phase is
found. The phase diagram deduced from the LEED observa-
tion is summarized in Fig. 1(e).

B. ARP study: An overview

We measured the electronic band dispersions of all well-
ordered surface phases confirmed by the LEED observation.
Qualitatively speaking, the electronic structure of this system
evolves from a semiconducting phase into a metallic one and
finally develops into another semiconducting one as the Au
coverage increases. The measured band dispersions are
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FIG. 2. (Color online) ARP intensity maps taken along the [110]
direction for (a) the 1X2, (b) the 2X5, and (c) the 4 X 3 phases.
The prominent surface-state and bulk bands are guided roughly by
dark and white solid lines, respectively. The zone boundary of the
nX2 (nx 1) unit cell at 0.41 and 1.23 A~ (0.82 A~!) is labeled as
A; (Ay).

shown in Figs. 2(a)-2(c). All dispersions are measured along

the [110] direction. The ARP intensity is plotted in a blue
(gray) scale with a higher intensity in the darker contrast.
The dispersions of prominent features are roughly guided by
solid lines in Figs. 2(b) and 2(c). The bulk bands are marked
by white lines. The energy shifts of the bulk bands noticed in
Figs. 2(a)-2(c), especially for the 2 X 5 phase, came from the
band bending caused by the Fermi-level pinning due to me-
tallic surface states.

Figure 2(a) shows the band dispersion of the 1X2 phase
formed at the lowest Au coverage taken at RT. There is no
dispersive feature except for weak bulk band emissions
around the normal emission (k=0). No DOS is detected
around E indicating clearly the semiconducting or insulat-
ing nature. Instead, diffuse photoelectron intensities are ob-
served throughout the bulk band-gap region away from Ep.
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FIG. 3. (Color online) ARP EDCs around the Fermi energy of
(a) polycrystalline Ta (closed circle) and (b) the 4 X 3 phase (open
circle) at the A, point (the X2 SBZ boundary). The derivatives of

the EDCs (solid lines) are given together to quantify the leading
edges.

This suggests that the surface may be disordered in contrast
to its sharp 1 X2 LEED pattern. The possible local surface
disorder cannot be confirmed without a proper STM study,
which is not available now.

In sharp contrast to the 1X2 phase, the 2 X5 phase ex-
hibits very well resolved surface-state bands. The band map
in Fig. 2(b) was taken at 90 K for better resolution, but it is
basically identical to that taken at RT except for the reduced
thermal broadening. As roughly guided by solid lines, there
exist at least two metallic bands, m; and m,, centered at the
X1 surface Brillouin-zone (SBZ) boundary (A;). The de-
tailed and extensive discussion of this band structure will be
given in the next section.

The surface phase formed at the highest coverage of Au is
the 4 X3 mixed phase. The band dispersion of this phase
optimized at ~1 ML is shown in Fig. 2(c). There is no me-
tallic band but a semiconducting band S| with a strong dis-
persion. The bandwidth is 1.22 eV. Since its band top is quite
close to E, the band gap, if any, needs to be checked more
carefully. The gap size for the S| band is derived from the
ARP energy distribution curve (EDC) at the X2 SBZ bound-
ary A,, as shown in Fig. 3. Since there is no well defined
quasiparticle peak, we estimate the gap size below Ej using
the leading edge method.?® The leading edge centers of
EDCs are determined by the derivatives of the spectra (solid
lines). This leading edge center position agrees well with Ep
for the normal-metal Ta sample but deviates by 80 meV for
the S, band. From this and the band dispersion given in Fig.
2(c), one can confirm that the band gap of S, below Ej is 80

meV. In spite of the sharp X4 periodicity along the [110]
direction in the LEED pattern, the band dispersion does not
reflect this periodicity but follows only the X2 periodicity. It
is not clear at present whether the lack of the X4 periodicity

is due to the mixed surface domains of (4,0)X (1,3) and

(4,0) % (3,3) or due to the weak X4 potential compared to
that of a X2. According to a recent study,’' for a quasi-1D
electronic system under two competing periodic potentials,
the ARP spectral weight concentrates mainly on the bands
following the dominant potential. A similar effect has also
been observed in a 2D electronic system of Pb/Si(111).%
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FIG. 4. (Color online) (a) Enlarged ARP intensity map from Fig.
2(b) for the metallic surface states of the 2 X 5 phase. The spectral
peak positions given in circles are quantitatively determined from
Lorentzian fits of the MDCs of the spectral intensity. These peak
positions are then fitted with simple parabolic functions as shown
by dashed lines. (b) The MDC at the Fermi energy (Er) fitted with
five Lorentzian curves after removing a linear background (the
straight line at the bottom), which show the Ej crossings of m; and
m, bands. The result of the fit is given as the solid curve overlaid on
the raw data (circles). The crossings of m, are located exactly at the
X2 SBZ boundaries (A,). (c) The ARP intensity map at Ejp as
functions of k, and k,, where k, runs along [110] (the atomic wires),
which shows the 1D Fermi contours of my and m,. The experimen-
tal data are taken for the arrowed range only and expanded accord-
ing to the translational symmetry of the surface.

One more thing to be mentioned on this phase is that its
overall ARP intensity distribution is similar to that of the 2
X5 phase. One may also find some similarity between the
m, and the S bands. This may indicate the similarity in the
local building block structures of these two phases, while an
STM study is requested.

C. ARP study: The 1D metallic phase of 2X5

As overviewed above, although LEED indicates three
well-ordered surface phases on the Au/Si(110) system, only
the 2 X 5 phase exhibits a rich band structure with dispersing
and metallic bands. In order to inspect closely the detailed
band dispersions of this phase, the enlarged ARP intensity
map for the bulk band-gap region is shown in Fig. 4(a). The
photoemission intensities as a function of momentum or mo-
mentum distribution curves (MDCs) exhibit very sharp well
defined peaks shown partly in Fig. 4(b). Since the MDC is
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not affected by the Fermi-Dirac function, one can, in prin-
ciple, track a spectral feature all the way up to E.2* In Fig.
4(b), the MDC at Ey (open circles) is fitted by five Lorentz-
ian functions with full width at half maxima of 0.09, 0.05,
0.05, 0.08, and 0.06 A‘l, from left to right peaks. These
peaks correspond to the Ej crossings of m; and m, bands.
The peak positions derived from many such MDC fits are
shown as open circles in Fig. 4(a). A few other spectral fea-
tures are noticed in this way. Basically, there are four domi-
nating features; two metallic bands (m; and m,) crossing Ey
and two insulating bands (m5; and S). The intensity of m, is
dominating around k,=0.5-0.6 A~! and that of m; dominat-
ing around k,=0.9-1.0 A™! to yield a large asymmetry
around the center of the X1 SBZ (A;). Two rather weak
features m; and m} are also noticed near Ej at the second
SBZ. The dispersions of the spectral features dispersing to-
ward Ep are then fitted by simple parabolas as indicated by
dashed lines. The m5 band does not cross E but is folded at
the X2 SBZ boundary (A,) to become mj. This semiconduct-
ing nature and the band gap at A, for m5 will be made clearer
below (from the EDC analysis). The parabolic bands m, and
m, reach Ep at k,=0.41(1.23) and 0.62(1.03) A~', respec-
tively. Thus, the electron fillings of m; and m, bands are
measured to be 0.25 and 0.50, respectively, where one rep-
resents a fully filled band. These band fillings (quarter and
half) are reliable within the accuracy of our measurement
(£0.02 A~! or 1/50 in the band filling). The parabolic fits of
the dispersions [dashed lines in Fig. 4(a)] yield the effective
mass (m*) values of 0.35m, and 0.59m, (m, the free-electron
mass) for m; and m,, respectively. The dispersion of m; (mj)
is identical to m; (ms) with the same effective mass indicat-
ing that it is the folded (or umklapp) branch of m; (ms)
following the X2 periodicity. The significantly weaker inten-
sities of m| and mj further support the assignment as folded
(or umklapp) bands. Since all these bands are located well
within the bulk band gap, they are unambiguously assigned
as surface-state bands.

The momentum distribution map of the ARP intensity at
Ep is shown in Fig. 4(c), which reveals the Fermi contours of
my and m, bands. The raw data, taken only in a part of SBZ
as marked by the arrows, are mirror symmetrized across the

[110] direction reflecting the symmetry confirmed by LEED.
They show very straight lines without any noticeable wig-
gling within the experimental accuracy. This indicates that
the metallic surface states, m; and m,, are ideally 1D with
only a negligible interwire or two-dimensional (2D) cou-
pling. The ratio of intrawire and interwire coupling strengths
can be quantified by a tight-binding fit of Fermi contours,
which is larger than 100.°

Figure 5 shows the EDCs of m; and m, bands at their Ex
crossings on A, and A, indicated in Fig. 4, respectively. The
spectrum of a polycrystalline Ta sheet is included to confirm
the metallicity. In Fig. 5(a), the EDC of the m, band (open
circles) obviously exhibits a huge quasiparticle peak with a
clear metallic edge. The EDC at A, shows two small but
distinctive peaks corresponding to m, and ms bands in Fig.
5(b). The m5 band splits from m, by about 160 meV indicat-
ing its apparent semiconducting property in contrast to mi,.
The band gap of mj is larger than 240 meV, while we do not
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FIG. 5. (Color online) EDCs near the Fermi energy of (a) m;
and (b) m, (ms3) (open circle) bands of the 2X5 surface at the
corresponding Fermi wave vectors. The EDC of a polycrystalline Ta
sheet (solid circles) is given together for comparison. The solid line
in (b) guides the leading edge of the m, band showing a subtle
deviation from the normal metallic edge.

know its gap size above Ep. A very subtle deviation from the
normal metallic behavior is noticed for the m, band; the
slight deviation of its Fermi edge (guided by a straight line)
from that of Ta. It is not clear whether this is due to an
unquantified small band gap or other effects such as disorder
or non-Fermi-liquid behavior. Note also that the m, band has
no folded or umklapp band feature following the X2 period-
icity in contrast to m; and ms. That is, the m, band seems to
follow only the X1 periodicity. These rather mysterious
spectral behaviors of m, are reproduced for a few different
samples measured in the present work. A higher-resolution
ARP measurement at a lower temperature and a high-
resolution STM study may be helpful to understand these
issues.

The band dispersions of the 2 X5 phase measured here
are partly different from the previous ARP study.!! First, the
previous study did not see the ms3 band. Second, the band
filling of m; was estimated about one-third instead of a quar-
ter, while the existence of a half-filled band (m,) is consis-
tent. We note that the previous MDC at Ep is very broad, not
providing clearly resolved peaks for m; and m,. This broad-
ening may have made the quantification of the exact band
filling and the identification of mj resolved from m, difficult.
This broad MDC is thought to be possibly due to an ill-
optimized surface phase based on our own practice. Indeed,
we could reproduce very similar band dispersions to those
reported at a slightly higher coverage than the present 2 X5
phase, where the LEED pattern shows broad X4 features.
The previous RHEED study also indicated that the phase
formation is sensitive to the annealing temperature and the
Au coverage.'?

It is worthwhile to compare the metallic band structure of
Au/Si(110) with those of the other Au-induced 1D phases on
flat or vicinal Si(111) surfaces such as Si(111), Si(553),
Si(557), and Si(5 5 12). The band structures of Si(557) and
Si(5 5 12) are almost identical with two nearly half-filled
bands.®” That of Si(553) also shares these two nearly half-
filled bands but there exists an extra band with a band filling
between one-third and a quarter.>® The Si(111)5 X 2-Au sur-
face also has a similar partially filled band.?* However, the
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filling of this band depends on the density of Si adatoms
intrinsic to this surface; the band filling can increase from 0.3
but a band gap forms before it reaches the one-third filling.?*
This surface also has a counterpart of the half-filled band but
it has a rather large band gap without the splitting in contrast
to the half-filled bands on the vicinal surfaces.”* The band
structure of Si(110)2X5-Au looks similar to that of
Si(553)-Au with multiple partially filled bands. Furthermore,
the effective masses of the metallic bands are also very close;
0.3m, and 0.65m, for nearly one-third and nearly half-filled
bands on Si(553)-Au, respectively,’ and 0.35m, and 0.59m,
for m; and m,, respectively, on Au/Si(110). However, the
exact quarter filling (m;) and the lack of the splitting in the
half-filled band (m,) are unique for the present system.

As for the splitting of the half-filled bands of Au/Si(553)
and Au/Si(557), recent theoretical and experimental studies
suggested the spin-orbit interaction origin, the Rashba effect
due to the strong contribution of Au p electrons.?> It is thus
notable that the present system does not exhibit such a split-
ting. The two bands, m, and mj, with similar dispersions
observed here bear little resemblance with the spin-orbit split
bands. However, for a further discussion of this interesting
difference, the detailed structural information on the present
system is highly requested.

There exist further differences between these surfaces.
For the cases of Au/Si(553), Au/Si(557), and Au/Si(5 5 12),
the nearly half-filled bands and the nearly one-third filled
band result in the Peierls-type distortions of X2 and X3
periodicities, respectively, with band-gap openings.>~ The
corresponding transition temperatures are as high as 200-300
K. However, on the Si(110)2 X 5-Au surface, we could not
observe any sign of phase transitions down to the tempera-
ture of 90 K. This contrasting behavior is unexpected con-
sidering the more exact band fillings compatible with a com-
mensurate lattice distortions and the more ideal 1D
dispersions of Si(110)2 X 5-Au. The ratio of intrawire and
interwire couplings in the present system is larger than 100
as mentioned above, which can be compared to those of
Au/Si(553), 12 (nearly third-filled band) or ~40 (half-filled
splitting bands), and of Au/Si(557) larger than 60 (half-filled
bands).” Although the corresponding values for Au/Si(5 5 12)
and Au/Si(111) were not reported yet, these values seem to
scale with the interwire distance of 1.5, 1.9, and 2.7 nm for
Au/Si(553), Au/Si(557), and Au/Si(110), respectively. That
is, the Si(110)2 X 5-Au surface has one of the largest unit-
cell size perpendicular to the metallic atomic wires to yield
one of the most ideal 1D metallic band structures. It is thus a
very interesting question that what kind of ground states the
present system would have. The quarter-filled bands were
reported in 1D organic compounds such as Bechgaard salts
and TTF-TCNQ and also in inorganic 1D systems such as
NbSe;.2”2° These systems exhibit various density wave
ground states and non-Fermi-liquid behaviors such as the
spin charge separation.”®3" The search for an exotic ground
state for the present system at a low temperature is promising
but is left as a forthcoming project.

IV. CONCLUSIONS

The phase formation and the electronic band structures of
Au-induced superstructures on the Si(110) surface are sys-
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tematically studied as a function of the Au coverage using
LEED and ARP. At a low coverage of ~0.2 ML, the LEED
pattern shows a well-ordered 1X2 phase. However, this
phase exhibits only diffuse ARP intensities without any well
defined surface state. The possibility of a locally disordered
surface structure is, thus, raised. No ARP intensity is de-
tected near E indicating a semiconducting or an insulating
nature of this phase. At the coverage of ~0.4 ML, a well
defined 2 X 5 phase appears, which exhibits highly dispersive
and well resolved surface-state bands. This surface phase
was shown to feature a 1D atomic wire structure in the pre-
vious STM study. The 2 X5 phase has two metallic bands
(m; and m,) with exact quarter-electron and half-electron
fillings and one insulating band (m3) with a band gap of 240
meV below Er. While the m; and m; bands follow the X2
surface periodicity, as indicated by the band back foldings or
the umklapp bands, the m, band follows only the apparent
X1 periodicity. The exact quarter filling and the lack of the
splitting of the half-filled band are contrasted with the similar
1D metallic bands of other Au-induced 1D structures on

PHYSICAL REVIEW B 78, 075315 (2008)

Si(557), Si(553), and Si(5 5 12). The Fermi contours of m,;
and m, bands show a highly 1D topology with stronger an-
isotropy than the similar systems on Si(557) and Si(553)
surfaces. This can be understood from the larger interwire
distance in the present system. At up to 1 ML a (4,0)
X (1,3) phase mixed with minor (4,0)X (3,3) domains
(called 4 X 3) is observed with a clear LEED pattern, which
exhibits a highly dispersive but semiconducting surface-state
band with a small band gap of 80 meV below E. The unique
quarter-filled band and the ideal 1D Fermi contours of the
Si(110)2 X 5-Au surface makes this system promising for the
search of an exotic ground-state properties of a 1D electronic
system?®! at a sufficiently low temperature.
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