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Abstract. We present data of a study of four-point conductance of adsorbed Pb films on Si(557) in the thick-
ness range between 0.6 up to several monolayers (ML) at various annealing stages. These measurements are
combined with tunneling microscopy (STM). Onset of conductance is found close to the percolation limit.
Pb layers annealed to room temperature are characterized by activated contributions to conductance up
to 3 ML, a purely metallic temperature dependence at thicker layers, and an anisotropy of at most a factor
of 2. On the contrary, annealing to 640 K, leaving only the first monolayer on the Si(557) surface results in
extremely high surface state conductance which is quasi one–dimensional below a critical temperature of
Tc = 78 K, associated with an order–disorder phase transition. Induced by a 10-fold superperiodicity along
the Pb chains and their lateral ordering, the system switches from low to high conductance anisotropy, with
a metal–insulator transition in the direction perpendicular to the chain structure, while in the direction
along the chains conductance with a 1/T+ const. temperature dependence was found.

PACS. 73.25.+i Surface conductivity and carrier phenomena – 68.37.Ef Scanning tunneling microscopy
– 68.65.-k Low-dimensional, mesoscopic, and nanoscale systems: structure and nonelectronic properties

1 Introduction

One- or two-dimensional electronic systems are very in-
teresting physical objects, since, due to the electron con-
finement, an increased electron correlation [1] leads to
strong deviations from the Fermi liquid and formation of
a Luttinger liquid [2,3]. Particularly in one–dimensional
systems the enhanced interaction is accompanied by in-
stabilities. Interactions between lattice, charge and spin
cause formation of charge and spin density waves that
lower the energy and lead to metal-insulator transitions in
the electronic transport properties of such a system [1,4].

Already for the ideal systems it is clear that the
electronic properties of low–dimensional systems are in-
timately related to their geometric structure. In real and
very small one- or two-dimensional systems, this prob-
lem is modified by the fact that they must be supported
by or embedded into a substrate material or stabilized
by other means. Thus their realizations are always ap-
proximate using either strongly anisotropic crystals [5,6]
and polymers [7], or supporting surfaces [8]. Adsorbed
layers, which partly form chain structures on substrates
like Si(111) [8,9], are alternative realizations that come
closer to atomic chains, and allow precise access to the geo-
metric and electronic properties of quasi-one-dimensional
systems. Recent examples are submonolayers of Ag and
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Au atoms on vicinal Si(111) surfaces [10–12]. A prop-
erty that makes these systems particularly interesting is in
fact the coupling with the underlying substrate. The en-
ergetic, electronic and relaxational interplay between the
inevitable embedding substrate material and the adsor-
bate determines even the effective dimensionality of such
systems.

The Si(557) surface as substrate has already the
striped structure with the alternation of (111) and
(112) oriented micro-facets, which seems to be almost un-
changed by the adsorption of lead (see also below). Thus
electronic and geometrical properties can be well com-
pared with those obtained on the flat Si(111) substrate,
where magnetoconductive, and the correlation with ge-
ometric properties, have been studies extensively in the
recent past [13,14]. Sign oscillations of the Hall constant
as a function of the Pb layer thickness have been shown
to be a quantum effect due to the discretization of the
layer thickness and the corresponding changes of the two-
dimensional bandstructure [15,16].

We will show in this paper that the (557) surface is able
to superimpose its symmetry onto the adsorbed Pb layer,
which under certain conditions – a detailed description is
given below – forms chain structures so that transitions
between one- an two-dimensional behavior can be studied
with this system. On both facets the adsorption of Pb is
known to modify only slightly the energetic position of
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occupied Si surface states at concentrations up to one
monolayer (ML), which pin the Fermi level close to a
mid-gap position [17]. Thus the underlying Si interface
is always charge depleted irrespective of doping. Using an
undoped Si sample we are thus able to measure almost
pure surface state conductance even over macroscopic dis-
tances, as also corroborated by the measured Pb coverage
dependence.

Here we present temperature dependent macroscopic
DC conductivity measurements in the coverage range be-
tween submonolayers up to several layers of Pb obtained
after different steps of annealing. Particularly remarkable
are the results after a high temperature annealing step
that desorbs all multilayers and leads to formation of a
chain structure with just one monolayer of Pb. As re-
vealed by tunneling microscopy (STM), switching between
conductance with high and low anisotropy, respectively,
is coupled with an order-disorder phase transition. A re-
markably high conductivity along the chains in the highly
anisotropic state is found which decreases as a function of
temperature between 4 and 80 K. This behavior is exactly
opposite to the typical occurrence of Peierls i.e. metal-
insulator transitions to an insulating state at low temper-
ature, as observed in comparable systems [9]. If such a
transition occurs at all, it must be below 4 K.

2 Experiment

The experiments were carried out under ultra–high vac-
uum conditions at base pressures lower than 5 × 10−9 Pa
in two separate vacuum chambers, set up for conductivity
measurements at variable temperatures down to 3.5 K (ap-
paratus A), and for tunneling microscopy at variable tem-
peratures (apparatus B), respectively. In both chambers
the average morphology was controlled by low energy elec-
tron diffraction (LEED), the cleanliness of the Si surfaces
by STM and by Auger spectroscopy (AES). The Si(557)
substrates (Crystec, Berlin) were chemically cleaned ex-
situ. Atomically clean Si(557) surfaces were obtained af-
ter heating these substrates to 1370 K for 10 seconds in
vacuum, followed by annealing for 15 minutes at 1030 K
and slow cooling to 600 K. We note that long time anneal-
ing using temperatures higher 1370 K causes faceting of
the surface, as seen by STM and LEED. Faceting can be
avoided removing the native oxide by means of Si evapo-
ration at 1170 K instead of using high temperatures [18].
This procedure was used in later experiments. Pb was
evaporated from thermally heated Al2O3 crucibles, and
the Pb coverage calibrated by conductivity measurements
of thick Pb films grown on Si(111) substrates at 20 K [14]
within an accuracy of 5% of a monolayer (ML).

In our experiments an extended four-point geometry
was used (cf. with Fig. 1). The sample had eight pre-
deposited macroscopic TiSi2 contacts with a thickness of
approximately 50 nm that are separated pairwise by slits
machined into the samples as shown in Figure 1. The use
of 8 contacts allowed exact symmetrization of the current
parallel and normal to the step direction. By automatic

Fig. 1. Schematic drawing of the Si(557) samples with the
arrangement of the eight TiSi2 contact pads. The lines indicate
the stripe structure along the [11̄0] direction.

switching between equivalent sets of contacts, the con-
ductivity was measured sequentially parallel and perpen-
dicular to the steps. The separation between equivalent
contacts was approximately 10 mm. In all measurements
contributions of the clean Si substrate (measured resis-
tance 16 kΩ at room temperature, >500 kΩ below 150 K)
were carefully subtracted.

Detailed structural informations of the surface were
obtained using a variable temperature STM (apparatus B,
RHK 300 Series, temperature range between 40 K and
1400 K). The STM system consists of a preparation cham-
ber, equipped with optical LEED and AES to control the
morphology and the chemistry of the clean Si(557) surface
and a separate chamber containing the STM. A load-lock
system allows to change samples without breaking vac-
uum. The Pb evaporator was pointing directly towards
the STM-stage to allow adsorption also at low tempera-
tures. The calibration of film thickness was done using a
quarz microbalance.

Using He evaporation cryostats, the samples were
cooled down to 3.5 K in the conductivity apparatus, and to
40 K in the STM machine. The temperature was measured
with calibrated silicon diodes, in apparatus A on the cryo-
stat and with a thermally completely shielded sample, and
in machine B directly on a dummy sample. The anneal-
ing temperature was determined by attaching a Chromel-
alumel thermocouple to the center of a dummy sample for
calibration of the IR pyrometer used for the actual mea-
surements. The temperature was thus determined within
an accuracy of ±2 K. Reproducibility was in the same
range of uncertainty.

3 Results and discussion

3.1 Conductance after low temperature annealing

For Pb layers evaporated onto the Si(557) samples at low
temperature (below 25 K) onset of measurable Pb in-
duced conductance was found close to 0.6 ML (ML given
with respect to the density of Si surface atoms). Anneal-
ing to temperatures close to room temperature leads to
an increase of conductance (except at coverages close to
the percolation threshold, where no effect was detected)
and to reversibility of conductance as a function of tem-
perature below room temperature. Only the conductance
curves after this annealing step are shown in Figure 2 for
different initial Pb coverages.
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Fig. 2. Conductance as a function temperature for different
Pb coverages after annealing the layers to room temperature.
a) 0.6 ML, b) 1 ML, c) 3 ML and d) 3.3 ML. Diamonds are
for the [11̄0] direction (σ‖), circles for the [1̄1̄2] direction (σ⊥)
normal to the step edges.

Up to three monolayers, the conductance increases as
a function of temperature. This increase in all measured
curves, however, is much weaker than exponential, indicat-
ing the existence of many different activation barriers with
a distribution of activation energies. Already at coverages
above one monolayer there is a significant metallic, i.e.
non-activated, contribution, estimated from the extrapo-
lation T → 0. At three ML this contribution dominates
strongly over the activated part, which disappears com-
pletely at Pb coverages above 3.5 ML (see Fig. 2d for the
3.3 ML case).

The low symmetry of the Si(557) surface is also re-
flected in the anisotropy of conductance. Conductance
is always smaller in the [1̄1̄2] direction normal to the
step edges. At a Pb coverage of Θ = 0.6 ML the ra-
tio σ‖/σ⊥ is about 2 above 100 K, whereas it is typically
around 1.5 at higher coverages. The activated contribution
in σ‖ obviously vanishes at lower coverages as that in σ⊥,
as seen from Figure 2d, which is another consequence of
the anisotropy of the surface.

This behavior, apart from the anisotropy, is qual-
itatively similar to that found for Pb layers on flat
Si(111) surfaces [14]. Here again purely metallic behavior
was found at coverages above 4 ML. On the flat surface,
all films up to 4 ML are characterized by a high degree of
disorder [13], rationalizing the distribution of activation
barriers.

3.2 Conductance after high temperature annealing

The behavior shown in Figure 2 is not changed qualita-
tively when the layers are annealed to higher temperatures
below 600 K. The effect of annealing to various temper-
atures is demonstrated as an example for a Pb coverage
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Fig. 3. Changes of conductance properties after different an-
nealing steps for an initial coverage of 1 ML Pb: a) annealing
to 560 K, b) to 600 K, c) to 630 and d) to 640 K. Symbols are
the same as in Figure 2.

of 1 ML in Figure 3. Annealing to temperatures above
600 K first clearly increases conductivity, and the relative
contribution of the activated part to conductance is re-
duced, but still dominates the temperature behavior. An
obvious explanation is that annealing reduces the density
of defects in the Pb layer. Qualitatively the same behav-
ior is found for annealing at temperatures up to 630 K for
several minutes. In all cases the weak anisotropy of con-
ductance parallel and perpendicular to the step direction
is maintained.

This behavior of a weak anisotropy and a gradual
increase of conductance as a function of temperature is
changed drastically by the annealing step to 640 K. The
curves obtained after this high temperature annealing step
are now dominated by an abrupt change at a tempera-
ture of 78 K, separating a high temperature region with
small conductance anisotropy (factor ≈ 1.5) from the low
T region which is characterized by high anisotropy (fac-
tor 30 to 60). At temperatures below 78 K a stepwise in-
crease of σ‖ by typically a factor of 3 is observed, whereas
σ⊥ drops sharply by a factor of 2 to 10, as seen in Fig-
ure 3d. This final step of annealing obviously induces two
effects: The monolayer undergoes an ordering process that
is strongly activated so that it occurs only during anneal-
ing to temperatures close to desorption. The alternative
that mixing of Si and Pb atoms in the first layers takes
place, so that a surface silicide is formed, is unlikely from
the STM data presented below. This will be discussed
there. Only this ordered layer is able to undergo the phase
transition close to 80 K, which switches the system from
low conductance anisotropy to high anisotropy.

This switching behavior of conductance shown in Fig-
ure 3d was found to be independent of the initial Pb cov-
erage, Θini, after the high temperature annealing step
to 640 K, if Θini exceeded 1 ML. We performed tests
with initial coverages between 0.6 and 20 ML (see also



560 The European Physical Journal B

0 20 40 60 80 100
Temperature (K)

0

0.1

0.2
0

0.5

1

1.5

2

C
on

du
ct

an
ce

 (
10

-3
 Ω

 −1
 )

σ||

σ⊥

Fig. 4. Temperature dependence of the dc-conductance after
adsorption of 4 ML and annealing to 640 K, measured along
the [1̄1̄2] (σ⊥) and the [11̄0] direction (σ‖).

below). Also the conductance values quantitatively ob-
tained were found to be independent of the initial cov-
erage for layers thicker than 3 ML. An example with
Θini = 4 ML and annealing to 640 K is shown in Fig-
ure 4. Comparing with Figure 3d, the main difference is
in the absolute values of conductance, which are a factor
of 6 higher for σ‖ in Figure 4 over the entire tempera-
ture range. However, the critical temperature of the phase
transition, switching between low and high anisotropy, is
exactly the same in both graphs, as is the relative magni-
tude of conductance change in σ‖ at the phase transition.
The changes in σ⊥ are more gradual in Figure 4. These
data were measured on a different sample than that in
Figure 3 so that variations of the defect density between
different samples can be the reason for this difference.

The vapor pressure of bulk Pb at 640 K is 7 ×
10−7 mbar [19]. This means that after annealing for sev-
eral minutes all multilayers of Pb must have been des-
orbed. A direct Auger calibration carried out by us corrob-
orates this assumption. It yields a residual Pb coverage of
0.9±0.1 ML after the 640 K annealing step. This directly
explains the insensitivity of the conductance results to the
initial coverage in the multilayer range after the high tem-
perature annealing step. The property that conductance
can be switched, driven by temperature, from high to low
anisotropy is therefore a property of the monolayer of Pb
and/or of the conductance channels induced by the Pb
monolayer on the Si(557) surface. It seems that higher
initial coverages (above one monolayer of Pb) only yield
a higher probability for connecting conducting channels
along the [11̄0] direction to the contacts. The assumption
of monolayer coverage is fully compatible with the STM
results described below. As seen there, atomic wire-like
structures are formed after this high temperature anneal-
ing step that are responsible for the anisotropy of conduc-
tance observed at low temperature.

More details can be learned by a study of the cover-
age dependence of conductance after the high temperature
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tion and annealing to 640 K of 0.6 of Pb (top), 0.8 ML (middle)
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Fig. 6. σ‖ below 78 K from Figure 4, plotted versus 1/T.

annealing step. Results of the temperature dependence of
conductance after annealing each layer to 640 K are shown
for initial coverages of 0.6 ML, 0.8 ML and 1.0 ML (from
top to bottom) in Figure 5. Little changes are observed
in the conductance of the 0.6 ML layer. Its absolute value
above 100 K remains the same as without annealing. It
is strongly activated also after annealing with a small in-
crease of anisotropy in the temperature range below 100 K.
The sharp phase transition observed at initial coverages of
1 ML and higher, however, occurs already with an initial
coverage of 0.8 ML. Already at this coverage the abrupt
change of conductance occurs with a similar relative mag-
nitude as at higher initial coverages. The temperature de-
pendence of σ‖ below Tc, however, is reversed: It increases
as a function of temperature, starting from a very low
value around 10−5 Ω−1.

For the “optimal” conductance curves after anneal-
ing, i.e. those obtained with initial Pb coverages of 3 ML
or more, σ‖ below Tc can be well described by σ‖ =
A + B × T−n with n close to 1 (see Fig. 6). This de-
crease of σ‖ as a function of temperature contrasts with
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the increase above the jump at 78 K, indicating thermally
activated behavior above this threshold. σ⊥, on the other
hand, is thermally activated in both temperature regimes.
Whereas for σ⊥ defects may play some role as mentioned,
the optimal conductance values of σ‖ did not vary between
different samples, and neither the abrupt changes seen in
the conductance at 78 K nor the temperature dependence
of σ‖ below 78 K can be explained by defects. Since we
cannot expect that a surface is free of defects like point
defects or steps, at least on the atomic scale, such defects
cannot act as effective scatterers along the Pb chains.

This property changes when the coverage is so small
that only very few chains are lefts that form a conducting
channel between the contacts of our experimental setup.
Here there is a high probability for more extended defects
that can only be surmounted by thermal activation. This
scenario seems to be valid at a Pb concentration of 0.8 ML
and lower. The observed jump in conductance at Tc and
the increase of σ‖ as a function of temperature below Tc

is compatible with the assumption of sections of isolated
chains separated by gaps that can still be surpassed by
thermal activation.

3.3 Correlation of conductance with geometrical
properties

As mentioned, we performed STM investigations of iden-
tically prepared samples in a different chamber. Figure 7
shows an STM image of the clean Si(557) surface con-
sisting of an alternating arrangement of short (111)– and
(112)–facets with an average hill-valley spacing of 57 Å ac-
cording to the model of reference [20]. This model is sup-
ported by LEED, which shows the characteristic 7× 7 re-
construction of (111) facets [21,22] and the known 2×1 re-
construction of Si(112) surfaces [23]. Microscopically, the
(111) facets are separated by 3-fold steps. As seen from
this figure, the typical terrace lengths that can be ob-
tained on these samples are around 200 nm. Neighboring
terraces are separated by steps that correspond to steps
of 6 and 9 atomic heights. They also contain kinks, as also
seen in this figure. In any case, these extended line defects
remain on the atomic level. Even with the low density of
terraces shown in Figure 7 many thousand steps intersect
the path between two contacts in our experimental setup.

As judged from a large series of adsorption experi-
ments and various annealing steps, adsorbed Pb leaves
the terrace structure of the Si(557) sample unaltered. Af-
ter adsorption of Pb at low temperatures and annealing
for 15 minutes at 640 K, STM reveals the characteristic
chain structure shown in Figure 8 with an average spacing
between the chains of 14 Å. This chain structure is found
only after this high temperature annealing step, whereas
a more irregular bumpy hill-and-valley structure is found
at lower annealing temperatures. The chain structure is
destroyed by annealing at 650 to 660 K. Thus there is
a close correlation between the chain structure observed
here, and the strongly anisotropic conductance behavior
found below 78 K at one monolayer coverage. The surface
shown in Figure 8 is completely covered with Pb, and all

Fig. 7. STM picture (180 nm × 115 nm) of the clean Si(557)
surface. From the inset (derivative, 50 nm × 15 nm) the al-
ternating arrangement of (111)- and (112)-facets can be seen.
Sample bias voltage +2 V, 0.5 nA.

chain structures are Pb induced. This is obvious from the
disappearance of the double–line structure on the clean
Si(557) surface, which is attributed to the (112) facets,
but also from small minority areas, where, presumably in-
duced by defects, Pb is desorbed completely, and the bare
(111) facets are visible with their characteristic 7 × 7 re-
construction. Therefore, these chains are unambiguously
induced by Pb and they are responsible for the metal–
insulator and insulator–insulator transitions of the con-
ductance along the [1̄1̄2] and [11̄0] directions, respectively.

As judged from the slightly different contrast, also at
other tunneling voltages, and from their stability as a func-
tion of temperature, it seems that two different kinds of
chains on the surface can be discriminated, which may be
attributed to chain formation on the two facets. As judged
from chains ending at small clean 7×7 islands, the bright
chains must be located on the (111) facets or at the edge
between the two facets, whereas the other chains must be
on the (112) facets. The step–step distance there is around
10 Å on the clean surface, i.e. significantly smaller than
the Pb-Pb chain separation. This enlarged chain distance
can be caused by effective lateral repulsion between the
wires so that they are not located at equivalent positions
on each mini-terraces, supporting the assumption of cou-
pled chains. As an alternative, the step separations on the
original (112) facets, induced by Pb and high temperature
annealing, could be enlarged at the expense of the exten-
sion of the (111) facet. If this rearrangement of the local
step structure is necessary, it would explain the necessity
for high temperature annealing. Of course, also the simul-
taneous contribution of both mechanisms is possible, but
STM does not allow to discriminate between them unam-
biguously. In any case, it is obvious that each Pb wire
consists of more than one atomic chain in order to accom-
modate the Pb concentration of approximately 1 ML.

Even at a temperature of 40 K these chains con-
tain a lot of defects that limit the typical undistorted
length of a chain to 30 up to 100 nm, with the bright
chains containing typically less defects than the others.
Whereas the chain separation has a well defined value,
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the stacking sequence normal to the chains seems to fol-
low the local variation of facet sizes so that it is not long
range ordered. Together with the step and kink structure
of the substrate (not shown) these findings exclude the
possibility of a macroscopic extension of undistorted
chains from one contact to the other of the conduction
measurements.

Nevertheless, the formation of the Pb induced chain
structures is intimately related to the observed behavior
of conductance, and, in particular, to the drastic changes
in anisotropy. The abrupt changes observed at Tc = 78 K
cannot be explained by chain formation alone, but must
be due to changes in local structure and/or to a possi-
ble structural phase transition. Indeed, clear changes in
the local correlations become visible by taking STM im-
ages above and below Tc, i.e. by filling the cryostat either
with �He or with �N2 so that lowest temperatures on the
sample of 40 K and 100 K were obtained, respectively
(see Figs. 8a, b). To examine correlation effects along and
between the wires, one–dimensional Fourier transforma-
tions along and perpendicular to the chain structures were
carried out on representative STM areas. The results are
shown in the top part of Figure 9 for a typical single scan.
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Starting with the direction normal to the chains (left
part of Fig. 9), for both temperatures a clearly enhanced
Fourier component Γ1 is seen that corresponds to the av-
erage hill and valley spacing of 57 Å, i.e. to the periodicity
of the clean Si(557) surface. For T = 40 K an additional,
but considerably broader component Γ2 is seen, which cor-
responds to the 14 Å spacing of the Pb wires.

Parallel to the chain structure the Fourier transforms
calculated from 40 K STM images show, in contrast to
those of STM images taken 100 K, an additional period-
icity with a fundamental wavelength of 10 times the next
neighbor separation of Si, together with higher harmon-
ics. The peak at 110% SBZ corresponds to the nearest-
neighbor spacing of Pb with approximately the bulk
Pb lattice constant. Little correlation of this periodicity
between different chains was found. The modulation of
the chains is weak, as obvious from Figures 8 and 9. It
cannot be induced by missing Pb atoms, as seen, e.g., for
the case of Ga on Si(112) [24], but rather by a modula-
tion of the local position of adatoms, most likely due to
the misfit between Si and Pb lattice constants. Since the
lattice constant of Si is 9% larger than the lattice con-
stant of Pb, registry between the ideal Si and Pb lattice
is obtained every ten Si atoms, which agrees well with the
ten–fold periodicity found.

Approaching Tc from high temperature, it seems to be
the locking of the chains into the high order commensu-
rate superperiodicity, coupled with a regular separation
between the Pb induced chains, that cause the switching
from low to high anisotropy and into a highly conducting
state along the chains with a “metallic”-like temperature
dependence.

As a first approach, i.e. neglecting all imperfec-
tions and defects, this anisotropic Pb monolayer can be
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considered as a system of coupled Pb chains. Electrical
conduction occurs in the partially filled band of Si sur-
face states that is modified by the adsorbed Pb chains
that impose their symmetry and their periodicity onto
this band. As judged from the low electrical conductivity
in the [11̄0] direction in the low temperature regime and
its temperature dependence, coupling is rather weak be-
tween the chains, and the electrons close to EF are prefer-
ably localized within one chain. Along the chains, the 10-
fold periodicity imposes a mesoscopic modulation that ef-
fectively backfolds the bandstructure of the unmodulated
chains. Thus the effective Fermi wavelength, λF , cannot
be smaller than twice the modulation period, but may
be even much longer. Although only quantitative calcula-
tions, using, e.g., density functional theory, will be able to
determine λF , backfolding in the bandstructure and the
corresponding effective increase of λF can rationalize why
these electrons are quite unsusceptible to local defects on
the atomic scale along the chains. Although defects are
present, they do not lead to localization of the conducting
electrons along the wires down to temperatures of 4 K.

Passing the phase transition, also the conductance nor-
mal to the Pb chains drops sharply, but here the activated
temperature behavior seen above the phase transition re-
mains also at temperatures below. This strong anisotropy
means a strongly enhanced localization of the electrons
in the direction normal to the wires. One may even spec-
ulate that the conductance in this direction will be zero
without presence of any defects. Although our present ex-
periments cannot give a unique answer to this question,
it is clear that the locking into a structure with a well
defined separation of the Pb chains below Tc is of equal
importance for the anisotropy of conductance as is the su-
perperiodicity along the chains. Thus, the loss of correla-
tion both along the chains, leading to the disappearance of
the modulation, and perpendicular to them, which leads
to an increase of perpendicular conductance by crossing
the phase transition, brings conductance back to an only
slightly anisotropic behavior.

In this context, it is interesting to note that above
the phase transition both σ‖ and σ⊥ return to activated
behavior, i.e. to an increased sensitivity to local defects.
This fits qualitatively to the model of a much shorter effec-
tive λF in both directions in the high temperature phase
than at low temperatures.

The conductance behavior in the highly anisotropic
state may be a candidate for Luttinger liquid behavior
in coupled chains [25]. Since we observe the quasi one-
dimensional conductivity down to 4 K, the energy scales
for two-dimensional coupling are extremely small (of the
order of a few Kelvin or even less) compared with standard
quasi one-dimensional conductors [26]. This suggests that
we have found a system with almost ideal one-dimensional
conductive properties.

On the other hand, the quantitative properties devi-
ate clearly from the predictions for dc conductance in a
Luttinger liquid, even in presence of defects [27], since
a simple power law cannot be fitted to the data of σ‖
below Tc. It can only be fitted to the data, if we sub-

tract a comparatively large constant (see Fig. 6) from the
data. If we neglect this constant, the 1/T behavior of σ‖
is indicative of a Luttinger liquid with strong electron in-
teractions of fairly long range. The meaning of the (still
one-dimensional) “background” conductance must remain
open at this point.

Significant coupling between the chains must also ex-
ist, as indicated by the nonzero value of σ⊥ and its in-
crease as a function of temperature. The temperature de-
pendence found in our experiments for σ⊥, can again not
be described by a power law in T , as suggested for coupled
Luttinger liquids [26,28]. Whether defects like additional
steps – impurities can be excluded – are important for
this deviation, cannot be answered at the moment, but
this question may be accessible by miniaturizing the ex-
perimental setup, which is planned.

4 Conclusions

Concluding, quasi-metallic quasi-one-dimensional conduc-
tance with extremely high values of conductance can be
obtained with only one monolayer of Pb that forms a chain
structure on Si(557). Conductance can be switched from
low to high anisotropy by an order-disorder phase transi-
tion with a mesoscopic modulation period. Thus, and in
strong contrast to the metal-insulator transitions seen in
most systems when temperature is decreased, we observe
transitions from a quasi one-dimensional metal at low tem-
perature to an insulator (with temperature activated be-
havior) at high temperature parallel to the Pb chains, and
an insulator–metal transition in the direction normal to
the Pb chains.

Although the low temperature system is highly
anisotropic, the temperature dependence found deviates
from the standard predictions for Luttinger liquids. The
role of defects, although with seemingly small influence on
the conductivity parallel to the chains, must be clarified
in further experimental studies on a much smaller scale
so that individual defects and their influence on conduc-
tance can directly be detected. Such experiments seem to
be feasible with modern nanoscale techniques.
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