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We have applied reflectance anisotropy spectroscopy (RAS) to
investigate the rebonded-step (RS) reconstructed strained Ge/
Si(105) surface. RAS spectra display a marked peak at 2.1 eV
that is completely cancelled after exposure to about 1200 L of
molecular oxygen. Ab initio calculations of the RAS signal
explain the experimental spectra in terms of optical transitions
between filled bulk-like states and empty surface bands. The

early stages of exposure of the clean surface to molecular
oxygen have been monitored by RAS and scanning tunneling
microscopy (STM), correlating the evolution of the optical
anisotropy to the bonding configuration of the adsorbed gas.
Oxygen atoms are proposed to first adsorb onto the arms and
later on the head dimers of the “horseshoe”motifs that comprise
the RS reconstruction, thus gradually destroying the local order.
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1 Introduction Although the golden age of surface
physics dates back to the 1980s and 1990s, a true surface-
science approach is still being followed to study the clean
surface properties of materials technologically important for
electronics [1], magnetism [2], photovoltaic devices [3],
organic film growth [4], as well as to solve puzzling and
significant scientific issues still not understood [5]. Within
this evergreen scientific interest, optical spectroscopies –

mainly reflectance anisotropy spectroscopy (RAS) [6] and
surface differential reflectance (SDR) [7] – assume a special
role because they combine the nondestructive character of
light with high surface sensitivity, thus becoming a powerful
tool to investigate clean semiconductor [8, 9] and metal
surfaces [10, 11] as well as more complex interfaces and
systems [12]. A very significant contribution is also provided
by theory that is now able to simulate optical spectra in
impressive agreement with experimental results [5, 13]. In
addition, RAS can be easily coupled to other surface
sensitive techniques (such as scanning tunneling microscopy
[STM]) that enhance its capabilities, as well as to complex

experimental apparatuses (e.g., molecular beam epitaxy
[MBE]) [14].

In this paper, we use RAS to investigate the Ge-
terminated silicon surface, nominally Ge/Si(105), obtained
by evaporating Ge onto a particular vicinal Si(001) surface,
close to the (105) plane. This surface exhibits a complex
reconstruction of the top layer, where Ge atoms are arranged
in a regular pattern of “horseshoe”motifs. The rebonded step
model, hereafter referred to as rebonded-step (RS), is shown
in Fig. 1 [15]. It is well known that the RS reconstruction
has been identified on the {105} facets of the Ge and SiGe
pyramidal islands grown onto Si(001) surfaces after
deposition and annealing of germanium [16]. Until now,
this surface structure has been characterized mainly by
STM [17] and atomic force microscopy (AFM) [18], but a
true spectroscopic study is still lacking, as the size of facets is
much reduced (a few tens of square nanometers) with respect
to the typical dimensions of optical and electronic probes.
Recently, however, it has been shown that a whole RS-
reconstructed surface layer is obtained after annealing of a
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Ge-terminated silicon vicinal surface with miscut angle
u¼ 11.58 toward the [100] direction [19], thus permitting
new optical investigations [20].

The utility of RAS to investigate this surface is clearly
substantiated by the electronic anisotropy displayed in STM
pictures of the RS surface (Fig. 2), which shows an almost
unidimensional chain-like pattern along the ½501� direction.
This symmetry is not evident in the structural model of the
surface due to the considerable relaxation and rebonding
across the SA- and SB-type steps in the unit cell (Fig. 1).

The experimental optical spectra are interpreted in terms
of transitions involving surface states that are characteristic

of the RS reconstructed surface, through a close comparison
with theoretical curves computed within density functional
theory and an independent particle approach to the optical
response (DFT-IP). With respect to ref. [20], particular
attention has been given to the variation of the optical
response of the clean surface during exposure to molecular
oxygen. This offers a decisive demonstration of the surface
character of the detected anisotropies. In addition, the early
stages of the oxidation process are investigated, and a
possible route for the oxygen adsorption is proposed, via a
comparison of RAS data with images taken with STM.

The results reported here are also valuable for gaining
a better knowledge of oxidation at germanium surfaces.
This is an important but poorly understood technological
aspect that limits the development and the application of
germanium-based devices [21].

2 Experimental and calculations
2.1 RAS and STM experiments Experiments were

carried out in an ultrahigh-vacuum chamber (p< 4� 10�11

mbar) equipped with an Omicron STM and a RAS
spectrometer, on vicinal Si(001) wafers miscut by 11.58
toward the [100] direction. The RS-reconstruction was
prepared through physical vapor deposition of Ge at room
temperature followed by annealing at about 870K. The
deposition rate was 0.3MLmin�1. STM and RAS experi-
ments have been conducted with the sample at room
temperature.

A compact home-made RAS apparatus has been used in
the version with two polarizers [22], to perform measure-
ments in the 1.5–5.0 eV range. Normal-incidence optical
access to the sample was obtained by a UHV quartz strain-
free window that introduces a negligible background
anisotropy in the whole photon energy range.

The results are given in terms of the ratio between the
difference DR of the intensity of reflected light (polarized
alternately along directions a and b of the substrate) and the
average value R¼ (RaþRb)/2, as a function of the photon
energy:

DR

R
¼ 2ðRa � RbÞ

Ra � Rb
: ð1Þ

In the present case, the directions a and b lie along ½501�
and [0�10] of the clean surface, respectively, parallel and
perpendicular to the zig-zag rows of atoms visible in Fig. 2
(or equivalently, to the offcut/step direction).

To eliminate spurious contributions from the optical
setup, the residual anisotropy of the oxidized surface
(DR/Roxid) has been subtracted from each experimental curve.
All the data are thus presented as DRAS¼DR/R�DR/Roxid

.

2.2 Oxidation High-purity molecular oxygen has
been introduced in the UHV chamber by a leak valve,
at a pressure lower than 1� 10�7 torr. The O2 partial
pressure was continuously controlled by a quadrupole mass
spectrometer. Two different oxidation experiments have

Figure 1 Schematic structure of the Ge/Si(105) rebonded-step
surface reconstruction after 4ML Ge coverage (above: top view;
below: side view). Pink circles represent Ge atoms, while
subsurface Si layers are shown in green. In the unit cell (dashed
box), interstitial Ge atoms are highlighted (see text). An abrupt
interface between Ge layers and Si bulk has been assumed here.
For a more detailed discussion, see Ref. [20].

Figure 2 Experimental STM image (4.2� 4.2 nm2) of a RS
reconstructed Ge/Si(105) surface. Both filled (V¼�1.5V;
I¼ 1.5 nA) and empty states (V¼þ1.0V; I¼ 0.7 nA) are reported.
A sketch of the horseshoe motif of the reconstruction is indicated.
The chain-like atomic pattern runs along the ½501� direction.
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been conducted: (a) experiment #1: on two halves of the
same sample, RAS and STM experiments were performed
simultaneously, and the RAS signal variation in time at fixed
photon energy was followed while the surface was exposed
to gas at partial pressure p; (b) experiment #2: the inlet of
oxygen was interrupted at defined exposure stages, and each
time a complete RAS spectrum was acquired in the range
1.8–3.0 eV, and STM images were recorded. After each
stage of experiment #2, the leak valve was opened again to
introduce oxygen, and so on. In this case, the RAS signal
has also been monitored during exposure.

Each DR/R value has been measured at a certain
exposure. All the oxidation experiments were conducted at
room temperature.

2.3 DFT-LDA calculations Calculations were car-
ried out from first principles using density functional theory
in the local density approximation (DFT-LDA) [23]. A
plane wave basis set was used, with kinetic energy cut-off
of 30 Ry, and norm-conserving, scalar relativistic pseudo-
potentials [24]. Nonlinear core corrections were used
for Ge [25]. Structural relaxations and calculations
of electronic occupied and unoccupied eigenstates were
performed using the PWscf code, part of the quantum-
ESPRESSO suite [26].

Surfaces were modeled using supercells containing 22Å
thick nonsymmetric slabs separated by vacuum regions
about 14Å thick. The lattice constant of bulk silicon, 5.40Å,
was adopted in order to replicate the conditions of strain felt
by the Ge adlayer. Dangling bonds at the bottom of the
slab were terminated with hydrogen, and several back
layers of Si were kept fixed at the bulk positions during
structural relaxation. The remaining atoms were relaxed until
individual force components were less than 12meVÅ�1.
A (2� 2� 1) k-point mesh was used for surface Brillouin
zone (SBZ) sampling.

Optical spectra were computed at the independent
particle level through calculation of the slab dielectric
tensor [27] using the Yambo code [28]. Dense (8� 8� 1)
k-point meshes yielded well-converged spectra below 5 eV.
The optical response from the passivated side of the slab was
removed using a real space cut-off technique [29]. To
account for the underestimation of the bandgap within
DFT-LDA, we applied a scissors operator [30] of þ0.4 eV
estimated from the difference between the experimental E2

critical point energy (�4.25 eV) and the computed value
(�3.85 eV). Thus, we approximately account for many-
body, size quantization and finite-temperature effects in the
computed spectra.

Structural models adopted for the H-passivated and
oxygen-covered RS-reconstructed surfaces will be discussed
in Section 4.2.

3 Results DRAS spectra of the clean and RS
reconstructed Ge-terminated (105) surface are shown in
Fig. 3. In STM images, clean Si(105) appears atomically
rough, and does not exhibit any reconstruction or long-range

order (Fig. 4, panel a). In the corresponding RAS curve, a
nearly null signal (apart from a weak oscillation) is measured
below 3 eV, while at higher photon energy an almost linear
decrease of the anisotropy is recorded.

After deposition of 4ML of Ge and subsequent
annealing, the RS reconstruction forms across the whole
surface (as demonstrated by STM: see Fig. 4, panel b). In the
low-energy region of the spectrum, an evident anisotropic
peak (P) develops, having a maximum at 2.1 eV, along with
an additional shoulder (S) at about 2.5 eV. Above 3 eV,
where the bulk critical points of silicon lie, RAS detects a
structure around 3.4 eV.

When the RS reconstructed surface is exposed to
molecular oxygen, the 2.1 eV peak is progressively washed
out, and disappears completely above 1140 L (Fig. 5). STM
images taken during the same experiment (see below)
demonstrate that the attenuation of the optical signal and
the progressive disappearance of the RS reconstruction are
thoroughly intertwined. The DRAS variations monitored in
both cases (experiment #1 and experiment #2) are nearly
coincident (Fig. 5), substantiating that the effect of gas
chemisorption does not depend upon the different details of
the oxidation in our experiments. Some kinetic effects (that
at this level we cannot better define) are possible, to explain
the little discrepancies between the two curves. Within this

Figure 3 ExperimentalDRAS spectra for the clean Si(105) surface
(lower, in red) and after growth of 4ML of germanium (upper, in
green). In all the reported curves, the residual optical anisotropy
DR/Roxid (measured on the fully oxidized surface) has been
subtracted.
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approximation, STM images acquired during experiment #1
can be referred to the DRAS spectra measured at the same
exposure value during experiment #2 (and vice versa), thus
relating structural information with the modifications of the
electronic bands.

The RAS spectra acquired at increasing oxidation stages
are plotted in Fig. 6, showing the evolution of the main peak
P during exposure: in particular, the peak position and
the lineshape are almost unmodified, indicating that the
oxidation process apparently affects this anisotropy feature
as a whole.

4 Discussion
4.1 RAS spectra: Experiment and theory The

DRAS spectrum of the clean Si(105) surface (Fig. 3) is
essentially structureless below 3 eV: as negligible contribu-
tions from bulk silicon electronic states are expected in
this energy range [8], we conclude that no surface-related
anisotropies are detected. From STM inspection, the clean

Figure 4 STM images of the Si(105) surface (panel a,
61� 61 nm2; V¼�1.2V, I¼ 1.15 nA), and of the reconstructed
Ge/Si(105) surface (panel b, 61� 61 nm2; V¼�1.5V, I¼ 0.5 nA).
The zig-zag pattern of the RS reconstruction (with chains running
along the ½501� direction) is visible in panel b.

Figure 5 DRAS signal (measured at 2.1 eV, the maximum
anisotropy signal in Fig. 3) versus exposure to molecular oxygen,
expressed in Langmuir (1 Langmuir¼ 1� 10�6 torr s). Differently
colored curves refer to different oxidation experiments (green:
experiment #1; red: experiment #2. See text for details). For each
experiment, the signals have been normalized to the corresponding
maximum. The black curve is the fit of data for experiment #2 by
means of the sum of two Langmuir functions, describing the
adsorption on two different sites, with different sticking coefficients
(see text).

Figure 6 ExperimentalDRAS spectra for the Ge/Si(105) surface at
successive steps of oxidation (values in Langmuir are reported).
In all the curves, the residual optical anisotropyDR/Roxid (measured
at the fully oxidized surface, after 1140L) has been subtracted.
By definition, DRAS spectrum at 1140 L is thus zero everywhere
(the related curve is not reported). The amplitude of P for the clean
surface is sample dependent: thus in this experiment we have
measured about 2.2� 10�3, at variance with the spectrum shown
in Fig. 3, reporting a higher value.
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surface appears disordered and rough with a roughness in
the range 5–8Å (Fig. 4a). At this miscut value, the resulting
mean terrace width is not large enough to contain a unit cell
of the clean 2� 1 dimer reconstructed surface and thus the
surface does not show any reconstruction or order [19].
The negative DRAS signal, decreasing almost linearly at
photon energies higher than 3 eV could be due in part to
surface roughness [31–33].

The DRAS spectrum of the RS-reconstructed surface,
obtained after Ge deposition and annealing, appears
completely different, mainly through the occurrence of the
peak P, apparently as a consequence of the Ge termination
of the surface (Fig. 3). The true surface origin of P rests
on two strong arguments: (i) below 3 eV, no contributions
from bulk silicon anisotropies are expected [7, 8]; (ii) the
peak P is sensitive to oxygen exposure (Figs. 5 and 6),
and vanishes at about 1140 L, a value consistent with
the oxidation of surface states in Ge and Si [34, 35].
Confirmation of the surface origin of P and S features in the
clean Ge/Si(105) optical response comes from theoretical
calculations of the RAS spectra, which allow us to single out
the states involved in transitions. The DFT-IP calculations
are in excellent agreement with experiment, as shown in
Fig. 7.

In order to provide an appropriate comparison with
the experimental curves, theoretical spectra have been
plotted both as DR/R and as a difference with respect to
the H-covered surface (thus mimicking DRAS curves).
Some disagreement with experiment is perceptible in the
high-energy region, as one could expect, since the bulk
contributes differently to the curves in the two cases [36].
The contribution from the topmost (Ge) layers is also shown,
confirming the localized surface origin of the low-energy
peaks.

The interpretation of the two main anisotropy structures
is the following: peak P is due to electronic transitions from

filled bulk states to an empty state associated with the
backbond of the “interstitial” atom highlighted in the red box
in Fig. 1 (hereafter indicated in the text as i), which exhibits
the characteristic of a true surface state. Shoulder S is due to
transitions from bulk bands to the empty surface state of
the top dimer at the apex of the horseshoe motif.

The peculiar origin of the interstitial state explains the
unusual dependence of the peak P intensity upon Ge
coverage, reported and discussed exhaustively in Ref. [20],
and allows extraction from RAS data information about
the composition of the subsurface region that is not
accessible with STM or other surface-sensitive techniques.
On the contrary, RAS is able to reach and investigate the
buried interface between silicon and germanium. In our
calculations, such an interface is assumed to be sharp,
although some degree of intermixing could be still consistent
with results [20].

4.2 Oxidation The intensity decrease of peak P
(Fig. 5) is due to the gradual chemisorption of oxygen,
which by establishing new bonds with Ge atoms at the
surface removes the associated optical transitions [34, 35].
The experimental curve, reflecting the oxidation kinetics,
does not follow a simple Langmuir behavior [37], in contrast
with the cleavage surface of Si and Ge, where a stick-or-
leave model with one adsorption site is able to explain the
optical data at room temperature [34, 35]. On the contrary, a
more complex dependence upon exposure occurs in Fig. 5.
Three different steps can be singled out in the process:
(i) step #1 (below 5L, 1 Langmuir¼ 1� 10�6 torr s), where
the sticking coefficient S (associated to the curve slope)
reaches the highest value; (ii) step #2 (5–500 L), with a lower
and nearly constant value of S; (iii) step #3 (above 500 L),
which continues until the signal saturates to zero at about
1140 L. The fit with two Langmuirian curves (black line in
Fig. 5) is in reasonable agreement with the experiment: this
means that two different adsorption sites are very likely to
occur, with different initial sticking coefficients (S1� 0.12,
S2� 0.0019), as well as with different surface densities
(about 1:4). Given the different dependences of two processes
upon exposure (S1� S2), their sum produces three steps in
the resulting curves: (i) step 1: the fast process (S1)
dominates; (ii) step 2: both processes display comparable
effects; and (iii) step 3: the slow process (S2) prevails.

The Langmuirian curves are related to the presence of
two different and independent adsorption sites on the surface
(e.g., dangling bonds and backbonds). However the origin
and the role of these sites, as well as their related densities,
will be not discussed here, but developed in a later study on
a detailed STM investigation of the oxidation process of
Ge/Si(105) surfaces.

In Fig. 6, experimental DRAS spectra are shown for the
Ge/Si(105) surface at successive steps of oxidation. In the
clean surface curve, the shoulder S is not clearly visible, but
appears more distinctly at higher exposure values. This is
the effect of a sample dependence of the P and S features, the
latter expressing a strong dependence upon the long range

Figure 7 Calculated DR/R (solid line, black) and DRAS (dot-
dashed line, blue) spectra of the Ge/Si(105) RS reconstructed
surface, for a 4ML coverage of Ge, compared with the
experimental DRAS signal (dots, red). The contribution from the
Ge layers only is also shown (dashed line, violet).
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order of the reconstructed layer: the more extended the
surface order of the RS phase, the higher is the resulting
S amplitude.

DRAS curves in Fig. 6 do not exhibit a significant
lineshape variation upon exposure of the corresponding
relic anisotropy spectrum: the effect of adsorption in
removing the electronic states that contribute to the optical
anisotropy is nearly the same across the whole photon energy
range. Nevertheless, a small decrease in the ratio IP/IS (IP
and IS being the RAS intensities at the P and S photon
energies, respectively) is perceptible during exposure, thus
indicating a weak preferential adsorption. Although the
DRAS spectra exhibit a slight blueshift with increasing
exposure, we determined that the distinct optical compo-
nents giving rise to P and S do not change (to within
�20meV) [38]. The curve width weakly reduces: the higher
disorder of the oxidizing surface has apparently no strong
effect in the optical curve.

For the RS reconstructed Ge/Si(105), P is connected
with the interstitial atom i, in its turn linked to dimers at the
surface (thus contributing also to the S amplitude): on the
basis of RAS data, it is thus difficult to select the surface sites
where atoms (or molecules) preferentially stick, in contrast
to the case of oxygen and hydrogen on Si(100)2� 1 [39–41].
In those experiments, optical data and theoretical calcu-
lations explain the oxidation data well: thanks to the
remarkable site dependence of optical structures, adsorption
of oxygen atoms has been assigned first to backbonds and
later to dangling bonds of the clean Si(100) surface, the
former more reactive than the latter.

Can an oxidation route be inferred also here on a
speculative basis? In Fig. 8, some models are shown for
the oxygen layer adsorbed onto clean Ge/Si(105), under the
hypothesis that gas molecules dissociate on the surface [42–
44]. In each case, we assumed that the Ge overlayer forms a
sharp interface with the Si substrate (see Fig. 1). Elsewhere,
we have demonstrated that a rough interface does not
greatly modify the RAS response [20]. For H-passivation
we considered the simplest model that saturates surface
dangling bonds (Fig. 8, panel b); hence, surface dimers are
retained. Oxidation is more difficult to model, due to the
presence of various chemisorption processes, several
competing adsorption sites, energy barriers and kinetic
effects. Studies of the Ge(100) surface, which also features
surface Ge dimers, act as a guide [42–45]. At low coverages,
DFT calculations predict that oxygen molecules dissociate
and adsorb at single dimers, inserting into (or on top of)
dimers and backbonds [41]; at intermediate coverages
Ge substitution and dimer breaking is reported [43, 44]. We
consider separately the case of oxygen adsorption at the
“arms” of the horseshoe only [model (I), Fig. 8 panel c], and
following additional adsorption at the “head” dimer [model
(II), Fig. 8 panel d]. These two models will allow us to
identify the distinct optical response of the two kinds of
adsorption site. To understand the exposure dependence,
oxidation (I) and oxidation (II) can be also interpreted as
possible stages of the same chemisorption process.

Although an exhaustive examination of the microscopic
oxidation process is beyond the scope of this work, RAS
calculations of the oxidized surfaces are in general
agreement with our interpretation of the experimental
behavior (Fig. 9). First, oxidation of the horseshoe arms,
leaving the head dimers untouched [model (I)], produces a

Figure 8 Schematic models of: (a) the “clean” Ge/Si(105) surface
at 4ML of Ge (Ge atoms of the first layer are shown as large pink
circles, deeper layers have a lighter color); (b) the same surface
passivated with hydrogen; (c) and (d) the same surface after
adsorption of oxygen [two different coverages; labeled as oxidation
(I) and oxidation (II)]. The surface unit cell is indicated (dashed
rectangle). Hydrogen and oxygen atoms have been reported as
light-blue and black circles, respectively.

Figure 9 Calculated DR/R spectra around the main peak for the
clean, H- and O-covered models of Ge/Si(105) shown in Fig. 7a.
Models assumed for oxidation (I), oxidation (II) and the H-covered
surface have been reported in Fig. 8.
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40% reduction of peak P, while S is slightly shifted and
enhanced. An exact comparison cannot be expected here
due to the oxygen-related perturbations on the bulk-like
states that take part in the optical transitions, and that are hard
to quantify. Further oxidation also of the head dimer
produces an overall quenching of both P and S. Due to
the redistribution of charge among the different horseshoe
dimers following oxygen absorption, as well as the
unknown perturbation on the bulk-like states that also take
part in the optical transitions, we feel it is premature,
however, to speculate further about the relationship between
oxidation site and RAS peak modification based only on
these results: a more detailed interpretation is left to a later
study.

The procedure of our experiments permits us to connect
optical data with STM images, thus linking the electronic
information coming from RAS to the structural details, in
order to identify the bonding geometries resulting after
oxidation. A complete and detailed analysis of STM images
taken during oxidation will appear in the near future. In
Fig. 10, we report a 50� 50 nm2 area of the sample after
nominal exposure to 5 L of oxygen, to represent a typical
situation during oxidation. The RS reconstruction is visible
across the whole area, as are defects due to oxygen
adsorption. In the very early stages of oxidation (step #1),
exposure to gas results in isolated protrusions on the surface
(indicated by arrows in the figure), appearing as white,
structureless dots (with a profile at about 1Å above the

surface layer). Other less bright dots, corresponding to a
level in the range 0.2–0.5Å above the surface, apparently
can aggregate and evolve (step #1 and #2): somewhere
they are organized in linear structures, like fingers in the
direction [010], perpendicular to two or more adjacent
chains (circles in Fig. 10); somewhere (more seldom) they
disappear, possibly as a consequence of desorption or
diffusion along the surface. As each STM image has been
acquired in about 2min, it is possible that we had not the
necessary time resolution, and missed some details on that
scale. The fingers themselves develop, increasing their
length because of clustering. A third structure appears in
images, often close to the fingers, in the form of dark regions,
first isolated, then gathered in little islands (squares in the
figure). From a line profile, these areas are apparently about
1Å below the surface plane. Up to 500 L (step #2), both
structures (fingers and dark spots, the latter dominant) are
disseminated on the sample surface, progressively cancelling
the RS reconstruction. Finally (step #3), the disorder of the
layer increases until the surface appears completely rough,
and any trace of reconstruction is washed out at about
1200 L. No 1� 1 ordering is present.

The three types of surface sites determined by analysis of
our STM images fit the nomenclature introduced to clarify
the features seen in the STM pictures of Ge(001) oxidized
surfaces [43]. The bright site – imaged at about 1Å above the
surface layer – could thus be a Ge adatom, (a residual of the
surface preparation, or due to substitution with oxygen in
a backbond [41]), or a single O atom/molecule adsorbed
onto the surface. Fingers would come from coalescence of
oxygen atoms: (i) adsorbed into backbonds, for example, at
the interstitial atom i; or (ii) bonded to the dimers in the arms
of the horseshoe, as suggested by the calculations above. In
high-resolution images (not shown here), fingers appear due
to lines of dots, each dot in correspondence of a corner of
the RS zig-zag rows. The dark site, on the contrary, is
normally localized where DFT simulations show arm dimer
bonds [20]. We note that, although at a preliminary level,
such a scenario is consistent with our conclusions from
RAS data.

High-resolution STM experiments coupled with sys-
tematic modeling of the chemisorption process and DFT
calculations of the STM images, will yield a more complete
picture of the oxidation process. New optical experiments
will be performed in order to probe the photon energy
region down to at 1.3 eV, where the true surface-to-surface
transitions are expected from calculations [20]. Experi-
ments at different sample temperatures will help us to
investigate the details of the oxidation kinetics (as in
Ref. [34]).
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Figure 10 STM image (50 nm� 50 nm, V¼�1.9V, I¼ 0.900
nA) of the Ge/Si(105) surface after exposure to 5 L of oxygen. The
zig-zag pattern of the RS reconstruction is clearly visible (with
chains running along the ½501� direction). The effects of oxidation
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circles); and (iii) dark spots (by squares). For details, see the text.
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