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High-temperature desorption of Cgy covalently bound to 6 H-SiC(0001)-(3x3)
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The desorption or fragmentation temperature of Cg bound to Si-rich-(3 x 3) and (V3 x v/3)R30°
reconstructions of 6 H-SiC(0001) is investigated using inverse photoemission spectroscopy (IPES) and LEED
experiments. On SiC-(3 x 3), Cg film is found desorbed after annealing at a high temperature of 1140 K,
supporting covalent bonding. Meanwhile, the Si tetramers of the (3 x 3) nanostructured substrate are recovered,
as can be inferred from the full reappearance of the Mott-Hubbard surface state in the IPE spectra. SiC-(3 x 3)
behaves in a singular way among the other semiconducting substrates, which covalently bind to Cg. This
remarkable feature is attributed to the low density of Si dangling bonds and to the highly corrugated character of

this reconstruction.
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I. INTRODUCTION

Silicon carbide (SiC) is a wide band gap semiconductor
with many promising qualities for future applications.' Its high
breakdown electric field and thermal conductivity renders it a
good candidate for fast and high-power electronic devices.
The scientific interest for SiC has increased in recent years
and intensified since it was discovered that one or several epi-
taxial graphene overlayers form when SiC is annealed above
1500 K (for a recent review see Ref. 2). It is also well known
that SiC forms by thermal decomposition of Cgy adsorbed on
either Si(111)-(7 x 7) (see Refs. 3 and 4) or Si(100)-(2 x 1)
reconstructed surfaces.*> Therefore, it can be expected that a
two-step process may allow high-quality graphene fabrication
using Cg and Si substrates, which are both of low cost.

The rich field of fullerene adsorption on semiconductor
surfaces is currently very active.®’ Regarding Cgo adsorption
on Si surfaces, on both Si(111)-(7 x 7) and Si(100)-(2 x 1),
scanning tunneling microscopy (STM) experiments showed
that there is no extended Cgp superstructures formation.
This fact is attributed to the strong, predominantly covalent,
interaction® between the molecules and the substrates, which
limits the surface diffusion. In some experiments, a charge
transfer”! from the substrate to the molecules was also
inferred.

Only a few studies were devoted to Cgy adsorption on
SiC surfaces.® We will consider the sole STM study of
Cgo adsorption on the Si-rich (3 x 3) and (/3 x v/3)R30°
reconstructions.!’ Among several equilibrium structures of
the polar (Si-terminated) (0001) faces of the hexagonal SiC
polytypes, these surfaces are two Si-rich reconstructions,?
which are structurally very different. The (3 x 3) reconstruc-
tion has been predicted by DFT-local-density-aproximation
(DFT-LDA) calculations to be the minimum free-energy
structure under Si-rich preparation conditions.'? It involves
a twisted Si-adlayer above a Si-terminated SiC substrate,
with Si tetramer adclusters on top separated by 9.24 A. This
reconstruction is characterized by a large Si coverage of 13/9
(see Ref. 12). By contrast, the less Si-rich (V3 x v/3)R30°
reconstruction can only be stabilized for not too Si-rich prepa-
ration conditions, and is typically obtained upon annealing
a (3 x 3) reconstruction. It has a simpler structure involving
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Si-adatoms localized in Ty sites, separated by 5.3 A, on top
of the outermost C-Si bilayer.'* Both terminations exhibit
one half-filled dangling orbital per surface unit cell, more
commonly called a “dangling bond” (DB), mostly localized
on the Si adatom [the Si atom at the apex of the tetramers for
the (3 x 3) reconstruction]. As a common peculiarity due to
the large separation between dangling bonds, the associated
surface states show large correlation effects and both systems
share a Mott-Hubbard insulator ground state, although with a
different U parameter.'>'6

In the present work, we consider the adsorption, anchoring
and decomposition/desorption mechanisms of Cgy on these
Si-rich (3 x 3) and (v/3 x v/3)R30° reconstructions of 6H -
SiC(0001) upon annealing. Being structurally very different,
these two surfaces are expected to manifest different reactivi-
ties toward Cgp adsorption and a different behavior when the
molecules adopt more stable adsorption configurations upon
annealing at increasing temperatures. The bonding strength of
Ceo adsorbed at room temperature on both reconstructions has
been studied by annealing a Cg thick film (TF) at increasing
temperatures until Cgp desorption or fragmentation happens.
Low-energy electron diffraction (LEED) and inverse photoe-
mission spectroscopy (IPES) experiments were performed.
IPES probes the unoccupied electronic structure near the
Fermi level (EF). It is a convenient technique for the purpose
of this investigation mainly because the large and highly
symmetrical Cgo molecule leads to sharp IPE peaks in this
energy domain.!” As a surface-sensitive technique, it allows to
discriminate a truly clean surface from a surface contaminated
with reacted molecular fragments. One full Cgp monolayer is
able to quench the IPE signal from the covered substrate to
a hardly detectable value. This assumption was also made in
some previous experimental IPE studies when Cgo deposition
was involved.?!3’

II. EXPERIMENTS AND SURFACE PREPARATION

The experiments were performed in ultrahigh vacuum
(UHV) conditions (base pressure of ~2 x 10~'9 mBar) and
all the measurements were done at room temperature. IPES
experiments were performed using a homemade spectrometer
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described in Ref. 18. The spectra present the photon yield
(at hv = 9.7 eV) normalized to the sample current with
typical current values in the @A range. The Fermi level Ep
was calibrated using a clean Ta sample. The temperature
was calibrated using an infrared pyrometer with £25 K
uncertainty. A rectangular n-doped SiC sample from Sterling
Semiconductors with Np =9 x 10'7 ¢cm™> has been used.
Several (3 x 3) = (/3 x v/3)R30° — (3 x 3) cycles were
performed in order to desorb oxidized species and also to
find the optimized conditions of preparation for each studied
surface. The SiC-(3 x 3) is obtained by annealing the SiC
substrate at ~1120 K under a Si flux generated by a Si
wafer placed nearby the sample and resistively heated at
~1420 K. During a second step, the substrate is annealed
at the same temperature without any Si flux in order to
evacuate excess Si atoms and also improve the surface crystal
structure. The substrate temperature, Si flux, and annealing
times were adjusted until sharp LEED patterns with low
background could be obtained. Starting from a (3 x 3) surface,
the (v/3 x +/3)R30° reconstruction was obtained by annealing
the SiC substrate for a few minutes at ~1170 K without any Si
flux. Each reconstruction has characteristic IPE features and
can therefore be well identified."”

Ceo deposition was performed using a carefully degassed
Knudsen cell. During molecule evaporation the temperature
cell was maintained at 668 K. The film thickness was
roughly calibrated using an Inficon quartz microbalance. The
evaporation temperature mentioned above corresponds to a
deposition rate of ~0.05 ML/min, which is in the range
used by other authors for the study of Cg interaction with
some other surfaces’”?! using photoemission experiments
(ML stands for monolayer). The molecular depositions were
performed with the 6 H-SiC(0001) substrate held at room
temperature. To avoid the difficulties due to the definition of
1 ML (see Ref. 11) the following experimental protocol was
followed. A thick Cg film was deposited over a clean surface.
Different successive annealings were then performed for a
duration of 10 min at increasing temperatures up to 1200 K.
According to Goldoni et al.,** a characteristic time of 800 s is
needed for the chemical reaction of Cgy on Si(111)-(7 x 7)
at 1035 K. The 10-min annealing time used here is then
long enough to observe any film modification (fragmentation
or desorption). It is however short enough?® to prevent the
evolution of the underlying (3 x 3) surface here prepared at
1120 K. Since the (\/3 X \/§)R30° is obtained using a few-min
annealing at 1170 K, one can expect that a longer annealing
time at a temperature between 1120 and 1170 K without Si
supply can already alter the (3 x 3) reconstruction.

III. RESULTS
A. Cg/6H-SiC(0001)-(3 x 3)

The crystallographic structure of SiC-(3 x 3) consists of
Si-tetramers arranged in a hexagonal array with 9.24-A lattice
parameter covering a Si adlayer on top of a Si termination.'>?
The (3 x 3) reconstruction of SiC is therefore a surface solely
made of Si. As the Cgy coverage increases, the LEED spots
due to the underlying (3 x 3) reconstruction progressively
weaken and disappear, a diffuse background being the only
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visible trace on the LEED screen. It was not possible to
identify extra-LEED spots, which would reveal an ordered Cg
superstructure. In order to evaluate the bonding strength, a TF
layer was deposited and annealed at increasing temperatures
between room temperature and 1140 K. The IPES spectra
are shown in Fig. 1(a). From the bottom to the top, the
clean surface spectrum, the as-deposited TF spectrum, and
the spectra corresponding to the different annealing steps at
increasing temperatures are displayed. The clean surface spec-
trum can be fitted using six components in the energy range
0-8.1 eV as revealed by previous studies.'”?* The (3 x 3)
surface should be metallic according to one-electron band-
theory but experiments show that it is an insulator.?® Thus
the low-lying IPE peak located at (0.6 &= 0.1) eV (peak-a) was
attributed to the upper band of a Mott-Hubbard electron state?’
localized at the apex of the Si tetramers. To our knowledge,
the origin of the other five peaks (b to f) has still not been
determined: ascribing one of these IPE peaks to a particular
surface or bulk density of states remains an open issue. Some
differences in the overall shape of various normal incidence
IPE spectra of the (3 x 3) reconstruction may be evidenced
by a careful examination of published IPES spectra.'®-?*?7
Slightly different preparation conditions (annealing time,
annealing temperature, cooling profile, Si flux, etc.) may
also influence the homogeneity of the (3 x 3)-terraces, thus
affecting the overall shape of IPE spectra. Provided this
variability, we thoroughly checked the reproducibility of the
presented results and showed in Fig. 1(a) a set of representative
spectra.

In order to address the interface bonding, we briefly recall
some inverse photoemission results for solid Cgy. The origin
of the first three low-lying features labeled 1-3 in Fig. 1
was discussed in Refs. 17 and 28. Feature 1 band center
appears at (1.5+£0.1) eV above Ep, in good agreement
with previous results.'”?® The states contributing to peak
2 have more wave-function overlap than those contributing
to the adjacent peaks.'” This IPE peak is thus expected to
be particularly sensitive to the interaction of Cgy with the
substrate or between neighboring molecules. Well-developed
peak 2 together with long evaporation duration (=1 hour)
and quartz monitoring were used as complementary criterions
to ascertain that a thick enough Cg layer was effectively
deposited.

After annealing at ~650 K, the outermost Cgy layers
readily desorbed exposing the interface layer in close contact
with the substrate. The main modifications on the TF Cg
electronic structure are a strong reduction of the peak 2
intensity accompanied by a decrease of peak 1 to peak 3
splitting (upward shift of peak 1, downward shift of peak 3),
and an overall broadening with respect to the TF. This effect
is attributed later on to covalent bonding of the fullerene in
contact with the substrate.

Further annealing at 860 K did not substantially modify the
IPES spectrum. For the sake of clarity, only the spectrum at
860 K is shown in Fig. 1(a). After annealing at ~1040 K,
a (1 x 1) LEED pattern with faint spots and large diffuse
background appears (not shown). In the meantime, molecular
features weaken gradually and some IPE intensity appears in
the energy domain resonant with the energies of the peaks
e and f of the clean substrate. This tendency is confirmed
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FIG. 1. Evolution of the normal incidence IPE spectra after annealing the (3 x 3) and (v/3 x ~/3)R30° reconstruction covered with a Cgg
TF in (a) and (b), respectively. From the bottom to the top: clean reconstruction spectra and Cg TF and annealed films. Vertical thick bars show
the energies of the IPE peaks of the clean reconstruction, as reported in Ref. 24, with the same labels a—f. Vertical thin bars allow comparison
of peak 1 (peak 3) energies before and after annealing Ce film. For each spectrum, the corresponding annealing temperature and LEED pattern
are indicated on the right and left part of each panel, respectively. In (b) the spectrum corresponding to the clean surface is labeled /3.

after the annealing at ~1100 K: the molecular features
have almost disappeared while the high-energy contribution
from the substrate is now emerging. In parallel, a (3 x 3)
LEED pattern becomes visible revealing the presence of large
uncovered regions of a reconstructed substrate. After the last
annealing at ~1140 K, a (3 x 3) LEED pattern presented in
Fig. 2 with spots as sharp as the ones of the clean (3 x 3)
substrate is recovered, with similar diffuse background levels.
Furthermore, the corresponding IPE spectra also appear very
similar. All six peaks characteristic of a clean (3 x 3) substrate
are present in the spectrum of the high-temperature annealing,
including the low-lying one (at ~0.6 eV). The fact that this
surface state appears fully recovered shows that no molecular
fragments remain bound to the Si adclusters. As discussed
later, the majority of molecules appear to desorb without
significant dissociation despite the fact that a rather high
temperature above 1100 K is needed. Before deposition, the
clean (3 x 3) surface contains inevitably a small proportion
of defects. After the deposition and the annealing at 1140
K, these defects may induce the dissociation of a small
proportion (not quantifiable here) of molecules. Nonetheless,
our spectroscopic results support a large-scale thermally
activated desorption process above 100 K. This temperature
is actually higher than the dissociation temperatures of 1050,
1020, and 870 K at which covalently bound Cgy decomposes on
Si(110)-(7 x 7),% Si(100)-(2 x 1),° and Si(110)-(16 x 2),%
respectively. As explained later, this intriguing fact may be
related to the peculiarities of the (3 x 3) reconstruction, in

particular the low density of its reactive sites. Finally, the
(3 x 3) reconstruction recovered after desorption, like the
pristine one, naturally evolves toward a (v/3 x +/3)R30° when
the substrate is further annealed using the conditions described
in the previous section.

B. Cg/6H-SiC(0001)-(+/3 x +/3)R30°

Figure 1(b) shows the IPES results for the (v/3 x v/3)R30°
surface. The bottom spectrum labeled /3 corresponds
to the freshly-prepared surface. The low-energy peak at
(1.1 £0.1) eV above Ep was attributed to a Mott-Hubbard
state localized on Si adatoms,?'~3* forming a triangular lattice
of DBs with a lattice parameter of 5.3 A. Its sharpness is
indicative of the good quality of the surface reconstruction.’!
To our knowledge, the origin of the four IPE peaks®*
standing in energy above the low-lying one has still not been
determined. Since exposition to residual atmosphere of the
UHV chamber modifies the IPE spectrum quite rapidly,?*
a TF layer was deposited as soon as the LEED and IPE
acquisition for a clean surface were finished. Successive
annealings were then performed. As for the (3 x 3) surface,
there is no detectable LEED spots due either to the substrate
or to the remaining interface layer, after the outermost Cgq
were desorbed. After the annealing at ~860 K, it can be seen
that the Cg electronic structure with respect to the TF is
perturbed in the same way as for the (3 x 3) surface (i.e.,
strong peak 2 intensity reduction with a decrease of peak 1
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FIG. 2. LEED patterns for the SiC-(3 x 3) (Ep = 140 eV) and
SiC-(+/3 x v/3)R30° (Ep = 180 eV) reconstructions before Cgo
deposition and after annealing a C¢y TF. Top left: clean (3 x 3),
bottom left: after annealing a TF over (3 x 3) at 1140 K. Top
right: clean (v/3 x 4/3)R30°, bottom right after annealing a TF over
(+/3 x ~/3)R30° at 1200 K, note the strong diffuse background.

to peak 3 splitting both peaks shifting toward each other and
overall peak broadening*). After the annealing at ~1040 K,
a few (1 x 1) LEED spots with weaker intensity and a rather
large diffuse background appeared (not shown). Two weak
features are still visible in the IPE spectrum corresponding
to peak 1 and peak 3. At last, after further annealing up to
~1200 K, there is no feature attributable to Cgy in IPE and no
improvement of the LEED pattern can be seen with comparison
to the LEED pattern obtained after the ~1040-K annealing.
The shape of the IPE spectrum is then very similar to the shape
of a (1 x 1) surface!” IPE spectrum. These results indicate
that at high temperature, the Cgy molecules fragment over
the (v/3 x +/3)R30° reconstruction, possibly reacting with
the Si adatoms in 7} sites and forming SiC as happens with
the Si(111)-(7 x 7) and Si(100)-(2 x 1) surfaces. Finally, for
both substrates studied here and for various incidence angles
(not shown), there is no measurable density of states at the
Fermi level for the annealed Cg layer that keeps an insulating
behavior.

IV. DISCUSSION

The adsorption of Cgy on single-crystal surfaces was
the subject of a number of studies. Maxwell et al. have
summarized the results in a comprehensive paper® in which a
schematic picture of the different kind of molecule-substrate
interactions was proposed. Although no clear boundary can
be settled between different kind of adsorption mechanisms,
the cited paper can be used as a useful framework. The
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desorption (or fragmentation) temperature is used as a measure
of substrate-adsorbate bonding strength. Accordingly, the
surfaces are classified into three main categories: weak (I),
intermediate (I), or strong (II) for a predominantly van der
Waals, ionic, or covalent bonding, respectively. Although a few
exceptions were mentioned, basically the different surfaces can
be assigned to one of these three categories. For semiconductor
surfaces, two categories are mentioned. When no dangling
bonds are present, the interaction is of van der Waals type and
the desorption temperatures are low (category I). For Si- and
Ge- reconstructed surfaces, see Refs. 8 and 20, respectively,
the molecules do not desorb intact but rather dissociate at high
temperature (category III). In the following, we will try to
rationalize the results of the present study within the depicted
frame.

The desorption temperature for the category II substrates
is in the range 700-800 K3 if we discard Ag(100) for which
a strong predominantly ionic bonding was inferred.** SiC-
(3 x 3) and (/3 x v/3)R30° do not belong to category II,
first, because we do not observe any desorption of the first
layer in this range. Moreover, for category II, Cgq is found to
be mobile® on the surface at room temperature and this was
proven not to be the case by Li et al.'' who found no sign of
Cgo diffusion at low coverage on both surfaces. Finally, Cgq
submolecular structures were resolved on their STM images
of the (ﬁ X \/g)R30°.“ Their results indicate that there is
little or no mobility at room temperature.

In the following, we therefore focus on category III, which
is used to describe strong and predominantly covalent bonding.
For these surfaces, the Cgy dissociation happens at much
higher temperatures, in the range 1000-1100 K.® For all
the surfaces of category III, the strong bonding drives the
molecular dissociation at high temperature with formation of a
carbidic layer. For Ge(111), Bertoni et al.>° showed that above
970 K, Cgp dissociates and desorbs with restoration of a rather
diffuse substrate LEED pattern. In the same time, a signif-
icant amount of carbon atoms still remains on the substrate
(~0.1 ML). To our knowledge, there are, therefore, no
examples inside category III of covalent bonding with Cg
desorption and full recovery of the underlying reconstruction.

We come now to the surfaces of the present study. The
6H-SiC(0001)-(+/3 x +/3)R30° reconstruction should obvi-
ously be considered as new member inside category III. The
spectroscopic results shown here present many similarities
with those of Refs. 35 and 4 for Cgy adsorbed on Si(111)-
(7 x 7): after a mild annealing, a reduction of peak-2 intensity
and a decrease of peak-1 to peak-3 splitting is evidenced.
A broadening of the molecular spectral components is also
found. Since it is widely considered that the bonding with the
Si(111)-(7 x 7) surface has covalent character®?2333¢ (at least
after annealing), we assume that such picture also holds for the
SiC (\/§ X \/§)R30° reconstruction. There is, at the present
time, no consensus about the physisorbed or chemisorbed
nature of the bonding between as-deposited Cgp at ~1 ML
and Si(111)-(7 x 7).%

At intermediate temperatures, the electronic structure of
(3 x 3) and (v/3 x v/3)R30° are basically perturbed in the
same way, indicating that the bonding of Cg to (3 x 3) is also
predominantly covalent. However, from that point, a specific
scenario should be invoked for the (3 x 3) surface, since upon
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annealing at 1140 K, our experimental results support a full
desorption of the adsorbate. Moreover, we infer from the
IPE spectra that the (3 x 3) structure is either preserved or
recovered because the unoccupied surface electronic structure
appears very similar to the pristine reconstruction. It is at the
present stage clear that the (3 x 3) reconstruction is singular
when compared to (/3 x /3)R30° of 6 H-SiC(0001) and also
to both Si(111) and (100) surfaces. To our knowledge, as far as
Ceo adsorption is concerned, the (3 x 3) is a singular example
of strong predominantly covalent bonding with the possibility
of recovering the original reconstruction after desorption.

It is naturally tempting to attribute the special behavior
of the (3 x 3) reconstruction to the very small density of Si
DB covering the surface. In Table I, we compare the DB
density of four Si-terminated SiC and Si surfaces. It can be
seen that it is precisely for the SiC-(3 x 3) reconstruction
that the DB density is the smallest (with an area of 75 A?
per DB). For SiC-(\/g X ﬁ)R300’ this parameter lies in
between the values of Si(100) and Si(111), all three values
being much smaller than the 75 A? per DB on (3 x 3).
Pioneering fast photoemission studies by Goldoni et al.** on
Si surfaces have already shown the importance of thermally
induced deformed molecular species, which are precursors of
Ceo dissociation and subsequent SiC formation. Indeed, when
Si(111) surfaces are annealed at high temperatures, flattened
fullerenes are stabilized by additional Cg, substrate bonds, as
numerous as 20 bonds per Cgy before molecular dissociation
can occur.*>?? The formation of Si,Cgo results in weakened
intramolecular C-C bonds, which eases the subsequent steps of
molecular decomposition and SiC formation. The anchoring
of the deformed precursor appears naturally favored by a
high density of reactive DB at the surface. Considering the
number of additional bonds with regards to the molecular
size, it has also been suggested that some surface Si atom
bonds break to allow the formation of extra Si-C bonds. In this
respect, the highly corrugated character of the cluster-based
(3 x 3)reconstruction obviously limits the number of available
Si atoms at the vicinity of the initial adsorption site. We
hypothesize that if the deformed precursors are not sufficiently
anchored to the substrate, they are able to leave it before
molecular decomposition may occur. Our result do show
that a (3 x 3) reconstruction is recovered by annealing up
to 1140 K, including the Si-adatoms which are responsible
for the Mott-Hubbard surface state. Recent XPS and STM
experiments support our interpretation. We surmise that the
Buckyballs may desorb molecularly, although we did not
directly analyze the desorption products.

TABLE I. DB specific area and surface composition of different
Si and SiC(0001) surfaces after high-temperature annealing of
deposited Cg film.

DB specific area

Surface (A%2/DB) Above 1140 K
6H-SiC(0001)-(3 x 3) ~75 Pristine (3 x 3)
6 H-SiC(0001)-(+/3 x +/3)R30° ~25 SiC formation
Si(111)-(7 x 7) ~33 SiC formation
Si(100)-(2 x 1) ~15 SiC formation
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Part of our results may seem conflicting with the inter-
pretation of the STM results reported by Li et al.!' These
authors suggest that a single Cgp layer adsorbed on the
(3 x 3) decomposes upon annealing at 1120 K forming SiC
islands. Annealing 1 ML Cgy adsorbed on the (3 x 3) at
850 °C (1123 K) is reported!! to lead to the growth of
SiC islands following Cgy decomposition. The observation of
irregularly shaped clusters upon annealing above 600 °C at
0.02 ML is said to support the Cgo decomposition and/or Cgp-Si
clusters formation. However, a further annealing at 1000 °C
(1273 K) is reported to induce the growth of larger SiC clusters
with a (v/3 x +/3)R30° reconstruction (without external Si
supply). Our results unambiguously show that, between these
two temperatures (1123 and 1273 K) where STM images
where reported, a (3 x 3) reconstruction can be fully recovered
after desorption. This (3 x 3) reconstruction naturally evolves
toward a (v/3 x +/3)R30° upon annealing at temperatures
close to 1270 K, as is the case for an uncovered substrate. This
is a further indication of the full desorption of any adsorbed
species. In accordance to our results, annealing a multilayer
of Ce adsorbed on the (v/3 x +/3)R30° did not induce the
formation of any ordered structure, and the Cgg or SiC clusters
could not be desorbed by annealing at temperatures as high as
1323 K.

In the light of the present results, we propose to divide the
surfaces of category III sharing the common property of strong,
predominantly covalent, bonding into two subcategories. A
category IIIA inside of which we find surfaces driving
Ceo dissociation at high temperature and a category IIIB
containing surfaces remaining reconstructed and quasifree of
residual carbon fragments after desorption. In the case of
Ge(111) already mentioned above, there is some evidence from
photoemission measurements for Cg dissociation.?’ Although
most of the carbon atoms desorb, this surface should be
classified as IITA. From the presented results, (V3 x v/3)R30°
reconstruction also lies in IITA category, while to-date (3 x 3)
reconstruction belongs to IIIB as a single member.

V. CONCLUSION

The bonding strength between Cgp and both the (3 x 3)
and (v/3 x v/3)R30° reconstructions of 6H-SiC(0001) was
evaluated using IPES and LEED experiments. For (v/3 x
«/§)R30° reconstruction, Cgp dissociates in a temperature
range compatible with what is found for other Si-rich sur-
faces [Si(111)-(7 x 7) and Si(100)-(2 x 1)]. For the (3 x 3)
reconstruction, it is shown that Cgy desorbs at even higher
temperature above 1100 K. Singularly, the nanostructured
substrate is recovered and there is no evidence of Cg
dissociation. After desorption, the integrity of the Si-tetramers
forming the (3 x 3) reconstruction can be inferred on the basis
of IPES.

This finding is unique among the previously studied Si
surfaces, in the way that Cgy was always found to dissociate,
forming a carbidic layer, when the bonding character is
strong and predominantly covalent. We attribute this peculiar
behavior to the low Si DB density of the (3 x 3) reconstruction
and to the highly corrugated character of this adcluster-based
reconstruction.
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This reversible covalent bonding illustrates again the
richness of Cgy chemistry at surfaces and has interesting
implications for potential technological applications. Cg can,
for instance, be used to passivate and protect the reactive
(3 x 3) reconstruction against contamination. If necessary,
the removal of the protective layer can then be achieved
under high vacuum using a simple high-temperature annealing
up to 1100 K to recover the (3 x 3)-reconstructed surface.
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A patterning of the (3 x 3) surface can also be envisioned
using a high-temperature local-annealing process, e.g., laser
induced.
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