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Abstract

The atomic structure of the carbon nanomesh template (the so-called 6
ffiffiffi
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� 6
ffiffiffi
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p

R30� reconstruction) on the 6H–
SiC(0001) surface was investigated in detail by scanning tunneling microscopy (STM), low energy electron diffraction
(LEED), synchrotron photoemission spectroscopy (PES) and density-functional theory (DFT) calculations. We pro-
pose that the origin of the carbon nanomesh template arises from the self-organization of excess carbon atoms forming
a novel honeycomb arrangement atop the 6H–SiC(0001) surface after annealing at 1100 �C. Two carbon nanomesh-
related C 1s components are observed at binding energies of 285.1 eV (S1) and 283.8 eV (S2) by angle-resolved synchro-
tron PES experiments. We assign the S2 component to carbon atoms that bond to one underlying Si atom, and the S1
component to carbon atoms bonded to other carbon atoms without Si–C bond formation. Further annealing results in
the formation of crystalline graphitic layers on top of the surface.
� 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Recently, intense efforts have focused on the
fabrication of two-dimensional self-assembled
nanotemplates that have preferential sites that
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accommodate individual nanostructures favoring
the formation of well-ordered nanometer-sized
functional arrays [1–10]. For example, supramo-
lecular networks stabilized by selective non-cova-
lent bonds have been used as templates to form
C60 honeycomb superstructures [9]; strain–relief
patterns generated by the deposition of material
with a different lattice constant to that of the
substrate result in the formation of well-ordered
ed.
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2D arrays of nanostructures [1,10]. In particular,
an interesting nanotemplate of 6
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R30�

reconstruction on 6H–SiC (0001) has been ob-
served, resembling a honeycomb structure with
unit cells with diameter of about 2 nm [11–24].
This nanotemplate has promising potential for
the growth of size-controlled metal clusters. For
example, we have reported that this nanotemplate
can be used as a chemically inert nanotemplate
for the preparation of cobalt (Co) nanoparticles
[11,12]. It is also effective in isolating the Co
nanoclusters, favoring the formation of monodis-
persed Co nanoclusters with a narrow size
distribution.
However, the atomic structure of the surface is

still not well understood. In the literature, the
6
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R30� reconstruction on 6H–SiC (0001)
or on the closely-related 3C–SiC(111) surface
displays a 6
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R30� LEED diffraction pat-
tern; while in the STM images, it shows an incom-
mensurate ‘‘6 · 6’’ honeycomb superstructure
[13–27]. Although some researchers argue that
the ‘‘6
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R30�’’ notation for the LEED pat-
tern is incorrect, they continue to refer to this
structure as ‘‘6
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R30�’’ for consistency
[18]. Some researchers suggested that the forma-
tion of this reconstruction may be due to a layer
of graphite resting above the
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R30� array
of Si adatoms [16,17] or on the SiC bulk 1 · 1
plane [13–15]. However, Johansson and Owman
demonstrated that the graphite layer only formed
at a temperature higher than that required for a
well-developed 6
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R30� reconstruction in
a high resolution core-level PES study [19] and
combined STM and LEED experiments [18]. In
our previous STM studies, this surface did not al-
ways retain ‘‘6 · 6’’ periodicity. For example, the
pore size of some honeycombs could be effectively
enlarged after prolonged annealing at 1100 �C: the
diameter could be enlarged from 20.0 ± 2.0 Å to
25.0 ± 2.0 Å, and the apparent height from
1.5 ± 0.1 Å to 3.2 ± 0.1 Å [12]. As such, this sur-
face can be described as a dynamic superstructure
formed by the self-organization of surface carbon
atoms at high temperature, and we referred to it
as a ‘‘carbon nanomesh’’ [12]. In this paper, we
continue to use this notation of ‘‘carbon nano-
mesh’’ instead of the ‘‘6
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tion’’ to avoid confusion. The aim of this paper is
to elucidate the detailed surface structure of the
carbon nanomesh, in order to attain precise con-
trol of the fabrication of well-ordered functional
nanostructures using this template. The atomic
structure of the carbon nanomesh is investigated
in detail by STM, LEED, synchrotron photoemis-
sion experiments, and density-functional theory
(DFT) calculations.
2. Experimental

The STM experiments were carried out in a
multichamber UHV system with a base pressure
of 1 · 10�10 Torr, allowing in situ transfer between
facilities for surface analytical techniques available
including variable temperature scanning tunneling
microscopy (Omicron VT-STM), X-ray photoelec-
tron spectroscopy (XPS), and low energy electron
diffraction (LEED) [11,12,20]. A Si-terminated n-
type 6H–SiC(0001) sample (CREE Research
Inc.) was first annealed at 850 �C under a silicon
flux for 2 min, resulting in a Si-rich 3 · 3-recon-
structed surface [28]. The sample was then an-
nealed several times at 1100 �C in the absence of
the silicon flux to form the carbon nanomesh
[11,12]. Synchrotron photoemission experiments
were performed in a UHV chamber with base pres-
sure of 5 · 10�11 Torr at the SINS beamline of the
Singapore Synchrotron Light Source (SSLS) [47].
The chamber is equipped with an AFM/STM
(Omicron) and LEED for in situ characterization.
Photoemission spectroscopy (PES) was performed
using p-polarized light with photon energy resolu-
tion E/DE set at about 1000, and a hemispherical
electron energy analyzer (EA 125, Omicron Nano-
Technology GmbH.).
3. Results and discussion

The carbon nanomesh was formed by annealing
the n-type 6H–SiC (0001) surface at 1100 �C for
5 min. The STM filled state images of this carbon
nanomesh at different tip biases are shown in
Fig. 1(a)–(d). The tunneling current was fixed at
0.2 nA and the tip bias was varied from 1.5 V to



Fig. 1. 20 · 20 nm2 STM filled state images of the carbon
nanomesh at different bias: (a) VT = 2.5 V, (b) VT = 2.0 V, (c)
VT = 1.8 V, (d) VT = 1.5 V, (e) 50 · 50 nm2 STM empty state
image at bias of VT = �2.0 V. 17 · 17 nm2 STM images with
reverse bias polarity at the same region: (f) VT = 2.0 V and (g)
VT = �2.0 V.
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2.5 V. As shown in Fig. 1, this nanomesh surface
comprises incommensurate honeycombs with peri-
odicity close to 6 · 6. Most honeycombs have
diameters of 20.0 ± 2.0 Å, close to ‘‘6 · 6’’ period-
icity of SiC 1 · 1 (around 19 Å), and the apparent
height of 1.5 ± 0.1 Å as determined from the line
profiles of the STM images. Fig. 1(e) shows the
50 · 50 nm2 STM empty state image of the carbon
nanomesh surface (VT = �2.0 V), which clearly
displays the honeycomb structures. The compari-
son of STM images at the same region with reverse
bias polarity (Fig. 1(f): VT = 2.0 V; Fig. 1(g):
VT = �2.0 V) indicates that the structure of the
carbon nanomesh is real, and not of electronic ori-
gin as observed on the recently reported electronic
Moirè patterns on lead (Pb) quantum islands [29].
As reported in our previous study, the pore size of
the honeycombs on the carbon nanomesh surface
could be enlarged by annealing the SiC substrate
at 1100 �C for a longer time (about 20 min) [12].
Fig. 2(a) shows the 150 · 150 nm2 STM filled state
image of the carbon nanomesh surface prepared
by prolonged annealing. Fig. 2(b) is the corre-
sponding detailed 43 · 43 nm2 STM image. A
comparison of the line profiles across the honey-
combs after short (Fig. 1(d)) and prolonged
annealing (Fig. 2(b)) is presented in Fig. 2(c). It
can be clearly seen that the pore diameter of the
honeycombs after prolonged annealing was en-
larged to 25.0 ± 2.0 Å, and the apparent height in-
creased to 3.2 ± 0.1 Å. Short annealing (1100 �C
for 5 min) results in a nanomesh comprising
honeycombs with 6 · 6 periodicity as shown in
Fig. 1, but prolonged annealing results in the dis-
tortion of the honeycombs as shown in Fig. 2(b).
As such, we deduce that this carbon nanomesh is
a superstructure formed by the self-organization
of carbon atoms at high temperature, and the size
of the honeycombs can be changed by prolonged
annealing.
Fig. 3 shows the LEED patterns (left panel)

and corresponding STM filled state images (right
panel) of the SiC surface after annealing at differ-
ent temperatures. After annealing at 1050 �C for
5 min (Fig. 3(a)), the STM image clearly shows
the coexistence of two structures: the upper region
shows the disordered
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and the lower region shows the carbon nanomesh
pattern. Hereafter, we refer to this surface as the
‘‘

ffiffiffi

3
p

�
ffiffiffi

3
p

R30� + carbon nanomesh mixed sur-
face’’. The corresponding LEED pattern of this
surface as displayed in the left panel of Fig. 3(a),
was previously referred to as the ‘‘6
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LEED pattern by van Bommel et al. [30], and sub-
sequently by several others [13–17]. The white cir-
cles in the LEED pattern of Fig. 3(a) highlight the
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R30� LEED diffraction spots. This surface
was further annealed at 1100 �C for 5 min. At this
stage, the
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R30� reconstruction vanishes



Fig. 2. (a) 150 · 150 nm2 and (b) corresponding detailed 43 · 43 nm2 STM filled state images of the SiC honeycomb template after
prolonged annealing at 1100 �C for 20 min. VT = 2.5 V, I = 0.2 nA. (c) Line profiles of the carbon nanomesh surface prepared by
annealing at 1100 �C for 5 min [line (1)] and of that prepared after prolonged annealing at 1100 �C for 20 min [line (2)].
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from the STM image (Fig. 3(b)), and the surface
was fully covered by the incommensurate honey-
comb-like nanomesh structure with approximate
6 · 6 periodicity. The LEED pattern in Fig. 3(b)
clearly shows the disappearance of the
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R30� diffraction spots as compared to Fig. 3(a).
Therefore, we refer to this surface as the ‘‘pure car-
bon nanomesh surface’’. These results are consi-
stent with Owman�s observation by STM and
LEED [18].
The C 1s core-level spectra for the
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surface after subsequent heat treatments are
shown in Fig. 4. To increase the surface sensitivity,
a photon energy of 350 eV and an emission angle
of 40� were used, giving an electron escape depth
of about 2.6 Å [31]. First, the 3 · 3 surface was
prepared by annealing the SiC substrate at 850 �C
under silicon flux for 2 min. The 3 · 3 reconstruc-
tion was confirmed by LEED and STM. The sur-
face was then annealed at 950 �C for 5 min in the
absence of Si flux and a sharp
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LEED diffraction pattern was formed. The C 1s
core-level spectrum (Fig. 4(a)) is dominated by
the bulk SiC peak at a binding energy of
282.9 eV. The

ffiffiffi

3
p

�
ffiffiffi

3
p

R30� surface was free of
oxygen and other contamination, as determined
by the wide scan PES spectrum using a photon en-
ergy of 700 eV (not shown here). Further anneal-
ing at 1050 �C for 5 min led to the formation of
a ‘‘
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R30� + carbon nanomesh mixed sur-
face’’ as described previously. A new component
peak at 285.1 eV appears in the C 1s spectrum in
Fig. 4(b). The ‘‘pure carbon nanomesh surface’’
was formed after annealing the SiC substrate at
1100 �C for 5 min. At this stage, the 285.1 eV peak
dominates the C 1s spectrum (Fig. 4(c)) accompa-
nied by a shoulder at 238.8 eV; the bulk-related
SiC component at 282.9 eV is almost gone. After



Fig. 3. LEED patterns (left) and corresponding 30 · 30 nm2 filled state STM images (right) of (a) ‘‘
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R30� + carbon nanomesh
mixed surface’’ and (b) ‘‘well-developed carbon nanomesh surface’’ on 6H–SiC(0001). LEED incident beam energy: 70 eV,
VT = 2.5 V, I = 0.2 nA. The white circles highlight the
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R30� LEED spots.
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further annealing at 1200 �C for 5 min, the C 1s
spectrum (Fig. 4(d)) broadens to the lower binding
energy side, and a new component peak at
284.4 eV is just resolvable. A freshly cleaved highly
ordered pyrolytic graphite (HOPG) sample was
used as the reference sample, and the binding en-
ergy of the C 1s from HOPG was found to be
284.5 eV. Hence, we attribute this new component
peak at 284.4 eV to the crystalline graphite layers
formed at this temperature, and the surface is
named ‘‘nanomesh + graphite mixed surface’’.
Annealing at 1300 �C for 5 min gives a C 1s spec-
trum dominated by the signal from the graphite
layer (Fig. 4(e)). Hence, graphitization of the SiC
surface only occurs at temperatures higher than
that required for the formation of the ‘‘pure carbon
nanomesh surface’’. The results clearly distinguish
the carbon nanomesh surface and graphitization
of the SiC surface, consistent with Johansson�s
high resolution PES findings [19]. The graphitiza-
tion of the SiC surface at certain high temperature
is accompanied by the evaporation of silicon
atoms from the bulk, and is not due to the same
mechanism of the carbon graphitization on transi-
tion metal surfaces [32,33].
Angle-resolved photoemission spectra (a pho-

ton energy at 350 eV) taken at emission angles of
40� and 90� (normal to the surface and less surface
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R30� + carbon nanomesh mixed surface’’ using a photon
energy of 350 eV and emission angles of 40� and 90�.
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sensitive) were used to identify surface or bulk-
related components on the carbon nanomesh sur-
face. The C 1s spectra of the ‘‘

ffiffiffi

3
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p

R30� +
carbon nanomesh mixed surface’’ recorded at
two emission angles of 90� and 40� are shown in
Fig. 5. At the more surface sensitive emission angle
of 40�, the intensity of the 285.1 eV component is
stronger than that at 282.9 eV. However, at the
less surface sensitive emission angle of 90�, the
intensity of the 285.1 eV component is weaker
than that at 282.9 eV. Therefore, the 282.9 eV
component is attributed to the bulk-related SiC,
and the 285.1 eV component to the carbon nano-
mesh surface identified by STM.
Fig. 6 shows the C 1s core-level spectra re-

corded from the ‘‘pure carbon nanomesh surface’’
at two emission angles of 90� and 40� using a pho-
ton energy of 350 eV. The raw data are shown by
black dots. The results of the curve-fitting of the C
1s spectra are also shown in Fig. 6. For the surface
sensitive mode at an emission angle of 40�, the C
1s spectrum is dominant by a broad surface-
related structure, which contains at least two com-
ponents: a strong component (S1) located at
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Fig. 7. Schematic models of the carbon nanomesh surface: the
light grey region represents bulk SiC and the dark grey region
represents the carbon nanomesh structure and carbon layer: (a)
the carbon nanomesh top layer rests above a completed carbon
thin film, and (b) the centers of carbon nanomesh are occupied
by carbon species.
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285.1 eV and a weaker one (S2) at 283.8 eV. The
ratio of the peak area intensities for the compo-
nents S2 and S1 (IS2/IS1) is about 0.35. For the less
surface sensitive mode at an emission angle of 90�,
the bulk-related component (B) at 282.9 eV is en-
hanced. Simple attenuation models were used to
estimate the thickness of the C species on the car-
bon nanomesh surface using the C 1s spectrum
data of the carbon nanomesh and the well-devel-
oped
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R30� surfaces recorded at an emis-
sion angle of 90� and phonon energy of 350 eV.
In our previous experiments of Co nanocluster for-
mation on the carbon nanomesh, we observed that
Co species do not react with the underlying SiC to
form cobalt silicides during annealing [11,12]. This
suggests that the centers of the carbon nanomesh
are also covered by carbon layers that prevent
Co reaction to form cobalt silicides, as reported
on 6H–SiC(0001)-
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R30� and 3 · 3 sur-
faces [34,35]. Therefore, we first consider the
model where the carbon nanomesh top layer lies
above one or a few complete carbon layers as
shown in Fig. 7(a). The thickness of the carbon
nanomesh is estimated using Eq. (1) [36]:
InanomeshSiC

IRoot3SiC

¼ I1SiCfc exp½�ðt þ t1Þ=k� þ ð1� cÞ expð�t=kÞg
I1SiC

¼ c exp½�ðt þ t1Þ=k� þ ð1� cÞ expð�t=kÞ; ð1Þ

where InanomeshSiC is the normalized peak area inten-
sity of the bulk-related component (component B
located at 282.9 eV) in the C 1s spectrum of the
pure nanomesh surface, IRoot3SiC is the normalized
peak area intensity of the bulk-related C 1s peak
of the well-developed
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R30� reconstruc-
tion, I1SiC is normalized peak area intensity of the
C 1s peak of the clean SiC substrate, c is the cov-
erage of the carbon nanomesh, t1 is the thickness
of the carbon nanomesh, t is the thickness of the
completed carbon layers, and k is the electron es-
cape depth or attenuation length with kinetic en-
ergy of Ek in the carbon nanomesh. The ratio of
Inanomesh
SiC

IRoot3
SiC

is 0.64 as determined from PES data. The

electron escape depth (k) of 4.0 Å at kinetic energy
about 60 eV (Ek = hm � EB � u) is used for the
calculation [31]. Based on this model, c is esti-
mated from STM images to be 0.6 (Fig. 1). In
order to simplify the calculation, the thickness
(t1) of the carbon nanomesh was estimated from
the STM results, where t1 = 1.5 ± 0.1 Å. From
Eq. (1), t = 0.9 ± 0.2 Å, which is significantly thin-
ner than a single layer of carbon atoms. Hence,
this model is unsatisfactory as it overestimates
the amount of surface carbon.



Fig. 8. (a) 55 · 55 Å2 filled state STM image of the carbon
nanomesh surface, VT = 1.5 V, I = 0.2 nA, (b) corresponding
calculated STM image at bias of VT = 1.5 V, (c) top view and
(d) side view of the 6 · 6 model, the small dark spheres
represent C atoms, big grey spheres for Si atoms, big white
spheres for the Si atoms with dangling bonds, and small white
spheres for H atoms. The white hexagon highlights the
honeycomb unit cell in the experimental and calculated STM
images, and in the 6 · 6 supercell model.

W. Chen et al. / Surface Science 596 (2005) 176–186 183
In the next model, we consider the situation
where the carbon nanomesh lies above an uncom-
pleted carbon layer where only the centers of the
nanomesh are terminated by carbon species as
shown in Fig. 7(b). The thickness of the carbon
nanomesh is estimated using Eq. (2) [36]:

InanomeshSiC

IRoot3SiC

¼ I1SiC½c expð�t1=kÞ þ ð1� cÞ expð�t=kÞ�
I1SiC

¼ c expð�t1=kÞ þ ð1� cÞ expð�t=kÞ;
ð2Þ

where t1 is the thickness of the carbon nanomesh, t
is the thickness of the underlying carbon layer, and
c = 0.6. We assume the thickness of the carbon
nanomesh t1 to be 1.5 ± 0.1 Å in order to estimate
t. From Eq. (2), t = 2.2 ± 0.2 Å. Due to the finite
STM tip effect, the thickness (t1) of the carbon
nanomesh is probably slightly underestimated,
and the estimated thickness t of the underlying car-
bon layer is probably overestimated. Since both t1
(1.5 ± 0.1 Å) and t (2.2 ± 0.2 Å) are close to the
thickness of a monolayer of carbon atoms, we as-
sume that both the carbon nanomesh and underly-
ing carbon layer are one-atom-layer thick with
equal thickness of t. Therefore, we propose a
model to describe the structure of the carbon
nanomesh surface whereby isolated carbon islands
one atomic layer thick assemble to form the nano-
mesh structure; while the center of the honey-
combs are also covered by one-atom-layer thick
carbon islands as shown in Fig. 7(b). Since the
whole surface is covered by these carbon island do-
mains, they can act as a barrier layer to prevent Co
nanoclusters from reacting with the underlayer Si
atoms to form cobalt silicide during the cluster for-
mation and annealing process [11,12].
To understand the atomic structure of the car-

bon nanomesh surface, we carried out first-princi-
ples total energy calculations. Pseudopotential
density-functional theory (DFT) [37,38] calcula-
tions were carried out using the Vienna ab initio
simulation package (VASP) [39–41] which itera-
tively solves the Kohn–Sham equation in a plane
wave basis set. Here, the local-density approxima-
tion (LDA) [38] was employed for exchange and
correlation energy, and Vanderbilt-type ultrasoft
pseudopotentials [42] supplied by Kresse and Haf-
ner [43] were used for all the three elements. A cut-
off energy of 286.6 eV was used in all calculations.
Based on the synchrotron PES results (Fig. 7(b)),
we have suggested that the whole surface of the
nanomesh template was covered by tiny carbon is-
lands, which self-organized to form the honey-
comb structures. As such we proposed models
that contain three SiC bilayers covered by isolated
carbon domains that represent the nanomesh
structure. A large number of models were consid-
ered and calculated, and here we present the
6 · 6 supercell model that best fits both the STM
and PES results. Fig. 8(c) and (d) show the top
and side views respectively of the supercell model.
The bottom C layer is saturated by partially
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charged hydrogen atoms [44]. Adjacent slabs are
separated by a vacuum layer of about 10 Å. The
structure optimizations were converged within
10 meV/Å for the total force per atom. To com-
pare with experimental STM images, we calculated
constant-current STM images at tip bias of 1.5 V
using the Tersoff–Hamann approach [45] as shown
in Fig. 8(b). The calculated STM image (Fig. 8(b))
is in qualitative agreement with experiment obser-
vations (Fig. 8(a)). Since the 6 · 6 supercells are
the dominant structure on the carbon nanomesh
surface, we only calculated the 6 · 6 superstruc-
tures for comparison with experiment results. Fur-
ther studies on the other structures will be reported
separately.
As shown in the 6 · 6 model, there are basically

two kinds of surface-related carbon atoms that
make up the carbon nanomesh structures:

(1) Carbon atoms (A) that bond to one underly-
ing Si atom. The binding energy of these
C atoms is expected to be higher than
that of the bulk SiC-related C atoms
(282.9 eV, bonded to four Si atoms), but
lower than that of the C atoms from graphite
(284.4 eV). Since the S2 peak is located at
283.8 eV, we attribute the S2 peak to the A
atoms.

(2) Carbon atoms (B) that lie above the SiC sur-
face without formation of Si–C bonds. These
B atoms form the 6 C-rings or graphene-like
structures with delocalized p-electrons to
minimize the total energy. We postulate that
the S1 peak arises from photoemissions from
these B atoms. From the model, the B atoms
are located above Si atoms that possess one
unsaturated bond or dangling bond as high-
lighted by big white spheres in Fig. 8(c). In
order to lower the total energy of the system,
the B atoms may partially share their delo-
calized p-electrons with the unsaturated
bond on the Si atoms [46], hence causing
the B atoms to be slightly positive charged
compared to graphite. As such, the S1 peak
is expected to be at higher binding energy
compared to graphite (284.4 eV), consistent
with our measured S1 binding energy of
285.1 eV.
Forbeaux, et al., observed some fingerprints of
graphite with p* and r* bands even for the
‘‘6
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R30� mixed sur-
face’’ (equivalent to the ‘‘
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�
ffiffiffi

3
p

R30� + carbon
nanomesh mixed surface’’ in this paper) from angu-
lar-resolved inverse photoemission spectroscopy
(KRIPES), and suggested that a graphite layer
forms on SiC surface at this stage [25]. However,
both Johansson�s high resolution PES results [19]
and our synchrotron PES data reveal the formation
of a graphite layer at a higher temperature than that
required for the well-developed carbon nanomesh
surface. The contradiction of the advance appear-
ance of graphite fingerprints in KRIPES experi-
ments can be explained by the model proposed in
Fig. 8. This nanomesh surface comprises tiny car-
bon islands with delocalized p-electrons, which
can be considered as tiny graphite-like islands. We
also suggest that the ‘‘carbon nanomesh and
ffiffiffi

3
p

�
ffiffiffi

3
p

R30� mixed surface’’ was mixed with these
tiny graphite islands and

ffiffiffi

3
p

�
ffiffiffi

3
p

R30� reconstruc-
tion at different surface regions as shown in
Fig. 3(a). Therefore, the observed graphite finger-
prints of p* and r* bands on the ‘‘carbon nano-
mesh and

ffiffiffi

3
p

�
ffiffiffi

3
p

R30� mixed surface’’ in the
KRIPES experiments may be due to these tiny
graphite islands. After annealing at temperatures
higher than that required for the well-developed
carbon nanomesh surface, crystalline graphite mul-
tilayers were formed on top of the SiC surface [13–
19,25]. Due to the very weak van derWaals interac-
tion between crystalline graphite multilayers and
SiC substrate [25], there is no charge transfer be-
tween them and hence, these crystalline graphite
multilayers show the same binding energy
(284.4 eV) as that of HOPG (Fig. 4). Moreover,
those tiny graphite islands will be progressively bur-
ied under the growing graphite multilayers after
annealing at higher temperature. As such, the C
1s peak intensity from those tiny graphite islands
progressively vanishes as shown in Fig. 4.
4. Conclusion

We have investigated the atomic structure of
the carbon nanomesh formed on 6H–SiC(0001)
using combined in situ STM, LEED, synchrotron
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photoemission experiments and DFT theoretical
calculations. We postulate that the formation of
the carbon nanomesh is due to the self-organiza-
tion of carbon atoms on the surface accompanying
the evaporation of silicon atoms from the bulk at
around 1100 �C. DFT calculations are used to
identify possible surface structures that yield simi-
lar simulated STM images. Two surface-related C
1s PES components for the carbon nanomesh sur-
face have been identified at binding energies of
285.1 eV (S1) and 283.8 eV (S2), respectively. The
S2 peak is attributed to carbon atoms that bond
to one underlying Si atom, and the S1 peak to car-
bon atoms that lie above the SiC surface without
Si–C bond formation. After prolonged annealing,
more carbon atoms will accumulate on the surface
to enlarge the pore size as well as the apparent
height of the carbon nanomesh. Annealing at high-
er temperature leads to the formation of crystalline
graphitic layers, consistent with previous reports
of the observation of graphite layers on the top
surface [13–17].
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