
Selective silver atom interaction at �-SiC„100… surfaces: From anisotropic diffusion to metal
atomic wires and stripes

M. D’angelo, V. Yu. Aristov,* and P. Soukiassian
Commissariat à l’Energie Atomique, Laboratoire SIMA, DSM-DRECAM-SPCSI, Bâtiment 462, Saclay,

91191 Gif sur Yvette Cedex, France
and Département de Physique, Université de Paris-Sud, 91405 Orsay Cedex, France

�Received 5 April 2007; published 5 July 2007�

Silver �Ag� atom interaction on �-SiC�100� surface reconstructions is investigated by atom-resolved scan-
ning tunneling microscopy. On the 3�2 �Si-rich� reconstruction, the adsorbate-adsorbate interaction is domi-
nant with no surface wetting, leading to Ag cluster formation. In contrast, on the c�4�2� Si-terminated
reconstruction, almost equivalent Ag-Ag and Ag-surface interactions allow selective one dimensional nano-
object formation including Ag atomic wires and stripes following the substrate registry. Their orientation is
mediated by anisotropic Ag atom diffusion occurring along Si-dimer rows at 25 °C and perpendicularly to
them at elevated temperatures, suggesting dimer flipping as diffusion barrier. These metal nanowires poten-
tially open up cross-wiring capability in massively parallel Si atomic lines network.
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I. INTRODUCTION

Atom diffusion on surfaces is of central interest since it is
at the origin of surface organization, adsorbate ordering,
nano-object formation, and more generally, self-organization
mechanisms. Silver adsorption on surfaces is a model system
because of the very delicate balance between adsorbate-
adsorbate vs adsorbate-substrate interactions, which very
much depend on the substrate nature and properties. This
topic was already of strong interest centuries ago, e.g., for
the manufacture of mirrors. Indeed, on insulators such as
oxides or glass that are very important from the applications
point of view, Ag tends to form three dimensional �3D� clus-
ters because of a dominant Ag-Ag interaction with no surface
wetting in normal conditions.1 In contrast, Ag interaction
with a metal substrate generally leads to alloy formation as a
result of strong Ag interaction with the surface.2 The situa-
tion with semiconductor surfaces looks just between these
two, with Ag-Ag and Ag-surface interactions being rather
close with no alloy formation like for silicon surfaces unlike
other full d-band metals such as Cu.3–8 Similarly, II-VI com-
pound semiconductor surfaces tend to be not reactive with
full d-band metals such as Au but reactive with, e.g., Al.9

Instead, reactive interface formation occurs with Ag or Au on
polar surfaces of III-V compound semiconductors.10–12 Ag
adsorption has been widely investigated on silicon surfaces
with many interesting issues and exotic properties.3–8 In
these views, Ag interaction with wide band gap semiconduc-
tor surfaces is of interest, especially for transport property of
Ag nanostructures because of the expected minimization of
bulk contribution to the conductivity.8

Silicon carbide �SiC� is a ceramic and a IV-IV compound
wide band gap semiconductor, with band gap ranging from
2.4 to 3.3 eV depending on the polytype.13 It is only recently
that the atomic control and understanding of SiC surfaces
have been achieved for both cubic ��� and hexagonal ���
phases,14–16 opening up the possibility of investigating adsor-
bate interaction with atomically controlled and well-defined
surfaces. Another unique feature of �-SiC�100� surface is
the self-fabrication of highly stable massively parallel Si

atomic lines forming a neural architecture.16–19 In addition,
metallic Ohmic contact with these atomic Si lines has been
successfully achieved by a lithography process using a tran-
sition metal, niobium.19 The �-SiC�100� surface has up to
ten different surface reconstructions16 including two of spe-
cial interest in the present study, the Si-rich 3�2 �Refs. 16
and 20–23� and the Si-terminated c�4�2�.16,24–29 Their
atomic structures have been determined by different experi-
mental techniques including scanning tunneling microscopy
�STM�, grazing incidence x-ray diffraction, photoelectron
diffraction, and ab initio total energy and grand canonical
calculations.16,20–27,29 The strain driven atomic structure of
the Si-rich �-SiC�100� 3�2 surface reconstruction includes
three Si atomic planes on top of the first C layer in a
two-adlayer asymmetric dimer, alternately long and short
dimers model.16,20–23 Instead, the Si-terminated �-SiC�100�
c�4�2� surface reconstruction, which is also strain driven,
has an organization that includes dimer rows having alternat-
ing up and down dimers �AUDDs�.16,24–27,29 In contrast to
the 3�2 reconstruction, the c�4�2� surface has its topmost
Si plane located just above the first carbon atomic layer,
leading to a more polar surface.24

Metal interaction on SiC surfaces has been studied prima-
rily in the thin film regime with only two of such investiga-
tions for Ag.30,31 As far as we know, there is no atomic-scale
investigation of Ag-SiC systems, despite the great interest in
comparing Ag interaction on silicon carbide surfaces with
corresponding silicon surfaces. Among the important issues,
possible Ag atom diffusion onto �-SiC�100� surfaces is of
interest since its control may lead to specific adsorbate
atomic organization and novel nanostructure fabrication.
However, there are only two of such investigations on Ag
atom surface diffusion performed for the Si�100� 2�1 sur-
face, both using ab initio theoretical calculations with no
available atomic-scale experimental study.32,33 Furthermore,
these two theoretical studies predict opposite views for Ag
atoms on Si�100� with an anisotropic diffusion perpendicular
to the Si-dimer rows in one case32 vs an isotropic diffusion in
the other case.33 So far, no similar investigation for silicon
carbide surfaces is available.
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In this article, we study Ag atom interaction with the
�-SiC�100� 3�2 and c�4�2� surfaces by atom-resolved
STM. No on-site adsorption occurs on the 3�2 reconstruc-
tion with 3D Ag cluster formation and no surface wetting. In
strong contrast, Ag atoms follow the c�4�2� surface registry
with pedestal adsorption sites. A highly anisotropic Ag atom
diffusion occurs along the dimer rows which act as atomic
“railways” at 25 °C and perpendicularly at elevated tempera-
tures �600 °C�, allowing the formation of one dimensional
Ag atomic wires and stripes that can be used as bridging
nanocontacts between Si atomic lines forming a neural net-
work.

II. EXPERIMENTAL DETAILS

The STM experiments are performed at pressures below
5�10−11 torr using an Omicron VT-STM. We use single
domain �-SiC�100� thin films prepared at CRHEA �CNRS,
Sophia Antipolis� on a 4° vicinal Si�100� surface by C3H8
and SiH4 chemical vapor deposition. High quality
�-SiC�100� c�4�2� and 3�2 surface reconstructions are
routinely prepared from sequences of thermal annealing
and Si deposition from a carefully outgassed silicon source.
These procedures result in very reproducible and clean
surfaces, as confirmed by sharp single domain low energy
electron diffraction patterns. Furthermore, the very low pres-
sure used during the experiments allows us to keep a stable
c�4�2� surface reconstruction �well known to be especially
highly sensitive to background contamination� during a com-
plete set of measurements. Research grade Ag deposition
onto the �-SiC�100� surface is performed at room tempera-
ture. The Ag coverage is determined through the Ag-Si
surface atom ratio as identified by atom-resolved STM.
Notice that in the STM topographs for the c�4�2� surface
reconstruction, one spot of the clean surface identifies a
Si-Si up dimer when tunneling in the filled electronic states,
while the down dimer remains hidden to the STM tip.24,25

This means that one spot in the STM topograph indicates
the presence of two Si atoms plus two other Si atoms
corresponding to the hidden down dimer.24,25 This is taken
into account when determining the Ag coverage of the
�-SiC�100� c�4�2� surface. Other experimental details
about high quality �-SiC�100� surface preparation are avail-
able elsewhere.16,20,22–25,28,29

III. RESULTS

We first look at the effect of a small amount of Ag depo-
sition on the Si-rich 3�2 and Si-terminated c�4�2� recon-
structions. Figure 1�a� displays a 210�210 Å2 STM topo-
graph �filled electronic states� of a �-SiC�100� 3�2
surface.16,20 Most of the surface remains unaffected by Ag
deposition. However, bright spots �not present on the clean
surface� near defect sites indicate 3D Ag cluster formation
having various sizes from 7 to 50 Å. Turning to the c�4
�2� reconstruction, Fig. 1�b� exhibits a 260�260 Å2 filled
state STM topograph for the same deposited Ag amount �cor-
responding to an Ag coverage at ��3%�. In strong contrast
to the 3�2, there is no Ag cluster formation with Ag atoms

individually adsorbed at specific sites. The Ag atoms appear
as bright spots all over the surface while the well known
pseudohexagonal pattern of �-SiC�100� c�4�2� surface
reconstruction16,24,25 is seen in the areas not covered by Ag.
So, while Ag-Ag interactions seem dominant on the 3�2
surface, the situation differs for the c�4�2�, with Ag-Ag and
Ag-surface interactions being comparable. Ag atoms follow
the substrate registry, indicating its influence on adsorbate
ordering. Also, Ag atoms are preferentially aligned along
dimer rows. Indeed, if we look at the Ag chain total length
along the directions parallel and perpendicular to the dimer
rows, we find 70% of the Ag atoms aligned along the dimer
rows. Besides, having more than two Ag atoms aligned per-
pendicularly to dimer rows represents only 22% of the cases.

In order to identify Ag atom adsorption sites at this low
coverage, we show in Fig. 2�a� a more detailed 50�55 Å2

STM topograph. By a visual inspection, one can clearly see
Ag atoms adsorbed on the dimer rows and not between them,
leaving three options only for the adsorption, the bridge on
top of �i� an up or �ii� a down Si dimer, and �iii� the pedestal
�between an up and a down dimer� sites. To discriminate

a) Ag/�-SiC(100) 3x2 b) Ag/�-SiC(100) c(4x2)

FIG. 1. �Color online� STM topographs �filled states� of �a� 0.3
ML Ag/�-SiC�100� 3�2 �210�210 Å2� and �b� 0.3 ML
Ag/�-SiC�100� c�4�2� �260�260 Å2�. VS=−3 V, It=0.3 nA.
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FIG. 2. �Color online� �a� 50�55 Å2 zoom picture of Fig. 1�b�
for Ag/�-SiC�100� c�4�2�. �b� Height profile plots along dimer
rows with �AA�� and without BB� a Ag atom. �c� Schematic model
of Ag adsorption site on the �-SiC�100� c�4�2� surface.
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between these three possible sites, we plot two height pro-
files along two adjacent dimer rows with only one having an
adsorbed Ag �Fig. 2�b�, top and bottom�. As can be seen, the
Ag atom is not located on top of a dimer �up or down�.
Actually, the distance between two neighbor up dimers be-
longing to the same row is 6.16 Å, while the distances be-
tween the Ag atoms and the two closer up dimers are 1.54
and 4.62 Å. This means the Ag atoms are adsorbed between
up and down dimers �1.54 Å being half the distance between
up and down dimers at 3.08 Å�, in a pedestal site, as shown
in Fig. 2�c�. Such an adsorption site could favor hybridiza-
tion between Ag 5s extended orbitals with more localized
Si 3p dangling bonds favoring a weak covalent bonding, as
for alkali metals on semiconductor surfaces also having one
valence electron.34

Another interesting aspect of Ag interaction with the c�4
�2� surface is found by exploring the dynamics of Ag atoms
and time dependence behavior at room temperature. Figures
3�a�–3�h� show a sequence of eight 70�70 Å2 STM topo-
graphs recorded continuously for the same surface area for
64 s. Some Ag atoms are seen moving along dimer rows. We

follow the motion of a Ag atom labeled A. From Figs. 3�a�
and 3�b�, A is moving towards Ag atom B along the Si-dimer
row, as can be seen from a series of A “phantom spots”
captured by the STM tip during scanning. In Fig. 3�c�, A
reaches B, keeping this neighbor adsorption site for 64 s
�Fig. 3�h�� up to 196 s �not shown here�. The AAg-BAg dis-
tance is 6.4 Å, i.e., �2�3.08 Å, the surface lattice param-
eter, leaving an unoccupied pedestal site between them. We
make similar observations for other Ag atoms such as C
moving toward and joining D between 56 and 64 s �Fig.
3�h��.

We should emphasize that Ag atom motions along a dimer
row are not due to the STM tip since the scanning direction
is perpendicular to the Ag diffusion direction. The aniso-
tropic motion of Ag atoms on the �-SiC�100� c�4�2� sur-
face indicates a lower diffusion barrier along the Si-dimer
rows, in contrast to the behavior predicted by theory for Ag-
Si�100� 2�1 surface with either a lower diffusion barrier
perpendicular to the dimer rows,32 or an isotropic diffusion
for the Ag atoms.33 However, one should notice that, in the
latter calculations, Ag-Ag dimer formation is predicted to
occur at higher coverages with an anisotropic diffusion be-
tween the Si-dimer rows.33

It is now challenging to explore temperature effects on Ag
atom diffusion by first looking at a 1 ML �monolayer�
Ag/�-SiC�100� c�4�2� surface. After annealing above
600 °C, most of the Ag atoms are desorbed. Most interest-
ingly, remaining Ag atoms are seen to self-organize in one
dimensional �1D� nanostructures ranging from Ag stripes to
Ag single isolated atomic wire, as can be seen in Figs. 4�a�
and 4�b�. Amazingly, these 1D Ag nanostructures are perpen-
dicular to the Si-dimer rows of the c�4�2� reconstruction

�the �11̄0� direction�, i.e., perpendicular to the preferential
direction of Ag atom alignment at room temperature, sug-
gesting a very different ordering mechanism. The same trend
is also observed when Ag deposition is performed at a lower
surface temperature of 300 °C, preventing Ag atom desorp-
tion while favoring self-organization. Figure 5�a� shows such
a 1 Ag ML covered c�4�2� surface also having one Si

atomic line along the �11̄0� direction.16–18 Interestingly, the
Ag atoms form atomic wires aligned along the �110� direc-
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FIG. 3. �Color online� Sequence of eight filled states STM to-
pographs �70�70 Å2� showing Ag atom migration along the Si-
dimer rows on the �-SiC�100� c�4�2� surface from 0 to 64 s. VS

=−3 V, It=0.3 nA.
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a)

FIG. 4. �Color online� �a� 410�480 Å2 STM topograph �filled
states� showing Ag stripe formation and �b� 140�70 Å2 STM to-
pograph showing Ag atomic wire formation along the �110� direc-
tion after annealing around 600 °C of a 1 ML of Ag/�-SiC�100�
c�4�2� surface. VS=−5 V, It=0.37 nA.
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tion, i.e., perpendicular to the Si atomic wire �Fig. 5�. Amaz-
ingly, some of these wires are grouped by pairs, exhibiting a
degraded corrugation, as observed, e.g., on alkali metal
atomic wires, making the surface metallic �Fig. 5�a��.35,36

IV. DISCUSSION

Our above results showing room temperature Ag atom
diffusion along the Si-dimer rows support a picture of Ag
weakly bound to the �-SiC�100� c�4�2� surface at pedestal
sites. While such diffusion occurs randomly for isolated Ag
atoms, the Ag-Ag interaction becomes dominant when the
distance between Ag atoms decreases with attractive Ag-Ag
atom interactions. The Ag atom interaction with the c�4
�2� surface remains slightly weaker with no Si alloy
formation.3–6 However, the initial Ag interaction with surface
Si atoms is significant enough to have the Si-dimer rows
acting as “atomic rails” for the Ag atoms.

Interestingly, theoretical calculations for the Ag-Si�100�
2�1 system suggest that the Ag atoms do not diffuse along
the Si-dimer rows but perpendicularly,32 in contrast to the
situation occurring here on the �-SiC�100� c�4�2� surface.
Indeed, Si-dimer flipping is predicted to act as an atomic
migration barrier along the dimer rows for the Si�100� 2
�1 surface.32 This is not the case here, with no dimer flip-
ping taking place at room temperature.16–18 However, the
situation is totally different at higher temperatures since a
c�4�2� to 2�1 phase transition occurs.37 In such a transi-
tion, Si-Si dimer vibrations are occurring for both up and
down dimers of the AUDD arrangement, leading to the
dimers to all have the same average height in a dynamic
situation.37 In this case, the migration barrier along the dimer
rows for Ag atoms is likely to increase significantly, in agree-
ment with predictions made for the Si�100� 2�1.32 Since the
Ag atom diffusion will also increase with the temperature,
the Ag atoms remaining on the surface �i.e., not desorbed
upon annealing� would have a migration direction perpen-

dicular to the dimer rows, in contrast to the situation occur-
ring at room temperature. This is precisely observed here in
Fig. 4, with Ag atoms forming atomic wires or stripes along
the �110� direction. At this stage, it might be of interest to
compare with Si deposition on Si�100�. In this case, both
room and high temperature depositions lead to the formation
of Si islands with atoms preferentially aligned perpendicu-
larly to the dimer rows.38 By postannealing �around 600 °C�,
the shape of the Si islands becomes more isotropic, suggest-
ing that the as-deposited islands are in a nonequilibrium
state; the Si atoms’ preferential alignment perpendicular to
the dimer rows is believed to result from an anisotropic lat-
eral accommodation coefficient.38 This is in contrast to the
Ag/�-SiC�100� system for which annealing at 600 °C re-
sults in the partial removal of Ag atoms and 1D nanostruc-
tures perpendicular to dimer rows. This very interesting fea-
ture potentially allows the selective nanofabrication of metal
atomic wires on a terrace and not only at step edges, as
observed, e.g., for Au on Si�100�.39 In addition, such Ag
atomic wire fabricated at 600 °C temperature could be used
as a “bridge” between the Si-Si dimer wires that self-
organized on this c�4�2� surface and are stable up to
900 °C, as shown in a schematic �Fig. 5�b��.16,17 This poten-
tially opens up cross-wiring for these interesting nano-
objects, allowing connecting two adjacent Si atomic lines.

It is now interesting to correlate the present results to the
molecular hydrogen �H2� interaction with the same
�-SiC�100� 3�2 and c�4�2� surface reconstructions with
major differences occurring between these two surfaces.40

Amazingly enough, the 3�2 reconstruction has been shown
to be almost totally inert to molecular H2, while instead, the
c�4�2� surface is found to be highly reactive �8 orders of
magnitude higher when compared to silicon�, with molecular
dissociation readily taking place on the latter.40 In addition,
H atoms are subsequently found to diffuse along the Si-Si
dimer rows of the c�4�2� surface at room temperature,40

just like the Ag atoms do, as described above. In both cases,
the 3�2 surface is almost not reactive with the adsorbate
with no H2 sticking and a weak Ag atom-surface interaction,
leading to Ag-Ag interaction to be the driving force in the
observed silver cluster formation. Recently, a theoretical in-
vestigation has brought additional insights into the under-
standing of H2 interaction with the 3�2 and c�4�2� recon-
structions of the �-SiC�100� surface.41 This study predicts
that H2 interaction with the surface is taking place for in-
tradimer molecular adsorption sites �i.e., between two neigh-
boring dimers belonging to the same row�, which is found to
be favorable on the c�4�2� and precisely not on the 3�2
reconstruction.41 Interestingly, this situation is similar for the
Ag atoms with pedestal adsorption sites, i.e., between two
neighboring dimers belonging to the same row. Notice that,
as group I elements �hydrogen and alkali metals�, the Ag
atom has a single s electron valence orbital �5s� having an
extended wave function. Since the c�4�2� is a “more polar”
surface compared to the 3�2 reconstruction, one can there-
fore easily imagine that the interaction with the surface
would be easier for a charge transfer as, e.g., the case of
other full d-band metal �such as Au� on polar compound
semiconductor surfaces.

b)

a)

]110[

]011[

Si atomic line Ag atomic wire
Ag atomic wire pair

FIG. 5. �Color online� �a� 245�245 Å2 STM topograph �filled
states� of 1 ML of Ag/�-SiC�100� c�4�2� surface �VS=−3 V, It

=0.3 nA� also showing a Si atomic line �in bright� and Ag atomic
wire pairs. �b� 130�155 Å2 STM topograph �filled states� with a
schematic of Ag atomic wires connecting Si-dimer lines.
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V. CONCLUSIONS

In conclusion, while 3D Ag cluster formation is found on
the �-SiC�100� 3�2 reconstruction as a result of dominant
Ag-Ag interaction at room temperature with no surface wet-
ting, an on-site Ag atoms pedestal adsorption occurs on the
c�4�2� surface. At 25 and 600 °C, Ag atom diffusion is
highly anisotropic, occurring along and perpendicular to the
dimer rows, respectively. Flipping dimer acting as a diffusion
barrier along the dimer rows, at high temperatures is likely at
the origin of this very interesting behavior. It allows 1D Ag

atomic wire and stripe nanoengineering on a wide band gap
semiconductor surface, minimizing bulk conductivity, which
opens advantageous prospects in various fields such as trans-
port property investigations or cross-wiring in neural net-
works of massively parallel atomic lines.
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