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ABSTRACT: Graphene nanoribbons grown on sidewall facets of SiC have demonstrated
exceptional quantized ballistic transport up to 15 μm at room temperature. Angular-
resolved photoemission spectroscopy (ARPES) has shown that the ribbons have the band
structure of charge neutral graphene, while bent regions of the ribbon develop a bandgap.
We present scanning tunneling microscopy and transmission electron microscopy of
armchair nanoribbons grown on recrystallized sidewall trenches etched in SiC. We show
that the nanoribbons consist of a single graphene layer essentially decoupled from the facet
surface. The nanoribbons are bordered by 1−2 nm wide bent miniribbons at both the top
and bottom edges of the nanoribbons. We establish that nanoscale confinement in the
graphene miniribbons is the origin of the local large band gap observed in ARPES. The
structural results presented here show how this gap is formed and provide a framework to
help understand ballistic transport in sidewall graphene.
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High expectations are set for graphene electronics,1 where
the challenges are both transmitting the information with

minimum losses (ballistic transport) and building conventional
graphene FET digital devices by opening a band gap in
graphene’s π-bands. Tailoring graphene’s shape was proposed
to open a band gap in graphene by quantum confinement that
led to a large effort to produce narrow graphene nanorib-
bons.2−6 However, graphene-etched nanostructures are plagued
by low mobility due to rough and disordered edges,7−11 and the
incompatibility of exfoliated ribbons with device production on
an industrial scale. In fact, the problem of opening a band gap
in graphene and the low electronic mobility of etched
nanoribbons coupled with the manufacturability problem has
resulted in a push to develop other 2D materials besides
graphene for low dimensional electronics. We have previously
shown that graphene nanoribbons grown on predetermined
SiC steps12 can be room-temperature ballistic conductors13 and
present a large local bandgap.14 These edge-ordered graphene
ribbons can be reproducibly patterned on a commercially viable
insulating substrate and manufactured on scales compatible
with industrial production,12 opening up exciting real
applications potential for graphene electronics. In this work,
we determine the atomic structure of these sidewall ribbons, an

important step toward the understanding of the mechanism of
ballistic transport and why a band gap develops in these
ribbons.
Epitaxial graphene on SiC is an industrially scalable platform

on commercially available single-crystal wafers. It thus allows
atomic control of both the graphene quality and its interface
with the substrate. Lithography is used to produce very shallow
steps on the SiC(0001) Si-face that define the graphene
ribbon’s boundaries and, combined with a thermal treatment to
grow bottom-up graphene, results in well-defined smooth
edges. Recently, 40 nm wide nanoribbons grown in this way on
4H-SiC facets12 have demonstrated exceptional electronic
properties with quantized ballistic transport up to 15 μm at
room temperature13 and evidence for an all graphene wide-
bandgap semiconductor.14 The ballistic channel propagates
along the ribbon and the band gap is observed by ARPES at an
angle consistent with the graphene bend at the top edge of the
sidewall ribbon. Ballistic transport and a band gap are the most
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sought after ingredients for 2D electronics, making these
discoveries a game-changing scenario for carbon electronics.
However, no satisfactory explanation has been proposed so far
to explain the observed properties. Local curvature effects, pn
junctions, and strain have been suggested as the origin of the
band gap. The main body of the ribbons, as measured by
ARPES and STS, show that the electronic structure is that of
charge neutral graphene,13,15,16 different from the electronic
structure in graphene grown on the flat Si-face of SiC (0001)
plane.17,18 In order to understand the single channel ballistic
transport,13 and why a large band gap appears in the sidewall
ribbons, we need a detailed understanding of the nature of the
edges, their orientation, and their termination into the buffer
layer (the graphene layer at the SiC interface that is partially
bonded to the SiC substrate) or into the SiC substrate. In this
article, we examine the atomic and electronic structure of
armchair epitaxial graphene sidewall ribbons. We show that
ribbons on the (11 ̅0n) and (110n) facets are essentially flat and
decoupled from the facet. More importantly, we show that facet
graphene is unexpectedly bordered by miniribbons on both
edges. Quantum confinement in the 1−2 nm wide miniribbons
explains the observed bandgap. This work explains the origin of
the band gap observed in ARPES and gives insight into the
ballistic transport measurements.
As a reference, we first study graphene grown on a natural

step (not on an artificial trench). Figure 1a shows a three-
dimensional representation of a scanning tunneling microscopy
(STM) image of graphene grown over a small (11 ̅0n) natural
step on the Si-face. The atomic topographic variations of the
graphene honeycomb lattice of ∼6 pm are difficult to observe
in standard two-dimensional images (Figure 1b) due to the 800
pm corrugation of the step. In order to observe simultaneously
the honeycomb corrugation and the strong topographic
variations, we use constant current imaging (Figure 1c). We
can delineate four regions in the image. The first region (1)
corresponds to the trench bottom where the graphene
honeycomb is not well resolved (precursor region of the
graphene growth). The second region (2) is graphene growing
along the step edge up to the plateau and consists of multiple
curves parallel to the step edge. In the third region (3),
graphene overgrows the edge on the (0001) plateau. The
overgrown graphene extends to a boundary with the fourth
region, where another precursor state of graphene is observed
(4).
STM images raise a number of important questions: What

are the multiple curved graphene regions on the facets? What is

their electronic structure? How are they different from the
graphene on the flat (0001) plateaus? How are the structural
elements related to the observed opening of a band gap in
armchair (AC) ribbons?14 What is the role of these different
regions on transport along or perpendicular to the step
direction? In this study, we begin to address these questions by
making detailed structural measurements of graphene grown on
reproducibly fabricated steps rather than random intrinsic steps
in order to understand technologically relevant graphene
nanoribbons. Here, we combine STM with high-resolution
scanning transmission electron microscopy (STEM) in bright-
field (BF), low- and high-angle annular dark-field (LAADF,
HAADF) imaging modes. We thus access simultaneously the
topography of the last atomic layer as well as the structure of
any subsurface graphene and the graphene/SiC interface.
The studied arrays consist of 30−35 nm deep trenches

etched in 4H-SiC (0001). The patterned substrate is annealed
at 1100 °C for 30 min, followed by 1525 °C for a few minutes
in a confinement controlled sublimation furnace.12,14,19 The
final result is a sample with an array of faceted mesa shapes
shown in Figure 2. The first annealing step recrystallizes the
vertical (11 ̅00) or (1 ̅100) walls (depending on the original
trench orientation) into the stable (11 ̅0n) and (1 ̅10n) facets,
respectively (Figure 2d). The final high-temperature growth
step produces graphene. Both the (0001) plateaus and trench
bottoms widths can be varied independently (Figure 2a,b) and
the height difference between plateaus and trenches can also be
tailored at will (Figure 2d). The height difference depends on
the initial lithographic process and controls the width of the
sidewall graphene nanoribbon that lies on the sidewall between
the plateau and the trench. This ability to tailor the widths and
edges opens up the possibility of tuning the electronic
properties of the ribbons in a way that is compatible with
mass production. Because of the orientational epitaxy of
graphene grown on SiC(0001), the edge of the ribbons can be
tuned. The AC edge of graphene will be oriented along the step
edge of trench walls with (11 ̅00) orientation. Conversely,
trenches etched to give (112 ̅0) walls will grow graphene with its
zigzag (ZZ) edge parallel to the step edge of the trench wall. In
this study, we focus on graphene nanoribbons with trench walls
with (11 ̅00) orientation, that is, AC edge graphene ribbons.
Atomic resolution STM images confirm unambiguously that
the trench orientation determines the armchair ribbon edge.
Figure 3a−c shows the details of the graphene ribbon structure
in the transition region between the sidewall and the plateau
(zoom of the blue dashed rectangle in Figure 3b). In this

Figure 1. STM from a graphene nanoribbon on a natural SiC(0001) step. (a) Topographic three-dimensional STM image of a ribbon and its
surroundings (V = 1.1 V, I = 0.7 nA). (b) Two-dimensional topographic image of (a). (c) Constant current image of (b). Region 1 is a precursor
surface to graphene growth, region 2 is curved graphene on a natural step, region 3 is graphene overgrown on the plateau after the step, and region 4
is a region with another precursor state of graphene.
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transition region, the surface normal changes from (11 ̅07) to
the (0001) flat surface. The graphene honeycomb structure is

seen both along the oscillations and on a strip partially
extending onto the (0001) surface. As shown below using
cross-sectional STEM, the oscillations correspond to graphene
draping over SiC minifaceting.
Figure 3d−g shows STEM-HAADF and STEM-LAADF

views of a faceted step patterned on SiC. The STEM-HAADF
imaging mode clearly displays the atomic structure of the SiC
substrate, while the STEM-LAADF is more sensitive to carbon-
based material, thus enhancing the contrast of the graphene
ribbons and showing the presence of a single graphene layer
(Figure 3e). Figure 3d,e shows atomically resolved STEM
images with a large field of view of the sidewall; two main
families of facets are observed. First, the central part of the
sidewall (tens of nanometers wide) has a normal rotated ca. 30°
with respect to the SiC (0001) plane (corresponding to a
[11 ̅07] surface). Second, the top and bottom part of the
sidewall are composed of facets tilted ∼20° from the (0001)
plane corresponding to [11̅0n]n=9,10 planes (Figure 3d). An
expanded view of the upper region of the sidewall in Figure
3d,e shows more details (Figure 3f-g). The upper part of the
sidewall is composed of a series of several small (0001)
miniterraces and minifacets due to the fracturing of the initial
facet during graphene growth.20 The minifacets typically have a
[11 ̅05] orientation extending over 4 SiC bilayers along the
[0001] orientation, that is, the unit cell of 4H-SiC. Graphene
grows continuously over all the minifacets as well as along the
central extended (flat) facet, while bonding from time to time

Figure 2. General overview of graphene nanoribbons grown on SiC
(11̅0n) and SiC (11 ̅0n) facets (sidewall ribbons). (a) Scanning
electron microscopy image showing the general topography of the
artificial graphene ribbon array. The brightest and darkest parts
correspond to plateaus and trenches, respectively. Sidewall graphene
ribbons are on the sidewall, as sketched in (b) corresponding to the
dashed yellow rectangle in the SEM image. Plateau’s width is 250 nm.
(c) STM image (4 V, 0.1 nA) showing the regions with [0001]
normal, that is, the trenches and plateaus. Plateau’s width is 30 nm. (d)
Cross-sectional TEM image of the array of ribbons in another sample.
Plateaus width of 300 nm.

Figure 3. Top and cross section views of a graphene sidewall ribbon. (a) Three-dimensional STM image of a 3.3 nm height sidewall showing
undulations on the sidewall. (b) STM constant current image of (a). (c) Detail of the connection between sidewall and plateau regions, showing the
continuity of graphene all across the boundaries despite the oscillations at the minifacets. The armchair edge of the ribbon runs parallel to the
sidewall edge (see the Supporting Information for another image with better resolution). (d) STEM-HAADF image of the sidewall. The lower and
the upper parts of the sidewall have an average normal of around 20° from the [0001] direction. In between, there is a region with a normal 30° off
the [0001] direction. (e) STEM-LAADF image of the same sidewall as in (d). Carbon layers and defective or strained area at the SiC give larger
contrast in LAADF mode and thus can be identified on the facet wall. (f) Zoom of (d) in the region indicated by the red rectangle. The region with
20° average normal is constituted by minifacets where graphene floats in a 1.5−2 nm region. The inset shows a detail of a miniribbon. A floating
graphene region is pinned between two miniterraces where graphene is bonded to the substrate. (g) The parts where graphene is floating are curved
regions with normals ranging between 15° and 25° off the [0001] direction. (h) False-color image of a minifacet region where red enhances the SiC
visible by HAADF and green highlights the graphene as imaged by LAADF.
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to the substrate. In particular, graphene draping over the
minifacets is pinned to the substrate at both edges (in the upper
and at the bottom parts, see inset in Figure 3f) while leaving a
curved floating graphene layer of a typical width between 1.5 to
2 nm (Figure 3f). The distance of the graphene layer to the
substrate in the pinned miniterraces is 2.3 Å, a distance
characteristic of the tightly bound buffer layer on the Si (0001)
face. In between the pinned regions, the graphene is curved and
seems to be “floating”, as its distance to the substrate is
extremely high (4.0 Å). This causes the graphene in the bend to
electronically decouple from the SiC (see below) and thus
forms a narrow AC-edge graphene ribbon running parallel to
the SiC step edge. The distribution of the local normal
orientation in the curved region ranges from ca. 15° to 25°
depending on the different minifacet height (Figure 3g). In the
flat extended facet, graphene spreads over a width of 20 nm in a
more regular 30° normal orientation (Figure 3d). The facet is
flat and the graphene layer is at an average distance of ca. 3.5 Å
from the substrate, which is much larger than the 2.3 Å distance
for the tightly bonded buffer layer. This clearly indicates that
the nanoribbon is essentially decoupled from the substrate (or
delaminated21), apart from sparse more or less regularly spaced
anchored points. The quality of graphene on this facet is
indicated by the STEM-LAADF contrast. Note that the (11 ̅0n)
and (1̅10n) are nonpolar, which may explain22 why the
nanoribbons are charge neutral.13,14

Figure 3h superimposes colorized STEM-LAADF and
STEM-HAADF images to clarify the position of the graphene
ribbons with respect to the SiC substrate. The image shows that
the (0001) SiC planes located at the bottom trench and at the
top plateau are covered by a carbon layer located at a distance
of ∼2.3−2.8 Å from the SiC, typical for the buffer graphene

layer.23−25 Similar tightly bonded layers can also be seen in the
mini (0001) terraces.
Other STEM (BF, HAADF, LAADF) and TEM-BF images

from similar monolayer ribbons in the Supporting Information
(Figure S2) confirm the reproducibility of these results, as
already inferred from the ARPES measurements performed on
several hundreds of sidewall.14 Previous results were obtained
on monolayer ribbons. Bilayer ribbons are less likely but have
also been observed (see Supporting Information Figure S3). In
this case, the structure of the sidewall remains essentially
unchanged from the one-layer films discussed above. There are
still minifacets at the top and bottom separated by a large
extended flat facet in between and a second continuous
graphene layer drapes from the top to the bottom of the
sidewall as shown in the Supporting Information. The spacing
between the two graphene layers is ca. 3.5 Å, which is slightly
larger than in normal graphite as was observed in previous
TEM experiments.23 This can be qualitatively understood if the
two layers are Bernal stacked on the (0001) plateau, as is the
case for Si-face bilayers, as there may no longer be registry
along the facet due to the top sidewall curvature. A larger
graphene layer separation is commonly observed for non-
Bernal stacked graphene layers, such as the epitaxial graphene
on the carbon (0001 ̅) face.26
These structural studies confirm the orientation of the facets

that was determined by angle-resolved photoemission, as well
as the presence of a curved region. Angle-resolved photo-
emission has observed a linear dispersion at the (11 ̅07)
extended facet. No band gap was observed within the 50 meV
resolution14 (the uncertainty in the Fermi level position). This
band structure is consistent with the STEM observation for the
large central ribbon (electronically decoupled from the regions

Figure 4. STEM-EELS analysis at the carbon K-edge for a monolayer (a−f) and bilayer (g−h) ribbons. (a) STEM-HAADF image of the boundary
between miniribbons and plateau in a single layer ribbon. The rectangle indicates the chosen area for STEM-EELS spectromicroscopy measurement.
(b) STEM-HAADF image obtained during the spectromicroscopy measurement. The boxes 1−4 show the regions corresponding to spectra in (c).
(c) Raw spectra extracted from the buffer layer (spectrum 1), the first miniribbon (spectrum 2), the miniterrace (spectrum 3) and the SiC bulk
(spectrum 4). Component A and B spectra represent the main spectral components related to the carbon layer at the surface of the SiC. (d) Spatial
location of the component A, typical of graphene. (e) Spatial location of the component B, compatible with a band gap opening. (f) Pseudocolor
image where gray enhances the SiC and cyan highlights the graphene and the perturbated SiC. (g) STEM-HAADF image obtained during STEM-
EELS measurement showing the boundary between miniribbons and plateau in the case of bilayer ribbon. The boxes 5−6 indicate the regions where
spectra have been extracted. A STEM-HAADF image of the whole sidewall can be seen in Supporting Information Figure S4. (h) EELS spectra for
graphene (spectrum 5) and miniribbon (spectrum 6). The inset shows an energy shift to the higher energy of ca. 250 meV of the π* excitation for a
miniribbon with respect to the graphene.

Nano Letters Letter

dx.doi.org/10.1021/nl503352v | Nano Lett. 2015, 15, 182−189185



with the minifacets) because its width will not produce an
observable gap. Interestingly, ARPES measurements14 have
determined that some regions with normal intermediate
between [0001] and [11̅07] have a band gap of at least 500
meV. There are several possibilities why a band gap would open
in these graphene ribbons. Uniaxial strain can open a gap in
armchair ribbons when the strain is perpendicular to the
edge27,28 but in order to explain the experimental gap bonds
should be strained by an unphysical, large value of more than
20%. Nevertheless, STEM images show that graphene in the
miniribbons “floats” between the pinning miniterraces, that is,
the graphene layer is able to relax any residual strain, which
rules out a strain-induced gap. A more realistic possibility is
quantum confinement in the narrow miniribbons that border
the main facet. With a 1−2 nm width, band gaps of 0.5−1 eV
can be expected.29 In order to confirm that the ARPES
observed band gap is effectively spatially located in the curved

graphene miniribbons, we performed STEM-EELS measure-
ment. We focus on the carbon K-edges corresponding to
transitions between the C 1s core electron to the unoccupied
density of states just above the Fermi level (Figure 4).
The boundary between the plateau and the miniterraces

covered with a graphene monolayer is shown in Figure 4a. The
buffer layer at the SiC top surface and two miniribbons
separated by miniterraces can be observed. Figure 4b is a
zoomed in image of the area boxed in Figure 4a where a
spectromicroscopy measurement was performed. EELS spectra
were collected with a spatial step of 0.04 nm and an acquisition
time of several milliseconds. Spectra integrated in the boxes of
Figure 4b are characteristic of different regions (Figure 4c): the
buffer layer (position 1), the miniribbon (position 2), and the
miniterrace (position 3). The spectrum from the miniribbon
shows the π* and σ* peaks characteristic of graphene or
graphite-like materials.21 The spectra from the buffer layer and

Figure 5. Modelization of the atomic structure and density of states. (a) Schematics of the model proposed for the general structure of armchair
graphene ribbons grown on SiC, Si-face. The sidewall is composed of an extended facet in between a bottom and a top series of minifacets. On top of
the sidewall a continuous graphene sheet grows and exhibits different normals depending on the region. The extended facet corresponds to a 30° off
normal with respect to the SiC (0001) plane (corresponding to [11̅07] surface), the minifacets have a normal tilted ∼20° from the (0001) plane,
corresponding to [11̅0n]n=9,10 planes. In the (0001) miniterraces of the minifacets, graphene is bonded to the substrate. In between these pinning
areas, graphene is floating without any strain and exhibits a band gap. The band gap is due to the quantum confinement in the miniribbon. (b)
Relaxed atomic positions of single-layer graphene miniribbons at SiC facet with [0001] and [11 ̅05] orientations. (c) Density of states at the positions
indicated in (b). Top panel: floating graphene in the electronically decoupled miniribbon. Bottom panel: gapped and doped buffer layer with some
interface states in the gap.
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the miniterrace have noticeable additional spectral intensity in
between the π* and σ* peaks (located ca. 1.3 eV higher in
energy than the π*, as indicated by an arrow in the case of the
buffer layer, spectrum 1 in Figure 4c). To isolate the additional
features in the buffer and miniterrace, we have analyzed the
main spectral components in the EELS spectra by using
spectral unmixing based on a Vertex component analysis.30 The
two spectral components of the EELS spectra (A and B) are
shown in Figure 4c. Figure 4d,e shows the spatial distribution of
components A and B respectively. Component A is observed all
along the carbon atomic layer, and it is thus associated with
graphene/graphite. On the other hand, an additional
component B, which exhibits a strong peak ca. 1.3 eV above
the graphene π* peak, is only present when the C-layer is
strongly bounded to the SiC surface (i.e., at either the buffer
layer or the miniterraces). STS measurements and ab initio
calculations31 have indicated that the buffer layer has a small
band gap with the presence of additional spatially localized in-
gap states associated with the complex hybridization between
the buffer layer and the SiC surface. These peculiar electronic
structures might be the origin of the additional spectral
component B found in the buffer layer and also at the
miniterraces. Whatever the exact origin of this EELS spectral
component B, it confirms that the electronic structure at both
sides of miniribbons is different from that of pure graphene/
graphite.
In order to explore the differences in the electronic structures

of the miniribbons and the more extended graphene ribbon, we
have investigated EELS spectra at higher resolution. Figure 4g
shows a region on the plateau where overgrown graphene can
be distinguished above the buffer layer (see Supporting
Information Figure S3 for the detailed structure of this step).
This graphene layer above the buffer layer is known to be
metallic.24 The EELS spectrum of this layer (measured at
position 5 in Figure 4g) compared with that of the miniribbons
in the same image (position 6), shows a different shape of the
π* and an energy shift of around 0.25 eV. A similar difference in
π* excitations has been recently reported between semi-
conducting and metallic nanotubes by XAS and EELS
spectroscopy.32 The observed energy shift thus confirms that
the electronically decoupled miniribbons exhibit a band gap. All
these results demonstrate that the electronic properties of the
sidewall graphene are significantly modified near the top and
bottom edges of the facet. At these points on the sidewall, small
minigraphene ribbons form. The center of the miniribbons is
detached from the SiC while their edges are bonded to the
substrate. The edges behave like a normal (0001) buffer
graphene layer. These buffer layer strips isolate the graphene in
between, creating electronic confinement that opens a
significant bandgap in the miniribbons [see Figure 5a].
A quantum confinement induced band gap was predicted for

certain width AC edge ribbons using a tight binding model.33

Higher level calculations predict that both AC and ZZ edge
graphene ribbons would be semiconductors.29,34 As we will
show using complementary numerical simulations conducted in
the framework of density functional theory, the confined
miniribbons observed in these studies also have a bandgap. The
surface corresponding to [11̅010] at the top and bottom region
of the sidewall have been modeled by a 1.7 nm thick SiC slab
where the lower surface has been saturated by hydrogen atoms.
The supercell periodicity has been chosen along the [1 ̅1 ̅010]
step edge direction in order to minimize the strain on the
graphene ribbons; three armchair graphene periods are

accommodated over four SiC step periods leading to a
graphene compression as low as 3.6%. This compression
relaxes through a slight out-of-plane rippling of the
miniribbons. A 2.9 nm wide graphene sheet is considered in
each minifacet. A 1.1 nm portion of this sheet is located on top
of the SiC miniterraces (buffer layer) and 1.8 nm are free-
standing. The fully relaxed 806 atoms model is displayed in
Figure 5b.
The projected density of states of the system is presented in

Figure 5c. The buffer layer at the miniterraces has a projected
density of states shifted with respect to the free-standing
ribbons, which is in agreement with previous results on
extended buffer layers.31,35 The free-standing graphene region
presents an LDA electronic gap of about 1 eV (Figure 5c). This
energy gap is on the order of magnitude of the expected gap for
free-standing armchair ribbons with similar widths. In the ideal
case, the band gap decreases with increasing ribbon width. A
3N quasi-period oscillation superposes on this trend (N the
number of carbon dimer lines across the ribbon width). Edge
functionalization conserves the overall quasi-periodic width/
band gap dependence while introducing a phase shift.29 The
electronic behavior of the complex SiC/graphene hetero-
structure can be linked to the simpler case of quantum
confinement in free-standing ribbons with specific edge
functionalizations. The 0.25 eV energy shift observed for the
π* carbon edge in the graphene miniribbon is almost certainly
related to these quantum confinement effects. In fact, quantum
confinement also induces strong width-dependent excitonic
effects with respect to ground-state electronic structures,
strongly decreasing the onset of optical measurements and
EELS core edges.36,37 This explains the observed energy shift in
EELS spectra, which is much smaller than the band gap
opening expected for few nanometer width ribbons.
In summary, we present STM and cross-sectional STEM

studies of armchair edge nanoribbons grown on recrystallized
sidewall trenches etched in SiC. The main result is that the
unusual and reproducible facet geometry, coupled with how the
graphene grows on the facet, explains that the band gap
observed in ARPES is due to a finite size effect caused by 1−2
nm wide nanoribbons with ordered edges.
We show that after etching a step in a SiC (0001) surface, the

trench walls facet into a central extended flat SiC (11 ̅07) or SiC
(1 ̅107) facet that is tens of nanometers wide. This facet is
bordered on both sides by much smaller but regular minifacets.
A honeycomb graphene layer drapes over the whole sidewall.
The graphene that grows on the main facet is of high quality
and is essentially decoupled from the substrate, which is
consistent with the charge neutral graphene band structure
observed in ARPES. In addition, the main facet graphene is the
probable location for ballistic transport observed in sidewall
graphene. On the bordering nanofacets, miniribbons 1−2 nm
wide form. Miniribbons are defined by boundaries where they
attach to graphene tightly bonded to the (0001) oriented
nanoterraces. The tightly bonded graphene on the (0001)
nanoterraces shows properties similar to that of the graphene
buffer layer. In between these pinning terraces, graphene is
curved and decoupled from the substrate.
The location of the miniribbons and EELS results are

consistent with the band gap observed in ARPES. Ab initio
calculations confirm that this band gap results from electronic
confinement in these electronically decoupled miniribbons.
This observation opens an interesting perspective in terms of
tailoring the graphene band gap. Changing the SiC polytype
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and therefore the c-axis periodicity could result in various
crystallographic nanofaceting and in turn, different miniribbon
widths that would determine the band gap.
Our structural determination of the sidewall ribbon geometry

is particularly relevant when correlated to their electronic
properties. Coupling structure to electronic properties is
fundamental for a thorough understanding of the system giving
new and real perspectives for their applications. The
reproducible and scalable geometry on commercially available
wafers allows for several interesting device fabrication
possibilities. Taking advantage of the set of semiconducting
ribbons, metal−semiconducting−metal junctions could be
realized with source-drain contacts on the metallic graphene
at the top (0001) surface and the metallic part of the facet,
respectively. Other interesting possibilities include devices
parallel to the step edges, along the ballistic transport direction
for interconnects. In conclusion, the sidewall ribbon geometry
offers many new architectures that are assured to stimulate new
graphene device structures.
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