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Material characterization

Exfoliated graphene

In Figure S1 we show two examples of the Raman spectra of our multilayer graphene
flakes. The absence of the D peak at 1300 cm™ indicates a general good quality of our
samples. We firstly identified the suitable flakes (number of layers from 1 to approx. 20) on
the basis of their color contrast with the substrate at the optical microscope and for some
of them we checked the quality and the effective number of layers with Raman
spectroscopy. Figure S1 a) displays a typical example for a thin flake (number of layer < 5)
and in b) a typical thicker multilayer (>5) samples is presented. Note that the Raman signal
for the sample in b) is similar but not yet identical to the one associated to bulk graphite

(see [1] for a reference).
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Figure S1: Examples of Raman spectra for the graphene flakes used in this study taken
with a laser excitation of 632 nm. The corresponding devices are shown in the insets.
a) Thin flake with number of layers < 5. b) Thicker multilayer graphene flake. See [1] for a

comparison with the Raman spectra of graphene flakes of various thicknesses.
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Epitaxial turbostratic graphene on the C-face of SiC

In Figure S2 we report the AFM and Raman characterization of a typical sample of
graphene grown on the C-face of SiC studied in this work. The average roughness in the
AFM image is 1.2 nm, which means that the observed steps are mostly single-atom thick.
The attenuation of the SiC signal in the Raman spectrum is used to estimate the number

of layers, which is found to be around ten [2].
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Figure S2: Left: AFM image of a typical graphene area. Right: Raman spectra of the same
SiC region before (black dots) and after (red line) the graphene growth. The attenuation of
the SiC signal is used to estimate the number of graphene layers. The laser excitation is
514 nm.

Turbostratic graphene discs

In Figure S3 we present a typical Raman spectrum measured on a single turbostratic disc
deposited on SiO, substrate. The signal is analogous to what previously reported for this

material [3].
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Figure S3: Typical Raman spectrum for a single carbon disc deposited on 300 nm SiO

recorded at 632 nm excitation wavelengths.

Details on the Simmons fitting procedure

The nonlinear -V curves measured after the electroburning were fitted according to the

Simmons model using the following formula for the current | [4,6]:

1= (o= 2) T (g ) ] Equation st
where A is the area of the junction, e is the electron charge, # is the reduced Planck’s
constant, d is the gap size, ® is the height of the tunnel barrier (assumed to be
rectuangular), m is the electron mass and V is the applied potential. This model uses three
free parameters for the fitting: the junction area A, the barrier height ® and the gap size d.
It is known that A and ® are quite sensitive and their values may strongly depend on the
initial parameter set, but d is more robust and actually more reliable as a fitting parameter.
As an example, in Figure S4 we show the |-V curve from Figure 1,b of the main text along
with three curves calculated from Equation S1 using different sets of parameters, all
showing a similar agreement with the experimental data. The first fit (red line) is obtained
with A = 500 nm?, ® = 0.9 eV, d = 1.97 nm; the second fit (green line) with A = 5 nm?,

® = 0.6 eV, d = 1.83 nm; the third fit (blue line) with A=1 nm?>® = 0.5 eV, d = 1.79 nm.

While the values of the A and ® parameters can change significantly, the value obtained
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for d has a much narrower distribution. This is a direct consequence of the fact that the

current depends exponentially on the gap size. For all of our measured devices, the

optimal values for d are between 0.5 nm and 3 nm. These values strongly support our

conclusion that the gap size is in the nanometer range for those devices where a tunneling

current is measured after the electroburning process.
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Figure S4: |-V curves fitted using Equation S1 with three different set of parameters. Fit 1
is obtained with A = 500 nm?, ® = 0.9 eV, d = 1.97 nm: fit 2 with A =5 nm?, ® = 0.6 eV,
d=1.83nm;fit3withA=1nm?®=0.5¢eV,d=1.79 nm.
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