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This letter presents a non-local study on the electric field tunable edge transport in an hBN-
encapsulated dual-gated Bernal stacked (ABA) trilayer graphene across various displacement fields
(D) and temperatures (T ). Our measurements revealed that the non-local resistance (RNL) sur-
passed the expected classical ohmic contribution by a factor of at least two orders of magnitude.
Through scaling analysis, we found that the non-local resistance scales linearly with the local resis-
tance (RL) only when the D exceeds a critical value of ∼ 0.2 V/nm. Additionally, we observed that
the scaling exponent remains constant at unity for temperatures below the bulk-band gap energy
threshold (T < 25 K). Further, the value of RNL decreases in a linear fashion as the channel length
(L) increases. These experimental findings provide evidence for edge-mediated charge transport in
ABA trilayer graphene under the influence of a finite displacement field. Furthermore, our theo-
retical calculations support these results by demonstrating the emergence of dispersive edge modes
within the bulk-band gap energy range when a sufficient displacement field is applied.

The emergence of gapless edge modes at the physical
boundaries of a two-dimensional system is one of the most
fascinating phenomena in condensed matter physics.
Usually, these edge modes are related to the bulk topo-
logical order of the system [1–6] and play a significant role
in electronic transport. Some notable examples are the
helical edge modes in Z2 topological insulators [7–10],
chiral quantum Hall edge modes [11, 12], valley-helical
edge modes in graphene [13–17], kink states[13, 18], and
so on. These edge modes are also believed to be key in-
gredients for the observation of the electric field-induced
magnetism [19, 20], valley-dependent transport [16, 17],
and half-metallic behavior in graphene or multilayer
graphene [19, 20].

Recently, trilayer graphene (TLG) has emerged as
a novel two-dimensional material, where several elec-
tronic phases, for example, spin-polarized half-metal [21],
spin and valley polarized quarter metal [21], supercon-
ductivity [22], correlated Chern insulators and ferro-
magnetism [23], have been realized experimentally. To
completely understand the electronic properties of these
phases, it is essential to study both bulk and edge trans-
port. Usually, in the absence of a perpendicular displace-
ment field, the band structure of Bernal stacked TLG is
described by a set of linear and quadratic bands, which
are similar to the low-energy bands of single and bilayer
graphene, respectively, as shown in Fig. 1 (b). However,
under the application of the large displacement field, the
interplay of layer asymmetry and trigonal warping leads
to the formation of new sets of Dirac cones, as shown in
Fig. 1 (c). In addition to modification in the bulk-band
structure, the application of displacement field also in-
duces a non-trivial valley Hall state, where the energy
gap at the emergent Dirac points is filled by chiral edge
modes which propagate in opposite directions between
two valleys [24]. Although the emergence of the new sets
of the Dirac cones has been experimentally observed in

a quantum capacitance measurement [25], an experimen-
tal manifestation of the predicted edge modes [24] is still
lacking.

Non-local transport measurements have been widely
used to study the unconventional transport mechanism
in two-dimensional systems like the detection of bulk spin
and valley transports [26–32]. Along with that, the non-
local resistance measurement is believed to be an im-
portant tool to probe the edge states in the topological
insulator [33–35] and has been widely used to explore
the edge transport mechanism in several electronic sys-
tems [36, 37] including the twisted bilayer system [38].

In this work, we have carried out non-local resistance
measurements in an hBN-encapsulated dual-gated ABA
TLG device. The measured non-local resistance was
found to be at least two orders of magnitude larger than
the classical ohmic contribution. More importantly, the
non-local resistance RNL scales linearly with the local
resistance RL, suggesting that the charge transport is
edge-mediated [34, 35, 39–42]. The scaling exponent α
(RNL ∝ Rα

L) was found to be close to 1 beyond a crit-
ical displacement field D. Below the critical field, the
edge states are not dispersive and do not contribute sig-
nificantly to non-local transport. Similarly, for temper-
atures (T ) smaller than the scale of the band gap, α
remains close to 1. On further increasing the tempera-
ture, α starts deviating from 1 due to the contribution
of bulk transport. Moreover, we have measured the RNL

at different distances between the injected and measured
probes, and found that the value of RNL decreases in a
linear fashion as the distance L between the probes in-
creases. This is expected for the edge-mediated transport
as described in [42]. To further establish our findings, we
perform a theoretical calculation of the edge-mode dis-
persion for different displacement fields, and found that
the edge modes become dispersive only above a critical
displacement field, which is consistent with our experi-
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Figure 1: (a) Schematic of the device configuration: Bernal stacked trilayer graphene (TLG) is encapsulated between two hBN
substrates and is gated by a graphite back gate (VBG) and a metal top gate (VTG). (b) and (c), Band dispersions of Bernal
stacked TLG at zero and finite (∆ = 200 meV) displacement field, respectively. (d) Rxy response of the device as a function
of VTG for several values of the magnetic field. (e) dRxy

dVTG
is plotted as a function of VTG and magnetic field. The observation

of the crossing points between the different Landau levels, depicted as discontinuities in the QH plateau structure (blue strips)
along the white dashed lines, confirms the ABA character of the TLG.

mental findings.

For the non-local resistance measurement, we fabri-
cated a hBN-encapsulated Bernal stacked TLG device
using the standard dry transfer technique with a high
mobility of ∼ 300000 cm2V−1s−1. Our device is gated by
a graphite back gate and a metal top gate. The details
of the device fabrication is described in the Supplemen-
tal Material[43]. Fig. 1 (a) shows the schematic of the
device structure. The electrical resistance was measured
using the standard low-frequency lock-in technique. Be-
fore discussing details of the non-local measurement, we
first discuss the quantum Hall response of the device,
which establishes the Bernal stacked trilayer character
of the graphene. Fig. 1 (d) shows a plot of Rxy as a
function of the top gate voltage VTG. The various colour
traces correspond to different values of the magnetic field
as shown in the legend. One can see that at a low mag-
netic field, well-developed robust quantum Hall plateaus
appear at h/6e2, h/10e2, h/14e2, · · · , which are the char-
acteristic plateaus of TLG [55–59]. We also observe other
symmetry broken intermediate plateaus, suggesting the
high quality of the device. To further confirm the Bernal
stacked trilayer nature of the graphene, in Fig. 1 (e),
we plot a two-dimensional color map of dRxy/dVTG as
a function of the magnetic field (B) and the top gate
voltage VTG. The crossing between the Landau levels
of the monolayer and bilayer-like bands, whose energies
scale differently with the magnetic field, can be seen as
discontinuities in the QH plateau structure (blue strips)
along the white dashed lines in Fig. 1 (e). The positions
of the crossing points are similar to the earlier experi-
mental observations suggesting the ABA character of the
TLG [57, 60, 61].

The dual gate architecture of the device allows us to
tune the carrier density n and the displacement field D
independently. Fig. 2 (a) shows a color map of the local

resistance (RL) as a function of the displacement field D
and total density n. The resistance at the Dirac point at
a higher displacement fields do not change significantly,
suggesting a small band gap of the ABA TLG consis-
tent with the earlier observations [58, 62, 63]. Similarly,
Fig. 2 (b) shows a color map of the non-local resistance
RNL, (defined as VNL/I) as a function of the displace-
ment field D and total density n. In Fig. 2 (c), we plot
the line cuts of RL (red) and RNL (black) as a function
of the total density at D = −0.4 V/nm. RNL (black)
curve is multiplied by 20 to show it on the same resis-
tance scale axis. To rule out the origin of the ohmic
contribution due to a classical diffusion of charge trans-
port, we calculate the ohmic contribution using the equa-
tion RNL = WRL

πL exp(−πL/W ), [26, 30, 31, 64, 65] with
L = 4 µm and W = 1.8 µm. The measured RNL is two
orders of magnitude larger than the theoretically calcu-
lated ohmic contribution, suggesting a non-trivial origin
of the observed RNL.

Motivated by the earlier non-local resistance measure-
ments in graphene/hBN superlattice and gapped bilayer
graphene devices, we perform a scaling analysis of RNL

against RL. We look for a simple scaling relation RNL ∝
Rα

L to determine the value of α. We plot lnRNL versus
lnRL in Fig. 2 (d) as a function of D for different val-
ues of n from −3.2 to 5.6 × 1014 m−2, and in Fig. 2 (e)
as a function of n for different values of D from −0.25
to −0.50 V/nm. The data points for these plots are ex-
tracted along the vertical dashed black arrows and the
horizontal dashed yellow arrows shown in Figs. 2 (a,b),
respectively. The scaling analysis of both Figs. 2 (d) and
(e) show that linear fitting of the plot lnRNL versus lnRL

gives a slope equal to one (α ≈ 1).

To further investigate the linear scaling of RNL with
RL, we extract the thermal activation gap by measuring
the temperature dependence of the local and non-local
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Figure 2: Color map of RL (a) and RNL (b) as a function of total carrier density n and the displacement field D. (c) The line
cuts of RL (red) and RNL (black) are plotted with density at D = −0.4 V/nm. The RNL is multiplied by a factor of 20. The
magenta and green curves (both multiplied by 20) represent the theoretically expected non-local contributions from the charge
accumulation (near the edge) and classical ohomic one, respectively. (d,e) Log-log plots of RNL with RL. Open circles are
extracted from Figs. 2 (a,b) for different values of n (along vertical black arrows) near the Dirac point (d) and (e) for different
values of D (along horizontal yellow arrows). The solid lines correspond to the linear fitting of the data points with slope ∼ 1.
(f) The activation gap extracted from RNL is plotted versus the gap extracted from RL. The red line is the linear fit to these
data with slope ∼ 1.1. Different filled circles correspond to the gap extracted at D ranging from −0.29 to −0.50 V/nm. Error
bars correspond to the standard deviation associated with the slope of the linear fit.

resistances. As shown in figure S6 in [43], RNL also fol-
lows an activated behavior at high temperatures similar
to the RL. The temperature dependence of RL in the
activation transport regime is proportional to eEg/kBT .
If the non-local resistance follows the scaling relation
RNL ∝ Rα

L, then its temperature dependence will be
proportional to eαEg/kBT . As a result, the activation gap
extracted from the non-local resistance (Eg,NL) should be
α times of the gap obtained from local resistance (Eg,L),
i.e., Eg,NL = αEg,L. In Fig. 2 (f), we have plotted the ac-
tivation gap extracted from non-local resistance against
the gap extracted from local resistance. The filled circles
correspond to the gaps extracted at displacement fields
ranging from -0.29 to -0.50 V/nm. The red line is the
linear fit of these data points with slope ∼ 1.1, again es-
tablishing the scaling exponent α close to 1. Note that
though the scaling analysis in Fig. 2 is limited (the range
of RL) due to the small band gap opening in ABA TLG
(as seen in Fig. 2 (f)), further scaling analysis for various
displacement fields, temperatures, and channel lengths,
which will be discussed in the next section, shows that
linear scaling is robust for ABA TLG.

The linear scaling of RNL with RL resembles the edge-

mediated charge transport by the helical edge modes ob-
served earlier in several two-dimensional electronic sys-
tems [34, 35, 39–41, 66]. Thus, we attribute the lin-
ear scaling of RNL with RL to an edge-mediated charge
transport in TLG. To strengthen the claim of our find-
ings, we study the effect of the displacement field, tem-
perature and separation between the probes as described
below. It can be seen from Fig. 3 (a) that only above a
critical |D| ≳ 0.2 V/nm the α become close to 1. Fig. 3
(b) shows how α varies with T at D = −0.45 V/nm, and
can be seen that T ≳ 25 K α starts deviating from 1. This
is consistent with the edge-mediated charge transport in
ABA TLG. Above 25 K, which corresponds to an energy
scale similar to the band gap opened in ABA TLG, the
bulk states start contributing to the transport, and α
deviates from 1. Fig. 3 (c) shows RNL for different L,
and it can be seen from the inset that RNL decreases lin-
early with L, which is in accordance with edge-mediated
transport as reported for quantum spin Hall phase and
topological insulators [34, 35, 39–42]. Note that similar
results (critical D) are obtained for positive displacement
fields. However, due to the limited range of D on the
positive side, as seen in Fig. 2 (b), we have presented the
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Figure 3: (a) The scaling exponent α plotted as a func-
tion of D at T = 5.2 K. For |D| < 0.2 V/nm, α deviates
significantly from unity. (b) α plotted as a function of T
for D = −0.45V/nm. For T ≳ 25K α starts deviating from
unity. (c) RNL is plotted with density for channel lengths of
L = 4 µm (black), 8 µm (blue) and 12 µm (red). Inset: The
peak value of RNL (blue circles) plotted for different L. The
red line is a linear fit. (d) The dispersion of TLG, along with
the zigzag edge, is plotted for ∆ = 20 meV (top) and ∆ = 40
meV (bottom). The green (red) curves correspond to modes
on the right (left) edge of the system.

data for negative D. We have repeated the experiment in
different thermal cycles, which is summarized in section-
8 in [43], and shows similar results with scaling exponent
1.

To understand edge-mediated non-local charge trans-
port, we now perform theoretical calculations to confirm
the presence of edge states in TLG in the presence of the
desired displacement field. We consider a potential drop
of 2∆ between the top and bottom layer of TLG due
to applying the external displacement field. The magni-
tude ∆ is related to the experimentally applied displace-
ment field D via the relation 2∆ = −( d⊥

ϵTLG
×D)e, where

d⊥ = 0.67 nm is the separation between the top and
bottom layers of TLG, ϵTLG is the dielectric constant
of the TLG, and e is the electronic charge. Considering
the electric field, the Hamiltonian for this system has a
form described in detail in [43]. The presence of ∆ opens
up a gap in the bulk dispersion but, more interestingly,
also gives rise to six new Dirac points each around the
Dirac points K and K ′ points. These play a major role
in hosting the edge states in this system.

The Hamiltonian is time-reversal symmetric, implying
that the total Hall conductivity σxy summed over all the
valleys must be zero. But if we look at a particular valley,
the system has a non-zero σV

xy. We estimate this quan-
tity by numerically calculating the valley Chern number
using the method of Fukui et al [67] in the discretized

Brillouin zone close to a Dirac point (See [43] for details).
Although the total Chern number summed over valleys is
zero, the valley Chern number CV equals 2.5 for all the
values of ∆ relevant to the corresponding experimental
values of D. This implies that there is a non-zero val-
ley Hall conductivity of σV

xy = −2.5(e2/ℏ), which agrees
with the theoretically predicted value in Ref. [24]. The
non-zero valley Chern number suggests that there is a
possibility of having edge modes in the system. How-
ever, the edge modes would not be robust to perturba-
tions since the counter-propagating modes from K and
K

′
valley can hybridize.

In TLG, for ∆ from 20 meV to 50 meV, we find that
for a zig-zag edge configuration, the edges host gapless
modes in the bulk gap. The method used for determin-
ing these edge modes is given in [43]. Figs. 3 (d) show
plots for ∆ = 20 meV and ∆ = 40 meV with the edge
modes in green (red) for the right (left) edge of the sys-
tem. Since they are present in the bulk gap, they partici-
pate in transport along the edges. However, we note that
these edge modes are not protected from backscattering.
Hence, there can be intervalley scattering between the
states, and a simple dissipative model for edge transport
can mimic this and explain the linear scaling between
local and non-local resistances as described using a re-
sistor network circuit model in Ref. [42]. Further, the
circuit model (equation S20 of Ref. [42]) as explained in
section-4 in [43] captures linear decay of the non-local
resistance with the channel length (L) as seen in our ex-
periment (the inset of Fig. 3c). We would like to point
out that this is unlike the experimental results for bilayer
graphene [42], where the bulk valley Hall effect domi-
nates and gives a cubic relation between RNL and RL

as reported in Refs. [31] and [42]. From our theoretical
calculation, we also find that for small values of the dis-
placement field below 20 meV (See Fig. S10 in [43]), the
edge modes are approximately flat and non-dispersive,
thus not contributing to the non-local charge transport
significantly. This is consistent with the experimental
results, where we find that as a function of the displace-
ment field, α deviates from one for values of |D| below
0.15 V/nm (∆ < 20 meV) as shown in Fig. 3(b). This
is also consistent with Zibrov et al. [25], where at the
similar displacement field, the Fermi surface undergoes a
Lifshitz transition from one electron pocket to multiple
isolated Dirac cones.

In general, the non-local signal can originate from
mainly three different sources: (i) classical contribution,
(ii) a new kind of topological effect - bulk valley Hall ef-
fect [30, 31, 42] or (iii) edge transport due to either topo-
logical [24, 68, 69] or non-topological (charge accumula-
tion) [70] edge modes. These three mechanisms have also
been highlighted in Refs. [71, 72]. Although the non-local
measurement is not a smoking gun to distinguish its ori-
gin, estimating the non-local contributions from the dif-
ferent sources can help to find its dominant contribution.
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As shown in Fig. 2 (c) by the green solid line, the classical
ohmic one is ruled out, and similarly, as mentioned be-
fore, the linear scaling between RNL with RL in specific
parameter spaces of temperature and displacement field,
rule out the bulk valley Hall effect. Now, the question
is whether the observed edge transport in our experi-
ment originated from a topological or non-topological ef-
fect. To figure it out, we estimate the contribution from
the non-topological charge accumulation effect (Rch)[70]
and shown by the solid magenta line in Fig. 2 (c) (de-
tail in section-7 in [43]), which is one order of magnitude
smaller than the measured non-local signal (solid black
line in Fig. 2 (c)). Further, the linear decay of RNL with
L (Fig. 3 (c)) rules out the charge accumulation contri-
bution, which would have scaled exponentially with the
length[70] (see section-7 in [43]). Thus, the dominant
contribution to our non-local signal presumably comes
from the dispersive edge modes of TLG as predicted in
Ref. [24] and shown by our theoretical calculation (be-
yond a critical displacement field). Our findings are in
sharp contrast to Ref[70] on a non-aligned single-layer
graphene device, where the dominant contribution to the
non-local signal was the charge accumulation effect [70],
and is expected due to the absence of dispersive edge
modes [73].

In conclusion, the consistent linear scaling of non-local
resistance across temperature variations, displacement
field changes, and a threefold variation in channel length
corresponds to the dispersive edge mode transport in cor-
relation with our theoretical calculations.
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SM section-1: Device fabrication and basic characterization.

We fabricated a dual gated hBN encapsulated stacked trilayer graphene (TLG) device for the non-local
resistance measurement using the standard dry transfer technique1. The process involved the mechanical
exfoliation of graphite and bulk hBN crystal on the SiO2/Si wafer to obtain TLG and thin hBN. TLG was
first identified under an optical microscope and was later confirmed via Raman spectroscopy. As shown in
Supplemental Fig. S1 (a), we observe two characteristic Raman peaks, which appear around ∼ 1580 cm−1

(‘G’) and ∼ 2960 cm−1 (‘2D’) and belong to the “graphene” family. Furthermore. the peak intensity ratio
and the spectral decomposition of the ‘2D’ peak into six Lorentzian (Supplemental Fig. S1 (b)) confirms the
(ABA) trilayer nature of the graphene flake2–4. As discussed in the main manuscript, the ABA character of
the used TLG flake was further confirmed in quantum Hall measurements.

The fabrication of the hBN/TLG/hBN/graphite involves the following process. First, a top hBN was
picked up at a temperature of 90◦C using a poly-bisphenol-A-carbonate-coated polydimethylsiloxane block
mounted on a glass slide attached to the tip of a micro-manipulator. The picked-up hBN flake was aligned
over the TLG flake, which was picked up at a temperature of 90◦C. Following a similar procedure, we picked
up the bottom hBN and graphite. The resulting heterostructure (hBN/TLG/hBN/graphite) was dropped down
on top of an oxidized silicon wafer (p++ doped silicon with SiO2) at a temperature of 180◦C. This final
stack was cleaned in chloroform (CHCl3) followed by acetone and isopropyl alcohol (IPA). The next step
involved electron-beam lithography (EBL) to define the contact region. Poly-methyl-methacrylate (PMMA)
was coated on the resulting heterostructure. The contact regions were defined using EBL. The edge contacts
were achieved by reactive ion etching (a mixture of CHF3 and O2 gas was used with a flow rate of 40 and
4 sccm, respectively, at 25◦C with RF power of 60 W), where the etching time was optimized such that the
bottom hBN is not etched completely. This is done to isolate the metallic contacts from the bottom graphite
that will serve as the back gate. Next, thermal deposition of Cr/Pd/Au (5/15/60 nm) was performed to make
the contacts in an evaporator chamber having a base pressure of ∼ 1× 10−7 to 2× 10−7 mbar and followed
by lift-off procedure in acetone and IPA. We again coat the PMMA on the resulting device and define the
top gate area using EBL. Finally, we did a thermal deposition of Cr/Au(5/60 nm) followed by the lift-off
procedure. The optical image of the final device is shown in Supplemental Fig. S2 (a).

After fabricating the device, we first study the zero-field back gate response of the device, as shown
in Supplemental Fig. S2 (b). The measured resistance data is fitted with the equation5–9

R = RC +
L

Weµ

√
n20 +

(
CBG(VBG−VDP )

e

)2 , (S1)

where RC , L, W , µ, and e are, respectively, the contact resistance, length, width, mobility, and electron
charge. The carrier concentration of the channel is given by CBG(VBG−VDP )

e with CBG and VDP being
the capacitance per unit area of the bottom graphite gate, and the voltage at the charge neutrality point,
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Fig. S 1: Raman Spectroscopy of Bernal stacked (ABA) trilayer graphene: (a) Raman spectrum of
the used “graphene” flake. (b) Zoomed Raman spectra around 2D peak. It is fitted well with the six
characteristic Lorentzian peaks of Bernal stacked (ABA) trilayer graphene.
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Fig. S 2: optical image and basic device characterization at zero magnetic fields: (a) Optical image of
the dual gated hBN encapsulated Bernal stacked trilayer graphene. (b) The four-probe resistance (measure-
ment configuration is shown in (a)) is plotted as a function of back gate voltage at T = 5.2 K. Open circles
show the experimental data and the red curve is the fit of data in accordance with Eq. (S1). From this fit,
extracted mobility was found to be ∼ 300,000 cm2V−1s−1.

respectively, and n0 is the charge inhomogeneity. The extracted mobility from the fitting was found to be ∼
300,000 cm2V−1s−1, indicating the high quality of the device.
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SM section-2: Measurement scheme of non-local resistance detection and absence of spurious non-
local voltage

Detecting the true non-local resistance requires a careful design of the measurement setup. One of the most
common artifacts that can give rise to spurious non-local resistance is the current leakage to the voltage
terminals due to the finite input impedance between the input and ground terminals. The origin and the
magnitude of this spurious non-local resistance can be simply understood with the basic schematic shown
in Fig. S3 (a). The magnitude of the spurious non-local voltage for the given schematic will be

V s
NL,amp =

VCRamp

Ramp +RA
− VCRamp

Ramp +RB
≈ (RB −RA)

VC
Ramp

, (S2)

where VC is the potential of the point C, and RA (RB) is the net resistance from point C to the input of
voltage metal lead terminal A (B). So any difference between RA and RB will, in principle, contribute to
this spurious non-local voltage signal. Since the typical values of RA and RB , should be of the order of
magnitude of the sample resistance Rsample, the magnitude of this spurious non-local resistance will be

Rs
NL,amp ≈ (RB −RA)

Rsample

Ramp
. (S3)

It is evident from Eq. S3 that using the high input impedance voltage amplifier Ramp will significantly re-
duce the magnitude of this spurious non-local resistance signal. In our experiment, the non-local voltage
was measured with a Stanford Research Systems SR830 lock-in amplifier after being amplified with a com-
mercial differential voltage amplifier SR560 (Ramp = 100MΩ) (see Fig. S3 (b)). Since the typical sample
resistance in our device was found to be ∼ 2.5 kΩ, the maximum magnitude of this spurious non-local
resistance will be of the order of 0.1Ω or less, which is at least two orders of magnitudes smaller than the
observed non-local resistance in our device.
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Fig. S 3: Non-local measurement schematic to eliminate spurious signal from the current leakage:
(a) A simple circuit model of the non-local resistance measurement set-up. This simple model is used to
estimate the upper bound on the spurious non-local signal due to the current leakage arising from the finite
input impedance of the voltage pre-amplifier. RA (RB) is the total resistance between the point C and the
metal lead A (B). (b) Schematic of the non-local voltage measurement with SR 560 voltage pre-amplifier.

SM section-3: Absence of heating effect for observed non-local resistance

To rule out the heating effect 10 as the origin of the observed non-local signal, we measure the current
dependence of the non-local resistance. Fig. S4 shows the plot of non-local resistance with density at 20,
50, and 100 nA of the excitation current. The measured non-local resistance was the same for three different
excitation currents, confirming the absence of a heating effect as the origin of the observed signal.
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Fig. S 4: Absence of heating effect for observed non-local resistance: The non-local resistance is plotted
for three different excitation currents of 20, 50, and 100 nA. As the plot shows, the measured signal is
independent of the excitation current, ruling out the heating effect as the origin of the observed non-local
resistance.

SM section-4: Length dependence of the non-local resistance

In Fig. S5 (b), we plot the gate response of the non-local resistance for three different channel lengths (L:
distance between the injection and detection terminals) of 4 (black), 8 (blue) and 12 µm (red) as can be
seen from the optical image of the device (Fig. S2a). A schematic for the measurement configuration is
shown in Fig. S5 (a). As the channel length is increased, the non-local resistance reduces significantly. To
understand the functional behaviour of this decrease with the sample length, we plot the peak values of the
non-local resistance as a function of the length, as shown in Fig. S5(c) and the data points are best captured
by a linear fitting. The linear decrease of the measured non-local signal with the length is in accordance
with edge-mediated transport. The length dependence of the non-local resistance has also been observed in
the quantum spin Hall phase and topological insulator samples, where the charge transport was dominated
mainly by the helical edge modes at the boundary of the sample11–16. As discussed later in the theoretical
section, there are edge modes in ABA TLG. The edge states are counter-propagating originating from the
K and K

′
valleys. Since the system is non-topological and only has a non-zero valley Hall conductance,

the counter-propagating modes are not protected by backscattering into each other. Thus, this transport can
be modeled by a dissipative transport along the edges. Such a circuit model has been studied in Ref. 16, and
the non-local resistance based on the resistor network is given by16

RNL ∝ 4l1l2
W (L+ l1 + l2)

RL, (S4)

where l1 is the distance to the current probe from the nearest end of the sample, l2 is the distance to the
voltage probe from the other end, L is the distance between the current and voltage probes, and W is the
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Fig. S 5: Length dependence of non-local resistance: (a) Schematic of the non-local resistance measure-
ment for three different channel lengths. The current is injected between contact 1 and 9, and the non-local
voltage is measured between contacts 2 and 8 (3 and 7 / 4 and 6) for 4µm (8µm/12µm) of channel length.
l1 is the distance to the current probe from the nearest end of the sample, l2 is the distance to the voltage
probe from the other end, L is the distance between the current and voltage probes, and W is the width of
the device. (b) The non-local resistance is plotted for three different channel lengths of L = 4 µm m (black,
R19,28), 8 µm (blue, R19,37), and 12 µm (red, R19,46). With increasing channel length L, the non-local re-
sistance reduces significantly. The first two subscripts of R19,28 correspond to the current injection contacts,
while the last two correspond to the voltage probes. (c) The peak value of the non-local resistances shown
in (b) is plotted as a function of the length L. The red line is the linear fit to these data points. The linear
decrease in the non-local resistance with sample length is consistent with edge-mediated non-local charge
transport.

width of the device. This simple resistor model captures the α = 1 scaling relations between the local
and non-local resistances. In our measurement configuration, as shown in Fig. S5 (a), the current injection
contacts are always fixed; hence l1 is constant. In the denominator of the Eqn. S4, the term W (L+ l1 + l2)

is constant because as we change the voltage probes, L increases but l2 decreases by the same amount. In
the numerator, we can replace l2 by L′−L, where L′ is the distance from the current injection contact to the
other end of the sample, which is fixed in our case. Hence,RNL in Eqn. S4 will be proportional to the length
L (RNL ∝ (L′ − L)). This simple model clearly explains the linear length dependence of our non-local
resistance. However, we would like to point out that the scaling relation α = 1 seen in our experiment
is quite different than the experimental results obtained by measurements done on bilayer graphene. In the
case of bilayer graphene, despite the presence of zig-zag edge modes, the bulk conduction dominates, giving
a cubic relation between RNL and RL as reported in Refs. 16 and 17.
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Fig. S 6: Temperature dependence of local and non-local resistances: (a/b) The peak resistance values
of the local/non-local resistance (lnRL,max, lnRNL,max) are plotted as a function of 1/T at a displacement
field value of D = −0.29 V/nm. Open circles represent the experimental data points, while the solid line is
the linear fit to these data points to extract the thermal activation gap. The activation gap extracted from the
local (non-local) resistance was 1.52 (1.74) meV. Insets show plots of local (RL) and non-local resistance
(RNL) as a function of the carrier density at D = −0.29 V/nm. Different colour traces in (a,b) correspond
to different values of the temperature ranging from 8 to 50 K.

SM section-5: Thermal activation gap from the temperature dependence of local and non-local resis-
tances

To extract the activation gap from the temperature dependence of the local and non-local resistances, we
plot the lnRL,max and lnRL,max (peak resistance value at Dirac point) versus 1/T . In Fig. S6 (a), lnRL,max

is plotted versus 1/T at D = −0.29 V/nm. The open circles represent the experimental data points, and
the solid line is the linear fit to the data points to extract the activation gap. The activation gap extracted
from the local resistance was found to be 1.52 meV. Similarly, to determine the activation gap from the
non-local resistance, lnRNL,max is plotted versus 1/T at D = −0.29 V/nm in Fig. S6 (b). Here also, the
open circles represent the experimental data points, and the solid line is the linear fit to the data points to
extract the activation gap. The activation gap from the non-local resistance measurement was found to be
1.74 meV. The insets of Figs. S6 (a) and (b) show plots ofRL andRNL as a function of the carrier density at
D = −0.29 V/nm, respectively. Different colour traces correspond to different temperature values ranging
from 8 to 50 K. To extract the displacement field dependence of scaling exponent α, we perform a similar
measurement at several values of the displacement field.
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SM section-6: Bulk and Edge mode dispersion of Bernal stacked (ABA) trilayer graphene at finite ∆

The non-local and local resistance have a scaling relation given by RNL ∼ Rα
L. The measurements show

that α = 1 for the range of displacement field from 0.2 V/nm to 0.5 V/nm. The value of α stays close to 1

up to a temperature of around 25K at which the temperature is close to the band gap. These observations
strongly suggest that the transport is dominated in this sample by edge modes. In this section, we show
theoretically that for trilayer graphene with displacement fields consistent with the experiments, the valley
Chern number is non-zero with a large value of 2.5 for a given valley and spin. This suggests the presence
of edge modes in the system, although they are not topologically protected. We show that the system does
host zig-zag edge modes for the displacement fields of our interest. A simple resistor circuit model then
explains the linear relation between the non-local and local resistance measurements.

Bulk properties of trilayer graphene in the presence of a perpendicular electric field: Considering
ABA stacked trilayer graphene with |Ai⟩ and |Bi⟩ representing the Bloch functions on the ith layer, the
Hamiltonian in the basis |A1⟩,|B1⟩, |A2⟩, |B2⟩, |A3⟩ and |B3⟩ has the following form close to the Dirac
point18,

H(p) =



H0 V W

V † H ′
0 V †

W V H0


,

where H0 =

(
0 v0p

∗

v0p δ

)
, H ′

0 =

(
∆

′
v0p

∗

v0p 0

)
, V =

(
−v4p∗ v3p

γ1 −v4p∗

)
, and W =

(
γ2/2 0

0 γ5/2

)
,

with p = px + ipy being the momentum as measured from the Dirac point. The different band velocities
are given by vi = 3aγi/2ℏ, where the γi’s are the couplings as described below, and a ∼ 2.46 Å is the
lattice constant, i.e., the distance between the two nearestA atoms in the same layer. The coupling γ0 comes
from hopping between nearest-neighbour sites within a layer. The parameters γ1, γ3 and γ4 are the nearest
interlayer couplings in this model. γ1 comes from coupling between the dimer atoms (B1 ↔ A2, A2 ↔
B3). Since this is a vertical coupling (see Fig. S7), the corresponding matrix element in the Hamiltonian
is independent of the momentum p. The parameter γ3 describes the couplings between the non-dimer
orbitals (A1 ↔ B2, B2 ↔ A3) and γ4 between dimer and non-dimer atoms (A1 ↔ A2, B1 ↔ B2,
A2 ↔ A3 and B2 ↔ B3). These couplings have an in-plane component (Fig. S7)) analogous to the intra-
layer nearest-neighbour hopping and therefore come with a momentum-dependent factor in the Hamiltonian.
The couplings between the first and third layers have strengths γ2 between the A sublattices and γ5 between
theB sublattices. The parameter δ is the on-site energy asymmetry coming from the sites which are involved
in the γ1 couplings and the sites which are not.
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Fig. S 7: (a) Lattice structure of ABA stacked trilayer graphene. The first and the third layer sit exactly on
top of each other, whereas the second layer has the atoms in the A sublattice right below the atoms in the B
sublattice on the first layer. Since these are positioned vertically above each other, the orbitals B1- A2 and
similarly A2- B3 are called dimer atoms. (b) Side view of the lattice with the intra- and interlayer couplings
marked.

Additionally, in the presence of the displacement field, the Hamiltonian becomes

H(p) =



H0 + U V W

V † H ′
0 V †

W V H0 − U


 , where U = ∆

(
1 0

0 1

)
. (S5)

We can block diagonalize the Hamiltonian by re-defining the basis as

1√
2
(|A1⟩ − |A3⟩), |B2⟩ ,

1√
2
(|B1⟩+ |B3⟩),

1√
2
(|B1⟩ − |B3⟩), |A2⟩ ,

1√
2
(|A1⟩+ |A3⟩). (S6)

In this basis, the TLG Hamiltonian takes the form18,

H =

(
H◦ D−
D+ H•

)
, (S7)

where H◦ (H•) is written in the first (second) three bases of Eq. (S6),
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H◦ =




−γ2/2 0 0

0 0 −
√
2v4p

0 −
√
2v4p

∗ γ5/2 + ∆
′


 , (S8)

H• =




−γ5/2 + δ 0 0

0 δ −
√
2v4p

0 −
√
2v4p

∗ γ2/2


 , (S9)

D+ =




v0p 0 ∆

0 v0p
∗ √

2γ1

∆
√
2v3p v0p∗


 , and D− = D†

+. (S10)

In D±, 2∆ is the potential drop between the top and bottom layers of TLG due to the application of
the external displacement field via local gating. It is related to the experimentally applied displacement field
D via the relation 2∆ = −( d⊥

ϵTLG
×D)e, where d⊥ = 0.67 nm is the distance between the top and bottom

layers of TLG, ϵTLG is the dielectric constant of the material, and e is the electronic charge.

We now plot the dispersion obtained for this model using the values of the parameters given in the
literature as follows: γ0 = 3.16 eV, γ1 = 0.39 eV, γ2 = −0.02 eV, γ3 = 0.32 eV, γ4 = 0.044 eV, γ5 = 0.038

eV, δ = 0.05 eV, and ∆ = 0.2 eV. From Fig. S9, we can clearly see that the bulk dispersion of TLG contains
a single Dirac cone and six other off-centred Dirac cones, which are emerging due to the interplay between
the trigonal warping and the layer asymmetry term ∆. The emergent new Dirac cones in the bulk band
dispersion were observed experimentally in quantum capacitance measurements of a high-quality, Bernal
stacked TLG sample19.

Valley Chern number calculation for trilayer graphene The Hamiltonian in Eq. (S7) is time-reversal
symmetric. Thus the total Hall conductivity σxy summed over the different valleys must be zero. But if we
look at a particular valley, we find that this system has a non-zero σVxy. We estimate this quantity using the
method of Fukui et al.20. For a system with n bands and |ψ(k)⟩ being the normalized wave functions in the
nth band, the total Chern number is given by

C =
∑

n,occ

1

2π

∫

BZ
dk (Fn)z, (S11)
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where the summation runs over all the occupied bands. The quantity (Fn)z is called the Berry curvature and
is equal to the curl of the Berry connection An = (An

x,A
n
y ). These quantities are given by

An = −i
(
⟨ψn(k)| ∂kx |ψn(k)⟩ , ⟨ψn(k)| ∂ky |ψn(k)⟩

)
, (S12)

and therefore
(Fn)z = (∇×A)z = −i

( ∂

∂kx
An

y − ∂

∂ky
An

x

)
. (S13)

We are interested in evaluating the valley Chern number numerically. Instead of integrating over the entire
Brillouin zone, we take a discretized segment of the (kx, ky) space around one of the Dirac points (K or
K

′
) about which we would like to calculate σVxy. We ensure that this space contains the Dirac point and the

six-off centred Dirac points of the trilayer graphene. Since most of the contribution to the Berry curvature
(Fig. S8 (b)) comes from these points, this is a valid region to work with. We then divide this region into
smaller plaquettes (see Fig. S8 (a)) and use Fukui’s method to calculate σVxy as follows. For the nth band,
we define a quantity

Un
dk(k) = ⟨ψn(k)|ψn(k + dk⟩), (S14)

where dk takes us to the next point in the chosen plaquette. The quantity Fn(k) is now written in terms of
Un(k) as

Fn(k) = −i log
(
Un
dkx(k)U

n
dky(k + dkx)U

n−1

dkx (k + dky)U
n−1

dky (k)
)
. (S15)

To understand this quantity better, consider the grid shown in Fig. S8 (a). Let the wave functions at (kx, ky),
(k+dkx, ky), (k+dkx, ky+dky) and (k, ky+dky) be denoted by ψ1, ψ2, ψ3 and ψ4 respectively as shown.
The quantity Fn for this (kx, ky) is then given by

Fn(k) = −i log(⟨ψ1|ψ2⟩ ⟨ψ2|ψ3⟩ ⟨ψ3|ψ4⟩ ⟨ψ4|ψ1⟩), (S16)

and the valley Chern number will then be

CV
n =

1

2π

∑

k

Fn(k). (S17)

The total valley Chern number is obtained by summing over all the occupied bands, namely, the valence
bands, since the Fermi level lies in the band gap. Due to time-reversal symmetry, we find that CK = CK

′
.

We find numerically that the valley Chern number CV for a particular valley has a finite value for all values
of ∆. The value of CV at K point changes from 2.5 to −0.5 close to ∆ = 0.27 eV as shown in Fig. S8
(b). This matches with the theoretical estimate of σVxy in Ref. 18. Our region of interest lies is the range
of ∆ from 0.02 eV to 0.05 eV where we have a finite CV of 2.5 giving σVxy = −(e2/ℏ)CV = 2.5(e2/ℏ).
This suggests that there is a possibility of having edge modes in the system. However, they would not be
robust to perturbations since the counter-propagating modes from K and K

′
valley can hybridize. In the

next section, we will explicitly look for edge modes in trilayer graphene within the range of ∆ of interest.
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Fig. S 8: (a) The discretized mesh grid of the k space used to evaluate the Chern number using Fukui’s
method. The quantity Fn(k) as defined in Eq. (S16) is then summed over all these plaquettes in the chosen
region of k space. The region is chosen such that all the contribution coming from the Berry curvature lie
within this region. As we can see from in Figure (b), the contribution from the k lying outside this region
is zero. (b) Surface plot of the Berry curvature for the third band (i.e., the valence band) of the system for
∆ = 0.05 eV, which is less than the critical field. We see that the contribution to the Berry curvature rapidly
goes to zero away from the six off-center Dirac points. (c) Surface plot of the Berry curvature of the valence
band for ∆ = 0.7 eV. Once again, the maximum contribution comes from the six off-centered Dirac points.

Presence of edge modes in trilayer graphene at finite ∆: As presented above, the experimental data
suggest linear scaling between the local and non-local resistance. This indicates the presence of edge modes
in the system, as will be discussed further in SM Sec. 7. We will first investigate theoretically if trilayer
graphene can indeed host edge modes at the values of ∆ of our interest. We implement the method described
by T. Morimoto et al. in their work18. We consider a semi-infinite system with a zig-zag boundary along
the x-direction. The edge modes on the left and right edges are given by the regions y > 0 and y < 0,
respectively. We note that the presence of armchair edge dilutes the contribution from edge transport as
it enhances valley mixing in the presence of atomic-size scatterers. Since the system is periodic in the
x-direction, px is a good quantum number. However along the y-direction, we need to replace py by the
corresponding operator p̂y = −iℏ ∂

∂y . The Hamiltonian can now be divided into parts dependent on and
independent of px, as Ĥ = Ap̂y +B(px). In the basis defined in Eq. (S6), these matrices have the form

A =




0 0 0 −iv0 0 0

0 0 −i
√
2v4 0 iv0 −i

√
2v3

0 i
√
2v4 0 0 0 iv0

iv0 0 0 0 0 0

0 −iv0 0 0 0 −i
√
2v4

0 i
√
2v3 −iv0 0 i

√
2v4 0




,

13



B =




−γ2/2 0 0 v0px 0 ∆

0 0 −
√
2v4px 0 v0px

√
2v3px

0 −
√
2v4px γ5/2 + ∆

′
∆

√
2γ1 v0px

v0px 0 ∆ −γ5/2 + ∆
′

0 0

0 v0px
√
2γ1 0 ∆

′ −
√
2v4px

∆
√
2v3px v0px 0 −

√
2v4px γ2/2




.

The Schrödinger equation Ĥψ = ϵψ then gives

∂

∂y
ψ = iA−1(ϵ−B)ψ = Cψ (S18)

where C is an eigenvalue of ∂/∂y. For a given px with an energy lying within the bulk gap, we look for a
wave function of the form exp(py,ny)un, where py,n and un are the complex eigenvalues and eigenvectors
of Eq. (S18). For this 6 × 6 Hamiltonian, we have six eigenvalues for every pair of values (px, ϵ). Out of
these, three eigenvalues have Re(py) > 0 and the other three have Re(py) < 0. For modes at the right
edge, lying in the region y < 0, we choose the eigenvalues for which Re(py) > 0 so that our wave function
decays into the system as we go away from the edge. For modes at the left edge, we take the eigenvectors
which have Re(py) < 0. The six-component general wave function for either region thus looks like

ψ =
3∑

n=1

CnUn, where Un = exp(py,ny)un. (S19)

From Fig. S10 (a), we can see that the atoms from theB sublattice form the right edge. This puts a condition
on the wave function of the atoms on the A sublattice and their components in the wave function are set to
zero. Thus we have |A1⟩ = 0, |A2⟩ = 0 and |A3⟩ = 0. This implies that in the re-defined basis, the wave
function in Eq. (S19) must satisfy the constraint



U1
1 U1

2 U1
3

U5
1 U5

2 U5
3

U6
1 U6

2 U6
3






C1

C2

C3


 =



0

0

0


 , (S20)

where U j
n is the jth component of the nth eigenvector and is a function of px and ϵ. For a given px, we look

for values of ϵ within the band gap such that the determinant of the matrix involving U j
n is zero. Similarly,

we calculate the allowed values of ϵ for the left edge. In this case, we consider eigenvalues with Re(py) < 0

with the boundary condition |B1⟩ = 0, |B2⟩ = 0 and |B3⟩ = 0.
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Fig. S 9: (a) Three-dimensional plot of the dispersion of TLG for ∆ = 0.2 eV close to the Dirac point. (b)
Contour plot for the same quantity showing the six off-centred Dirac points around theK point marked with
black circles. (c) The bulk dispersion for ∆ = 0.2 eV near the Fermi level as a function of px along lines
passing through the six Dirac points.

The displacement field used in the experimental measurements goes from D = 0.25 V/nm to 0.5

V/nm. The potential difference between the top and the bottom layer is 2∆ = −( d⊥
ϵTLG

×D)e, where d⊥ nm
is the distance between the top and bottom layers of TLG, ϵTLG is the dielectric constant of the material,
and e is the electronic charge. Substituting the literature values of d⊥ = 0.67 nm and ϵ0 = 4, we find that
the corresponding range of ∆ goes from 20 meV to 40 meV. In Figs. S10 (b) and (c), we have plotted the left
(red) and right (green) edge modes for ∆ = 10 meV and ∆ = 40 meV. For values of ∆ less than 20 meV,
we notice that these edge modes become less dispersive and might not effectively contribute to transport.
This supports the experimental data where the exponent α deviates from 1 for smaller values of D.
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Fig. S 10: (a) Zig-zag edge for trilayer graphene. The yellow-coloured atoms B1, B2 and B3 in the region
y < 0 form the right edge. The blue circled atoms A1, A2 and A3 in the region y > 0 form the left edge.
(b) The dispersion of trilayer graphene, along with the energies of the zig-zag edge modes, are plotted. The
green (red) curves correspond to modes on the right (left) edge. This plot is for ∆ = 10 meV. (c) The same
plot shows edge modes within the band gap for ∆ = 40 meV.

SM section-7: Various origins for non-local signal and their contributions

In this section, we discuss the few mechanisms that are believed to be possible origins of non-local signals
measured in graphene-based devices. (1) Classical ohmic contribution which can be calculated with the
well-known formula RNL = WRL

πL exp(−πL/W ), 17, 21, 22 where L is the separation between the current
and voltage probe and W is width of the device. (2) The non-local signal originating from the bulk valley
current due to the Berry curvature hot spots. This mechanism has been used to explain the findings reported
in graphene/hBN superlattice21 and gapped bilayer graphene16, 17 devices. (3) The edge-mediated non-local
charge transport due to topological18, 23, 24 or non-topological (charge accumulation at the physical edge of
the sample)25 edge modes. These three mechanisms have also been highlighted in the recent articles 26, 27.

The classical ohmic contribution can be estimated using the well-known equation mentioned above
and is ruled out in our experiment as its contribution is orders of magnitude smaller than the observed
non-local signal. The second mechanism (bulk valley current) is under debate. Theoretical work reported in
Ref. 28 pointed out that non-local resistance peaks cannot be taken as a signature of the anomalous velocities
produced by an electric field and a non-vanishing Berry curvature. A crucial point leading to this conclusion
was that the use of a semi-classical theory needs to be clarified because, in graphene/hBN superlattice and
gapped bilayer graphene experiments, the Fermi level was tuned to lie in an electronic gap, where transport
occurs in the tunnelling regime and a semi-classical formalism should not be used.

Now we discuss the third mechanism (edge-mediated transport), which is believed to be the possible
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origin of the observed non-local signal in graphene devices as supported by several theoretical articles23, 24.
However, it should be noted that these theoretical articles do not consider the charge accumulation effect
(non-topological edge) as the origin of the non-local signal, as reported for the non-aligned single-layer
graphene device25.

Non-topological (charge accumulation) origin of non-local resistance: The magnitude of the non-
local resistance due to the charge accumulation at the physical boundary of the sample can be calculated
using the equation 25

RNL =
WRL

πL
exp

(
−πL
λ

)
, (S21)

with

λ =W

√√√√√√1 +

2η

(
1 + π2

4

(1+η(µ2B2+1)
1+η

)2
)

1 + 2η 1+η(µ2B2+1)
1+η

. (S22)

where η, µ and B are the charge accumulation factor, mobility, and magnetic field, respectively.

As shown in Figure 2 (c) of the main manuscript, the estimated value of the non-local resistance due
to the charge accumulation factor of η = 0.7 (this is the typical charge accumulation factor reported in
Ref. 25), Rch, is one order of magnitude smaller than the observed non-local signal in our device. Further,
the linear decay of RNL with L (Fig. S5 (c)) rules out the charge accumulation contribution, which would
have scaled exponentially with the length as seen in eqn. S2125. The magnitude and its length dependence
provide us with enough grounds to firmly believe that the significant contribution to the non-local signal
observed in our devices is due to the dispersive edge modes predicted to exist in Bernal stacked trilayer
graphene under the application of a sufficient displacement field18 and is not due to the charge accumulation
effect 25.

The contribution from topological edge modes and non-topological edge modes (due to charge accu-
mulation) can co-exist in an edge-mediated transport mechanism. However, in the work of Aharon-Steinberg
et al25, the single-layer graphene sample was not aligned with hBN. Naively, one does not expect the pres-
ence of dispersive edge modes in single-layer graphene devices. Some edge modes can exist along the
zig-zag edge of single-layer graphene29. However, these edge modes are flat (non-dispersive) and do not
contribute to the transport. This is probably why charge accumulation was the dominant source of non-local
transport reported in Re. 25. As pointed out in Refs. 23, 24, the alignment with hBN (as in Ref. 21) helps
these edge modes to gain a dispersion effectively, and then they start contributing to the charge transport.
This shortcoming is further discussed in Ref. 27.

17



SM section-8: Thermal cycle

To strengthen the robustness and reproducibility of our data shown in the main manuscript, we perform
similar non-local measurements in a different thermal cycle of the device. A thermal cycle is meant to expose
the device from the low temperature to ambient temperature and atmospheric environment and further cool
down the device to low temperature from the room temperature in a different cool-down process. A thermal
cycle changes the disorder configurations and impurity concentration in graphene devices and, in principle,
can be treated as an entirely new device from the disorder configuration perspective. The results of the
local and non-local resistance measurements at T = 1.8 K temperature after the second cooldown are
summarized in Fig. S 11. Fig. S 11 (a, b) shows the color map of the local resistance (RL) and non-local
resistance (RNL) as a function of the displacement field D, and total density n. In Fig. S 11 (c), we plot
lnRNL versus lnRL as a function of n for different values of D from −0.20 to −0.50 V/nm. The data
points for these plots are extracted along the horizontal dashed yellow arrows shown in Fig. S 11 (a,b). The
inset of Fig. S 11 (c) shows lnRNL versus lnRL as a function of D for the different values of n close to the
Dirac point. The data points for the inset plot are extracted along the vertical dashed black arrows shown in
Fig. S 11 (a,b). The scaling analysis of Fig. S 11 (c) and its inset show that linear fitting of the plot lnRNL

versus lnRL gives a slope equal to one (α ≈ 1). Fig. S 11 (d) shows the scaling exponent (α) as a function
of the D. Scaling exponent (α) remains close to one only above a critical |D|≳ 0.2 V/nm, similar to the
plot shown in Fig. 3(a) of the main manuscript obtained during the first cooldown of the device. The data
in Fig. S 11 shows the robustness and reproducibility of the experimental results in two different cooldown
processes.
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Fig. S 11: Non-local charge transport in different thermal cycles of the device Color map of RL (a) and
RNL (b) as a function of total carrier density n and the displacement fieldD at T = 1.8 K. (c) Log-log plots
of RNL with RL. Open circles are extracted from Figs.(a, b) for different values of D (along horizontal
yellow arrows). The solid lines correspond to the linear fitting of the data points with slope ∼ 1. Inset:
Log-log plots of RNL with RL. Open circles are extracted from Figs.(a, b) for different values of n (along
vertical black arrows) near the Dirac point. (d) The scaling exponent α plotted as a function ofD at T = 1.8

K. For |D| < 0.2 V/nm, α deviates significantly from unity.
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