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Device Fabrication and characterization

We fabricated heterostructures of single-layer graphene (SLG) and trilayer WSe2, encapsu-

lated by single-crystalline hBN �akes of thickness ∼20-30 nm. The SLG, WSe2, and hBN

�akes were obtained by mechanical exfoliation on SiO2/Si wafer using scotch tape from

the corresponding bulk crystals. The thickness of the �akes was veri�ed both from optical

contrast under an optical microscope and Raman spectroscopy.
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The Raman data for SLG and trilayer WSe2 �ake are shown in Figs. S1(a) and (b)

respectively. For the graphene, the high intensity of the Lorentzian G' peak con�rms it to

be a single-layer.

The �akes were formed into a heterostructure using dry transfer technique1 using a

home-built transfer set-up consisting of high-precision XYZ-manipulators, the entire process

being performed under an optical microscope. Brie�y, the hBN was �rst picked up using

a Polycarbonate (PC) �lm at 90oC. This combination was then used to pick up the SLG

followed by WSe2 and hBN. The prepared stack was transferred on a clean Si/SiO2 wafer at

180oC and cleaned using chloroform to remove the PC, and this was followed by cleaning

with acetone and isopropyl alcohol. The heterostructure was then annealed at 250◦C for 3

hours.

Electron beam lithography was used to de�ne the edge contacts. The edge contact2 was

made by reactive ion etching (where the mixture of CHF3 and O2 gas was used with �ow

rates of 40 sccm and 4 sscm, respectively, at a temperature of 25◦C at the RF power of

60 W). The electrical contacts were �nally created by depositing Cr/Au (5/60 nm) followed

by lift-o� in hot acetone and IPA. The purpose of choosing Cr/Au is that it forms a very

high quality ohmic contact with gaphene,2 but at the same time it does not form any contact

with WSe2 due to high Schottky barrier and large di�erence in work function.3,4 Finally, the

device was etched into a Hall bar geometry. An optical image of the �nal device is shown in

the main text (inset of Fig. 1(b)).

To estimate the impurity density (n0) and �eld-e�ect mobility (µ) of the device, the

gate-voltage dependent resistance data were �tted by the equation

R = 2Rc + L/Weµ

√
n2
0 + (Vbg − V d)

2C2/e2, (1)

where Rc is the contact resistance, L and W are the channel length and width, respectively,

C is the capacitance per unit area, and Vd is the value of the back-gate voltage at the Dirac
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Figure S1: Room temperature Raman spectra for (a) the single-layer graphene and (b) the
WSe2 �ake.
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Figure S2: (a) Four probe resistance plotted as a function of gate voltage at 20 mK (shown
by a black curve) - the red curve is the �t to the data for the extraction of mobility (µ)
and impurity density (no). The µ of the device was ∼ 140, 000 cm2V−1s and the no was
2.2× 10−14m−2. (b) Plot of mobility (µ) vs charge carrier density (n) at 20 mK.

point. Fig. S2(a) is the plot of four probe resistance versus gate voltage. The red curve is

the �t using Eq. (1). The extracted no was ∼ 2.2× 1010 cm−2, and µ was found to be nearly

∼140,000 cm2 V−1s−1. Fig. S2(b) shows a plot of mobility versus charge carrier density

(n), the data was plotted using the equation µ = σ/ne, where n = C(Vbg − Vd)/e and σ is

conductivity. One can see that away from the Dirac point, the mobility is nearly independent

of n.
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Calculation of the dispersion relation

We extract the e�ective mass m∗ by �tting the normalized amplitude of longitudinal resis-

tivity to the relation:5,6

∆Rxx

R0

∝ 2π2kBTm
∗/ℏeB

sinh (2π2kBTm∗/ℏeB)
, (2)

where δRxx is the amplitude of longitudinal resistivity and Ro longitudinal resistivity at zero

magnetic �elds.

The e�ective mass can be written as

m∗−1 =
1

ℏ2
∂2E

∂k2
,

m∗−1 =
1

ℏ2
∂

∂k

(
∂E

∂Ak

× ∂Ak

∂k

)
. (3)

Using Ak = πk2, 2πkdk = ∂Ak yields

m∗−1 =
2π

ℏ2
∂E

∂Ak

,

m∗ =
ℏ2

2π

∂Ak

∂E
. (4)

For Ak = πk2 and for a linear dispersion of single layer graphene (E = ℏvFk), we have

Ak = π

(
E

ℏvF

)2

,

m∗ =
E

v2F
= ℏ

k

vF
,

m∗ = ℏ
√
πn

vF
=

√
π ℏ
vF

√
n. (5)

One can �t the experimentally obtained dependence of m∗ on n using the relation m∗ =

√
πℏnα/vF

7 keeping α and vF as �tting parameters. The �ts to the experimental data

shown in main text (see Fig.3(c)) yield α = 0.5± 0.02 and vF = 1.29± 0.04× 106 ms−1. The

value of α is nearly 0.5, establishing the dispersion relation between energy and momentum
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for SLG/WSe2 to be linear.8

Theoretical Modelling

The continuum Hamiltonian near the Dirac points used for �tting the experimental data has

the following terms:

H = ℏvF (ηkxσx + kyσy) + ∆σz + λKMηSzσz + λV ZηSz + λR(ηSyσx − Sxσy)

+

√
3a

2
[λA

PIA(σz + σ0) + λB
PIA(σz − σ0)](kxSy − kySx) (6)

The best �t gives hopping parameter t = 3979.10 ± 3.99 meV implying a large Fermi

velocity vF = 3ta/2 in this sample. We further note that the parameters in the Hamiltonian

which give the spin-split band gap in both conduction and valence bands are λV Z and λR.

The other parameters do not signi�cantly alter the dispersion in the region of experimental

data.

We also �nd that the best �t gives the values of λV Z and λR to lie on a circle of radius

2.51 meV giving a spin-split band gap of 5meV , such that

λV Z = 2.51 cos θ meV, λR = 2.51 sin θ meV, (7)

The two extreme cases are given by θ = 0 with only valley-Zeeman SOC and θ = π/2 with

only Rashba SOC are shown in Fig. S3. In absence of experimental data to �x θ, we take

the value of λR from literature and produce a plot for λR = 0.56 meV and λV Z = 2.45 meV

as shown in Fig. S3 (c). The actual dispersion of this sample will have a form very similar

to Fig. S3 (c).

5



(a) (b) (c)

Figure S3: (a) Energy Dispersion with θ = π/2 giving λR = 2.51 meV and λV Z = 0 meV .
(b) Energy Dispersion with θ = 0 giving λV Z = 2.51meV and λR = 0 meV . (c) The actual
dispersion has possible values of λV Z = 2.51 cos θ meV and λR = 2.51 sin θ meV for any
θ from 0 to 2π. We have chosen one such value from literature for λR giving θ = 13◦. This
gives the dispersion as shown above with λR = 0.56 meV and λV Z = 2.45 meV .
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