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Supplementary Note 1: Electrostatic model

We analysed the electrostatic properties of our tunnel transistors using a parallel-plate capacitor model [1-3]. The
model includes the effect of the low density of states in graphene that only partially screens the gate electric field.
We obtain the following simultaneous equations:

eV, = ug — pr — AED, (S1)
e’D.(nT +n
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where pup,t and np 1 are the chemical potentials and carrier densities on the bottom (Grg) and top (Grr) graphene
layers, respectively, D, = 26 nm is the hBN substrate thickness, e, = 3.2 is the relative permittivity of the hBN
substrate, and v is the Fermi velocity in graphene. AFEp is the energy band offset between the Dirac points top and
bottom layers and is given by

24
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where Fj, is the electric field in the barrier layer.

In a quantising magnetic field, B, and neglecting the many-body effects discussed in the main text, the density of
states is transformed into a set of peaks centred on the Landau level (LL) energies Ex = fiv/2Nuvr /lp, where N is the
LL index, and Iz = y/i/eB is the magnetic length. We model the density of states, A(F), using a set of Gaussian
functions [2] which ensures convergence at low magnetic fields:

2N (L EEN?
AE) = T8 ot NZ p( 2T ) (54)

=—00

We neglect the N-dependent broadening of the LLs. The relation between n and p is given by n =
JsS A(E) f(E, p)dE where f(E,pu) is the Fermi-Dirac distribution function. At low temperatures an approximate
formula is given by n = foﬂ A(E)dE. These equations are solved self-consistently to find the electrostatic configura-
tion for a given W, and V.

To model the tunnel current through the barrier, we use the Landauer-Biittiker approach described in [3] where
the current through the defect can be shown to be

I x /(fB - fT)A(E)Almp<E - AED/Q)A<E - AED)CZE, (85)

where Aimp(E) = exp(—E?/20?) is the broadened spectral function of the impurity state with width o; at the centre
of the barrier, and fg 1 are the Fermi-Dirac distributions in the bottom and top graphene layers, respectively.
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Supplementary Figure 1. Colour maps of the differential conductance G(Vz, V%) at T'= 1.6 K and B =1 T (panels a and b)
and B =4 T (panels ¢ and d). Panels a and ¢ are the measured maps and panels b and d were calculated using the model
presented in Supplementary Note 1.

The colour maps in Supplementary Figure 1 show a comparison between the measured and modelled G(Vg, V4)
maps when B =1 T and 4 T. The good agreement between the maps demonstrate the validity of our electrostatic
model.

Supplementary Figure 2 shows the colour map of G(V, V4,) in a magnetic field of B = 3.75 T, corresponding to the
plot in Fig. 2b of the main text. The panels labelled i, ii and iii show the electrostatic configuration of the device for
each of the peaks in the conductance map. The schematics show the position of the chemical potential in each layer
and the LL alignments, as discussed in the main text and determined using our electrostatic model.
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Supplementary Figure 2. Colour map of the measured G(Vg, V) at B =3.75 T and T = 4.2 K, see Fig. 2b of the main text.
The panels labelled i, ii and iii show the electrostatic configuration and LL alignment for the peaks in G labelled i, ii, and iii
in the colour map.



Supplementary Note 2: lifting of spin and valley degeneracy

Supplementary Figure 3 shows the colour map of G(V4, V) measured at 7' = 0.3 K and B = 3.75 T over a wider
range of V; and Vj}, than Fig. 2 of the main text. As discussed in the main text, the Coulomb gap emerges at low
temperatures and is observed as a conductance minimum when 13, = 0 and for V; = 1.4 - 1.8 V, see arrow labelled A
in Supplementary Figure 3. Its bias-voltage position at 1}, = 0 is gate-voltage independent.

We also observe a different type of “splitting” of a conductance peak at low temperatures, in particular, the
conductance peak labelled V-S at V; = 0.6 V and V}, = —0.12 V, which is split into 4 sub-peaks due to lifting of spin-
and valley degeneracy of the LLs. Our electrostatic model indicates that in this region of the plot, electrons tunnel
between the Ng = 2 and Ny = 1 LLs, with the chemical potential in the bottom layer, up, energetically aligned
with the “zeroth” LL in the bottom layer, see schematic diagram inset in Supplementary Figure 3. With increasing
gate voltage, the filling factor in the bottom layer varies between vg = —2 and 2 (the minus sign indicates holes).
In this case, as the gate voltage is increased, the chemical potential in the bottom layer is successively pinned, and
then jumps between the valley- and spin-split LLs as they are filled, giving rise to the series of four sub-peaks in the
conductance. Consequently, the splittings of feature V-S have a finite slope of 6V, /dVi, = —0.3. We only observe
this phenomena for the Ng = 0 LL. We do not observe splitting of neighbouring conductance peaks corresponding
to those with higher LL indices. The splitting of the LLs in the top graphene layer should also have a gate-voltage
dependence, although we do not see evidence of splitting of the LLs in the top graphene layer in this device. Refs.
[4-6] discuss the effect of spin and valley degeneracy lifting on the tunnel current in more detail. Thus, spin and valley
splitting is observed in the conductance in a very different way to the minima in conductance V;, = 0. In particular,
the Coulomb gap is a gate-voltage independent feature observed as a vertical “gap” in the colour map. Therefore,
we discount degeneracy lifting as an explanation for the phenomenon we ascribe to the formation of a Coulomb gap.
Furthermore, we only observe the gate voltage-independent splitting of the conductance peak at V3, = 0, which is
consistent with our understanding of the mechanism of the formation of the Coulomb gap that arises due to the
interaction of a low-energy tunnelling electron with the electron liquid.
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Supplementary Figure 3. Measured colour map of G(V4,V;) when B = 3.75 T and T = 0.3 K. Inset shows the electrostatic
configuration of the device for the valley-spin “split” conductance peak labelled V-S.
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