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Supplementary Figures

Supplementary Figure 1: Device conductance G vs. Vbg before and after current annealing.

Supplementary Figure 2: Data from another device at T = 260 mK a. G(V ) at n = U⊥ = 0.
The sharp peaks indicate ∆ ∼ 30meV for the device. b. G(U⊥) at n = V = 0. Note that the device
is insulating state at U⊥ = 0, but the conductance exceeds conductance quantum at |U⊥| > 70mV.
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Supplementary Figure 3: Conductance vs. filling factor in the quantum Hall regime. The
plateaus are well quantized at ν = 1 and 2

Supplementary Figure 4: Landau level gap for the ν =0 state vs. B⊥
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Supplementary note 1 : Hartree model of screening in ABC-stacked trilayer graphene

We self-consistently calculate screening of ABC-stacked TLG using a procedure similar to that for bilayer
graphene [1].In the presence of voltages applied to the gates, from Gauss’ Law, we have

n = n1 + n3 =
ε0εbVb
ehb

+
ε0εtVt
eht

, (1)

Us⊥ = −εtVtde
εrht

+
de2n3

ε0εr
. (2)

In these equations, e the electron charge, ε the dielectric constant, V the voltage applied to the gate, ε0 the permittivity
of vacuum, d = 0.67 nm is the distance between the outmost layers, h the distance between graphene and the gate,
n1 and n3 are the charge densities on the bottom and top layers of the trilayer, and εr is the dielectric constant of
the trilayer itself. The subscripts b and t indicate the back gate and top gate, respectively. Us⊥ is the potential across
the trilayer that is to be determined. Now the externally imposed interlayer potential is given by,

U⊥ =

(
εbVb
hb
− εrVt

ht

)
ed

2
. (3)

which gives

Us⊥ = U⊥ +
de2

2ε0εr
(n3 − n1). (4)

In r-TLG, inequivalent sublattices Ai and Bi are arranged in following sequence: one of the two-carbon atom sites
in both the top and bottom layer B1(A3) has a different near-neighbor carbon atom site in the middle layer A2(B2),
which leaves one-carbon atom site in the top and bottom layers A1(B3) without a near-neighbor in the middle layer.
Interlayer hopping on adjacent layer near-neighbor carbon atom sites leads to the formation of high-energy dimer
bands, which push the electron energy away form the Fermi surface, leaving one low-energy sublattice site per π
-carbon orbital in the outermost layers. The effective two-band Hamiltonian for r-TLG [2](

−U
s
⊥
2

v3

γ2
1
(px − ipy)3

v3

γ2
1
(px + ipy)3 Us⊥

2

)
, (5)

operates on the pseudospinor ψ†K = (ψ†A1,K
, ψ†B3,K

), where the ψ†i,K is the envelop wavefunction of sublattice i at

valley K, with the pseudospinor in valley K ′ ψ†K′ = τ̂xψ†K , τ̂x is the Pauli matrix in pseudospin space. The eigenvalues
and wave functions are

E = ±

√
(Us⊥)2

4
+
v6|p|6
γ4

1

ψ =

(
ψA1

ψB3

)
=

√
E − Us⊥/2

2E

(
1

−v
3|p|3
γ2
1

1
(E−Us⊥/2)e

3iϕ

)
eip·r/~, (6)

here v is the Fermi velocity of monolayer graphene, p is the momentum, γ1 ∼ 0.4 eV is the nearest neighbour interlayer
hopping energy, ϕ = tan−1(py/px), and ~ = h/2π where h is Planck’s constant. The layer densities can be calculated
from

n1 =
2

π~2

∫
|ψA1 |2pdp n2 =

2

π~2

∫
|ψB3 |2pdp (7)

For the hole-doped regime, the Fermi level is in the valence band, so

n1 =
2

π~2

∫ ∞
pF

(
E − Us⊥/2

2E

)
pdp =

n

2
+

2

π~2

Us⊥
4

∫ ∞
pF

pdp
Us⊥
2

√
1 + 4v6|p|6

γ4
1(Us⊥)2

. (8)

Defining xF = (4/((Us⊥)2γ4
1))1/3v2π~2n, we can express n1 as

n1 =
n

2
+

1

2π~2

(
(Us⊥)2γ4

1

4v6

)1/3 ∫ ∞
xF

dx√
1 + x3

=
n

2
+

1

2π~2

(
(Us⊥)2γ4

1

4v6

)1/3(
2.8−

∫ xF

0

dx√
1 + x3

)
. (9)
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Similarly,

n3 =
n

2
− 1

2π~2

(
(Us⊥)2γ4

1

4v6

)1/3(
2.8−

∫ xF

0

dx√
1 + x3

)
(10)

So that

n3 − n1 =
1

π

(
γ1

~v

)2(
Us⊥
2γ1

)2/3[ ∫ xF

0

dx√
1 + x3

− 2.8

]
. (11)

Substituting into Eq. 4, we obtain,

Us⊥ = U⊥ +
de2

2ε0εr

1

π

(
γ1

~v

)2(
Us⊥
2γ1

)2/3[ ∫ xF

0

dx√
1 + x3

− 2.8

]
. (12)

that can be solved numerically for Us⊥ for given U⊥ and n (the dependence on n comes through xF ). Note that
screening is more effective for smaller n, due to the larger density of states near the charge neutrality point.

Supplementary note 2 : Data from another device at B = 0

We have observed the intrinsic insulating state at n = U⊥ = 0 in 5 different r-TLG devices, with a gap ranging
from 20− 40 meV that can be suppressed by U⊥ of either polarity. Supplementary Fig.2 displays data from another
device at the charge neutrality point. The G(V ) curve displays a flat, insulating region around zero source drain bias,
and sharp peaks at ±30mV, indicating ∆ ∼ 30 meV for this device. This insulating state is completely suppressed
upon application of |U⊥| the zero bias conductance increases to ∼ 1.5e2/h at |U⊥| = 70 mV, indicating that this
interaction-induced gap can be closed by interplayer asymmetry of either polarity.

Supplementary note 3 : Screening length in an ABC trilayer

The interplay between band structure effects and interactions in an ABC trilayer allows us to define at least four
important length scales: i) The scale associated to the momentum beyond which the effects of the main interlayer
hopping term, γ1, are small, and the bands resemble those of three independent graphene layers, `⊥ ≈ vF /γ1, where
vF = 3γ0a/2, and a ≈ 1.4 Å is the distance between neighboring carbon atoms in a given plane, ii) The inverse of
the momentum at which the band structure changes smoothly from a cubic to a quadratic dispersion, `BS , iii) The
Fermi-Thomas screening length, `FT . This length goes to zero at the edge of a band which a cubic dispersion on
momentum, so that it should be estimated at the crossover momentum k ≈ `−1

BS . Finally, iv) the ABC trilayer has a
finite with, d ≈ 2× dBLG, where dBLG is the interlayer distance in bilayer graphene.

We assume in the following that γ4 � γ3 ≈ γ1 � γ0. The value of `⊥ is

`⊥ ≈ a
3γ0

2γ1
(13)

The bands at low energies are

εk ≈ ±
3

2

∣∣∣∣9γ3
0

4γ2
1

(ka)3e3iφk +
3γ0γ3

2γ1
(ka)2

∣∣∣∣ (14)

where φk = arctan(ky/kx). Using this expression, we obtain

`BS ≈ a
3γ2

0

4γ1γ3
(15)

The Fermi Thomas wavelength is

kFT ≈
8e2γ2

1

81ε0γ3
0kBS

(16)
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where ε0 is the dielectric constant, and kBS = `−1
BS . Using eq.15, we find

`FT ≈ a
9γ3

αγ1
(17)

where α = e2/(ε0vF ) is the fine structure constant of graphene.
We take γ0 = 2.7 eV, γ1 = 0.4 eV, and γ3 = 0.3 eV. In order to estimate the screening length, we assume that in a

suspended sample, ε0 = 1, and α ∼ 2.4. We finally take dBLG ≈ 0.34 nm. Then, the previous analysis leads to

`⊥ ≈ 1.4nm

`BS ≈ 6.4nm

`FT ≈ 0.4nm

d ≈ 0.7nm (18)

This analysis gives `FT <∼ d. This overestimates screening in the perpendicular direction, as the electronic states
which give rise to the screening cloud are given by a coherent superposition of waves localized in the top and bottom
layers. This state cannot be polarized in the direction normal to the layers. Screening in the perpendicular direction
should be such that `FT ≈ d.

Supplementary note 4 : Estimation of the Antiferromagnetic Gap

The cubic dispersion of r-TLG’s bands at low energies leads to a density of states that diverges as D(ε) ∝ ε−1/3

at low energies. Local interactions give rise to perturbations which should lead to a broken symmetry phase at
low temperatures. The divergence encountered when studying interaction effects within perturbation theory is more
severe than the logarithmic divergence found in graphene bilayers. We expect the broken symmetry phase to be more
stable in a graphene trilayer than in a graphene bilayer. The renormalization group methods that can be applied in
a bilayer [5, 6, 12] do not work for a trilayer, but, on the other hand, we expect that a mean field analysis should be
more reliable, as the low temperature phase is more robust.

A classification of possible gapped phases in an ABC trilayer has been discussed in [13], and a calculation of
relative energies can be found in [14]. For a bilayer with short range interactions the most likely phase is either
a layer antiferromagnet or a nematic phase [16, 17]. In particular, an on site Hubbard interaction leads to a layer
antiferromagnet [18]. We present here a simple analysis of a gapped layered antiferromagnetic phase (note that a
nematic phase is gapless) using mean field theory, see also [14]. The magnitude of the local interactions in graphene and
graphite is not determined, but different estimates suggest that the Hubbard onsite interaction is U ≈ 5−10eV [19, 21].
We use an effective Hamiltonian reduced to two sites, one in the top and the other in the bottom layer (see Eq. 5)
and a local Hubbard interaction

Hint = U
∑
i

(
ni↑ −

1

2

)(
ni↓ −

1

2

)
(19)

where the label i runs over all sites in the reduced hamiltonian. We assume that an antiferromagnetic gap, ∆, emerges
at low temperatures. The mean field equations give

∆ = U (〈n↑〉 − 〈n↓〉)

1 =
UΩ

2π

∫ ∞
0

kdk√(~3v3F k
3

γ2
1

)2
+ ∆2

4

(20)

where Ω = (3
√

3a2)/2 is the area of the unit cell. Thus we find

∆ ≈ 2×
(

cUΩ

2π~2v2
F

)3

γ4
1 = 2×

(
c

π
√

3

)3
γ4

1U
3

γ6
0

(21)

where c =
∫∞

0
dx/
√

1 + x3 = [2Γ(1/3)Γ(7/6)]/
√
π ≈ 2.8. We note that U has only been theoretically estimated, but

never experimentally measured for graphene. For γ0 ≈ 2.7eV, γ1 ≈ 0.4eV, and U ≈ 10 eV, the antiferromagnetic gap
∆ ≈ 18 meV. This value is lower than the experimental result.
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The previous analysis, however, neglects the long range part of the interaction. In single layer and in multilayered
graphene, exchange processes associated to the q → 0 part of the interaction can enhance preexisting gaps, or even
trigger their existence[22, 23]. Screening in an ABC trilayer is determined by the polarizability[24]

χ(~q) = N
∑
~k

1− cos
(

3θ~k+~q/2,~k−~q/2

)
2

 1

~3v3
F /γ

2
1

(∣∣∣~k + ~q/2
∣∣∣3 +

∣∣∣~k + ~q/2
∣∣∣3) =

cχγ
2
1

~3v3
F |~q|

(22)

where cχ ≈ 0.24, N = 4, and θ~k+~q/2,~k−~q/2 is the angle between vectors ~k + ~q/2 and ~k − ~q/2. Using the RPA, the

effective interaction becomes v~q ≈ χ−1(~q). The correction to the gap can be written as

δ∆(~q) ≈
∑
~q′

v~q−~q′
∆0(~q′)

(~3v3
F~q
′3)/γ2

1

(23)

We make the ansatz that ∆0 is independent of ~q. Then, we obtain the approximate scaling equation

Λ

∆

∂∆

∂Λ
≈ 1

2πcχ
(24)

where Λ is a high momentum cutoff. This equation leads to the new, ∆, including self consistently the exchange
effects

∆ex ≈ ∆
(γ1

∆

) α
1+α

(25)

where α ≈ 1/(6πcχ), and we assume that the high momentum cutoff is such that (~3v3
FΛ3)/γ2

1 ≈ γ1. This analysis
leads to an enhancement of the gap by about a factor of two.

Finally, the total spin per carbon atom in a given layer is

s = ±∆

U
× µB (26)

where µB is Bohr’s magneton. For the gap estimated in eq.(20) we find s ≈ ±10−3µB .
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