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We have performed magneto-transport experiments in
bilayer and trilayer graphene, at temperatures between 2
and 190 K and magnetic ﬁelds up to 22 T. Here we study
the observation of the quantum Hall effect in bilayer and
trilayer graphene. We have observed the quantum Hall
plateaus at ν = 4, 8, 12, 16, 20 in bilayer graphene and

the quantum Hall plateaus ν = ±6 and studied their temperature dependence. We have also studied the symmetry
properties which are related with different contact conﬁgurations and describe the method used to study inhomogeneous samples
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1 Introduction Graphene is a fascinating material
that has been studied in several investigations due to its
unique electronic properties, which are interesting to study
because of the theoretical concepts involved and its potential applications [1–5]. The electronic properties of
graphene caused by its electronic band structure leads
to unusual solid state effects, such as the massless dirac
fermions in two dimensional electron gas and the anomalous quantum Hall effect (QHE) [1–8].
The resulting series of the quantum Hall plateaus
for monolayer graphene is ν = ±2, ±6, ±10, ±14, ... ,
whereas it is ν = ±4, ±8, ±12, ±16, ... for bilayer
graphene (see Fig. 3). Because of the experimental observation of these series for the QHE in graphene [6–8] the
electronic properties of graphene and multilayer graphene
has been extensively investigated. In particular, QHE in
trilayer graphene (TLG) has also been investigated since
its band structure depends on the interlayer stacking sequence [9–13].
Here we show the QHE in both bilayer and trilayer
graphene. In particular, we show the presence of the ν =
±6 integer quantum Hall plateau in trilayer graphene. Furthermore, we will show a non symmetry arising due to

the presence of a density gradient which is enhanced upon
the reversal of the magnetic ﬁeld. This result has been
previously observed in 2DEG [14] and more recently in
graphene [15, 16].
2 Experimental methods The samples have been
fabricated by means of mechanical exfoliation of natural
graphite. They were placed on different thick Si wafers
covered by a 300 nm thick SiO2 layer.
Using optical microscopy and micro-Raman measurements we determined the number of layers present in the
graphene ﬂakes. We measured the Raman scattering spectrum of the TLG Hall bar at room temperature, using a
micro-Raman set-up with laser light excitation at 1.96 eV
with ∼ 1 mW/μm2 power density. Figure 1 shows the characteristic Raman scattering “2D” band of the sample under study. Lui and co-workers [17] recently shown that the
peculiar shape of the 2D Raman band provides a powerful tool for the analysis of the stacking in TLG. The Raman spectrum of our trilayer graphene device reported in
Fig. 1 exhibits the multi-component feature characteristic
of TLG, and according to Ref. [17] suggests the presence
of a Bernal-stacking ABA. The inset of Fig. 1 depicts an
© 2012 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 1 Raman spectrum of the TLG device used in this work.

The inset shows a scheme of the two Hall bars used and the
contacts labeled.

optical image of the ﬂake exfoliated and the Hall bar to
be processed. The process procedure is done as follows:
the Hall bar geometry was deﬁned by means of photolithography (LaserWriter, 405 nm wavelength) with a “liftoff” process, and a bilayer stack of PMGI and S1805 was
used for the resist. The contacts (50 Å of Ti followed by
500 Å of Au) were deposited by e-beam evaporation while
the undesired parts of the ﬂake were removed using oxygen/argon plasma etching. The remaining graphene was
protected with PMMA.
The temperature of the samples was set from 1.9 K up
to 190 K using a 4 He cryostat. All the measurements were
performed using standard ac lock-in techniques and four
probe measurements. We applied an excitation current of
I = 50 nA which was obtained by applying 5 V with frequency below 15 Hz to a 100 MΩ series resistance. This
current ﬂowed from contact S to D (see inset in Fig. 1).
Also, pre-ampliﬁers with a gain of  100 were used to
measure simultaneously the voltage drop V1−3 , V1−2 and
V3−4 between the contact pairs 1 − 3, 1 − 2 and 3 − 4 (see
inset of Fig. 1). A 10 MW resistive magnet was used to apply a magnetic ﬁeld up to 22 T perpendicularly to the TLG.

3 QHE in bilayer and trilayer graphene For the
bilayer sample, we deﬁne the longitudinal resistance as
Rxx = (V1−2 /I) and the Hall resistance is deﬁned as:
Rxy = (V1−3 /I). The Dirac point of this sample is at
25 V (see Fig. 2). We have characterized the bilayer sample by ﬁtting the slope of the linear part of Hall resistances
measured at different gate voltages. With this procedure
we have obtained the carrier density at different gate voltages and we have used the value of the resistance at no
magnetic ﬁeld to calculate the mobility. The gate voltage
varied from −40 V up to 14 V, the values of both the mo-
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Figure 2 Longitudinal resistance measured at magnetic ﬁeld
B = 0 T using the gate voltage as driving parameter. The Dirac
point was found at VG = 25 V. The carrier density in the hole-like
regime is shown in red.

bility and the density at the different gate voltages are:
Vgate (V)
-40
-20
-10
0
10
14

n2D (1012 cm−2 )
4.5
3.2
2.4
1.6
0.9
0.7

μ(cm2 /Vs)
3800
3600
3557
3400
3127
2800

In Fig. 3 we show the QHE observed in a bilayer
sample. This QHE differs from the QHE observed previously in monolayer graphene and reveals a new series of
plateaus ν = ±4, ±8, ±12, ±16, ... not observed in monolayer graphene.
For the trilayer sample, we obtain the Hall resistivity
using ρxy = V1−3 /I, and the longitudinal resistivity is
obtained using ρxx = (V1−2 /L) / (I/W ). In Fig. 5 we
show the Hall and longitudinal resistivities as a function of
the magnetic ﬁeld.
We obtain the mobility μ and 2D carrier density from
the Hall and the longitudinal resistances at low magnetic
ﬁeld. The carrier density increases with increasing temperature, as expected for the semi-metallic TLG [9]. Unfortunately, we were not able to change the carrier concentration using the back gate voltage since there was a leak
in the dielectric. Nevertheless, it has been shown that the
carrier concentration can be changed using the back gate
voltage [13].
We can see in Fig. 4 Hall resistivity shows the QHE
with the presence of the ν = ±6 plateau. From the slope
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Figure 4 Hall (ρxy ) resistivity versus B at temperatures 4.5, 70
and 190 K. The quantum Hall plateau at ν = ±6 corresponding
to ρxy = h/6e2 is visible up to 70 K.

Figure 3 Measurements of the quantum Hall effect performed
in a bilayer graphene ﬂake at 2 K using the magnetic ﬁeld as
driving parameter at different gate voltages, varying from −40 V
up to 14 V. The ﬁlling factor series for bilayer graphene ν =
4, 8, 12, 16, 20, ... is observed.

of the Hall resistivity we obtain the value of the carrier
density n2D = 2.04×1012 cm−2 and from the longitudinal
resistance at 0 magnetic ﬁeld we estimate a mobility of
μ = 3750 cm2 /Vs. For the density n = 2.04 × 1012 cm−2
of our sample at 4.5 K we calculate a ﬁlling factor ν = 6
at a magnetic ﬁeld of B = nh/eν ∼ 14 T.
Once this analysis is performed, we calculate the components of the conductivity tensor by means of the usual
relations
ρxx
σxx = 2
(1a)
ρxx + ρ2xy
σxy =

ρxy
+ ρ2xy

ρ2xx

(1b)

In Fig. 6 the components of the conductivity tensor
σxx and σxy (calculated by means of Eq. (1a) and (1b))
at temperatures from 2 K up to 190 K as a function of
the magnetic ﬁeld are displayed. Concerning σxy , we can
see a plateau at σxy = 6e2 /h corresponding to ρxy =

www.pss-c.com

Figure 5 Longitudinal resistivities (ρxx ) versus B at temperatures 4.5, 70 and 190 K.

−h/6e2 ∼ −0.16h/e2 . Some features observed at lower
magnetic ﬁeld suggest the presence of other unresolved
quantum Hall plateaus. The Shubnikov-de Haas oscillations for our sample mobility are expected to begin for
B ∼ 3 T, so we can take this point as the beginning of
the QHE regime. As mentioned above, the existence of
a series of quantum Hall plateaus in TLG at ﬁlling factors ν = ±6, ±10, ±14, ... has been theoretically predicted [10]. Therefore, when the density is that which corresponds to the density at 4.5 K, we should expect the
ν = 10 QH plateau at B ∼ 7.7 T and the ν = 14 at
B ∼ 5.5 T. In Fig. 6 the Hall conductivity takes values
close to −10e2 /h for magnetic ﬁelds between 5 and 8 T.
4 Conclusions In conclusion, we have measured the
quantum Hall effect in bilayer and trilayer graphene Hall
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Figure 6 Hall conductivities of the trilayer graphene sample re-

ported in fundamental units B at temperatures between 2 and 190
K. The quantum Hall plateau at ν = −6 with σxy = −6e2 /h is
clearly evident at temperatures < 70 K.

bar observing the presence of the The resulting series
of the quantum Hall plateaus for monolayer graphene is
ν = ±4, ±8, ±12, ±16, 20, ... series for bilayer graphene
and ν = ±6 plateaus. We study the QHE dependance
on the gate voltage for the bilayer device and the QHE
dependance on temperature which is compatible with the
expected features in the quantum Hall regime.
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