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Samples consisting of a few layers of graphene obtained by thermal decomposition of SiC were studied by
means of transport experiments at 4 K and in a magnetic field up to 7 T. Transport data show that the samples
have a two-dimensional character. Magnetoresistance has an approximately linear character at high magnetic
fields, which has been previously observed in graphite samples, and a negative magnetoresistance, at low magnetic
fields. The transverse resistivity ps, is nonlinear as a function of B, which can be described using a many-carrier

model.

PACS numbers: 73.21.Ac, 72.20.Fr, 73.43.Qt, 73.63.Bd

1. Introduction

For the last several years there has been a growing
interest in graphene — a single layer of graphite. Its
physical properties make it interesting for basic physics
and promising for high speed and high power electronics.
However, the development of graphene technology de-
mands methods of large scale production. One of them
is the thermal decomposition of SiC. This work shows
preliminary transport measurements made on a few-layer
graphene obtained with this method.

2. Samples and experiment

The graphene layers were obtained with thermal de-
composition of Si atoms from a semi-insulating on-axis
4H-SiC (000-1) [1]. Two samples were investigated:
#313, having about 6 graphene sheets and #337 with
about 20 graphene sheets, as estimated by means of ab-
sorption measurements [2]. Both were 4 x 2 mm? large
and structurally inhomogeneous with graphene flakes
reaching 1.5 pm. Electrical ohmic contacts have been
made with indium, in a Hall-bar configuration.

Transport studies have been performed at liquid he-
lium temperature, with magnetic field ranging up to
7.5 T. At 4.2 K the two samples have substantially dif-
ferent resistivities: p ~ 16.5 k) for #337 and p =~ 700 Q2
for #313. This is counterintuitive, because the thinner
sample has the lowest resistivity. It implies either a large
difference in carrier concentrations, or additional struc-
tural degradations in the thicker sample.

3. Results and discussion

The samples, consisting of a few layers, were expected
to have two-dimensional character. In order to verify this
thesis, the dependence of resistance on magnetic field di-
rection was measured. Figure 1 shows the results ob-
tained for one of the samples in the two configurations:
field perpendicular to the plane of the layers and in the
plane. In the former case, one can observe an increase of
the resistance of about 70% for maximum field, whereas
in the latter, the change is negligible. The qualitative dif-
ference between “_L plane” and “in-plane” configurations
allows us to conclude that the observed effect was an or-
bital (and not a spin) one and that, indeed, the layers
show a two-dimensional character.

3.1. Magnetoresistivity

Figure 1 shows the measured resistivity for the two
samples studied. Regardless the differences in the mag-
nitude, the magnetoresistance shows many common fea-
tures for both samples. First, there is a negative magne-
toresistance observed at low magnetic fields with a char-
acteristic maximum at B = 0 T. The half-width of the
maximum is about &~ 1 T for sample #337 and ~ 0.2 T
for sample #313. The detailed shape of p(B) differs
when measured on different contacts for the same sample,
suggesting problems with inhomogeneities or anisotropy.
Therefore further studies are needed to determine if
the negative magnetoresistance is due to weak localiza-
tion [3], classical non-Markovian processes [4] or other
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phenomena [5]. Second, there is an almost linear depen-
dence of resistivity on B in the range 1-7 T. The rela-
tive amplitude of the magnetoresistance is much higher
in sample #313 (70%), suggesting that this sample has
the highest mobility. Such a linear trend is also observed
in high oriented pyrolytic graphite (HOPG) [5]. The ori-
gin is still unclear and could be due to the disorder [6]. In
the following, we neglect the disorder and we explain the
behaviour of the resistivities with a multi-carrier model.
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Fig. 1. The longitudinal resistances measured as a

function of magnetic field B. Black lines: #313 mea-
sured with B perpendicular to the layer (solid line) and
with B parallel to the layer (dashed line). Grey solid
line: #337 with B perpendicular to the layer.

3.2. Resistivity tensor and mobility spectrum

The measurements of a full resistivity tensor have
been performed for sample #313. Both longitudinal and
transverse voltages were measured for two directions of
magnetic field and current and magnetoresistance ten-
sor was calculated (see Fig. 2a). The Hall component
(pzy) is negative, indicating dominant electron conduc-
tance. A rough linear fit gives a Hall concentration
ne = 1.5 x 101 cm™2. However, p,, (B) shows a nonlin-
earity. Nonlinear behaviour can in principle be explained
by the presence of many conductance channels. In or-
der to check what channels are needed to fit the data, a
mobility spectrum analysis [7] was performed. Being be-
yond the Drude model, the negative magnetoresistance
peak close to B =0 T has not been taken into account.

Results corresponding to the best fit are presented in
Fig. 3. Several channels of conductance of both electrons
and holes are needed in order to fit p,, and pyy. It is
obvious that one should be very careful with such re-
sults — the presence of many channels in the mobility
spectrum may signify that the true mechanism behind
the data is different. Nevertheless, three main contri-
butions give a correct fit: holes (u ~ 8000 cm?/(Vs),
ns = 2.0 x 10! em™2), electrons (5000 cm?/(Vs),
ns = 2.0 x 10 cm™2) and low mobility carriers
(p < 1000 em?/(Vs), ng > 5.0 x 10'3 em™2). The lat-
ter most probably reflects the charge at the interface,
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Fig. 2. (a) Resistivity tensor: pr» (black line) and pay

(grey line) measured as a function of magnetic field per-
pendicular to the layer, (b) dpzy/dB curve revealing
oscillations.

which has already been observed [8] and also fairly cor-
responds to the linear trend of the classical Hall effect.
The presence of electrons with a relatively high mobility
is much more controversial because they should be visible
in the quantum oscillations at high field. Therefore we
performed additional measurements.
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Fig. 3. Results obtained by the maximum entropy mo-
bility spectrum [7]. In this method, no specific formulae
are used to fit the resistivities. At the contrary, the fit
of the resistivities gives the conductivity as a function
of mobility, and then this conductivity should be com-
pared with existing theories. (a) Partial conductivities
as a function of the mobility. Negative mobility stands
for electrons, positive — for holes. (b) Fit of the exper-
imental data obtained with this method.

A small alternating magnetic field (of amplitude 1 mT
and frequency 14 Hz) was added to the direct B com-
ponent and a derivative of p,, and ps, over magnetic
field was measured. The dp,,/dB curve is presented in
the inset to Fig. 2. A few oscillations were resolved. We
attribute them to the Shubnikov-de Haas oscillations in
the graphene planes. A rough estimation of the mobility
can be made, knowing that the oscillations start at about
1.5 T. The corresponding mobility equals 7000 cm?/(V's),
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with ng = 1.310 ¢cm™2. Therefore these results are in
fair agreement with the mobility spectrum analysis.

4. Conclusions

Transport properties of epitaxial graphene layers,
grown on C polarity were studied. The two samples
have linear magnetoresistance, similarly to graphite sam-
ples. They are two-dimensional, inhomogeneous and
highly disordered (with a probable weak localization
peak). Several observations suggest that sample #313
is less disordered. In this sample, the mobility is about
7000 cm?/(V s) for both electrons and holes. Several con-
duction channels have to be invoked in order to explain
both the curvature and the slope of the Hall resistance
as well as the observation of weak Shubnikov—de Haas
oscillations.
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