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Recently two-dimensional graphene has generated intense research interest[1], especially after
the fabrication of the first field-effect graphene based device[2]. However, apparently there have
been no reports of high electric field behavior in bulk graphene to date. Here, we report ensemble
Monte Carlo (EMC) studies of velocity saturation in intrinsic graphene at room temperature (Fig.
1). The parameters for the phonon scatterings were obtained from fitting experimental datal3] of
graphene sheets in a variety of dielectric media, in which mobilities as high as 44,000 cm?/Vs were
observed at 300 K. In our work, velocity saturation was clearly observed at low carrier density
(<5x1012 ¢cm?). Saturation velocity as high as 2.7x107 cm/s was achieved at the lowest density
(5x10! ¢cm2). But, the high field velocity and saturation properties are a definite function of the
carrier density. Only scatterings due to the acoustic phonon and the A point intervalley optical
phonon were considered in the simulation. First order TA scattering and ripple modes have been
considered but do not contribute to these results[4]l. As the density increases, the onset value
increases and the saturation velocity decreases. These effects are due to graphene’s unique
bandstructure, which is governed by Dirac-like behavior near the zero band gap at the A and K~
points in the zone. At low density, the Fermi energy lies very close to the Dirac point and therefore
the electrons have smaller effective mass than their counterparts at high density. Due to this
smaller mass, they can achieve higher saturation velocity. Furthermore, electrons can gain
momentum faster at lower density. But the energy and the scattering also increase with
increasing momentum and, as a result, the onset of velocity saturation occurs earlier, at a lower
field, than for higher density. Similar saturating behaviors were also reported before for carbon
nanotubes and top gated graphene field effect devices[5,6]. The low density velocity saturation
suggests that graphene can be a good choice for low power application.
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