Electrostatics and drain current model of bilayer graphene field-effect transistors
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Abstract

As predicted by Moore, the semiconductor industry has been facing an exponential growth of the
number of transistors per chip during the last three decades. It is also predicted by ITRS (International
Technology Roadmap for Semiconductors) that the gate length would scale down to 4.5 nm by 2023 [1].
However, maintaining this trend is a major challenge for both the industry and scientific community due
to arising short channel effects. As a result, new device structures including FinFETSs, nanowire FETS,
and recently carbon nanotube field-effect transistors (CNTFETS) and graphene nanoribbon FETs have
been proposed. Among them graphene based devices (either single layer graphene or bilayer
graphene) have attracted the attention of scientific community due to the multitude of fascinating
properties and the prospect of ultrahigh carrier mobilities exceeding those of the conventional
semiconductors. This has motivated intensive work focused on the development of graphene metal-
oxide-semiconductor field-effect transistors [2] (Figure 1).

On the other hand, the gapless nature of single layer graphene, which is considered as the main
obstacle on its application in graphene based electronics, causes the gate voltage to lose its control on
switching off the device and are not suited for logic applications. However, it seems very promising for
RF and analog applications because of the high transconductance and relatively low output
conductance. Cut-off frequencies up to 427 GHz and maximum frequency of oscillation of 45 GHz has
been demonstrated [3], which are important figure of merits in RF. Besides the metal-graphene contact
resistance issue that strongly contribute to degrade the RF performances, the lack of a gap is also a
detrimental factor preventing a full saturation of the drain current. However it has been recently
demonstrated that bilayer graphene might come to rescue [4-6]. In bilayer graphene, a band gap is
induced either by molecular doping or by applying a potential difference between two layers as a result
of an external perpendicular electric field [7-9]. Moreover, the potential difference can be realized with
an applied gate field which means the band gap can be controlled by gate bias [10-11] (Figure 2).

In this work we have derived an analytical model for bilayer graphene field-effect transistors that
properly accounts for the relevant physics. These kind of models are extremely useful to interpret
experiments, guiding device design and exploring ultimate performances. Besides, they are key pieces
of graphene-based circuit simulators, which are needed to design any circuit or calculate its figures of
merit. Using this model we have demonstrated the superior saturation behavior (Figure 3) and the
enhancement of the on/off current ratio (Figure 4) as compared with monolayer graphene. The physical
framework applied has been a tight binding model of bilayer graphene [12-13], a field-effect model and
drift-diffusion carrier transport [14-15].
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Figure 1 Cross section of the bilayer graphene field effect
transistor. Here, t, and t, are the top and back oxide
thicknesses, ¢, and ¢ are the top and back dielectric
relative permittivities, V,, and V,, are the top and back gate
voltages and Vy;, is the drain-to-source voltage.
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Figure 3 Output characteristics of a double gate bilayer
graphene field effect transistor (t, = 300nm, t, = 10nm,
& =39, & =3.2).
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Figure 2 Energy band diagram of a double gate bilayer
graphene field effect transistor (t, = 300nm, t, = 10nm,
& =39, & =3.2).
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Figure 4 Transfer characteristics of a double gate bilayer

graphene field effect transistor (t, = 300nm, t, = 10nm,

& =39, & =3.2).




