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Abstract

In this work, we explain a method to characterize graphene using electrical measurements in graphene
field-effect transistors (GFET) devices. Our goal is to obtain the material electronic properties from the
output characteristics of one GFET device. For the previous purpose, we will need to apply a physical
model that allows us to correlate the electronic behavior of a GFET with the material properties.

There are several models used for graphene. Some of them are based strongly on solid state physics
[1], [2], including even quantum effects at high magnetic fields. Others are more focused on FET
devices [3]. The model used in this work is based on first principles and is described thoroughly in [4].
The main advantage of this model is that most of the equations are directly derived from the energy-
momentum dispersion relation from graphene, so it is straightforward to obtain the carrier concentration
and the current in terms of the gate voltage (Vg) of the transistor, and even local characteristics along
the channel. Also, the temperature is an explicit parameter on the equations, and the shifts in the Dirac
point are explained with a fixed surface charge. With this model we are able to obtain a quick
characterization of the material electrical properties from just a transistor structure (Fig. 1).

The fitting to this model is done by using the measured IDS vs. VG curves of a real device. All
the relevant parameters, such as the oxide capacitance (C.), voltage applied (Vps), gate metal work
function, gate length (Ly), and width (w), among others must be introduced in the model. For fitting the
experimental measurements into the model, we work with the transconductance (g.,), in order to extract
some fundamental values from the shape, such as the maximum and minimum transconductance, the
Dirac point, or the curve slope in several voltage ranges, as detailed in Fig.2. Using these parameters
from real data, we use the model to obtain the electron and hole mobilities, the total serial resistance
and the total density of fixed charge.

We have used different measurements from previous publications, like suspended devices [5] (see Fig.
3), and CVD graphene transistors [3] (see Fig. 4).

We have also achieved a better fit to the experimental data using a mobility distribution that depends on
the carrier concentration [6]. In Fig. 5 we show that with this addition to the initial model, the fit to our
CVD- graphene devices is optimized.
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Fig. 1: Sample with CVD-graphene transistor Fig. 3: Fit for a suspended graphene device in [5]
devices used for batch-fitting to the model. at low temperature.
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Fig. 2: Relevant parameters obtained from real ) )
data transconductance. Flg 4: Model applled to a CVD graphene
transistor from reference [3].
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Fig. 5: Comparison between the experimental and simulated a) Ips vs. Vgs and b) g, vs. Vgs curves.



