Drain current saturation in graphene field-effect transistors
at high fields
Marlene Bonmann1, Andrei Vorobiev1, Xinxin Yang1, Muhammad Asad1, Jan Stake1
Luca Banszerus2, Christoph Stampfer2, Martin Otto3, Daniel Neumaier3
Pedro C. Feijoo4, Francisco Pasadas4, David Jiménez4
1Terahertz

and Millimetre Wave Laboratory, Department of Microtechnology and
Nanoscience, Chalmers University of Technology, SE-41296 Gothenburg, Sweden
22nd Institute of Physics, RWTH Aachen University, 52074 Aachen, Germany
3Advanced Microelectronic Center Aachen, AMO GmbH, 52074, Aachen, Germany
4Departament d’Enginyeria Electrònica, Escola Tècnica Superior d’Enginyeria,
Universitat Autònoma de Barcelona, 08193-Bellaterra, Barcelona, Spain
Development of competitive high frequency graphene field-effect transistors (GFETs) is hindered, first
of all, by a zero-bandgap phenomenon in monolayer graphene, which prevents the drain current
saturation and limits significantly the GFET power gain. An approach has been proposed to realise the
drain current saturation in GFETs without a bandgap formation, but via velocity saturation of the
charge carriers at high fields [1]. In this work, we report on the performance of GFETs fabricated using
high quality CVD monolayer graphene and modified technology, which reduce the concentration of
traps generating the charge carriers at high fields [2]. Fig. 1 shows typical output characteristics of
GFETs with gate length of 0.5 µm. The drain current clearly reveals the saturation trends at high
fields, which we associate with the saturation of the carrier velocity, see inset to Fig. 2 [2]. Fig. 2
shows typical measured (extrinsic) transit frequency (fT) and the maximum frequency of oscillation
(fmax), which are characteristics of the current and power gain, respectively. Since fT and fmax are
proportional to the carrier velocity, they reveal similar saturation behaviour. We analyse the saturation
effects by applying the Fermi-Dirac carrier statistics. The fT and fmax are up to 34 GHz and 37 GHz,
respectively, which are highest among those reported so far for the GFETs with similar gate length
and comparable with those reported for Si MOSFETs [3].

Fig. 1. Output characteristics of GFETs at
different gate voltages: -3 V (circles), -1 V
(squares) and 0.5 V (triangles). The lines are
polynomial fitting curves. The kinks signify
the presence of an ambipolar channel.

Fig. 2. Extrinsic transit frequency, fT, (circles)
and the maximum frequency of oscillation, fmax,
(squares) of GFETs vs drain voltage. The lines
are polynomial fitting curves. Inset shows a
typical dependence of the velocity of charge
carriers on the intrinsic field [2].
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