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Materials based on carbon nanostructures quickly becoming a feasible alternative to Silicon 
technology in future high speed electronic. Graphene, a single monolayer of sp2-bonded carbon 
atoms, turns out an ideal candidate for this application due to its excellent high mobility and Fermi 
velocity. In spite of these very promising properties [1], the development of graphene devices is 
still in a very preliminary stage and there are many unknowns about the reproducibility and 
transport properties of these devices [2]. Extrinsic scattering sources, many of which arise from 
the surface morphology, chemistry, structural, and electronic properties of the widely used SiO2 
substrate, limit the mobility of graphene devices by as much as several orders of magnitude with 
respect theoretical calculations [3]. Great effort is currently underway to increase the mobility 
beyond extrinsic limits. 

In this work the transport properties of field effect transistors (FETs) fabricated on a graphene 
flake have been studied for a range of temperatures. In particular carrier mobilities in graphene for 
electrons and holes as a function of the vertical electric field are presented and compared to 
universal mobility curves in Silicon [4]. The dimensions of the graphene flake used in this work 
are 615 nm in length and 1450 nm in width. The graphene FET was fabricated on top of a Si 
wafer with a SiO2 layer. The I-V characteristics were measured with an Agilent 4155A 
semiconductor parameter analyzer at different temperatures. In these measurements, the source-
drain voltage is fixed to a constant value of 0.1 V. A back-gate step voltage is applied at the 
bottom of the sample, with a bias sweeping from -40 to 40 V and back again, in steps of 0.5 V. 

Figure 1 shows the drain-current response while sweeping the gate voltage for the device at 300 
K. The ambipolar nature of the graphene is clearly revealed in the figure. For gate voltages below 
8 V, the conduction is due to holes while more positive voltages induce an electron current. Figure 
2 shows the electron mobility extracted from Figure 1, compared to the universal mobility curve 
of Silicon. Although the excellent mobility of graphene is clearly seen at low vertical fields, at 
higher fields the mobility severely degrades and approaches the one in Si. Phonon scattering 
dominates but further work is needed to understand the origin of this important reduction.  
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Figure 1: Drain current response of a back-gated graphene field effect transistor at 300 K. The 
back-gate voltage is swept from -40 to 40 V and back again in steps of 0.5 V. Drain-Source 
voltage was set to 0.1 V. 
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Figure 2: Universal mobility curve for Graphene compared to Silicon for a Temperature of 325 K 

 


