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RF field effect transistors based on graphene

M. Dragoman1 ,G. Deligeorgis 2, D. Neculoiu3, D. Dragoman 4, G. 
Konstantinidis2, A. Cismaru1, R. Plana5

1 National Institute for Research and Development in Microtechnology (IMT), 
P.O. Box 38-160, 023573 Bucharest, Romania (mircea.dragoman@imt.ro)

2Foundation for Research & Technology Hellas (FORTH) P.O. BOX 1527, 
Vassilika Vouton, 3Heraklion 711 10, Crete, Greece

3Politehnica University of Bucharest, Electronics Dept., 1-3 Iuliu Maniu Av., 
061071 Bucharest, Romania

4Univ. Bucharest, Physics Dept., P.O. Box MG-11, 077125 Bucharest, Romania

5LAAS CNRS, 7 Avenue du Colonel Roche, 31077 Toulouse Cedex 4, France



Carbon-based materials

S. Iijima, Nature 354 (1991) 56

K.S. Novoselov et al., Science 306 (2004) 
666
Theory: P.R. Wallace, Phys. Rev. 71 
(1947) 622

H.W. Kroto et al., Nature 318 
(1985) 162

A 9-a editie a Seminarului National de nanostiinta si nanotehnologie

GRAPHENE
=one atom 
thick 
material



Si02 thickness

λ

A 9-a editie a Seminarului National de nanostiinta si nanotehnologie



Optical 
view

Raman 
signature

A 9-a editie a Seminarului National de nanostiinta si nanotehnologie



Electronic band structure
Determined by the π bonds formed by hybridization of the pz orbitals of different C atoms
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Graphene –the wonder material!!!

At room temperaturec/300=1000000 m/sFermi velocity 

At room temperature0.03 m0Hole 
effective mass

At room temperature0.06 m0Electron
effective mass

At room temperature≈ 400 nmMean free path 
(ballistic 
transport)

At room temperature 
(intrinsic mobility) 
maximum mobility :   
200 000 cm2V–1s–1) on 
suspended graphenes

40 000 cm2V–1s–1Mobility 

Ten times greater than in steel 1.5 TPaYoung modulus 

Better thermal conductivity 
than in most crystals

5000 W/mKThermal
conductivity 

ObservationsValue and unitsParameter
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Graphene 



A 9-a editie a Seminarului National de nanostiinta si nanotehnologie

The relevant dimensions of the graphene FET are:  gate length 200 nm, 
source-drain distance 2 μm and source-drain width 40 μm . The gate 
dielectric is a 100 nm thick PMMA layer
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Dirac point

Dirac point

maximum stable gain 

G= |S21|/|S12|

cutoff frequency 
=80 GHz
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Conclusions:

Mobility ≈9000 cm2/Vs in the FET channel ( 9 times 
grater than in CMOS transitors)

Gain > 10 GHz

Cutoff frequency >80 GHz

------------------------------------

We will reduce the gate dielectric to 80 nm

Gate length<100 nm

Expected cutoff frequency 0.4-1 THz


