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Abstract 

Graphene shows potential as a new material for nanoelectronics with its high thermal conductivity 

and high carrier mobility as well as its significantly higher drift velocity at high-field compared to 

silicon. However, the performance of graphene fieldeffect transistors (GFETs) is strongly 

influenced by the supporting substrates and top gate dielectrics. To study of high-field transport and 

temperature-induced effects an electro-thermal model has been developed, with extensive 

calibration with experimental data. The model is based on the drift– diffusion approach, which self-

consistently couples electron and hole transport, the Poisson equation, contact resistance, velocity 

saturation, and self-heating effects. The effect of self-heating in GFET devices as a function of 

supporting insulator thickness is examined. It is found that peak channel temperatures for ambipolar 

operation an optimum oxide substrate thickness exists which minimizes peak temperature, due to 

competing electrostatic and thermal effects. Current degradation due to self-heating can be up to 

~10-20% for micron-sized devices on SiO2/Si but is reduced if the supporting insulator thickness is 

scaled down. Joule heating is also reduced in shorter channel devices, due to partial heat sinking at 

the contacts. The transient behavior of such FETs has thermal time constants in the 50-250 ns range, 

dominated by the thickness of the supporting insulator and that of device capping layers. It is also 

found that Vsat is limited by the surface phonons of the substrate, with dominant phonon energy on 

BN being ~94 meV and on HfO2 ~34 meV. The Vsat with BN and SiO2 dielectrics is very similar, 

but Vsat is ~5x lower for graphene with HfO2. The maximum limit of “safe” power density, in 

GFETs on PI substrates without inducing thermal deformation is found to be ~1.8 mW/µm
2
, which 

is a useful metric for future design of graphene circuits on flexible substrates. 
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