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Schematic picture of graphene planar TFET 



- calculated numerically by Sancho-Rubio  
fast iterative technique 

T = 300 K 

Quantum transport calculation: The Green’s Function 
 approach + tight binding approximation 

is the spectral density 

The local density of electronic 
 states for the n th atom 



DOS for bulk graphene from 
The electronic properties of graphene 
Rev. Mod. Phys. 81, 109 (2009) 
H. Castro Neto, F. Guinea,  
N. M. R. Peres, K. S. Novoselov, and A. K. Geim 

 

Atomic structure of a junction. 

Local DOS of edge atoms at different interaction constants between 
tunnel contacts. 

The Green’s function for the 
 contacting atoms 



I–V characteristics of graphene TFET at 
different gate voltages 

Schematic electronic DOS diagram. The 
filled states have a red color. Yellow region 
shows the energy window: carriers can now 
tunnel into empty states in the right 
contact. 





The transfer Hamiltonian approach gives: 

monolayer, armchair 

Green’s function  
for the contacting atoms 

current–voltage curve 

current–voltage curve for the 
gate voltage Vg = 0.05t0, 0.1t0, and 0.2t0 



AA bilayer, zigzag 
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current–voltage curve 

current–voltage curve for the 
gate voltage Vg = 0.05t0, 0.1t0, and 0.2t0 



AA bilayer, armchair 
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current–voltage curve for the 
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(1) Using all kinds of graphene based tunnel junctions with 
zigzag-type edges, electronic switching devices can be developed 
owing to the presence of the localized edge states existing within 
a narrow energy range. 
 
(2) For the graphene single layer and AB graphene bilayer, these 
states are located in the vicinity of the Fermi level. At the same 
time, for the AA graphene bilayer, they are shifted with respect to 
the Fermi energy by the interlayer coupling parameter. Thus, the 
first two types of junctions are promising for developing a device 
switching off under the effect of the gate voltage, whereas the 
junctions of the latter type can be used for switching on. 
 
(3)  The graphene based junctions with the armchair edges do not 
exhibit clearly pronounced switching properties. Here, the gate 
voltage can only change the conductivity. 

Conclusion 



Our novel device demonstrates an original switching mechanism and 
manifests an interesting region of the negative differential resistivity. 
There is reason to hope that all these findings may have extensive 
applications in graphene-based electronics. 
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