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Abstract  
 
The experimental discovery of graphene by Novoselov and Geim et al. 

[1]
 has led to a major drive to 

develop graphene based microelectronics to replace silicon in computing devices.
[2]

 Exceptional 
electrical, transport and thermodynamic properties make graphene a promising material for this task, 
although the carbon structure is naturally a zero-gap semiconductor. The goal is to change the 
electronic structure to make a useful semiconductor without destroying the properties that make 
graphene unique.

[3]
 

 

We model bilayer graphene using a tight-binding approach with a small energy difference  induced by 

the proximity of stacked sites in the AB stacking regime
 [4]

, plus an additional electron-phonon term 
describing supstrate and superstrate interactions related to the dimensionless electron-phonon coupling 

constant  

 
The electron-phonon interaction has been widely studied in condensed matter systems, most notably in 
theories of superconductivity.

[5]
 There has been much work studying its role in graphene and graphitic 

structures both theoretically 
[6,7,8] 

and experimentally 
[9,10,11]

. This work going beyond that of previous 
studies in an attempt to create a usable and tuneable gap in bilayer graphene purely by choosing the 
materials that will surround it. 
 
A Green’s function approached is used to explore the parameter space of interlayer hopping,  
temperature, phonon frequency and electron-phonon coupling constants. It can be seen from the 
imbedded picture of figure 1 that the four sites in its unit cell can be split into two unique sites, which we 
call X and Y (for sites without interlayer hopping and containing interlayer hopping respectively). By 
taking a simple momentum independent Ansatz and placing our greens function into the lowest order 
self-energy equation we obtain corrections to the on-site potential of each site. 
 
Figure 1 shows that the small potential difference between sites X and Y is accentuated in our 
calculations with increasing electron-phonon coupling constants. We find that with medium sized 
coupling constants, seen in figure 2, an electron band gap could be created in bilayer graphene without 
the need for an external potential. There is a large range of band gaps up to eV within the small 

coupling range . These gaps surpass that achievable in biased bilayer systems, the small 

electron-phonon coupling range may be a significant factor within the electronics industry.  
 
References 
 
[1] K. S. Novoselov, A. K. Geim,  S. V. Morozov,  D. Jiang, Y.  Zhang, S. V. Dubonos, I. V. Crigorieva, 
and A. A. Firsov, Science, 306 (2004) 666 
[2] A. K. Geim and K. S. Novoselov, Nat. Mater, 6 (2007) 183 
[3] C. Berger, Z. Song, T. Li, X. Li, A. Y. Ogbazghi, R. Feng, Z.Dai, A. N. Marchenkov, E.H. Conrad, P. 
N. First, and W. A. de Heer, J. Phys. Chem. B, 108 (2004) 19912 
[4] A. H. Castro Neto et al., Rev. Mod. Phys. 81 (2009) 109 
[5] A. Alexandrov, Theory of Superconductivity: from weak to strong coupling, IOP (2003) 
[6] J. P. Hague, Phys. Rev. B, 84 (2011) 155438 
[7] E. Cappelluti, and G. Profeta, Phys. Rev. B, 85 (2012) 205436 
[8] R. Stein, D. Hughes and J. Yan, Phys Rev. B, 87 (2013) 100301 
[9] S. Ulstrup, M. Bianchi, R. Hatch, D. Guan, A. Baraldi, D. Alfè, L. Hornekær, and P. Hofmann, Phys 
Rev. B, 86 (2013) 161402 
[10] A. Fay, R. Danneau, J. K. Viljas, F. Wu, M. Y. Tomi, J. Wengler, M. Wiesner, and P.J. Hakonen, 
Phys. Rev. B, 84 (2011) 245427 
[11] M. Bruna and S. Borini, Phys. Rev. B, 81 (2010) 125421 
  
 

mailto:Contact@E-mail


Figures 

 
Figure 1: Bilayer graphene effective potential normalized to  for X sites with intra-layer hopping and Y 

sites with both intra and interlayer hopping. As the electron-phonon coupling is increased, a near equal 
and opposite potential forms on X and Y sites, with values of the effective potential reaching  at 

. 

 

 

 
Figure 2: Formation of a bias-free gap in bilayer graphene. The gap opens at , increasing 

rapidly with electron-phonon coupling. A gap of eV is found for dimensionless electron-phonon 

coupling constants of around . 

 
 
 
 
 
 


