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I. Results and Discussion 

The structure of the bilayer system of the graphene and hexagonal Boron Nitride (h-

BN) is built and shown in Figure 1. Both carbon atoms are directly above the boron and 

nitrogen atoms. The distance between two layers is 3.2 angstrom, and the bond length 

is 1.425 angstrom, 

 

Fig.1 Structure of graphene h-BN bilayer 

Atoms coordinates and cell vectors are the inputs in DFT Material Properties 

Simulator in nanoHUB, at which the computation runs as described in the tutorial. The 

computation result includes the band structure and density of states (DOS), as shown 

in Figure 2 and Figure 3. 

 
Fig. 2 Band structure of graphene h-BN bilayer 

 
Fig. 3 DOS of graphene h-BN bilayer 



One can tell from Fig. 2 that the bottom of the conduction band and the top of the 

valence band have the same k value. There is a tiny opening between those two bands 

and it could be easily observed by zooming in to the proper scale, which is presented in 

Figure 4. The value of this gap is 0.434 eV. This gap opening is consistent with what 

has been demonstrated in previous work. [1,2] 

 

Fig 4. Bandgap occurs in the band structure 

As in the proposal, it is hypothesized that changing the distance between graphene 

and h-BN layers will change the band structure of the materials so that the value of this 

bandgap will be different. Thus, electronic structures of the bilayer system with 

different interlayer distances are studied. Initially, the interlayer distance is 3.2 

angstrom. Compared with this result, we build the structure with the interplane distance 

of value 3.1, 3.3. 3.4 and 3.5 angstrom, and perform DFT calculation with the same 

settings. Results are presented in Table 1. Firstly, band gap value does have distance 

dependence as hypothesized. Besides, the trend is that the bandgap increases as the 

interlayer distance increases.  

Distance/eV E1/eV E2/eV Bandgap/eV 

3.1 -0.1218 0.3052 0.427  

3.2 -0.1288 0.3052 0.434  

3.3 -0.132 0.313 0.445  

3.4 -0.1302 0.3248 0.455  

3.5 -0.1201 0.3419 0.462  

Table 1 Bandgap value with different interlayer distances 

Another hypothesis that has been tested is that different alignment of the two layers 



will influence the bandgap opening of this kind of materials. Thus, except for the 

structure mentioned above, other two kinds of structure are built and shown in Figure 

5. 

 
Fig. 5 Three different configurations of graphene layer 

The first one in Fig. 5 is the structure that is used in all above calculation. For the 

one in the middle, labeled as II, one of the carbon atoms is directly above nitrogen atom, 

and another one is not above boron anymore. For the right one structure, instead, one 

carbon atom relies on the boron atom, and the other carbon is not located on nitrogen 

atom. Band structure calculation of all these structures are performed and as a result, 

the bandgap value and the label corresponding structure are listed in table 2. One can 

see that configuration II leads to the largest bandgap value, and on the contrary, 

configuration I has the lowest bandgap. 

Configuration E1/eV E2/eV Bandgap/eV 

I -0.1288 0.3052 0.434  

II -0.1723 0.3047 0.477  

III -0.2462 0.2078 0.454  

Table 2 Bandgap of three configurations in bilayer system 

In addition, bulk systems are investigated and its structure is shown in Figure 6. The 

cell vector of Z axis is 8 instead of 20, which is used in bilayer systems. Band structure 

calculations of three configurations are also performed, and corresponding bandgaps 

are listed in Table 3 respectively. Bandgaps values of three alignments have the same 

trend as the bilayer cases. For II and III, the bandgaps are smaller than that of bilayer 

system. Consequently, it is reasonable to predict that it is also the case for configuration 

I, even though our result is not accurate enough to tell the difference of bandgap values 



between the bilayer and bulk system for configuration I (both are 0.434 eV as shown in 

Table 2 and 3). 

 

Fig. 6 Structure of the bulk system of graphene and h-BN 

 

Configuration E1/eV E2/eV Bandgap/eV 

I -0.2102 0.2238 0.434  

II -0.2974 0.1776 0.475  

III -0.1697 0.2813 0.451  

Table 3 Bandgap of three configurations in bulk system 

As for the accuracy of these calculations, DFT is applied for the band structure 

calculation. DFT is a widely accepted approach to calculate the band structure of certain 

material. DFT material properties simulator is a powerful tool based on Quantum 

Espresso code, from which relative accurate band structure and DOS could be obtained. 

Generalized gradient approximation (GGA) is chosen as the exchange-correlation 

functional. For the DOS calculation, the energy grid step is set to 0.001 eV, which makes 

the results of bandgap value accurate to thousandth. It is accurate enough for this work 

to tell the trend of bandgap values. 

My colleague Luis Regalado Bermejo mainly focused on transport properties of this 

material, while I focused on DFT band structure calculation. The part concerning 

transport properties will be presented in his report. 

II. Conclusion 

Using DFT method, it is proved that when forming a bilayer system of graphene and h-

BN, there is a gap opening in band structure. The magnitude of this gap is 0.4-0.5 eV. 

Two hypotheses are tested and the calculation results demonstrate that: 1. Different 



interlayer distances of the bilayer system result different bandgap value. As distance 

increases from 3.1 to 3.5 angstrom, the gap increases from 0.427 to 0.462 eV 

monotonically. 2. Different configurations leads to distinct bandgap. Configuration II, 

in which one carbon atom is directly above nitrogen and anther carbon is not, has the 

largest bandgap, 0.477 eV, in bilayer system. 
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