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Abstract:

In this work, we study the electronic structure (number of open channels (NOC), band structur(BS), density
of states (DOS), and I-V curve) of boron nitride/ graphene sheet using SIESTA and GOLLUM codes. Ab
initio structural optimization performs for all structures using the local density approximation (LDA) with
norm-conserving pseudopotentials, double zeta polarized (DZP) basis sets of pseudoatomic orbitals, and
the Ceperley-Alder exchange correlation functional with the atomic forces relaxed to 0.02 eV/°A. Three
types of simulated heterostructures sheets have been studied: 1- One graphene strip and one boron nitride
strip sheet. 2- Two graphene strip and one boron nitride strip sheet. 3- Three graphene strip and one boron
nitride strip sheet. We show that there is a dramatic reduction in energy gap ‘E,” of heterostructures

comparing with the insulator boron nitride (E,~¥4.6 ¢V) and increasing in energy gap comparing with

semimetallic graphene (zero gap).
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1.Introduction

Graphene is a two-dimensional allotrope of
carbon and made up from carbon atoms which
are arranged on a honeycomb structure to form
hexagonal rings, in 2004 another interesting
carbon allotrope  which no wadays called
graphene was discovered by a group of physicists
from Manchester University,led by Andre Geim
and Kostya This

the

Novoselov[1]. discovery
field of

nanotechnology. Graphene can be defined as

produced a revolution in
amonolayer of carbon atoms packed into a dense
honeycomb crystal structure that can be viewed
as an individual atomic plane an extracted from
graphite[2-5], as an unrolled single walled carbon
[6]. This

revolution in the field of nanotechnology. Since

nanotube discovery produced a
its fabrication in 2004, it has attracted researchers
interest as it is promise of large area electronics
[7]. Clean graphene is a semimetal contains a
vanishing density of states at the Fermi energy
with remarkably high carrier mobility at room
temperature and therefore a single-layer graphene
can be considered as a semiconductor with zero
energy gap or behave as semimetallic material [2,
5-7].

Boron nitride is one of the candidates in this
material family considered as sister material of
graphene due to its structural similarities ,

another interesting material has received

intensive interest which is boron

nitride (BN). Boron nitride (BN) is a two

dimensional ~materials[8-10] and commonly

fabricated by mechanical peeling and chemical
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vapor deposition (CVD), single-layer h-BN has a
wide band gap of up to 4.6 eV[11] .As well as, h-
BN has the same atomic structure as graphene[7].
It has two allotropes hexagonal boron nitride
(hBN) and cubic boron nitride(cBN) similar to
graphite (hexagonal) and diamond (cubic)[12].

Recently, a heterostructures of graphene and
hexagonal boron nitride has been synthesised by
a scientific group [7], they show that domains of
graphene in single hexagonal layer of boron
nitride ‘h-BN’ can be synthesized. This new
interesting heterostructure has received much
attention from many scientists and groups to
study it and understand their properties. The
of armchair

electronic  properties graphene

nanoribbons  confined by boron nitride
nanoribbons has been studied, a published paper
reported that the armchair graphene nanoribbon
which terminated by hydrogen and confined by
boron nitride nanoribbons led to open the energy
gap remarkably [13]. Graphene confined by
boron nitride strips exhibited as semiconductors
with direct energy gap, this lead to manipulate
the size energy gap of graphene [14], another
study reported that the electronic states change
from semi-metallic to insulating depending on
the number of boron and nitrogen atoms of
hybrid boron nitride (BN) and graphene
hetrostructures [15]. On the hand the electronic
properties of hetro nanotubes and sheets has been
investigated by many groups, they showed the
importance of the interface between graphene
and BN. For such impurities, a characteristic

peak near the Fermi energy is found, with the

peak associated with boron below the Fermi
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energy and the peak associated with nitrogen

above the Fermi energy [16-19].

2.Computational Method

Our calculations are performed by using the
SIESTA implementation of DFT [20]. In this
work, an ab initio structural optimization was
performed for all structures using the local
density approximation (LDA) with norm-
conserving  pseudopotentials, double zeta
polarized (DZP) basis sets of pseudoatomic
orbitals, and the Ceperley-Alder exchange
correlation functional with the atomic forces
relaxed to 0.02 eV/°A. Using SIESTA, the
density of states ‘DOS’ was calculated using one
k-point in X direction, 200 k-points in Y
direction and 200 k-points in Z direction. Next,
we calculate the band structures. The
transmission coefficients T(E) have investigated,
they can be obtained using the non-equilibrium
Green’s function code Gollum [21], which
utilises the DFT-based hamiltonian from
SIESTA. The number of open channels, for ideal
periodic  structure is equivalent to the
transmission coefficients T(E) . current (I) and
voltage (V) characteristics are widely measured
experimentally, so a routine to calculate I-V
curve is useful for characterizing the structures.
The current (I), with respect to voltage (V), can
be calculated from the transmission probability
[22]:

v
Eft+ -e,,—

2e
vy =22 f T(E,V)dE
h (1)
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Where:(e)electronic charge,(h)blank constant
(Ef) fermi energy and T(E) transmission
coefficient in this equation, the transmission
depends on the bias voltage.

Within a Landauer description of electron
transport, since the sheets investigated are
periodic, the transmission coefficient T(E) for
electrons of energy E travelling from left to right
is identical to the number of open channels and
therefore the maximum current (V) carried by

the sheets shown in figure 1 at a finite voltage V,

is given by[22]:
B+
) 2e -
(V)= = f T(E)dE (2)
1 . %

For a perfectly periodic system, the

transmission probability T(E) is equal to the

number of open channels at energy E .

3. Electronic structure of boron nitride/
graphene sheet

In this study, we focus on the electronic structure
of boron nitride/ graphene sheet. We simulated
three types of boron nitride- graphene sheets. The
first structure is contain one strip of boron nitride
and one strip of graphene (figure 1a). The second
sheet is contain one strip of boron nitride and two
strips of graphene (figure 1b) while the third one
composed of one strip of boron nitride and three
strips of graphene (figure 1c). All hetrostructures
under study are periodic in YZ plane. Figure (1)
shows the relaxed structures and their number of

openchannels.
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Figure (1) : Shows the relaxed supercell of hetero boron nitride/ graphene sheet, (a) with one

graphene strip, the supercell contains 240 carbon,
boron and nitrogen atoms, (b) with two graphene
strips, the supercell contains 320 carbon, boron
and nitrogen atoms, and (c) with three graphene
strips, the supercell contains 400 carbon, boron
and nitrogen atoms. (d-f) show the number of
of the structures

open channels in (a-c)

respectively. All structures are in infinite

direction in Y-axis and Z-axis.

Figure(1) shows that there is huge change in the
size of the energy gap for both graphene and
boron nitride sheets due to the hybridisation .
that’s simplest reduction obtained in the energy
gap is clear in figure(1a), in contrast we can see
that pure boron nitride sheet is insulator with 4.6

eV, on the other hand it became smaller when we
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simulated the structure the sheet shown in figure
(1a), the obtained energy gap is about 1.75 eV
which is close to the energy gap of silicon which
is equals to 1.2 eV [23]. This is a remarkable
change lead us to say that the new material in
figure (1a) is a semiconductor. Similarly, we can
see similar outcome with the structures in figures
(1b) and (1c) which their energy gaps are about
0.45 eV and 0.65 eV respectively. As well as,
looking at the figures 1b and 1c and comparing
with the heterostructures in figure (1a), there are
extra energy gaps appears around Fermi energy
which reduce the possibility of electron to travel
comfortably through the simulated sheets, the
band structure and density of states are calculated

of the sheets in figure(1) and they are shown in
figure (2)
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Figure(2): The density of states and band structure for the boron nitride/ graphene sheet

with (a) one graphene strip, (b) two graphene strips and (c) three graphene strips. The
density of states carried out with 1x200x200 k-points.

Figure 2 shows band structure and density of
states for the heterostructures which are shown in
figure 1(a-c). The size of energy gaps around

Fermi energy are agreed with what we obtained

figure (1),to clarify the results in figure(1) and
figure(2), we used the equation 2 to calculate the

I-V curves of the heterostructures as shown in
figure (3).

from the calculated number of channels shown in
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Figure (3): The current for the systems

shown in fig. 1a, 1b, 1c.
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Having a look at figure(3) and at selected voltage
value, for example 3.2 V, we can see that the
structure in figure(la) has the lowest current,
while the highest current is related to the
heterostructures with one boron nitride strip and

two graphene strips (figure 1b).
4. Summary

The electronic structure of the hetero structures
composed of boron nitrid /graphene with various
graphene strips have been investigated. A huge
reduction in energy gap of the heterostructures
material (figure 1) compares with the pure single
layer of boron nitride and this reduction
compares with ideal graphene sheet, we found
there is a remarkable increasing in energy gap.
For example the heterostructures shown in
figure(la)has energy gap of about (1.75 eV)
which is smaller than the energy gap of boron
class of semiconductor material to be used in

design nano-electronic devices.
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