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Abstract: As very high mobility of graphene on
conventional silicon oxide is being deteriorated,
sorequiresanother 2D oxide to maintain the mobility and
quality of the pristine graphene layer. Research and
survey proves Hexagonal boron nitride (hBN) as one of
the suitable 2D atomically flat layered substrate which
allow graphene device fabrication without any
degradation in graphene ballistic transport.This paper
presents  electronic  properties of single and
bilayergraphene, gr/hBN(hexagonal Boron Nitride)
heterostructure. The electronic band diagram, current
density and charge carrier density with respect to the
thickness of graphene layer over gr/nBNheterostructure is
being presented.

Keywords: band diagram, bilayer graphene, electronic
properties, graphene, gr/hBN heterostructure, hexagonal
Boron Nitride.

l. Introduction

Graphene is of high interest 2D material for electronics
application [1-2], because of its very high electron
mobility [3-5] of 200000cm?V-1S in its pure suspended
state. It is just out of imagination thoughts that an
atomically thick/thin material could be thermally stable.
Although graphene shows marvellous electronics
qualities in its pristine thin film form but these properties
is being deteriorated by the supporting semiconductor
material and oxides [6-7]. The mean free path greater
than 2 microns at high carrier density 10*2 cmwith big
low down in intrinsic mobility to extrinsic mobility from
2 x 10° to 4 x 10* cm?Vsec for graphene at room
temperature seeks to find a new substrate choice for
graphene based electronics[6]. Graphene electronic
devices exhibits much inferior characteristic on SiO; as
expected of intrinsic graphene properties [7].Thus the
Research advancements come in terms of various 2D
Dielectric materials like BN, BCN, etc.Specially
hBN(hexagonal Boron Nitride) is found best suitable 2D

material supports graphene flack and provide wonderful
Gr/hBN interface along with keeping graphene’s superb
electronic qualities[8-10]. A dangling bond free smooth
surface and atomically match structure of hBN is an
appealing substrate for graphene electronic applications
[8]. Even after solving substrate issue graphene based
field effect device lagging regularly for bandgap,which is
very useful to graphene device logicapplications. Bilayer
graphenegr/hBNheterostructurei.e. ~ graphene  layers
stacked with hBN layer as insulating isomorph of
graphite produce a bandgap along with a good current
ON/OFF ratio[11-15]. Gr/hBN heterostructure in its
lateral ~ tunnelling  structure is compared  with
gr/MoS;zheterostructure and shows approximate current
ON/OFF ratio 50 [11]. Another different structure named
as encapsulated means a graphene layer capture by a hBN
oxide at both top and bottom end also explore the scope
and possibility of gr/hBN heterostructure and provide
great results towards the graphene electronics [12-13].
Another work [14] compare gr/hBN heterostructures with
(graphene  nanoribbon) GNR/hBN  heterostructure
suggests that gr/hBN heterostructures are better graphene
structure option for graphene based electronics devices.
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Figure 1 (colour online)Single layer Gr/hBN
Heterostructure Fits for GFETSs, with soucre, drain at top
ends and gate in top middle with Ag/Cu metal.

Literature[16-21] has  been  explored  gr/hBN
heterostructure  elecrtonically such as electronic
highways(tranaports)in bilayer graphene[16], study of
gr/hBN Van der Walls heterostructures[17-18] lineter
layer or layer by layer dirac fermions fromation,
crossectional images and buried interface properties [19],
STM-Scanning Tunneling Microscopy based locale
electronic properties [20] and inter layer tunneling insight
[21] of gr/hBN heterostructures.

Figure 1 shows a gr/hBNi. e. graphene layer of atomic
thickness is encapsulated by the hexagonal Boron Nitride
layer of almost same thickness, and so provide a stable
structure with appropriate band gap and much needed and
improved current on-off ratio.

This paper is organsized in four sections, section-I
introducesgraphene (2D material) properties and its pros
and cons of substrate for graphene like hBN. section-
Ildiscuss and explains the band diagram electronically
band, current density and charge carrier density with
respect to the thickness of graphene layer stacked
overhBN, gr/hBNheterostructure followed by simulation
results. Section-111 concludes the paper that gr/hBN
heterostructure is the appealing graphene electronic
device structure. Final section IV cover references.

1. Results and Discussion

This section discusses and demonstrate single layer
graphene, bilayer and graphene heterostructure
(encapsulatedby top and bottom of hBN layers) electronic
properties developed by AFORS-HET CAD tool.
Electronic properties of single layer of thickness
(.342nm) [2] and bilayer graphene of thickness (.684nm),
with band gap of approx. 0.24 eV and encapsulation of
them with the single layer hBN layer at the top and
bottom end (gr/hBN) heterostructure is being explain
graphically. Bandgap and other basic properties such as
Nv, Nc, electron affinity and permittivity of the single
layer and bilayer graphene is given in [1]. Bandgap,
thickness and other basic properties of hBN layer is
accounted on behalf of{ 7Jwhere thickness almost same as
(0.334nm)as of graphene layer,but with the band gap of
5.97 eV[9].
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Figure 2.aSingle layer graphene electronic properties
with band diagram, current density and charge carrier
concentration along with zero rate of generation and
recombination of charge carriers versus thickness of the
particular layer.

Figure 2.a and 2.c graphically explore the bandgap,
current density of am-bipolar nature graphene and the
change in concentration of the graphene single layer and
encapsulated graphene layer by the hBN layer top and
down respectively, over the thickness of material layers.

band diagrams current density
T T T T —— F T T T T T T

-+ E ﬁk /‘J g zz—nuj: !'\ ’F.\‘
g5 b e AL [ /
= \\ /| 2 ,‘ \ | ‘\
B, [ ¥ £, o
£ \ J/ H v

a " E E

L 1 | 260113, | |
(] 1E-0006 E0006 3E-0006 0 1E-0006 2E.0006 3E0006

thickness [em] thickness [cm]
charge carrier concentration generation & recombination
T T T : T T

\ /\ ;(A’\
: 1L / ! 1’ “\
£, {"’M‘ ’r\ J\u | '

1 5
0 1E-0005 0006 30006 0 1E-0006 20006 30006

particle rate [crn=3/s]

particle density [er-3]
= .
—

thickness fem] thickness [om]

Figure 2.bBilayer graphene electronic properties with
band diagram, current density and charge carrier
concentration along with zero rate of generation and
recombination of charge carriers versus thickness of the
particular layer.
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Figure 2.c Single layer graphene encapsulated by single
hBN layers on top and bottom, electronic properties with
band diagram, current density and charge carrier
concentration along with zero rate of generation and
recombination of charge carriers versus thickness of the
particular layer.
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Figure 2.d bilayer graphene encapsulated by single hBN
layers on top and bottom graphene, electronic properties
with band diagram, current density and charge carrier
concentration along with zero rate of generation and
recombination of charge carriers.

Similarly, 2.b and 2.d explain results, like bandgap,
current density carrier concentration and recombination
and generation during the transport with the layer for
bilayer graphene and encapsulated bilayer graphene by
the hBN layer top and down respectively, over the
variation of thickness of material layer.

1. Conclusions

The electronic properties of single layer and bilayer
graphene, along with graphene over hBN layer
(gr/hBNheterostructure) — are  studied and  well

ISSN: 2393-9028 (PRINT) | ISSN: 2348-2281 (ONLINE)
demonstrated. The electronic band diagram, current
density and charge carrier density with respect to the
thickness of graphene layer over gr/hBNheterostructure
have been presented.
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