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ABSTRACT: - Graphene has amazing carrier transport property and high sensitivity at the
single molecule level which leads them as a promising material for biosensor application. In
order to develop the new device types same as graphene nanoribbon, Carbon Nanotube Field
Effect Transistor (CNTFET) and Nanowire, it is essential to investigate of quantum limit in
low dimensional devices. In this paper quantum current of Monolayer Graphene Nanoscroll
(MGNS) is modelled and the electronic properties due to the dependence on structural
parameter are analyzed. In addition 1D quantum transport coefficient based on the
approximation of the wave vector relation for MGNS is presented.

Keywords: quantum transmission, quantum current, degenerate limit, non-degenerate

approximation, Graphene Nanoscroll.

1. INTRODUCTION

Graphene Nanoscroll (GNS) with spiral structure have been considered as rolled up
Graphene with one dimensional structure as shown in figure (1)[1, 2]. The wet chemistry
technique as a simple fabrication method on GNS production have been suggested[3-5] also
by hydrogenation on one side it can be scroll up into a graphene nanoscroll (GNS)
completely which is stable at room temperature[6, 7].In addition based on the Raman
characteristics of nanoscrolls the new bands ,G-peak and D-peak in the low-wave number
region have been measured [8]. Also GNS transport properties in the presence of uniform
electric field has been investigated [9].Graphene nanoscrolls because of unique electronic and
physical properties such
as high carrier mobility, unconventional quantum Hall effect together with potential
applications in nanoelectronics make them attractive research platforms [10-15]. Also their
possible application on high speed switching devices has been concerned [14]. In addition the
tuneable band gap on graphene nanoscrolls(GNS) lead to the field-effect transistors (FET)
application as shown in figure 2 [16-19].

The theoretical description on electron transport in a bridge system of GNS has been
completed and the fundamental mechanisms underlying the electron transport in bridge
systems have been addressed. In addition experimental data on electron transport indicates
disagreement between the theory and experiment. There are some controlling parameters
such as the geometry of the conducting channel between the two electrodes, the coupling of
the bridging material, the current amplitude, the quantum interference effect. Moreover, the
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dynamical instability in the nano-scale devices can control the electron transport as well.
However, a little information has been published about the role of quantum effects in GNS
MOSFET. In this paper, quantum transmission on GNS is presented and also the current-
voltage characteristic based on quantum transport phenomenon is modelled. The electronic
properties due to the structural parameters are analyzed. In addition 1D quantum transport
based on the wave vector approximation on GNS is presented.

2. MODEL
Electrons in the presence of potential discontinuity will face non zero probability of

reflection and transmission. Classically the transmission in the junction is occurred when the
initial energy of electron is extra than the potential discontinuity. On the other hand based on
the tunnelling effect there is non-zero probability of transmission in the junctions. Therefore
by considering a channel region in the transistor in the form of barrier as shown in figure 3
the transmission coefficient is calculated and respected current is plotted.

There are three regions associated with the proposed structure and wave function on first
region is assumed[20] as:
_id_z — E — — Aleiklx + B e—iklx

om e A v, =y, 1 1)
In the second region there is a discontinuity in the potential and the Schrodinger equation is
modified in the form of:

hz d2 ikyXx —ikyX
(—%W—V (X)]l//z = El//2 = l//z = Aze ke + Bze ke
(2)

As the left side material is assumed to be similar to the right side but the wave form in the
right hand is travelling wave and in the left hand is standing wave therefore the wave function
is written as[9]:

n d?
C2madx®
As shown in figure 3 the boundary condition is summarized as
v, (0)=y,(0) and v ,(0)=y,(0) @)

v,(a)=y,(a) and y;(a)=v,(a)

These boundary conditions are applied to get the transmission coefficient with respect to
the quantum transmission coefficient definition. The quantum transmission coefficient
indicates number of electrons can overcome to the junction barriers in the channel. The
general definition for quantum transmission coefficient is given by[21]

{3 ) 5
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For the first and last regions in the parabolic band energy limits, the wave vector can be

v, = Ey, =y, = Ae" (3) where ki=k;
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assumed in the form ofk = k, = ém—: . However because of possible band gapformation
h &
in the GNS the quantum wave vector in the second region is calculated as:
.1/2
& 2 9 _
g(E B E9)3tam§ - k2 (6)
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2

3ta_b
Where E = —=— s the band gap energy and ,_§ 2 & &n J@Quantum current
4 a_\3 nEV 2%
based on the Landauer formalism have been reported [22, 23] as:
7 AKBTX(KBTX+ Eg) dE (7)
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Where A= 16m B= 2m C= 2 , F (E) is Fermi Dirac distribution function which
3nta, T 3ta

illustrates the probability of occupied Ievels at energy E and that can write as:
f(E) = ——

exp| E7EF |41 ©
p kBT

In the simplified form by considering the wave vector and quantum transmission coefficient
the quantum current is modified as
) AKX (K, Tx+E,) dE

| =
! 2 (cLzak,Tx) | &7 +1
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By increasing the number of carriers, device will operate in degenerate limit.
Degenerate regime plies an important role on quantum current study in the nano-scale

devices. In the degenerate regime, E—E <3Kg;, also, degeneracy on GNS can be defined
by the Fermi probability equal to one (T(E)=1y | the contrary for the non-degenerate

regime, E—E >3Kg; , the Boltzmann approximation can be used,

f(E):exp[ET(_Ej (10)

Which means in the conduction band the concentration of electrons pass the density of
states, the Fermi energy lies in the conduction band[24]. In the other words, because of the
very small amount of x-n in this regime, exp (x-n) can be neglected. So for quantum current
in degenerate approximation we can write

f 4c,c, (x+d)xKgTdx
1, =]

(11)

3133
2

o4clcz(x+d)x+{C L

2
+c2Lx} (cl(x+d)+c2x)2

Non-degenerate approximation have been shown with the distance more than 3K,T
from either the conduction or valance band edge in the form of band gap near the Fermi level.
As shown in figure (4) in semiconductors, non-degenerate regime is located in a band with
distance less than 3K,T far away from the conductance and the valence band therefore the
normalized Fermi energy less than -3indicates non-degenerate approximation. Hence, Fermi
integral in non-degenerate regime can be modified by exponential function as:
~ ]l 4ec, (x+d)xK Te"dx

Ind CS L3)(3 (12)

04clcz(x+d)x+{ 2

2
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Based on the presented model quantum current as a basic characteristic of a transistor is
simulated and compare to the conventional methods same trend is recognized.
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3. CONCLUSION

Graphenenanoscroll has amazing carrier transport property and high sensitivity at the si
ngl molecule level which leads them as promising materials in biosensor application. In
order to develop the new device types same as graphene nanoribbon , Carbon Nanotube
Field Effect Transistor (CNTFET) and Naonowire it is essential to investigate the
quantum limit in low dimensional devices. In this paper quantum current of Monolayer
Graphene nanoscroll (MGNS) is modeled and the electronic properties due to the
structural parameter is analyzed. In addition 1D quantum transport coefficient based on
the approximation of the wave vector relation for MGNS is presented.
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Figure (2): Armchair and zigzag geometries
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Figure (3): Channel region barrier in GNS MOSFET
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Figure (4): the 1-V characteristic in GNS MOSFET
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