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ABSTRACT
Graphene based material application as a new centuery material are growing rappidly its carrier transport
phenomenon with fast mobility have been focused resently. In the graphene family nanoscrolls because of their
especial structure need to be explored. In the presented work a theoretical model for carrier transport in the
arcemedus graphene nanoscrolls is reported. Graphene nanoscroll chairal dependent electrical property is
considered and then schottky transistor based platform is modeled. The transport coeficient as a fundamental
transport factor is discussed. The geometrical paprameter effect on the working phenomenon is considered as
well.
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I.  INTRODUCTION

Graphene Nano scroll (GNS) as a rolled up structure of graphene because of its scroll shape cross section totally
is different from carbon nanotubes. It has been found that the scrolled configurations of graphene indicate higher
stability in terms of their structure, as opposed to their counterpart planar-configuration carbon nanotubes. The
energy dispersion relation of graphene Nano scrolls has been determined using the tight-binding (TB) model. It
has been reported that the electronic structures of Nano scrolls are significantly dependent on the chirality
number (n, m). Armchair Nano scrolls are metallic or semi-metallic depending on their spiral length, and
metallic Nano scrolls have a large energy gap at the Fermi level [3-4]. Zigzag Nanoscrolls are small bandgap
semiconductors when (n - 1) is a multiple of 3; otherwise, they are semiconductors with an observable energy
gap at the Fermi point. The resulting high-quality graphene Nano scrolls show promising applications in a wide
variety of electronic devices. Recently graphite based materials such as grapheme nanoribbon has been studied
extensively [1-2]. And in all nanotechnology related fields including transistor fabrication interconnecting
circuitry, electromechanical switches infrared emitters and bio- sensors have been employed widely [5-6]. Even
long mean free path and also electron—electron interactions with high level of electron scattering exist in
graphene [12-13]. By considering all these unique properties of carbon nanostructures specially GNSs with
distinguished properties it is completely accepted as a promising component in future electronic technology
[14]. In the presented work as shown in Figure (1) and Figure (2) a GNS transistor with two schottcky contacts
is considered which can be made by top-down fabrication method.

Cross section

Figure (1). Schematic of two schottcky contacts of metallic GNS with semiconducting in the channel region.
Also a simple fabrication method to GNS production has been proposed by wet chemistry technique [7-8] as
well as hydrogenation on one side that can be scrolls up it completely into a graphene Nanoscroll (GNS) which
is stable over the room temperature [9-10]. Since a GNS can be considered as a rolled up graphene sheet into a
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spiral form, band structure of graphene forms the basis of all types of GNSs and so the two dimensional
dispersion relation of grapheme can be determined using the tight-binding approximation (TB) as.
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Where the positive and negative signs indicate conduction and valence bands respectively, t= 3eV is the nearest-
neighbor C-C bonding energy, k denotes on wave vector ( k = kxi+ kj ) and @, =1.42A"is the nearest

neighbor C —C bonding distance.
For semiconductor type, the edge track of the GNS is around (for example y-axis), consequently the

boundary condition of IZ.C is imposed around the y-axis. Because the phase transfer of k thus K.C = 27rj—6,
where j = 1, 2, ...,n for chirality (n,0) at the same time as for periodic boundary condition in the region of the y-
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where k; is a quantize vector that is based on the Schrodinger’s equation and n is the number of the sub-bands
where n = 1, 2, ... n. Parameter a is the distance between the closest carbon to carbon atom which is equal to
1.42 A, according to Chen et al. The value of t is set to 2.5eV.

I1.  Model
As shown in Figure (2) the schottcky structure in the presented model is employed in regions land 3

the potential energy is estimated to be zero, and in region 2 the potential energy is V0 therefore[11],
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The transmission ratio differs in terms of probability of current density according to T equation
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The modified one dimensional dispersion relation for the further development is considered and the
transmission amplitudes for a single square barrier centered at the origin with height V0 and width bas shown
in the Figure (2) is analytically modeled.
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Figure (2). Channel region barrier in GNS based schottky contact.
The transistor operation can be modeled in the form of three different regions as shown in Figure (2), which
leads to the Schrédinger equation result for potential of each region thus the transmission coefficient has been
explained by transmission amplitude, concentration and total power of a transmitted wave. The transmission
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coefficient is a scale of how an electromagnetic wave (light) propagates throughout a material which is the
transmission amplitude to power of two therefore the transmission coefficient T can be calculated as:

2
T =|t|
K? K* K? K*
_1+2k2_k4+[1+2k2+k4jCOSh2(bK)
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Where b is the length of the barrier, the wave vector K outside the barrier is a real quantity for all positive
energies E of the electron. The conduction band minimum in the region outside the barrier is taken as the zero of
energy. Since k and K are both dependent on effective mass and energy, hence for different material pairs the
variation of the transmission coefficient for energy values with respect to the barrier height will be different

[15-16-17]. For(E =E<1J' the transmission coefficient increases from 0 to 1 in a non-linear fashion by
n VO

increasing the wave number as shown in Figure (3) for different regions.
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Figure (3). Transmission for different wave vector values in the GNS at channel region.

As shown in Figure (3), by changing the energy in allowed range the transmission value also is

changed. if the energy of electron in each region is changed. On the other hand, the geometrical parameter effect
on the transport factor is investigated as shown in Figure (4).
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Figure (4). the transmission variation based on the channel region length (red line indicates channel length 3
nm, green line for channel length 5 nm, blue line for channel length10 nm).

In the presence of k? and K ?the transmission is modified as:

. | 4a[1—EE9] |
—1+2a[1—?]—a2[1—|§j + 1+2a[1—EEgj+a2[1—EEgj Coshz(b\/f’(T—Eg))

As shown in Figure (5), the transmission coefficient as a function of barrier height is numerically simulated and
it is concluded that the optimum energy in each system is closer to the barrier height.
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Figure (5). the transmission variation for energies less than barrier high.

it is observed that in the energies more than barrier height the transmission saturates at E>V0 as shown in Figure

(6).
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Figure (6). The T-E characteristic with channel length variation for energies more than barrier height
(b=0.5(black), b=0.4(violet), b=0.3(red), b=0.2(blue)).
Also the quantum current in the formalism of Land Auer formalism is developed and numerically illustrated as

shown in Figure (7).
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Figure (7). Current —voltage characteristic of GNS transistor based on the presented model.
Numerical investigation on |-V characteristic indicates the Ohmic response on low biases on the other hand the
current is saturated for high applied voltages.
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I1l.  CONCLUSION

Graphene nanoscroll a tubular carbon based material with chirality dependent band gap rarely has been
explored. It’s simple fabrication method together with notable electrical property helps to progress GNS based
electronic. GNS based device exploration start with understanding of transport phenomenon on this structure
therefore in the presented work carrier transport model for GNS based schottky contact theoretically is explored
and numerical simulation on the proposed model is illustrated. Similar to the conventional schottky contacts the
Ohmic and saturated current voltage characteristic is detected. Additionally, structure dependence characteristic

is reported.
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