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ABSTRACT

Graphene has incredible carrier transport propedtis high application opportunity at single moleeukvel,
which composes it as promising materials on Nametednic application. In order to develop the nesvide such as
graphene nanoribbon transistor, Carbon Nanotublel Efect Transistor (CNTFET) and Nanowire basedides, it is
essential to investigate the quantum limit in lownensional systems. In this paper transmission fiotefit of the
schottcky structure in the graphene based tramdistged on the width of semiconducting channeladeted additionally
its quantum properties due to the structural patarsere analyzed. Also one dimensional quantumeotuin the presence

of the wave vector approximation for monolayer ¢gwepe nanoribbon (MGNR) is presented.

KEYWORDS: Quantum Current, Degenerate and Nondegenerate Ripption, Graphene Nanoribbons, Transmission

Coefficient
INTRODUCTION

Recently graphite based materials such as grapmameribbon has been studied extensively [1, 2]peae
nanoribbon (GNR) as a monolayer graphite with nagtemwidth indicates excellent electrical [3] angtical [4, 5]
properties. Thus in all related fields includingrtsistor fabrication [6] interconnecting circuit¥], electromechanical
switches [8] infrared emitters and bio- sensorsehbgen employed widely [8]. Furthermore, the etettr structure of
graphene and its low scattering rate lead in delsiralectronic transmission, compatibility of dapiand utilization on
electrostatic area. Particular nature of graphertegsge carriers made it important component [2], Even long mean
free path and also electron—electron interactioith Wigh level of electron scattering exist in gnape [18, 19]. By
considering all these unique properties of carbanostructures specially GNRs with distinguishedpprtes it is

completely accepted as a promising component irdéuglectronic technology [20, 21].

As shown in figure 1 the schematic of GNR transistith two schottcky is considered this structus@ e made

by top-down fabrication method.

Figure 1. Schematic of Two Schottcky Contacts of Mallic
Graphene with Semiconducting in the Channel Region
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In an atomic level the approach of top-down is §ficient to particular control over the width andige
termination of the nanoribbon. And the fabricatafrmentioned structure can be achieved by oxygasma etching [28,

29, 30] the proposed structure is employed asrsistor platform in the analytical modeling.
MODEL

By using Tight-binding method GNRs in ab-initio then-zero direct band gap of hydrogen terminatibeitier
armchair or zigzag shaped edges have been estinfdtegroportionality of two parameters in GNRs t\hridndEg (band

gap energy) has been reported. Numerous computatiorarious structures by moving one layer over dtther in which
the atoms are locating at the center of hexagomiseirupper layer and in the direction of the inénédge has been done

[25,26, 27]. The engineered graphene with armadtaicture with 0.22 eV has been reported. By irgirepthe thickness
of the sampl£g starts to decrease and finally become zero. Théemvation provides a promising proportionality of

graphene band gap engineering. Band energy catmulas a key fundamental parameter based on thé tignding

method has been reported as:

E(k) = tt\/l+ 4co{ kx32ac‘°] coE ky\/iaHJ + 4cd{—ky\/§aﬂJ

Where kX ,ky are the wave vector next to the extent of the ribhon and ac-c is the carbon-carbon band length,

1)(

on the other hand the presented model can be raddifi [19]:

- 3a,_t
ER)= =k, + f7 @
X
Where B= 2n ( P _gj the quantized wave vector and N is the number ofntér appearance which,
a, ~/3UN+1 3
determine the thickness of the ribbon gmds the sub band directory. The modified one dimamali dispersion relation

for the further development is considered and thesmission amplitudes for a single square bacgetered at the origin

with heightV, and width bas shown in the figure 2 is analyticatiodeled.
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Figure 2: Channel Region Barrier in GNR based Contat
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The transistor operation can be modeled in the fofrthree different regions as shown in figure 4cliHeads to

the Schrddinger equation result for potential afe@gion as:
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Where wave number in first and third regions &e= pER and the wave number in channel region is
2m(V% - § I
K= T , therefore the boundary condition implies that tbnstant parameters can be modeled as:

-1 _ _ -1
( A’“j— e_K{gj GK@ ék@ é'k(’tz)] 'g*zb] ‘g(*zbj ‘é@ eK@ ( A’j
B _Ke_K@ KeK(g] ikg@ _ ikéik[g] Ik'g;zb] _ |k_g[;2tj _Ke_K(gj KeK (’Zj B @)
The transmission coefficient as a main transpodicator in electrical need to be investigated whilave

propagation in an intermediate part as a transidtannel is interrupted by junction barrier. Thensmission coefficient

has been explained by transmission amplitude, edrateon and total power of a transmitted wave as:

(= —4kKe™®
4KkK cosh(bK) + 2(k? - K?) sinffbK)

()

The transmission coefficient is a scale of how Ecteomagnetic wave (light) propagates throughouotaderial

[30] which is the transmission amplitude to powktv therefore the transmission coefficient T t@ncalculated as:

T=|tf = k*
2 4 2 4
-1+ 2K2—i4 +(1+ Ziz +Kj cosfi(bK)

k4

(6)

Where b is the length of the barrier, the wave oredt outside the barrier is a real quantity for all ifios
energies E of the electron. The conduction bandmuim in the region outside the barrier is takernhaeszero of energy.

Since the conduction band minimum of the barrieabsve that of the region outside hence for ceraiergies of the

electron (E(V,) the wave vectdK will be imaginary and for energies aboVg ( E)V,) it will be real. Thus the energy
is divided into two regions, (V) for non-classical transition by tunneling anlE)X\/,) where transition can take place

even under classical conditions. Sinkeand K are both dependent on effective mass and eneeggehfor different

material pairs the variation of the transmissioefficient for energy values with respect to thertesrheight will be
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different [33, 34,35]. For energies with transnossivalue eual to 1 the barrier becomes transparent whichaled
Ramseur Towns effect. When the electron energy |Bsis than the barrier height Vo the situationomewhat differen
[36].

The transmission coefficient of electrons througbotential barrier is important for studying thekege currer
in MOSFETs with dimensions in the hanometer rafigis. also a crucial parameter for studying theawédr of multiple
guantum well structes where the barrier is sandwiched between twgleduguantum wells. When both the well ¢
barrier regions are in the nanometer range we éxjpether quantization of the energy levels. As thearier width
decreases the tunneling increases and trission coefficient value rises with electron energgr (En :£<1], the

VO
transmission coefficient increases from 0 to 1 imoe-linear fashion by increasing the wave nun as shown in figure 3,4

for different regions.
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Figure 3: Transmission for Different K Values in the GNR atChannel Regior
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Figure 4: Transmission for different k Values in the GNR at First andThird Regions

As shown in figure 3 anfigure 4 if the energy of electron in each region is clehgithin allowed values tF

transmission coefficient is varied accordingly. Agdhally beyond the normalized ene ( E, = E}l, the resonance in
0
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the transmission coefficient is observed as shawfigure 8.

On the other hands show in figure 5 arfigure 6 the manipulation of channel region will affece tthansmissiol

property sharply consequently for each pair, thagmission coefficient is lower for wider wellseagpected

------- ", — b = 3

Transmissian
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Figure 5: The Transmission Variation Basecon the Channel Regin Length (Black Line Indicates
Channel Length 3, Blue Line forChannel Length5nm andRed Line Shows Channel Length Equato 10 nm)
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Figure 6: The Transmission Variationbased on the Channel Region LengttBlack Line Indicates Channe
Length 5nm, blue Line for Channel Length4.9nm andRed Line Shows Channel Length Equato 5.1 nm)

It is discovered that the performance of the trassion T(E) is increased rapidly while the energy of

electron is less than the barrier height energy/@ on the other hantbr the energies more than the potential barrie

transmission is saturated at 1 as expected. Bytrdsenteimodel need$o be modified for this region to get the accu
results. In the presence kf and K? the transmission can be modified as:
4V0 -E
T(E)= =

V,-E (V,-EY V- E (\{- E)
-1+ 2-0 -| + 1+ 20—+ cosh{ab\/V, - E
E ( Ej E ( EE) ( ° )

@)
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Based on the presented model the transmissionalyzad and the numerical result indicates that ebhlength
affects transmission characteristics very fast.sAswn infigure (7) the transmission coefficient for a barrier of hei
VO0=-1lev and width @am up to 5 nm varies by channel length. It is nigtabat for each channel region the optim
electron energy is different and the maximum traesion occurs at 0.45 € 06eV, 0.75 eV and 0.9eV for channel lenc
1nm, 2nm3nm and 5 nm respectively. Tanalyze of the numerical plot indicates that byéasing the channel regi

optimum energy is closer to the barrier he|

c o o
[ T ¢

Transmission

o
¥

0 0.4 0.6 0.8 1
Energy E

Figure 7: The Transmission Variationfor Energies Less Than Barrier Higt

It is observed that for all cases the saturation @ectirs at E>VO as shown in figu(8) therefore for energies

more than this value the transmission need to heidered as on
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Figure 8: The T-E Characteristic with Channel Length Variation for Energies More than Barrier Height
As a Result, theQuantum Current Basedon the Landauer Formalismis developed as:

I, :TT(E)F(E)dE
> (8)

WhereF (E) is Fermi Dirac distribution functions whickemonstrate the probability of occupied levels argn
E and leads the current calculation in the forr
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temperature. The temperature dependency on thdumarurrent is shown in Figure (9), where the degate regime i

We define K is Boltzmann's conste and T is

being highlighted because the Nano scale transist@r operating in this regin
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Figure 9: Current —Voltage Characteristicof GNR Transistor Based on the Presented Mod

As shown in figure 9 the Ohmic response on Cur-Voltage (1V) characteristic for small value of applied b

is observed and the saturation current for thedrigbltages are reporte
CONCLUSIONS

Graph@&e nanoribbon derived from the t-dimensional Graphene has a great impact on thesnal®otransistc
performance. Its application on nanoscale deviteidation is expected to run the nanotechnologyirengAmong the
issues highlighted for GNR is the ®\based device quantum current which contributebddaster transistor operati
and thus expected to alter the carrier mobilitye Thain parameter that plays important role on devcitaracteristic i
transmission coefficient. In this paper quantunrrent of Monolayer Graphene Nanoribbon (MGNR) baset
transmission calculation is modeled and the eleatrproperty due to the dependence on structunanpeter such ¢

channel length is analyzed.
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