
INTRODUCTION

Graphene is a single atomic layer of carbon atoms arranged

into a two-dimensional (2D) hexagonal lattice. Since its

discovery in 2004 by physicists1 single layer graphene has

been produced by many different methods and sample quality

has steadily improved2-4. Despite being a semi-metal with zero

energy gap, graphene differs from conventional metals in that

its charge carrier density can be continuously tuned from n-

type (i.e. carriers are electrons) to p-type (i.e. carriers are holes)

simply by applying an electric field. The relation between the

charge carrier energy E and the 2-D wave vector
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is linear, i.e., E = ± h vFk, where νF (~ 108 cm/s) is the Fermi

velocity, thereby reducing the bandgap to a single point (Dirac

point)5. In this framework, all carriers have a velocity with the

same absolute value that is one order of magnitude larger than

in conventional III-V materials6, making graphene a promising

candidate for high-speed nanoelectronics. This is due to

remarkable electronic properties like high mobility and satu-

ration velocity together with a promising ability to scale to

short gate lengths and high speeds by virtue of its thinness.

Graphene field-effect transistors were successfully fabricated

and exhibited I-V characteristics similar to conventional silicon

MOS transistors7. An explicit compact model for the current-

voltage (I-V ) characteristics of graphene field-effect transistor

was proposed8. Taking this work as a basis, which provides

the DC behaviour. The physical framework is a field-effect

model and drift-diffusion carrier transport with saturation

velocity effects, which is accurate in explaining the characteristics
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of drain current, field, velocity, electron density with variation

of channel length of graphene.

THEORY

Computation of drain current: The source and drain

are contacting the graphene channel and are assumed to be

ohmic. The drain current model, which provides the basis for

both charge and capacitance models8. The electrostatics of this

device can be understood using the equivalent capacitive

circuit depicted9 (Fig. 1). Here, Ct and Cb are the top and bottom

oxide capacitances and Cq represents the quantum capacitance

of graphene. The potential Vc represents the voltage drop

across Cq and the relation between them is given by Cq = k|Vc|,

where k = [2q2/π)(q/(hvF)
2] and vF (= 106 m/s) is the Fermi

velocity. The overall net mobile sheet charge density in the

graphene channel can be obtained:
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where Vgs-Vgs0 and Vbs-Vbs0 are the top and back gate-source

voltage over drives, respectively. To model the drain current

of the graphene field-effect transistor, a drift-diffusion trans-

port is assumed under the form Ids = -W|Qc(x)|ν(x), where W

is the gate width, |Qc| is the free carrier sheet density in the
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Fig. 1. Equivalent capacitive circuit of the dual-gate GFET

channel at position x and ν(x) is the carrier velocity and ν(x)

can be expressed as:
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where E is the electric field, µ is the carrier low-field mobility

and νsat is the saturation velocity. A more refined model, relating

the saturation velocity with the carrier density, could be consi-

dered instead8. Applying E = -dV(x)/dx, combining the fore-

going expressions for v and vsat and integrating the resulting

equation over the device length, the drain current becomes:
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The denominator represents an effective length Leff that

takes into account the saturation velocity effect. To get an

explicit expression for the drain current, the integral in (3) is

solved using Vc as the integration variable and consistently

expressing Qc as a function of Vc, i.e.,
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Here, Vc is obtained from (1) and can be written as (5):
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where the positive (negative) sign applies when (Vgs - Vgs0 -

V)Ct + (Vbs - Vbs0 - V)Cb > 0 (< 0). The channel potential at the

source Vcs is determine as Vc(V = 0). Similarly, the channel

potential at the drain Vcd is determined as Vc(V = Vds). More-

over, (1) provides the relation dV/dVc = -(1 + kVc sgn(Vc)/(Ct

+ Cb)) entering in (3), where sgn refers to the sign function. On

the other hand, the charge sheet density can be written as

|QC(VC)| = kV2
c/2. Inserting these expressions into (4), the follo-

wing explicit drain current expression can finally be obtained:
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Explicit expression of graphene charge density: The

total carrier density is determined by averaging charge balance

and mass action relationship equation10 for the regions of ± ∆,

which can be solved numerically but does not yield an explicit

expression. In order to simplify this, it is noted that at low

charge density charge balance equation approaches unity. At

large |VG0| the gate-induced charge dominates. Finally, we add

a correction for the spatial charge inhomogeneity by noting

that when this is taken into account the minimum carrier

density n0. This results from averaging the regions of ±∆V0

near the Dirac point. Solving charge balance and mass action

relationship equation with these approximations results in an

explicit expression for the concentration of electrons and holes:
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where ncν carrier density including gate-induced and the lower

(upper) sign corresponds to electrons (holes).

RESULTS AND DISCUSSION

The device under test has L = 2 µm, 6 µm, 8 µm respec-

tively and W = 2.1 µm, with top dielectric is of 26 nm and the

bottom dielectric4 is silicon oxide of 285 nm. After simulation

we have seen the characteristics are changing which shown in

Figs. 2-4. The back-gate voltage was -40 V. The flat-band

voltages Vgs0 and Vbs0 were tuned to 1.45 and 2.7 V, respectively.

A low-field mobility of 1200 cm2/V.s for both electrons and

holes, S/D resistance of 800 Ω. These values are consistent

with the extracted values. Sheet carrier density ρ0 = 1011 cm-2

was selected for the final fine tuning.
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Fig. 2. (a) Drain current ID versus drain voltage VdS, (b) Field versus

position, (c) Velocity versus position, (d) Electron density versus

position for channel length L = 2 µm
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Fig. 3. (a) Drain current ID versus drain voltage VdS, (b) Field versus

position, (c) Velocity versus position, (d) Electron density versus

position for channel length L = 6 µm
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Fig. 4. (a) Drain current ID versus drain voltage VdS, (b) Field versus

position, (c) Velocity versus position, (d) Electron density versus

position for channel length L = 8 µm

Conclusion

This paper has presented a model for graphene field-

effect transistors based on a field-effect model and drift-diffu-

sion carrier transport, including saturation velocity effects. The

model captures the physics of all operation regions within a

single expression for the drain current and analysis the perfor-

mance characteristics of drain current, field, velocity, electron

density with variation of channel length of graphene.
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