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In this work, we study the e�ects of geometrical and physical parameters on the performances of SB-CNTFET
using a compact model. The in�uences of the physical parameters (height of the Schottky barrier (ΦSB) capacity of
oxide layer (CINS) and geometrical parameter (nanotube diameter (dCNT )) on the static performance (ION/IOFF )
of SB-CNTFET have been investigated. We present a detailed analysis of the electrical performance of the SB-
CNTFET or current-voltage characteristics (ID = f(VDS) for di�erent values of VGS , and also the characteristics
(ID = f(VGS)) for di�erent values of VDS . All these circuits are studied for a �xed value of ΦSB = 0.275 eV.
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1. Introduction

The gradual reduction in the size of silicon transistors
(MOSFET) according to Moore's Law is the main stimu-
lus for the integration of more complex circuits. In fact,
due to the reduction of the dimensions, the operating
speed and integration density of a circuit are increas-
ing. But the miniaturization of MOSFETs makes the
manufacturing processes more complex and less reliable.
The imperfection of the manufacturing process generates
manufacturing defects and it is increasingly di�cult to
make a circuit with acceptable defect levels. However,
the production of �awless circuits is of paramount im-
portance in the �eld of semiconductors [1].
While the development of CMOS technologies beyond

the level of 45 nm continues, certain physical phenomena
that were previously insigni�cant become predominant.
These include changes in transistor parameters (dimen-
sions, doping), the variation of the supply voltage and the
temperature or leakage currents, the quantum e�ect and
the short channel e�ect. Parametric variations are the
blocking phenomena of the miniaturization. Because of
these physical phenomena and limitations of size, silicon-
based technology is likely to reach its ultimate limits in
2020, when the channel length of the MOSFET will be
less than 10 nm.
A CNT is a sheet of graphite rolled up into a tube. The

diameter of a CNT typically varies between 0.4 nm and
3.0 nm and its length may exceed several micrometers
[2�4]. The electronic properties of the CNT depend on its
geometrical structure. The CNT is a new nano-material
interesting for logic applications, and a semiconductor,
promising to replace the current silicon. The CNTFET
can be mainly based on Schottky barriers present at the
metal/CNT junction. The switching occurs by modula-
tion of the contact resistance rather than by altering the
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resistivity of the channel. The Schottky barrier prevents
current through the gate junction at low voltage. When
the gate voltage increases, the barrier decreases, so the
current can pass through a heat tunnel e�ect, thus tran-
sistor becomes conductive [1, 5�9]. This type of CNT-
FET is called Schottky barrier CNTFET (SB-CNTFET).
It shows a strong ambipolar characteristics.
In this paper, we study the e�ect of physical and

geometrical parameters on the performance of the SB-
CNTFET. The relationship between the pass state
current ION and the blocked state current IOFF

(ION/IOFF ) is an essential factor for improved static
performance of SB-CNTFET. The limitation of the use
of this transistor is due generally to the e�ects of the
height of the Schottky barrier (ΦSB), nanotube diameter
(dCNT ) and the capacity of the oxide layer (CINS). For
this reason, we study the e�ect of the height of Schottky
barrier (ΦSB) on the pass state current ION .

2. Mathematical formulation

A carbon nanotube transistor is formed of two metal
contacts, metal/nanotube in drain and source sides. The
nature of the metal may be either aluminum (Al), ti-
tanium (Ti), palladium (Pd) or scandium (Sc). Plat-
inum (Pt) is often used since it has poor wettability with
the carbon nanotubes [10], because it has a low adhe-
sion energy. At the interfaces formed by the metal and
the semiconductor nanotube contact, barriers of poten-
tial are formed, which prevent the transition of carriers
between source and drain through the nanotube channel.
Thus, these barriers have an important role in determin-
ing the current, since they determine the number of car-
riers present on the metal side and transmitted in the
channel [11].
A change of the polarization of the gate or the drain

changes the channel potential, but it also changes the
dimensions (height and width) of the two Schottky bar-
riers. Generally, the pro�le of the band gap close to the
contact depends strongly on polarizations VGS and VDS .
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Figure 1 shows a SB-CNTFET structure in "back-gate"
con�guration for di�erent polarization schemes VGS and
VDS . In this example, only the �rst energy band is shown.
Let's examine the variation of the energy band pro�le and
shape of the Schottky barriers depending on the range
bias VGS and VDS .

Fig. 1. Schematic representation of energy bands be-
tween source and drain of a SB-CNTFET in back gate
(top) con�guration for di�erent regimes of polarization
bands (Case A: VDS = VGS = 0, Case B: VGS >
0VDS = 0, Case C: VGS > VDS > 0 and Case D:
VDS > VGS > 0), only the 1st sub-band is shown [12].

2.1. Equivalent electrical circuit

The equivalent electrical circuit for the SB-CNTFET
in Fig. 2 follows from the equations of the density of
charge of source and drain QQD, QQS (Eq. 1) and drain
current (Eq. 2)

QS,D = fSMOQlow energy

+(1− fSMO)Qhigh energy, (1)

ID =
4ekBT

h

×
nb−sbbd∑

p=1

 ln
[
1 + exp

eVs+Φeff
SB −sbbd[p]

kBT

]
− ln

[
1 + exp

eVD+Φeff
SB −sbbd[p]

kBT

]
 . (2)

CINS is the capacity of the gate oxide, it depends on
the geometry and the dielectric constant of the insulator;

Fig. 2. Schematic of the equivalent model of the car-
bon nanotube transistor with modulated height barrier
[15].

VFB is the voltage of �at bands which takes into account
the di�erence between the work function of the metal
and the electron a�nity of the nanotube; RG is the ac-
cess gate resistance; RS and RD are the access resistance
of source and drain; CSE and CDE are the electrostatic
capacities which represent the change in the load inter-
faces doped nanotube/intrinsic nanotube. The AC sys-
tem is obtained from the equivalent circuit [13] and the
in�uence of the barrier Schottky is introduced into the
calculation of the current IDS and charge densities QQS

and QQD.

2.2 Current calculation

The drain current in a SB-CNTFET is calculated using
the following equation:

IDS =
2e

2π
M

[∫ ∞
0

v(k)fS(k)TS(E)dk

−
∫ 0

−∞
v(k)fD(k)TD(E)dk

]
. (3)

Landauers [14] assume a one-dimensional channel "1D"
which is characterized by a ballistic transport between
source and drain [15, 16]. Thus IS is given by

IS =
4e

h

nb−sbbd∑
p=1

∫ ∞
sbbd[p]

1

1 + exp
(

E−e(VCNT−VS)
kBT

)
× exp

(
−4

√
2m∗

3}qEdoc
(ΦSB − E − qVS)

3
2

)
dE

]
. (4)

Using the formulation of the e�ective Schottky barrier,
we write:
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IDS =
2e

h
M

nb−sbbd∑
p=1

×

[∫ ∞
Φeff

SB

fS(E)dE −
∫ ∞

Φeff
SB

fD(E)dE

]
, (5)

IDS =
4e

h

nb−sbbd∑
p=1

×

∫ ∞
ΦSB

1

1 + exp
(

E−e(VCNT−VS)
kBT

)dE
−
∫ ∞

ΦSB

1

1 + exp
(

E−e(VCNT−VD)
kBT

)dE
 . (6)

We can integrate the current via the formula [17].∫
dE

1 + b exp E
kB

=

kBT

[
E

kBT
− ln

(
1 + b exp

E

kBT

)]
=

kBT

[
− ln

(
exp
−E
kBT

+ b

)]
(7)

After some simpli�cations, an analytic result for the
drain current in the SB-CNTFET is given by:

ID =
4ekBT

h

×
−sbbd∑
p=1

 ln
[
1 + exp

eVs+Φeff
SB −sbbd[p]

kBT

]
− ln

[
1 + exp

eVD+Φeff
SB −sbbd[p]

kBT

]
 . (8)

With Φeff
SB−S and Φeff

SB−D being the barrier heights of the
source and drain, respectively, and de�ned as

Φeff
SBS,D

=(
ΦSB −

(
sbbd[p] − eVCNT + VS,D

))
Φeff

SBS,D
=(

ΦSB −
(
sbbd[p] − eVCNT + VS,D

))
× exp

(
− dtunnel
λschottky

)
+
(
sbbd[p] − eVCNT + VS,D

)
exp

(
− dtunnel
λschottky

)
+
(
sbbd[p] − eVCNT + VS,D

)
. (9)

3. Results and discussion

In this section we investigate the in�uence of physical
and geometrical parameters on the static performance of
the SB-CNTFET.
Figure 3a shows the variation of the drain current IDS

with the gate voltage VGS , for various values of height
barrier ΦSB . From the Figure, it is observed that for
the negative values of gate voltage (VGS ≤ 0), the cur-
rent degrades almost linearly and is tending to zero. For
positive values of gate voltage and positive (VGS > 0),
the drain current increases almost linearly. It is also
noted that from the characteristics IDS = f(VGS), for

Fig. 3. (a)Variation of drain current IDS versus the
gate voltage VGS , for various values of the height barrier
ΦSB . (b) the current in the on state ION versus of the
height barrier ΦSB .

the three values of ΦSB , we �nd that the higher is the
barrier, the lower gets current IDS , which gives a low
static conduction. Figure 3b shows the characteristics
ION = f(ΦSB). We observe that as the height barrier
ΦSB increases the current ot the on-state ION decreases
exponentially, which a�ects directly the static perfor-
mance of SB-CNTFET.

Now, we study the e�ect of geometrical parameter
on the structure under consideration. Figure 4a shows
the characteristics IDS = f(VGS) for two chirality val-
ues; (13, 0) and (19, 0). It is observed that the current
IOFF increases with the increases of the diameter of SB-
CNTFET, this is because the gaps become lower. In
Figure 4b, we show the in�uence of the oxide thickness
EOT on Ion/Ioff ratio. We can see that the Ion/Ioff
ratio is higher for low oxide thicknesses (CINS capacity).
We observe also an important linear variation of Ion/Ioff
ratio in the range 1 nm< EOT < 10 nm, this linear vari-
ation will be lower in the range 10 nm < EOT < 100 nm.
Consequently, we can state that the static performances
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Fig. 4. (a) The characteristics IDS = f(VGS) for two
chirality values (13, 0) and (19, 0). (b) The character-
istics Ion/Ioff = f(EOT ).

are enhanced for low EOT thicknesses.

4. Conclusion

The e�ects of geometrical and physical parameters on
the static performances of SB-CNTFET, calculated us-
ing a compact model, are reported. Analysis indicates
that the static performances of SB-CNTFET are a�ect
by height of the barrier ΦSB . Further results show that
the current IOFF is increased with the increase of the
diameter of SB-CNTFET. We also demonstrate that the
Ion/Ioff ratio is increased with the decrease of the EOT
thickness, which enhances the static performances of SB-
CNTFET. In future work, the static and dynamic cases
will be considered simultaneously for better understand-
ing of performances of the SB-CNTFET.
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