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ARTICLE INFO ABSTRACT

Semiconductor Nanowires (NWs) and carbon nanotubes (CNT) are attractive components
for future nanoelectronics, since they can exhibit a range of device function and at the same
time serve as bridging wires that connect to larger scale metallization. Carbon nanotubes are
arrangements of carbon atoms in the form of thin, hollow tubes. Their physical and electrical
properties have attracted much interest in recent years and they can perform both as active
and passive components in nanoscale circuits. Field effect transistors (FETs) have been
configured from NWs and NTs by depositing the nano material on an insulating substrate
surface, making source and drain contacts to the NW or CNT ends, and then configuring
either a bottom or top gate electrode. To understand device physics in depth and to assess
the performance limits of CNTFETs and SNWFETs, simulation is becoming increasingly
important. The objectives of this paper are to assess the performance of CNTFETs and
SNWFETs. A nano device simulator called FETToy was utilized for this purpose. The
various output parameters analyzed were Quantum capacitance vs gate voltage, Drain
current vs. gate voltage, Drain current vs. drain voltage, Drain induced barrier lowering,
Threshold swing, on current, off current, Output conductance and transconductance for
variation in input parameters like Dielectric materials, Thickness of dielectric material,
Diameter of silicon nanowire  Gate Control Parameter and  temperature.

INTRODUCTION
Scaling down of electronic device sizes has been the fundamental
strategy for improving the performance of LSIs. The ITRS
roadmap suggests that in 2016 the gate length of MOSFETs will
be less than 10nm. In this nanoscaled regime, fundamental limits
and technological challenges will be encountered. In addition, the
quantum confinement effects and parasitic resistance will have
significant impact on performance in these small FETs. As the
MOSFET gate length enters the nanometer regime, short channel
effects(SCEs), such as threshold voltage(Vth) and drain-induced-
barrier-lowering(DIBL), become increasingly significant, which
limits the scaling capability of planar bulk or silicon-on-
insulator(SOI) MOSFETs[E.N.Ganesh et al., 2010]. At the same
time, the relatively low carrier mobility in silicon may also
degrade the MOSFET device performance.

For these reasons, various novel device structures like silicon
nanowire transistors, carbon nanotube FETs, molecular
transistors,  new channel materials  are being extensively
explored. Among all these promising post-CMOS structures, the
silicon nanowire transistor (SNWT) has its unique advantage.
The SNWT is based on silicon, a material that the semiconductor
industry has been working on for over thirty years; it would be
really attractive to stay on silicon and also achieve good device
metrics that nanoelectronics provide.  As a result, the silicon

nanowire transistor has obtained broad attention from both the
semiconductor industry and academia [P.S.Raja et al., 2012].
Carbon nanotubes (CNTs) are also promising materials for the
nano-scale electron devices such as nanotube FETs for ultra-high
density integrated circuits and quantum-effect devices for novel
intelligent circuits, which are expected to bring a breakthrough in
the present silicon technology. Carbon nanotubes (CNTs) are
promising field emitters because of their sharp geometry,
mechanical strength, chemical stability and electrical conductivity.
While metallic nanotubes reconsidered as interconnects in
integrated circuits, semiconducting tubes are evaluated as field-
effect transistor(FET) components    [G. Fiori et al., 2005]. So the
comparisons between these two FETs for various parameters are
very essential to carried out.

Carbon Nanotube FET

A carbon nanotube’s band gap is directly affected by its chirality
and diameter. If those properties can be controlled, CNTs would
be a promising candidate for future nano-scale transistor devices.
The structure of CNFET basically resembles the structure of
MOSFET except that the silicon channel is replaced by the carbon
nanotube[Martel R et al., 1998]. There are many types of
CNTFET devices like Back gated CNTFET, Top gated CNTFET,
Vertical CNFET, Wrap-around gate CNTFET and Suspended
CNTFET based on the structure. Basic principle operation of
CNTFET is the same as MOSFET The leading motivation of
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building CNFET is to use this device in digital application. Thus,
the obvious application of CNFET should be to be used in
constructing logic gates; the basic component in computer
[Rasmita Sahoo et al., 2009]. A cylindrical geometry of CNTFET
is assumed here. At the centre, there is the carbon nanotube. The
outermost layer is a metal contact (gate). The metal layer and
carbon nanotube are isolated by a layer of an oxide which act as
an insulator.

Silicon Nanowire FET

A nanowire is a nanostructure, with the diameter of the order of a
nanometers. Many different types of nanowires exist, including
metallic, semiconducting, and insulating.  Typical nanowires
exhibit aspect ratios (length-to-width ratio) of 1000 or more.
Several physical reasons predict that the conductivity of a
nanowire will be much less than that of the corresponding bulk
material. Silicon nanowires (SiNWs) are currently attracting much
attention as promising components for future nano-electronic
devices such as photonic and optoelectronic devices, nanowire
based solar cells and NW based biological sensors. Silicon
nanowire transistors with various types of cross-sections are being
extensively explored by a number of experimental groups. The
SNWT is based on silicon, a material that the semiconductor
industry has been working on for over thirty years; it would be
really attractive to stay on silicon and also achieve good device
metrics that nanoelectronics provide. As a result, the silicon
nanowire transistor has obtained broad attention from both the
semiconductor industry and academic[P.S.Raja et al., 2012]. A
cylindrical geometry of SNWFET is assumed here. At the centre,
there is the silicon nanowire. The outermost layer is a metal
contact(gate). The metal layer and silicon nanowire are isolated by
a layer of an oxide which acts as an insulator.

RESULTS AND DISCUSSION
For understanding the characteristics of new devices, simulations
are very important. Here in this paper, we have investigated the
performance of Carbon nanotube field effect transistor and Silicon
nanowire FET by analyzing various output parameters for the
selected input parameters like Dielectric materials

(Teflon(K=2.1), Polyethylene(K=2.25), SiO2(K=3.9),
ZrO2(K=15), HFO2(K=25), TiO2(K=40) ), Thickness of dielectric
material(1.5, 3, 6, 9nm), Diameter of silicon nanowire( 1, 5, 10,
15nm), Gate Control Parameter (0.1, 0.3, 0.5, 0.8, 0.88,
0.92V),and  temperature[P.S. Raja 2012]. For this purpose, a field
effect transistor simulator called FETToy 2.0 is
utilized[www.nanohub.org]. The various output parameters
analyzed were Quantum capacitance vs gate voltage, Drain
current vs. gate voltage, Drain current vs. drain voltage, Drain
induced barrier lowering, Threshold swing, Carrier injection
velocity, On current, Off current, Output conductance,
transconductance and Voltage gain The following graphs show
the difference in performance of Carbon nanotube FET and
Silicon Nanowire FET for various output parameters.

Quantum capacitance Vs Gate voltage

From the Fig. 3, 4,5,6,7.  It is understood that the capacitance
decreases when increase in dielectrics, decrease in insulator
thickness, increase in diameter, decrease in GCP and increase in
temperature. The CNTFET has lower capacitance than SNWFET
in both cases.

Fig.1 Structure of Carbon nanotube FET

Fig.2 Structure of Silicon Nanowire FET

Fig. 3 QC Vs VG with variation in insulator material

Fig. 4 QC Vs VG with variation in insulator thickness

Fig. 5 QC Vs VG with variation in diameter
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Drain current Vs Gate voltage

From the Fig. 8,9,10,11,12. It is observed that the drain current is
increasing for increase in dielectric, increases in insulator
thickness, increasing the diameter, increasing the GCP, and
increase in temperature. In all cases the CNTFET has higher drain
current than SNWFET.

Drain current Vs drain voltage

From the above Fig.13,14,15,16,17 it is observed that the drain
current is higher for high-K dielectrics, drain current increases
when increase in  insulator thickness, increase in diameter,
increase in GCP and increase in temperature. CNTFET has higher
drain current than SNWFET.

Fig.  6 QC Vs VG with variation in GCP

Fig. 7 QC Vs VG with variation in temperature

Fig. 8 Id Vs VG with variation in insulator material

Fig. 9 Id Vs VG with variation in insulator thickness

Fig.10 Id Vs VG with variation in diameter

Fig. 11 Id Vs VG with variation in GCP

Fig. 12 Id Vs VG with variation in temperature

Fig. 13 Id Vs Vd with variation in insulator material
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Drain Induced Barrier lowering

It is observed that from the Fig.18,19,20,21,22 the DIBL
decreases when increase in dielectric value, increase in insulator
thickness, increase in tube diameter, increase in GCP and decrease
in temperature. It is minimum for CNTFET than SNWFET.

Fig. 14 Id Vs Vd with variation in insulator thickness

Fig. 15 Id Vs Vd with variation in diameter

Fig. 16 Id Vs Vd with variation in GCP

Fig. 17 Id Vs Vd with variation in temperature

Fig. 18 DIBL with variation in insulator thickness

Fig. 19 DIBL with variation in   diameter

Fig. 20 DIBL with variation in insulator material

Fig.  21 DIBL with variation in GCP
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Threshold swing (S)

In the analysis of Threshold swing, it is found that S is minimum
for medium-K(3.9) dielectric and has higher values for low-K and
high-K dielectrics. ‘S’ decreases with decrease in insulator
thickness, decrease in tube diameter, increase in GCP and for
decrease in temperature. S is minimum for CNTFET than
SNWFET.

On current

From the above Fig. 28, 29, 30, 31, 32 it is observed that the on
current increases with increase in dielectric value, decrease in
insulator thickness, increase in tube diameter, increase in GCP and
high temperature. CNTFET has higher on current than SNWFET.

Fig.  22 DIBL with variation in temperature

Fig. 23 S with variation in insulator material

Fig. 24 S with variation in insulator thickness

Fig. 25 S with variation in diameter

Fig. 26 S with variation in GCP

Fig. 27 S with variation in temperature

Fig. 28 ION with variation in insulator material

Fig. 29 ION with variation in insulator thickness
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Off current

From the Fig. 33,34,35,36,37. we can understand that the off
current has no variation with changes in dielectric material,
thickness of insulator, tube diameter and GCP. But it increases
with increase in temperature. CNTFET and SNWFET give the
same results in all the cases.

Fig. 30 ION with variation in tube diameter

Fig. 31 ION with variation in GCP

Fig. 32 ION with variation in temperature

Fig. 33 IOFF with variation in insulator material

Fig. 34 IOFF with variation in insulator thickness

Fig.  35 IOFF with variation in tube diameter

Fig. 36 IOFF with variation in GCP

Fig. 37 IOFF with variation in temperature
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Output conductance (gds)

From the  Fig. 38,39,40,41,42. it is observed that the Output
conductance increases when increase in dielectric, decrease in
insulator thickness, increase in tube diameter, increase in GCP and
decrease in temperature. The CNTFET offers higher Output
conductance than SNWFET.

Transconductance (gm)

The Fig. 43, 44,45,46,47 shows that the transconductance value
increases, when an increase in dielectric value, decrease in
insulator thickness, increase in tube diameter, increase in GCP and
decrease in temperature. The CNTFET offers higher
transconductance than SNWFET.

Fig. 38 gds with variation in insulator material

Fig. 39 gds with variation in insulator thickness

Fig. 40 gds with variation in tube diameter

Fig. 41 gds with variation in GCP

Fig. 42 gds with variation in temperature

Fig. 43 gm with variation in insulator material

Fig.  44 gm with variation in insulator thickness

Fig. 45 gm with variation in tube diameter
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CONCLUSION
In this paper, we have compared the performances of CNTFET
and SNWFET based on several output parameters. From the
results that we have obtained, it is concluded that  CNTFET has
lower quantum capacitance than SNWFET, CNTFET has higher
drain current than SNWFET, Drain Induced Barrier lowering is
minimum for CNTFET than SNWFET, Threshold swing is
minimum for CNTFET than SNWFET, CNTFET has higher
carrier injection velocity than SNWFET, CNTFET has higher on
current than SNWFET, CNTFET and SNWFET gives the same
results for off current, CNTFET offers higher Output conductance
than SNWFET, CNTFET offers higher Tran conductance than
SNWFET.

In general, CNTFET shows superior characteristics over
SNWFET in all the parameters analyzed. Hence CNTFET is
preferred over SNWFET.
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Fig.  46 gm with variation in GCP

Fig.  47 gm with variation in temperature
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