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Carbon nanotubes are attractive for nanoelectronic sensor applications due to its excellent electric
properties and sensitivity. In this paper we studied the property of carbon nanotubes, types and its
modes, we study the carbon nanotube characteristics under the chirality vector of 9,9; 6,0; 2,9. By
studying this mode we can able to choose the appropriate chirality vector for choosing the carbon
nanotubes to the desired applications. CNT are used in field effect transistor for different sensor
applications mainly in biomedical field. By the advancement of VLSI and CNT, the sensitivity,
performance, response time can be improved.
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INTRODUCTION

Carbon nanotubes (CNT) have attracted by many scientists
worldwide. The small dimensions, strength and the
extraordinary physical properties of these structures make them
a very distinctive material with a whole range of potential
applications. The nanotubes can be metallic or semiconducting
depending on their structural parameters[1]. CNTs are expected
to have a wide variety of interesting physical and chemical
properties[2]. The uniqueness of nanotubes that makes them
better than their competitors for specific applications[3]. The
important applications are high-strength composites; energy
storage and energy conversion devices; sensors; field emission
displays and radiation sources; hydrogen storage media; and
nanometer-sized  semiconductor  devices, probes, and
interconnects. Some of these applications are now realized in
products[4]. The mechanical properties of CNT, starting from
the linear elastic parameters, nonlinear elastic instabilities and
buckling, and the inelastic relaxation, yield strength and fracture
mechanisms has been overviewed [5] The synthesis of massive
arrays of monodispersed carbon nanotubes that are self-oriented
on patterned porous silicon and plain silicon substrates is
reported[6]. The interest in carbon nanotubes has been greatly
stimulated by theoretical predictions that their electronic
properties are strongly modulated by small structural
variations[7] Analysis of the stress-strain curves for individual
MWCNTs indicated that the Young's modulus E of the
outermost layer varied from 270 to 950 gigapascals.
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Transmission electron microscopic examination of the broken
nanotube fragments revealed a variety of structures, such as a
nanotube ribbon, a wave pattern, and partial radial collapse[8].
Nanotubes with controllable diameters from 20 to 400
nanometers and lengths from 0.1 to 50 micrometers are
available[9].Carbon nanotubes are distinctive tubular structures
of nanometer diameter and large length/diameter ratio. The
nanotubes may consist of one up to tens and hundreds of
concentric shells of carbons with adjacent shells separation of
0.34 nm. [10] Nanotubes could find use as sensitive chemical
gas sensors[11]. The tensile and bending stiffness constants of
ideal multi-walled and single-walled carbon nano-tubes are
derived in terms of the known elastic properties of graphite.
Tensile strengths are estimated by scaling the 20 GPa tensile
strength of Bacon's graphite whiskers [12]

Carbon Nanotubes & Types

Carbon nanotubes (CNTs) are allotropes of carbon with a
cylindrical nanostructure. These cylindrical carbon molecules
have unusual properties, which are valuable for nanotechnology,
electronics, optics and other fields of materials science and
technology. CNTs have been constructed with length-to-
diameter ratio of up to 132,000,000:1[13] Nanotubes are
members of the fullerene structural family. Their name is
derived from their long, hollow structure with the walls formed
by one-atom-thick sheets of carbon, called graphene. These
sheets are rolled at specific and discrete ("chiral") angles, and
the combination of the rolling angle and radius decides the
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nanotube properties; for example, whether the individual
nanotube shell is a metal or semiconductor. Nanotubes are
categorized as single-walled nanotubes (SWNTs) and multi-
walled nanotubes (MWNTs). Individual nanotubes naturally
align themselves into "ropes" held together by vander Waals
forces, more specifically, pi-stacking. The single-walled CNT
can be either metallic or semiconducting depending on the
chirality (i.e., the direction in which the graphene sheet is
rolled). The diameter of the CNT is also determined by the
chirality [14]. Fig.1 shows single wall CNT and Multi wall
CNT. The extraordinary characteristics of carbon Nanotubes
make them a promising candidate for applications in
microelectronics [15].

Figure 1 Single Wall Carbon Nanotube & Multi Wall Carbon Nanotube
structure

Simulation of Carbon nanotubes

The electrical properties of a single wall carbon nanotube offer
the potential for molecular-scale electronics, a typical
semiconducting single-wall carbon nanotube is 1.4nm in
diameter with a 0.6eV band-gap (the band-gap is inversely
proportional to the diameter).

Simulation 1

Simulation is performed with carbon nanotube with the
following parameters

Table 1 Simulation parameters 1

S.No. Parameters Value
1. Simulation method Pz orbital
2. Chirality (n,m) 9,9
3. Tight binding 3eV
4. Carbon —carbon spacing 142 A
S. Length of the tube 50

Figure 2 shows the molecular structure of carbon nanotubes
with chirality 9,9 and Figure 3 shows the energy Vs axial
vector of CNT for the same input. From the plot we understand
the energy levels.

Result [Molecular stucture. overal

Figure 2 Molecular structure of CNT with chirality (9,9)

Result|Energy vs. Axal Wave Vector
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Figure 3 Energy Vs Axial vector of CNT with chirality
9.9)

Figure 4 shows the energy with different states of CNTFET and
Figure 5 shows the lowest sub band of CNT which intersect at
0 eV level.
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Figure 4 Energy Vs density of states of CNT with chirality (9,9)
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Figure 5 Lowest sub band of CNT with chirality (9,9)
Simulation 2

Simulation is performed with carbon nanotube with the
following parameters
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Table 2 Simulation parameters Resuit ianeet subband (Fz tight-binding) -

S.No. Parameters Value “1

1. Simulation method Pz orbital q
2. Chirality (n,m) 6,0

3. Tight binding 3eV ]

4. Carbon —carbon spacing 142 A 4

5. Length of the tube 50 s |

Result iMUI-—JEUIE—r structure: overall -
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Figure 9 Lowest sub band of CNT with chirality (6,0)
Simulation 3

Simulation is performed with carbon nanotube with the
following parameters

Figure 6 Molecular structure of CNT with chirality (6, 0) Table 3 Simulation parameters

Resull: | Energy ve. Axial Wave Veclor -

S.No. Parameters Value
1 Simulation method Pz orbital
2 Chirality (n,m) 2,9
: 3. Tight binding 3eV
] T _.\ = i — 4. Carbon —carbon spacing 142 A
- s 5 5 Length of the tube 50

Result | Molecular structure: averall
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Figure 7 Energy Vs Axial vector of CNT with chirality (6, 0)

Figure 6 shows the molecular structure of carbon nanotubes
with chirality 6,0 and Figure 7 shows the energy Vs axial
vector of CNT for the same input. From the plot we understand
the energy levels.

Result | Dens|ly-Of-States vs. Energy -l
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Figure 10 Molecular structure of CNT with chirality (2,9)
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Figure 8 Energy Vs density of states of CNT with chirality (6,0)

Figure 8 shows the energy with different states of CNTFET and
Figure 5 shows the lowest sub band of CNT which intersect at
0eV level.

Figure 11 Energy Vs Axial vector of CNT with chirality (2,9)
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Figure 10 shows the molecular structure of carbon nanotubes
with chirality 2, 9 and Figure 11 shows the energy Vs axial
vector of CNT for the same input. From the plot we understand
the energy levels.

Result: | Denslty-Of-States vs. Energy -]
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Figure 12 Energy Vs density of states of CNT with chirality (6,0)
Figure 11 shows the energy with different states of CNTFET

and Figure 12 shows the lowest sub band of CNT which have
more depletion gap.
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Figure 13 Lowest sub band of CNT with chirality (2,9)

Carbon Nanotubes In Fet & Applications

CNTs can be both metallic and semiconducting depending
upon the chirality vector. The promising characteristics of
individual Carbon nanotube FETs have guide to early attempts
at integration of several CNTFETs into important circuits that
can perform an arithmetic and logical operation, or function as
memories and sensors. The structure of CNT decides the FET’s
operation. The diameter of CNTs gets fixed once a nanotube is
grown which fixes the current drive. CNTFET’s width and
current drive can be increased by adding nanotubes in parallel.
The metal gate through thin gate oxide modulates the electronic
band structure of the source, drain and CNT, to regulate the
current. Figure.14 (a) Theoretical structure of CNTFET [16]

Body
Figure 14 Theoretical structure of CNTFET

Main advantages of CNTFETs are threshold voltage control,
channel formation, and higher mobility, current density and
transconductance gain. The N-type CNTFET produces three
times more on-current per unit width at a gate overdrive of
0.6V compared to a p-type MOSFET at the same gate voltage.
Limitations include that the CNTs degrade quickly when
exposed to ambient air. Therefore, research is underway to coat
CNT with polymers in order to increase their lifetime. These
type of structures can be used in sensor applications
particularly in biomedical where cancer, HIV and other
pathogens can be detected at early stages.

CONCLUSION

This concludes our study of CNT properties, simulation with
different chirality vector. In this paper we studied the property
of carbon nanotubes, types and its modes, we study the carbon
nanotube characteristics under the chirality vector of 9,9; 6,0;
2,9. CNT are used in CNT field effect transistor for different
sensor applications mainly in biomedical field. CNTFET with
different signal conditioning circuit plays an application on
biomedical sensor field.
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