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Abstract

This work reports the detailed study of the perfor-
mance of DG-CNTFET taking into account of different
dielectric in gate oxide materials. In this study, we have
investigated the transfer characteristics, Ion/Iorr current
ratio, subthreshold slope and Transconductance of the de-
vice using Non-Equilibrium Green Function (NEGF) for-
malism in atomistic level simulations. The output transfer
characteristics of CNTFET is obtained by solving
Schrodinger equation using NEGF which is self -consist-
ently with 3D Poison’s equation in NanoTCAD ViDEs and
found its performance dependence on different dielectric
material.

1. Introduction

The transistor is considered one of the greatest inven-
tions of the past century. It has helped both the information
and computing age to progress rapidly. One of the reasons for
success is its ability to decrease in size and increase in speed.
This property is summarized in Moore’s law [1]. It derives
that transistor’s size will decrease exponentially while its
speed increases exponentially. The physical barriers arise due
to the continued shrinking of the current transistor used today
such as the Metal-Oxide Field Effect Transistor or MOSFET.
The MOSFET has become one of the most significant devices
for the integrated circuits design application. In the field of
semiconductor devices, continued success in device scaling is
indispensable for further improvements. This scaling limits
the serious issues in the fabrication process. The short channel
effects, threshold voltage roll-off,high leakage current, and
drain induced barrier lowering become increasingly signifi-
cant as the channel length of the semiconductor device is re-
duced which makes less suitable for ultra-low power applica-
tions. The short channel effect and direct tunneling between
source and drain limits the scaling capability of MOSFETs,
when the channel length goes below 10 nm, silicon-based
technology will start to reach its limits. Due to these limita-
tions of MOSFETs, the semiconductor manufacturing is con-
sidering alternative materials and devices to integrate with the
current silicon-based technology for upcoming development.
The new promising Nano-devices, such as Silicon-On-
Insulator (SOI) MOSFET, nanowire MOSFETs, FinFETs,
TFET, JLFETSs possess higher performance enhancements to
reduce the device scaling complications. However, all these
alternatives are not comparable with CNTFETs. The CNT-
FET can perform better in terms of both present and future

technologies, despite the substantial Gate Length (L,) and
gate oxide thickness (tox). In the above-mentioned geomet-
rical and process parameters, the CNTFET is one of the
emerging technologies to supplement the current silicon-
based MOSFET devices [2].

In this paper, we report different gate dielectric material
dependence performance of the CNTFET with double gate
structure. The output characteristics are obtained for different
dielectric material self-consistently solving with Poisson’s
equation using NanoTCAD ViDES.

2. CNTFET Device

In the year 1991, Carbon Nano Tube (CNT) was
introduced by Ijima, at the NEC Fundamental Research La-
boratory in Tsukuba, Japan. CNT can be theoretically viewed
as graphene single atomic layer of graphite sheets. It is rolled
up into concentric cylinders. The atomic structure of a single-
walled CNT can be easily expressed by two vectors namely
chiral vector (ch) and Translational Vector (T). T is the direc-
tion of CNT axis and Ch indicates circumference which de-
termines the diameter, bandgap and threshold voltage.  The
important property of CNTs is that they exhibit metallic as
well as semiconducting. Chiral (n, m) determines this prop-
erty that if (n-m) is divisible by 3, tube is metallic else semi-
conducting. The structure of CNTFET is grouped into two
categories: Planar and coaxial. Planar type is most fabricated
CNTFET type because of their simplicity and compatible
with existing technologies. But coaxial is more preferred
due to maximizing the capacitive coupling between gate and
CNT surface [3]. In our work, double gate planar geometry is
preferred for simulation.

2.1 Device Structure

A double gate device structure used in our simula-
tion is shown in Fig 1. The CNT used with chirality of (7, 0)
zig zag semiconducting type as a channel. Drain and source
are extension of the channel doped with n type which is a
conventional type CNTFET. Gate insulator is extended over
source and drain. Device dimension parameters are given in
Table -I.

Table -1 Device Dimension

Parameter Dimension
CNT Channel Length 5 nm

S/D length 5 nm
Dielectric I nm
Diameter 0.54 nm
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Band gap 1.48 eV
Doping density (f) 5x1073
Snm
5nm Snm

Source (n+) CNT Channel,i

Drain({n+)

Dielectric
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Fig 1. DG CNTFET Device structure
2.2 Simulation Approach
The output transfer characteristics of CNTFET is
obtained by solving Schrodinger equation using NEGF which
is self-consistently with 3D Poison’s equation. Using this
method, the current is computed by

I, =% IT(E)U(E_ES)_f(E_ED)}iE
- €Y)

H is Plank’s constant and T(E) is the transmission coefficient
which is calculated using Green’s function.

2.3 Simulation of I-V Characteristics
CNT is used for low power applications because of
its low value off current. Simulations are performed by taking
Vs is constant as 0.1 V and 0.5 V and by varying Vgs from
0 V to 1 V. The Current-Voltage transfer characteristics of
DG-CNTFET is shown in Fig 2.
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Fig 2. Ips-Vgs Characteristics for Different Vps

It offers low lorr current in the order of 107'° due to the en-
hancement mode operation of the device suitable for low
power applications. Ion is high due to the doping concentra-
tion of source and drain.
2.4 Effect of Different Dielectric materials

A high quality high-K gate dielectric is important
for all high-performance FETs. The transfer characteristics of
different dielectric constant of CNTFET is shown in Fig 3.
Oxide thickness is kept constant as 1 nm. The output charac-
teristics are simulated for different gate bias varies from 0 V
to 1 V keeping Vps is 0.3 V. On current is high for small K
dielectric and increases for K value increase.
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Fig 3-Ips-Ves Characteristics for Different Dielectric constants
Vps=0.3V

Table -II Device Performance Parameters

Calculated param- Vps=0.1V Vps =05V
eters

Ton(A) 7.22E-06 1.32E-05
Torr(A) 7.52E-10 1.23E-09
Ton Iorr 0.96E4 1.07E4
2n(pS) 17.8 379

Table -III Effect of Dielectric constant on Ions Iorr at Vps=0.3V

Dielectric Constant(K) Ton/lorr gm (uS)
3.9 1.20E+04 30
9 3.27E+05 58
11 2.18E+05 50
25 4.21E+06 48

3. Conclusion

In this paper, different types of dielectric dependent CNT-
FET is simulated for 5 nm channel length and 0.5 nm diame-
ter using NEGF method. Performance comparison has been
done using various parameters lon/Ioff ratio, transconduct-
ance and inverse subthreshold slope. From our simulation it
is concluded that for approximately 5 nm device
DG-CNTFET offers better performance which is good for
low power applications.
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