Proceedings of the World Congress on Engineering 2014 Vol I,
WCE 2014, July 2 - 4, 2014, London, U.K.

A Novel High Performance Nanoscaled Dual
Oxide Doping Less Tunnel Field Effect
Transistor

Sajad A Loan*, Member, IAENG, Faisal Bashir, M. Rafat, M. Nizamuddin, Asim. M. Murshid, Abdul
Rahman M. Alamoud and Shuja A. Abbasi

Abstract—In this paper, we propose a new structure
of double gate dual oxide doping less tunnel field effect
transistor (DG-DO-DL-TFET). The concept of charge
plasma is used to realize source and drain regions in the
proposed device. A 2D simulation study of the proposed
device has been performed and the performance has
been compared with a conventional double gate
dopingless TFET (DG-DL-TFET). The simulation study
has shown a significant improvement in ON current,
lon/lore ratio and in average subthreshold slope (SS,)).
It has been observed that ~185% increase in lon/lorr
ratio and 6.14 times enhancement in loy has been
achieved in the proposed DG-DO-DL-TFET device in
comparison to conventional DG-DL-TFET device.
Further, a 30% improvement in SS,, is achieved in the
proposed device in comparison to conventional device.
The small signal ac analysis has shown that the cutoff
frequency of proposed device (42.5GHz) has increased
by 5.3 times in comparison to conventional device (=8
GHz). Furthermore, since source and drain regions are
not realized by conventional ways of ion implantation or
diffusion, therefore, both the devices are free from
random dopant fluctuations and can be processed at low
temperature.

Index Terms— Charge plasma, dual oxide, SOI, current gain.

1. INTRODUCTION

The performance enhancement in MOS technology can be
attributed to the scaling of the device dimensions. The
scaling has significantly enhanced speed, power,
functionality, packing density, reduced chip cost etc [1-2].
However, the scaling of dimensions below 32 nm is
extremely difficult due to short channel effects (SCE), gate
tunneling and other parasitic effects [3-4]. The magnitude of
leakage current or static power dissipation has significantly
increased in scaled device. Further, the supply voltage Vpp
need to be scaled down with the scaling in device
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dimensions, to keep the electric field below its critical value.
However, Vpp scaling degrades the performance of the
device and hence threshold voltage Vy, is bound to be scaled
down to increase the overdrive for high performance. The
scaling of Vy, significantly increases the leakage current and
in turn static power. An important approach to reduce
leakage power and at the same reduce the operating voltage
Vpp is to use the tunnel field effect transistors (TFETS).
Since in a conventional MOSFET subthreshold slope (S)
cannot be less than 60 mV/decade limit, hence it is the need
of the hour to go for devices with S lower than 60
mV/decade [5-6].

Tunnel FET is a device of interest to researchers
nowadays. It has steep subthreshold slope, less than
60mV/dec, possesses very low OFF current, have improved
short channel effect performance and are the promising
candidates for low power applications. With TFETs supply
voltage can be reduced below 0.5V without performance
degradation. However, TFETs have a major issue of poor
ON-current (Ioy) due to large tunnel width. The ambipolar
nature of these devices and random doping fluctuations are
other issues which increases the leakage current in these
devices [7-13].

In this paper, a new tunnel FET is designed and
simulated using Atlas [12]. The source and drain regions of
the device are realized by using charge plasma mechanism
[13-17], where metals of appropriate work functions are
used to induce n and p type charge plasma. Further, the
proposed device uses dual oxide, hafnium oxide under
source and silicon diode under drain regions. The dual oxide
TFET has also been studied in [18-19]. The simulation
results have shown that the proposed double gate dual oxide
doping less tunnel field effect transistor (DG-DO-DL-
TFET) outperform the conventional double gate dopingless
TFET (DG-DL-TFET) significantly. The comparative
analysis through 2D simulations has revealed that a
significant improvement in ON current, lon/lor ratio and in
average subthreshold slope (SS,,) is achieved in the
proposed device. It has been observed that ~185% increase
in Ion/loge ratio and 6.14 times enhancement in lgy has been
achieved in the proposed DG-DO-DL-TFET device in
comparison to conventional DG-DL-TFET device. Further,
a 30% improvement in SS,, is achieved in the proposed
device in comparison to conventional device. Further, it has
been observed from the small signal ac analysis that the
cutoff frequency (fr) of proposed device (42.5GHz) has
increased by 5.3 times in comparison to conventional device
(=8 GHz). Furthermore, since source and drain regions are
not realized by conventional ways of ion implantation or
diffusion, therefore, both the devices are free from random
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dopant fluctuations and can be processed at low temperature
[20-22].

This paper is divided into four sections. Section 1l
discusses various device structures and parameters. The
simulation results and discussion have been discussed in
section I11. The conclusion is given in section IV.

Il. DEVICE SCHEMATICS AND PARAMETERS

Figure 1 shows the schematic diagrams of DG-DO-DL-
TFET and the conventional DG-DL-TFET devices. The
parameters used in simulation study include oxide
thicknesses (tox: = 0.5nm and toy, = 3nm), channel length (L)
=50 nm, Lgs =3 nm, Lgp= 15 nm oxide. The gate work
function used is 4.5 eV in all the devices. In order to keep
uniform carrier concentration throughout the Si thickness,
thickness of undoped Si has to be kept less than the Debye
length. For realizing p+ source and n drain regions, platinum
(work function = 5.93 eV) and hafnium (work function = 3.9
eV) is employed as the source metal electrode and a drain
metal electrode.

(b)
Figure 1: Schematic diagrams of (a) Conventional DG-DL-
TFET (b) Proposed DG-DO-DL-TFET

The device structures shown in Figurel have been simulated
using Atlas device simulator. Various models that have been
used are drift-diffusion current transport model; Lombardi
mobility model and concentration dependent SRH
recombination model. Non local band to band tunneling
(BTBT) model is used to account for the spatial profile of
the energy bands.

I1l. RESULTS AND DISCUSSION

The carrier concentration induced in the proposed device by
the charge plasma method is shown in Figure 2, taken along
a cross section at a distance of 1nm away from silicon-oxide
interface. It shows induced carrier concentration for both
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equilibrium state (with Vps = 0V and Vgs = 0V) and non-
equilibrium state (with Vps = 1V and Vgs = 1.5V). The
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Figure 2: Electron and hole concentrations of the Proposed Dual oxide D-
TFET under thermal equilibrium and ON-state conditions
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Figure 3: Valence and conduction band energy in the OFF-state (Vgs =
0V,Vps = 1.0 V) and ON-state (Vgs = 1.5V, Vps = 1.0 V) for (a) Proposed
Dual oxide D-TFET and (b) conventional D-TFET.

The energy band diagrams of both conventional and the
proposed TFETS in the ON-state and OFF-state are shown in
Figure 3. In the ON-state, the valence band energy levels of
the source side are aligned with the conduction band energy
levels of the channel in both the sturctures. This reduces the
tunnel width in the ON-state, increasing the tunneling
probability and hence increases the ON current. From Figure
3, it is clear that the tunneling width in case of proposed
DG-DO-DL-TFET device is smaller as compared to
conventional DG-DL-TFET device. The reduction in
tunneling width is caused by using high-k dielctric gate
oxide on the source side. It has resulted in considerable
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improvement in ON current, I/l ratio and SS in
comparsion to conventional D-TFET. The transfer
characteristics of proposed and conventional D-TFET are
shown in Figure 4. The threshold voltage used over here is
the voltage corresponding to 107 A/um for both the devices.
It has been observed ON current and I,/l, ratio are
significantly higher in the proposed device in comparison to
the conventional device. It has been observed that ~185%
increase in Ion/loge ratio and 6.14 times enhancement in loy
has been achieved in the proposed DG-DO-DL-TFET
device in comparison to conventional DG-DL-TFET device.
Further, a steep subthreshold slope is achieved in the
proposed device. A 30% improvement in SS,, is achieved in
the proposed device in comparison to conventional device.

Dual-oxide D-TFET
1 ss=26.3mv/dec

12
lon/loff=8x10

...
o4 O
L

(=Y

0
D-TFET

55=37.2mV/dec
lon/[off=1.4x1(:ll-2

Ip(A/pm)
S,

10 ! .
-15 1 1
10 1 : :
1 1
a8 ! ' Vpg=10V
10 : | DS
0 04 0.8 1.2 1.6

Ves (V)

Figure 4: Transfer characteristics of the Proposed DG-DO-DL-TFET
device and conventional DG-DL-TFET.
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Figure 5: Cutoff frequency (fr) comparsion of Proposed Dual oxide D-
TFET and conventional D-TFET.
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Figure 6: Output characteristics of conventional (a) D-TFET (b) Proposed
Dual oxide D-TFET.

The ac analysis of both the conventional and the propose
devices have been performed to see the cutoff frequency (f1)
of the devices. it is clear from Figure 5 that the proposed
DG-DO-DL-TFET device has a significantly large fr in
comparison to the conventional DG-DL-TFET device. The
large fr can be attributed to high transconductance and large
ON current in the proposed device due to efficient tunneling
in the device. The small signal ac analysis has shown that
the cutoff frequency of proposed device (42.5GHz) has
increased by 5.3 times in comparison to conventional device
(=8 GHz). The output characteristics of both the devices
have been performed and are shown in Figure 6. As is clear
from Figure 6 both the devices have reasonable large
breakdown voltage.

IV. CONCLUSIONS

In this work, a new structure of a tunnel FET is designed
and simulated using Atlas simulator. The proposed device is
a dual gate dual oxide and uses the concept of charge plasma
to realize source and drain regions. A 2D simulation study
of the proposed device has been performed and it has been
observed that the proposed DG-DO-DL-TFET device has
outperformed the conventional DG-DL-TFET device in
almost all aspects. The ON current, lon/lore ration and SS,,
has significantly improved in the proposed device. The
cutoff frequency of proposed device (42.5GHz) has
increased by 5.3 times in comparison to conventional device
(=8 GHz). Furthermore, the proposed device is free from the
doping issues, like the random doping fluctuations, and
hence can be processed at low temperature as it is not using
ion implantation or diffusion for realizing doped source and
drain regions.
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