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Abstract - Dielectric material is used to increase the high
conductance which provides low leakage current. Using
various dielectric materials in dual source TFET to analyze the
impact in gate voltage Vs drain>gate and drain>source. High-
k dielectric materials give better performance than low k
dielectric materials. The impact of dielectric materials in dual
source TFETs gate voltage Vs drain>gate and drain>source
characteristics is done using Silvaco-Atlas TCAD to
understand the better behavior.
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1. INTRODUCTION

The Tunnel Field Effect Transistors (TFET) is an
experimental type transistor. Its structure is very similar to
the MOSFET but the switching mechanism makes TFET more
effective in low power electronics. TFETs switch by
modulating band to band tunnelling mechanism instead of
thermionic emission in MOSFET. Transistor speed is
proportional to the ON current. Increasing the ON current
makes the transistor faster to charge its capacitive load. Dual
source TFET structure contains two sources therefore high
number of electrons are liberated and provides more
current, therefore dual source TFET are more effective than
the dual gate TFET. Also dual gate TFET occupies more space
than the dual source TFET. Gate voltage plays a major role in
the FET. Here the gate voltage Vs Drain>gate and drain>
source is the major consideration. Using various dielectric
materials in the Dual source TFET structure for analyzing the
impact in gate voltage Vs drain>gate and drain>source.

1.1 PRINCIPLE

The TFET switching mechanisms is band-to-band tunnelling
(BTBT). When the high voltage is applied to gate then the
band bend at the source, Band to Band tunnelling occurs
when the conduction band of the intrinsic region aligns with
valence band of the P- region. Electrons from the valence
band tunnel into the conduction band then current flow will
happen. When the gate bias decreased, then misalign
happens between the conduction band of the intrinsic region
and valence band of the P-region, then there is no current
flow. The TFET can switch on and off at the lower voltage
than the MOSFET. TFET works on the band to band

tunnelling mechanism of charge carrier from source to
channel provides low power consumption.

1.2 DIELECTRIC MATERIALS

Dielectric materials with high dielectric constants can be
used as gate dielectric material in TFET. The dielectric
material used in this paper is hafnium dioxide, silicon
dioxide and silicon nitride. High-k dielectric material gives
high value of gate voltage Vs drain>gate and drain>source
characteristics. The dielectric layers with high electrical
permittivity are used for thickness to provide low leakage
current and increases the reliability of the gate dielectric
layer. High-k dielectric materials are having the properties
of high dielectric constant, low leakage current, power
consumption is very small, small tunneling effect, steady in
silicon substrates. High k dielectric materials provide better
gate voltage Vs drain>gate and drain>source characteristic
curve than the Low k dielectric materials.

2. PROPOSED MODELLING

The proposed system designs an optimal dual source tunnel
FET structure using dielectric materials of HfO,, SiO,, and
SizN4 to analyze the impact of gate voltage Vs drain>gate and
drain>source characteristics. TFETs are mainly used for
their effective characteristics in the low power electronics
and it very simple in its structure too.

This work explores the potential of high-k dielectric
materials is improving the performance of gate voltage Vs
drain>gate and drain>source in Dual source TFET. High k
dielectric material has the ability to conduct large amount of
electrical current. Dielectric materials of HfO», SiO2 and SisN4
in dual source TFET are analyzed to get the better
performance of gate voltage Vs drain>gate and drain>source.

High-k dielectric materials like hafnium- dioxide
(HfO) with high dielectric constant give better gate voltage
Vs drain>gate and drain>source characteristics than the low
k dielectric materials. The impact of various dielectric
materials in dual source TFETs gate voltage Vs drain>gate
and drain>source is done using Silvaco-Atlas TCAD.
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3. RESULT AND DISCUSSION
STRUCTURE FILE:

The structure file provides the structure of
the simulated device. This file shows various materials used
in source region, channel region and gate dielectric of dual
source TFET structure. The net doping concentration,
electric field of the simulated device can be analyzed using
this file.

The following figure shows the structure file of dual
source:

ATLAS
Data from vdstfet 1.0 str

Fig- 1 Structure of Dual source TFET using dielectric
material Hafnium dioxide (HfO2)

Fig-1 shows the dual source TFET using Hafnium dioxide
material. Silicon dioxide and silicon nitride dielectric
materials is used in this structure will give various color in
dielectric region.

LOG FILE:

The log file represents the Gate voltage Vs drain>gate and
drain>source parameters:

e Ifthe gate to source voltage Vgsincreases, then
the drain current Ipalso increases. If the gate to
source voltage V¢s decreases, then the drain
current Ipalso decreases. If the depletion width
increases Vs decreases and if the depletion
width decreases Vgsincreases.
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Fig- 2 Gate voltage Vs Drain>gate and Drain>source curve
of dual source TFET using the dielectric material hafnium
dioxide (HfO)
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Fig- 3 Gate voltage Vs Drain>gate and Drain>source curve
of dual source TFET using the dielectric material silicon
dioxide (SiO2)
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Fig-4 Gate voltage Vs Drain>gate and Drain>source curve
of dual source TFET using the dielectric material silicon
Nitride (SizN4)
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4.CONCLUSION

The Fig 2, 3 and 4 shows that the high k dielectric material
hafnium dioxide provides high gate voltage Vs drain>gate
and drain>source characteristics curve compared to the low
k dielectric material silicon dioxide and silicon nitride. The
high dielectric constant value of 16.64 of hafnium dioxide
which reduces leakage current. The implementation of high-
k dielectrics in FETs is mainly to allow further
miniaturization. The leakage current of FETs with HfO; as
gate dielectric is lower than the SiO; and SizsN4and give high
value of gate voltage Vs drain>gate and drain>source. The
gate voltage Vs drain>gate and drain>source are the major
considerations in the low leakage current structures
explored in this work. The Low k dielectric materials which
cause more leakages. High K dielectrics material allows the
gate capacitance to be increased without the leakage effects.
Itis concluded that due to the high dielectric constant high k
dielectric material hafnium dioxide produced the high gate
voltage Vs drain>gate and drain>source characteristics than
the low k dielectric material silicon dioxide and silicon

nitride.
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