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ABSTRACT

Double -gate (DG) MOSFET has emerged as one of the most
promising architecture for scaling CMOS devices down to
nanometer size as compared to the planar single-gate
MOSFETSs. In this work, the impact of channel engineering
on double gate MOSFET has been investigated. Further, the
comparison of double-gate MOSFETs with the graded
channel double-gate MOSFETSs has been done in terms of
performance parameters such as 1-V characteristics, electric
field, electron current density, space charge density using
TCAD Simulator.
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1. INTRODUCTION

Along with the improvement in the device performance, the
scaling is also an important goal of the VLSI industry.
According to Moore's Law, the number of transistors per chip
in a dense integrated circuit has doubled approximately every
two years[1]. From past few years, many researchers are
ardently focusing on channel material engineering of
MOSFET to deal with its performance degradation due to
scaling[2]. The ability of the gate electrode to control the
potential distribution and flow of current in the channel
reduces due to the scaling of the channel length of the device.
On scaling, short channel effects (SCEs) become dominant
due to the increase in the electrostatic effect of the
source/drain electrodes on the channel. As a result, impact-
ionization at the drain side occurs due to which electron
experiences a greater force and may sometimes lead to the
damage of the device. In order to reduce SCEs, the gate to
channel coupling with respect to source/drain coupling must
be increased. Previous studies shows that the convention
bulk MOSFET already reached to its scaling limits which
suggests the need for alternate device to keep pace with
scaling scenario [3]. Various structures have been deployed
to overcome the scaling issue of bulk MOSFET (e.g. SOI
structure, multi-gate  structures). For  better gate
controllability, multiple gate structure is used. In this paper,
the double- gate MOSFET structure is considered. Due to
one extra gate as compare to conventional MOS structure,
the gate to channel coupling is doubled and thus reducing of
SCEs. The two gates in DG-MOSFETSs result in better
electrostatic control over the channel and therefore, improve
the scalability of the device. DG-MOSFET has higher current
density as compared to conventional bulk MOSFET[4].
Many authors have reported the channel engineering i.e.
graded channel (GC), as a possible solution to further
improves the SCEs in nanoscale regime[5,6,7]. In this work,
the graded channel double- gate(DG) MOSFETS is
considered and compared with simple DG-MOSFET
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structure. GC DG-MOSFET structure is analyzed in terms of hot-
electron degradation and impact-ionization. In graded channel,
low-high-low doping profile is taken. The higher doping at the
center ensures the threshold voltage maintenance, while low
doping near the source and drain ensures reduced electric field and
impact-ionization.

2. DEVICE DESIGN & SIMULATION

SETUP

DG-MOSFET uses two gates which are placed in symmetry at
the top and bottom of the channel. The conduction channel is
formed near both the gates. Both the gates are of same
dimensions as well as have work function and also both are
connected to the same potential so it is known as symmetric DG-
MOSFET. The presence of double gate reduces the impact of
the drain field line over the channel potential distribution that
lowers the SCEs. Leakage current is reduced because the
substrate is replaced by the second gate[8].
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Fig. 1 Top view of DG-MOSFET and GCDG-MOSFET

For graded channel double-gate MOSFETS, the threshold voltage
(Vt) implantation is performed at the source side only. The lightly
doped region presents negative threshold voltage and acts as
extension of the drain region under the gate, reducing the effective
channel length [9].

The metal gate symmetric DG-MOSFET and GCDG- MOSFET
with n channel are designed using TCAD simulator. The
parameters and dimensions are shown in Table I.

2.1 Transport Description
e Drift -diffusion model
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This model is based on isothermal simulation. It is widely
suitable for devices with low power density and having long
active regions. It is used for simulation of carrier transport in
semiconductors [10].Current density for an electron is given

by:
Jn = quaE + D, )
Current density for holes is given by:
d
Jo = qpu,E —qD, =~ 0)

Table 1. Device Parameters Taken for Design of DG-
MOSFET and GCDG-MOSFET

S N Parameter DG- GCDG-
- No MOSFET | MOSEE
1. Gate 10nm 10nm
Gate
2. Oxide 0.8n 0.8nm
3. S'I.'Con 5nm 5nm
F|Im/
Source
4. Drain 4 x1019 ¢m3 4 x1021
Channel
- 17
> hDox)ilna 1x10
Channe
- 19
6. Dobina 2x10
7. Channel Doping| 5 x1916 ¢m3 -

3. RESULTS AND DISCUSSION

3.1 Electron Current Density

Current Density is defined as the amount of charges per unit
area per unit time flowing in a particular direction .1t is a
measure of the density of the electric current[11].

Fig. 2(a) and Fig. 2(b) show the variation of electron current
density in silicon film of DG-MOSFET and GCDG-
MOSFET. From Fig. 2(a) it has been observed that electron
current density is higher at the top and bottom of the film
which forms the two conduction channel in DG-MOSFET.
For Fig. 2(b) electron current density is higher in the middle
of the film of GCDG-MOSFET that has good drive current
than DG- MOSFET.
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Fig 2(a). Electron Current Density in Silicon film of DG-
MOSFET
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Fig 2(b). Electron Current Density in Silicon film of GCDG-
MOSFET

3.2 Electric Field

Electric field is defined as the electric force per unit charge. It is
the measure of intensity of electric field at a particular location.
Fig. 3(a) and 3(b) shows the variation of electric field in DG-
MOSFET and GCDG-MOSFET. Fig. 3(a) shows that Double
gates electrically shield the channel. Fig 3(b) shows the variation
of electric field in Silicon film of graded channel DG-MOSFET.
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Fig. 3(a). Electric Field in Silicon film in DG-MOSFET

=
=
3

D00
—0L006
£
= | ] L]
> (u00s - Aps[EincFiead) [v'erm®.
1
G =
] 1ZE+07
. TIEDE
i . 4.0EsD5
ITE3
o = . .

T L e e e e e L | T ™
o T 0.0

x"['_.j'm]
Fig. 3(b). Electric field in Silicon film of GCDG-MOSFET
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3.3 1-V Characteristics

I-V Characteristics curves show the relationship between the
current flowing through the electronic device and the applied
voltage across the terminals. These characteristics are used as
a tool to understand the basic parameters of a component.

Fig. 4(a) shows the I-V characteristics of DG-MOSFET. The
presence of double gate drives the drain current to higher
values. The DG-MOSFET has lower resistance and
movements of ions are more due to the voltage applied from
two gate terminals. Fig. 4(b) shows the 1-V characteristics of
graded channel DG-MOSFET. The graded channel exhibit
higher drain current with lower doping on source and drain
ends in comparison with DG-MOSFET because when the
device gets ON, the effective channel length is determined by
highly doped region, which is shorter than the physical length
of the device.
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Fig. 4. 1-V Characteristics of DG-MOSFET
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Fig. 4(b). 1-V Characteristics of GCDG-MOSFET
3.4 Space Charge Density

Space charge density is the charge density that exists in free
space.

Fig. 5(a) and 5(b) shows the variation of space charge density
in the DG-MOSFET and GCDG-MOSFET. Fig 5(b) shows
that there is a decrease in the space charge density at the
source and drain side as compared to DG-MOSFET [12].This

allows the lower electric field which enables the electron to move
with lesser velocity through the channel thus reducing impact-
ionization [13].

¥ [urm]

St T T T 1
. - .

X [um]

Fig. 5(a). Space charge density in Silicon film of DG-MOSFET
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Fig. 5(b). Space charge density in Silicon film of GCDG-
MOSFET

4. CONCLUSION

From the above discussions, it has been concluded that GCDG-
MOSFET is more superior in terms of space charge density, 1-V
characteristics in comparison to the DG- MOSFET. The channel
engineering is allowed only in permissible limits. The channel
doping cannot be increased beyond a certain limit as some
parameters like sub threshold swing and drain induced barrier
lowering may degrade. Also impact ionization is reduced with the
doping in the channel region.
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