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Abstract— We have investigated the performance of Gallium
Nitride (GaN) based Double-Gate (DG) Metal-Oxide-
Semiconductor Field-Effect Transistor (MOSFET). Atlas Device
Simulation Framework -Silvaco has been used to access Non-
Equilibrium Green Function to distinguish the transfer
characteristics curve, ON state current (lon), OFF-state current
(lorF), Drain Induced Barrier Lowering (DIBL), Subthreshold
Swing, Electron Current Density, Conduction Band Energy and
Electric Field. The concept of Solid state device physics on the
effect of gate length studied for the next generation logic
applications. GaN-based DG MOSFETs shows better
performance than Si-based Single gate MOSFETSs. The proposed
device has drawn the attention over conventional SG-MOSFET
due to fas switching performance. The device turn on and turn
off voltage is respectively VGS=1V(On state) and VGS-0V(OFF
State). To validate our simulation tool and model results,
previous research model has been investigated using Silvaco
Atlas and the results obtained are compared to the previous
results.

Keywords— GaN; DG-MOSFET; DIBL, SS, Silvaco Atlas,
SCE, Gate Length

l. INTRODUCTION

The scaling with better enhancement in the device
execution is the most fundamental objective of the
microelectronics section. In such manner, the different device
designing plans, for example, source/drain designing [1-2],
double material-gate (DMG) innovation [3], channel designing
[4-6] have been engaged from past decades One of the crucial
parts of gate length engineering is to reduce Short channel

Md Rabiul Islam

American International University-Bangladesh
E-mail: saynova@hotmail.com

Md Kamrul Hasan
American International University-Bangladesh

Md Abdul Mannan
American International University-Bangladesh

M. Tanseer Ali
American International University-Bangladesh

Md Rokib Hasan
American International University-Bangladesh

AJSE Vol:18, Issue: 2, Pages 73 - 80

©AJSE 2019

effects (SCEs) adopting the concept on device scaling of
Moore's law [7] contributing to the successive downscaling of
MOSFETSs is the most dynamic and prominent proclamation
ensuring cost-effective smaller in size, high performance, low
power consumption and switching speed [8].

Therefore, contracting the channel length causes losing
control in the channel by a gate. As a result leakage current
point out as short channel effects (SCEs) due to the channel
short for losing control and acts as a capacitance. SCE ensues
due to the consequence of the junction as the portion of channel
desertion gate control [9]. The continuity of shrinking of gate
length is performed for DG-MOSFETs owing to double gate
both gate can control the channel region better and represents
excellent electrostatic behaviour leads to reduce short channel
effects [10].

However, to overcome this issue the channel demands
multiple gates to control the area of the channel. However, a
double gate (DG) metal oxide semiconductor field effect
transistor (MOSFET) is the successor that has multiple gates to
control the area of the channel precisely. DG MOSFET is
referred to as auspicious applicant for better on state current
and amnesty short channel effect (SCE) [11-15].

As conventional channel material has some major
drawbacks, another channel material is needed for better
performance for high switching activity. Charge carrier’s
excursion at a higher momentum than silicon by introducing
the new channel material. Gallium Nitride (GaN) is the most
preferable candidate as channel material with high power
density, high thermal stability, and robustness because of its
less effective mass and mobility is inversely proportional to the
carrier effective mass. Channel material with HfO2 for GaN-
based DG MOSFET is the outstanding contestant due to their
endearing latent monument [16-18].

The channel length of GaN-based DG MOSFET is
enhanced in both source and drain which causes to escalation
effective channel length to overcome the SCE effect. However,
the gate length is the most symbolic specification for better
subthreshold slope (SS) and DIBL for GaN-based DG
MOSFET [19-20]. Perhaps, compared to single gate
conventional MOSFET, DG MOSFET if referred to as the
most pledging applicant [21-22].
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Il. PROPOSED DEVICE STRUCTURE

The proposed GaN-based DG-MOSFETSs was investigated
for multiple gate length using Silvaco Atlas. The length from
source (n-channel) to drain (n-channel) is 5nm. The gate-1 and
gate-2 have high-k hafnium dioxide (HfO,),

In the proposed device, n-channel doping is doped at 102
cm? and p-channel doping is doped at 10-Y cm?. The
equivalent oxide thickness and the gate work function is 0.59
nm and 4.48 eV. The proposed device model has been shown
below,

L¢

Lsc Gate-1 Leo

H1O,

n-channel
P-channel

GaN

| | Gate-2
i i L¢ : i

Figurel: Proposed Model of GaN-based DG-MOSFET

TABLE 1: SEMICONDUCTOR OVERVIEW

Description Silicon Gallium
Nitride

Electron mobility 1450 2000

(cm2/V-sec)

Critical field, 106 0.25 3.0

(EC)(V/cm)

Band gap (EG) 11 3.2

(eV)

The above table demonstrates the difference between the
two-semiconductor silicon (Si) and Gallium Nitride (GaN)
according to International Technology Roadmap for
Semiconductors (ITRS).

TABLE 2: SCALING PARAMETERS

Parameter Description Value
Name

Lo Gate length 9.1nm

Eor Oxide thickness 0.59nm
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me* Mass of GaN 0.18mg
Vos (V) Drain Voltage 0.75V
Vas (V) Gate Voltage v

Table 2, describes the parameter used in simulation using
Silvaco Atlas.

I1l. RESULT ANALYSIS
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Figure 2: Transfer characteristics curve

The above figure represents the transfer characteristics curve,
Drain current Ip vs. Gate voltage Vs for the gate length of
9.1nm (a) Linear scale observation and (b) Log scale
observation. The transfer characteristics curve for above-
mentioned gate length of GaN-based DG MOSFETSs, while
considering at constant drain voltage, VDS = 0.75 Volts and
voltage of gate, VGS = 1 Volts and equivalent oxide
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thickness, EOT=.59 nm. From figure 1, it has been shown that
by reducing the gate length higher current can drive.
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Figure 3: Output characteristics curve
The above figure shows the DC output characteristics curve

for the proposed device of GaN based DG MOSFET for the
gate length of 9.1nm.

2 B
70 B

68 .\-

66 - B

Sub-threshold
Slope, SS (mV/decade)

90 91 92 93 94 95 96 97 98 99 100
Gate Length, Lg (nm)

Figure 4: The effect of subthreshold slope

Figure 4, represents Sub-threshold swing for the gate
length of 9.1 nm and 9.8nm. represents the change in SS
against gate length and according to ITRS, the value is very
convenient. The sub-threshold slope is measured as
69.3mv/decade and 67.9mv/decade for the gate length of
9.1nm and 9.8nm respectively. Sub-threshold slope is
decreasing with respect to increasing the gate length.
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Figure 5: The Effect DIBL with respect to the gate length

The above figure represents the gate length effect on
DIBL for the gate length of 9.1nm and 9.8nm. The critical
electrical parameters such as DIBL is the difference of Vth
owing to the difference in Vps defined the electrostatic
function of MOSFET [23]. DIBL is decreasing with
increasing the gate length. DIBL is measured 31mv/V and
41mv/V for the gate length of 9.1nm and 9.8nm respectively.
DIBL is decreasing with increasing the gate length.
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Figure 6: ON-state and OFF-state current with respect to
gate length.

The above figure represents On state and OFF state current
for the gate length of 9.1nm and 9.8nm. On state current is
found 12.1 mA/um and 11.2 mA/um respectively. On state
current is increasing with respect to decreasing the gate length.
OFF state current is found 1E2 mA/um and 1E® mA /um for
the gate length of 9.1nm and 9.8nm. OFF state current is
increasing with respect to increasing the gate length.
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Figure 7: Electric Field for ON state current

The above figure represents the electric field for on-state
current of GaN-based DG MOSFETs. All the material are
identical with separate color. Figure 5, shows the impact of the
electric field, E (V/cm) location toward the channel, x (nm)
has been investigated since the voltage of drain, VDS=0.75 V,
the voltage of gate, VGS= 1V, EOT= .59 nm was considered
for the gate length of 9.1nm.

Mrons:

Figure 8: Electric field for OFF-state current

Figure 8 shows the electric field for OFF-state current for the
gate length of 9.1nm with Eor = 0.59nm.
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Figure 9: Graphical representation of the electric field

The diagram of electric field, E (V/cm) location toward the
channel, x (hm) of GaN-based DG-MOSFETSs for the gate
length of 9.1nm for on state current.
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Figure 10: Conduction band energy for | on
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Figure 11: Graphical Representation of Band energy

Figures 11, shows the conduction band energy of GaN-based
DG MOSFET and figure 8, demonstrates the graphical
representation of conduction band energy for ON state current
for the gate length of 9.1nm.
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Figure 12: Electron current density
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Figure 13: Electron current density

Figure 13 shows the electron current density of GaN DG
MOSFET and Figure 10, demonstrates the graphical
representation of electron current density.
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Figure 14: 3D view of GaN MOSFET

Figure 14, shows the 3D view GaN MOSFET of electron
current density through a GaN-based DG MOSFET for
Le=9.1nm.
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Figure 15: 3D view of GaN MOSFET

The above figure shows the 3D view of GaN MOSFET with
respect to conduction band energy for the gate length of 9.1nm
with Vps =0.75V and Vgs=1V.
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Figure 16: 3D view of GaN MOSFET for lorr

The above figure 16, shows the 3D view of GaN-based DG
MOSFET for OFF-state current with Le= 9.1nm, Vps=0.75V,
and Ves=1V.
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Figure 17: 3D view of GaN MOSFET for lon

Figure 17, shows the 3D view of GaN-based DG MOSFET for
On state current with Le= 9.1nm, Vps=0.75V and Vgs= 1V. in
this 3D view, it has been shown that. Channel is created
between source and drain to conduct current for ON-state
current and no channel is created for OFF-state current.

TABLE 3: Comparison with previous research GaN based DG
MOSFET (IEEE:7848446) [24]

Description Published results Investigated
results
Gate length 10.6nm 9.1nm
ON-state Ves=1V Ves=1V
Vbp 0.75V 0.75vV
I on 11.4 mA/pm 12.1 mA/um
SS 70.3mv/decade 69.3mv/decade
DIBL 96.5mv/V 31mv/ivV
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Table 4: Comparison with GaN based DG MOSFET,

DOI: 10.1109/WIECON-ECE.2017.8468884 [25]

Description | Published results | Investigated results
Gate length 10nm 9.1nm
ON-state Ves=1V Ves=1V
Vop 0.75V 0.75V

I on 12 mA/um 12.1 mA/um
SS 69 mv/decade 69 mv/decade
DIBL 39 mv/V 31 mv/V

Table 5: Comparison with Sl based SG MOSFET, DOI:
10.1109/1CAEE.2017.8255445 [26]

Description Published results Investigated results
Gate length | 7.3nm 9.1nm

ON-state Ves=1V Ves=1V

Vb 0.75V 0.75V

| on 11.7 mA/um 12.1 mA/um

SS 98 mv/decade 69.3mv/decade
DIBL 71 mv/V 31mv/V

Table 6: Comparison with SI based SG MOSFET, DOI:
10.1109/1ICAEE.2017.8255445 [27]

Description Published results Investigated results
Gate length 9.3nm 9.1nm
ON-state Ves=1V Ves=1V
Vb 0.75V 0.75V

I on 9 mA/um 12.1 mA/um
SS 78 mv/decade 69.3mv/decade
DIBL 47 mv/V 31mv/V

The above comparison tables represent the comparison
between previous research results with our proposed device
investigated results. The performance of GaN based DG
MOSFET for the gate length of 9.1nm is compared with
different gate length for GaN based DG MOSFET and SOI
based SG MOSFET. The performance of GaN based DG
MOSFET is efficient than the previous research results with
respect to ON-state current, OFF-state current, Sub-threshold
slope and DIBL

IV. CONCLUSIONS

The performance of GaN-based DG MOSFETs was
investigated using Atlas Device Simulation Framework-
Silvaco. The simulation results were precisely optimized in
consideration of ON-state current, Subthreshold slope and
Drain induced barrier lowering. The subthreshold slope was
increasing with decreasing the gate length and shrinking the
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gate length increases the drain induced barrier lowering value.
For better improvement, 2D and the 3D analytical figure has
also been investigated for the electric field, conduction band
energy and electron current density. Impressive results are
found compared with previous research results. The overall
performance of Si-based conventional MOSFETs will always
be lower than GaN-based DGMOSFETs. GaN-based DG-
MOSFETSs is the most promising candidates for the future
CMOS performance scaling.
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