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Abstract

In this brief, we have done a comparative study of Single Metal Gate
Junctionless Accumulation Mode Nanowire FET (SMG-JAM-
NWFET) and Dual Metal Gate Junctionless Accumulation Mode
Nanowire FET (DMG-JAM-NWFET) for their immunity against the
trap induced charges. It is so found that the DMG-JAM-NWFET poses
much higher immunity against the trap charges as compared to the
conventional SMG-JAM-NWFET in terms of much lower change in
the potential, current, transconductance and output conductance.
Aberration in other parameters like drain characteristics, Subthreshold
Slope, capacitances and cut-off frequency has also been studied deeply.
It is so found that the DMG-JAM-NWFET poses much higher
immunity against the trap charges as compared to the conventional
SMG-JAM-NWFET in terms of much lower change in the aforesaid
parameters. It is so because of the impact ionization effect, the
resistance to trap charges in DMG-JAM-NWFET is much higher than
SMG-JAM-NWFET.
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1. INTRODUCTION

Increasing demand for compact new technologies drags the
scaling of the device to new levels. The scaling of a MOS
transistor is disturbed by tumbling device dimensions. In every
technology generation, the dimensions of a MOS transistor is
compact by 0.7 factor. Scaling results in reducing the dimensions
of a conventional MOSFET, thus increasing the chip device
density and functional capacity. Smaller MOSFETSs are crammed
into a lesser chip area, thus upsurging the chip device density and
available capacity. But along with these advantages, the scaling
in MOSFET creates critical performance warning factors like
short channel effects (SCEs), fabrication difficulty, maintained
switching speed and, considerable parasitic source/drain
resistance [1],[2]. A new cohort of MOSFETs named multigate
transistors has arisen. These structures are getting general because
of their scaling competence, supervisory power over the channel
region, and depleting the channel completely. Cylindrical Gate
MOSFET is measured as utmost vital entrants for succeeding
generation MOS devices among these multigate transistors as it
abolishes the corner effects. The cylindrical design of MOSFET
is used broadly due to its ultimate short-channel effect immunity,
overturn floating body outcome, progressive carrier transport,
supreme gate governance, and admirable CMOS compatibility
[3]-[6] An inherent anomaly associated with CSG- MOSFET is
conglomeration of highly tipped source- drain which can be easily
nullified with Junctionless Field Effect Transistor (JLFET) [6].

JLFET poses a constant doping across source- channel drain
ruling out the issue of rapid source- drain junction development.
JFET also suffers from Carrier-Mobility-Degradation (CMD),
smaller 1gs along with smaller gm [7]. Junctionless Accumulation
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Mode (JAM) FET [8-9] is being researched to mitigate the
shortcomings of JFET, which is done by keeping channel
concentration of is subordinated with respect to source/drain (n+-
n-n+). JAMFET poses improved performances than JFET.

The manuscript is summarized as: section 2 describes the
device structure of DMG-JAM-NWFET. Section 3 gives out the
results and their discussion on the efficacy of DMG-JAM-
NWFET, for its immunity against the trap induced charges
Finally, conclusion is compiled in section 4.

2. DEVICE-STRUCTURE

The 3-D structure of DMG-JAM-NWFET is pictured in
Fig.1(a), and the 2-D design structure is in Fig.1(b). The design
contains two gates; the Control gate — Gatel and the Auxiliary
gate-Gate2. The source and drain are very heavily doped (N++)
with N type doping of 10%*/cm® and the channel is heavily doped
(N+) with N-type doping of 10%%cm. The various structural
parameters of the projected devices are illustrated in Table.l.
Silvaco device-simulator named ATLAS 3-D [15] arrayed to
comprehend the device simulations. The Newton method and
Gummel method are concurrently used for numerical
calculations. The models used in simulation with their explanation
are tabulated in Table.2.

Gate 1 Gate 2
on O
Ly
L=l +L,
Source Channel Drain
[ Ne Mo
=20
0
M1 Mz
@ (b)

Fig.1. (a) Schematic view of 3D DMG-JAM-NWFET and (b)
Schematic view of 2D DMG-JAM-NWFET

Table.1. Structural Parameters

Device Parameters symbol[SMG-JAM-| DMG-JAM-
y NWFET | NWFET
Channel Length Len 30 nm 30 nm
Thickness of channel tsi 20 nm 20 nm
Ou_ter/lnner depth of Gate - onm onm
oxide
Source/Drain Length Lsio 15nm 15nm
Channel doping Na 10® cm’® 10% cm?®
. (Dml (sz
Gate Work function (eV) D, 5.2
5.13 | 491
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Table.2. Various Simulation Models

Physical model

Carrier to carrier
scattering model

description

CCSMOB deployed for elevated
concentrations of carrier and assist
(CCSMOB) temperature upshot on mobility.

Schottky Read Hall  [SRH model deployed to cartel minority
(SRH) recombination possessions.

The Boltzmann transport model is
deployed for energy balance and works
well for channel lengths greater than
40nm.

Boltzmann

Concentration
dependent model
(CONMOB)

Lombardi model CVT model deployed for non-planner
(CVT) device construction.

CONMOB model deployed to define
numerous regions on a semiconductor.

3. RESULT ANALYSIS

The contour plot of potential for Vg = 0.5 V and Vgs = 0.5V
with no-trap (g=0) charges with (a) SMG-JAM-NWFET (b)
DMG-JAM-NWFET is shown in Fig.2. The Fig.2 depicts that in
DMG-JAM-NWFET shows higher potential over SMG-JAM-
NWFET. This elevation in the carrier concentration creates a
further elevation in the mobility owing to an aberration of Fermi
level toward the bandgap due to the higher work function towards
the drain end in DMG-JAM-NWFET.
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(a) SMG-JAM-NWFET  (b) DMG-JAM-NWFET

Fig.2 Contour Plot of Potential for Vgs= 0.5V and V4= 0.5V
with no trap charges
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The contour plot of potential for Vg = 0.5V and Vg = 0.5V
with positive trap charges (gr = +1E?) with (a) SMG-JAM-
NWFET (b) DMG-JAM-NWEFET is shown in Fig.3. It can be
clearly seen from Fig.2 that in DMG-JAM-NWFET shows higher
potential over SMG-JAM-NWFET. This elevation in the carrier
concentration creates a further elevation in the mobility owing to
an aberration of Fermi level toward the bandgap due to the higher
work function towards the drain end in DMG-JAM-NWFET.

The contour plot of potential for Vg = 0.5V and Vg = 0.5V
with negative trap charges (gr = -1E*?) with (a) SMG-JAM-
NWFET (b) DMG-JAM-NWEFET is shown in Fig.4. It can be
clearly seen from Fig.2 that in DMG-JAM-NWFET shows higher

potential over SMG-JAM-NWFET. This elevation in the carrier
concentration creates a further elevation in the mobility owing to
an aberration of Fermi level toward the bandgap due to the higher
work function towards the drain end in DMG-JAM-NWFET.
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(a) SMG-JAM-NWFET (b) DMG-JAM-NWFET

Fig.3. Contour Plot of Potential for Vg = 0.5 V and Vg = 0.5V
with Positive trap charges

(a) SMG-JAM-NWFET

Fig.4 Contour Plot of Potential for Vg = 0.5V and Vgs = 0.5V
with g = -1E2

(b) DMG-JAM-NWFET
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Fig.5(a). Trap Charges Impact on potential of SMG-JAM-
NWFET

The Fig.5(a) and Fig.5(b) defines potential with position along
the channel intended for Fig.5(a) SMG-JAM-NWFET and
Fig.5(b) DMG-JAM-NWFET. As discussed in Fig.1, the impact
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ionization is reduced in the DMG-JAM-NWFET over SMG-
JAM-NWEFET. This reduction in impact ionization (due to dual
metal gate (®m1>Dm2) in SMG-JAM-NWFET) further manifests a
minimal change in potential on application of trap charges in
DMG-JAM-NWFET over SMG-JAM-NWFET and henceforth
posing immunity against the trap charges.
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Fig.5(b). Trap Charges Impact on potential of DMG-JAM-
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Fig.6 (a) Trap Charges Impact on lgs of SMG-JAM-NWFET

The Fig.6 validates discrepancy of Igs (drain current) regarding
applied Vg (gate voltage) for DMG-JAM-NWFET and SMG-
JAM-NWFET. the impact ionization is reduced in the DMG-
JAM-NWFET over SMG-JAM-NWFET. This reduction in
impact ionization (due to dual metal gate (®mi>®m2) in SMG-
JAM-NWFET) further manifests a minimal change in lgs on
application of trap charges in DMG-JAM-NWFET over SMG-
JAM-NWFET and henceforth posing immunity against the trap
charges.
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Fig.6 (b) Trap Charges Impact on lgs of DMG-JAM-NWFET
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Fig.7(a). Trap Charges Impact on gm of SMG-JAM-NWFET

The Fig.7(a) and Fig.7(b) displays transconductance, gm, and
gate voltage for both devices at V4s=0.2V, showing that gm is
higher in ST-FET than Cylindrical SB-MOSFET. The high cut-
off frequency of the device depends on its optimum bias point
obtained from the device good transconductance value. Thus, the
device is suitable for inflated frequency, inflated gain, and
amplifier implementation. The transconductance is expressed as
in [16]:
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The impact ionization is reduced in the DMG-JAM-NWFET
over SMG-JAM-NWFET. This reduction in impact ionization
(due to dual metal gate (Pmi>Dm2) in SMG-JAM-NWFET) further
manifests a minimal change in potential on application of trap
charges in DMG-JAM-NWFET over SMG-JAM-NWFET and
henceforth posing immunity against the trap charges.
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Fig.7 (b) Trap Charges Impact on g, of DMG-JAM-NWFET
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Fig.8(a). Trap Charges Impact on lgs of SMG-JAM-NWFET
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Fig.8(b). Trap Charges Impact on lgs of DMG-JAM-NWFET

The Fig.8 shows characteristics intended for drain current (lgs)
along with drain voltage (Vgs) for both devices at Vgs=1.0V. The
impact ionization is reduced in the DMG-JAM-NWFET over

SMG-JAM-NWEFET. This reduction in impact ionization (due to
dual metal gate (®Pmi>®Pm2) in SMG-JAM-NWFET) further
manifests a minimal change in potential on application of trap
charges in DMG-JAM-NWFET over SMG-JAM-NWFET and
henceforth posing immunity against the trap charges.
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Fig.9(a) Trap Charges Impact on g4 of SMG-JAM-NWFET
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Fig.9(b). Trap Charges Impact on gq of DMG-JAM-NWFET

The Fig.9 Displays output conductance (gq) intended for both
devices at Vg= 1.0V. The device DMG-JAM-NWFET shows a
higher value of output conductance when compared to the
conventional cylindrical SMG-JAM-NWFET. The formula
defines the output conductance of the device as [16]:

Ol 4
ov,

ds Vgs

9y = (2)

The impact ionization is reduced in the DMG-JAM-NWFET
over SMG-JAM-NWFET. This reduction in impact ionization
(due to dual metal gate (Om1>Dm2) in SMG-JAM-NWFET) further
manifests a minimal change in potential on application of trap
charges in DMG-JAM-NWFET over SMG-JAM-NWFET and
henceforth posing immunity against the trap charges.
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Fig.10(a). Trap Charges Impact on Cgc of SMG-JAM-NWFET
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Fig.10(b). Trap Charges Impact on Cee of DMG-JAM-NWFET

The Fig.10 Displays the capacitance (Cge) intended for both
devices at Vg= 1.0V. The device DMG-JAM-NWFET shows a
lower value of Cec when compared to the conventional cylindrical
SMG-JAM-NWFET. The impact ionization is reduced in the
DMG-JAM-NWFET over SMG-JAM-NWFET. This reduction in
impact ionization (due to dual metal gate (®mi>®m2) in SMG-
JAM-NWFET) further manifests a minimal change in potential
on application of trap charges in DMG-JAM-NWFET over SMG-
JAM-NWFET and henceforth posing immunity against the trap
charges.

The Fig.11 Displays cut off frequency (fr) intended for both
devices at Vg= 1.0V. The device DMG-JAM-NWFET shows a
higher value of fr when compared to the conventional cylindrical
SMG-JAM-NWFET. The impact ionization is reduced in the
DMG-JAM-NWFET over SMG-JAM-NWFET. This reduction in
impact ionization (due to dual metal gate (®mi>®m2) in SMG-
JAM-NWFET) further manifests a minimal change in potential
on application of trap charges in DMG-JAM-NWFET over SMG-
JAM-NWFET and henceforth posing immunity against the trap
charges.
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Fig.11(a). Trap Charges Impact on fr of SMG-JAM-NWFET
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Fig.11(b). Trap Charges Impact on fr of DMG-JAM-NWFET

The Fig.12 shows subthreshold slope (SS) for various devices.
The subthreshold slope is the ratio of variation in gate voltage
(Vgs) for a decade change in drain current (lgs) and can be
formulated as:

oV,

as

SS=—>—
0logy, 14

®)

SS can also be governed by the device capability to transfer
from the off-state to the on-state. The ideal value of SS is
60mV/decade. The Fig. shows that DMG-JAM-NWFET has the
closest to ideal value of the subthreshold slope along with the
limited variation with charges. Owing to increased gate control
over the channel offering high 1o, and reduced lo. The results also
indicate that the device is highly immune to SCEs
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Fig.12(a). Trap Charges Impact on SS of SMG-JAM-NWFET
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Fig.12(b). Trap Charges Impact on SS of DMG-JAM-NWFET
4. CONCLUSION

The Impact trap charges on the frequency response of Single
Metal Gate Junctionless Accumulation Mode Nanowire FET
(SMG-JAM-NWFET) and Dual Metal Gate Junctionless
Accumulation Mode Nanowire FET (DMG-JAM-NWFET) for
their immunity against the trap induced charges, which are
precisely characterized by the measuring the aberration in
parameters like drain characteristics, capacitances and cut-off
frequency has also been studied deeply. It is so found that the
DMG-JAM-NWFET poses much higher immunity against the
trap charges as compared to the conventional SMG-JAM-
NWFET in terms of much lower change in the aforesaid
parameters. It is so because of the impact ionization effect, the
resistance to trap charges in DMG-JAM-NWFET is much higher
than SMG-JAM-NWFET.
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