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Abstract
One of the severe issues of the downscaling of semiconductor devices is the threshold voltage
reduction which significantly increases the leakage current. Thus, high threshold voltage (HVT)
techniques are required to bring down the leakage hike for improved performances. In this
paper, for the first time, we investigate the analog/radio frequency (RF) and linearity
performances of silicon (Si) FinFET by employing HVT techniques. Using well-calibrated
technology computer aided design models, to mitigate the leakage current, we analyzed the
following approach to get HVT: (a) increasing channel doping (Nch′); (b) making drain-side
underlap (Ldsu); (c) increasing gate length (Lg′). Two flavors of fin field effect transistors
(FinFETs) viz bulk and silicon-on-insulator (SOI) are suitably compared over their baseline
counterpart, i.e. without HVTs. A thorough investigation of analog/RF metrics such as
transconductance, output resistance, gate capacitance, cut-off frequency, gain-bandwidth, and
transconductance-frequency product proves the eminence of bulk-FinFET over its peer
SOI-FinFET. In contrast, SOI-FinFET shows merits in intrinsic gain and linearity such as gm2,
gm3, VIP2, VIP3, IIP3, IMD3, and 1 dB compression point. Thus, HVT techniques are worth
analyzing for a FinFET architecture employed in analog/RF applications.

Keywords: FinFET, high threshold voltage, leakage current, analog/RF, linearity,
silicon-on-insulator

(Some figures may appear in color only in the online journal)

1. Introduction

Fin field effect transistor (FinFET)-based complimentry metal
oxide semiconductor (CMOS) logic devices are attaining pop-
ularity due to their high performance, low power, improved
gate electrostatic, superior scalability, and low subthreshold
slope (SS) when compared to the conventional FETs [1–4].
FinFETs fabricated on silicon-on-insulator (SOI) substrates

∗
Author to whom any correspondence should be addressed.

can suppress sub-fin leakage current while exhibiting excellent
subthreshold swing [5]. Using punch-through stopper (PTS)
doping beneath the channel fin region, the device charac-
teristics and performance of bulk FinFET can be matched
with those of SOI-FinFET [6]. Modern communication sys-
tems operating in the gigahertz frequency range require the
low intermodulation linear operation of FinFET based CMOS
devices to detect the weak signal [7, 8]. A substantial exper-
iment and mitigation of nonlinearity present in the output
characteristics of the FinFET based devices are necessitated
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for the high-frequency application, which is both costly and
time-demanding. Therefore, the linearity is analyzed in terms
of quite efficient and less arduous metrics like gm2, gm3,
VIP2, VIP3, IIP3, IMD3, and 1 dB compression point, which
is ensured that the higher-order harmonics and intermodu-
lation distortion are minimized at the output of the radio
frequency (RF) systems. According to International Tech-
nology Roadmap of Semiconductor (ITRS), evaluating the
device’s analog/RF and linearity figure of merits (FoMs)
for application perspective is vital [9]. FinFET devices have
higher intrinsic gain for low-frequency applications com-
pared to bulk metal oxide semiconductor field effect transist-
ors (MOSFETs); however, exhibit inferior frequency beha-
vior for high-frequency applications due to higher series res-
istance and lower carrier mobility along the channel side-
walls [10, 11]. The RF performance of FinFET is a strong
function of gate length (Lg) and fin width (Fw), and the
unity gain cut-off frequency ( f T) of FinFET improves as Fw

increases [12].
Therefore, it is necessary to investigate the maximum f T

of the leading-edge devices like FinFETs. Recently, the RF
performance parameters in terms of the maximum operating
frequency (fmax) and f T of the FinFET have been investigated
[13–15]. However, the leakage current, analog/RF, and linear-
ity performance parameters of high threshold voltage (HVT)
and low threshold voltage (LVT), i.e. baseline bulk and SOI
FinFETs, have not been explored yet.

In this paper, using well-calibrated technology computer
aided design (TCAD) models for 14 nm technology node [16],
the impact of HVT techniques such as increasing channel
doping concentration (Nch′), drain-side underlap (Ldsu), and
increasing channel length (Lg′) on leakage current, analog/RF,
and linearity performance of bulk-FinFET and SOI-FinFET
have been studied.

Our key contribution: In this paper, the following key
evolved ideas and objectives are setups for HVT-FinFET
device analysis:

• Investigation of different HVT techniques in bulk-FinFET
and SOI-FinFET, separately.

• The impact of HVT techniques in leakage current improve-
ment of bulk-FinFET and SOI-FinFET is studied to enable
enhanced standby power performance.

• Analog/RF and linearity analysis of HVT-FinFETs.
• A proper comparison of all the HVT techniques and
provided optimized device guidelines.

The rest of the paper is organized as follows: in section 2,
the TCAD simulation methodology, device calibration, and
baseline (LVT) bulk and SOI FinFET device characteristics
are discussed. Section 3 investigates the HVT techniques and
their impact on analog/RF and linearity FoMs of bulk and
SOI FinFETs, respectively. Finally, a summary is drawn in
section 4.

2. Device structure and simulation methodology

Three dimensional (3D) schematic of the bulk-FinFET and
SOI-FinFET are shown in figures 1(a) and (b), and the

Figure 1. Three-dimensional structure illustration of (a) Si
bulk-FinFET, (b) SOI-FinFET, and cross-sectional view of (c) Si
bulk-FinFET, (d) SOI-FinFET. Both flavors of FinFETs have
equivalent dimensions chosen for a fair comparison, as mentioned in
table 1.

cross-section view is shown in figures 1(c) and (d), respect-
ively. The device consists of SiO2 as the interfacial oxide
layer and HfO2 as the high-k gate dielectric material. Metal
as the gate electrode and the spacer (Si3N4) to suppress the
gate-drain/source capacitances [17, 18]. To obtain the reli-
able TCAD simulation results, the baseline bulk-FinFET [19]
and SOI-FinFET [20] are carefully calibrated with the repor-
ted experimental data. Table 1 articulates the device paramet-
ers used for device calibration. For a fair comparison, the
uniform doping 1020 cm−3 of phosphorous in source/drain
(S/D) pads and 1016 cm−3 of boron in the channel region
is used in bulk and SOI FinFET [21]. The S/D is highly
doped to alleviate leakage current and mitigate the effect of
the drain induced barrier lowering (DIBL) and random dop-
ing fluctuation [22]. TCAD simulation framework includes
various device physics models tuned in the prescribed range
to match the experimental data well. Shchokley–Read–Hall
(SRH) model for incorporating carrier generation and recom-
bination. The quantum-potential and drift-diffusion transport
models render the device’s electrical performance, such as
currents and terminal charges. The carrier mobility beha-
vior has been captured by incorporating the Caughey–Thomas
model for high field saturation, Lombardi model to allevi-
ate mobility degradation due to high-k dielectric [23], bal-
listic mobilitymodel to study short channel effects, and doping
dependent (UniBo) model to account for lattice scattering
and electron–hole scattering [24]. Finally, the work func-
tion of the metal gate electrode (TiN) and the S/D contact
resistances are adjusted to calibrate the transfer character-
istics (IDS–VGS), as shown in figure 2. At low drain bias
and high drain bias, the bulk-FinFET has a linear drive cur-
rent IDS,lin of 0.24 mA µm−1, and a saturation current IDS,sat
of 1.1 mA µm−1, respectively. Similarly, the SOI-FinFET
exhibits linear drive current IDS,lin of 0.11 mA µm−1, and
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Table 1. Parameters table.

Symbol Parameters Bulk FinFET SOI FinFET

Lg Channel length 20 nm 20 nm
Fh Fin height 42 nm 42 nm
Fw Fin width 8 nm 8 nm
LS/D Source/drain length 30 nm 30 nm
LSP Spacer length 7.5 nm 7.5 nm
TSTI Shallow trench isolation thickness 10 nm —
TBOX Buried oxide thickness — 10 nm
TEOT Equivalent oxide thickness 0.9 nm 0.9 nm
εox Gate dielectric (HfO2) 22εo 22εo
εsp Spacer dielectric (Si3N4) 7.5εo 7.5εo
Nch Channel doping 1 × 1016 cm−3 1 × 1016 cm−3

NSD Source/drain doping 1 × 1020 cm−3 1 × 1020 cm−3

NPTS Punch through stopper doping 5 × 1017 cm−3 —
Nsub Substrate doping 5 × 1017 cm−3 5 × 1017 cm−3

Figure 2. Transfer characteristics (IDS–VGS) of (a) Si bulk-FinFET
with the experimental data [19] and (b) SOI-FinFET with the
experimental data [20]. We have separately calibrated the baseline
bulk-FinFET and SOI-FinFET with appropriate tuning parameters
and taken similar doping profiles for a fair comparison.

saturation current IDS,sat of 0.868 mA µm−1, respectively.
Note that the drain current of bulk-FinFET and SOI-FinFET
has been normalized by effective channel width, given as
Weff = 2Fh + FW.

3. Results and discussion

This paper investigated the impact of incorporating the HVT
techniques on analog/RF performance of bulk- and SOI Fin-
FETs. The inversion electron density across the channel region
reveals that the peak electron charge density of the bulk-
and SOI FinFET are 1 × 1019 cm−3 and 8 × 1019 cm−3,
respectively. This peak value of the charge centroid is situ-
ated at the middle of the fin because strong 2D quantum
confinement along the fin width causes volume inversion
[25]. Figure 3 shows the contour plots of LVT baseline Fin-
FET (figure 3(a)) and HVT FinFETs with increased channel
doping concentration (Nch′) (figure 3(b)), drain-side under-
lap (Ldsu = 4 nm) (figure 3(c)), and increased gate length
(Lg′ = 24 nm) (figure 3(d)).

Figure 3. Contour plots of (a) baseline LVT-FinFET (Lg = 20 nm),
(b) HVT-FinFET with increased channel doping
(Nch′ = 2 × 1018 cm−3), (c) HVT-FinFET with drain-side underlap
(Ldsu = 4 nm), and (d) HVT-FinFET with increased gate length
(Lg ′ = Lg + Lg ′ ′ = 24 nm). SE and DE represent the source and
drain extension region, respectively.

3.1. Leakage current analysis

Devices with multi-threshold voltages (V th) are frequently
required for power performance improvement [26, 27].
HVT-FinFETs devices have the advantage of optimized power
performance due to improved leakage current compared to
the LVT, i.e. baseline FinFETs. HVT-FinFET can be designed
with either: (a) increased channel doping concentration (Nch′)
(figure 3(b)), which in turn increases the V th. (b) Creating
an underlap at the drain side, which increases the deple-
tion width and, in turn, reduces the inversion carrier dens-
ity and increases the output resistance. Therefore, V th could
be improved. The concept of asymmetric gate-source/drain
underlap (Ldsu) (figure 3(c)) has been implemented in a static
random access memory to achieve adjustable V th, improved
IOFF, and stability [28, 29]. (c) Similarly, a fraction increase
in channel length (i.e. Lg′) increases the V th, and it is a
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Figure 4. Impact of incorporating different HVT techniques in
bulk-FinFET and SOI-FinFET on (a) subthreshold swing (SS); and
(b) threshold voltage (V th).

Figure 5. Impact of Ldsu, Lg′ , and Nch′ HVT techniques on the
leakage current of (a) bulk-FinFET and (b) SOI-FinFET keeping the
same ON current, and fixed VDS of 0.7 V. Results reveal that
Ldsu-HVT is the most effective way to suppress the IOFF in both
bulk-FinFET and SOI-FinFET.

widely adopted approach in microprocessor designs [30]. The
drain current of HVT techniques improves in the subthreshold
region, which demarcates high VGS is necessitated to turn ON
the HVT-FinFET. Hence, the threshold voltage increases for
HVT-FinFET compared to LVT-FinFET (figure 4(b)). Here,
V th is calculated by using the constant current method [22].
Figure 4 shows the effect of different HVT techniques on sub-
threshold swing and threshold voltage of bulk and SOI Fin-
FET. The subthreshold swing of Ldsu, Lg′ , and Nch′ HVT-
FinFETs improves by 5.2%, 3.53%, and 1.56%, respectively,
compared to LVT bulk-FinFET. Similarly, by using Ldsu,
Lg′ , and Nch′ techniques in HVT SOI-FinFET subthreshold
swing enhanced by 7.2%, 7.9%, and 1.92%, respectively, com-
pared to LVT SOI-FinFET. Thus, Ldsu-HVT improves the
subthreshold swing better compared with other HVT tech-
niques for both bulk-FinFET and SOI-FinFET. Figures 5(a)
and (b) summarizes the comprehensive IDS–VGS characterist-
ics of bulk-FinFET and SOI-FinFET by incorporating the dif-
ferent HVT techniques. The aforementioned parameters have
a significant impact on leakage current improvement. With
the adoption of Lg′-HVT, Nch′-HVT, and Ldsu-HVT the leak-
age current of LVT bulk-FinFET improves by 38.6%, 66.4%,
and 72.9%, respectively (figure 5(a)). Similarly, for LVT SOI-
FinFET, it improves by 45%, 28%, and 52%, respectively
(figure 5(b)).

Figure 6. Illustration of the impact of incorporating various HVT
techniques on transconductance (gm) (a), (b), output resistance (r0)
(c), (d) and on intrinsic gain (e), (f) of the bulk-FinFET (a), (c), (e),
and SOI-FinFET (b), (d), (f), respectively.

3.2. Analog/RF analysis

In this sub-section, we thoroughly investigated the analo-
g/RF performance parameters of the proposed HVT-FinFET
and compared them with the baseline LVT-FinFET. In this
manuscript, we have analyzed various parameters such as
transconductance (gm), output resistance (r0), intrinsic gain
(gmr0), unity gain cut-off frequency (f T), total gate capacit-
ance (Cgg), transconductance frequency product (TFP), and
gain-bandwidth product (GBP) [31]. The transconductance
(gm = ∂IDS/∂VGS) is indeed a vital parameter worth need-
ing for analog circuits. On similar grounds, the intrinsic gain
of any circuit is a function of the transconductance and the
output resistance (r0 = ∂IDS/∂VDS), i.e. Av = gmr0, which
would be as high as possible for better analog performance.
Figure 6 shows the gm, r0, and Av variation with varying gate
and drain bias for the bulk- and SOI FinFET. The peak value
of gm varies with the value of VGS. LVT, i.e. baseline bulk-
FinFET and SOI-FinFET shows higher gm in weak to mod-
erate inversion regimes compared to the HVT bulk-FinFET
and SOI-FinFET. Among all the HVT techniques, the Nch′-
HVT bulk-FinFET and SOI-FinFET offer higher gm at the
strong inversion regime. However, the intrinsic gain of the

4



Semicond. Sci. Technol. 37 (2022) 055010 R K Jaisawal et al

Figure 7. The total gate capacitance (Cgg) of the (a) bulk-FinFET
and (b) SOI-FinFET with varying gate voltage.

HVT techniques has been improved over the LVT counterpart
predominately due to the output resistance (r0). This stands
for the improved saturation region of ID–VDS characterist-
ics, another advantage for analog circuits. Figure 7 shows the
total gate capacitance (Cgg) of bulk-FinFET and SOI-FinFET.
Compared to their counterpart baseline devices, the HVT tech-
niques significantly impacted Cgg of both bulk-FinFET and
SOI-FinFET. For Ldsu-HVT, bulk-FinFET and SOI-FinFET
Cgg decreases as V th increases in the subthreshold inversion
region whereas, for Lg′-HVT, bulk-FinFET and SOI-FinFET
Cgg increases in the strong inversion region due to the charge
accumulation.

The frequency where the short circuit current gain equals
one is known as the unity gain cut-off frequency (f T) and is
given as [32]:

fT =
gm

2πCgg
=

gm
2π× (Cgs +Cgd)

(1)

where Cgg is the total gate capacitance, Cgs is gate-to-source
capacitance, and Cgd is the gate-to-drain capacitance extracted
at 1MHz frequency [33] by applying the small alternating cur-
rent (AC, i.e. sinusoidal) signal in the mixed-mode simulation.
Also, it is assumed that body is connected to the source. From
equation (1), it is clear that f T is a strong function of gm and
Cgg. Figures 8(a) and (b) depicts the unity gain cut-off fre-
quency of bulk-FinFET and SOI-FinFET for LVT and HVT
techniques, respectively. Compared with LVT bulk-FinFET,
the peak values of f T diminished by 22%, 7%, and 16%, for
Nch′-HVT, Ldsu-HVT, and Lg′-HVT bulk-FinFET, respectively
(figure 8(a)). Similarly, for LVT SOI-FinFET, the peak value
of f T decreased by 17%, 5%, and 19% for Nch′-HVT, Ldsu-
HVT, and Lg′-HVT SOI-FinFET, respectively (figure 8(b)).
The decrease in the value of gm for weak and moderate inver-
sion regions is the root cause of the decreases in f T. As a result,
the RF performance of HVT bulk-FinFET and SOI-FinFET
degrades compared with LVT bulk-FinFET and SOI-FinFET.
The GBP can be given as [34]:

GBP=
gm

2π× 10×Cgd
. (2)

Figures 8(c) and (d) shows the GBP and TFP of HVT
bulk-FinFET and SOI-FinFET compared with LVT-FinFETs,
respectively. The GBP of HVT bulk-FinFET is decreased

Figure 8. Illustration of the impact of incorporating various HVT
techniques on unity gain cut-off frequency (f T) (a), (b), GBP and
TFP (c), (d) of bulk-FinFET (a), (c), and SOI-FinFET (b), (d),
respectively.

by 9% for Nch′-HVT bulk-FinFET, 15% for Ldsu-HVT bulk-
FinFET, and 18% for Lg′-HVT bulk-FinFET as compared
with LVT bulk-FinFET. Similarly, for HVT SOI-FinFET, it
decreases by 11% (Nch′-HVT), 25% (Ldsu-HVT), and 17%
(Lg′-HVT) with respect to LVT SOI-FinFET. The GBP of
LVT bulk-FinFET and LVT SOI-FinFET is 369 and 164 GHz,
respectively, making them quite appropriate for gigahertz
applications. The TFP predicts the comprehensive analog/RF
performance of FinFET as [34]:

TFP=

(
gm
IDS

)
× fT. (3)

TFP of HVT bulk-FinFET decreases for Nch′-HVT and
Ldsu-HVT by 42%, 4%, respectively, but for Lg′-HVT, it
increases by 3%, as well compared to LVT bulk-FinFET
(figure 8(c)). However, for Nch′-HVT, Ldsu-HVT, and Lg′-
HVT SOI-FinFET, TFP decreases by 49%, 30%, and 52.8%,
respectively, as compared to LVT SOI-FinFET (figure 8(d)).
TFP deteriorate for HVT bulk-FinFET and SOI-FinFET
because the peak value of gm and f T decreases compared to
LVT bulk-FinFET and SOI-FinFET. Thus, the overall ana-
log/RF performance of HVT bulk-FinFET and SOI-FinFET
degrades as compared to LVT bulk-FinFET and SOI-FinFET
for RF applications with a sounding improvement in the leak-
age current.

3.3. Linearity performance and distortion analysis

This sub-section investigates the linearity and harmonic dis-
tortion of bulk and SOI FinFETs with and without HVT
techniques. In general, the minimum harmonic distortion
of devices would provide power saving in RF communica-
tion. To study the distortion and linearity of the LVT and
HVT-FinFETs, numerous metrics have been explored such as
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gm2 (second-order harmonics transconductance), gm3 (third-
order harmonics transconductance), VIP2 (interpolated input
voltage where first-order harmonic voltage is equal to second-
order harmonics voltage), VIP3 (interpolated input voltage
where first-order harmonic voltage is equal to third-order har-
monics voltage), IIP3 (third-order input power intercept point),
IMD3 (third-order intermodulation distortion), and 1 dB com-
pression point, etc [35].

The linearity and distortion FoMs of the preceding terms
can be calculated as:

VIP2 = 4×
(
gm1

gm2

)
(4)

VIP3 =

√
24×

(
gm1

gm3

)
(5)

IIP3 =
2
3
×
(

gm1

gm3 ×RS

)
(6)

IMD3 =

[
9
2
×
(
(VIP3)

3 × gm3

)]2
×RS (7)

1− dB compression point= 0.22×

√(
gm1

gm3

)
(8)

where, gmn= ∂nIDS/∂VGS
n, n= 1, 2, 3 are the first, second, and

third-order derivatives of drain current with respect to drain
voltage and RS = 50 Ω is opted [35]. Figure 9 depicts the
variation of gm2 and gm3 with respect to the gate voltage for
bulk and SOI FinFET. The peak value of gm2 and gm3 should
be lower and the zero crossover point of gm3 should occur at
lower VGS for better linearity performance. Here, the value
of VGS where gm3 tries the first zero occurs is defined as the
zero crossover point. The values of gm2 and gm3 are lower for
Nch′-HVT bulk-FinFET and SOI-FinFET (figure 9), indicating
improved linearity performance. To design a device for bet-
ter linearity performance with less distortion, IIP3, VIP2, and
VIP3 values should be maximum, and IMD3 should be min-
imum [35]. Figures (10)–(12) shows the variation of different
linearity FoMs with respect to VGS at constant VDS = 0.7 V
for bulk-FinFET and SOI-FinFET. Figures 10(a) and (c) shows
that VIP2 and VIP3 attain the higher peak values, which cor-
respond to moderate and strong inversion regions for Nch′-
HVT bulk-FinFET and Ldsu-HVT bulk-FinFET, respectively.
Figures 10(b) and (d) shows that VIP2 and VIP3 attain higher
peak values for Nch′-HVT SOI-FinFET. Thus, the linearity
performance of HVT bulk-FinFET and HVT SOI-FinFET is
better compared to that of LVT bulk-FinFET and LVT SOI-
FinFET.

IIP3 and IMD3 describe the extrapolated input power and
intermodulation power when the first-order harmonic power
equals the third-order power harmonic. Figures 11(a) and (b)
exhibit that IIP3 of bulk-FinFET and SOI-FinFET attains a
higher peak value for Ldsu-HVT bulk-FinFET and Nch′-HVT
SOI-FinFET, respectively. In figures 11(c) and (d), Lg′-HVT
FinFET has the lower value for bulk-FinFET and SOI-FinFET,

Figure 9. Illustration of the impact of different HVT techniques on
second-order transconductance harmonics (gm2) (a), (b) and
third-order transconductance harmonics (gm3) (c), (d) of
bulk-FinFET (a), (c) and SOI-FinFET (b), (d).

Figure 10. Illustration of the impact of different HVT techniques on
VIP2 (a), (b) and VIP3 (c), (d) of bulk-FinFET (a), (c) and
SOI-FinFET (b), (d), respectively.

indicating that Lg′-HVT technique will produce minimal
distortion.

The 1 dB compression point determines the upper limit
of the linearity and signifies the power level where the
gain is reduced by 1 dB from its small-signal input value.
Figure 12 depicts the variation of the 1 dB compression
point for bulk-FinFET and SOI-FinFET. It is observed that
the 1 dB compression point for Nch′-HVT bulk-FinFET
and Nch′-HVT SOI-FinFET is high for the moderate to
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Figure 11. Illustration of the impact of different HVT techniques on IIP3 (a), (b) and IMD3 (c), (d) of bulk-FinFET (a), (c), and SOI-FinFET
(b), (d), respectively.

Figure 12. Illustration of the impact of HVT techniques on 1 dB compression point of (a) bulk-FinFET and (b) SOI-FinFET.

Table 2. Comprehensive analog/RF and linearity performance parameters of bulk-FinFET.

Parameter Lg-LVT Nch′ -HVT Ldsu-HVT Lg′ -HVT

IOFF (nA) 1.5 0.501 0.41 0.98
SS (mV dec−1) 67.73 66.67 64.16 65.34
V th (V) 0.195 0.215 0.207 0.216
ION/IOFF (105) 0.73 2.17 2.19 1.12
Av = gmr0 17.30 16.43 26.87 28.28
Cgg (aF) 67.07 73.19 66.65 78.98
Cgd (aF) 25.66 23.69 33.6 33.86
f T (GHz) 1005 776 934 841
GBP (GHz) 369 334 311 303
TFP (THz) 7.62 4.4 7.29 7.84

Linearity performance FoMs

gm (mA V−1) 0.348 0.305 0.302 0.316
gm2 (mA V−2) 1.54 1.15 1.35 1.44
gm3 (mA V−3) 11.65 9.37 9.5 9.8
VIP2 (V) 37.52 103.05 4.41 1.93
VIP3 (V) 4.59 6.93 12.46 5.29
IIP3 (dBm) 10.69 14.26 22.29 11.92
IMD3 (dBm) −77.39 −82.02 −86.12 −87.08
1 dB (dB) 1.08 0.488 −0.82 −0.78
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Table 3. Comprehensive analog/RF and linearity performance parameters of SOI-FinFET.

Parameter Lg-LVT Nch′ -HVT Ldsu-HVT Lg′ -HVT

IOFF (nA) 7.91 5.69 3.82 4.33
SS (mV dec−1) 69 67.67 64.04 63.54
V th (V) 0.133 0.142 0.141 0.143
ION/IOFF (104) 0.77 1.06 1.58 1.41
Av = gmr0 47.33 38.87 65.23 67.15
Cgg (aF) 70.92 78.22 73.64 86.06
Cgd (aF) 41.27 45.64 51.43 52.23
f T (GHz) 460 381 437 371
GBP (GHz) 164.1 145.4 123.2 135.2
TFP (THz) 5.85 2.99 4.1 2.76

Linearity performance FoMs

gm (mA V−1) 0.144 0.129 0.123 0.1
gm2 (mA V−2) 1.9 0.13 1.58 2.3
gm3 (mA V−3) 12.9 7.36 11 20.68
VIP2 (V) 41.96 122.43 115.7 28.45
VIP3 (V) 5.07 19.84 4.46 2.55
IIP3 (dBm) 11.55 23.38 10.44 11.47
IMD3 (dBm) −61.55 −65.01 −68.54 −68.89
1 dB (dB) −1.47 1.33 1.25 0.68

strong inversion regime. Thus, Nch′-HVT technique provides
improved linearity performance. For a fair comparison, the
acquired results obtained by applying HVT techniques with
their LVT counterparts are tabulated in table 2 for bulk-
FinFET and in table 3 for SOI-FinFET, respectively. Thus,
through detailed investigations, this manuscript provides a
proper design guideline to suppress the leakage current and
improve the analog/RF and linearity performances using HVT
techniques.

4. Conclusion

Using well-calibrated TCAD models, this work investigates
the impact of HVT techniques on leakage current, analog/RF,
and linearity performances of bulk and SOI FinFET. Three
HVT techniques, such as varying channel doping, creating
drain underlap, and increasing the effective gate length, have
been examined to mitigate the leakage current of the Fin-
FET devices. Comprehensive analysis reveals that the bulk-
FinFET has superior analog/RF performances than the SOI-
FinFET. However, SOI-FinFET shows better linearity FoMs
in terms of gm2, gm3, VIP2, VIP3, IIP3, and IMD3 as com-
pared to HVT bulk-FinFET. Thus, the proposed study provides
a detailed design guideline for the suitable FinFET architec-
ture to get an insight into analog/RF applications and linearity
performances.
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