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This paper comprehensively analyses the RF (Radio Frequency) and wireless
performance characteristics of high-k Ings3Gag47As silicon-on-insulator
FINFET (InGaAs-SOI-FIinFET). Firstly, the fundamental operating principles and
unique features of INnGaAs-SOI-FIinFET are discussed, highlighting their three-
dimensional fin structure and improved electrostatic control, which contributes
to enhanced electrostatic integrity and reduced leakage currents compared to
traditional CMOS technologies. The linearity performance of InGaAs-SOI-FinFET
focuses on parameters such as third-order intercept point (IP3) and linearity
metrics in analog circuits. The influence of device geometry, biasing schemes,
and operating conditions on linearity characteristics and strategies for enhancing
linearity while maintaining high-frequency performance is examined.
Subsequently, an in-depth analysis of the RF performance metrics, such as fy,
fuax. TFP, GFP and GTFP. Thus, emerging trends and challenges in leveraging
INGaAs-SOI-FInFET for RF and linearity-critical applications include circuit
design, process integration, and reliability considerations.

C-FinFET, InGaAs-SOI-FinFET, linearity, SOI-FinFET, RF

1 Introduction

FinFET is increasingly important in semiconductor technology for current node
technology and industries. It addresses several key challenges faced by traditional
planar transistor designs as semiconductor technology scales down to smaller and
smaller dimensions. As transistor dimensions shrink to nanometre scales, traditional
planar transistor designs face significant challenges related to leakage currents, power
consumption, and control of electron flow. FinFET's offer better control over these issues
due to their three-dimensional structure (Bousari et al., 2019; Gupta et al., 2019). FInFETs
have a raised channel or “fin” that protrudes from the silicon substrate, which allows for
better control of the flow of electrons. This design helps to reduce leakage currents that
occur when the transistor is in the off state, improving energy efficiency and battery life in
electronic devices. FInFET' typically offer faster switching speeds and higher drive currents
compared to planar transistors. This performance improvement is crucial for meeting the
demands of high-performance computing, mobile devices, and other applications that
require efficient and powerful semiconductor devices (Fletcher et al., 2019). FinFETs allow
for higher transistor density on a chip compared to planar transistors. This increased
density enables the integration of more functionality into smaller chip sizes, leading to more
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powerful and compact electronic devices. As transistors shrink in
size, short channel effects (SCEs) become more pronounced, leading
to performance degradation and variability (Zota et al., 2016a; Xue
et al, 2014; Jiang et al,, 2015). FinFETs mitigate these effects by
providing better electrostatic control over the channel, resulting in
more reliable transistor operation. FInFET technology is compatible
with advanced semiconductor manufacturing processes such as the
latest generations of lithography and materials deposition
techniques. This compatibility enables continued scaling of
semiconductor technology beyond the limits of traditional planar
transistor designs (Minaei and Yuce, 2012).

To enhance the performance of the silicon-based FInFETs, III-V
compound semiconductors such as In,Ga; ,As are used (Huang
etal, 2015). In,Ga;_,As have higher electron mobility compared to
traditional silicon, which is beneficial for high-speed transistor
operation. This higher mobility allows for faster switching speeds
and better performance, making it suitable for applications requiring
high-frequency operation. In,Ga; ,As belongs to the III-V
semiconductor family, which offers advantages such as direct
bandgap, high electron mobility, and high carrier velocities (Ko
et al, 2022; Ko et al, 2021). These properties make III-V
semiconductors attractive for high-speed and high-frequency
applications (Sonnet et al., 2008; Del Alamo, 2011; Zota et al,
2016b). The composition of In,Ga; ,As can be adjusted by
varying the indium content (x), allowing for the tuning of its
bandgap. This tunability enables optimisation for specific
applications, such as near-infrared optoelectronics and high-
speed transistors. In,Ga; ,As can be integrated with other III-V
and silicon-based materials to create heterostructures with tailored
properties. This integration enables the development of advanced
devices with enhanced functionality, such as heterojunction FET's
(HFETSs) and quantum well devices (Zota et al., 2016a; Huang et al.,
2015; Zota et al., 2015).

In the past few years, InGaAs-based FET devices have been used for
high-frequency applications (Takahashi et al, 2016). InGaAs-based
FETs are important for advancing high-frequency applications due to
their excellent electron transport properties and high-frequency
performance. Continued research and development in material
quality, scaling, and integration are essential to fully realize their
potential in next-generation electronic and communication systems.
InGaAs FinFET technology offers significant advantages for RF
applications, high-
frequency operation, low noise figure, and high gain. These

including superior linearity —performance,
attributes make it well-suited for various RF systems, including

wireless communication, radar, satellite communication, and
mmWave applications (Wu et al,, 2023; Ajayan and Nirmal, 2015).
In this work, Ings3GagyyAs-SOI-FINFET (InGaAs-SOI-FinFET) is
designed and simulated using powerful tool TCAD to enhance the
RF and linearity performance of the InGaAs-SOI-FinFET as compared
to SOI-FinFET and bulk/conventional FInFET (C-FinFET) (Boukortt
et al,, 2016; Kim et al., 2015; Poljak et al., 2009).

Integrating a high-k dielectric into an InGaAs-SOI FinFET
device is a complex process that requires careful material
selection, device architecture, and fabrication techniques to
achieve high performance and reliability. The InGaAs-SOI-
FinFET is a promising architecture for next-generation, low-
power, This

InGaAs’ high electron mobility, SOI technology’s control benefits,

high-performance transistors. design leverages
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and the enhanced electrostatic control of the FInFET structure. The
fabrication typically begins with an SOI wafer, which provides a
buried oxide layer beneath a silicon layer. The SOI substrate
enhances isolation, reduces parasitic capacitance, and enables
better control over short-channel effects. Using molecular beam
epitaxy (MBE) or metal-organic chemical vapour deposition
(MOCVD), a thin layer of InGaAs is grown on the SOI
substrate. Ensuring high crystalline quality with minimal defects
and lattice matching is essential for electron mobility and device
reliability. A combination of lithography and etching techniques
(typically reactive ion etching or wet etching) is used to define the fin
structures. In the case of InGaAs-SOI-FinFETs, fins are made of the
InGaAs layer, creating narrow, raised regions that serve as the
channel. These fins improve electrostatic control over the
channel and reduce leakage. Doping techniques or selective
epitaxy are applied to form source and drain regions. In some
cases, additional materials with high electron affinity are used to
improve contacts.

Integrating a high-k dielectric material, such as HfO», into the
InGaAs-SOI-FinFET architecture is critical to reducing gate
leakage and increasing gate capacitance without significantly
increasing gate oxide thickness. Atomic Layer Deposition
(ALD) is the preferred method for depositing high-k dielectrics
on InGaAs, as it allows precise control over thickness and
uniformity. ALD is especially effective for high-k materials as it
enables low-temperature processing, which is essential to avoid
damaging or altering the InGaAs layer. After the high-k dielectric
is deposited, a metal gate is added on top of the dielectric layer. The
metal gate material is chosen based on work function alignment
with the InGaAs channel to ensure suitable threshold voltage and
minimal gate leakage.

2 Architectural overview and
simulation details

The architecture of the proposed InGaAs-SOI-FinFET is
illustrated in Figure 1, with Figure 1A depicting the 2D side view
and Figure 1B showing the 2D cross-sectional view of the device at a
7 nm channel/gate length (Lg). A 1 nm thick layer of HfO, is used as
the high-k gate oxide, uniformly applied on all three sides of the fin.
The fin height (Hp;,) is 8 nm, and the fin width (Wg;,) is 4 nm,
resulting in a height-to-width ratio (Hg;,/ Wri,) of two in the proposed
structure. Both the source and drain regions comprises silicon
material and are n-type doped with a concentration of 10*° cm™,
while the channel is p-type doped with a concentration of 5x10'® cm™
(Boukortt et al., 2017). A high doping concentration of approximately
10*° cm™ is employed to mitigate the effects of impact ionization. The
high-k (HfO,) dielectric is assigned a permittivity of 25, and the gate
electrode work function is set to 5.0 eV in the InGaAs-SOI-FinFET.
The parameters used for the InGaAs-SOI-FinFET, SOI-FinFET, and
C-FinFET are detailed in Table 1.

3 Methodology for simulation

The proposed InGaAs-SOI FinFET was simulated using the
powerful 3D device simulator ATLAS (Silvaco, 2011). The
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(A) InGaAs-SOI-FInFET (2D view), (B) InGaAs-SOI-FinFET (cross-sectional), (C) 2D side view of SOI-FInFET, (D) 2D side view of C-FinFET.

TABLE 1 Devices process parameters.

Parameter InGaAs-SOI-FinFET SOI-FinFET C-FinFET
Gate Length (Lg) 7 nm 7 nm 7 nm
Source and Drain Length (Ls/Lp) 5 nm 5 nm 5 nm
Height of Fin, (Hp) 8 nm 8 nm 8 nm
Width of Fin (Wgn) 4 nm 4 nm 4 nm
Oxide Thickness (tox) 1 nm 1 nm 1 nm
Channel Doping 5.0 x 10" cm™ 5.0 x 10 cm™ 5.0 x 10" cm™

Drain/Source Doping

Channel Material InGaAs
Oxide Material HfO,
Buried Oxide Present

1.0 x 10* cm™

1.0 x 10* cm™ 1.0 x 10* cm™

Silicon Silicon
Sio, Sio,
Present Absent

models and features employed in the ATLAS simulation for the

proposed device may vary depending on the specific
requirements of the simulation and the technology node of the
FinFET being modeled. Researchers and engineers often adjust
simulation parameters to align with the characteristics of the
devices they are studying. In this simulation, the Lombardi
model, also known as the Constant Voltage and Temperature
(CVT) mobility model, is applied to account for field-dependent
mobility, as well as mobility degradation due to phonon and
surface roughness scattering, and ionized impurity scattering.
The Shockley-Read-Hall (SRH) model is utilized to analyze
recombination effects by simulating leakage current caused by
thermal factors. Additionally, the decoupling method, or
Gummel’s method, is used for the Newton solution iteration
(Silvaco, 2011). T = 300 K was the fixed device temperature for

the duration of the simulation.

Frontiers in Electronics

4 Experimental calibration and
fabrication feasibility

To validate the simulation models used in this study, we
calibrated them with experimental data from Ings;GagysAs
-based FinFETs as reported in (Huang et al, 2015) and
depicted in Figure 2. A FinFET with a gate length of 1 um was
created and simulated using a gate voltage of 0.75 V and a drain
voltage of 0.5 V, mirroring the conditions of the experimental
setup. The comparison of results confirms that our simulation
models align well with the experimental data, demonstrating the
validity of the models.

Moreover, Figure 3 shows the sequential procedure for
determining the feasibility of the suggested device
construction. The fabrication of InGaAs-SOI-FinFETs is a
sophisticated process that integrates advanced materials and
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FIGURE 2
Ips vs. Vs plot for the calibration of used models with
experimental work (Wu et al,, 2023).

processes to leverage the superior electronic properties of InGaAs
and the structural advantages of SOI and FinFET architectures.
The following steps are involved in the fabrication process of the
proposed device.

10.3389/felec.2025.1497940

First, the SOI wafers are cleaned, and then the fins are
patterned using SAQP technique (Auth et al., 2017).

Two self-aligned double patterns (SADP) are applied in a row
and referred to as SAQP in order to improve the
feature density.

o Next, orientation-dependent wet etching is employed to
generate the Fin-channel (InGaAs), and an additional mask

is used in this procedure.

HfO, is deposited by atomic layer deposition (ALD) on
InGaAs interfacial layer (Choi et al., 2020).

Next, metal gate deposition at room temperature is
accomplished via electron beam evaporation.

The final fabrication step includes contact etches and metal
deposition. Therefore, the process flow of device design
techniques can be used to fabricate InGaAs-SOI-FinFET.

5 Results and discussion

The enhancement of drain current in InGaAs-SOI-FinFET is
clearly observed (by ~75% and ~77%) as compared to SOI-FinFET
and C-FinFET as shown in Figure 4A. InGaAs has significantly
higher electron mobility compared to silicon (used in SOI-FinFET
and C-FinFET). The higher mobility in InGaAs leads to faster carrier
transport through the channel, which enhances the drain current. In
contrast, silicon-based devices (SOI-FInFET and C-FinFET) exhibit
lower mobility, limiting the current conduction. InGaAs have a
lower electron-effective mass compared to silicon, which further

FIGURE 3
Fabrication flow chart of InGaAs-SOI-FinFET.

Contact Etch and

deposition
(using electron
beam
evaporation
followed by lift-
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(A) Ips vs. Vs characteristics, and (B) Transconductance (g.,); of C-FinFET, SOI-FIinFET, and InGaAs-SOI-FinFET.

contributes to higher velocity and better carrier transport, thereby
increasing the drain current. InGaAs have a lower density of states
than silicon, meaning fewer electrons are required to achieve a given
carrier density. This enhances carrier injection into the channel,
improving the overall current driving capability of the InGaAs-SOI-
FinFET. The combination of high electron mobility and low effective
mass in InGaAs leads to higher carrier velocity, which directly
increases the drain current in InGaAs-SOI-FinFET at a given
gate length. This is especially beneficial at 7 nm gate lengths,
where short-channel effects become more prominent. Compared
to SOI-FinFET and C-FinFET, the transconductance of the InGaAs-
SOI-FinFET improves by approximately 46.15% and 53.84%,
respectively, because of the InGaAs in the channel with high-k
gate material and the drain current as shown in Figure 4B.

Drain current w.r.t. gate voltage (Ips vs. V) characteristics are
shown in Figure 4A and for C-FinFET, SOI-FinFET, and InGaAs-
SOI-FinFET. The figure shows that InGaAs-SOI-FinFET shows
superior performance compared to conventional silicon FInFETs
due to the superior electron mobility of InGaAs compared to silicon.
This means that electrons can move more freely through the InGaAs
channel, resulting in higher current flow for a given electric field.
The higher electron mobility translates to higher drive currents and
better device performance. InGaAs have a lower effective mass for
electrons compared to silicon. This property allows electrons to
accelerate more quickly under an electric field, resulting in higher
current densities and, thus, enhanced drain current. InGaAs-SOI-
FinFET can mitigate short channel effects (subthreshold swing
degradation and such as drain-induced barrier lowering) better
than silicon FinFETs due to the higher electron mobility and
narrower bandgap. This allows for better control of the transistor
behaviour at smaller device dimensions, leading to higher drain
currents and improved performance. The combination of high
electron mobility and bandgap engineering in InGaAs-SOI-
FinFET enables better control over the transistor’s on/off current
ratios. This is crucial for minimising leakage current in the off-state
while maximizing current flow in the on-state, resulting in enhanced
overall device performance.

The transconductance (g,,) of InGaAs-SOI-FinFET is shown in
Figure 4B and is simultaneously compared with SOI-FinFET and
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C-FinFET. Figure 4B shows that the combination of higher electron

mobility, reduced channel length modulation, improved
subthreshold swing, enhanced gate control, and optimized
InGaAs-SOI-FinFET leads
enhancement in drain transconductance compared to
conventional FinFETs. These factors make InGaAs-SOI-FinFET

promising candidates for high-performance electronic devices,

bandgap in to an

engineering

particularly in applications where high-speed operation and low
power consumption are crucial (Kumar et al., 2023). The energy
band profile is displayed in terms of the valence band and
conduction band in Figures 5A, B, respectively. It is concurrently
compared with two other counterpart devices, SOI-FinFET and
C-FinFET. InGaAs-SOI-FinFET has a better conduction band
profile than SOI-FinFET and C-FinFET, as shown in Figure 5A.
Likewise, Figure 5B demonstrates that InGaAs-SOI-FinFET has a
better valence band profile than SOI-FinFET and C-FinFET.
Because III-V compound semiconductors have tiny band gaps,
the suggested device exhibits better energy bands, making it
appropriate for high-performance analogue and low-power logic
applications.

Improvements (reduction) in second-order (g.,) and third-
order transconductance (gy,3) in FinFETs
enhancing device performance, particularly in high-speed and

are crucial for

high-frequency applications. Figures 6A, B reflect the g, and
gms, respectively, for InGaAs-SOI-FinFET, SOI-FinFET, and
C-FinFET and calculated by using Equation 1; (Kumar and
Chaujar, 2021a). Figures 6A, B show that these higher-order
transconductances are improved due to better control over short-
channel effects in the proposed structure compared to planar FETs.
The three-dimensional fin structure helps to mitigate issues like
drain-induced barrier lowering (DIBL) and subthreshold swing
degradation, which can degrade transconductance in traditional
FETs. InGaAs material and structure improve carrier mobility,
the
transconductances. By using materials with higher electron

and transport characteristics improve higher-order
mobility or implementing strain engineering techniques, it’s
possible to enhance transconductance. Advanced gate dielectric
materials and processes can reduce gate leakage and improve

gate capacitance. High-k (HfO,) dielectrics with low interface
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trap densities are commonly employed to achieve better gate control
and, consequently, higher transconductance. Proper doping of the
source, drain, and channel regions is crucial for achieving high
transconductance. Optimizing the doping profile helps to minimize
series resistance and improve carrier transport efficiency in InGaAs-
SOI-FinFET as compared to its counterparts.

_ 1 6”11)5
T oal v

Gmn wheren =1,2,3 (1)

Improvements in VIP2 (Second order voltage intercept point) and
VIP3 (Third order voltage intercept point) in FInFETS are critical for
the of RF,
mmWave (millimeter-wave) applications for devices and circuits.
Figures 7A, B show the VIP2 and VIP3 for InGaAs-SOI-FinFET
and simultaneously compared with SOI-FinFET and C-FinFET.

enhancing performance linearity ~ and
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VIP2 and VIP3 are calculated by using Equations 2, 3; (Kumar
and Chaujar, 2022). VIP2 and VIP3 are improved in InGaAs-SOI-
FinFET due to advanced gate dielectric materials with high-k (HfO,)
and low interface trap densities can improve gate control and reduce
gate leakage, leading to better VIP2 and VIP3 figures of merit (Agrwal
and Kumar, 2024). Choosing the appropriate semiconductor material
for the FInFET channel, such as III-V compounds like InGaAs, in the
proposed device significantly enhances carrier mobility and reduces
noise, thereby improving VIP2 and VIP3.

VIP2=4X o/, )
VIP3 = 24 x gml/gm3 (3)

1IP3 (Third Order Input Intercept Point) and IMD3 (Third
Order Intermodulation Distortion) are evaluated using Equations 4,
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5; (Kumar and Chaujar, 2022) and plotted w. r.t gate voltage for
InGaAs-SOI-FinFET, SOI-FinFET, and C-FinFET as shown in
Figure 8A, B respectively. IIP3 and IMD3 are the essential
parameters for FinFET devices to enhance the linearity and
performance of RF and mmWave (millimeter-wave) applications.
IIP3 is a critical parameter in assessing the linearity of RF and analog
circuits since third-order intermodulation products often fall within
the operational frequency band, causing signal interference. Figure 8
shows that InGaAs-SOI-FinFET inherently exhibits better linearity
compared to SOI-FinFET and C-FinFET due to reduced short-
channel effects and improved gate control. This inherent linearity
contributes to improved IIP3 and IMD3 performance. Choosing the
appropriate II-v
compounds like InGaAs significantly enhance carrier mobility

semiconductor material for the channel,

and reduce nonlinearity, thereby improving IIP3 and IMD3, as
shown in Figure 8A, B, respectively. HfO, improves gate control and
reduces gate leakage, leading to better linearity and improved
ITIP3 and IMD3 figures. In the proposed device, only 0.2 V drain
to source voltage (Vps) is applied which minimizing power supply
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noise and ensuring stable biasing conditions can help reduce
nonlinear effects such as intermodulation distortion, improving
1IP3 and IMD3 performance.

Z_9m

1IP3 =
3 gms X Rs

(4)

2
IMD3 = (; x (VIP3)® x gm3) X Rs (5)

The 1 dB Compression Point (P1dB) is a critical parameter in
RF/microwave devices and analog circuits, including FinFETs, as it
characterises the device’s linearity and power handling capability.
P1dB is defined as the input power level at which the output power
starts to deviate by 1 dB from the linear response. In order to
enhance the linearity performance and reduce the distortion, P1dB
is calculated using Equation 6; (Kumar and Chaujar, 2022) and
plotted w.r.t. gate voltage for InGaAs-SOI-FinFET, SOI-FinFET,
and C-FinFET with constant Vg of 0.2 V as shown in Figure 9. In
InGaAs-SOI-FinFET the channel is created with material InGaAs
which carrier mobility and reduce

significantly ~enhance
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1-dB compression point of C-FinFET, SOI-FInFET, and InGaAs-
SOI-FinFET.

nonlinearity, thereby improving P1dB as shown in Figure 9. HfO,
improves gate control and reduce gate leakage, leading to better
linearity and improved P1dB. From Equation 6, the reduction of
higher order transconductance (shown in Figure 6B) and enhanced
Zm1 (shown in Figure 4B) leads to enhance the P1dB in InGaAs-SOI-
FinFET as compared to SOI-FinFET, and C-FinFET as shown
in Figure 9.

1 — dBCompressionPoint = 0.22 x /gml/gm (6)

dgm
HD2 =0.5 V(dV—T) (7)
ngl

()

avz,

HD3 = 0.25V>>—%2 ®)
gml

Further, to evaluate the distortion, HD2 (Second Harmonic
Distortion) and HD3 (Third Harmonic Distortion) are calculated
using Equations 7, 8; (Kumar and Chaujar, 2022; Kumar et al., 2018;
Kumar and Chaujar, 2021b; Gupta and Kumar, 2020; Gupta and
Kumar, 2021; Gupta and Kumar, 2022) w.r.t. gate bias for C-FinFET,
SOI-FinFET, and InGaAs-SOI-FinFET as shown in Figures 10A, 8B
respectively. HD2 and HD3 are important parameters in FinFETs
for enhancing the linearity and signal fidelity in RF and microwave
applications. InGaAs-SOI-FinFET inherently exhibits reduced
short-channel effects compared to traditional planar FETs,
leading to improved linearity and lower harmonic distortion.
Choosing semiconductor materials with high carrier mobility and
low nonlinearity, such as InGaAs, reduces distortion and improves
linearity in InGaAs-SOI-FInFET. High HD2 can distort signals in
RF circuits, especially where linearity is critical. HD3 is often more
problematic than HD2 in practical RF circuits, as it can fall within
the band of interest, causing intermodulation and distortion directly
on useful signal components. Better linearity and lower harmonic
distortion are also observed in InGaAs-SOI-FinFET owing to HfO,
as a gate dielectric material. Scaling down the gate length (7 nm) in
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the proposed device improves gate control and reduces parasitic
capacitances, leading to higher linearity and lower harmonic
distortion. From Equations 7, 8, the enhanced gml (shown in
Figure 4B) leads to reduce the HD2 and HD3 in InGaAs-SOI-
FinFET as compared to SOI-FinFET and C-FinFET as shown in
Figures 10A, B respectively.

Further, the device parasitic capacitances such as gate-to-source
(Cgs), gate-to-drain (Cgp), and gate-to-gate (Cgg) capacitances are
shown in Figures 11A-C respectively. From the figure, it is evident
that the parasitic capacitances are significantly reduced in
C-FinFET, SOI-FinFET, and InGaAs-SOI-FinFET. Improving
parasitic capacitances in InGaAs-SOI-FinFET is crucial for
achieving higher device performance, especially in terms of
speed, power efficiency, and signal integrity. InGaAs-SOI-FinFET
is inherently designed with a three-dimensional fin structure, which
reduces parasitic capacitances compared to traditional planar FETs.
FinFETs typically have lower junction capacitances due to the
reduced area of the source and drain regions, leading to lower
parasitic capacitances. HfO,, as a high-k dielectric material with
higher permittivity, is often used to replace traditional silicon
dioxide (SiO,) to achieve better gate control and lower parasitic
capacitances. InGaAs-SOI-FinFET is scaled down to 7 nm, which
helps reduce gate-to-channel capacitance and leads to improved
performance. However, this scaling needs to be balanced with
challenges such as short-channel effects and increased leakage
currents. Employing advanced isolation techniques such as
silicon-on-insulator (SOI) technology also helps reduce parasitic
capacitances and improve device performance, as shown
in Figure 11.

The transition frequency (fr) and maximum oscillation
frequency  (fmax) parameters in FinFETs,
particularly for RF applications, as they directly influence the

are essential

device’s performance at high frequencies. fr and fyrax represent
the frequency at which the transistor’s current gain and power
gain start to roll off, respectively. In RF applications, where high-
frequency signals are common, it’s crucial to have transistors
with high fr and fy;ax to maintain signal integrity and fidelity. fr
and fyax are evaluated using Equations 9, 10, respectively, for
InGaAs-SOI-FinFET, SOI-FinFET, and C-FinFET as shown in
Figures 12A, B. From Figures 12A, B, it is also observed that fr
and fyax are improved in InGaAs-SOI-FinFET as compared to
SOI-FinFET and C-FinFET. The higher value of fr and fyiax in
the InGaAs-SOI-FinFET device is indicative of the transistor’s
ability to provide linear amplification and high gain at RF
frequencies. This is essential for maintaining signal quality
and avoiding distortion in RF systems. With the higher value
of fr and fyax, InGaAs-SOI-FinFET can operate effectively at
higher significant  degradation in
performance. This is critical for RF applications requiring

frequencies  without
wide bandwidth and fast signal processing. It can also achieve
higher power efficiency at RF frequencies since it can operate
closer to its maximum frequency capabilities, leading to reduced
power consumption for the same output power. Therefore, RF
systems’ performance heavily relies on individual transistors’
characteristics. InGaAs-SOI-FinFET with high fr and fyax
contribute to the overall system performance by enabling
higher-speed signal processing, wider frequency coverage, and
improved signal quality.

frontiersin.org


https://www.frontiersin.org/journals/electronics
https://www.frontiersin.org
https://doi.org/10.3389/felec.2025.1497940

Agrwal and Kumar

HD2 (dBm)

FIGURE 10

10.3389/felec.2025.1497940

5 60
] : ] —— C-FinFET
e o
24 InGaAs-SOI-FinFET 45 - InGaRs SORINFET
9. = ]
] & 30
4 S ]
6-_ 8 ]
1 Ve =02V T 157
] 1 v,.=02v
34 L,=7nm ]
1 e 1 Lg=7nm
] = 04 ¢,=1nm
03(a) ] (b)
N — e It
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0

Gate to source voltage (Vgg) (V)

Gate to

(A) HD2, and (B) HD3; of C-FinFET, SOI-FIinFET, and InGaAs-SOI-FinFET.

source voltage (Vyg) (V)

FIGURE 11

(A) Cgs, (B) Cqq, and (C) Cqg; of C-FIinFET, SOI-FIinFET, and InGaAs-SOI-FinFET.

f, (Hz)

FIGURE 12

o i

s 1 —— C-FinFET = 0 | =—C-FinFET 18 | ==——C-FinFET

= ] ——SOLFinFET L —— SOI-FinFET ——SOI-FinFET

8 9 — inGaAs-SOLFinFET | & O —InGaAs-SOLFinFET _ 15| T InGaks-soIFinFET

el S 3 K

[+1] e | -~

2 & 514

g 7] g 7. S

2 S 1 8 124

2 6 g 6- g

3 Vo 210V S = WY 810l v =10v

8] Vun02Y £ %) VeE02y g V=02V

3 Al L,=7nm s 4] L,=7nm 8 84 L,=7nm

g tx=1nm = | t,=1nm @ ,,=1nm

=5 2 3 S °

e (a) @ 1 (b) (c)

o 2 T : T 2 T 1 T ke T ' T 0 2 T X T X T ] T ¥ T ) T 4 T T T T T T

0.0 0.7 14 21 28 35 0.0 07 14 21 28 35 0.0 0.7 14 21 28 3.5

Frequency (THz) Frequency (THz) Frequency (THz)

2.4x10" 6.0x10"
Voem 1.0V, Vig=0.2V V=10V, V, =02V
L,=7nm, {,,=1nm L ,=7nm,t, =1nm
11 |
2.2x10™ InGaAs-SOI-FinFETA ol InGaAs-SOI-FinFET A
N A
2.0x10" A I 5.0x10" SOI-FinFET
SOI-FinFET =
,‘._E
1.8x10" : 45x10"4 A
ChnEer C-FinFET
(a) {b)
1.6x10" 4.0x10"
Devices Devices

(A) fr, and (B) fumax; of C-FIinFET, SOI-FIinFET, and InGaAs-SOI-FinFET.

Frontiers in Electronics

09

frontiersin.org


https://www.frontiersin.org/journals/electronics
https://www.frontiersin.org
https://doi.org/10.3389/felec.2025.1497940

Agrwal and Kumar

10.3389/felec.2025.1497940

13
5.1x10 ; : ! 1.7x10"
(a) Ves=10V,V =02V Souiol (b mTFP =
Ly=7nm, t,=1nm : —i— GTFP
13
4.8x10™ SR 13
R 1.6x10
RS .6x
1%6%6%%
1% % %% = =
:::::::::: 3.4x10'4 V=10V, V=02V
iy Sssesssed L,=7nm, {,=1nm -
4.5x10"4 [RXRXKL - G (2
o Pisssansy % 2
RS 13N
19096%:%4) X
I prosd daxio
> O (RS T 12} =
L By (g &
W 4.2x10 3R] Fesetesed
. P6%e%6%% [RRRX =
o s 3O
osesoed] QLR r1.3x10
25 [RRRKS -9X
e B B 12
] R 3R] oot 2.9x10™
39107 e BB
KXRRL SRRRK: CRIR]
S "
XXX SEAEEX] assetesed r1.2x10
R XXX K 12
13] S R 2.8x10 "
3.6x10 g

C-FinFET SOI-FinFET InGaAs-SOI-FinFET
Devices

FIGURE 13

C-FinFET

SOI-FIinFET InGaAs-SOI-FinFET
Devices

(A) Gfp, and (B) TFP, GTFP; of C-FinFET, SOI-FIinFET, and InGaAs-SOI-FinFET.

TABLE 2 Results comparison.

Parameters Ips Im HD2 HD3 fr TFP GTFP
(mA) (mQ™) (dBm) (dBm) (THz) (THz/V) (THz/V)
Device
C-FinFET 039 0.42 10.7 482 1.8 0.45 40 2.86 12.8
SOI-FinFET 0437 ‘ 0.445 6.58 ‘ 324 2.0 0.52 435 2.98 13.52
InGaAs-SOI- 0.68 0.778 48 25 219 0.545 47.7 3.12 16.18
FinFET
fr= Gm 9) and other RF circuits. TFP is the product of transconductance and
27T(C gs T ng) frequency, representing the rate of change of output current with respect
fr to the input voltage and frequency, and it is shown in Figure 13B for
fuax = JiRa(g0 2211 (10) " [nGaAs-SOL-FnFET, SOL-FinFET, and C-FinFET. Higher TEP in
9\ g o InGaAs-SOI-FinFET indicates that the device can maintain its
GFP = [ 9 « fr (11) transconductance over a wider range of frequencies, which is critical
gd for RF applications where signals span a broad frequency spectrum.
g InGaAs-SOI-FinFET with higher TFP provides consistent performance
TFP = (E) X fr (12)  across a range of frequencies, enabling them to be used in broadband RF
circuits with minimal distortion. GTEP is also evaluated using Equation
GTFP = (g_'"> X (g_’"> X fr (13) 13 for all three devices, as shown in Figure 13B. GTFP combines the
9a La effects of GFP and TFP, providing a comprehensive measure of the

In RF applications, especially those requiring high-performance
transistors like FinFETs, several key parameters are essential for
determining the device’s suitability and performance. GFP (Gate to
Source/Drain  Forward Transconductance), TFP (Transconductance
Frequency Product), and GTFP (Gate
Transconductance Frequency Product) are among these crucial

to  Source/Drain
parameters and calculated by using Equations 11-13 respectively
(Kumar and Chaujar, 2021a; Kumar and Chaujar, 2022). GFP
represents the rate of change of the output current with respect to the
input voltage, indicating how effectively the transistor can amplify input
signals. In RF applications, high GFP is essential for achieving high gain
and signal amplification, as it directly influences the transconductance of
the device. Figure 13A shows the higher GFP in InGaAs-SOI-FinFET as
compared to SOI-FinFET and C-FinFET. Higher GFP provides better
linearity, higher gain, and improved signal-to-noise ratio in RF amplifiers

Frontiers in Electronics

10

device’s performance in RF applications. High GTFP in InGaAs-SOI-
FinFET indicates that the device can provide both high transconductance
and maintain it over a wide frequency range, making it suitable for RF
amplification and signal processing. InGaAs-SOI-FinFET with high
GTEFP is desirable for RF applications where both gain and bandwidth
are crucial, such as in wireless communication systems, radar, and satellite
communication. Thus, InGaAs-SOI-FinFET is more suitable for RF
applications as the higher GFP, TFP, and GTFP are essential for
designing RF circuits and systems.

Therefore, the proposed device shows excellent performance as
compared to its conventional counterparts, as shown in Table 2.
Table 2 shows the results comparison of InGaAs-SOI-FinFET with
C-FInFET and SOI-FinFET and indicates that the proposed device is
more suitable for RF applications, designing RF circuits and systems that
meet the stringent requirements of modern wireless communication
standards and applications.
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6 Conclusion

in InGaAs-SOI-FinFET
technology with improved RF and linearity parameters represent

In conclusion, the advancements

a significant leap forward in the field of RF electronics.
In0.53Ga0.47As SOI-FinFET has
candidate for next-generation RF applications through meticulous
The
incorporation of InGaAs as the channel material brings forth its
mobility
characteristics, making it well-suited for RF circuits demanding

emerged as a promising

material engineering and innovative device designs.

superior  electron and excellent high-frequency
high-speed signal processing and wide bandwidths. Moreover, the
unique three-dimensional fin structure of FInFETs mitigates short-
channel effects and enhances gate control, resulting in improved
linearity and reduced distortion at high frequencies. Key parameters
such as fr, fuax, TFP, GFP, and GTFP have significantly enhanced
amplification capabilities, broader bandwidths, and consistent
performance across frequency ranges. These improvements pave
the way for the development of highly efficient and reliable RF
wireless

systems, applications from

communications and radar to satellite communication and beyond.

enabling ranging
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