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Abstract: This work comprehensively analyses the device physics of a charged plasma-doped InGaAssgsGaAss gs
Tunnel field effect transistor (TFET) biosensor featuring a dual metal gate configuration. The device is simulated using
Silvaco Atlas TCAD, with HfO, employed as the gate dielectric alongside a nanocavity to enhance biosensing
performance. The investigation focuses on crucial device parameters, including energy band profiles, potential
distribution, electric field variations in both lateral and vertical directions, and electron concentration dynamics.
Outcomes indicate that the biosensor keeps a superior response in the ambipolar region, with a drain current (Ip) or an
on current (lon) of ~10, due to the amalgam of the dual metal gate and InGaAs/GaAs heterostructure. This
configuration also assists in supervising the flow of the carriers and, therefore, improves biosensing sensitivity and
specificity. The results emphasize the advantage of this TFET configuration for next-generation biosensing technologies.

Index Terms: Ambipolar, Biosensor, Dual Metal Gate, Heterostructure, TFET, Tunnel Field Effect Transistor

1. Introduction

Innovation in semiconductor devices has been spurred by the quick development of biosensing technologies,
especially in the detection of biomolecules with exceptional selectivity and sensitivity. Their unique structure helps
facilitate steep sub-threshold slopes and curtailed power consumption, and tunnel field effect transistors (TFETS) have
emerged as promising candidates [1]. This enhances their utility in sensitive biosensing applications. More specifically,
it has been depicted that the use of heterostructures, such as InGaAs/GaAs, refines the transport of carriers and the band
alignment, which in turn prepares the ground for enhanced TFET configuration [2]. Even more accurate control of the
device is obtained without the need for ion implantation, particularly in combination with advanced ion doping
techniques using charge plasma doping [3].

Recently, the use of dual metal gate topologies drew attention because it enabled unilateral alteration of the drain
and source regions, which amended the electrostatic stability of the channel [4]. Combining this dual gate structure with
an InGaAs/GaAs heterostructure charged plasma doped makes for a good strategy for improving the efficiency of the
TFET-incorporated biosensor [5]. Further, the device performance can be further enhanced agnostically by
incorporating a nanocavity in the lateral vicinity of the channel region along with high-k dielectrics such as HfO, in the
gate stack. This discovery has relevance beyond the academic sphere to many fields, such as chemical detection,
environmental protection, and health services [6]. Establishing sensitivity of the proposed TFET biosensor with the
capability of detecting some forms of biomolecules can also be beneficial in healthcare, where disorders can be
diagnosed timely and treated appropriately, customizing the therapy to the patient. This can also extend to supervising
pollution control measures in which pollutants and toxins are scanned precisely, thus observing public health safety and
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law requirements [7]. The improved performance of biosensors in chemical detection can also provide an opportunity to
develop low-power portable monitoring instruments for hazardous substances with real-time capability, which is an
important development for industrial safety and security issues.

1.1 Practical Applications of the Dual Metal Gate TFET Biosensor

For instance, by establishing two case studies where this TFET biosensor is used in factory settings to monitor the
treatment of harmful chemicals, such as hydrogen sulfide and ammonia, due to their negative environmental impacts on
human health in a contextual manner. Ordinary sensors usually face challenges such as low sensitivity and long lag
periods. By virtue of the high-k dielectric layer and the nanocavity architecture, the proposed biosensor will be able to
detect even minimal concentrations of these gases since it will detect a tiny change in their molecular presence. This
ability would facilitate rapid response to exposure and detection, helping companies meet environmental requirements
and protect employees and communities where the companies operate.

Next, we throw light on a medical scenario where the suggested InGaAs/GaAs TFET biosensor has the potential to
be utilized in a therapeutic context for the early identification of cancer biomarkers that are present in blood serum at
incredibly low quantities. These biomarkers are difficult to identify by conventional diagnostic techniques because of
their significant background noise and low sensitivity. Nevertheless, this biosensor may attain an elevated ON-state
current of 10* A/um by utilizing the unique dual metal gate structure with charge plasma doping, guaranteeing
improved sensitivity and selectivity [8,9,10,11,12,15,16]. Therefore, early cancer detection could facilitate timely
diagnosis and therapy, enhancing patient outcomes and the likelihood of survival.

1.2 Research gaps

Key research gaps include: (1) investigating the potential of dual metal-gate heterostructures with charge plasma
doping nanomaterials for ambipolar TFET biosensors; (2) establishing the sensitivity and high on-current of TFET
biosensors for biomolecule detection; and (3) exploring the impact of nanocavity integration on the electrostatic
potential and carrier distribution in these devices.

1.3 Problem statement

While advancements have been made in TFET biosensors, their performance remains limited by conventional
doping methods, single metal gate configurations, and the under-exploration of heterostructure materials and nanocavity
integration. This results in suboptimal on-current and sensitivity, particularly for ambipolar applications.

1.4 Main focus and objectives

Based on the identified research gaps, the primary objectives of the work are as follows:

i To develop and optimize dual metal-gate heterostructure TFET biosensors incorporating charge plasma doping
nanomaterials.
ii.  To quantify the sensitivity and on-current of TFET biosensors for the detection of various biomolecules.

iii. To investigate the influence of nanocavity integration on the electrostatic potential, carrier distribution, and
overall performance of TFET biosensors.

1.5 Manuscript organization and structure

The manuscript follows a structured organization comprising five main sections, each with a specific purpose in
elucidating the Dual gate charge plasma doped InGaAs/GaAs Heterostructure TFET Biosensor. Section 1 introduces the
readers to the importance and the impact of the particular heterostructure combination with dual gates and the use of the
high-k dielectric (HfO,). The impact of the research in the modern era has also been highlighted. Lastly, it concludes
with the research gaps and the problem statement of the manuscript, which deals with how to rectify the same. Moving
to Section 2, the device architecture and simulation part highlights the device specifications considered, the
heterostructure’s lattice matching calculation, structure, materials and the simulation environment taken with Silvaco
Atlas TCAD. Section 3 reports experimental results, detailing calibration of the transfer characteristics of the device as
well as studying the device physics characteristics. Section 4, the conclusion part, summarizes the key findings,
underscoring the biosensor’s behaviour over different parameters and superiority in the ambipolar zone. Lastly, section
5 concludes with potential avenues for future research and development, offering further exploration and enhancement
directions. This meticulous arrangement guides readers through a coherent progression, facilitating a comprehensive
understanding of the novel architecture’s development, application, and future prospects.
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2. Proposed Model and Device Specifications

This section outlines the key contributions of this manuscript, including the proposed model, methodology,
mathematical framework, model specifications, and parameter specifications.

2.1 Methodology

The research methodology illustrated in the image of Fig.1 starts by outlining the device design specifications and
then the simulation environment construction within Silvaco Atlas. Once the simulation framework is set up, the next
step is describing the heterostructure mathematically, followed by detailed device physics. Following an analytical
prejudice, if the results from the analysis are validated by successfully replicating some previously performed work,
then the study may progress into performance comparison with particular emphasis on the study of ambipolar state.
When such results are devoid of these validation criteria, the process shall be reconvened afresh from the design
specification stage.

Device design

and specification
l MNo

-

Simulation environment
setup in Silvaco Atlas

I

Mathematical analysis of

Conclusion and future work

i

"

heterostructure p
| Performance Comparison and
v Ambipaolar state investigation
Device Physics
Analysis 1

Fig. 1. Methodology of the proposed work.

The Charge Plasma-Doped InGaAs/GaAs Tunnel Field Effect Transistor (TFET) biosensors with a dual metal gate
configuration were designed with specific device parameters as outlined in Table 1. The source length (Lg), cavity
length (L¢), drain length (Lp), and gate length (Lg) are key structural components that define the physical dimensions of
the device. The gate work function (¢g) governs the gate’s ability to control the channel, while the source and drain
work functions (¢s and ¢p, respectively) play crucial roles in modulating carrier transport. Additionally, doping
concentrations are crucial in determining device performance, with the source doping concentration (Ns), drain doping
concentration (Np), and channel doping concentration (Ncy) precisely controlled to optimize the device’s electrical
characteristics. These parameters were carefully chosen to enhance the ambipolar response and sensitivity of the
biosensor, facilitating its application in biomolecule detection.

Table 1. Device specifications

Serial No. Parameters Symbols
1 Source Length Ls
2 Cavity Length Lc
3 Drain Length Lo
4 Gate Length Lo
5 Gate Work Function o
6 Source and Drain Work Function ds, oo
7 Source doping Concentration Ns
8 Drain doping Conc. Np
9 Channel doping Conc. Ncn

In Table 2, the variable and parameter definitions are provided, where specific values are assigned to each
parameter for the Charge Plasma-Doped InGaAs/GaAs TFET biosensor with a dual metal gate configuration; these
parameters are much impactful for achieving the desired electrical characteristics and sensitivity in biomolecule
detection.
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Table 2. Variable and Parameter Definition

Serial No. Symbols Values
1 Ls 10nm
2 Lc 5nm
3 Lp 10nm
4 Lo 20nm
5 do 4.2eV
6 bs, do 4.2eV
7 Ns 1*10%/cm®
8 Np 1*10%/cm®
9 Ncn 1*10%cm®

2.2 Mathematical model

To sum up, implementing the proposed TFET biosensor involved several mathematical challenges, particularly in
optimizing the dual-metal gate alignment, accurately modelling the heterostructure, and calibrating charge plasma
doping. The uniform electric field is shown in Equation 1,

E=Vs/d @

Careful adjustments to gate spacing were required to ensure consistent performance across the channel. For the
InGaAs/GaAs heterostructure, the lattice constant was determined using Vegard’s Law, minimizing strain, using
equation 2,

a —-a
€ = InGaAs GaAs (2)
AGaAs

to prevent defects. Furthermore, charge concentration n was calculated using equation 3, enabling precise control over
doping levels.

n = ND' Np (3)

The On-current illustrated in equation 4, further demonstrated how adjustments in doping influenced conductivity
while minimizing leakage currents. These mathematical insights were crucial for refining the biosensor’s design and
optimizing its performance.

Ioy = qn.A.u.E 4

Another issue was achieving an optimal alignment and balance between the metal gates to ensure uniform electric
field distribution. Any misalignment or imbalance could lead to non-uniform potential gradients, adversely affecting the
device’s performance. This was mitigated by conducting extensive simulations to fine-tune the placement and
dimensions of the gates, ensuring a stable and well-distributed electric field across the channel.

Fig.2 illustrates the intricate architecture of the suggested device, dual gated charge plasma Doped InGaAs ..
»wGaAs, Tunnel FET Biosensors integrated with nanocavity, engineered specifically regarding biosensing applications.
This device showcases a well-defined composition, comprising five distinct main regions that contribute to its
functionality along with high- k dielectric hafnium dioxide (HfO,); these regions encompass the source, drain, and
channel, designated by their vivid yellow hue for GaAs, along with the Oxide region, distinctly highlighted in blue. The
InGaAs region is depicted in orange for the source. The device also comprises a pair of dual metal gate electrodes and,
notably, an individual source and drain electrode, each surrounded by a delicate, slender green line line, as meticulously
depicting the SiO2 (Silicon dioxide) to avoid silicide formation.

The dual metal gate arrangement significantly improves the biosensor’s productivity, which combines charge
plasma doping with a nanocavity on one side and HfO, on the other. Because any variations in the dielectric
environment surrounding the cavity influence the channel’s electric field and carrier concentration, the nanocavity
improves sensitivity by enabling accurate biomolecule recognition. The opposite gate’s high-k HfO, dielectric promotes
gate capacitance, lowers leakage, and strengthens the gate-to-channel coupling to optimize gate control. When
combined with charge plasma doping, this dual gate technique allows for the independent manipulation of the source
and drain regions, improving the device’s ambipolar nature and increasing the ON-state current. As a result, this design
is extremely efficient in detecting biomolecules at modest concentrations in a variety of scenarios due to its improved
electrostatic control, lower power intake, and increased biosensing sensitivity.
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An InGaAs/GaAs heterostructure is a distinctive feature of this innovative design, combining indium gallium
arsenide (InGaAs) and gallium arsenide (GaAs) to leverage their complementary properties. This heterostructure
enables the formation of energy bands that promote efficient electron tunnelling, which is crucial for improving the
transistor’s speed and energy efficiency. The deliberate selection of these materials reflects an intentional effort to
advance conventional semiconductor device design. Additionally, the introduction of charge plasma doping adds
another layer of complexity.

The device’s electrical properties can be precisely controlled by carefully incorporating charged particles into the
semiconductor. This process enhances the transistor’s conductivity and regulates the flow of charge carriers, ultimately
leading to superior overall performance. The implementation of charge plasma doping highlights a sophisticated
strategy to fine-tune the transistor’s characteristics for optimal functionality.

The unique attributes of this innovative structure—including the integration of a nanocavity paired with a dual
metal gate and high-k dielectric (HfO,), the InGaAs/GaAs heterostructure, and charge plasma doping, represent a
significant evolution in TFET design. This shift from traditional approaches underscores a commitment to enhancing
tunnel field-effect transistors’ performance, emphasizing precision, efficiency, and refined control of electronic
processes at the nanoscale. The source and drain regions are meticulously designed with dimensions of 10 nm each,
optimized for their specific roles. The nanocavity, a crucial element for biosensing, is precisely configured at 5 nm in
length to effectively capture target molecules. The channel, which plays a key role in determining the device’s
conductive properties, extends over 20 nm, integrating these elements into a cohesive and well-balanced architecture.

Table 1 provides the specifications for the proposed device architecture of dual gated charge plasma doped
InGaAs;.\GaAs, Heterostructure TFET Biosensor with the prevalent devices. For the heterostructure, the combination
of InGaAs(1.GaAs, has been chosen in order to control the strain issues with a lattice constant of 5.86 A, calculated
from Vegard’s Law [13], portrayed in equation 6,

AmGads(i_xyGadsy = Xamas + (1 —X)agaas )

Where x represents the mole fraction of InAs in the alloy, ranging from 0 to 1, InGaAs, with a superior electron
affinity (4.2 eV) compared to GaAs (4.07 eV), form a type | heterostructure with staggered band alignment. In this
configuration, the conduction band minimum of InGaAs is lower than that of GaAs, creating an electron potential well
in the former region. This configuration confines electrons within the first layer, resulting in a type | heterostructure
with compressive strain due to the lattice mismatch. Such compressive strain can induce the formation of a quantum
well structure characterized by quantized energy levels. The strain-induced bandgap modifications significantly enhance
carrier confinement within the quantum well, thereby improving the mobility of InGaAs. A comprehensive set of
parameters has been carefully selected and listed in Table 1 for precise simulation and analysis. These specifications
provide a detailed framework for understanding the operational dynamics of the proposed device, playing a crucial role
in evaluating and validating its performance during simulations.

Fig.2 and its corresponding descriptive annotations outline a pioneering device configuration that fuses the
principles of a Tunnel Field Effect Transistor (TFET) with the innovation of a Nano cavity and high-k dielectric,
supported with dual gate, all geared towards facilitating advanced biosensing employments. This amalgamation of
meticulously designed components and carefully selected dimensions promises to deliver heightened sensitivity and
specificity, potentially revolutionizing the field of molecular detection and analysis [14].

Nanocavity filled with

_ —_—
biomolecules

20 nm 10 nm

Fig. 2. 2-D structure of dual gated charge plasma doped InGaAss gsGaAss ¢ Tunnel FET Biosensor.

40 Volume 15 (2025), Issue 2



Optimized Ambipolar Characteristics in Charge Plasma-Doped InGaAs/GaAs TFET Biosensors with Dual Metal Gate

2.3 Limitations of the mathematical model

The mathematical model for the proposed TFET biosensor faces certain limitations, primarily due to the
complexity of accurately capturing real-world conditions through equations. For instance, Vegard’s Law simplifies the
lattice constant calculation, but in practice, factors like non-uniform strain distribution and defects can deviate from
ideal assumptions, affecting performance predictions. Additionally, the uniform electric field assumption in equation (1)
overlooks potential local variations in electric fields due to imperfections in gate alignment or material interfaces, which
could lead to inconsistent device behaviour. Moreover, while charge plasma doping is mathematically modelled to
control carrier concentration, variations in doping efficiency or unintended doping gradients could affect the accuracy
of current calculations, as reflected in equation (4). These limitations highlight the challenge of ensuring model
precision when simulating complex heterostructure-based devices with nanoscale features.

Few assumptions can be made to eradicate these voids, such as advanced simulation techniques, like atomistic
modelling or multi-physics simulations, can be employed to capture real-world imperfections. Additionally,
experimental calibration of the model with real device data will help fine-tune assumptions and improve accuracy.

3. Simulation and Results Analysis

This section presents the simulation environment for the Charge Plasma-Doped InGaAs/GaAs TFET biosensor,
which was developed using Silvaco Atlas TCAD. The transfer characteristics are calibrated to ensure accurate
modelling of the device’s electrical behaviour. The results are compared with those of a conventional nanotube TFET,
highlighting key differences in performance. Special attention is given to the ambipolar region, where the dual metal
gate configuration demonstrates reduced ambipolar currents. The calibrated simulations provide deeper insights into the
enhanced sensitivity and overall performance of the biosensor for biomolecule detection.

3.1 Simulation

In the Charge Plasma-Doped InGaAs/GaAs TFET biosensor simulation, several advanced models were used in
Silvaco Atlas TCAD to reflect the device’s behaviour accurately. The “btbt. Nonlocal” model (a model of SILVACO
Atlas TCAD) was employed to capture the critical band-to-band tunnelling (BTBT) effects, which are central to TFET
operation. This model considers spatial variations in the process for improved accuracy. The band gap narrowing (BGN)
model was also included to account for the bandgap reduction in highly doped regions, impacting carrier injection and
switching characteristics. Other essential models used include Shockley-Read-Hall (SRH) recombination to simulate
carrier recombination via defect states and electric field-dependent mobility to account for the impact of electric fields
on carrier transport. These models accurately represent the device’s current-voltage characteristics, while the PRINT
function provides detailed output for performance monitoring. Together, these models enable precise simulation of the
TFET biosensor’s device physics and biomolecule detection capabilities.

3.2 Results and discussions

This section deals with the device physics analysis of the proposed charge plasma doped dual metal gated
InGaAs/GaAs TFET biosensor over the conventional nanotube TFET and the device’s response in the ambipolar state.
Fig. 3 shows the calibration curve comparing the proposed device’s drain current (ID) or ON current (ION) with a
conventional nanotube TFET. The proposed device achieves a significantly higher ON current of 10* A, while the
traditional TFET exhibits a much-diminished value. Certain design aspects have mainly brought about this noteworthy
advancement. The introduction of dual-metal gates assists in forming an asymmetric potential across the device and,
therefore, aids in varying the tunnelling barrier. Adding a nanocavity next to the source region further enhances the
electric field in the source-channel interface. This contributes to more excellent band bending and a smaller tunnelling
barrier. Hence, there is more carrier tunnelling from the source to the channel. The InGaAs/GaAs heterostructure
provides the benefit of better electron band alignment with lower effective mass and easy tunnelling. Increasing the
carrier transport ability by charge plasma doping in the source and drain areas adds an enhanced conductive flow in ON
current (drain current), thus improving the same. Collectively, these effects allow the device to deliver significantly
better performance than conventional TFETS.

Fig. 4 displays the energy band diagram for the proposed and conventional nanotube TFETS. The proposed device
shows a significantly steeper and narrower tunnelling barrier than the conventional TFET. This can be attributed to the
optimized heterostructure of InGaAs(..GaAs,, which offers a staggered band alignment. In this alignment, the
conduction band minimum of InGaAs is lower than that of GaAs, creating a potential well that confines electrons in the
InGaAs region. This confinement enhances electron density in the channel, improving tunnelling efficiency. The dual-
metal gate design further modulates the channel’s potential, reducing the tunnelling barrier’s width and increasing the
field across the junction. This configuration promotes a higher tunnelling rate, even at lower gate voltages. As a result,
the proposed device shows better ON current (drain current) characteristics and more responsive and controllable
switching behaviour, particularly in the ambipolar state where both electron and hole tunnelling processes are active.
This enhanced control over carrier transport and tunnelling mechanisms is a key factor in the superior performance of
the proposed TFET biosensor.

Volume 15 (2025), Issue 2 41



Optimized Ambipolar Characteristics in Charge Plasma-Doped InGaAs/GaAs TFET Biosensors with Dual Metal Gate

Fig. 5 presents the proposed device’s vertical electric field distribution and the conventional nanotube TFET. The
proposed device exhibits a significantly higher vertical electric field across the channel, even in the ambipolar state,
whereas the conventional Tunnel FET shows an almost negligible vertical field. This enhancement in the vertical field
is due to the unique dual-metal gate configuration and the integration of a nanocavity. The dual metal gates form an
asymmetric electric potential across the vertical axes, which produces a solid vertical electric field when coupled to
charge plasma doping. This field assists in effectively modulating the potential barrier and thus increases the probability
of tunnelling and carrier injection. Using the higher vertical electric field in the proposed device helps increase the
efficiency and decrease the threshold voltage, enhancing the ability to switch the device.

Fig. 6 illustrates the proposed device’s lateral electric field profile compared with the conventional nanotube TFET.
The proposed device shows a much stronger lateral electric field response, almost zero compared to the conventional
device. The enhanced lateral field in the proposed device is attributed to the optimized InGaAs/GaAs heterostructure
and the strategic placement of the dual-metal gate, which results in a sharper potential gradient along the lateral
direction. This configuration leads to better confinement and transport of charge carriers, reducing scattering and
improving mobility. The increased lateral field also ensures better control over the channel, which is particularly
beneficial in the ambipolar state, enhancing the device’s sensitivity and reducing off-state leakage currents. This
optimized electric field profile in both the vertical and lateral directions enables the proposed device to achieve superior
performance metrics, including a higher ON current (drain current) and improved I/l ratio.

Fig. 7 depicts the proposed device’s electron concentration profile compared to the conventional nanotube TFET.
The behaviour of the suggested architecture is observed to be much better regarding the electron concentration in the
channel and mainly in the ambipolar state, where its response is even more pronounced. This boost in electron
concentration is attributed to the excellent design of the InGaAs/GaAs heterostructure that confines electrons within the
quantum well in the channel region. The dual-metal gate configuration further enhances this effect by adjusting the
electric field and, thus, carrier distribution more accurately. Additionally, charge plasma doping at the source and drain
regions generates a higher carrier density, leading to improved conductivity and curtailed resistance in the channel. The
enhanced electron concentration in the ambipolar state allows for more efficient tunnelling of carriers, resulting in
improved ON current (drain current) and overall device performance compared to the conventional nanotube TFET.
This increased carrier density is crucial for achieving high sensitivity and faster response times in biosensing
applications. Table 2. shows the superiority of the suggested device architecture over the existing counterparts in the
recent semiconductor domain.
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Fig. 3. Calibration curve: Ip vs. Vgs for proposed vs. conventional TFET.
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Table 3 presents existing devices’ Ioy (0N current), i.e., drain current (Ip) values alongside the proposed Charge
Plasma-Doped InGaAs/GaAs TFET biosensor. The suggested device demonstrates a significantly improved current,
reaching approximately 10 A, notably higher than the prevailing devices. This enhancement in loy is attributed to the
optimized dual metal gate configuration and the advanced device design, which lead to more efficient carrier transport
and reduced ambipolar effects, thereby improving the overall device performance in biosensing applications.

Table 3. Comparative table showcasing the loy of the prevailing devices alongside the proposed counterpart.

Works lon (A/pm
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3.3 Simulation challenges and rectification

In simulating TFET biosensors, many difficulties may emerge due to the complicated process of nanoscale device
modelling. For instance, there is the problem of accurately defining the heterostructure with regard to lattice
mismatches and strain that fosters defects, making modelling all the more difficult. Besides, modifying charging
parameters in the TFET for optimal performance entails charge plasma doping, with each doping profile being
optimally designed. Still, there is the problem of dual-metal gates being aligned, where misalignment produces
undesirable electric field variations that may weaken the entire device. This process has several factors, but more
attention is needed to optimize the device performance further using advanced computational methods that mesh and
converge optimally with the architecture and material properties of the device.

A number of strategies were adapted to meet the simulation issues. When it came to modelling the heterostructure,
advanced material simulation techniques like multi-scale modelling were incorporated to minimize defects caused by
lattice mismatch and strain. The charge plasma doping process was advanced by implementing accuracy on doping
profiles and tuning the parameters with experiments using a charge carrier concentration control. In order to avoid
improper alignment of the dual-metal gate, several simulations were carried out with the gates of different sizes and
placements to achieve the optimum uniformity of the electric field along the channel. Similarly, compressing time and
solving accuracy problems were accomplished by using adaptive meshing techniques and parallel computing devices
for faster convergence and reduced simulation time.

4. Conclusion and Future Scope

To conclude, the suggested InGaAss gsGaASss g5 Tunnel FET biosensor with charge plasma doping and a dual metal
gate architecture exhibits markedly enhanced efficiency parameters, such as a high ON current (drain current) of 10
A/um and a remarkable Io,/lo ratio of ~10LA/um. The novel device architecture, which maximizes the electron
concentration and electric field distribution in the channel region, is primarily responsible for these improvements. In
addition to increasing carrier mobility, the deliberate addition of a high-k dielectric (HfO,) and nanocavity to the
heterostructure helps create a more consistent electric field, facilitating effective electron tunnelling. Vegard’s law
might not adequately account for strain effects and lattice aberrations in the InGaAs/GaAs heterostructure since it
presupposes a linear relationship between lattice constants and composition. Furthermore, this model ignores alloy
content fluctuations and bending implications, both of which can affect electrical traits.

Furthermore, strain-induced modifications to band alignment and energy gaps are not taken into consideration.
These restrictions point to the necessity for improved modelling and validation through experiments. Improved
ambipolar behaviour is a consequence of this configuration’s efficient suppression of leakage currents and reduction of
off-state power consumption. These design features work in concert to create a sturdy and responsive biosensor,
showcasing its potential for high-sensitivity biomolecular detection and cutting-edge electronic usage.

Although the suggested dual metal gated charge plasma InGaAs/GaAs TFET biosensor has great promise for
biomolecular detection, several aspects still need further investigation and improvement. Experiments with different
nanocavity dimensions and various high-k dielectrics may be conducted to improve sensitivity and specificity for a
larger class of biomolecules. Two-dimensional materials like graphene or MoS, could be incorporated into the
heterostructure to enhance device performance and carrier mobility. To improve its applicability for point-of-care
diagnostics, future research should concentrate on integrating the biosensor with microfluidic devices for real-time, on-
chip detection. To close the gap between theory and real-world applications, real biomolecules must be fabricated and
tested as part of an experimental validation process for the simulation results. Furthermore, these sensors will need to be
developed into effective, low-power readout circuits and interfaces to be used in portable diagnostic tools and Internet
of Things-based health monitoring systems.
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