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Abstract:

In this paper, a drain-engineered Ge/Ing53Gag47As heterojunction-based
doping less TFET (DE-H]J-DLTFET) is proposed for label-free biosensing
applications. To reduce the fabrication cost and random-dopant-
fluctuation (RDF) effects, a doping-less TFET is considered a biosensor. A
Ge/Ing 53Gap.47As heterojunction is regarded at the source-channel
interface to reduce the potential barrier, thus improving the DE-H]J-
DLTFET drain current (Ips) and SS value. Then, a small metal strip is
inserted in the oxide region above the source-channel interface to improve
the BTBT rate and Ips for the proposed device at low gate voltages.
Moreover, a drain metal with a combination of two different work function
metals is considered to reduce leakage current (Iprr) and ambipolar
conduction in the DE-HJ-DLTFET. As a result, the proposed DE-H]J-DLTFET
shows remarkable Ips sensitivity and turn-on voltage sensitivity of ~108,
0.85 in comparison to other advanced biosensors. Performance is
evaluated under the influence of varying biomolecular charges.
Furthermore, the improvement in ON-current and reduced Ippr improved
the Ion/lorr sensitivity of the DE-HJ-DLTFET biosensor under the presence
of different biomolecular charges. Therefore, these improvements in Ips,
turn-on, and Ion/Iorr sensitivity make the DE-HJ-DLTFET a good candidate

for next-generation low-power sensing applications.
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I. INTRODUCTION

The main goal of medical healthcare devices is to accurately measure
health status, detect disease onset, and track progression [1].
Consequently, there is a critical need for user-friendly biosensors, easy to
dispose of compassionate, fast in response, suitable for mass production,
and cost-effective for medical diagnostics. The development of highly
responsive handheld biosensors with improved durability, robustness, and
efficiency is an urgent need for the current generation. The label-free
detection approach using field-effect transistors (FETs) ensures high
accuracy while preserving the intrinsic characteristics of biomolecules.
[2]. Although FET-based devices are compact and cost-effective, they
encounter significant scaling issues, including short-channel effects
(SCEs), increased off-state leakage, and a higher subthreshold swing(SS)
leads to more power consumption in MOSFETs [3]-[4]. In addition, FET-
based biosensors face significant challenges, including low sensitivity and
long response times for the detection of biomolecules due to physical
limitations at room temperature. Several other critical issues such as
random doping fluctuations, fabrication complexities, and high costs

associated with annealing processes [5]-[7].

To overcome these challenges, various tunnel-FET-based biosensors
have been proposed, offering properties such as steep SS, low power
consumption, fast response times, and high sensitivity [8-11]. However,
physically doped TFETs face challenges such as statistical stochastic
dopant variations and fabrication complexity in achieving sharp doping
profiles at the channel-drain (C-D) and source-channel (S-C) junctions [12].
To address these challenges, doping less-TFET-based devices have been
introduced, offering several advantages including reduced fabrication

complexity, lower thermal budget, and improved scalability [13]-[18].



However, the dopingless TFET-based biosensor is limited by low sensitivity
because it exhibits a lower tunneling rate S-C interface in the presence of
different biomolecules [19-21].

Therefore, this manuscript introduces a novel drain-engineered
heterojunction dopingless TFET (DE-HJ-DLTFET) to address the
abovementioned issues. In this structure, the Ge-In0.53Ga0.47As-based
hetero junction decreases the width of the barrier at the (C-S) interface.
Thereafter, a small metal strip is inserted in the oxide between the C-S
interface helping to enhance the tunneling rate thereby SS value for the
proposed device. Hence, this improvement in SS value improves the
responsiveness of the DE-HJ-DLTFET to various biomolecules.In addition,
the drain metal is a combination of two different work function materials,
which induces a high bandgap at the C-D interface. This further helps to
prevent leakage current and ambipolar conduction in the DE-HJ-DLTFET.
Therefore, the minimization of off-state current leakage (Iorr) in the
proposed device helps to improve the Ion/Iorr ratio thereby Ipon to Iorr ratio
(CSR) sensitivity of the DE-HJ-DLTFET. The inclusion of a thin SiO; layer
beneath the cavity not only prevents native oxide formation but also acts
as an adhesive for biomolecules, enhancing the reliability of biosensing

applications.



II. DEVICE ARCHITECTURE AND SIMULATION
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Fig. 1(a). 2D diagram of the proposed DE-H]J-DLTFET biosensor. (b)Calibration of the
simulation results of the proposed device with experimental results [24].

The 2D schematic of the drain-engineered heterojunction doping-less
TFET (DE-HJ-DLTFET)-based biosensor is illustrated in Fig.1(a). This
design incorporates a Ge/In0.53Ga0.47As heterojunction to enhance band-
to-band tunneling (B2BT) at the C-S interface [22]. Metal electrodes with
suitable work functions are used to form the source and drain regions. The

lengths of the source, gate, and drain metals are set at 50 nm, 40 nm, and



40 nm, respectively. To mitigate short-channel effects and improve
subthreshold behavior, spacers are added at the interfaces between the
source, gate, and drain metals. A 5 nm thick cavity layer is positioned near
the source side to influence the device's electrical characteristics. To
prevent gate-to-channel leakage current and protect the cavity from native
oxide formation due to air exposure, a 1 nm thick SiO, layer is placed
beneath the cavity. A 3 nm long metal strip is added to the oxide region at
the S-C interface. Additionally, to minimize ambipolar conduction and
leakage currents, two metal layers (M3 and M4) with work functions of 4.8

eV and 4.1 eV are placed over the drain region, and the thickness is 5 nm.

All the simulations of the proposed DE-HJ-DLTFET are carried out using
the Sentaurus TCAD tool. [23]. For that, advanced physical models are
incorporated to evaluate the device parameters accurately. A nonlocal
Band-to-Band Tunneling (BTBT) model is employed to examine the
tunneling probability at the source-channel interface. To evaluate carrier
recombination and generation in the device, both the Shockley-Reid-Hall
(SRH) and Auger recombination models are employed. The electric field-
dependent mobility (FLDMOB) model is incorporated to account for the
impact of high electric fields on carrier mobility [24]. While trap-assisted
tunneling (TAT) mediated by interface traps is known to significantly
increase leakage current and limit subthreshold swing in TFETs [25], the
present study deliberately omits the TAT model to focus on intrinsic band-
to-band tunneling. Therefore, the reported performance represents an
idealized upper limit. To ensure physical accuracy, the BTBT model used
in this work was adapted following the experimental calibration
methodology reported by Smets et al. [24]. Although their calibration was
based on a GaAsSb/InGaAs heterojunction, we did not use GaAsSb material
parameters in our simulations. Instead, all material-dependent properties
such as the bandgap (Ey), electron affinity (), and effective tunneling mass
(m) were substituted with experimentally reported values specific to the
Ge/Ino.s3Gao.47As interface. The Smets calibration was employed only as a
methodological framework to validate the BTBT formulation and ensure

convergence accuracy. This adaptation enables reliable prediction of



intrinsic tunneling behavior while maintaining physical consistency with
the proposed device. It is acknowledged that direct experimental
calibration using fabricated Ge-source TFET prototypes will be pursued in
future work to further refine interface-specific effects. Additionally, Fermi-
Dirac statistics and KLA models are utilized to capture the effects of lateral
electric fields on carrier mobility, providing a reliable representation of
charge transport under different bias conditions. Thereafter, the drift-
diffusion transport model is applied to simulate carrier flow and current
characteristics with high accuracy, ensuring a comprehensive
understanding of the device's performance. The effective masses of
electrons and holes are considered as 0.22m0 and 0.51m0, respectively,
where mO is the rest mass of an electron. The device simulations also

incorporate quantum effects due to the thin body thickness (Thoqy=10 nm),

which is less than the Debye length, suppressing short-channel effects. The

III. RESULTS AND DISCUSSION

This section presents the Ip—Vgs characteristics of the drain-engineered
heterojunction doping-less TFET (DE-HJ-DLTFET) are analyzed by varying
the dielectric constants (K) of trapped biomolecules within the cavity. The
dielectric constant (K) values for the biomolecules are considered as K =
1, 2, 5, 7, and 10, corresponding to different biomolecular environments.
The dielectric constants used in the study represent common biomolecules
such as DNA (K2-4), proteins (K4-6), and enzymes or antibodies (K~7-10).
Additionally, the analysis includes the effect of neutral, positive, and

negative charge biomolecules on the device's performance. The effect of



varying probe placements is also investigated to assess its influence on the
sensitivity and overall characteristics of the DE-HJ-DLTFET. This
comprehensive evaluation provides insights into the role of biomolecular
charges and probe positioning in optimizing the device for sensing
applications. To observe the Ip-Vgs characteristics of the DE-HJ-DLTFET,
the charge of the biomolecules is taken as neutral, and the drain-to-source
voltage (Vps) is fixed at 1 V, as shown in Fig. 2(a).

3.1 Neutral Biomolecules: Impact on DE-HJ-DLTFET

Performance with Varying Dielectric Constants
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Fig. 2. (a) Ip-Vgs characteristics, (b) Ips sensitivity, (c) Ion/Iorr, and turn-on voltage
sensitivity of the DE-HJ-DLTFET by varying the K values.



Fig. 2(a) demonstrates a clear dependence of drain current (Ips) on
the gate voltage (Vgs) and the dielectric constant of the biomolecules for
the proposed DE-H]J-TFET. At K=1, the dielectric constant of biomolecules
becomes low, and the tunneling current remains relatively small
throughout the voltage sweep due to weak electrostatic modulation across
the tunneling junction. As the dielectric constant increases, the Ips curve
shifts upward due to an enhancement in the tunneling current. This
behavior can be attributed to the enhanced electric field coupling at the
source-channel interface with increasing K. The Ioy is found to be high at
K=10 which is mainly because the higher dielectric constant amplifies the
potential drop across the tunneling junction, and enhances the band-to-
band tunneling probability at the S-C interface. Since the proposed device
consists of Ge/Ing 53Gag.47As based heterojunction and lowers the bandgap
across the S-C interface. Moreover, the insertion of a small metal strip
above the S-C interface helps in enhancing the carrier tunneling rate at
lower gate voltages. As a result of this, Ion and SS value is found to be
improved while increasing the K values for the proposed device. It is well
known that, the drain current sensitivity also depends on the SS value of
the DE-HJ-DLTFET biosensor. It can be evident from Fig. 2(b) that, Ipg
sensitivity is found to be increased when the K of the biomolecules
increases from K=2 to 10. This trend reflects the enhancement of the
device response concerning the variations in the K of the biomolecules
within the cavity region. Thelpg sensitivity value is found to be a maximum
of ~108orders at K=10. Therefore, this significant improvement in Ipg
sensitivity value makes the DE-HJ-DLTFET a promising contender for

biosensing applications.

Furthermore, the implementation of metal-drain engineering (DE) in
the DE-HJ-DLTFET exhibits excellent suppression of ambipolar conduction
and reduces the leakage currents (Ippp) in the subthreshold region. This
further helps to achieve high CSR sensitivity in the DE-HJ-DLTFET which
is very crucial for the biosensing applications. Fig. 2(c) illustrates the CSR
sensitivity of the DE-HJ-DLTFET by varying dielectric constants (K) of



neutral biomolecules at a Vgs of 1.5 V. At K=2, the DE-HJ-DLTFET shows
an insignificant increase in the CSR sensitivity, which is in the order of
~102. It is mainly because the biomolecules with a less Kinducea very small
Ion value, which eventually reduces the Ion/Iorr sensitivity of the proposed
device. As the K value rises to 5, a noteworthy increase in the CSR
sensitivity is observed, which is mainly due to the enhanced electrostatic
coupling across the device’s tunneling junction. This enhanced coupling
leads to reduce the bandgap and increases the tunneling current at lower
Vgs. Furthermore, at K=10, the CSR sensitivity is found to be a maximum
of ~107. This improvement in CSR sensitivity helps to reduce the noise
involvement in the proposed biosensor. This is critical for detecting small
variations in the concentration of biomolecules in biosensing
environments. Thereafter, at K=10, the tunneling current is significantly
modulated by the biomolecules, resulting in a sharp increase in current at
a relatively low gate voltage. Since, the higher dielectric constant
materials enhance the electric field coupling at the C-S interface, which,
in turn, increases the probability of band-to-band tunneling at lower gate
voltages. Fig. 2(c) also illustrates the turn-on voltage variation of the
proposed DE-HJ-DLTFET with increasing dielectric constant (K=2,5,7,10)
in the neutral biomolecular charge state. It can be evident from Fig. 2(c)
that, the DE-HJ-DLTFETs show better turn-on voltage sensitivity at K=10.
The turn-on voltage also increases with K, reflecting enhanced gate-to-
channel coupling and increased tunneling barrier width. This behavior
highlights the device's suitability for detecting biomolecules with varying
dielectric properties. The observed trends validate the DE-HJ-DLTFET's

robust performance for biosensing applications.
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The sensitivity analysis of the proposed DE-HJ-DLTFET is evaluated using
key metrics derived from the given equations. The drain current sensitivity
(SIg) [Equation (1)] [26] quantifies the variation in current due to
biomolecule immobilization, comparing dielectric constants (ek> 1) with
air (ek = 1). The CSR current ratio sensitivity[Equation (2)] [27] highlights
the change in device switching characteristics caused by biomolecular
environments. Turn-ON voltage sensitivity [Equation (3)] [28] assesses
shifts in Vrym-on due to biomolecule-induced changes. For negatively
charged biomolecules, gate-to-source voltage depends on biomolecular
charge density, as shown in Equation (4) [29]. This affects device
sensitivity and enables precise characterization of biomolecule

interactions in the nano-cavity.

3.2 Positive charge Biomolecules: Influence on Ip—Vgs
Characteristics of DE-HJ-DLTFET
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Fig. 3. (a)Ip—Vgs characteristics (b) Ips sensitivity, (¢) Ion/Iorr, and turn-on voltage
sensitivity of the proposed DE-HJ-DLTFET by varying the positive charge densities.

To verify the performance parameters like Ips Ion/Iorr, and turn-on voltage
sensitivity of the DE-HJ-DLTFET in the presence of positively electrostatic
charged biomolecules, the dielectric constant of the biomolecules is fixed
at K=7. Fig.3(a) demonstrates the Ip—V; transfer characteristics of the
proposed DE-HJ-DLTFET-based biosensor by varying the positive charge
from 1E10 to 1E12. As the positive charge density increases from 1E10 to
1E12, the drain current (Ipg) rises significantly and is reported to be high
at 1E12. This increment in Ipg is mainly due to the incidence of a positive
electrostatic charge in the cavity improves the electrostatic coupling at the

source-channel interface. As a result of this, the tunneling-barrier-width



becomes reduced and the BTBT rate gets improved at the C-S interface.
Fig. 3(b) depicts the Ips sensitivity variation by increasing positive
biomolecular charge in the proposed device. The Ipg sensitivity found to be
high at 1E12. Fig. 3(c) shows the enhancement in Ion/Iorr sensitivity, and
turn-on voltage sensitivity while increasing the positive charge densities.
The Ion/Iorr sensitivity improvement in the DE-HJ-DLTFET is primarily due
to the significant improvement in Ipny without degrading the Iopp.
Moreover, the turn-on voltage sensitivity also improved for the DE-H]J-
DLTFET in the presence of positive electrostatic charges. It is mainly
because of the presence of positive charges that the effective tunneling
barrier width gets reduced and the BTBT rate into the channel becomes

high at lower gate voltages.

3.3 Negative charge Biomolecules: Influence on
Ip—Vgs Characteristics of DE-H]J-DLTFET
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Fig. 4. (a)Ip—Vgs characteristics, (b) Ips sensitivity, (c) Ion/Iorr, and turn-on voltage
sensitivity of the proposed DE-HJ-DLTFET by varying the negative charge densities.

Fig. 4(a) illustrates the Ip—Vgtransfer characteristics of the DE-HJ-
DLTFET in the incidence of negatively electrostatic charged biomolecules
when the dielectric constant of the biomolecular charge is fixed at (K=7).
As the negative electrostatic charge density increases from -1E10 to -
1E12, the drain current (Ips) is found to decrease in the proposed DE-H]J-
DLTFET. The Ips is reported to be high of ~10-6 A/umat -1E10 charge
density. When it comes to -1E12, the Ipsis degraded to ~10-11 A/um. It is
mainly due to the reduction of electrostatic coupling at the C-S interface
enhances the width of the tunneling barrier and reduces the carrier
tunneling rate into the channel region. The Ips sensitivity of the DE-H]J-
DLTFET is reduced when the increment of the negative biomolecular
charge is as depicted in Fig. 4(b). As the increase of negative charge
density in the cavity area reduces the gate electric field at the C-S
interface, it leads to a small increase of Ipy in the DE-HJ-DLTFET at lower
Vgs.

Fig. 4(c) illustrates the reduction of current-switching-ratio (CSR)

sensitivity, and turn-on voltage sensitivity at higher negative charge

densities. The CSR ratio
decreases due to the
degradation of Ion, while
lorr remains constant.
Moreover, the Convex il turn-on
voltage sensitivity
is also reported to be
degraded with the

increment of Increasing Concave negative



charge densities in the proposed device. Since, the negative charges widen
the effective tunneling barrier, making the device less responsive to
charge variations at lower Vgs. Therefore, it is necessary to limit the
concentration of negatively charged biomolecules to a lower order to
attain high sensitivity for the DE-HJ-DLTFET biosensor. Hence, the
obtained outcomes reveal that the DE-HJ-DLTFET-based biosensor can
detect the biomolecules effectively in the presence of different

biomolecular charge densities.

Fig. 5. Different types of biomolecule circulation in the cavity region of the proposed
DE-HJ-DLTFET.
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Fig. 5 represents the possible biomolecular distributions, like concave,

convex, decreasing, and increasing profiles in the nanocavity region of the



proposed DE-HJ-DLTFET. To analyze the Ip and CSR sensitivity of the
proposed device, positively charged biomolecules with dielectric constants
of K=7 and K=10 are considered in the form of irregular nanogap profiles
as shown in Fig. 6(a)-(b). It can be observed from Fig. 6(a) that, the Ip
sensitivity is found to be high in the case of K=10 as compared to K=7 in
the proposed biosensor. This is mainly owing to the presence of high-K
positive electrostatic charged biomolecules, increasing the gate-to-
channel coupling and carrier BTBT rate at the C-S interface. Thereafter,
the CSR sensitivity is also found to be high for the proposed biosensor
while considering the high-k biomolecules at irregular nanogap profiles.
Since the high-k positive creates a stronger electrostatic field at the C-S
interface. This effect lowers the tunneling barrier, significantly enhancing
the on-state current (Ipn) while maintaining a low Igpp.In contrast, convex
and decreasing profiles exhibit relatively lower Ip and CSR sensitivity
when compared to concave and increasing profiles in the cavity region.
This is mainly due to the proposed device cavity with convex and
decreasing profiles induces weaker charge modulation and less effective
coupling at the interface. These results emphasize the importance of both
dielectric constant selection and biomolecular distribution in optimizing Ip
and CSR sensitivity in the case of anomalous biomolecular profiles. The
findings confirm the suitability of the DE-HJ-DLTFET for detecting
complex biomolecular arrangements, with concave and rising profiles

providing optimal performance at high K.
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Fig. 7. (a) Ip sensitivity and (b) CSR sensitivity of the DE-H]J-DLTFET when negatively
charged biomolecules are distributed in irregular nanogap profiles.

Fig. 7(a) depicts the Ip sensitivity of the DE-HJ-DLTFET in the presence of
irregularly distributed negatively charged biomolecules (concave, convex,
decreasing, and increasing profiles). To do so, the K of the biomolecules is
considered as K=7 and K=10, respectively. The negatively charged
biomolecules influence the device characteristics by inducing an opposite
potential near the C-S interface, which alters the tunneling barrier and
carrier transport. The results show that higher Ip and CSR sensitivities are
observed at K=10compared to K=7 in the case of irregularly distributed
negatively charged biomolecules in the proposed device, as shown in Fig.
7(b). However, the negative charge reduces the tunneling barrier more
significantly, resulting in an increase in the ON-current and a sharper
response in sensitivity. Among the profiles, concave and increasing
distributions of negatively charged biomolecules exhibit the highest
sensitivity and CSR ratios, as they concentrate more charge near the
tunneling junction, thereby enhancing band-to-band tunneling (BTBT)
probability. These profiles maximize the interaction between the negative
biomolecular potential and the device's electrostatics, particularly at
higher K values. In comparison, convex and decreasing profiles show
relatively lower sensitivity and CSR ratios, due to weaker modulation
effects at the tunneling junction. Nonetheless, the higher dielectric
constant at K=10 compensates for this limitation, resulting in improved
device performance compared to K=7. The 55% fill factor ensures
adequate interaction of the negatively charged biomolecules with the
device cavity, balancing sensitivity, and operational stability. These results
validate the DE-H]J-DLTFET's capability to detect negatively charged
biomolecules effectively and emphasize the critical role of biomolecular
charge type, distribution, and dielectric constant in optimizing biosensor
performance. The DE-HJ-DLTFET demonstrates a strong dependence on
the occurrence of biomolecules and the K of the surrounding medium,
making it an excellent candidate for biosensing applications. Furthermore,
the device's sensitivity improves significantly with an increase in the fill

factor, corresponding to the active area occupied by biomolecules, as



Case | The shaded area represents Fill Sensitivity
the presence of Factor
biomolecules

K=5 K=7 K=10

80% 2.9%x104 1.1x105 2.7x106
70% 3.1x103 2.2x104 1.4x10°

60% 1.5x102 4.1%x103 4.5%104

50% | 3.4x10! | 3.6x102 4.8x103
40% | 2.1x10! | 2.5x10! 2.3x102
shown in Table 1. A higher number of biomolecules enhances the device's

electric field modulation, reducing the tunneling barrier and enabling
stronger current flow, which translates to improved sensitivity.
Conversely, when the fill factor decreases, the sensitivity drops,
highlighting the critical role of biomolecule coverage in determining the

device's performance.

3.4 Effect of Symmetric Biomolecule Interaction and

Probe Placement in Nano-Cavity Sensors

Table 1: Probe placement of the DE-H]J-DLTFET biosensor for the different
biomolecules.

Additionally, the K of the environment adjacent the biomolecules
have a profound impact on sensitivity. As the K enhances, the gate-to-
channel coupling improves, which enhances the tunneling current and
results in a substantial increase in sensitivity. This exponential
improvement suggests that incorporating high-K materials or optimizing
the dielectric environment can significantly boost the device's detection
capabilities. In contrast, at lower dielectric constants, the sensitivity
remains limited, even for higher biomolecular presence. The DE-H]J-
DLTFET biosensor achieves superior performance when the biomolecular
coverage is maximized, and the K of the medium is high. These
observations emphasize the importance of material engineering, surface
fictionalization, and optimization of the sensing environment to achieve
highly sensitive and efficient biosensors. The device's capability to

demonstrate exponential sensitivity enhancement under optimized



conditions makes it a highly promising platform for innovative biosensing

applications.
3.5 Benchmarking

The proposed DE-HJ-DLTFET-based biosensor shows remarkable
improvement in drain current sensitivity when compared to other
advanced biosensors, as shown in Table 2. It is mainly because the
substantial improvement of Ipny and SS values in the DE-HJ-DLTFET
increases the drain sensitivity as conventional biosensors like Dielectric-
Modulated FET (DM-FET), Negative Capacitance TFET (NC-TFET), and
MOSFET-Based Biosensor. However, the Double-Gate TFET and Split-Gate
TFET-Based Biosensors show moderate improvements but still do not
surpass the sensitivity of DE-HJ-DLTFET. Few other biosensing devices,
such as L-shaped gate TFET (LTG-TFET) and source-drain engineered
TFET (SDE-TFET), perform better than conventional sensors, although still
lower than the best sensitivity of DE-HJ-DLTFET. Therefore, the improved
sensitivity in DE-HJ-DLTFET makes it a highly effective candidate for next-

generation biosensing applications.

Device Ips
Sensitivity

Dielectric-Modulated FET (DM-FET) [30] 1x104
Negative Capacitance TFET (NC-TFET) [31] 5x10°
MOSFET-Based Biosensor [32] 1x103
Double-Gate TFET Biosensor [33] 7x10°
Split-Gate NCTFET-Based Biosensor [34] 2%x106
L-Shaped Gate TFET (LTG-TFET) [35] 4x106
Source-Drain Engineered TFET (SDE-TFET) 5%106
[36]

T-shaped silicon channel [37] 6.95%10°




Proposed Device 5x107

Table 2: I sensitivity assessment of the DE-HJ-DLTFET-based biosensor with other
state-of-the-art TFET based biosensors.

IV. CONCLUSION

This manuscript presents a drain-engineered Ge/In0.53Ga0.47As
heterojunction doping less TFET (DE-HJ-DLTFET) based biosensor to
detect the various biomolecules effectively. Simulation results reveal a
significant improvement in drain current sensitivity, CSR sensitivity, and
turn-on voltage sensitivity obtained for the DE-HJ-DLTFET in the presence
of different biomolecular charges. This improvement in Ip sensitivity and
turn-on voltage sensitivity is mainly due to the presence of
Ge/In0.53Ga0.47A heterojunction, which reduces the potential barrier. It
increases the drain current at the S-C interface at low gate voltages. Then,
the drain metal engineering method helps to reduce the leakage current,
thereby increasing the CSR sensitivity in the proposed biosensor.
Furthermore, biomolecules with high-k value showed better sensitivity in

the proposed biosensor at the maximum fill factor in the cavity region.
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