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Abstract
Themanuscript proposes a ferroelectric heterojunction TFET (BG-FE-HJ-STFET) on SELBOX
substrates with a back gate to create an ultra-sensitive label-free biosensor with dielectricmodulation
for the detection of neutral and charged biomolecules.Within the proposed device, four cavities have
been carved out for the biomolecules’ immobilization under the front and rear gate dielectrics. By
using a ferroelectric (FE)material as a gate stack, the low gate voltage is increased to bemore effective
by causing a negative capacitance phenomenon. The response of the proposed biosensor to four
impartial biomolecules with different dielectric constants: protein (k= 8), biotin (k= 2.63),
3-Aminopropyl-triethoxysilane (APTES) (k= 3.57), and streptavidin (k= 0.1) has been investigated.
Deoxyribonucleic acid (DNA), a charged biomolecule, is also examined for the dielectric constant of
k= 6 concerning both charge (negative and positive) densities. The device is simulatedwith the
commercially available SILVACOATLASTMTCAD tool. The performance analysis relies on several
figures ofmerit (FOMs) such asDC/RF and sensitivity (including drain current, ION/IOFF ratio, and
subthreshold swing) for both neutral and charged biomolecules. The optimized cavity structure
demonstrates a notable sensitivity in drain current (2.7× 108) and a significant ION/IOFF sensitivity
(1.42× 1011). One of themain problemswith current biosensors is the difficulty and expense of
production in the nanoscale realm.

1. Introduction

Ever since the invention of thefirst oxygen biosensor by Led andClark in 1962 [1], there has been a lot of interest
among research communities in thefield ofmedicine and nanotechnology. A biosensor is a biological device
that is self-contained and used to detect biological components [1–7]. Biosensor devices have demonstrated
enormous potential for their use inmedical diagnostics as well as other industries such as pharmaceutical, food,
drinks, environmental, agricultural, andmany other biotechnological industries [1–8]. In the context of
information and communication technology (ICT), ideas such as the Internet of Things (IoT) have gained a lot
of interest recently because of Industry 4.0. The rapid progress in the development of intelligent devices, which
are essential for improving human existence, is themain cause of this increased interest [8]. It also plays a crucial
part in our daily lives by allowing us to linkmany sorts of smart devices via wireless technology, greatly raising
our life quality [8]. In recent years, researchers all over theworld have been paying close attention to FET-based
biosensors because of their remarkable qualities, which include label-free detection, small size, fast response
time, and reliability [9]. Because FET-based label-free biosensors can detect a wide range of biological species,
they have foundwidespread use. Field-effect transistors have been incorporated into the FET family to facilitate
biomolecule detection by depending on the detection of charges between the dielectric gate and the ionic
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solution [10]. Despite having improved performance, FET biosensors still possess a few limitations that are listed
[5–12]:

(i) Subthreshold swing (SS)> 60mV/decade, or the kT/q limit, greatly extends the detection time.

(ii) Low ION/IOFF ratio,

(iii) WhenDIBL (drain-induced barrier lowering) is present,

(iv) High power consumption as a result of leakage, and

(v) Presence of short channel effects (SCEs),

(vi) Restrictions of the threshold voltage’s scalingwith source voltage.

To address these issues, scientists began developing TFET-based biosensors, taking advantage of the devices’
remarkable characteristics, such as sharp subthreshold swing and lowpower consumption, which come from
carrier band-to-band tunneling [8–12]. A tunnel FET-based biosensor has been extensively investigated for this
purpose and has shown great promise since it can provide increased sensitivity, faster response times, and less
leakage, which improves energy efficiency.Moreover, it shows promise in resolving the problems commonly
linked to FET-based biosensors, as previously explored in studies [7, 9, 11–13]. TFETs are limited in terms of
ON-state current and ambipolar conduction, even though they outperformCMOS [14, 15]. Several altered
TFET architectures have been reported to address these issues. These techniques include hetero-dielectric TFET,
multigate TFET integration of negative capacitance (NC)with ferroelectric (FE)material as the gate dielectric
[16], vertical TFET [17–19], gatemetal work function engineering, and the addition of low bandgapmaterial at
the source side. The ferroelectric tunnel FET (FE-TFET) concept was first introduced by Lattanzio and his
research team in 2010 [20].With the addition of a ferroelectric gate stack at high temperatures, this invention
increases the Id (drain) and transconductance to supreme values at or above theCurie temperature. It was
possible to obtain a sharp subthreshold swing by applying the (VDE-TrFE) approach. In addition to these, we
have investigated a charge-plasma-based dielectric-modulated back-gated ferroelectric heterojunction tunnel
field-effect transistor on SELBOXSubstrate (BG-FE-HJ-STFET) that can be used to detect biomolecules suitable
metal work-function electrodes induce P+ source andN+ drain regions for this purpose. Furthermore, the gate
dielectric incorporates a nanogap for the effective uptake of biomolecules. Numerous important factors,
including the energy band diagram, electron tunneling rate, surface potential, drain current (IDS), subthreshold
swing (SS), and sensitivity, were thoroughly analyzed in this study. These analyses played a critical role in
assessing the device’s overall efficacy and performance. In addition, the sensing capability of BG-FE-HJ-STFET-
based biosensors has been analyzed. The following section's structures are as follows:

Section 2 contains the structure of the proposed device, the fabrication feasibility, and the calibration of the
models; Section 3 discusses the results and their analysis; and finally, Section 4 discusses the conclusion of the
present chapter.

2.Device under study

Figure 1 depicts the 2D cross-sectional view of BG-FE-HJ-STFET, it contains all symbols of the dimension
parameters and table 1 contains the values of thementioned symbols. In this study, we have considered aGe/Si-
based heterojunction between source and channel, which results in better BTBT and lowers the subthreshold
swing (SS) [21]. The function of both front and back gatematerial is taken at 4.2 eV. The concentrations of the
doping region (p+Ge) source and drain region (n+ Si) are 1× 1020 cm−3 and 5× 1018 cm−3, respectively.

The dual cavities of the biosensor with a thickness (tc) of 8 nmare created for the front gate, and back gate of
the structure as shown infigure 1. Further, 1.5 nmSiO2 and 8 nmHfO2 vertically stacked gate oxide is used along
the channel. The design and performance analysis of the BG-FE-HJ-STFET biosensor has been done using the
commercial SILVACOATLASTMTCAD tool [22]. The non-local band-to-band tunneling (BTBT)model,
Auger recombinationmodel, field-dependentmobilitymodel, Shockley-Read-Hall generation-recombination
prototypical, and Fermi–Dirac statisticsmodel are among the fundamentalmodels used in this work.

Calibration for the usedmodels was performed by comparing the proposed device’s simulated drain current
data with investigational work based on SOITFETdrain current atVDS= 1.0 V,VDS= 0.5 V, LG (gate
length)= 400 nm, as shown infigure 2 [23].

The suggested BG-FE-HJ-STFET can be fabricated by following the same procedures outlined in [24].
Figure 3 shows the required process flows for creating the BG-FE-HJ-STFET. To begin the fabrication process, a
clean p-type Si substrate is used. The selected substrate is next coveredwith the buried oxide (BOX) SiO2 layer by
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a thermal oxidation procedure, as shown infigures 3(a) and (b). In the third stage of the process flow, the n+Ge
and p− Si layers develop over the BOX layer, and the SELBOXgap is created by etching SiO2. This is
accomplished by the epitaxial approach, as shown infigures 3(b) and (c). Subsequently, the channel and drain
region remain intact while the silicon is etched using amasking pattern. Source and channel areas within the
device aremade possible by the formation of two cavities in the p-Si layer through the use of theCVDprocess. As

Figure 1. 2D schematic structures of BG-FE-HJ-STFET based biosensor.

Figure 2.Calibration graph of the proposed structure (BG-FE-HJ-STFET)with prefabricated SOITFET atVDS= 0.5 V, and
VDS= 1.0 V [23].

Table 1:Dimensional parameters of BG-FE-HJ-STFET
Biosensor.

Symbols Quantity Value/units

L1 Source side BOX length 30 nm

L2 SELBOXgapwidth 2 nm

L3 Drain side BOXLength 68 nm

L4 Sourcewidth 30 nm

L5 Channel width 40 nm

L6 Drainwidth 30 nm

tc= thigh k Cavities thickness 8 nm

tox Low-k oxide thickness 1.5 nm

tG Gatemetal thickness 2 nm

tBODY Channel/Body thickness 15 nm

hBOX Buried oxide thickness 10 nm

tSUB Lower substrate thickness 10 nm

kFE FE oxide dielectric constant 1495
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seen infigure 3(d), this process includes the deposition of p+Ge and n+ Si. After forming the source and drain
regions, the appropriate doping techniques are usedwhen the source and drain regions have been determined.
The next step involves keeping the SiO2/FE oxide as the gate oxide and applyingmetallization and design to get
the gate, drain, source, and drain contacts. As shown infigure 3(d), nanocavities are then formed in the
ferroelectric oxide on both sides of the gates.

3. Results and discussion

The results of the simulation study are shown and explained in this section. Examining biomolecules with
negative, neutral, and positive charges allows one to understand how the biosensor responds to the
immobilization of the biomolecules under study. Tomaintain the inherent advantages of a TFET, the tunneling
efficiency through the bias points is increased. Therefore, at the tunnel junction, the electric field becomesmuch
strongerwhen there is negative gate stack capacitance. This arrangement creates a negative capacitance (NC)
effect by using a ferroelectric insulator in the gate stack in addition to the standard oxide, which acts as an
intrinsic voltage amplification. As such, it increases the on-current andmakes a steep sub-threshold swing (SS)
easier to achieve. The subthreshold swing (SS) for the conventional TFET can bewritten as [25]:
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whereVeff denotes the effective bias of a tunneling junction, b is thematerial constant, andE denotes the
electric field.

Figure 3. Fabrication processflows of BG-FE-HJ-STFET based biosensor.
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The capacitive voltage divider defines /V Vgs eff¶ ¶ as follows:
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whereCins is the sumof the gate oxide (Cins) and ferroelectric insulator (Cferro) capacitances.WhenVeff exceeds
Vgs, it shows the presence of the ferroelectric layer, which acts as a step-up transformer due to the development of
the negative capacitance (NC) effect. Furthermore, the positive feedback effect on the capacitor’s charge (Q)
caused by the negative capacitance (NC) can be understood as an internal voltage amplificationwithin the BG-
Fe-HJ-STFET, resulting in an enhanced electric field at the tunnel junction. Consider aVgs (per unit area)
capacitor with an applied voltage (Vgs) at the terminal and the voltage of feedback (FQ) proportional to theQ
(capacitor charge).
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WhereCins can expressed as,
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In accordancewith equation (1), the feedback voltagemust be greater than one for the negative gate-stack
capacitance (Cins) to form (i.e., (βFQ> 1)). In other words, from equations (2) and (4), forNC to increase the
internal voltage at the tunnel junction, positive feedback is required.
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Equation (5) indicates that the drop in /V Vgs eff¶ ¶ is due to the positive feedback voltage (βFQ> 1), which is
directly related to SS as shown in equation (1). This causes SS to significantly decrease. Furthermore, as per
equation (5), the presence of a positive feedback voltage facilitates the process of internal voltage amplification ((
i.e. Veff>Vgs). This, in turn, produces a step-up voltage transformer effect that amplifies the electric field at the
tunnel junction, hence augmenting the on-current in the apparatus.

Electrical analysis of neutral-charged biomolecules
Wedescribe the electrostatic properties of the suggested BG-FE-HJ-STFET biosensor in this section. In
particular, we study the effects of charge density on charged biomolecules and the constant of dielectric on the
behavior of neutral biomolecules. Figures 4(a) and (b) demonstrate how the proposed biosensor affects ION and
ION/IOFF sensitivity for different cavity thicknesses (tc). As cavity thickness increases, the parasitic capacitance
between the source and the channel decreases, resulting in a larger tunnelingwidth at the junction. This reduces
drain current and lowers ION and ION/IOFF sensitivity, as shown infigure 4(a). The energy band diagram in
figure 5(a) shows the different neutral biomolecules’ on-states inside the biosensor cavity, eachwith a different
dielectric constant. It can be shown that the sensitivity of the TFET-based biosensor increases in tandemwith the
biomolecule’s dielectric constant, resulting in a decrease in the source/channel junction’s tunneling barrier. In
particular, the protein biomolecule has a somewhat lower tunneling barrier and is distinguished by a greater
dielectric constant of k= 8. As a result, the electric field infigure 5(b) exhibits a similar pattern. The reduction in
the tunneling barrier results in an increase in the electric field across the source/channel junction. Notably, as
shown infigure 5(b), the protein has the largest peak of the electricfield and the highest dielectric constant of all
the neutral biomolecules. Figure 6(a) depicts the graphs of the surface potential of the proposed biosensor with
the biomolecules atVDS= 0.5V. In the channel region, the surface potential is higher for a high dielectric
constant. Figure 6(b) shows the plots of the transconductance of the proposed biosensor (BG-FE-HJ-STFET) for

Figure 4.Plots of (a) on-state current, and (b) Ion/Ioff sensitivity of BG-FE-HJ-STFET based biosensor for studied biomolecules at
VDS= 0.5 V, tc= 8 nm, tc= 6 nm and tc= 4 nm.
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the studied biomolecules. The transconductance (gm) of a device describes its capacity to transfer the applied gate
voltage into drain current [26]. The transconductance value for the higher dielectric constant biomolecules, such
as the protein (k= 8), shows higher transconductance values as compared to lower dielectric constant
biomolecules.Moreover, the frequency at which the current gain achieves unity in the small-signalmodel with a
common source configuration is known as the cut-off frequency ( fT), and it is expressed as [26, 27]:

( )
( )f

g

C C2
6T

m

gs gdp
=

+

where gm is the transconductance,Cgs andCgd are the parasitic capacitances of the proposed biosensor.
Figure 7(a) shows plots of cut-off frequency ( fT) for different biomolecules; here higher dielectric constant
biomolecules showhigher cut-off frequency because of higher transconductance value. Figure 7(b) shows the
plots of transit time of studied neutral biomolecules at VDS= 0.5 V.

The biosensor’s transit time (τ), or the amount of time it takes for charge carriers (either electrons or holes)
tomove between the source and drain regions, dictates the biosensor’s sensing speed. The transit time (τ) has the
following definition [28], and itmay be expressedmathematically as the reciprocal of the cut-off frequency ( fT):

( )
f

1

2
7

T

t
p

=

Figure 5.Plots of (a) on-state energy band diagram, and (b) 2DElectric field of BG-FE-HJ-STFET based biosensor at VGS= 1 V,
VDS= 0.5 V and tc= 8 nm.

Figure 6.Plots of (a) surface potential and (b) transconductance of the suggested biosensor’s neutral charge biomolecules for the
various biomolecules at VDS= 0.5V.

Figure 7.Plots of (a) cut-off frequency and (b) transit time of neutral charge biomolecules of the proposed biosensor for the different
biomolecules at VDS= 0.5V.
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The electron travels from the source to the drain area faster and responds better to biosensor stimulationwhen
the dielectric constant rises from k= 0.1 to k= 8.

Impact of (+)ve and (-)ve charged biomolecules
Accordingly, figures 8(a) and (b) show the transfer characteristics of various charged and neutral biomolecules.
Because there is a smaller tunneling barrier width and an increased electricfield at the source/channel region,
proteins show a greater drain current, as shown infigure 8(a). The transfer properties ofDNA for various charge
density levels are depicted infigure 8(b), meanwhile. In the case ofDNA, there is an increase in drain current
with increasing positive charge biomolecules and a decrease in drain current with increasing negative charge
biomolecules [29]. The reason for this is that biomolecules with a positive charge can increase the electron
population, whereas biomolecules with a negative charge can increase number of holes in the channel [30]. This
section evaluates the biosensor’s sensitivity by analyzing several DCparameters such as threshold voltage (Vth),
subthreshold swing (SS), drain current (IDS), and the ION/IOFF ratio. Sensitivity, which is defined in terms of
electrical characteristics, is an essential criterion for the identification of target biomolecules concerning the air
inside the cavity [30]. Themaximumprobability of detecting the targeted biomolecules is defined by higher
sensitivity [29–31]. The sensitivity of the drain current is defined by equation (8) [31, 32].

( ) ( )S
S S

S
8ID

ID
Bio

ID
Air

ID
Air

=
-

where the drain currents of the biosensor are denoted by the variables Id
Bio and Id

Air, respectively, when the
biomolecule-filled nanogap has a dielectric constant of k> 1 andwhen the nanogap isfilledwith air (k= 1).

Figure 9(a) shows the plot between drain current sensitivity and gate voltage, and figure 9(b) shows the drain
current sensitivity versus gate voltage relationship, which is based on neutral and charged biomolecules.While
taking various dielectric constants and charge densities (both positive and negative) into consideration. It is clear
fromfigure 9(a) that as the dielectric constant of the biomolecules increases, so does the drain current sensitivity.
When compared to all other biomolecules, streptavidin has the lowest sensitivity, while protein has the highest.
Themost prominent peak is seen at the lowest gate voltage, which is an essential aspect of drain current
sensitivity to be aware of. The drain current sensitivity forDNA is shown infigure 9(b) for different charge
density levels. Notably, the drain current sensitivity decreases with increasing concentrations of negative charge
biomolecules, whereas increasing concentrations of positive charge biomolecules cause it to grow.

Equation (1) is used to compute the sensitivity of IDS, and it is also used to calculate the sensitivity of ION/IOFF.
The ION/IOFF ratio rises infigure 10(a) as the dielectric constant in the nanogap cavity rises. A quicker rate of

Figure 8.Plots showing the transfer characteristics of the BG-FE-HJ-STFET-based biosensor at VDS= 0.5 V and tc= 8 nm: (a)DNA,
which is charged, and (b) biomolecules with no charge.

Figure 9.Plots of IDS-VGS Sensitivity (a)neutral charge biomolecules (b) charged biomolecules (DNA) of BG-FE-HJ-STFET based
biosensor at VDS= 0.5 V and tc= 8 nm.

7

Phys. Scr. 99 (2024) 105413 AK Singh et al



electron tunneling from the source to the channel region results from a lowering in the tunneling barrier at the
source/channel interface, which causes this rise [6]. Consequently, the protein biomolecule (k= 8) in the
nanogap cavity has themaximum ION/IOFF ratio sensitivity among all neutral biomolecules. The ION/IOFF
sensitivities of the BG-FE-HJ-STFET biosensor are depicted forfive distinct values of dielectric constant
(k= 0.1, 2.36, 3.57, 8, and 6) for different values of negative and positive charge of biomolecules as shown in
figure 10(b). ION/IOFF sensitivities increase with themagnitude of the positive charge of biomolecules. However,
for afixed k value, the proposed structure (BG-FE-HJ-STFET) reflectsmore change in sensitivity than previous
publishedwork. In addition, the ION/IOFF sensitivity of the BG-FE-HJ-STFET sensor is plotted for different
dielectric constant of biomolecules forQnf=−5× 1011 cm−2,−1× 1012 cm−2,Qpf= 5× 1011 cm−2, and 1×
1012 cm−2 infigure 10(b).With increasing themagnitude of the dielectric constant, the sensitivity also increases.
However, for particular positive charge of the biomolecules BG-FE-HJ-STFET reflectsmore change in
sensitivity than the other works [7, 31].

The p-type channel gets depletedwhennegatively charged proteins are present at the SiO2 interface. As a
result, a decrease in channel width occurs because a higher gate voltage is required to exhaust the p-type
substrate than at a neutral interface. For ametal-oxide-semiconductor structure, the voltage balance equation is
represented by the notation [33].

( )V
qN

C
9GS S MS

bio

ox

y f= + -

Where,ψS stands for the electrostatic potential at the surface,fMS for the difference in themetal and
semiconductor work functions,Nbio for the number of charges per unit area, q for the electronic charge value,
andCox for the resulting capacitance per unit area, which can be expressed as follows:

Furthermore,

( )
( )C

k

t x
10ox

ox

=

where, tox(x) (dielectric thickness), k (dielectric constant). In the case of a constant gate voltage and an increase in
the negative charge of biomolecules,ψsmust fall in order to preserve the potential balance, as shown in
equation (9). This will ultimately result in a decrease in drain current and sensitivity. Equation (9) states that
given a fixedNbio andVGS, an increase in k results in a drop in the potential (as is illustrated in equation (11) and a
rise inψs. as a result. Consequently, this increases the drain current and raises the biosensor’s sensitivity.
Figure 9(b) provides an illustration of this phenomenon.

( )V
qN

C
11bio

ox

= -

The constant current approach can be used to calculate the threshold voltage (Vth), with the voltage at drain
current 1× 10−7 A μm−1 treated asVth. TheVth sensitivity parameter is defined as [34]:

∣ ( ) ( )∣ ( )V V Air V Bio 12th th thD = D - D

Here, the variablesΔVth(Air) andΔVth(Bio) in this equation represent the threshold voltages when air and
biomolecules, respectively, are introduced into the cavity. Furthermore, the shift in the threshold voltage that
occurs when biomolecules in the air are detected is represented byΔVth. The curve showingVth is shown in
figure 11(a) inset, and it shows that when biomolecules with a higher dielectric constant are added to the cavity,
Vth drops. As a result, in comparison to air, the drain current hits 1× 10−7 earlier. Equation (12) is used to get the
Vth sensitivity. Among all the neutral biomolecules, the proteinwith k= 8 has the highest sensitivity. Similar to
this, the inset infigure 11(b) shows a higherVth value forDNAwith a higher charge density that ismore negative
and a lowerVth value forDNAwith a higher charge density that ismore positive.

Figure 10. ION/IOFF ratio sensitivity plot of (a)neutral charge biomolecules (b) charged biomolecules (DNA).
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SS sensitivity is important in biosensor performance since it specifies the speedwithwhich biomolecules are
detected. SS sensitivity is defined as follows [34]:

( ) ( )S
S S

S
13SS

SS
Bio

SS
Air

SS
Air

=
-

where S S,SS
Bio

SS
Air represents the cavity of the biosensor according to biomolecules, air. The SS sensitivity for

neutral and charged biomolecules is depicted in Figures 12(a) and (b). A lower SS value improves the detection
potential and electrical response of the BG-FE-HJ-STFET biosensor. In Figure 12(a), it is evident that increasing
the dielectric constant of dielectric from air (k= 1) to protein (k= 8) reduces SS. Itmeans thatwhen the
dielectric constant of the biomolecule increases, so does sensitivity. Similarly, figure 12(b) depicts theDNAof
biomolecules as per the charge densities; the SS of the device increases as negative charge density increases and
decreases as positive charge density increases. Furthermore, the suggested biosensor’s SS sensitivity is improved
when the charge density changes fromnegative to positive. A comparison of our proposed studywith two
additional relevant papers [7, 31] and [34] is shown in table 2.

Modeling of surface potential
The 2DPoisson’s equation (14) governs the distribution of surface potential in the gate oxide and channel region
of the proposedTFET-based biosensor. Figure 13 depicts the full region (R1 toR4) considered for the analytical
modeling of the surface potential [35–39].

Figure 11. (a)The plot of sensitivity of the Threshold voltage (a)Biomolecules natural charge (b)Biomolecules with charge (DNA).

Figure 12. Subthreshold swing (SS) sensitivity plot of (a)neutral charge biomolecules (b) charged biomolecules (DNA) of BG-FE-HJ-
STFET based biosensor at VDS= 0.5 V and tc= 8 nm.

Table 2.Comparison of the sensitivity with the [7, 34].

Parameters Proposedwork (Protein) [7] [31] [34]

IONCurrent (A/μm) 4.25× 10−6 3.50× 10−6 4.10× 10−6 4.20× 10−6

ION/IOFF Sensitivity 4.2× 1011 2.88× 1011 1.31× 108 2.1× 108

Vth Sensitivity (V) 0.38 V 1.50V 1.65V 1.20V

SS Sensitivity 0.34 — — —
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For i= 1, 2, 3, 4
Using the parabolic potential approximation, the 2D channel potential function ( )x y,iy in the region Ri

(i= 1, 2, 3, 4) can be expressed as
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where, ( )C x ,i0 ( )C xi1 and ( )C xi2 are arbitrary functions of x to be determined by using the following boundary
conditions:
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( ) ( ) ( )x y

x

x y

y

qN, ,
23i

y

i

y

i

si y

2

2
0

2

2
0 0

y y
e

¶
¶

+
¶

¶
=

-

= = =

Figure 13. 2D structurewith the full region (R1 to R4) of BG-FE-HJ-STFET.
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Solving (23)we get the following 1Ddifferential equation
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The value ofK1i andK2i are obtained by solving the following boundary conditions
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Fromboundary conditions (28)-(33) the values of constantK1 andK2 are obtained as
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The function of Potential with respect to region Ri (i= 1, 2, 3, 4) be conveyed as,

( ) ( ) ( ) ( ) ( )x y C x C x y C x y, 36i i i i0 1 2
2y = + +

According to the boundary condition to solve the value ofCoi,C1i, andC2i, we have found the surface
potential as shown infigure 14.

Figure 14.The potential plots with the device of length at VDS= 0.5V, VGS= 1.0V.
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Figure 14 displays thefluctuation of surface potential in the device for different biomolecule dielectric
constant values. Thefigures’ symbols indicate TCAD-based simulation data, whereas the lines represent
model data.

4. Conclusion

In this article, the dielectricmodulation-based label-free bio sensing analysis of the TFET (BG-FE-HJ-STFET)
structure is presented. By amplifying the low gate voltage, a ferroelectric (FE) gate stack is used to create a
negative capacitance effect that increases device sensitivity. For the purpose of detecting biomolecules, TCAD
simulations demonstrate subthreshold swing (SS< 60mV/dec) behavior that increases the drain current,
resulting in high ION/IOFF sensitivities of∼4.2× 1011. The BG-FE-HJ-STFET sensor’s sensitivity was primarily
investigated by examining the transfer curve, current sensitivity, threshold voltage sensitivity, ION/IOFF
sensitivity, SS sensitivity with different dielectric constants, and charged biomolecules. The simulation results
show that when the biomolecules’ relative permittivity grows, so does their positive charge, enhancing the
sensitivity of the proposed sensor. Advances in artificial biosensor technology include the transition from cell-
based sensing to organ-on-chip (OoC) and paper-based biochips. Artificial biosensor technology has been used
to identify, screen for drugs, detect drugs, and diagnose certain viral infections. As a result, BG-FE-HJ-STFET
sensors have significant development potential andmarket potential. Theworldwide biosensorsmarket size was
projected at USD28.9 billion in 2023 and is predicted to reachUSD31.29 billion by the end of 2024.
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