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Performance Investigation of GaSb/S1 Heterojunction
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Abstract—The present paper estimates the performance
of vertically developed double gate GaSb/Si tunnel field-
effect transistor (V-DGTFET) biosensor with source pocket. A
commercially accessible tool, Silvaco-TCAD, is exploited for
carrying simulations of V-DGTFET. The device’s novelty is
deploying a material with a small bandgap, namely GaSb, in
the source region to improve the carrier tunneling in source-
channel (GaSb-Si) heterojunction. Further, the present work has
analysed the performance on half gate underlap and half gate
overlap V-DGTFET based label-free biosensor. The performance
of V-DGTFET biosensor corresponding to various biomolecules
such as APTES with «=3.57, bacteriophage-T7 with «=6.4,
apomyoglobin with « =8.1 and gelatin with k=12 is investigated
with reference to energy band diagram, potential profile, electric
field and drain characteristics. Furthermore, by considering
the different values of dielectric constants from 1 to 12, the
present paper computed the figure of merits (FOMs) essentially
linearity and sensitivity. The results demonstrated that neutral
biomolecules with higher dielectric constant values showed
higher sensitivity compared with other biomolecules. Moreover,
it is estimated that gelatin has to drain current sensitivity of
5.6x10°, which is 13%, 20%, and 41% more in comparison to
apomyoglobin (x =8.1), bacteriophage-T7 (x=6.4), and APTES (x
=3.57) sensitivity at 15 nm cavity length.

Index Terms- Vertical double gate tfet(V-DGTFET),
heterojunctions, poisson’s equation, parabolic approximation,
subthreshold swing (SS), gate underlap, gate overlap.

I. INTRODUCTION

Recently, the research community has given considerable
attention to biosensors for label-free identification of biological
particles such as proteins, glucose, and antibodies [1].
Biosensors have been used in medical diagnosis, monitoring
environmental conditions, the agriculture domain, and criminal
identification [2]. Considering different potential devices
available for bio-sensing functions, the field-effect transistor
shows classic performance as a label-free biosensor. Since
FETs are more compatible with MOS devices, they have higher
scalability, are cost-effective, and have ultra-sensitivity [3]-
[5]. However, FET-based biosensors have many advantages,
but they also have substantial drawbacks. For example, scaling
challenges and short channel effects (SECs) are experienced
by the FET during the downsizing process. Also, there is a
theoretical limitation on the minimal subthreshold swing (SS
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>60 mV/dec) [6]-[9], which leads to slower response time in
the detection of biomolecules. These difficulties degrade the
efficiency and sensitivity of the device, and thermionic electron
emission in FETs leads to excessive power dissipation. To
overcome these issues, researchers are turning their attention
to TFET-based biosensors. Because of carrier band to band
tunnelling (BTBT) they exhibit low power consumption and
excellent electrical characteristics. Further, in TFETsS, there is
an effective coupling at the tunnel junction in the presence of
biomolecules inside the cavity, which results in high sensitivity.
Also, TFETs are more scalable and resistant to sensitivity
degradation at lower dimensions, unlike FETs. Furthermore,
the smaller size, lower cost, and mass production capacity are
the most significant characteristics of TFET based biosensors
[10]. Therefore, the TFET based biosensors are preferred over
others.

In compared to conventional MOSFETs, the TFETs
exhibit much lower OFF current (Iprr), decreased sub-
threshold swing (SS<60 mV/decade), and reduced power
dissipation [11]. However, the lower value of ON-current
(Ion) than conventional MOSFETs is a significant drawback
of TFETs [12]-[15]. The different device architectures like
vertical [16], [17], L-shaped or U-shaped [18], source-pocket
structure [19] are widely used for improving the Ion/lorr.
Also, the fabrication of vertical TFET is straightforward to
engineer compared to traditional TFETs [20]. Hence, source-
pocket TFETSs are found better in subthreshold characteristics
than TFETs [21]. A lower bandgap material like germanium
Ge and InAs are widely used in source-region to construct
heterojunction TFET that can lower tunneling width and
improve drain current owing to a rise in Iprr (> 10712 A).
The acquired value is higher than the maximum value of
Iorr of conventional Si-based TFETs [22]. In comparison to
bandgap materials that are related to the III-V group, the
staggered heterojunctions upon source-channel region were
found suitable for lower-voltage operations with a trade-off of
power consumption as well as device performance [23]. With
such a viewpoint, a GaSb/Si heterojunction based V-DGTFET
is designed to improve the device’s power consumption.
Therefore, the present work illustrates a label-free cavity
on a half gate underlap and half gate overlap-based V-
DGTFET biosensor. The device name describes that a cavity
is made upon the source region which is in the tunneling
area, thus improving the carrier concentration within the
channel region. The presented structure has the potential
to sense charged as well as neutral bioanalytes efficiently.
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The biomolecules immobilization inside the nanogap cavity
tends to change the oxide capacitance as demonstrated
in device electrical characteristics. The different values of
dielectric constants from 1 to 12 of biomolecules are
considered to examine the performance of the device. Different
biomolecules show efficiency to examine the energy band
diagram, electric field, subthreshold swing, and drain current
of a presented device [24]-[27]. The simulations for the V-
DGTFET biosensor are carried out in the Silvaco ALTAS
simulator [20].

For analyte sensing and stabilization, a key immobilization
strategy is to directly link target particles to the necessary
bioreceptors or the sensing surface. The label-free mechanism
is precise and sensitive, and it allows for constant data
monitoring to find the intrinsic properties of the target analyte.
It only needs a single reagent that reduces the analysis
time and cost compared to the labeled method [15]-[17].
In literature, different immobilization schemes preferred are
adsorption, covalent-bond forming, cross-link method, and
molecule entrapment [8]-[10]. The label-free mechanism
shows immense potential for fabrication over micro-scale
systems, thus providing better quality biosensors with high
flexibility for remote diagnosis and other field applications. It
needs to be insensitive to different physical parameters such as
pH or environmental metrics [14]-[18]. Hence, the label-free
method is a strong candidate for designing effective biosensors.

II. DEVICE ARCHITECTURE AND SIMULATION MODELS

The GaSb/Si heterojunction based V-DGTFET biosensor
with source pocket in the present paper is illustrated in
Fig. 1(a). The fabrication flow for V-DGTFET biosensor
is described in Fig. 1(b). Commonly, nanotechnology
fabrication procedures are divided into bottom-up and top-
down categories. In the top-down method, nanomaterials are
produced by removing material from a bulk substrate until
the required nanomaterial is achieved. The bottom-up method
begins at the atomic or molecular level and progressively
assembles the nanomaterial into the desired structure. The
tentative fabrication process is based on the top-down approach
for the proposed biosensor, in which the device was fabricated
by using an n-type Si substrate [28]. The process can start
with a drain metal on an n-type silicon layer. A thin ploy-
Si metal layer was deposited on the Si substrate. The metal
layer is exposed in the centre area, and silicon is again grown
in that area. Next, the gate metal layer is deposited on the
grown drain region by using Low-Pressure Chemical Vapor
Deposition (LPCVD) at a low temperature and then etched
out from the centre area. After that, SiO, and HfO, mask
deposition on Si layers and then etch out from the centre area
as well as the side portions to create a cavity in the proposed
structure. After removing mask layers from the non-exposed
area, the Si is again grown on that area, followed by the GaSb
epitaxially grown on the silicon region. The final step in this
fabrication process is to metallize the source electrode on the
GaSb layer.

We calibrated the conventional vertical TFET with
pocket [27] using TCAD simulation and reproduced the
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Fig. 1. Schematic illustration of (a) V-DGTFET biosensor (b) Fabrication
process of V-DGTFET biosensor.

previously reported transfer characteristics, as shown in Fig.
2. Our structure includes the non-local band-to-band-tunneling
(BTBT) model to account for local variation within the
energy band to improve the device’s tunneling efficiency. The
lattice and thermal co-efficient mismatch between GaSb and
Si lead to defects within GaSb-Si heterojunctions [10]. In
consideration of this, in our structure, we included a non-
locally trap-assistive model like TAT.NLDEPTH. The inclusion
of these statements made results more appropriate. Along
with, Shockley—Read—Hall (SRH) generation—recombination,
field-dependent mobility, Auger recombination, Fermi—Dirac
statistics and band gap-narrowing were included to improve
the device performance. Further, to improve the fabrication
compatibility and drain current, a high-k HfO, material (k=25)
is incorporated as a gate oxide in the present V-DGTFET
biosensor [18], [26]. Also, the present V-DGTFET biosensor
uses a lower channel length compared to all other biosensors.
The different parameters utilized for device simulation are
tabulated in Table I. The proposed structure design parameters
are similar to the conventional model, except a nanocavity
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Fig. 2. Simulated output curves of conventional vertical TFET structure [27].

TABLE 1. DESIGN PARAMETERS OF THE V-DGTFET.
Parameters Values
Drain region concentration 1x10"® cm™
Source region concentration 1x10" cm™
Channel concentration 1x10'% cm™
Channel length 12.5 nm
Drain length 20 nm
Source length 20 nm
Oxide width (SiO, and HfO,) 0.62 nm and 3.38 nm
Substrate thickness (Ts;) 20 nm
Doped layer length (GaSb) 7.5 nm
Doped layer concentration 1x10'% cm™
Spacer thickness (L, and L,;) 3 nm and 15 nm
Work function tunnelling gate metal 4.20eV
Length of cavity 15nm
Dielectric permitivity SiO, 3.7
Dielectric permitivity HfO, 25

(half gate underlap and half gate overlap) [29]-[32] is built
to recognize the biomolecules. To represent that cavity is air-
filled, suitable material incorporated in the nanocavity with a
dielectric constant (k) value of 1. It reveals that no biomolecule
lies inside the cavity. Similarly, for showing a cavity filled with
biological molecules, the dielectric constant value is enhanced
as per the biomolecule nature («>1).

III. REsurrs AND DiscussioN

The response of the V-DGTFET biosensor while sensing
both neutral and charged biomolecules is analyzed in this
section, corresponding to different characteristics like energy
bands, electric field, potential profile & drain current. Further,
the V-DGTFET biosensor is analyzed using two different
FOM’s, namely sensitivity and linearity [33]. To simulate the
electrical parameters of the device, in the existence of neutral
biomolecules, the bioanalytes dielectric constant inside the
cavity (half of the gate underlap, i.e., open cavity, and half of
the gate overlap, i.e., close regions) are considered. The effects
of various biomolecules on device performance are computed
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by changing air (k=1) inside the nanogap cavity underneath

the source region with different values of dielectric constants

(k>1) and charge density (N; = = 10'° C em™ to 102 C
-2

cm™e).

A. Impact of the neutral biomolecules

The impact of the V-DGTFET biosensor on the energy
band diagram for air and neutral biomolecules is illustrated
in Fig. 3(a). When there is no cavity, there is no change in
valence band and conduction band of the structure. However,
the band bending occurs in valence and conduction bands
when the cavities are included. It is seen that while forming
cavities, there is an improvement in barrier width separating
the valence band and conduction band, which results in a lower
electron tunneling probability and conduction current. Thus, it
is observed that as the value of the dielectric constant [17]
increases, there is a rise in band-bending that lowers the
barrier width. Fig. 3(a) shows variation in energy band diagram
concerned to neutral biomolecule (k =1 to 12) at cavity length
of 15 nm. The improvement in the dielectric constant value
for biomolecules inside nanogap causes an increase in the hole
density of the source region [19]. This layer of holes beneath
the cavity in the source region improves the alignment of the
valance band and conduction band. This reduced tunneling
barrier enhances the electron’s tunneling rate. Therefore, a rise
in the tunneling causes an improvement in the device ON-
current. The influence of neutral biomolecules on device drain
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Fig. 3. (a) Energy band diagram (b) Ips—Vgs characteristics at various
dielectric constants, of the V-DGTFET biosensor with cavity length of 15 nm.

current characteristics is depicted in Fig. 3(b). A increase in
the biomolecule’s dielectric constant causes a reduction in the
width of the tunneling barrier, as seen earlier, and thus rises the
probability of tunneling and drain current reflected by equation
(1). Therefore, the drain current variations sense the presence
of biomolecules.

3
4N2m* E:,i £4i
Ip oc exp [_—3e|h(E;+A¢) = l‘oxtsi] A¢ (1)

where e is the charge of electron, m* is effective carrier mass,
E, is semiconductor material bandgap near tunnelling region,
and & and g,, are the dielectric constants of semiconductor
and gate insulator, respectively. Alp,,;, represents the variation
in drain current in equation (2) when different type of neutral
bioanalytes introduces in the cavity region.

AIDruin = IDrain (blO - mOIecule) - IDrain (air) (2)
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Fig. 4. (a) Surface potential (b) Electric field variations of V-DGTFET

biosensor for various dielectric constants (no charge densities).

The impact of variations on the potential profile of the V-
DGTFET biosensor concerning different k-values of neutral
biomolecules is demonstrated in Fig. 4 (a). With an increase
in the dielectric constant value of biomolecules inside the
cavity region, gate capacitance will increase. The effective gate
capacitance [12] is proportional to the dielectric constant of
neutral biomolecules in the nanocavity region, as shown in
equation (3). It increases due to the enhanced fringing field
with an increase in the dielectric constant of biomolecules
inside the cavity region.

£5i0,Ebio

C ff = 3
i Ebiolsio, T €sioxtbio )

where €, €si0, are the permitivities of the biomolecules and
Si0, layer respectively having corresponding thicknesses ty;,,
tsio, respectively.

This gate capacitance increases gradually toward oxide
capacitance because the inversion charge is not located exactly
at the silicon-oxide interface, but at some depth that varies with
gate voltage. As illustrated in Fig. 4 (a), a higher dielectric
constant for biomolecules means a higher gate capacitance, a
lower potential drop across the gate capacitance, and a higher
potential under the oxide-silicon interface [34]. Hence, an
improvement in device potential induces a downward shift in
the energy band diagram, as shown in Fig. 3 (a). This decreases
the width of the tunneling barrier, thus improving tunneling
probability.

Fig. 4 (b) represents variations in electric field components
of the V-DGTFET biosensor concerning various dielectric
constants [24]. The electric field improves at the tunneling
junction due to the formation of a steep doping profile
with an increase in the dielectric constant values of neutral
biomolecules in the cavities. At the tunneling junction, an
electric field of 1.16x10° V/cm can be achieved for x=12.
This electric field increases the rate of vertical tunneling and
drain current with an increase in the value of biomolecule’s
dielectric constant. From Fig. 4 (b) it is also observed that as
the value of the dielectric constant decreases, the electric field
decreases as well [15].

Fig. 5 depicts the variations in transconductance of the V-
DGTFET biosensor concerning various dielectric constants for
neutral biomolecules. It is realized that the transconductance
of the V-DGTFET biosensor increases with increase in the
dielectric constant value. From Figs. 6 (a) and 6 (b), it is
observed that by reducing the thickness of the nanocavity
region, both drain current and transconductance increase. In
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biosensor with respect to thickness of nanocavity.

this proposed device, 0.5 nm EOT is considered for SiO,,
ie., 0.5 nm EOT is equivalent to 3.38 nm of HfO, [40].
Thus, the highest transconductance is obtained with a cavity
thickness of 3.38 nm. The peak transconductance value rises
with increasing «-value of biomolecules. Ag,, represents the
variation in transconductance in equation 3 when different
neutral bioanalytes are introduced in the cavity region.

Agm = gm (bio — molecule) — g,, (air) @

B. Impact of the charged biomolecules

The impact of the V-DGTFET biosensor on the energy band
diagram for charged biomolecules is illustrated in Fig.7(a).
On immobilizing the biomolecules which are negatively
(positively) charged within the cavity, an improvement
(reduction) is found in the tunneling barrier width between
valence and conduction band. The figure shows that tunneling
barrier width is enhanced with a rise in positive charge
density, which generally influences the electrons by decreasing
the number of holes within the source-channel region. Thus,
the control of the gate-channel region decreases if the
positively energized biomolecules are inserted within the
cavity. The abrupt doping between source channel appears
with an increase in negatively energized biomolecules. Thus,
the tunneling barrier width decreases for negatively charged
biomolecules.

The dielectric constant affecting variances of charged
biomolecules for cavity thickness value of 3.38 nm on the
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biosensor at different charged biomolecules filled inside cavity of length 15
nm.

potential profile has been plotted in Fig.7(b). The present paper
will analyze the potential by varying charge density from zero
(neutral) to -1 X 10> C cm™2 and 1 x 10'> C cm™2. A potential
change is achieved on immobilizing the biomolecules which
are negatively charged within the cavity, i.e., from N, = 1x10'°
C cm? to -1x10'> C cm? (for « = 8.1). As already seen in the
energy band diagram (Fig. 7(a)) that shows the charge densities
that affect flat band voltage as well as effective gate voltage. An
increase in flat band voltage ( V ;) reduces the effective gate
bias and surface potential for negatively charged biomolecules
while increasing the tunneling width, as illustrated in Fig. 7(a)
and 7(b). Hence, it leads to lower tunneling probability and
reduced drain current. Similarly, the surface potential increases
on immobilizing the positively charged biomolecules within
the cavity, i.e., from N; = 1x10'° C cm? to 1x10'? C cm? with
neutral bio-molecules lying in the cavity (x = 8.1). In contrast,
Fig. 7(a) and 7(b) depict an opposite behavior showing the rise
in positive charge density following a reverse process.
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Fig. 8. Electric field variation of V-DGTFET biosensor at different value of
charged densities i.e. p =0 fo — 1 x 10" C cm? and 0 to 1x10'2 C cm™2.

The effect of charged (positive and negative) biomolecules
on the device’s electric field variations are illustrated in
Fig. 8. From the figure, it is noticed that a rise in the
positive charge density of biomolecules decreases the electric
field with expanded tunneling barrier width, which enhances
tunneling probability. Similarly, a rise in the negative charge
density enhances the electric field, that reduces tunneling
probability. The drain current characteristics of V-DGTEFT
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biosensor for charged biomolecules at x=8.1 is shown
in Fig. 9. From the figure, it is illustrated that device
OFF current (Ippp) decreases/increases corresponding to
negatively/positively charged bioanalytes compared to neutral
biomolecules. For increasing negative/positive charge within
cavity [18], the barrier height of source-channel regime
increases/decreases corresponding to reduction/rise in device
drain current. Additionally, the device threshold voltage (V)
enhances with a rise in the «x-value of target bioanalytes.
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Fig. 9. Ips—Vgs characteristics of the V-DGTFET biosensor at fixed value
of dielectric constants, k=8.1 and different value of charged densities i.e. p =
0to—1x10'2 C cm? and 0 to 1x10'2 C em™2.

C. Sensitivity analysis of drain current and transconductance

While analyzing the sensitivity of the V-DGTFET biosensor,
the biomolecules are considered to exist within the nanogap.
Fig. 10 reveals the sensitivity analysis of drain current
concerning the gate voltage for various neutral biomolecules
within the nanocavity regions at Vps = 0.5 V. When the
nanogap is filled with air, it can reproduce the response of
the biosensor to sense the biomolecules. Thus, it is chosen as
a reference to estimate sensitivity of the biosensors [24]-[26].
Hence, the sensitivity of a biosensor can be calculated as

bio _ yair

S Drain Current (%) = (IDIIa)irID )* 100 (5)
where I’g" is the drain current value during cavity loaded with
biomolecules and Ig’ is the drain current value during cavity
loaded with air respectively. From Fig. 10, it is realized that
the drain current sensitivity increases with the increase in the
value of the dielectric constant(x). The increase in the x value
of biomolecules reduces the device tunneling barrier length,
which causes an improvement in the probability of tunneling.
Thus, it increases the drain current, which generally senses the
appearance of biomolecules.

The characteristics of transconductance sensitivity of the V-
DGTFET biosensor with respect to gate voltage at various
dielectric constants are reported in Fig.11. It is realized that
the transconductance sensitivity is high for a low value of gate
voltage, but if we increase the gate voltage further, sensitivity
starts reducing exponentially. Due to lower values of gate
voltage, the variation in the transconductance is significant, as
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depicted in Fig. 5. For the voltage values about 1 V, a negligible
variation is found in the transconductance value [23]. As
the value of « increases, the transconductance of the device
increases, which enhances transconductance sensitivity. The
following equation is used to compute transconductance
sensitivity.

bio _ air
S transconductance (%0) = (gmngm) * 100 ©6)

where, gb is the transconductance value during cavity loaded
with biomolecules, g%” is the transconductance value during

cavity loaded with air respectively.
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Fig. 11. Transconductance sensitivity variation w.r.t Vg at various dielectric
constants and no charge density of V-DGTFET biosensor.

Table II depicts the performance of various TFET-based
biosensors. It can give a comparative analysis about how
biosensors can work competently on a specific scope of
operations based on the sensitivities of FET-based biosensors.
Also, it shows the advantage that the V-DGTFET biosensor
has over them due to the different dimension ratios, materials,
and dielectric constant of bioanalytes.
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TABLE II. InvesTIGATION OF PUBLISHED TFET BASED BIOSENSOR’S
PERFORMANCE
Title of FET Based Sensitivity .
SL.No Biosensors Parameter Sensitivity
1 0]
1. ][)21;/; PNPN TFET with 0% Ge Drain Current 4x103
H 0]
2. DM PNPN TFET with 10% Drain Current 6x103
Ge [26]
1 O
3 DM PNPN TFET with 20% Drain Current 5%103
Ge [26]
4 DG TFET [34] Drain Current 1.05x10?
5. Nanowire TFET [35] Drain Current 9%10°
6. DM JLTFET [36] Drain Current 1.9x107
7 DM DG TFET [37] Drain Current 2.84x10°
8 Full Gate DM TFET [38] Drain Current 1x10°
9 DM FET [39] Drain Current 3x10%
Transconductance 5.8x10°
10. V-DGTFET [This Work] . and
and Drain Current 5.6%10°

D. Effect of biomolecules control embedded in nanocavity on
device characteristics

The inbuilt nanocavity to immobilize biomolecules is
assumed to be fully filled for detecting biomolecules. Still,
many unfilled spaces are detected within the cavity area while
testing various target bio-analytes [18]. Due to these vacant
spaces within the cavity, there exists a variation in the device’s
electrical characteristics compared to expected characteristics.
Hence, we consider another parameter to detect sensitivity,
such as biomolecule occupancy (yg;,) within the nanocavity.
The number of biomolecules filled within the cavity region (in
%) given by vyp,, and is defined as

Thickness of filled cavity
Total cavity thickness

Ybio = x 100 7

a o
e e
L s

FF=100%
—v—FF=75%
—e— FF=50%
—a—FF=0%

Drain Current, I, (A/pm)

0.0 0.2 0.4 06 0.8 1.0 1.2
Gate Voltage, Vg (V)

Fig. 12.  Variation in drain characteristics of the V-DGTFET biosensor w.r.t
Vs when cavity is filled with neutral biomolecules (FF= 0% to 100%) at
cavity length of 15 nm.

Fig. 12 reveals the biosensor transfer characteristics with
cavity thickness of 3.38 nm and dielectric constant of 8.1
corresponds to various biomolecule occupancies. We analyzed
four configurations for occupancies including 0 %, 50 %, 75 %
and 100 %. To study the influence of the fill factor, the cavity

§<ublications/righ!s/i_ndex.html for more information.
plore. Restrictions apply.
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is filled up with biomolecules to a certain height while the
rest is kept empty or air-filled. An increase in biomolecule
occupancy in the cavity region from 0% to 100% of the
proposed structure directly influences the gate capacitance. For
uniform distribution of biomolecules, certain sections of the
cavity are completely filled with biomolecules, while others
are vacant. Due to the uniform biomolecule distribution, two
parallel capacitances are formed in the cavity region [12],
which are represented by equations (8) and (9).

€5i0,€bio . . .
Cepf1 = , cavity with biomolecules (8)
’ Ebiolsio, T €5i0,tbio
£5i0,€ai o o
Cerpr = s , cavity filled with air  (9)

Eairlsio, + €sio,lair

where &0, Esi0,, €qir are the permitivities of the biomolecules,
SiO, layer and air gap respectively having corresponding
thicknesses tpio, tsio,, tair respectively.

From the equations, it is observed that effective gate
capacitance is directly proportional to the dielectric constant
of neutral biomolecules in the nanocavity region. An increase
in the number of biomolecules that occupy the cavity will
enhance the dielectric constant and capacitance. This leads
to a reduction in the length of the tunneling barrier, which
causes an improvement in the tunneling probability. Hence, as
the value of biomolecule occupancy increases, drain current
increases.

E. Linearity analysis of V-DGTFET based biosensor

One of the most significant figures of merit in biosensors is
linearity. The linearity of the biosensor describes its ability to
react to the variations reliably across different measurements.
It can be expressed as the equation y = mc, where y is the
output signal, ¢ is the concentration of the analyte and m
is the sensitivity of biosensor. In the present study linearity
of the V-DGTFET biosensor is tested for drain current and
transconductance shifts [26]. The equation of linearity [33]

0.75

o

3

=)
L

0.65 4

0.60 4

Pearson Coeficient (r?)
&

—a— Transconductance Linearity
—o— Drain Current Linearity

0.50 4

3 4 5 6 7 8 9 10 11 12
Dielectric Constant (K)

Fig. 13. Variations in pearson coefficient (1) of the V-DGTFET
biosensor w.r.t different value of dielectric constant for drain current and
transconductance linearity.

for drain current and transconductance sensitivities are
given by Drain Current=slope[k]+drain current at k=1 and

Transconductance=slope[k J+transconductance at k=1. Here
linearity is closely relates to the degree of fitness, which is
computed using pearson’s coefficient (r?). Variations in the
Pearson coefficient (r?) with respect to different values of
the dielectric constant for drain current and transconductance
linearity are shown in Fig. 13. This fitness coefficient for the
present structure is given by 12> 0.75(k=8.1) (transconductance
sensitivity), r>> 0.70(k=8.1) (drain current sensitivity). Hence,
it is observed that the V-DGTFET biosensor is better in terms
of linearity.

IV. CoNcLusION

The present work provides a novel structure of V-DGTFET
biosensor for label-free detection of biomolecules. The
detection of various (both neutral and charged) biomolecules
is carried out proficiently by V-DGTFET label-free biosensor.
The performance is analyzed using FOMs such as sensitivity
and linearity by changing the charge density and dielectric
constant. The electrical metrics such as energy band diagram,
transfer characteristics, surface potential, transconductance,
and electric field are studied with variations of neutral and
charged biomolecules inside the cavity. The optimum value of
transconductance and drain current sensitivity is obtained by
this model 5.8x10° and 5.6x10°, respectively. On analyzing
the electrical parameters and device immunity for SCEs, the
V-DGTFET biosensor is a proficient biosensor in detecting
charged/neutral biomolecules. The obtained transconductance
sensitivity of 5.8x10° that comes 14%, 22%, and 39% more
in comparison to apomyoglobin (x =8.1), bacteriophage-T7 («
=6.4), and APTES (kx =3.57) sensitivity at 15 nm cavity length.
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