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A dielectric modulation strategy for gate oxide material that enhances the sensing performance of biosensors in
junction-less vertical tunnel field effect transistors (TFETSs) is reported. The junction-less technique, in which metals
with specific work functions are deposited on the source region to modulate the channel conductivity, is used to provide the
necessary doping for the proper functioning of the device. TCAD simulation studies of the proposed structure and junction
structure have been compared, and showed an enhanced rectification of 10* times. The proposed structure is designed
to have a nanocavity of length 10 nm on the left- and right-hand sides of the fixed gate dielectric, which improves the
biosensor capture area, and hence the sensitivity. By considering neutral and charged biomolecules with different dielec-
tric constants, TCAD simulation studies were compared for their sensitivities. The off-state current Iopr can be used as a
suitable sensing parameter because it has been observed that the proposed sensor exhibits a significant variation in drain
current. Additionally, it has been investigated how positively and negatively charged biomolecules affect the drain current
and threshold voltage. To explore the device performance when the nanogaps are fully filled, half filled and unevenly filled,
extensive TCAD simulations have been run. The proposed TFET structure is further benchmarked to other structures to

show its better sensing capabilities.

Keywords: biomolecules, high-k dielectric, junction-less, vertical tunnel field effect transistor (TFET)
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1. Introduction

Recently biosensors have become a focus of research as
they are relatively cheap, highly sensitive and have a sig-
nificant part to play in medicine, including in customized
treatment and highly sensitive point-of-care disease marker
detection.!'=3! Electrical detection of biomolecules using field-
effect transistors (FETSs) is particularly fascinating due to its
label-free nature, scalability and on-chip integration of sen-
sor and measurement systems.* Nanostructured FETs have
gained importance due to their high electrostatic control and
large surface-to-volume ratio. The basic idea is to add recep-
tors to the oxide layer of the semiconductor to convert the FET

r.1>6] These receptors act as destinations for the

into a biosenso
selected biomolecules, which produce effects on the semicon-
ductor due to their charge, thus changing its electrical proper-
ties.

The subthreshold region plays a vital role in getting the
maximum changes in electrical properties, which puts con-
ventional FETs at a greater disadvantage due to their mini-
mum subthreshold swing (SS) of 60 mV-decade™!.I"-?! Such
biosensors based on FET devices have less sensitivity and re-

sponse time, and even when they are scaled these give rise
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to short-channel effects. This in turn leads to a low on-
state/off-state current (Ion/Iopr) ratio and high power con-
sumption due to reverse leakage. These limitations have been
somewhat alleviated through the introduction of tunnel FETs
(TFETs), which are designed to have a similar assembly pro-
cess, work even at low powers and have a lower SS (below
60 mV-decade 1).[°!1] The better subthreshold behavior of
TFETs can be leveraged to create extremely effective biosen-
sors. This stands out because TFETSs use a fundamentally dis-
tinct current injection process called band-to-band tunnelling
(BTBT), which gives rise to protection from random dopant
variations.!'>~'4 This tunnelling mechanism is preferred over
diffusion as the barriers are thin enough over a large area for
effective tunneling and provide a sufficient density of states on
both the transmission and receiving sites to provide energetic
locations for carriers. According to reports, FET-based biosen-
sors are broadly applicable to the healthcare sector, pollution
monitoring and biological pathogen management.!'>-171 FET-
based biosensors can inspect environmental biohazards and
control viral infections economically. According to several re-
searchers, TFET-based biosensors are a potential technology
for achieving significantly enhanced sensitivity and response
times compared with existing FET-based biosensors.[8-20] To
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increase the sensitivity of these devices in terms of high I,
modified device structures such as dual metal gate, double
or triple gate, pocket doping, etc. have been proposed in
the literature. Metal oxide based TFET structures'!"'”! are a
major consideration of researchers, but heterojunction TFETs
are no doubt a better alternative for modern integrated cir-
cuit technology. However, due to its ease of fabrication, the
vertical TFET (V-TFET) structure has attracted more consid-
eration than other reported TFET structures.?*??! Further-
more, V-TFETSs have fewer trapping difficulties, a lower buffer
layer leakage current and are easier for building wrap-gated
topologies.?>! Therefore, a device analysis of VTFETs as
biosensors could be of great interest to many.

Considering the structures reported in the literature, a
junction-less VTFET (VJ-TFET) with a nanocavity embedded
for biosensing is proposed in this paper. The sensitivity of the
proposed structure is simulated on TCAD software and com-
pared with TFET based biosensors. Analysis of the electrical
simulation parameters of the proposed device includes looking
at the energy band profile, transfer characteristics, drain cur-
rent sensitivity, Ion/Iopr ratio and SS. In order to obtain the
highest Ion and lowest Iofr, the cavity’s thickness and length
for biomolecule detection are also examined. Further, this re-
search also looks at the effects of both neutral and charged
biomarkers. To further comprehend the applicability of these
biosensors, non-ideal circumstances such as steric hindrance
and uneven probe placements have been researched. Lastly,
the proposed VIJ-TFET structure is benchmarked to previously
published works.

2. Device architecture and simulation methodol-

ogy

A cross-sectional view of the nanocavity entrenched pro-
posed VI-TFET structure along with its dimensions is shown
in Fig. 1. The width of the device is defined by the x-axis and
its length by the y-axis. The proposed VJ-TFET is a dual metal
gate structure with a lower work function metal gate around
¢m1 = 4.7 eV near the source end and ¢,p = 5.3 eV near the
drain end. A SiO,/HfO, stacked oxide layer is inserted across
the top and bottom ends of channel, replacing the conventional
gate oxide. In the VJ-TFET, Si—Ge is used as the channel ma-
terial. In Si-Ge, 30% Ge has been adopted throughout the
analysis. Since, Si—Ge has lower bandgap than Si, tunnelling
of electrons at the source channel increases, therefore Ioyn in-
creases. Moreover, due to the vertical structure, vertical tun-
nelling along with lateral tunnelling is observed, which may
result in an increased Ipn. The band diagram of the VJ-TFET
in the off and on states is shown in Figs. 2(a) and 2(b) for a
high-k dielectric material. It can be observed from the figure
that the high-k material (HfO,) shows more bending, result-
ing in higher tunnelling, thereby Ipn increases, as shown in

Fig. 2(c). To make the proposed device structure junction-
less a channel body of length 40 nm and thickness 10 nm is
doped with an n-type impurity having a carrier concentration
of 5x10' cm™3. To form p* pockets, platinum metal contacts
with a work function of 5.93 eV are activated as source elec-
trodes. This proves the versatility of the suggested structure
and shows that there are no additional doping requirements,
which solves the issue of random dopant fluctuation. The de-
tailed parameters used in simulation of the VJ-TFET structure
are given in Table 1. Further, to improve the confinement of
the biomolecules, nanogaps are etched on both sides of the
gate dielectric, as shown in Fig. 1. The electrical characteris-
tics of the device junction can be modulated by biomolecules
trapped in the nanocavity. The biosensing process is simulated
in an air environment so that better sensitivity can be achieved.

Table 1. Structural parameters used in the simulations.

Device parameter Value
Gate length 40 nm
Nanocavity length 15 nm
Oxide thickness 1 nm
High-k thickness 4 nm
Length of source/drain 35 nm

Source, channel and drain doping n-type 5 x 10! cm =3

Source work function P, =593eV
Drain work function Dy =4.7eV
Length of source/drain 35 nm

40 nm y

Metal 1 Metal 2

L.

& - Biomolecules

Source Channel

10 nm
Source electrode

Drain electrode

35 nm

35 nm
== Si0>

mmm Gate metal 1

== Gate metal 2

— Air

Fig. 1. Cross-sectional view of a VI-TFET.

The Silvaco ATLAS simulation tool was utilized to run
the simulation; it uses the Laplace and Poisson equations to
solve the device operation. The device dimensions and other
parameters used to simulate the device structure are given
in Table 1.
Shockley—Read—Hall recombination and field-dependent mo-

Several physical models such as Fermi—Dirac,

bility are used to simulate the electrical characteristics of a
device.?*! Further, non-local BTBT and quantum models are
also advocated to incorporate BTBT and quantum confinement
effects, respectively. The two-dimensional VJ-TFET has the
same reproduction boundaries and model attributes as a stan-
dard VTFET, with the difference that the channel region is
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more heavily doped. The proposed structure is calibrated with
the experimental data (obtained with the help of the Plot Dig-
itizer tool) of the reported VTFET structure. All the dimen-
sional parameters of the device are kept the same as reported,
except for the number of gates.!'*l The transfer characteris-
tics calibrated are shown in Fig. 2(d). The results are found to
be in good agreement. Further, to make the proposed device
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work as a sensor, only one type of biomolecule is thought to be
immobilized in the nanoedged cavities at any given moment.
The permittivity of neutral charged biomolecules ranges from
1 to 10. The effect of varying charged biomolecules based on
DNA values reported in the literature?®>! is also explored at
the nanoedged region to test the sensitivity of the proposed
structure.
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Fig. 2. Energy band diagram of the proposed structure: (a) off state and (b) on state. (c) Calibration of the proposed VIFET structure for
dielectric material. (d) Comparison between simulated and experimental data.

2.1. Principle of the proposed VJ-TFET structure

For BTBT, the vertical dual metal double-gate architec-
ture gives superior gate controllability to traditional topolo-
gies. The proposed VJ-TFET structure can be used for
biosensing applications because of its high Jon and low SS of
33 mV-decade !, compared with a conventional TFET struc-
ture, as observed from Fig. 3. The high Ion may be due to
the vertical tunnelling of carriers under a low electric field that
reduces phonon scattering, thereby enhancing mobility. 8! An

n-channel VJ-TFET structure with molybdenum and iridium

< 10731 ] =
= —~ JUTFET 14 <
—~ 10741

o - 1.2 T

=~ 107°1 =
g 10y A0
2 10771 10.8 :
£ 1084 0.6 g
5 10914 04 2
=1 —10 =]
.= 10 1 R
£ q0-11{ 0-2 %
a a

0 04 08 1.2
Gate to source voltage Vig (V)

Fig. 3. Comparison of simulated transfer characteristics of the proposed
structure with a reference structure.

as metal gate contacts is analyzed for biomolecule (dielectric
constant k = 1-10) sensing. Biosensors work by converting
the concentrations of various biomolecules into conventional
electrical signals utilizing specific physical and chemical reac-
tions. When biomolecules react with the metal surface at the
gate contact, a change in gate oxide capacitance occurs, which
changes the overall threshold voltage of the device and hence
the drain current.

3. Results and discussion

The findings of simulations of the proposed VJ-TFET
based biosensors using different dielectric constants (k = 1, 2,
5, 8, 10) are discussed in this section. Further, the effect of di-
verse neutral, positively and negatively charged biomolecules
on current is studied in depth. The value of dielectric con-
stant for the sensing mechanism is selected based on the liter-

[27.29-311 1 gwer dielectric constants

ature for TFET biosensors.
up to 5 correspond to air, uricase, streptavidin, choline ox-
idase and (3-aminopropyDtriethoxysilane. Higher dielectric
constants correspond to gluten, zein, egg-white lysozyme and

acetylene tetrabromide (or 1,1,2,2-tetrabromoethane).
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3.1. Effect of neutral biomolecules on the sensitivity of the
proposed structure

The variation of the transfer characteristics of neutral
biomolecules with different dielectric constants is presented
in Fig. 4(a). The drain current when the cavity is filled with air
is shown by k£ = 1 in Fig. 4(a). It is clearly evident from the
figure that on increasing the dielectric constant, Iopp reduces
while Ion remains constant. A high k provides better control
over the channel as the oxide capacitance increases, thereby

reducing the leakage of charge carriers and increasing the ac-
cumulation of charge carriers in the channel region, which en-
hances Ign. Further, in addition to lateral tunnelling, there is
a vertical BTBT in a perpendicular direction to the gate ox-
ide due to the vertical structure that enhanced Ipn. Moreover,
the use of dual metal architecture in the proposed structure re-
duced Iopr due to the gate with a higher work function towards
the drain end. Therefore, the overall -V characteristics of the
proposed structure are much better than the reported values.

~ 10~4F 7 104 p—
NS F(a) 1 = 3 (b)
~ 10-6F 1 g 107
=~ f 1 un 2
= 1078} { = 10%
o 3 1 2 1
Z 10-10} k=1 { % 101}
5 —— k=2 i e 0
210712 e b B B
glo—m k=101 & 107}

0 04 08 1.2 10-2

2 4
Gate to source voltage Vgs (V)

6

Dielectric constant (k)

39 ©) —8X109
— 38] = 7X10°
| < N (o
T 37—, 6X103
{1 ¢ 36] 5%10°
< =SS \ s
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>E 34] witching ratio 3x109
1 = 83 2x10% =2
n 321 - 1X103 -
; 31] e / = o
8 10 0 2 4 6 8 10

Dielectric constant (k)

Fig. 4. (a) The Ip—Vgs characteristics of biosensors for different dielectric constant values k. (b) Sensitivity of neutral biomolecules for different k.

(c) Switching ratio and SS for different .

Sensitivity is measured in order to analyze the perfor-
mance of the biosensor. Since it has the capacity to reflect
the sensor’s response to the sensing targets, the state when the
nanogap is empty or filled with air is chosen as a reference. In
this work, sensitivity is evaluated with respect to Iopr at fixed
Vbs as expressed below: 3]

IoFFair
b
ToFF

SoFF = (1)
where Iogg,;, is the OFF drain current when the etch nanocav-
ity is filled with air and Iopg; signifies the OFF drain cur-
rent when the etched nanocavity is filled with biomolecules
at fixed Vps. The sensitivity of the proposed structure with
neutral biomolecules is shown in Fig. 4(b). It is observed from
Fig. 4(a) that Iopp reduces on increasing k due to the gener-
ation of a large electric field, which improves the sensitivity
of the proposed device. However, better sensitivity is obtained
for k = 10, whose order is of 10* as presented in Fig. 4(b). The
increase in sensitivity is supported by the decrease in o, be-
cause the p™ source does not produce dominant charge carriers
in a junction-less FET device. Further, the increase in sensitiv-
ity is supported by Fig. 4(c), which shows the plot of switching
ratio and SS against k. It is observed that the switching ratio
(Ion/Iorr) and SS improve for higher values of k, which im-
proves the sensitivity of the device.

3.2. Effect of charged biomolecules on sensitivity of the
proposed structure
In this section, the impact of positively and negatively
charged biomolecules is analyzed in terms of transfer charac-
teristics and sensitivity. Figures 5(a) and 5(b) show the Ip—Vs

variation for k = 2, considering both positively and negatively
charged biomolecules, respectively. The impact of charged
biomolecules can be understood in terms of effective gate bias
(Vgsetr) and flat band voltage (Vgg), which can be expressed

as3ll
Visett = Vas — VrB, ()
N
Vi = Vi — 4, 3)
Cetr

where Vs is applied gate bias, Vgp is the flat band voltage
when a charged biomolecule is present, VléB is the flat band
voltage when a charged biomolecule is absent, N is a charged
biomolecule and Cg is the effective capacitance. For a pos-
itively charged biomolecule, Vg reduces (as observed from
Eq. (3), leading to an increase in effective gate bias volt-
age, which further increases the tunneling of charge carri-
ers due to increase in the surface potential, thereby increas-
ing the drain current. It is clearly evident from Fig. 5(a).
that drain current enhances with increase in the value of posi-
tively charged biomolecules. This may be due to the decrease
in surface potential under the presence of positively charged
biomolecules. The range of positively charged biomolecules
is from 1x10'! C-em™2 to 6 x 10'2 C-cm™2. For a fixed Vgs,
an increase in positively charged biomolecules increases the
drain current.

For negatively charged biomolecules Vgp increases, sup-
pressing the surface potential and effective gate bias due to
which the tunnelling of charge carriers reduces, thereby re-
ducing the drain current. Figure 5(b) shows the variation
of Ip—Vis of negatively charged biomolecules for k = 2. It
is observable from Fig. 5(b) that on increasing the number
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of negatively charged biomolecules the drain current is sup-
pressed. Consequently, the electrostatic field also reduces on
increasing the number of negatively charged biomolecules due
to suppression of Vgsesf. The range of negatively charged
biomolecules is from —1 x 10" C-cm ™2 to —6 x 10'> C-cm 2.
Figures 5(c) and 5(d) present the variation of Ip—Vgs for
k = 5 considering both positively and negatively charged
biomolecules, respectively. For similar reasons to those stated
above, the drain current increases with increase in positively
charged biomolecules and reduces with negatively charged
biomolecules. However, due to the increase in k, Iopg de-
creases and Ipn increases in contrast to the case for k = 2.
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Drain current Ip (A/pm)
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The reason for this can be understood from the expression for
Cesr in Eq. (3), which shows that for a fixed value of Vgs and
interface charge, the increase in k will increase or decrease the
surface potential as per the polarity of the biomolecule.

Figures 5(e)-5(g) show the transfer characteristics of pos-
itively and negatively charged biomolecules for k = 8 and
k = 10, respectively. It is clearly observable that Iorr reduces
for higher values of k. The VTFET based biosensor has a re-
duced ambipolarity effect due to the existence of a dual metal
gate with a larger work function on the drain side, that further
reduces Iopp. The minimum Iopr of 10718 A is observed in
Fig. 5(g) for k=10 and N = —6 x 102,
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Fig. 5. The Ip—Vgs characteristics of the proposed biosensor with positive interface charge biomolecules for different dielectric constants :
(@) k=2,(c) k=5, (e) k=8, (g) k= 10; and with negative interface charge biomolecules for different k: (b) k =2, (d) k =5, (f) k =38, (h) k = 10.
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Fig. 6. Threshold voltage variation for different dielectric constants: (a) positively charged biomolecule, (b) negatively charged biomolecule.
Sensitivity variation for different dielectric constants: (c) positively charged biomolecule, (d) negatively charged biomolecule.

Furthermore, threshold voltage is plotted with respect to
positively and negatively charged biomolecules, as shown in
Fig. 6. Itis clearly evident from Fig. 6(a) that threshold voltage
decreases as the number of positively charged biomolecules
increases. The reason behind the decrease in threshold volt-
age is the reduction in Vgg as mentioned in Eq. (3). How-
ever, for negatively charged biomolecules the opposite is the
case, as observed from Fig. 6(b); i.e., the threshold voltage
increases with increase in the number of negatively charged
biomolecules due to reduction in the effective gate bias volt-
age. With the inclusion of the term —gN/Cess in Eq. (3), the
effect of negatively charged biomolecules limits the depletion
of the p-type channel. As a result, to deplete the channel, a
gate voltage greater than the voltage of a neutral biomarker is
required; this will increase the threshold voltage with increase
in N. Thus, a reduced gate bias voltage would not be suffi-
cient for charge inversion in the channel, thereby increasing
the threshold voltage.

Sensitivity is calculated using Eq. (1) and is plotted in
Fig. 6(c) with respect to positively and negatively charged
biomolecules. It is observable from Fig. 6(c) that sensitivity
decreases with the number of positively charged biomolecules;
the reason for this is the reduction in Vgg which further in-
creases the effective gate bias voltage that enhances Iopp.
However, for negatively charged biomolecules, as shown in
Fig. 6(d), sensitivity increases with increase in the number of
negatively charged biomolecules due to an increase in the de-
pletion width across the channel that increases the threshold
voltage of the device. Therefore Iopr decreases, which im-

proves the sensitivity of the device. Furthermore, the trans-
fer characteristic plot for —8 x 10'' cm~3 negatively charged
biomolecules are given in Fig. 7, which shows a better Iopg.
This proves that the junction-less transistor is highly sensitive

in terms of Iogr.
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Fig. 7. The Ip—Vgs characteristics for negatively charged biomolecules
(=8 x 10" cm™3).

3.3. Effect of irregular fusion of biomolecules in the
nanocavity of the proposed structure

All the sensitivity calculations in the previous sections
are predicated on the notion that the nanocavities of biosen-
sors are entirely loaded with biomolecules. However, in prac-
tice, this assumption is not often fulfilled. When receptors or
probes pierce the nanogaps, biomolecules may become immo-
bilized and fuse. It is possible that this hybridization will not
continue until all the nanogaps are filled, preventing further
biomolecules from entering. This phenomenon is known as
steric hindrance, and might lead to a non-uniform step profile

128701-6



Chin. Phys. B 32, 128701 (2023)

of biomolecules inside the nanogaps. Figure 8 shows the pro-
posed biosensor structure with five different biomolecule hy-
bridization profiles: (a) decreasing steps, (b) increasing steps,

(c) non-uniform steps (d) non-ideal hybridization case 1, (e)
non-ideal hybridization case 2. For all these distinct nanogap
step patterns comparisons are made of their sensitivities.

Fig. 8. Different profiles of hybridized nanogaps with (a) increasing step size, (b) decreasing step size, (c) nonuniform step size, (d) non-ideal

hybridization case 1, (e) non-ideal hybridization case 2.

To better comprehend how sensitivity is influenced by
how much room the biomolecules take up inside the cavities,
simulations have been done with fill factors of 40% and 60%
for the first three profiles, with N = —6 x 10'2 cm™3, k = 10,
Vgs = 1.5V, Vps = 1 V. The simulation results for fill factors
of 40% and 60% are listed in Table 2. Since the area of the
etched nanocavity is 15 nmx5 nm, to maintain a fill factor of
40% the nanocavity is divided into seven equal parts with a
cavity width for each cavity of 2.05 nm.!*?! For the increas-
ing steps hybridization profile, the step height is taken from
0.2 nmto 2.6 nm with a height difference of 0.4 nm. In the case
of the decreasing steps profile, the converse is true. For the
non-uniform profile, the step size is taken as 2.6 nm, 1.6 nm,
0.6 nm, 0.2 nm, 0.6 nm, 1.6 nm and 2.6 nm. To maintain a fill
factor of 60%, the above same procedure is followed. For all
profiles, the width of the steps inside the cavities is similar to
the above analysis, while the height is varied from 4.5 nm to
1.5 nm for the increasing steps profile and vice versa for the
decreasing steps profile. The height for non-uniform steps is
kept at 5 nm, 3.5 nm, 1 nm, 0.5 nm, 1 nm, 3.5 nm and 5 nm.
Table 2 shows that the decreasing steps profile has a superior
response on average, but the increasing and non-uniform steps
profiles have poor sensitivity. This may be due to the electron
tunnelling current in the TFET structure at the source—channel
junction, which is influenced by the dielectric constant of the
gate oxide. Near the tunnelling junction, the decreasing profile
has its biggest step, which raises the effective dielectric capac-
itance around it and hence enhances the sensitivity. Further it
can be seen from the data in Table 2 that there is an increment
of 8% to 10% in sensitivity when the fill factor is increased
from 40% to 60%; this may be due to the increase in gate and
channel coupling.

The non-deal hybridization profile depends on the posi-
tion of the probes.!33! The amount of fusion of biomolecules
and probes depends on the position of the probes in the
nanocavity, that will in turn influence the sensitivity of the pro-

posed biosensors. Figures 8(d) and 8(e) depict the positions
of probes inside cavities for the proposed biosensor structure.
The yellow pillar area indicates the presence of biomolecules
(k > 1), whereas the unshaded area indicates the presence of
air (k = 1). Considering the position of the probes, two cases
(case 1 and case 2) are considered for the study as shown
in Figs. 8(d) and 8(e). The data in Table 2 show that when
biomolecules are present near the tunnelling junction (case 1)
the sensitivity improves, but when biomolecules move away
from the junction (case 2) the sensitivity begins to deteriorate,
even though the fraction of the area occupied by biomolecules
remains constant.

Table 2. Sensitivity comparison for different biomolecule profiles.

Value

Step size profile

Fill factor 40% Fill factor 60%
Increasing 7.6x10° 8.3x10°
Decreasing 5.6x10* 6.1x10*
Non-uniform 9.3x10* 4.6x10%
Case 1 5.3x107
Case 2 8.5x10°

3.4. Standardization of proposed structure with reported
work

Dielectric modulated FET and TFET based biosensors
have been the subject of several experimental, computer-
simulated and analytical modelling investigations. As a result,
the sensitivities of other previously published sensors are con-
trasted with that of the proposed VJ-TFET based biosensor in
this section to benchmark the proposed structure.

Table 3 shows the status of the literature. The sensitiv-
ities were extracted from the published works and hence the
term ‘approximate’ is used in the table. It is evident from Ta-
ble 3 that the suggested VJ-TFET has superior sensitivity to
the other FET based sensors due to the use of low bandgap
material and vertical tunnelling, although the published works
have different structural, doping and dielectric constant pa-
rameters. Numerous biosensor structures have been added to
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Table 3 in order to provide an overview of the various types
of available biosensors. However, because of the differences
in their current injection techniques, TFET-based biosensors
have a far higher sensitivity than FET-based biosensors.

Table 3. Comparison of different published FET structures.

Reported biosensor Sensitivity AA
Junction-less V-TFET (present work) 1.1x108 2.75x10°
Dual metal Si Ge pocket VTFET 3! 2x10° 0.5%10°
Dual metal Si Ge pocket PNPN TFET3?! 6x10° 1.4x103
Dual metal PNPN TEET ) 3% 100 0.75x10°
Dual metal FET30! 7 1.75
Short gate dual metal TFET[33! 1x10° 2.5x10°
Lateral dual metal TFET 34 10 2.5
Vertical dual metal TFET4 40 4
Dual metal FET/?8! 1x10* 2.5x10°
Nanowire TFET?7] 9% 10 2.25%103
Conventional TFET?7] 50 12.5

Sensitivity of biosensor = AA x sensitivity of FET based biosensor.
Approximate sensitivity of FET based biosensors is 4.3

4. Conclusion

The notion of a dual metal double gate VJ-TFET struc-
ture with nanogaps etched at both sides of a fixed dielectric
as a highly sensitive biosensor has been presented in this pa-
per. The proposed structure is junction-less with Si—Ge as a
channel material; it shows its novelty in terms of ease of fab-
rication compared with other reported structures. An optimal
sensitivity of 1.1x 108 is obtained for the proposed structure
when fully filled with neutral biomolecules with a dielectric
constant of 10. Due to the existence of both lateral and vertical
tunnelling, the VIJ-TFET has a higher sensitivity. The achieved
rectification ratios highlight the proposed structure as a viable
option. The effect of charged biomolecules on sensor perfor-
mance has also been examined. The sensitivity of biosensors
is observed to enhance and a value of 2x10% was recorded
as negatively charged biomolecules (6x 10> C-cm ™) fill the
etched nanogap. The utility of the sensor is further examined
while accounting for steric impediments and unequal probe
positions. The declining partially filled profile and the non-
uniform steps profile both demonstrated the highest sensitiv-
ity. When the fill factor is increased from 40% to 60%, the
sensitivity improves by 8%—10%, indicating that the proposed
VIJ-TFET is affected by the fill factor. When biomolecules are
hybridized away from the tunnelling junction, the sensitivity
is more negatively impacted, looking at two distinct possible
probe sites. A comparison of the proposed biosensor is made
with the MOSFET-based biosensor given in Ref. [35], and is
benchmarked against established standards. Hence, the pro-
posed biosensor is a promising candidate for label-free sensing
due to its higher sensitivity and lower power consumption.

Acknowledgement

Authors greatly acknowledge MNNIT Allahabad for ac-
cessing the software facility.

References

[1] Barbaro M, Bonfiglio A and Raffo L 2006 /EEE Trans. Electron. De-
vices 53 158
[2] Kim C H, Jung C, Park H G and Choi Y K 2008 Biochip J. 2 127
[3] Chanda M, Das R, Kundu A and Sarkar C K 2017 Superlattices Mi-
crostruct. 104 451
[4] Narang R, Saxena M, Gupta R S and Gupta M 2012 [EEE Electron.
Device Lett. 33 268
[5] ChoiJM, HanJ W, Choi S J and Choi Y K 2010 /EEE Trans. Electron.
Devices 57 3477
[6] Jayaswal N, Raman A, Kumar N, Singh S 2019 Superlattices Mi-
crostruct. 125 256
[7] Singh S, Khosla M and Wadhwa G 2021 Appl. Phys. A 127 16
[8] Tsukada K, Kariya M, Yamaguchi T, Kiwa T, Yamada H, Maehara T,
Yamamoto T, Kunitsugu S 2010 Jpn. J. Appl. Phys. 49 024206
[91 Wei W, Lii W, Han Y, Zhang C and Chen D 2023 Chin. Phys. B 32
097301
[10] Gnudi A, Reggiani S, Gnani E and Baccarani G 2012 /EEE Electron
Device Lett. 33 336
[11] Li W and Woo J 2020 IEEE Trans. Electron Device 67 1480
[12] Ko E, Lee H, Park J and Shin C 2016 IEEE Trans. Electron Devices 63
5030
[13] Wang B, Hu S and Feng Y 2020 Chin. Phys. B 29 107401
[14] Nigam K, Kondekar P and Sharma D 2016 Micro Nano Lett. 11 319
[15] Choi KM and Choi W Y 2013 [EEE Electron Device Lett. 34 942
[16] Zhang W H, Li Z C, Guan Y H and Zhang Y F 2017 Chin. Phys. B 26
078502
[17] Shan C, Wang Y and Bao M T 2016 IEEE Trans. Electron. Devices 63
2275
[18] Busse S, Scheumann V, Menges B and Mittler S 2002 Biosensors Bio-
electron. 17 710
[19] Bhattacharyya A, Chanda M and De D 2019 IEEE Trans. Electron.
Devices 66 3988
[20] Bibi F, Villain M, Guillaume C, Sorli B and Gontard N 2016 Sensors
16 1232
[21] Choi W Y, Park B, Lee J D and Liu T K 2007 IEEE Trans. Electron.
Device Lett. 28 743
[22] Bhuwalka K K, Sedlmaier S, Ludsteck A K, Toksdorf C and Schulze-
and J, Eisele 1 2004 IEEE Trans. Electron. Device 51 279
[23] Wirths S, Tiedemann A T, rellenkamp S, Buca D, Zhao Q T and Mantl
S 2015 in Proc. Int. Electron. Devices Meeting 608
[24] Huang Q, Huang R, Wu C, Zhu H, Chen C, Wang J, Guo L, Wang R,
Ye L and Wang Y 2014 in Proc. IEEE Int. Electron. Devices Meeting
13
[25] Zhou G, Li R, Vasen T, Qi M, Chae S, Lu Y, Zhang Q, Zhu H, Kuo J
M, Kosel T and Wistey M 2012 in Proc. Int. Electron. Devices Meeting
32
[26] Devi W V and Bhowmick B 2019 Micro Nano Lett. 14 69
[27] Sarkar D and Banerjee K 2012 Appl. Phys. Lett. 100 143108
[28] Im H, Huang X J, Gu B and Choi Y K 2007 Nat. Nanotechnol. 2 430
[29] Kanungo S, Chattopadhyay S, Gupta P S and Rahaman H 2015 /EEE
Trans. Electron. Devices 62 994
[30] Narang R, Saxena M, Gupta R S and Gupta M 2015 IEEE Trans. Nan-
otechnol. 14 427
[31] MishraV, Verma Y K and Gupta S K 2019 Journal of Nanoelectronics
and Optoelectronics 14 161
[32] Wangkheirakpam V D, Bhowmick B and Pukhrambam P D 2020 /EEE
Trans. Nanotechnology 19 156
[33] Kanungo S, Chattopadhyay S, Gupta P S, Sinha K and Rahaman H
2016 IEEE Trans. Electron. Devices 63 2589
[34] Verma M, Tirkey S, Yadav S, Sharma D and Yadav D S 2017 /[EEE
Trans. Electron. Devices 64 3841
[35] Goswami R and Bhowmick B 2019 IEEE Sens. J. 9 9600

128701-8


https://doi.org/10.1109/TED.2005.860659
https://doi.org/10.1109/TED.2005.860659
https://doi.org/10.1149/2162-8777/ac8835
https://doi.org/10.1016/j.spmi.2017.03.010
https://doi.org/10.1016/j.spmi.2017.03.010
https://doi.org/10.1109/LED.2011.2174024
https://doi.org/10.1109/LED.2011.2174024
https://doi.org/10.1109/TED.2010.2076152
https://doi.org/10.1109/TED.2010.2076152
https://doi.org/10.1016/J.SPMI.2018.11.009
https://doi.org/10.1016/J.SPMI.2018.11.009
https://doi.org/10.1007/s00339-020-04156-3
https://doi.org/10.1143/JJAP.49.024206
https://doi.org/10.1088/1674-1056/acaa2c
https://doi.org/10.1088/1674-1056/acaa2c
https://doi.org/10.1109/LED.2011.2181153
https://doi.org/10.1109/LED.2011.2181153
https://doi.org/10.1109/TED.16
https://doi.org/10.1109/TED.2016.2619372
https://doi.org/10.1109/TED.2016.2619372
https://doi.org/10.1088/1674-1056/ab99b5
https://doi.org/10.1049/mnl.2015.0526
https://doi.org/10.1109/LED.55
https://doi.org/10.1088/1674-1056/26/7/078502
https://doi.org/10.1088/1674-1056/26/7/078502
https://doi.org/10.1109/TED.2016.2549554
https://doi.org/10.1109/TED.2016.2549554
https://doi.org/10.1016/S0956-5663(02)00027-1
https://doi.org/10.1016/S0956-5663(02)00027-1
https://doi.org/10.1109/TED.16
https://doi.org/10.1109/TED.16
https://doi.org/10.3390/s16081232
https://doi.org/10.3390/s16081232
https://doi.org/10.1109/LED.2007.901273
https://doi.org/10.1109/LED.2007.901273
https://doi.org/10.1109/TED.2003.821575
https://doi.org/10.1049/mnl.2018.5086
https://doi.org/10.1063/1.3698093
https://doi.org/10.1038/nnano.2007.180
https://doi.org/10.1109/TED.2015.2390774
https://doi.org/10.1109/TED.2015.2390774
https://doi.org/10.1109/TNANO.2015.2396899
https://doi.org/10.1109/TNANO.2015.2396899
https://doi.org/10.1166/jno.2019.2462
https://doi.org/10.1166/jno.2019.2462
https://doi.org/10.1109/TNANO.7729
https://doi.org/10.1109/TNANO.7729
https://doi.org/10.1109/TED.2016.2556081
https://doi.org/10.1109/TED.2017.2732820
https://doi.org/10.1109/TED.2017.2732820
https://doi.org/10.1109/JSEN.2019.2928182

	1. Introduction
	2. Device architecture and simulation methodology
	2.1. Principle of the proposed VJ-TFET structure

	3. Results and discussion
	3.1. Effect of neutral biomolecules on the sensitivity of the proposed structure
	3.2. Effect of charged biomolecules on sensitivity of the proposed structure
	3.3. Effect of irregular fusion of biomolecules in the nanocavity of the proposed structure
	3.4. Standardization of proposed structure with reported work

	4. Conclusion
	References

