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Abstract: This research paper presents a misaligned double gate junctionless Metal-Oxide-Semicon-
ductor Field-Effect Transistor for label-free detection of biomolecules. The proposed biosensor com-
bines the advantages of junctionless, double and misaligned gate MOSFETs, which results in im-
proved sensitivity and selectivity for biological recognition. The results show that the proposed bi-
osensor can effectively detect biomolecules and has the potential for use in various applications.
Biosensors have become an important tool in various fields, such as healthcare, environmental mon-
itoring, and food safety, due to their ability to detect biomolecules. MOSFETs have been widely used
as biosensors due to their less complex structure and easy to use. However, traditional MOSFETs
have limitations in terms of sensing performance, and there is a need for improved designs that
overcome these limitations. The results of this study show that the proposed biosensor can effec-
tively detect various biomolecules such as protein and DNA. The proposed biosensor design has
the potential to revolutionize the field of biosensors. Its combination of improved sensitivity and
selectivity makes it a valuable tool for various applications. In conclusion, this research paper pre-
sents a dielectric modulated novel misaligned double gate junctionless MOSFET-based biosensor
promising improved sensing performance in various applications. The proposed design provides a
valuable contribution to the field of biosensors and has the potential to revolutionize the way bio-
molecules are detected.
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1. Introduction

The need for a highly sensitive, reliable, and cost-effective biosensor has been a long-
standing challenge in the field of medical diagnostics and biological research. In recent
years, extensive research has been carried out to develop biosensors based on various
technologies, such as surface plasmon resonance, quartz crystal microbalance, and field-
effect transistors (FETs) [1-3]. Among these, FET-based biosensors have shown tremen-
dous potential due to their high sensitivity, label-free detection, real-time monitoring ca-
pabilities, and potential for miniaturization [4-8]. FET-based biosensors rely on the mod-
ulation of the electric field at the interface between the gate and the sensing layer to detect
biomolecules [9].

Several research works have been carried out to enhance the sensitivity and selectiv-
ity of FET-based biosensors using various strategies such as surface modification, gate
functionalization, and gate dielectric modulation. Despite the progress in FET-based bio-
sensors, their sensitivity and selectivity remain a major concern for real-world applica-
tions. Therefore, there is a need to explore new device structures and sensing principles
to address these challenges. Furthermore, researchers have explored various gate dielec-
tric materials to improve the sensitivity of FET-based biosensors. For instance, the use of
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high-k dielectrics, such as hafnium oxide (HfO2) and aluminium oxide (Al20s), has been
reported to increase the capacitance of the gate and, hence, enhance the electric field mod-
ulation [10,11]. However, these strategies have limitations in terms of cost-effectiveness,
reproducibility, and scalability.

The proposed structure overcomes the above discussed limitations and offers several
advantages such as high sensitivity, selectivity, and real-time monitoring capabilities. This
novel biosensor has the potential to revolutionize the field of medical diagnostics, drug
discovery, and environmental monitoring. The proposed biosensor uses Cr20s as a gate
dielectric to improve the sensitivity of the device [3]. In this research paper, we propose a
novel dielectric modulated misaligned double gate junction less MOSFET (DM-MDG ]JL-
MOSFET) structure as a label-free biosensor. The misaligned double gate structure ena-
bles improved control over the electric field, which enhances the sensitivity of the device.
One such strategy is the use of chromic oxide (Cr203) as a gate dielectric. Cr20s is an inter-
esting material for FET-based biosensors because of its high dielectric constant, stability,
and biocompeatibility. The use of Cr20s as a gate dielectric has been reported to enhance
the capacitance of the gate and improve the sensitivity of FET-based biosensors [3,12].
However, to the best of our knowledge, the proposed DM-MDG JL-MOSFET biosensor
structure has not been reported in the literature.

2. Device Description

A DM-MDG JL-MOSFET biosensor is shown in Figure 1. The device has a channel
length of 50 nm, a cavity length of 20 nm, and a channel thickness of 10 nm. It consists of
a silicon substrate on which a layer of oxide is deposited, comprising a 1 nm layer of SiO2
and a 4.5 nm layer of Cr20s. Drain to source voltage (Vps) is kept at 0.5 V and gate to source
voltage (Vas) is kept at 1.5 V while simulating the device. The other parameter used in the
device are mentioned in the Table 1. When considering protein biomolecules in the cavity
region, the dielectric constant (K) is increased (K > 1) keeping charge (Nsio) at 5i-SiO:2 layer
zero. Similarly, for examining the effect of DNA biomolecules, a non-zero charge is con-
sidered at the Si-SiO: layer with the dielectric constant [3].
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Figure 1. Device structure.

The misaligned double gate structure is created by depositing a gate electrode on
each side of the channel. The gates are misaligned such that they do not completely over-
lap with each other, which helps to reduce the gate capacitance and improve the device
performance. In this work Atlas device simulator is used for simulation and obtaining the
results [13].
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Table 1. Physical parameters of the proposed device.

Parameters of the Proposed Device Values
Upper and lower gate work function 49eV
Channel (doping concentration) 1 x10Y cm™3
Source (doping concentration) 1 x10%° cm™3
Drain (doping concentration) 5 x10'® cm™3
Length of the source and drain region 25 nm

3. Findings and Discussion

The biomolecules are immobilized in the nanogap, or cavity changes the electrical
parameter of the proposed biosensor as shown in Figures 3 and 4. When the dielectric
constant of the biomolecule’s changes (K > 1), it can have an impact on several electrical
parameters of the DM-MDG JL-MOSFET biosensor. When biomolecules with different di-
electric constants are immobilized in the cavity region, the gate capacitance can change.
This change in capacitance modulates the conductance of the device and thus its electrical
response [14]. Changes in the gate capacitance can alter the sensitivity of the DM-MDG
JL-MOSFET biosensor. The sensitivity of the device is directly proportional to the change
in conductance resulting from the biomolecular interaction. Therefore, a higher change in
gate capacitance would result in a higher sensitivity [15]. The detection limit of the DM-
MDG JL-MOSEFET biosensor is also affected by the change in gate capacitance resulting
from the biomolecular interaction. A higher change in gate capacitance allows the device
to detect lower concentrations of biomolecule. Overall, the electrical parameters of a DM-
MDG JL-MOSEFET biosensor can vary with changes in the dielectric constant of the bio-
molecules of interest. These variations are crucial for optimizing the performance of the
biosensor in detecting specific biomolecules with high sensitivity and low detection limits
[16].
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Figure 3. Variation in (a) threshold voltage and subthreshold swing, (b) ON current and OFF cur-
rent, (¢) ON and OFF current ration and transconductance with immobilization of various biomol-
ecules.
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Figure 4. Variation in drain current for (a) different dielectric constant (b) for different charge den-
sity.

Subthreshold swing is defined as the change in gate voltage required to change the
drain current by one decade (tenfold) [17]. In a DM-MDG JL-MOSFET biosensor, the sub-
threshold swing can vary with changes in the gate capacitance and the charge carrier den-
sity in the channel region. When the gate capacitance changes due to the bio molecular
interaction, the subthreshold swing can also change [17]. A lower subthreshold swing re-
sults in higher sensitivity and lower detection limit. Figure 3a depicts a change in thresh-
old voltage and subthreshold swing due to change in dielectric constant of the neutral
biomolecules. A higher dielectric constant of the biomolecules results in a higher gate ca-
pacitance and a higher ON current which is depicted in Figure 3b. A change in Ion/Iokr
ratio is 30.61% with the change in dielectric constant K = 1(air) to K = 12(biomolecules). A
higher transconductance results in a more sensitive biosensor, as it indicates that a small
change in the gate voltage can produce a larger change in the drain current [18]. This
higher sensitivity can be used to detect lower concentrations of biomolecules in biological
or environmental samples. Figure 3c shows a change of 17.26% in transconductance with
the change in dielectric constant from K = 1(air) to K = 12(biomolecules).

A single unhybridized strand of DNA has both dielectric constant and a charge,
which when hybridized results in an increment on the dielectric constant of the unfilled
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nanogap. The relative dielectric constant of DNA is taken to be 8 [3]. Figure 4b depicts the
impact of Nsio variation on the drain current. Form the graph 4(a) and (b) It has been
observed that the impact of varying Nsio on drain current (Ip) is relatively greater than the
impact of varying K.

4. Conclusions

This work proposes a new type of biosensor that utilizes a misaligned double gate
junctionless MOSFET structure. The device is designed to detect changes in the electrical
properties of the channel caused by the presence of biological molecules on the surface of
the gate electrodes. The results of the study demonstrate the potential of the proposed
device for use in label-free biosensing applications, with high sensitivity. The proposed
biosensor has several advantages over traditional biosensors, including label-free detec-
tion, high sensitivity, and low power consumption. Moreover, the misaligned double gate
structure reduces the gate capacitance and improves the device performance. The results
of the study demonstrate the potential of the proposed device for use in medical diagnosis,
environmental monitoring, and other applications.
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