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Abstract—In this paper, the application of Tunnelling Field 

Effect Transistors (TFETs) has been discussed below. The two 

biosensors that we have proposed are the Cavity on Source 

Charge Plasma TFET biosensor and the Cavity on Drain Charge 

Plasma TFET. We measured the drain current for both the 

biosensors as described above. There is not much difference 

between the two proposed devices (CS-CPTFET and CD-

CPTFET) different being the slight differences in the 

performance of the devices in terms of drain current. In this 

study, the performance and validation of the proposed devices 

are investigated by the Silvaco TCAD simulation tool. 

Keywords— TFET Biosensor, charge plasma source, drain, 

sensitivity, bio molecules 

I. INTRODUCTION

It is a hard task in the medical fraternity to identify diseases at 

the early stage and indeed ascertain them. The conventional 

label-based strategies for detecting biomolecules such as 

electrochemical labeling, fluorescent labeling, and magnetic 

labeling have some problems as follows: they modify the 

properties of a biomolecule, which brings about incorrect 

records and considerable time for reactions [1]. Therefore, 

researchers have shifted plenty of focus on to the label-free 

electrical based detection that is accurate and has emerged as 

the subject of research [2]. FET biosensors have recently been 

identified as the most effective label-free electrical biomolecule 

detection solution [3]. These devices have many applications, 

some of them include food processing, monitoring the 

environment, and medical diagnosis. When developing 

biosensors, it is important to consider parameters such as 

identification speed and sensitivity. There are several 

advantages of FET-based biosensors such as that the device is 

very small in size, relatively cheap, and many of them can be 

manufactured at the same time [4]. The first biosensor based on 

the FET was named ion-sensitive field-effect transistor 

(ISFET), which was developed by Bergveld in 1970 [5]. 

ISFETs are extremely sensitive in charged biomolecules’ 

detection as a problem arises as to whether a biomolecule must 

come between the electrolyte and electrode, in case of neutral 

biomolecules. To mitigate this, dielectrically modulated FETs 

(DMFETs) [6] have been synthesized including the silicon 

nanowire FET, the FinFET [7], the MOSFET [8-9], and the 

impact ionization FET [10]. DMFETs [19-23] function based 

on how the electric characteristics of a device or material alter 

when biomolecules display dissimilar attributes such as 

dielectric constant (k) and charge density (Nf) [24-25]. The 

good interface between the gate and channel enhances the 

performance of DMFETs. 

The problem comes into existence due to primary issues like 

poor performance, high power consumption and reduced 

functionality when the MOSFETs are scaled down with the 

help of technology and miniaturization of the devices become 

basic for material efficiency. To overcome these challenges, 

Tunneling Field-Effect Transistors (TFETs) have been 

effective substitutes in specific fields such as biosensors, which 

minimizes energy consumption, increases the speed of 

response and sensitivity. In this research work, a new biosensor 

is proposed based on a source charge plasma [26-29] TFET 

with the CPP doping-less approach in which device 

manufacturing relies on suitable metals in targeted places [30-

31]. The inclusion of a cavity near the tunneling junction 

increases dissolution capacity and enhances ion-conducting 

abilities, causing the device to have greater sensitivity to 

charged and uncharged biomolecules. Integrated into the 

Silvaco ATLAS device simulator, the biosensor successfully 

identified biomolecules including uricase, glucose oxidase, 

APTES, bacteriophage T7, keratin, and gelatine. Specifically, 

the theoretical and simulation studies stress the possibilities to 

use TFETs such as CS-CPTFET and CD-CPTFET biosensors 

to develop bioelectronics for biomolecule detection. 
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II. PROPOSED DEVIXE ARCHITECTURE

In the field of biosensors using Charge Plasma TFET, we've 

developed two unique devices: The proposed device is named 

as Cavity on Source Charge Plasma TFET (CS-CPTFET) and 

the Cavity on Drain Charge Plasma TFET (CD-CPTFET) It 

includes source (LS) and drain (LD) extensions of length 40 

nm. For channel length (LC), it effectively chosen to be 20 nm. 

There is a small empty space which is Vacancy that is situated 

between the source and one of the layers of SiO2 designed to 

host biomolecules. This cavity, which is designed to contain 

biomolecules, has a length of 8 nm and a thickness of 5 nm 

although it is not symmetrical as it seems from Fig. Our source 

metal is Platinum with a work function of 5.93 eV while that of 

the drain metal is Hafnium with a work function of 3.93 eV. 

The gate metal work function is determined to be 4.5 eV. To 

enhance the bonding of biomolecules within the nanogaps, 

semiconducting material SiO2 is incorporated whose thickness 

is maintained to be 0.5 nm. This sacrificial layer not only helps 

to improve the biomolecule sticking to the channel but also 

effectively reduces the leakage current between the gate and 

the channel further improving the device performance. 

Fig1. Transversal view of CS-CPTFET Biosensor 

Fig2. Transversal view of CD-CPTFET Biosensor 

Various Biomolecules with Dielectric Constant 

Biomolecules Dielectric Constant 

Uricase 1.54 

Biotin 2.63 

3-aminopropyltrieth
Oxysilane (APTES)

3.57 

Bacteriophage T7 6.3 

Keratin 6 

Gelatin 12 

Fig 1(a). Silicon, Fig 1(b). Add SiO2 on both sides. 

Fig 1(c). Thicker SiO2 on the Source side for introducing 

cavity. 

Fig 1(d). Source, Gate and Drain terminals using various. 

When developing the CS-CPTFET-based label-free biosensor, 

we remove a portion of the source material and carve it out 

during the technology fabrication stage as the cavities it 

produces are beneficial. A very thin 0.5 nm adhesive layer of 

SiO2 is formed by dry oxidation that eliminates the formation 

of silicide also. All the source, gate and drain electrodes are 

carefully designed using a low-pressure chemical vapor 

deposition (LPCVD). It is imperative to note that the internal 

doping concentration has been taken as 1018 cm−3 of the 

whole extent of the device. The nanogaps, which are crucial 

components of biosensing structures, are equally and 

strategically etched on the source dielectric layer as can be seen 

from the design. 

During the fabrication process, it has intentionally not included 

doping at the drain and source regions of the device using 

Hafnium (3. 9 eV) drain metal and Platinum (5. 93 eV) source 

metal. These metals are selected based on the charge plasma 

TABLE I 
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where the metal for the drain can be chosen only if ϕD < χSi + 

Eg2, and for the source metal, ϕS > χSi + Eg2 where χSi is the 

electron affinity of the silicon is 4.17 eV, and Eg is the band 

gap of silicon 1.1eV. In this design, the silicon body has tsi 

(thickness) of 10 nm which follows Debye’s length to provide 

the desired smooth functionality without entering the quantum 

domain. The proposed biosensor that uses the CD-CPTFET is 

shown to have the same level of efficiency as Device 1. This 

also comprises of source (Ls), drain (LD) of dimensions 40 nm 

each, and a uniform channel length (LC) of 20 nm. As shown 

in Fig. 2, a cavity is also incorporated at the CD-CPTFET 

biosensor structure, to be located between the drain and the 

SiO2 layer which will be etched away. This cavity meant for 

accommodating biomolecules also retains the length (Lcavity) 

of 8 nm as well as the thickness of (Tcavity) of 5 nm.  

The source metal, Platinum with work function of 5.93 eV, and 

the drain metal, Hafnium, with work function of 3.93 eV has 

been selected very carefully. The gate metal work function is 

also set at 4.5eV for all the designs as a benchmark value.  The 

adhesion of biomolecules within the nanogaps is ideally 

ensured by SiO2 that is used as a dielectric material with 

thickness of 0.5 nm. In the process of fabricating the CD-

CPTFET-based label-free biosensor, there are special shaped 

cavities in the drain dielectric layer which are etched by dry 

etching process. In the same vein, a very thin 0.5nm SiO2 layer 

of adhesive layer is created through dry oxidation which helps 

in avoiding formation of silicide. In both these devices, these 

highly detailed structural descriptions are directed towards 

accurate biosensing, stability of biomolecular attachment, 

consistency of device dimensions, counteracting gate leakage 

current for optimal functioning and incorporating different 

biomolecules for checking sensitiveness. 

Fig 2(a). Silicon, Fig 2(b). Adding SiO2 on both sides. 

Fig 2(c). Thicker SiO2 on the Drain side. 

TABLE II 

Component         Symbol       Value   Unit 

---------------------------------------------------------------------------- 

Source length      LS 40 nm 

Source-gate length  LSG  2  nm

Gate length      LG  13   nm 

Drain-gate length    LGD  5  nm 

Drain length      LD 40  nm 

Cavity length      LC  8   nm 

Cavity thickness      tC  5.5   nm 

Silicon thickness     tSI  10  nm 
 SiO2  LSI  10  nm 

---------------------------------------------------------------------------- 

III. DEVICE CALIBERATION AND MODELLING

In our work, the Silvaco ATLAS 2D device simulator is 

employed for detailed simulation of CS-CPTFET (Cavity on 

Source Charge Plasma Tunnel Field-Effect) and CD-CPTFET 

(Cavity on Drain Charge Plasma Tunnel Field-Effect). For the 

simulation of our device, we employed the Silvaco ATLAS 2D 

device simulator which has been established for its credibility 

and general use in numerous semiconductor investigations. For 

our simulations, we were very precise in calculating tunnelling 

rates, which are essential if one wants to understand how a 

semiconductor operates. We employ an accurate approach 

known as nonlocal band-to-band tunnelling (BTBT) model. 

This model is famous for explaining the process of the 

transportation of electric charges through semiconductor 

materials with the help of tunnelling. To effectively replicate 

the quantum tunnelling at the source-channel and drain-channel 

interfaces, sometimes termed as the tunnelling junctions, of 

both CS-CPTFET and CD-CPTFET, two quantum tunnelling 

areas are incorporated specifically for each device. These 

regions are major in carrier tunnelling which is one of the basic 

mechanisms in semiconductor devices. In illustrating our 

argument, we wish to focus on the fact that a more elaborate 

grid should be used in the places where quantum tunneling 

occurs. This is important to get proper sensitivity values and to 

guarantee to ourselves and to the reader that our simulations 

are as reliable as possible. In this simulation, we show how 

concentration and electric field can influence the transport of 

the charge carriers in semiconductors. Semiconductor materials 

come with a matter of charge carriers moving around inside it, 

and we have Lombardi mobility model, which explains this 

phenomenon. 

To model recombination of these represented minority carriers, 

both Shockley–Read–Hall and Auger recombination models 

are included into the simulation for the CS-CPTFET and CD-

CPTFET. The recombination process which happens when two 

of the charges get together and let off energy has a considerable 

impact on semiconductor devices. This calls for accurate 

modelling of these processes if one is to have a realistic and 

reliable outcome of the simulation. It should also be noted that 

in our proposed simulation framework we also take into 

consideration the effect known as bandgap narrowing and use 

Fig 2(d). Source, Gate and Drain terminals using various metal 
work functions. 
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the Fermi–Dirac statistics for both the laser and the modulator. 

These incorporate a significant part to control charge carrier 

behavior within the semiconductor material making them part 

of our simulation for accuracy. 

In all these devices, we employ a numerical method known as 

the Wentzel-Kramers-Brillouin (WKB) method to compute 

tunneling probability. This method enables us to compute the 

probability of charge carriers tunnel through the potential 

energy barriers which are characteristic of both devices. Hence, 

in the following sections, validation is done to check the 

authenticity and accuracy of our both CS-CPTFET and CD-

CPTFET simulations. Notably, we compare our simulated 

transfer characteristics at VDS = 1V with those in previous 

works of Kumar and Janardhanan who have also used 

conventional doping-less TFET models [32]. Thus, the rather 

close match of our simulated outcomes to the conventional 

benchmarks that we deployed constitutes rather compelling 

confirmation of the reliability and accuracy of our simulator for 

these two devices. 

Fig3. Evaluation with conventional doping-less TFET [32] 

IV. RESULTS AND DISCUSSION

The findings from CS-CPTFET and CD-CPTFET show 

interesting responses. They relate to both charged & neutral 

biomolecules. In all these cases, the Dielectric constant value 

stays at 1. This means k = 1, which helps get the widest 

tunnelling barrier. This is important because, when we look at 

this kind of application, we know that other charged & neutral 

molecules can fit inside the cavity. This boosts the coupling 

capacitance under the source electrode for CS-CPTFET and 

under the drain electrode for CD-CPTFET. We can really see 

how well the biosensor works by swapping out the air gap with 

biomolecules in the cavity. That happens under the source 

electrode for CS-CPTFET and under the drain electrode for 

CD-CPTFET. The results talk about carrier density, surface

potential, band energies, transfer characteristics, ION/IOFF

ratios, plus subthreshold swing (SS). In this paper, we explore

using the charge plasma concept. It helps us look at carrier

concentration in various regions like the source, channel, and

drain when it's OFF (VGS = 0 V, VDS = +1.0 V) and ON

(VGS = +1.5 V, VDS = +1.0 V). We assume that if the channel 

length is shorter than the carrier's mean free path, then we can 

get a hole carrier concentration of about 10²⁰ cm⁻³ in the source 

area & about 10²⁰ cm⁻³ for electron carrier concentration in the 

drain area—both happening under OFF & ON states. 

It’s clear that when the device is in the ON state, electrons 

build up in the channel. This happens because of the gate 

biasing, leading to a quicker tunnelling rate. Now, the Figure 

4(a) shows how hole concentration changes in the source area 

with different dielectric constants of neutral biomolecules. 

What’s interesting is that the capacitive coupling between the 

source region and its electrode (Platinum) changes along with 

the dielectric constant of these biomolecules. Why does this 

matter? Well, the dielectric constant tells us how much electric 

fields can be stored in a material. So, if a biomolecule has a 

high dielectric constant, it means it can hold more electric field. 

Therefore, the capacitive coupling goes up.  

Fig 4(a). Hole concentration variation in source region due to 

neutral biomolecules 

These stronger capacitive couplings in turn translate to higher 
hole concentration underneath the cavity and therefore cause an 
abrupt junction (abrupt doping profile) between the channel 
and the source. This is because holes are attracted to an electric 
field produced by the biomolecules and the more the electric 
field the more the holes. In Fig 4(b) the oscillation of hole 
concentration in the source region due to presence of charged 
biomolecules. The origin of negative charges of biomolecules 
attracts more holes to the source region when negatively 
biomolecules are being trapped into the cavities the steepest 
gradient at the source-channel (tunnelling junction). This is 
since the biomolecules contain negative charges and thus 
produce an electric field that will attract the holes. 
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Fig 4(b). Hole concentration variation in source region due to 
charged biomolecules 

On the other hand, when positively charged biomolecules are 

trapped into the cavities they are repelled by the holes and 

therefore causes a decrease in the hole concentration at the 

source region. This is because the biomolecules positive 

charges impede the development of an electric field that tends 

to repel the holes. The distribution of the band energy for the 

device along its length when it is in the OFF state and the ON 

state are also clearly shown in our analysis. The Energy band 

diagram is given in Figure 5(a) especially for the CS-

CPTFET. Notably missing is any indication of band alignment 

of the valence band of the source with the conduction band of 

the channel for any of the biological cavity configurations, 

including the biomolecules case where the cavity is filled with 

biomolecules. 

Fig 5(a). Band energy variation of CS-CPTFET due to neutral 

biomolecules 

Consequently, we get fewer holes in the source region and this 

widening makes it easier for a particle to cross over to the sink 

region. When there are positively charged biomolecules inside 

the empty space, they attract electrons towards them and thus 

the voltage regulation between the source electrode and the 

source region declines. As a result, it leads to a decrease in 

sudden doping which is essential for the growth of the 

company. However, it is crucial to point out that abrupt 

doping presupposes enhancement of the negatively charged 

density of biomolecules in the cavity.  

Fig 5(b). c Band energy variation of CS-CPTFET due to 

charged biomolecules. 

Therefore, the lowering of tunnelling barrier is much more 

reflected in the CS-CPTFET when negatively charged 

biomolecules are involved. The increase of the dielectric 

constant values within the biomolecule filled cavities 

corresponds to an increase in the hole density in the source 

region The higher number of holes (effectively, the lack of 

electrons) under the empty space enables the Valence Band 

and the Conduction Band in the material to align or ‘meet’ 

within a much easier way.  

Fig6(a). Transfer characteristics of CS-CPTFET due to 

Neutral biomolecules 

This forms the basis of the increase in the ON current with a 

resultant enhancement of electron tunnelling due to the 

decrease of the tunnelling barrier. Fig 6(a) shows the drain 

current recorded for the CS-CPTFET with air (k=1) 

biomolecules for the sake of comparison. The new model 

effectively avoids the phenomenon of ambipolar conduction, 

and its maximum current is 1. 25 x 10-⁴ A/µm. On the other 

hand, if there are negatively charged biomolecules in the 

empty spaces they pull or attract a larger number of holes 

towards them. This effect increases the source impurity 
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concentration to promote the decrease of tunnelling barrier 

and increase the rate of tunnelling. Thus, as there is a high 

amount of negative charge, the current going “ON” also 

increases as observed at figure 6(b).  

Fig 6(b). Transfer characteristics of CS-CPTFET due to 

Negative charged biomolecules. 

A doping profile that corresponds to an increase of the 

dielectric values of the immobilized biomolecules within the 

cavities lead to an improvement of the electric field at the 

tunnelling junction 

Fig7(a). Electric field of CS-CPTFET along the device length 

for neutral biomolecules 

Figures shown in 7(a) also shows that with neutral 

biomolecules in CS-CPTFET, the possibility of an electric field 

reaches as high as 8. The energy at broad tunnelling junction of 

the thin layer is 8.95 × 105 V/cm when k = 12. Figure 7(b) 

shows the electric field dependence on positive charge density 

variation from Nf =1010 C cm⁻² to 1012 C cm⁻². In this 

illustration, it is apparent that and as the density of positive 

increase the electric field decreases since the barrier that 

particles need to tunnel through increases. 

Fig 7(b). Electric field of CS-CPTFET along the device length 

for charged biomolecules. 
On the other hand, whenever there are many negative charges 
around then one can observe that the electric field is stronger. 
The variation of electron concentration in the drain region with 
dielectric constant values of neutral biomolecules has been 
depicted in fig 8(a). Hence the coupling capacitance between 
the drain and its electrode (Hafnium) rises with the rising 
dielectric constant of biomolecules. This is so because the 
dielectric constant of a material defines the capability of the 
material for storge of electric field and an increased dielectric 
constant indicates that the biomolecules can store more of 
electric field leading to increased coupling capacitance. This 
increase in coupling capacitance causes an increase electron 
density underneath the cavity and an abrupt delta doping 
between the drain and the channel regions. This is the case 
because electrons are attracted to the biomolecules electric 
field and the stronger the electric field the more electrons are 
attracted. As discussed above, the charged biomolecules affect 
the electron concentration in the drain region, which is depicted 
in the Fig 8(b).  

Fig8(a). Hole concentration variation in drain region due to 
neutral biomolecules. 
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Fig8(b). Hole concentration variation in drain region due to 
charged biomolecules 

When positive charged biomolecules are trapped into the 
cavities they collect more electrons into the drain region, 
thereby creating a steepness at the tunnelling junction (drain-
channel). This remains so since the biomolecules bearded 
positive charges therefore meaning that an electric field forms 
to attract the electrons. On the other hand, when the negative 
charged biomolecules are entrapped into the cavities, it repels 
the electrons which in turn reduces the electron density in the 
drain region. This is due to the biomolecule’s negative charges, 
which causes the biomolecules to build an electric field that 
repels electrons. It is now significant to see how the existence 
of biomolecules altered the band energy away from the CD-
CPTFET device both in the OFF and ON states. As illustrated 
in the mainly Figure 9(a) presenting the Energy band diagram 
for the purpose of representing the said effects, a diagram that 
is exclusively designed for the CD-CPTFET has been provided 
below. On a closer examination, there is no proper alignment 
of energy levels between the source’s valence band and the 
channel’s conduction band, not even when the empty space is 
packed densely with biomolecules.  

Fig.9(a) Band energy variation of CD-CPTFET due to neutral 
biomolecules. 

Whenever there is an increase in the dielectric constant then the 
width of the barrier through which particles must tunnel 
through experiences a great reduction. This is rather an 
interesting happening because there are more electrons focused 
within the source region that enhances the rate of tunneling 
current. The next one is Fig 9(b), Let me explain the details of 
this. From this figure, it is evident that another pattern is the 
fact that as the width of the barrier that the particles have to 
tunnel through increases. This phenomenon occurs due to the 
availability of negative biomolecules within the cavity of the 
said carbon structure.  

Fig.9(b) Band energy variation of CD-CPTFET due to charged 
biomolecules 

What is even more favorable for the device operational 
capabilities is that such widening also shifts the hole 
concentration in the drain area even lower. The negatively 
charged biomolecules deployed at the cavity create an 
electrostatic attraction force on the electrons reducing the 
control voltage between the drain electrode and the drain 
region. This in the process helps in decreasing situations where 
there is abrupt doping. However, it is important to note that 
only with the increased density of positive ions of 
biomolecules is it possible to achieve abrupt doping in CD-
CPTFET. The obtained dielectric constant values closer to the 
biomolecule-filled cavities enables a higher electron density 
within the drain region. This results into an effective matching 
of the Valence Band and the Conduction Band in the material 
due to increase in the number of electrons under the empty 
space. This alignment results to a decrease of the tunnelling 
barrier and increase in hole tunnelling, thus the ability to 
increase ON current. As a reference, the normalized plots of 
the drain current of the CD-CPTFET with air (k=1) 
biomolecules are shown in figure 10(a).  
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Fig 10(a). Transfer characteristics of CD-CPTFET due to 
Neutral Biomolecules. 

Notably, inherent ambipolar conduction is significantly 
minimized in the proposed model while it reaches a maximum 
current density of 5.23 x 10-5 A/µm. On the other hand, when 
such empty spaces have positively charged biomolecules 
inside, such molecules pull or attract a larger volume of 
electrons toward them. This effect improves the concentration 
of the drain impurity that enables a decrease in the tunnelling 
barrier and hence the tunnelling rate. Consequently, the current 
which flows through the device when the switch is in the “ON” 
position rises right alongside the increase in the quantity of 
negative charges, which is depicted in Fig 10(b). It is big that 
one creates a particular doping pattern to correspond with the 
higher dielectric values of the biomolecules within the empty 
spaces. It increases linearly the strength of the electric field at 
the tunnelling junction by a factor that is immensely large 
compared to the additional energy provided by the magnetic 
field also enhances the strength of the electric field at the 
tunnelling junction.  

Fig 10(b). Transfer characteristics of CD-CPTFET due to 
Negative charged biomolecules. 

There the electric field is largely enhanced and the strength at 
the tunneling junction is increased. From the observation made 
in Figure 11(a), it is evident that the applied electric field in the 
CD-CPTFET employing neutral biomolecules shows the
possibility of achieving a highly intense electrical field that can
go up to 2.25 × 106 V/cm at the tunnelling junction when
dielectric constant (k) becomes equal to 12. Fig 11(b) explains
how the variation of positive charge density of range Nf = 1010

C cm⁻² to 1012 C cm⁻² affects the electric field. While
comparing the effects of an increase in positive charge density
in this graphical representation one becomes very much aware
that the electric field decreases since the width of the tunnelling
barrier has increased. On the other hand, there is an
augmentation of the electric field as the negative charge density
increases. Since sensitivity serves as a basic assessment
criterion for a biosensor, it is intuitively perceived as a critical
component in the biosensor construction as well as assessment.

Fig 11(a). Electric field of CD-CPTFET along the device 
length for neutral biomolecules. 

Fig 11(b). Electric field of CD-CPTFET along the device 
length charged biomolecules. 
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Thus, a high sensitivity value means that the biosensor is very 
effective in its capacity to accurately identify the specific 
biomolecule it is intended to detect. As for the biosensing 
performance of the CD-CPTFET biosensor, sensitivity is 
defined by the drain current, and the variation of the current is 
only attributable to the charged and the neutral biomolecules. 
Performance of this important parameter involves the 
following formula as described in [30]. 

The Equation serves to distinguish between two scenarios: one 
with empty cavities, resulting in a drain current labelled as 
Ids(air), and the other with filled cavities, yielding the drain 
current denoted as Ids(bio). Consequently, the CD-CPTFET 
biosensor is employed to calculate sensitivity values for 
various biomolecules.  

Table III 

Employed 
Biomolecules 

Dielectric 
Constant(k) 

Sensitivity 
(VGS=1.5V and 

VDS=1.0V) 

Neutral 
Biomolecules 

1.54 

3.57 

6.3 

12 

9.5 × 10-3 

1.33 × 10-3 

1.13 × 10-2 

1.14 × 102 

Charged 
Biomolecules 

k=6, Nf=-
1010C/Cm2 

k=6, Nf=-
1011C/cm2 

k=6, Nf=-
1012C/cm2 

5.6 × 10-3 

6.5 × 10-2 

5.5 × 109 

It's worth noting that biomolecules characterized by higher 

dielectric constants (k > 1) exhibit a concurrent rise in drain 

current (Ids). This increase in drain current corresponds 

directly to heightened levels of sensitivity. Table 3] shows the 

sensitivity values of neutral and charged biomolecules of the 

CD-CPTFET.

V . CONCLUSION 

We have designed innovative sensors capable of accurately 

detecting various substances without the need for specialized 

labels. These sensors, known as CS-CPTFET and CD-

CPTFET, were enhanced with unique features under the 

electrodes, resulting in exceptional performance. Our 

experiments demonstrated the effectiveness of these sensors in 

discerning different substances with precision. Both CS-

CPTFET and CD-CPTFET sensors exhibited impressive 

detection capabilities. CS-CPTFET achieved a current 

detection of 1.5 x 10-4 A per small unit, while CD-CPTFET 

detected substances with a current of 5.23 x 10-5 A per small 

unit. We came to a conclusion that there is not much variation 

in the sensitivity for the CD-CPTFET compared to CS-

CPTFET. These sensors are versatile and robust, making them 

suitable for various applications in fields such as medical 

testing, environmental monitoring, and the food industry. 

Moreover, our work offers valuable clues for creating even 

better sensors in the future. These improvements will make 

substance detection more precise and sensitive without needing 

labels. This work signifies not only a significant contribution to 

the field of biosensors but also a pathway to future innovations 

in substance detection. 
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