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Abstract: This study discusses the use of a triple material gate (TMG) junctionless tunnel field-effect 

transistor (JLTFET) as a biosensor to identify different protein molecules. Among the plethora of 

existing types of biosensors, FET/TFET-based devices are fully compatible with conventional inte-

grated circuits. JLTFETs are preferred over TFETs and JLFETs because of their ease of fabrication 

and superior biosensing performance. Biomolecules are trapped by cavities etched across the gates. 

An analytical mathematical model of a TMG asymmetrical hetero-dielectric JLTFET biosensor is 

derived here for the first time. The TCAD simulator is used to examine the performance of a dielec-

trically modulated label-free biosensor. The voltage and current sensitivity of the device and the 

effects of the cavity size, bioanalyte electric charge, fill factor, and location on the performance of 

the biosensor are also investigated. The relative current sensitivity of the biosensor is found to be 

about 1013. Besides showing an enhanced sensitivity compared with other FET- and TFET-based 

biosensors, the device proves itself convenient for low-power applications, thus opening up numer-

ous directions for future research and applications. 

Keywords: biosensors; protein sensing; tunnel field-effect transistor; TFET; junctionless TFET; triple 

material gate; TCAD simulation 

 

1. Introduction 

The need for effective biosensors has increased greatly in recent times owing to the 

COVID-19 pandemic. Although a vast number of different biosensors have been designed 

to sense analytes such as proteins, toxins, DNA, viruses, bacteria, other pathogens, etc. 

[1–3], most of these are based on complex techniques that increase the cost as well as the 

detection time [4,5]. The innumerable existing types of biosensors can be classified based 

on their transduction mechanisms. Among the sensors widely used today are electro-

chemical ones [6,7] (genic, etc.), electronic biosensors (typically including variants of FET 

transistors, e.g., ordinary FET, MOSFET, ISFET, TFET, etc.), and gravimetric ones (ther-

mal, acoustic, etc.) [8–12]. All of the quoted sensor classes have their own sets of ad-

vantages and disadvantages, but the most convenient biosensor is hard to find and would 

depend on a specific application. 

Among the quoted devices, electronic biosensors have the advantage of mature fab-

rication technologies (the family of planar technologies) and their compatibility and inte-

grability with standard silicon-integrated circuits. Our further attention here is dedicated 

to this class of biosensors. 

Many of the existing biosensors suffer from false positives. While designing such de-

vices, one must consider factors such as accuracy, speed, and cost. In solving these issues 
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for electronic biosensors, dielectric modulation (DM)-based sensors [13] have gained im-

portance, with either label-free [14] or labeled detection techniques. The former makes use 

of physical parameters such as relative dielectric permittivity to detect the presence of 

biomolecules, while the latter usually involves a chemical-binding reaction with a recep-

tor. Label-free techniques are preferred as they involve direct detection and are fast, and 

the sensors based on them are typically reusable. TFET-based biosensors [15–19] that op-

erate on the principle of tunneling with a subthreshold swing (SS) below 60 mV/dec are 

preferred. In addition, the FET-based biosensors proposed in references [3–5] are much 

more advantageous owing to their high sensitivity and cost-effectiveness. 

A biosensor based on dielectric modulation was designed using a double gate (DG) 

FET by Narang et al. [20]. This work achieved a relative current sensitivity (defined as the 

ratio of ON and OFF currents) of 1010 for dielectric permittivity values 1–12. A relative 

current sensitivity of 107 was reported by Shafi et al. in a virtually doped TFET biosensor 

[21]. Further, a dopingless TFET biosensor with a current ratio of 1010 was described by 

Anand et al. [22]. A mathematical model for the TFET-based biosensor was presented by 

Rakhi et al. [23]. An analytical model for a split gate TFET biosensor was proposed by 

Singh et al. [24]. 

Because of their inherent operating principle, FET-based biosensors [13,15] suffer 

from high subthreshold swing (SS) and short-channel effects (SCE). However, in a TFET, 

it is quite difficult to realize abrupt junctions [25], which are essential for tunneling. Thus, 

JLTFETs come into the picture. These are basically an amalgamation of two concepts: a 

JLFET and the tunneling phenomenon. The JLTFET operation is based on the theory of 

work function modulation [25], where a uniformly doped n-type device with no initial 

potential barrier is made to behave as a PIN structure. Thus, the process of physical dop-

ing is avoided in JLTFETs, and the junctions are created by metal electrodes. Further, a 

JLTFET incorporates two gates: a polar gate at zero bias for inducing the P+ region with a 

high work function metal and a control gate for inducing the channel region by varying 

the work function. During the OFF state, because of the work function difference, the 

channel is depleted, and a barrier is created; hence, tunneling is negligible. As suitable 

gate bias is applied, the electron concentration below the control gate increases, the region 

becomes n-type, the barrier narrows, the channel is aligned, and tunneling takes place. 

Thus, the fabrication complexity of a conventional TFET and random dopant fluctuations 

are avoided in a JLTFET. Hence, JLTFET-based biosensors that have the advantages of 

TFETs and uniform doping are found to provide much better results than the other types 

of FET-based sensors. JLTFETs are much easier to fabricate, less prone to short-channel 

effects (SCE), and have an SS below 60. Chakraborty et al. [26] proposed the a for a sur-

rounding gate JLTFET biosensor operated using the dielectric modulation technique. Gao 

[27] proposed an ultrasensitive biosensor for point-of-care diagnostics. 

Most of the biosensors proposed in the literature suffer from low sensitivity, and re-

alizing abrupt junctions with TFETs is difficult. This work presents a technique to improve 

the sensitivity of the existing biosensors by using a triple material gate (TMG) asymmet-

rical hetero-dielectric (AHD) junctionless tunnel field-effect transistor (JLTFET); i.e., it de-

scribes a TMG-AHD-JLTFET-based biosensor. Moreover, this work also derives an ana-

lytical mathematical model and validates the simulated results. The goal of this research 

is to determine the highest sensitivity of the proposed device when examining neutral and 

charged biological molecules. In addition, the impacts of various values of a biomolecule’s 

relative permittivity on the drain current, subthreshold slope, current ratio, and their sen-

sitivity for both neutral and charged biological molecules are investigated. 

The paper is organized as follows. First, the design of the device used as a biosensor 

is described, and then, the workings and development of the mathematical model and 

simulation procedure are discussed. The paper continues with the analysis of the obtained 

results. General conclusions are drawn at the end. 
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2. Materials and Methods 

The biosensor in this work is designed as a junctionless device with an asymmetrical 

hetero-dielectric and triple material [28–31] control gate. The biosensor cross-section is 

shown in Figure 1. The dielectric layer consists of two strata of different materials. High-

k and low-k dielectric materials are combined in the top gate dielectric’s initial layer, which 

is followed by a high-k layer. Here, k denotes relative dielectric permittivity. The lower 

gate, however, only has one high-k layer of 2 nm thick. In addition, a 2 nm spacer is added 

between the gates for improved isolation. In addition, a triple material gate (TMG) [28–

31], where M1 is aluminum, M2 is cobalt, and M3 is scandium, has the benefit of enhanced 

gate control and greater carrier mobility, combined with asymmetry in the dielectric for 

improved performance. The use of high-permittivity material close to the tunneling junc-

tion enhances the electric field across the junction, which, in turn, improves the tunneling 

efficiency and increases the ON current. Similarly to this, using low-k material close to the 

drain causes the OFF current to drop. Consequently, it has been found that using TMGs 

with asymmetric hetero-dielectrics considerably improves the current ratio with moder-

ate SS levels. The suggested device is calibrated with a traditional JLTFET [25], as depicted 

in Figure 2. 

The basic operation of the proposed biosensor can be explained by the phenomenon 

of dielectric modulation [31–35], wherein the change in dielectric material across the cav-

ity enhances the effective coupling across the tunnel junction. This, in turn, changes the 

overall surface potential and thereby affects the electric field across the tunneling area, 

which results in an increased output current. The dielectric of the control gate is etched to 

form a cavity that serves as the entrapment surface of the biosensor. A basic 2 nm layer 

dielectric is kept intact for isolation purposes, and then, the cavity is etched. The process 

of etching is similar to the one described in [36]. 

 

Figure 1. Proposed DM-JLTFET as a biosensor. 
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Figure 2. Calibration of the simulated model with a conventional JLTFET. 

A list of various parameters for designing the biosensor is presented in Table 1. It is 

preferred to etch the cavity at the tunnel junction for better impact and control. 

Table 1. Parameter values for biosensor design. 

Parameters Values 

L1 5 nm 

L2 5–10 nm 

L3 5–10 nm 

𝑡𝑜𝑥𝑓 1 nm 

𝑡𝑜𝑥𝑏 2 nm 

𝑡𝑏 1 nm 

𝑡𝑠𝑖 5 nm 

ΦM1 (𝐴𝑙) 4.1 eV 

ΦM2  (Co) 4.7 eV 

ΦM3 (Sc) 4.0 eV 

𝑡𝑐𝑎𝑣𝑖𝑡𝑦 5–7 nm 

𝑡𝑙𝑒𝑛𝑔𝑡ℎ 10–30 nm 

Bioanalyte permittivities k = 1–12 

The simulations were performed using the Synopsis TCAD tool [37], and a non-local 

band was incorporated into the band-tunneling model [38]. The nonlocal model defines 

the electric field for each mesh and proves to be more accurate. As the device is highly 

doped, the band-gap-narrowing model is enabled; the Shockley–Read–Hall (SRH) model 

is included to study the impact of high impurity and interface trap charges; and the trap-

assisted tunneling (TAT) model is also included to incorporate the impact of band-to-band 

tunneling (BTBT) and interface traps. Thus, at the biosensor’s sensing part, a nano-gap is 

created in the dielectric layer near the source region. A portion is etched using photoli-

thography to create the gap. Thereafter, the source and the drain are created by depositing 

gate materials with a suitable work function. This is a purely simulation-based approach. 
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3. Analytical Model of Device as Biosensor 

The potential distribution is represented by Poisson’s equation as [31] 

𝜕2𝜙(𝑥,𝑦)

𝜕𝑥2 +
𝜕2𝜙(𝑥,𝑦)

𝜕𝑦2 =
−𝑞𝑁𝑐ℎ

𝜀𝑠𝑖
 (0≤ 𝑥 ≤ 𝐿 ; 0 ≤ 𝑦 ≤ 𝑡𝑠𝑖), (1) 

where 𝑁𝑐ℎ denotes the channel doping, 𝜀𝑠𝑖 is silicon dielectric permittivity, L is the con-

trol gate length, 𝜙(𝑥, 𝑦) denotes the channel potential, q is the elementary electron charge, 

and 𝑡𝑠𝑖  is the thickness of the device. 𝐴0 represents the surface potential and 

 𝐴1(𝑥), 𝐴2(𝑥) are coefficients and functions of the position on the surface [16]. 

𝜙(𝑥, 𝑦) = 𝐴0 + 𝐴1(𝑥)𝑦 + 𝐴2(𝑥)𝑦2. (2) 

The surface potential of different metals is represented as 

𝜙𝑗(𝑥, 𝑦) = 𝐴0𝑗 + 𝐴𝑗1(𝑥)𝑦 + 𝐴𝑗2(𝑥)𝑦2. (3) 

Here, j = 1, 2, 3 for metals M1, M2, M3, respectively; for 𝐿𝑗−1 ≤ 𝑥 ≤ 𝐿𝑗 and 0≤ 𝑦 ≤ 𝑡𝑠𝑖, 

𝜙𝑗 represents potential. The channel starts at L0, and the length of the cavity is Lc = L2 + L3. 

The use of three gate materials marks the presence of different flat band voltages and work 

functions. 𝜒 denotes the electron affinity, 𝐸𝑔 is a band gap at 300 K, and ΦB is the Fermi 

potential [30]. 

𝑉𝐹𝐵,𝐿1 = ΦM1 − ΦSi , 𝑉𝐹𝐵,𝐿2 = ΦM2 − ΦSi ,  𝑉𝐹𝐵,𝐿3 = ΦM3 − ΦSi , (4) 

where ΦM1,ΦM2, ΦM3  represent the work functions of different metals, and ΦSi  is the sil-

icon work function [19,31]. 

ΦSi = 𝜒 +
𝐸𝑔

2𝑞
+ ΦB , (5) 

  ΦB = 𝑉𝑇 ln (
𝑁𝑐ℎ

𝑛𝑖

) (6) 

where 𝑉𝑇 =
𝑘𝑇

𝑞
 is thermal voltage while 𝑛𝑖 represents the intrinsic concentration of sili-

con. Considering the continuity of the electric field along the front and back gate, we can 

write [31] 

 𝑑𝜙1(𝑥, 𝑦)

𝑑𝑦
|

𝑦=0

= −
𝐶𝑜𝑥𝑓 1

𝐶𝑠

𝑉𝑔𝑠1 − 𝐴01(𝑥)

𝑡𝑠𝑖

, (7) 

𝑉𝑔𝑠1 = 𝑉𝑔𝑠 − 𝑉𝐹𝐵,𝐿1,𝐶𝑠 =
𝜀𝑆𝑖

𝑡𝑆𝑖
,  

𝑑𝜙2(𝑥,𝑦)

𝑑𝑦
|

𝑦=0
= −

𝐶𝑜𝑥𝑓 2

𝐶𝑠

𝑉𝑔𝑠2−𝐴02(𝑥)

𝑡𝑠𝑖
, 𝑉𝑔𝑠2 = 𝑉𝑔𝑠 − 𝑉𝐹𝐵,𝐿2,  

𝑑𝜙3(𝑥,𝑦)

𝑑𝑦
|

𝑦=0
= −

𝐶𝑜𝑥𝑓 3

𝐶𝑠

𝑉𝑔𝑠3−𝐴03(𝑥)

𝑡𝑠𝑖
, 𝑉𝑔𝑠3 = 𝑉𝑔𝑠 − 𝑉𝐹𝐵,𝐿3.  

The capacitance below metal M1 (𝐶𝑜𝑥𝑓 1) is the combination of the capacitance across 

the basic dielectric layer (𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓1) and the fixed oxide capacitance (𝐶𝑜𝑓𝑖𝑥𝑒𝑑) [29] 

𝐶𝑜𝑥𝑓 1 =
𝐶𝑜𝑥𝑏𝑎𝑠𝑒1𝑓. 𝐶𝑜𝑓𝑖𝑥𝑒𝑑

𝐶𝑜𝑥𝑏𝑎𝑠𝑒1𝑓+ 𝐶𝑜𝑓𝑖𝑥𝑒𝑑
,  

Layer 3,  𝐶𝑜𝑓𝑖𝑥𝑒𝑑 =
𝜀𝑆𝑖𝑂2

𝑡𝑐𝑎𝑣𝑖𝑡𝑦
,  

𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 1 =
 𝐶𝑜𝑥𝐻.𝐶𝑜𝑥𝑠

 𝐶𝑜𝑥𝐻+𝐶𝑜𝑥𝑠
,  

where 
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Layer 1,  𝐶𝑜𝑥𝐻 =
𝜀𝐻𝑓𝑂2

𝑡𝑜𝑥𝑓
,  

Layer 2, 𝐶𝑜𝑥𝑠 =
𝜀𝑆𝑖𝑂2

𝑡𝑜𝑥𝑓
,  

Coxbasef 1 = capacitance of basic dielectric layer. Cofixed = capacitance of SiO2 layer near the 

cavity. 

Again, for metal gate M2, the capacitance of the basic dielectric layer (Coxbasef 2) is rep-

resented as 

𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 2 =
 𝐶𝑜𝑥2..𝐶𝑜𝑥22

 𝐶𝑜𝑥2+𝐶𝑜𝑥22
,  

Layer 1,  𝐶𝑜𝑥2 =
𝜀𝐻𝑓𝑂2+𝜀𝑆𝑖𝑂2

𝑡𝑜𝑥𝑓
,  

where 

𝜀𝑜𝑥2 = 𝜀𝐻𝑓𝑂2+ 𝜀𝑆𝑖𝑂2
,  

Layer 2,  𝐶𝑜𝑥22 =
𝜀𝐻𝑓𝑂2

𝑡𝑜𝑥𝑓
.  

Similarly, the basic dielectric layer capacitance across M3 (𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 3) is 

𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 3 =
𝜀𝐻𝑓𝑂2

2𝑡𝑜𝑥𝑓

,  

where toxf is the thickness of the front oxide, while 𝜀𝐻𝑓𝑂2
 and 𝜀𝑆𝑖𝑂2

are the dielectric per-

mittivities of HfO2 and SiO2. 

As shown in Figure 1, the cavity is formed under metal gates M2 and M3. The bio-

molecules are trapped under layers M2 and M3, and this changes the capacitance below 

M2 and M3. 

For a fully filled nano gap [16,20], 

𝐶𝑜𝑥𝑓 𝑖 =
𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 𝑖.𝐶𝑜𝑥𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑓

𝐶𝑜𝑥𝑏𝑎𝑠𝑒𝑓 𝑖+𝐶𝑜𝑥𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑓
, i = 2, 3 for M2, M3. (8) 

For the cavity where biomolecules are trapped,  𝐶𝑜𝑥𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑓 =
𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒

𝑡𝑐𝑎𝑣𝑖𝑡𝑦
. 

For a partially filled nano-gap under M2 and M3, 

𝐶𝑜𝑥𝑓 𝑖 =
𝜀𝑜𝑥𝑏𝑎𝑠𝑒𝑖.𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 .𝜀𝑎𝑖𝑟

𝜀𝑜𝑥𝑏𝑎𝑠𝑒𝑖.𝑡𝑎𝑖𝑟.𝑡𝑐𝑎𝑣𝑖𝑡𝑦+𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒.𝑡𝑎𝑖𝑟.𝑡𝑜𝑥𝑓+𝜀𝑎𝑖𝑟.𝑡𝑜𝑥𝑓.𝑡𝑐𝑎𝑣𝑖𝑡𝑦
,  

where 𝜀𝑜𝑥𝑏𝑎𝑠𝑒 2
=

𝜀𝑜𝑥2𝜀𝐻𝑓𝑂2

𝜀𝑜𝑥2+𝜀𝐻𝑓𝑂2
 and 𝜀𝑜𝑥𝑏𝑎𝑠𝑒 3

= 𝜀𝐻𝑓𝑂2. 

Considering the continuity of the electric field at the back gate, 𝑦 = 𝑡𝑠𝑖  [31], 

𝑑𝜙1(𝑥, 𝑦)

𝑑𝑦
|

𝑦=𝑡𝑠𝑖

= −
𝐶𝑜𝑥𝑏 1

𝐶𝑠

𝜙𝐵1(𝑥) − 𝑉𝑔𝑠1

𝑡𝑠𝑖

  

𝑑𝜙2(𝑥, 𝑦)

𝑑𝑦
|

𝑦=𝑡𝑠𝑖

= −
𝐶𝑜𝑥𝑏 2

𝐶𝑠

𝜙𝐵2(𝑥) − 𝑉𝑔𝑠2

𝑡𝑠𝑖

  

𝑑𝜙3(𝑥, 𝑦)

𝑑𝑦
|

𝑦=𝑡𝑠𝑖

= −
𝐶𝑜𝑥𝑏 3

𝐶𝑠

𝜙𝐵3(𝑥) − 𝑉𝑔𝑠3

𝑡𝑠𝑖

  

Similarly, the basic dielectric layer is fixed, hence, 

 𝐶𝑜𝑥𝑏 =
𝜀𝐻𝑓𝑂2

𝑡𝑜𝑥𝑏

,  

𝜙𝐵 is the back-gate potential. Thus, for a fully filled nano-gap in the back gate, 
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𝐶𝑜𝑥𝑏 𝑗 =
 𝐶𝑜𝑥𝑏. 𝐶𝑜𝑥𝑏−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑗

 𝐶𝑜𝑥𝑏+ 𝐶𝑜𝑥𝑏−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑗
, 𝑗 = 1, 2, 3,  

𝐶𝑜𝑥𝑏−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑗 =
𝜀𝑆𝑖𝑂2

𝑡𝑐𝑎𝑣𝑖𝑡𝑦

.  

For j = 1, M1 is 

𝐶𝑜𝑥𝑏−𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 𝑗, =
𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒

𝑡𝑐𝑎𝑣𝑖𝑡𝑦

, for 𝑗 = 2,3 i. e. , M2, M3  

For a partially filled nano gap under M2 and M3 in the back gate [16] 

𝐶𝑜𝑥𝑓𝑗 =
𝜀𝐻𝑓𝑂2

. 𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 . 𝜀𝑎𝑖𝑟

𝜀𝐻𝑓𝑂2
. 𝑡𝑎𝑖𝑟 . 𝑡𝑐𝑎𝑣𝑖𝑡𝑦 + 𝜀𝑏𝑖𝑜𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒 . 𝑡𝑎𝑖𝑟 . 𝑡𝑜𝑥𝑏 + 𝜀𝑎𝑖𝑟 . 𝑡𝑜𝑥𝑏 . 𝑡𝑐𝑎𝑣𝑖𝑡𝑦

,  

𝜙𝐵(𝑥, 𝑦) = 𝜙(𝑥, 𝑦)|𝑦=𝑡𝑠𝑖
.  

𝜙𝐵𝑗(𝑥, 𝑦) is the back gate potential for different metals (j = 1, 2, 3). 𝜙𝐵𝑗(𝑥, 𝑦) = 𝐴0𝑗(𝑥) +

𝐴𝑗1(𝑥)𝑡𝑆𝑖 + 𝐴𝑗2(𝑥)𝑡𝑆𝑖
2  for M1, M2, and M3 [30]. 𝜙𝑗(𝑥, 𝑦 = 0) = 𝐴0𝑗 is the surface potential. 

Considering the continuity of the surface potential at the interface [31], 

𝜙1(𝐿1, 0) = 𝜙2(𝐿1, 0), (9) 

𝜙2(𝐿2, 0) = 𝜙3(𝐿2, 0).  

The electric field continuity at the interface in the lateral direction is 

𝑑𝜙1(𝑥,𝑦)

𝑑𝑦
|

𝑥=𝐿1

=
𝑑𝜙2(𝑥,𝑦)

𝑑𝑦
|

𝑥=𝐿1

, (10) 

𝑑𝜙2(𝑥, 𝑦)

𝑑𝑦
|

𝑥=𝐿2

=
𝑑𝜙3(𝑥, 𝑦)

𝑑𝑦
|

𝑥=𝐿2

.  

𝜙1(0,0) = 𝑉𝑏𝑖𝑝𝑜𝑡 = VT ln (
NaNch

ni
2 ),  

where 𝑉𝑏𝑖𝑝𝑜𝑡 represents the built-in potential, and 𝑉𝐷𝑆 represents the voltage across the 

drain with respect to the source. 

𝑁𝑎 = 𝑁𝑑 = 𝑁𝑐ℎ , (11) 

as the device is homogeneously doped [26] 

𝜙3(𝐿3, 0) = 𝑉𝑏𝑖𝑝𝑜𝑡 +  𝑉𝐷𝑆 = 𝑉𝑇 ln (
𝑁𝑑𝑁𝑐ℎ

𝑛𝑖
2 ). (12) 

The constants can be evaluated by solving Equation (3). The obtained values are writ-

ten as 

𝐴11(𝑥) = −
𝐶𝑜𝑥𝑓 1

𝐶𝑠

𝑉𝑔𝑠1 − 𝐴01(𝑥)

𝑡𝑠𝑖

  

𝐴21(𝑥) = −
𝐶𝑜𝑥𝑓 2

𝐶𝑠

𝑉𝑔𝑠2 − 𝐴02(𝑥)

𝑡𝑠𝑖

  

𝐴31(𝑥) = −
𝐶𝑜𝑥𝑓 3

𝐶𝑠

𝑉𝑔𝑠3 − 𝐴03(𝑥)

𝑡𝑠𝑖
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𝐴12(𝑥) =

𝐶𝑜𝑥𝑏  𝑗
𝐶𝑠𝑡𝑠𝑖

(1 +
𝐶𝑜𝑥𝑓 1

𝐶𝑠
+

𝐶𝑜𝑥𝑓 1

𝐶𝑜𝑥𝑏𝑗
)

𝑡𝑠𝑖 (2 +
𝐶𝑜𝑥𝑓 𝑗

𝐶𝑠
)

[𝑉𝑔𝑠1 − 𝐴01(𝑥)]  

𝐴22(𝑥) =

𝐶𝑜𝑥𝑏 𝑗

𝐶𝑠𝑡𝑠𝑖
(1 +

𝐶𝑜𝑥𝑓 2

𝐶𝑠
+

𝐶𝑜𝑥𝑓 2

𝐶𝑜𝑥𝑏 𝑗
)

𝑡𝑠𝑖 (2 +
𝐶𝑜𝑥𝑓 2

𝐶𝑠
)

[𝑉𝑔𝑠2 − 𝐴02(𝑥)]  

𝐴12(𝑥) =

𝐶𝑜𝑥𝑏 𝑗

𝐶𝑠𝑡𝑠𝑖
(1 +

𝐶𝑜𝑥𝑓 3

𝐶𝑠
+

𝐶𝑜𝑥𝑓 3

𝐶𝑜𝑥𝑏 𝑗
)

𝑡𝑠𝑖 (2 +
𝐶𝑜𝑥𝑓 3

𝐶𝑠
)

[𝑉𝑔𝑠3 − 𝐴03(𝑥)]  

Substituting the above values into Equation (3) and comparing the result with Equa-

tion (1), we obtain 

𝜕2𝜙𝑗(𝑥)

𝜕𝑥2
− 𝑚𝑗𝜙𝑗(𝑥) = 𝑛𝑗, (13) 

where 

𝑚𝑗 = 
2𝐶𝑜𝑥𝑏 𝑗

𝐶𝑠𝑡𝑠𝑖
(1 +

𝐶𝑜𝑥𝑓𝑗

𝐶𝑠
+

𝐶𝑜𝑥𝑓𝑗

𝐶𝑜𝑥𝑏 𝑗
), (14) 

𝑛𝑗 = 
−𝑞𝑁𝑐ℎ

𝜀𝑠𝑖
−  

2𝐶𝑜𝑥𝑏 𝑗

𝐶𝑠𝑡𝑠𝑖
𝑉𝑔𝑠𝑗 (1 +

𝐶𝑜𝑥𝑓𝑗

𝐶𝑠
+

𝐶𝑜𝑥𝑓𝑗

𝐶𝑜𝑥𝑏 𝑗
).  

The surface potentials under the three regions are provided below: 

𝜙1(𝑥) = 𝑈 𝑒𝑥𝑝(𝜆1𝑥) + 𝑉 𝑒𝑥𝑝(−𝜆1𝑥) −
𝑛1

𝑚1
, (15) 

𝜙2(𝑥) = 𝑊 𝑒𝑥𝑝(𝜆2(𝑥 − 𝐿1)) + 𝑋 𝑒𝑥𝑝(−𝜆2(𝑥 − 𝐿1)) −
𝑛2

𝑚2

, (16) 

𝜙3(𝑥) = 𝑌 𝑒𝑥𝑝(𝜆3(𝑥 − 𝐿1 − 𝐿2)) + 𝑒𝑥𝑝(−𝜆3(𝑥 − 𝐿1 − 𝐿2)) −
𝑛3

𝑚3
,  

where 

𝜆𝑗 = √𝑚𝑗, j = 1, 2, 3  

To determine the boundary condition constants, Equation (6) is used: 

U = 𝑉𝑏𝑖𝑝𝑜𝑡 − 𝑉 +
𝑛1

𝑚1
  

𝑊 = 𝑈 exp(𝜆1𝐿1) +
𝑛2

𝑚2
−

𝑛1

𝑚1
  

𝑋 = 𝑉 exp(−𝜆1𝐿1) +
𝑛2

𝑚2
−

𝑛1

𝑚1
  

𝑌 = exp(−𝜆3𝐿3) + ⌊(Vbipot +  VDS) +
𝑛3

𝛼3
−Z exp(−𝜆3𝐿3)⌋  

𝑃1 = −
𝑛1

𝑚1

, 𝑃2 = −
𝑛2

𝑚2

, 𝑃3 = −
𝑛3

𝑚3

, 𝐷 =
𝐶1

𝐶2

,  

𝐶1 = exp(−𝜆1𝐿1 + 2𝜆3𝐿3) + exp(𝜆1𝐿1)  

𝐶2 = exp(−𝜆1𝐿1 + 2𝜆3𝐿3) − exp(𝜆1𝐿1)  
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E = 2D cosh(𝜆2𝐿2) − 2 sinh(𝜆2𝐿2)  

𝑉 =  
 (𝑉𝑏𝑖𝑝𝑜𝑡+ 𝑉𝐷𝑆)+exp(−(λ1𝐿1+λ3𝐿3)(1−𝐷)

𝐸
+

𝐷(𝑃3−𝑃2)

𝐸
+

𝑃3 exp(−(λ1𝐿1+λ3𝐿3)(𝐷−1)+𝑉𝑏𝑖𝑝𝑜𝑡+exp(λ2𝐿2)(1−𝐷)+𝑃1 exp(λ2𝐿2)(1−𝐷)

𝐸
+

(𝐷(𝑃1−𝑃2) cosh(λ2𝐿2−λ1𝐿1)− sinh(λ2𝐿2−λ1𝐿1))

𝐸
, 

 

Z = 
2𝑉sinh(𝜆2𝐿2)

𝐶2
+

𝑃1 exp(𝜆2𝐿2)

𝐶2
+

(𝑃2−𝑃3)

𝐶2
 +

(𝑉𝑏𝑖𝑝𝑜𝑡+ 𝑉𝐷𝑆)+exp(−(𝜆1𝐿1+𝜆3𝐿3)

𝐶2
+

Vbipot exp(𝜆2𝐿2)

𝐶2

− [(𝑃1−𝑃2) cosh(𝜆2𝐿2−𝜆1𝐿1)]−⌊𝑃3 exp(−(𝜆1𝐿1+𝜆3𝐿3)⌋

𝐶2
. 

 

The expression for the lateral electric field is derived as 

𝐸1𝑥(𝑥) =  − 
𝑑𝜙1(𝑥,𝑦)

𝑑𝑥
|

𝑦=0
= − 𝑈 𝜆1𝑒𝑥𝑝(𝜆1𝑥) + 𝑉𝜆1 𝑒𝑥𝑝(𝜆1𝑥),  

𝐸2𝑥(𝑥) =  − 
𝑑𝜙2(𝑥, 𝑦)

𝑑𝑥
|

𝑦=0

= − 𝑊 𝜆2𝑒𝑥𝑝(𝜆2(𝑥 − 𝐿1)) + 𝑋𝜆2 𝑒𝑥𝑝(−𝜆2(𝑥 − 𝐿1)),  

𝐸3𝑥(𝑥) =  − 
𝑑𝜙3(𝑥,𝑦)

𝑑𝑥
|

𝑦=0
 = 𝑌 𝜆3𝑒𝑥𝑝(𝜆3(𝑥 − 𝐿1 − 𝐿2)) + 𝑍 𝜆3𝑒𝑥𝑝(−𝜆3(𝑥 − 𝐿1 − 𝐿2)).  

The vertical electric field is 

𝐸1𝑦(𝑥) = − 
𝑑𝜙1(𝑥,𝑦)

𝑑𝑦
= −𝐴11(𝑥) − 2𝑦𝐴12(𝑥),  

𝐸2𝑦(𝑥) = − 
𝑑𝜙2(𝑥, 𝑦)

𝑑𝑦
= −𝐴21(𝑥) − 2𝑦𝐴22(𝑥)  

𝐸3𝑦(𝑥) = − 
𝑑𝜙3(𝑥,𝑦)

𝑑𝑦
= −𝐴31(𝑥) − 2𝑦𝐴32(𝑥)  

The expression for the current is obtained using Kane’s model [2,24] as 

𝐼𝐷 = 𝑞 ∫ 𝐺𝐵𝑇𝐵 𝑑𝑣 (17) 

𝐺𝐵𝑇𝐵 = 𝐴𝑘𝑎𝑛𝑒

|𝐸|2

√𝐸𝑔

 𝑒𝑥𝑝 [−𝐵𝑘𝑎𝑛𝑒

𝐸𝑔

3
2

|𝐸|
]  

E is the average electric field, and 𝐸𝑔 is the energy bandgap. 

𝐴𝑘𝑎𝑛𝑒 =  4 × 1014  V
−5
2 s−1cm

−1
2 ;  𝐵𝑘𝑎𝑛𝑒 = 1.9 × 107  

V

cm
.  

Thus, the modeling of the TFET design can be initiated with the basic Poisson equa-

tion; then, the standard solution is represented by Equation (2). Depending on the device 

architecture, the materials used can be modified and represented in the equations. Finally, 

the surface potential and electric fields are computed and a continuity relation is applied. 

Once we obtain the electric field, we can also compute the drain current using Kane’s 

relation. 

In a TFET-based biosensor, the main architecture change occurs only in the cavity 

region, which impacts the capacitance calculation. Thus, the capacitance in each region 

needs to be calculated. 

4. Results and Discussions 

The energy band of the proposed biosensor is shown in Figure 3. As the dielectric 

permittivity across the cavity increases, the electric field maximizes, and, therefore, the 

best possible alignment occurs. The dotted line shows the alignment when a dielectric 
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with a permittivity of k = 12 fills the cavity, whereas the straight line shows the situation 

for k = 1 (air). It was observed that there is less alignment between the bands for a cavity 

filled with air. If the energy bands that are aligned are higher, the tunneling width de-

creases, and thus, the probability of carrier tunneling is better. The green arrow in the 

figure depicts the tunnel width. 

 

Figure 3. Energy band diagram of a DM-JLTFET as a biosensor for k = 12 (dashed and dash-dotted 

lines) and k = 1 (solid lines). The green arrow shows the tunnel width. 

4.1. Validation of the Proposed Structure and Its Mathematical Model 

The performance of the proposed structure is validated by comparing it with the ex-

isting structures, as shown in Table 2. Similarly, the surface potential model is depicted in 

Figure 4 for various dielectrics. The variation in the potential along the channel is studied. 

It was observed that the potential drops across the channel. The step change in the poten-

tial profile is due to the use of three different materials across the control gate. The poten-

tial profile then drops to zero in the source region. Because of the higher effective capaci-

tance caused by the increased dielectric permittivity, k, the barrier width at the source-

channel junction drops, resulting in a rapid rise in the surface potential across the tunnel-

ing area. Thereafter, the modeled and simulated values of the surface potential are com-

pared in Figure 5. The graph demonstrates the congruence of the surface potential values 

between those that were modeled and those that were simulated, thus proving the viabil-

ity of the suggested model. 

 

Figure 4. Surface potential along the channel for different permittivities. 
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Table 2. A comparison with reference works. 

References ION (A/μm) IOFF (A/μm) Ratio Vth (V) 
SS (Average) 

mV/dec 

SS (Point) 

mV/dec 

Ref. [25]  36 × 10−6 5 × 10−14 6 × 108 0.4 70 38 

Ref. [30] 1 × 10−6 1 × 10−13 6 × 107 0.8 48 - 

Ref. [39] 18 × 10−5 3 × 10−13 6 × 108 0.4 - 17 

Present work (k = 

12) 
3 × 10−4 2.4 × 10−17 1.2 × 1013 0.3 48 9 

 

Figure 5. Comparison of surface potential values along the microchannel—analytical model (solid 

lines) vs. simulation (dashed). 

4.2. Drain Current Variation for Different Values of k for Electrically Neutral Biomolecules 

The current variation for different dielectrics in fully filled nano-gaps is shown in 

Figure 6. The analyte materials selected are air (k = 1.0), biotin (k = 2.0), ferro-cytochrome 

(k = 4), bacteriophage T7 (k = 6), zein (k = 7), keratin (k = 9), and gelatin (k = 12), as shown 

in Table 3. The similarity between the analytically modeled and simulated values shows 

the accuracy of the proposed model. The gate oxide across the tunnel junction is etched to 

create biosensor cavities. Following that, analyte molecules with different dielectric per-

mittivities, such as keratin, gelatin, etc., are filled into these cavities. Capacitances vary 

because of changes in the analyte dielectric permittivity. The ensuing change in capaci-

tance causes a shift in the charge density across the junction, boosting the surface potential 

and, in turn, increasing the electric field across the junction. Thus, higher electric fields 

result in better coupling and thereby increase the current density, which is responsible for 

higher tunneling as the permittivity rises, and this results in a high current. 

Table 3. Dielectric permittivity values. 

Parameters Values for k 

Air 1 

Ferro-cytochrome 4 

Biotin 2 

Bacteriophage T7 6 

Zein 7 

Keratin 9 

Gelatin 12 
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The selectivity of our sensor can be boosted in the usual way by functionalizing its 

sensing surface by attaching receptors to it that specifically bind the targeted analyte (lig-

and), thus vastly improving the affinity. Some of the convenient receptor–ligand pairs 

applied to a TFET with a source cavity are quoted in a paper by Soni et al. [40]. For the 

current sensor architecture, the specific binding occurs mainly via the cavity approach, 

wherein the dielectric modulation-based label-free sensing technique is used, thus ensur-

ing the proper transduction of the amount of the targeted analyte to a proportional mod-

ification of the output electric signals. Consequently, a significant increase can be seen in 

the device surface potentials. This will result in a considerable increase in the charge car-

riers, which will intensify the abruptness across the junction. The capacitance will be im-

pacted by this shift as well, which will alter the electric field, and thus, the drain current 

will also change. 

 

Figure 6. Variation in drain current versus gate voltage for biomolecules with different values of 

dielectric permittivity: a comparison of analytical and simulated results. 

This technique can also be used for measurements of a typical sample of dilute bio-

molecules in a solution. For biological applications, it is critical to correctly identify bi-

omarkers in clinically pertinent samples. By injecting a solution into the cavity surface 
that does not contain the desired biomolecule (blank), a baseline for the device’s current 

can be established for a typical sample. When the solution containing the biomolecule is 

subsequently added, the device’s current changes right away and finally stabilizes. Ref. 

[27] described a similar method of dilute biomolecule detection. 

4.3. Effect of Variation of Drain Current with Length of Cavity 

The cavity length varies from 10 nm to 30 nm, keeping k = 12 and the cavity thickness 

at 5 nm, while the gate voltage is maintained at 1 V and the drain voltage at 1 V. The drain 

current gate voltage dependence for different cavity lengths is shown in Figure 7. It was 

observed that, for a length of 10 nm, the current sensitivity is quite low, and if the length 

increases to 20 nm, the ON current raises. However, if we further increase the length, there 

is a small decrease in the drain current. Moreover, the OFF current remains almost con-

stant. This behavior is due to the fact that, for a 20 nm cavity, the maximum electric field 

appears at the tunnel junction, and the energy bands are perfectly aligned. Thus, the max-

imum number of carriers can tunnel across the junction, resulting in an increase in the 
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drain current. As we further increase the length, the alignment is impaired, and the tun-

neling reduces. The modeling and simulation results show similar values (overlapping in 

the figure). 

 

Figure 7. Drain current versus gate voltage for different cavity lengths. 

4.4. Effect of Drain Current Variation with Cavity Thickness 

The impact of drain current variation on the thickness of the cavity is shown in Figure 

8. The length of the cavity, the gate voltage, and the drain voltage are kept fixed at 20 nm, 

1 V, and 1 V, respectively. It was found that, as the thickness increases, the effective tun-

neling barrier widens, and it becomes difficult for the carriers to tunnel across the junction. 

Therefore, as the carrier tunneling reduces, the drain current consequently decreases. Be-

cause of poor gate control in the channel area, the current drops as the thickness rises 

while the threshold voltage rises. 

 

Figure 8. Drain current versus gate voltage for different values of the cavity thickness. 
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4.5. Effects of Electrically Charged Biomolecules 

The impact of electrically charged (positive/negative) biomolecules in a fully filled 

nano-gap is depicted in Figure 9. The graph shows that the drain current rises with an 

increase in positive charges (a left shift of the characteristics), whereas it decreases with 

an increase in negative charges (a right shift). This can be represented by the MOSFET 

equation [32]: 

𝑉𝐺𝑆 = 𝜓𝑠 + 𝜙𝑚𝑠 −
𝑞𝑁𝑏𝑖𝑜

𝐶𝑜𝑥′
, 𝐶𝑜𝑥′ =

𝑘

𝑡𝑜𝑥
, (18) 

where the symbols have their usual meaning. 

The charge in a biomolecule significantly depends on pH. In our simplified model, 

proteins and nucleic acids, as charged macromolecules, are represented by the charges of 

their ionizable residues. The measurement of charges is carried out at a particular pH. 

Some experimental ranges for charges in biomolecules, as mentioned in [41], at pH 7 are 

shown here (a charge of 1.0 e for Arg and Lys; a charge of 1.0 e for Glu and Asp). As 

mentioned in [42], biotin has a pI of 3.5, where pI signifies the isoelectric point. The isoe-

lectric point is the pH value where a molecule exhibits a neutral net charge. For any value 

below pI, the biomolecule exhibits a positive surface charge, and above that, it represents 

a negative surface charge. Similarly, streptavidin has a pI value of 5.5. 

Conventionally, most of the reported TFET-based biosensors were tested for a charge 

range of −5 × 1011 to +5 × 1012. 

 

 

(a) (b) 

Figure 9. (a) Drain current versus gate voltage for different values of electric charge in biomolecules. 

(b) Enlarged part of the current–voltage dependence shown in (a). 

4.5.1. Threshold Voltage and Sensitivity Analysis for Negatively Charged Biomolecules 

The impact of a negative charge of −1 × 1012 C/cm2 with variation in dielectric permit-

tivity is plotted in Figure 10a. As depicted in Figure 10b, the sensitivity shows a declining 

trend as the negative charge increases. However, for a fixed charge, the sensitivity in-

creases with k. As shown in Figure 10c, the drain current shifts toward the right with an 

increase in negative charge, and thus, the threshold voltage increases. However, for a 

fixed charge, the threshold voltage increases with k. According to Equation (18), for a fixed 

gate voltage, the surface potential declines with an increase in negative charges, and thus, 

the current also declines. 
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(a) (b) 

 
(c) 

Figure 10. (a) Drain current for negative molecules, −1 × 1012 C/cm2 with permittivity variation. (b) 

Sensitivity as a function of a negative charge with permittivity variation. (c) Threshold voltage as a 

function of negative charge with permittivity variation. 

4.5.2. Threshold Voltage and Sensitivity Analysis for Positively Charged Biomolecules 

The impact of a positive charge of 1 × 1012 C/cm2 with variation in dielectric permit-

tivity is plotted in Figure 11a. As depicted in Figure 11b, the sensitivity increases as the 

magnitude of the positive charge increases. However, for a fixed charge, the sensitivity 

increases with the k value. As shown in Figure 11c, the drain current shifts toward the left 

with an increase in the positive charge, resulting in a decrease in the threshold voltage. 

However, for a fixed charge, the threshold voltage increases with the k value. 
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Figure 11. (a) Drain current for positive molecules, 1 × 1012 C/cm2 with permittivity variation. (b) 

Sensitivity as a function of a positive charge. (c) Threshold voltage as a function of a positive charge. 

4.6. Impact of Fill Factor 

The performance of a biosensor depends on the fraction of the cavity filled with bio-

molecules. Figure 12 shows the impact of the fill factor on the drain current when the 

cavities are 100% filled, 75% filled, and 25% filled. When the cavity is fully filled, the drain 

current increases, as the gate can exert maximum control over the channel, and the current 

increases. As the fill factor declines, the cavity has a lower number of biomolecules, and 

the rest of the cavity is filled with air. This means that the capacitance reduces, and this in 

turn results in a drop in the electric field across the tunnel junction. Thus, the current de-

clines with a reduction in the fill factor. 
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Figure 12. Drain current versus gate voltage for various fill factors. 

4.7. Sensitivity Analysis 

A shift in current with a change in the dielectric value is known as current sensitivity. 

The dielectric permittivity across the polar gate is kept fixed, whereas cavities are etched 

in the control gate across the tunnel junction. The performance is assessed by filling the 

cavities with biomolecules of different dielectrics. The performance is studied for both 

analyte-filled (k = 12) and empty cavities (k = 1), i.e., air-filled. The current sensitivity is 

determined as the ratio of the current when the cavity is filled with biomolecules of k = 12 

to the current when the cavity is filled with air for a fixed gate voltage, as shown in Figure 

13. As the dielectric permittivity increases, the capacitance across the cavity also increases. 

As a result of the resulting change in capacitance, the charge density across the junction 

shifts, raising the surface potential, and, consequently, the electric field across the junction 

increases. A higher electric field results in better coupling, leading to improved tunneling 

efficiency and resulting in a higher ON current. The OFF current remains more or less 

unaffected, thereby improving the overall current ratio. 

 
(a) 
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Figure 13. (a) Current sensitivity (ON/OFF current ratio) dependence on k-value. (b) ON current 

dependence on k-value. 

4.7.1. Current Sensitivity 

The current sensitivity calculation can be presented as follows: 

𝑆𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 
𝐼𝐷

𝐵𝑖𝑜

𝐼𝐷
𝐴𝑖𝑟| Vgs = 10−4

10−17 = 1013  

The current sensitivity in the presence of biomolecules with a permittivity, k, is 𝐼𝐷
𝐵𝑖𝑜 

= 10−4. The current sensitivity in an empty cavity with k = 1 (air) is 𝐼𝐷
𝐴𝑖𝑟  = 10−17. Vgs = con-

stant. 

4.7.2. Threshold Voltage Sensitivity 

The threshold voltage (Vth) sensitivity calculation can be presented as follows: 

𝑆𝑣𝑜𝑙𝑡𝑎𝑔𝑒  = Vth (air, k = 1) − Vth (bioanalyte, k = 12) = 1 V − 0.3 V = 0.7 V  

4.8. Impact of Dielectric Permittivity Variation on Current Ratio (Current Sensitivity) 

The impact of the variation in the dielectric constant of the material on the drain cur-

rent and current ratio is depicted in Figure 13. The ON current increases with the k-value 

as the alignment of the band improves with an increasing dielectric permittivity. This is 

due to the fact that as the dielectric value increases, the gate control across the tunnel 

junction also improves. Moreover, with an increase in the dielectric permittivity value, the 

capacitance across the tunnel junction increases; i.e., the charge carrier concentration 

across the junction rises, which, in turn, increases the electric field across the junction. 

Thus, a better alignment is achieved. Moreover, as the OFF current remains almost the 

same, the current ratio also increases, and hence, the relative sensitivity also improves. 

4.9. Impact of Dielectric Permittivity Variation on Threshold Voltage 

The effect of dielectric permittivity variation on threshold voltage is shown in Figure 

14. The threshold voltage is calculated by the constant current method at a 10−7 value for 

the ON current. We found that the threshold voltage thereby declines with a rise in the k 

value. As the k value increases; the coupling improves; the band alignment becomes better 

because of the increased electric field; and, hence, the tunneling probability becomes 

higher. 
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Figure 14. Threshold voltage dependence on dielectric permittivity. 

4.10. Impact of Dielectric Permittivity on Subthreshold Swing (SS) 

One of the important parameters that determines the switching speed is the SS [43]. 

SS = 
𝜕𝑉𝑔𝑠

𝜕𝑙𝑜𝑔𝐼𝑑𝑠
 mV/dec.  

The SS of a TFET depends significantly on the tunneling phenomenon [38]. The plot 

in Figure 15 reflects that, for neutral biomolecules, SS decreases with an increase in the k-

value. This is due to the fact that, as mentioned in the previous subsection, a higher k value 

will result in a higher electric field, which is why the tunneling probability increases. 

ΔSS = 
𝑆𝑆𝑎𝑖𝑟−𝑆𝑆𝑏𝑖𝑜

𝑆𝑆𝑎𝑖𝑟
 = 

72−48

72
= 0.33 mV/dec  

 

Figure 15. Subthreshold slope dependence on dielectric permittivity, d. 

4.11. Comparison with Literature 

A comparative survey presented in Table 4 shows that the proposed JLTFET can 

achieve current sensitivities two orders of magnitude higher than competing TFET-based 

devices from the literature. In other words, this device is capable of achieving ION/IOFF sen-

sitivity in the range of 1013 for current and 0.7 V for voltage change. 

Table 4. Comparison of different TFET-based biosensor designs. 

References ION/IOFF ΔVth, V ΔSS, mV/dec 

Ref. [26] 1010 0.45 0.25 
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Ref. [32] 1011 - - 

Ref. [34] 1010 0.7 - 

Ref. [35] 109 0.7 - 

Present work 1013 0.7 0.33 

5. Conclusions 

This work discusses the application of JLTFET-based biosensors for the detection of 

various biomolecules. Both the relative current sensitivity and the voltage sensitivity of 

the proposed sensor are analyzed, and values of 1013 and 0.7 V are reported. The analytical 

model of the proposed device is developed. It is solved and validated using the Sentaurus 

TCAD software. The impact of the position, the electric charge of the biomolecules, the fill 

factor, and the size of the cavity are also studied. The device not only exhibits a signifi-

cantly improved relative current sensitivity in comparison with the existing FET and 

TFET-based biosensors but also shows itself to be practical for low-power uses. Thus, a 

dielectric-modulation-based design opens a pathway to improved performance and offers 

a wide range of possibilities for future research and applications. 
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