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A dielectric modulation strategy of a TFET structure is reported in this work to improve sensing of bi-

omolecules. A junctionless TFET structure is proposed in order to make the fabrication process easier. 

Metals with specific work functions are deposited on the source and drain regions to accumulate charge 

carriers and create the junction. A high-k gate dielectric material (HfO2) is used to improve the gate capac-

itance. The performance parameters of the device are given by the OFF-state to ON-state current ratio 

(IOFF/ION) and sub-threshold swing (SS). Further, the structure is made vertical to enhance the electric field 

so that ION current will increase up to 10 – 4 A/µm. A nanocavity near the fixed gate is made to improve the 

capture area of the biosensor. TCAD models are simulated for the sensitivity range by filling the biosensor 

neutral/charged biomolecules with different dielectric constants. Due to the joint introduction of vertical 

and lateral tunnelling, the sensitivity of the proposed biosensor increased to 108. The drain current in-

creased with an increase in the positive charge and decreased with an increase in the negative charge of 

biomolecules. The sensitivity in the proposed structure increased by a factor of 104 compared to the sensi-

tivity reported till date in the literature. This shows that the proposed biosensor can be integrated with 

solid state circuit to be used in wearable electronics. 
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1. INTRODUCTION 
 

Scaling of MOSFET over the years has resulted un-

desirable surge in short-channel effects such as high on 

current (Ion), Ion/Ioff ratio, Drain Induced Barrier Lower-

ing (DIBL), and the subthreshold swing is also restrict-

ed to maximum of 60 mV/dec, which limits supply volt-

age scaling and degrades the device performance. As a 

result, substantial research is being carried out to re-

place the devices [1]. To overcome these challenges, the 

tunnelling field effect transistor (TFET) is used as an 

effective alternative in which the current conduction 

happens through band-to-band tunnelling (BTBT) 

mechanism [2]. When compared to MOSFET, TFET 

has a substantially lower subthreshold swing. Due to 

its large tunnelling barrier in the off state, it has a 

lower leakage current, less power dissipation, and a 

very less IOFF current [3-5]. 

A DM-FET based biosensor is an emerging device for 

its potential to detect biomolecules. This has a number of 

advantages including downsizing and improved respon-

siveness with increased sensitivity [6]. Despite its bene-

fits, FETs have a lower sensitivity in the presence of bio-

molecules. This makes the device less effective in recog-

nizing the biomolecule with good accuracy [7]. 

In today’s era, TFETs are becoming as popular de-

vice for medical healthcare among the aging popula-

tion. The successful prediction of extent of disease con-

tamination and early syndrome finding is important for 

monitoring the health of patients. Biomolecules such as 

biotin-streptavidin (k  2) [8], charged amino acid like 

Gluten (k  11-20); keratin and zein (k  5-8) are neces-

sary to identify the presence of certain diseases [9]. The 

claimed sensitivity and Ion/Ioff ratio, on the other hand, 

are both extremely low. [10]. 

The working principle of TFET based biosensor is 

the development of nanocavity below the gate dielectric 

of the DM-TFET structure [11]. Nanocavity is formed 

by etching off a part of the gate dielectric material. The 

TFET structure detects target biomolecules that are 

trapped in the nanogap cavity based on changes in the 

nanogap's dielectric constant, which are then reflected 

in the drain current [12]. Proteins are simulated with 

almost the same dielectric constant as the biomolecule. 

[13, 14]. The diffusion of carriers from the source to the 

channel area and vice versa complicates the creation of 

an abrupt junction profile. However, the strong doping 

of the Source and Drain regions of the TFET structure 

complicates device fabrication [15]. 

The above discussed limitation can be overcome by 

the proposed Junctionless VTFET structure. The junc-

tionless VTFET is a uniformly doped silicon structure 

in which junctions are formed by charge-plasma con-

cept [16, 17]. The main emphasis in this paper is to 

improve the ION current and the sensing property. 

Simulation is done with different dielectric constants 

k  1, 5, 7 and 8 for different biomolecules [18]. The 

effect on sensitivity due to charged and neutral biomol-

ecule is studied. Further, the proposed structure is 

benchmarked for sensitivity analysis against the struc-

ture reported in literature [19, 20]. 

 

2. DEVICE STRUCTURE AND THEORY 
 

As demonstrated in Fig. 1b, the nanogaps are gen-

erated by etching off both sides of dielectric HfO2. The 

biomolecules capture area is increased by the presence 

of these nanogaps on both sides of HfO2. The biomole-

cules are anchored by a layer with a thickness of 5 nm. 

The simulation is run using the VTFET as biosensor. 
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Fig. 1 – (a): Schematic of the nanogap embedded JL VTFET 

device and (b): Cross sectional device structure of Junctionless 

Vertical TFET 
 

Fig. 1a depicts the proposed Junctionless IDoff,k and 

IDoff,Air are the drain currents when nanogaps are filled 

with biomolecules and when it is empty at fixed VGS 

and VDS. It is seen from the Fig. 2 that with increase in 

value of K, there is decrease in Ioff current and hence 

sensitivity increases. JL VTFET has sensitivity in or-

der of 106 when k  8. More Electric field lines can be 

generated by increasing the k value that decreases the 

off current and increases the Ion. The device’s gate is 

divided into two sections, with work functions 

Фm1  5.4 eV and Фm2  5.9 eV that is near to source 

and drain sides respectively. The length of gate from 

source to drain is 40 nm. The device has a doping con-

centration of 1  1019 cm – 3. 
Silvaco TCAD programme. Only one type of biomol-

ecule is thought to be anchored at a time within the 

cavities. The simulation looks at neutrally charged 

biomolecules, negatively charged biomolecules, and 

positively charged biomolecules. Various mathematical 

models are adapted to analyze the device. 

 

3. RESULTS AND DISCUSSION 
 

This section discusses the simulation results of the 

proposed Junctionless VTFET based biosensor consid-

ering four dielectric constants (k  1, 2, 5, 8). Impact of 

charged biomolecules in on current (Ion) is taken into 

consideration. 

 

3.1 Changes in Sensitivity Due to Neutral  

Biomolecules 
 

Fig. 2 shows the change in drain current with gate 

voltage (VGS) for JL VTFET for neutral biomolecules 

having k  1 at VDS  1 V for completely filled 

nanogaps. When k  1, the nanogap cavity is filled with 

air. The diagram depicts that as the dielectric constant 

increases, the Ion current increases. In addition to lat-

eral tunnelling, band-to-band tunnelling occurs per-

pendicular to the gate oxide. Additionally, using a gate 

metal with a larger work function near the drain, de-

creases the OFF-state current (Ioff). IOFF is mostly de-

termined by thermionic emission as with the MOSFET 

rather than tunnelling probability. This also helps with 

the SS improvement. As a result, the overall I-V char-

acteristics is improved. The sensitivity of these biosen-

sors when immobilized with neutral biomolecules is 

investigated. Due to its capacity to reflect the sensor's 

reaction to the detecting targets, the condition when 

the nanogap is empty or filled with air is chosen as a 

reference for biosensors. The sensitivity of the device is 

calculated by [19]. 
 

 
 

Fig. 2 – I-V curve for neutral biomolecules at k  1, 2, 5, and 8 
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3.2 Impact of Charged Biomolecules 
 

Fig. 3 and Fig. 4 illustrate the effect of charged bi-

omolecule on drain current at fixed VGS for JL VTFET 

with k  1, 2, 5, 8. The drain current rises with the 

increase in positive charge and decreases with increase 

in negative charge of biomolecule per unit area. This is 

because when positive charge biomolecule fills the 

nanogaps, the biosensor's surface potential drops. The 

next sub-sections give the details of impact of charged 

biomolecules. 
 

1) Change in Sensitivity due to Negative 

Charge Biomolecules 
 

 

a 

b 
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Fig. 3 – Change in I-V characteristics for negatively charged 

biomolecule at k  2 (a), k  5 (b) and k  8 (c) 
 

The graphs show that with increase in the amount 

of negatively charged biomolecules, the sensitivity 

decreases. The potential balance equation of the metal-

oxide semiconductor is given by [19] 
 

 
GS s MS

eff

q N
V

c

 
     

 
   (2) 

 

where ΨS represents the surface potential, N denotes 

the charge of biomolecule per unit area, Φms represents 

the contact potential, Ceff represents the effective ca-

pacitance per unit area and q is unit charge. If VGS and 

K are fixed the value of negative charged biomolecule is 

increased, then ΨS decreases which causes decrease in 

the drain current and hence decreases sensitivity. Fur-

thermore, raising the value of k while maintaining VGS 

and N as constant leads to rise in ΨS and results 

in increase of drain current and therefore sensitivity. 
 

2) Change in Sensitivity due to Positive 

Charge Biomolecules 
 

The influence of positive charge biomolecules on I-V 

characteristics and sensitivity is studied in this section. 

Fig. 4a, b, c shows the change in drain current in pres-

ence of positive charge biomolecule at k  2, 5, 8. Simi-

lar to section 1, there is an increasing slope in the 

plots. Positive charged biomolecules at the interface 

region reduces the p-type channel, allowing for en-

hanced tunnelling at the source to channel junction. 

This explains scaling down of threshold voltage and 

reduction in VGS required for operation of the device. 
 

 
 

 
 

 
 

Fig. 4 – Change in I-V characteristics for positive charge bio-

molecule at k  2 (a), k  5 (b), k  8 (c) 
 

Table 1 – Extracted value of proposed structure for k  8 
 

Reported works SS (mV/dec) Ion/Ioff ratio Sensitivity 

DG-TFET [16] 50 5.8  102 1.05  102 

Conventional 

TFET [17] 
50.6 – 50 

Lateral DMFET 

[20] 
74 101 10 

Vertical DMFET 

[20] 
64 102 40 

Proposed  

structure 
45.8 1.38  1010 6.756  104 

 

Table 1 shows the values of short channel parame-

ters of the proposed structure at k  8 in presence of 

charged biomolecules. Change in the interface charge 

alters the short channel parameters. Increase in posi-

tive interface charge creates reduction in the IOFF cur-

rent with a lower threshold voltage compared to the 

a 

b 

c 

b 
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previous smaller positive interface charge. We can 

observe from Table 1 that reduction in the sub thresh-

old swing happens with increase in positive interface 

charge. In the same way, increase in the negative inter-

face charge creates decrease in Ion and Ioff current and  

a higher threshold voltage compared to the previous 

smaller negative interface charge. We can observe from 

Table 1 that decrease in negative interface charge re-

duces the VTH with slight increase in sub threshold  
 

Table 2 – Comparison of the proposed structure with reported 

biosensor 
 

Interface 

Charge 
Ioff (A/m) Ion (A/m) VTH (V) 

Sub-

threshold 

swing 
(mV/ 

decade) 

Sensitivity 

0.00 7.88  10 – 15 1.09  10 – 5 3.40  10 – 1 4.58  101 2.09  103 

1.00  1011 9.70  10 – 15 1.14  10 – 4 3.36  10 – 1 4.59  101 1.70  103 

4.00  1011 1.82  10 – 14 1.28  10 – 4 3.02  10 – 1 4.61  101 9.07  102 

8.00  1011 4.37  10 – 14 1.48  10 – 4 2.62  10 – 1 4.64  101 3.78  102 

2.00  1012 6.42  10 – 13 2.08  10 – 4 1.53  10 – 1 4.76  101 2.57  101 

6.00  1012 2.29  10 – 9 4.00  10 – 4 1.32  10 – 1 4.91  101 7.20  10-3 

– 6.00  1012 9.15  10 – 18 8.41  10 – 17 6.54  10 – 1 4.81  101 1.80  106 

– 2.00  1012 2.44  10 – 16 2.90  10 – 5 5.58  10 – 1 4.68  101 6.76  104 

– 8.00  1011 1.65  10 – 15 7.82  10 – 5 4.35  10 – 1 4.71  101 1.00  104 

 swing. Comparison of proposed structure with pub-

lished works is shown in Table 2. The proposed work 

shows better sensitivity with lesser sub threshold 

swing compared to the dielectric modulated TFETS and 

double-gate TFETs reported from the published works. 

 

4. CONCLUSIONS 
 

A dielectric modulated junction less vertical TFET 

based label-free biosensor with nanogaps of 10 nm on 

both side of the fixed dielectric material (HfO2) is pro-

posed in this work. The Ion/Ioff ratio of JL VTFET for 

completely loaded neutral biomolecules are 1.38  1010 

with k  8. Due to the existence of both lateral and 

vertical tunnelling, it has a higher sensitivity of 108. 

The effect of negatively/positively charged biomolecules 

on sensing performance has been researched. With 

increment of negatively charged biomolecules in the 

nanogaps, the sensitivity of biosensor was observed to 

decrease and with increment of positively charged bio-

molecules, the sensitivity is increased. Thus, JL VTFET 

may function as a high-sensitivity and low power bio-

sensor related application. 
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У роботі повідомляється про стратегію діелектричної модуляції структури TFET для покращення 

зондування біомолекул. Безперехідна структура TFET запропонована для спрощення процесу 

виготовлення. Метали з певними роботами виходу електронів осаджуються на ділянках джерела та 

стоку для накопичення носіїв заряду та створення переходу. Для покращення ємності затвора 

використовується діелектричний high-k матеріал (HfO2). Експлуатаційні параметри пристрою 

визначаються співвідношенням струмів у вимкненому стані до увімкненого (IOFF/ION) і підпороговим 

коливанням (SS). Далі конструкцію роблять вертикальною для підсилення електричного поля, отже 

іонний струм збільшується до 10 – 4 А/мкм. Для покращення області захоплення біосенсора зроблена 

нанопорожнина біля нерухомого затвора. Моделі TCAD моделюються для діапазону чутливості 
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шляхом заповнення біосенсора нейтральними/зарядженими біомолекулами з різними 

діелектричними сталими. Завдяки спільному впровадженню вертикального та бічного тунелювання 

чутливість пропонованого біосенсора зросла до 108. Струм стоку збільшувався зі збільшенням 

позитивного заряду та зменшувався зі збільшенням негативного заряду біомолекул. Чутливість у 

запропонованій структурі зросла в 104 рази порівняно з чутливістю, про яку повідомлялося в 

літературі. Це показує, що пропонований біосенсор може бути інтегрований з твердотільною схемою 

для використання в розумній електроніці. 
 

Ключові слова: TFET, Біосенсор, Безперехідний, Підпорогове коливання. 


