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1. INTRODUCTION 

Everyone faced lot of difficulties during COVID so it is good 

to detect any disease timely for minimizing the spread of the 

virus. As Herpes infections can be asymptomatic or present 

with mild symptoms in some cases. So timely detection is 

essential for initiating appropriate medical interventions and 

preventing complications. Biosensors are of different types, 

some of them are mentioned in literature such as Electro-

mechanical, Piezo-electric, Optical [1-4]. However, there are 

drawbacks to these biosensors, such as more complicated 

designs, reduced sensitivity, higher costs. Therefore, field 

effect transistor-based biosensors are now superior to 

conventional biosensors for the label free detection due to its 

various advantages like low power dissipation, higher 

sensitivity, quick response time and less cost. As particles in 

nature can be charged or neutral so FET based biosensors are 

good choice for detection of charged particle, it can 

accommodate charge at the interface and for neutral particle, 

no need to show any charge. And as they consume less power 

which makes them suitable for portable biosensing devices, so 

they are becoming increasingly important among the various 

types of biosensors. Basically, label-free biomolecule 

detection takes advantage of various properties of 

biomolecules like dielectric constants and the charges 

associated with it[5]. Moreover, FET-based biosensors have 

large production capabilities, smaller size & lower cost. 

Herpes is a contagious disease that spreads from person to 

person and is brought on by the varicella zoster (VVZ) virus, 

which also causes chickenpox. Herpes viruses are a family of 

DNA viruses, the virus that causes chickenpox remains in a 

person's body for the remainder of their life.  
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Furthermore, the virus might reactivate as herpes years later. 

Another name for herpes is shingles or smallpox. Although 

herpes is not fatal, it can cause excruciating pain [6]. The main 

differences between the two forms of Herpes Simplex, or 

simply plain Herpes, are the infection and symptom changes 

by HSV-1 and HSV2. Throughout the world, herpes simplex 

type 1 virus (HSV-1) is an endemic infection that spreads very 

quickly [7]. Herpes symptoms, such as open sores or blisters 

at the infection site termed ulcers, can be caused by both HSV-

1 and HSV-2. Shingles may appear anywhere on the body, but 

they typically affect the face and the region surrounding the 

eyes [8]. According to recent research on biomolecule sensing 

devices which are FET based, TFETs are becoming more 

significant as dielectrically modulated biosensors, where 

drain current properties of device are influenced by dielectric 

permittivity (k) of the biomolecules [9].  

 
   Fig. 1 Principle of dielectric modulation  

Biomolecules are introduced into the dielectrically 

manipulated biosensor’s cavities. The operation of 

dielectrically modulated biosensors is illustrated in Fig. 1. 

Permittivity alone will determine the drain current if the 

biomolecule is neutral; if the biomolecule is charged, then the 

drain current will be influenced by the permittivity as well as 

by charged biomolecule’s density. TFET’s primary drawback 

is their low on-current (ION), which isn't a big deal for 
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applications involving biomolecule sensing. Various methods 

are being explore to improve ION and subthreshold swing 

(SS), such as using a gate dielectric with a higher permittivity. 

A double gate TFET produced two channels when compared 

to a single gate TFET, producing better device results in form 

of electrical parameters like, ION, ION/IOFF, SS, and 

threshold voltage (VTH) [10].  Subthreshold swing, the 

reciprocal of subthreshold slope, serves as an indicator of 

device efficiency [11]. A lower subthreshold slope implies 

better device performance. The graph clearly demonstrates 

that the full cavity configuration exhibits a reduced 

subthreshold slope, signifying improved device 

characteristics. This observation underscores the enhanced 

performance and efficiency of device when the cavity is filled, 

providing valuable insights into the optimal operating 

conditions for the DMTFET. Fig. 5 (e) reveals a noteworthy 

observation: as drain voltage increases for the partial cavity 

configuration, bands within the device move closer, indicating 

improved tunneling. This proximity leads to heightened 

sensitivity, as more efficient tunneling occurs with increasing 

drain voltage.  

In label-free detection, the probe or device directly detects or 

senses the test material instead of using a tagged entity to do 

so. Any foreign molecule that is chemically or momentarily 

bonded to the target molecule in order to identify its presence 

or activity is referred to as a label because it has the ability to 

change the molecule's inherent characteristics. The primary 

benefit of label-free detection is the ability to obtain more 

precise information because the techniques employ only 

biomolecules. Because of a number of inherent drawbacks, 

labelled biosensing is not appropriate for the actual 

verification of biomolecular interactions. A less costly option 

is dielectric modulation and faster label-free biomolecule 

detection method than labelled biosensing techniques. 

[12][13]. Molecular biophysical characteristics including 

molecular weight, permittivity, refractive index and molecular 

charge are used by label-free detection techniques to track the 

presence or activity. Therefore, molecules possessing these 

characteristics are eligible to label-free detection.  

2. DEVICE STRUCTURE AND          

SIMULATION SETUP 

2.1 Device Structure and Specifications 

The proposed full cavity Ge based DMTFET is schematically 

represented in Fig. 2 in that order [14]. In the full cavity Ge-

based DMTFET, the metal gate sits atop a fully etched gate 

dielectric, and a 2 nm insulating layer covers the entire length 

to reduce gate leakage. Conversely, the partial cavity Ge-

based DMTFET features a 2 nm insulating layer across its 

length for gate leakage control.  

This design variations aim to optimize device performance by 

managing gate leakage through strategic cavity and insulator 

integration [15].This representation, which is typically taken 

into consideration for simulation of this device DMTFET, is 

the 2D top view of the sensor devices. The dual-gate 

arrangement improves electrostatic control by guiding field 

lines from one gate to the other, avoiding termination in the 

channel. This configuration enhances precision in regulating 

the gate within the channel. Because of more band bending in 

tunnelling, it lowers depletion width and raises electric field 

surrounding the junction. The source gives the charge carriers 

so the doping in the source (1020) is larger than in the other 

regions.  

Due to the device's two channels for current flow, ON state 

current is also increased when compared to a single gate 

TFET. Source and drain of biosensor, as shown in below Fig. 

2, are 40 nm apart, making its total length 100 nm. The cavity 

structure is inserted below the both gate terminals in these 

structures. 

 

  
   Fig. 2 Schematic of full cavity Ge based DMTFET   

Structure contains two cavities. Each cavity has a 5 nm width. 

Therefore, for full cavity Ge-based DMTFET, the active area 

(cavity length × cavity width) which senses the biomolecule 

is approx. 200 nm2 and 100 nm2 [16]. A 2 nm (nanometer) 

insulating layer of hafnium oxide (HfO2) is employed to 

control the gate leakage current. Germanium is used in source, 

channel, and drain because it has a low bandgap, which 

increases the tunnelling barrier height and improves the ON 

state performance of device [17]. 

   Table. 1 Parameters used for the biosensor 
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  2.2. Device Simulation  

The Silvaco TCAD is used to carry out the device simulations. 

All simulations are done at VDS=1V. The tunnelling 

probability of carriers through the tunnelling junction is 

computed. using the well-known idea of non-local (NL) band-

to-band tunnelling. The mobility of carriers in the doping-

dependent Fermi model is influenced by changes in doping 

concentration at various locations. To manage the much 

doped source and drain areas, consideration is given to Fermi 

Dirac carrier distribution. Carrier recombination is modeled 

using the Shockley Read Hall (SRH) approach [18].  

  

Fig. 3 (a) energy band diagrams corresponding to different 

VDS for full cavity, (b) drain current for full cavity when 

cavity contains air 

In the analysis of Fig. 3 (a), an observation was made that the 

bands within the device move closer as the drain voltage 

increases. This proximity results in improved tunneling, 

enhancing sensitivity. The closer bands facilitate more 

efficient electron transfer across the device. Correspondingly, 

Fig. 3 (b) illustrates as the drain voltage increases, there is a 

clear elevation in the drain current. This phenomenon can be 

attributed to the heightened tunneling effect, indicating a 

direct correlation between drain voltage, sensitivity, and 

increased drain current, showcasing the impact of voltage on 

the device's performance. These band diagrams and drain 

currents are calculated when contained air only. 

Assume cavity is completely filled during presence of a 

biomolecule, representing dielectric modulation from k=1 to 

k=70 within nanogap cavity region [19]. In cavity areas, an 

appropriate material is taken into account. Additionally, in 

accordance with earlier reports based on numerical device 

simulations, this material's dielectric constant (k) and surface 

charge density (ρ) has been precisely modified to depict the 

impact of biomolecule conjugation on carrier transport 

mechanism and device electrostatics of the biosensor. By 

assessing alterations in the electrical characteristics of the 

device, one can identify and measure the concentration of the 

specific biomolecules under investigation [20]. In the analysis 

of Fig. 2.2 (a), an observation was made that the bands within 

the device move closer as the drain voltage increases. This 

proximity results in improved tunneling, enhancing 

sensitivity. The closer bands facilitate more efficient electron 

transfer across the device. Correspondingly, Fig. 2.2 (b) 

illustrates as the drain voltage increases, there is a clear 

elevation in the drain current. This phenomenon can be 

attributed to the heightened tunneling effect, indicating a 

direct correlation between drain voltage, sensitivity, and 

increased drain current, showcasing the impact of voltage on 

the device's performance. Note that this kind of simulation 

approach is an oversimplified representation of the actual 

circumstance [21].  

Most experimental research on biosensors that are modulated 

by dielectric effects primarily concentrates on assessing their 

electrical properties in dry conditions. The absence of 

biomolecules is simulated with air environment (k=1, ρ = 0). 

During biomolecule conjugation, the cavity is assumed fully 

occupied, representing dielectric modulation as the cavity's 

dielectric constant changes from 1 to 70 (ρ = 0) [22]. It 

provides a satisfactory alignment with experimental findings 

on a qualitative level, offering a dependable means to 

scrutinize the fundamental physics governing the transduction 

mechanism. This, in turn, facilitates the exploration of 

effective strategies for optimizing the design of biosensors 

with dielectric modulation. 

3.   RESULTS AND DISCUSSION  

This sections discusses the simulation results of biosensors 

considering dielectric constants, charges and temperature 

effect. Detailed examination of ON current variations in 

response to variously charged biomolecules and nanogap 

configurations. 

3.1 Effect of Neutral Biomolecules on Sensitivity Through 

Drain Current Analysis 

As dielectric permittivity of neutral or uncharged 

biomolecules increases, more charge carriers-that is, electrons 

can tunnel through the tunnelling width of barrier at source or 

channel intersection [23]. The gate’s ability gets better to 

control the channel when the permittivity of biomolecules 

rises. 

Structural Specifications                                                 Full Cavity 

Source/ Drain         length [14]               30nm 

Channel length [14][15]               40nm 

Channel thickness [15]               10nm 

Gate metal work function   on channel 4.2 eV (Aluminum) 

Cavity width [16] 
 

Cavity length [16] 

 
Oxide    thickness of Gate (HfO2)[14] 

 

Source doping (Ge) [14] 

 

Channel doping (Ge) [14] 

 
Drain doping (Ge)[14][15] 

 5nm 
 

              40nm 

 
              2nm 

 

             1E20 

 

             1E15 

 
             1E18 
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Consequently, a larger electric field is produced at the tunnel 

junctions where the tunneling barrier's width is decreased. 

When the dielectric constant in cavity is less then significant 

potential drop is seen across the cavity and when dielectric 

constant is more then comparatively lesser potential drop is 

observed so we can say surface potential got increased after 

biomolecule conjugation. 

The study explores influence of various biomolecules on a 

device performance, using a sensitivity scale denoted by the 

parameter "k." An environment containing only air is 

considered as a baseline with a sensitivity of k=1, indicating 

absence of biomolecules [24].  

Fig. 4 (a) presents the Energy Band Diagram, highlighting 

enhanced tunneling in the presence of the herpes virus. The 

graph depicts alterations in energy levels, illustrating 

improved tunneling characteristics when exposed to the 

herpes virus. The changes in the energy band diagram provide 

visual evidence of the virus's influence on the device's 

electrical properties, showcasing the potential impact on 

tunneling efficiency in the presence of herpes [25]. 

In Fig. 4 (b), the graph compares drain currents for devices in 

the presence and absence of herpes. It reveals significantly 

higher current levels when herpes is present in the cavity. 

Notably, the difference between currents with a filled and 

empty cavity is substantial [26]. This pronounced contrast in 

current levels indicates a heightened sensitivity presence of 

herpes. Larger disparity underscores device's heightened 

responsiveness to the introduction of herpes, suggesting a 

notable impact on the electrical characteristics of the system. 

  

  

  

Fig. 4 (a) energy band diagram showing better tunnelling in 

presence of herpes (b) comparison of drain currents with 

herpes and without herpes (c) drain current sensitivity (d) 

sensitivity corresponding to different diseases (e) sensitivity 

at different drain voltages (f) sensitivity at different 

temperatures 

Fig. 4 (c) shows sensitivity for gate voltage of 0 to 3V when 

cavity contains herpes and air. Sensitivity is calculated from 

the equation given in (1). Drain current sensitivity (Scurrent) 

of DMTFETs is used to estimate their sensing performances. 

It is formulated as shown in equation (1) ; 

𝑆𝑐𝑢𝑟𝑟𝑒𝑛𝑡  =  
𝐼𝐷

    𝑏𝑖𝑜   −   𝐼𝐷
   𝑎𝑖𝑟

𝐼𝐷
   𝑎𝑖𝑟                             (1) 

where, ID air and ID bio are drain current, before (k=1) and 

after (k >1) in biomolecule gate and drain bias depended on 

the sensitivity profiles are taken into account to determine 

appropriate biassing condition for the procedure of full cavity 

Ge-based and partial cavity Ge-based DMTFETs [27].  

It is important to emphasize that a higher gate bias result in a 

greater electrostatic potential drop in cavity region, which turn 

generates an enhanced alteration in the electrostatics of the 

tunneling junction is achieved through the conjugation with 

biomolecules. Concurrently, as previously mentioned, the 

growing gate bias strengthens channel inversion, limiting 

impact of biomolecule conjugation on tunnelling junction 

electrostatics. Such conflicting gate bias objectives result in 

an ideal state of electrostatics. Such conflicting gate bias 

objectives result in an ideal state of Simultaneously, as 

indicated earlier, increasing gate bias reinforces channel 

inversion, reducing effect of biomolecule conjugation on the 

electrostatics of tunnelling junctions. Such conflicting gate 

bias agendas result in an optimal sensitivity in the DMTFET 

operating environment dominated by BTBT [28].  

Moreover, fluctuations in the surrounding temperature can 

affect the sub-threshold current sensitivity in the DMTFET 

operating regime dominated by BTBT. The lowest avg 

subthreshold swing (SS) before to conjugation and its 

subsequent decrease are shown by the partial cavity Ge-based 

DMTFET. Temperature related increases in DMTFET off 

state current result in sensitivity reduction. Lastly, a thorough 

performance comparison between partial and full cavity 

DMTFETs has been conducted for various biomolecule 
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parameters [29]. Detecting and quantifying target 

biomolecules is achievable by assessing difference electrical 

characteristics of a device [30]. Biosensors, designed for 

measuring concentrations or the presence of biological 

analytes is same as the biomolecules and their structures, or 

microorganisms, consist of three key components: a detector 

generating a signal, signal transducer, and reading device. 

These devices find applications not only in research but also 

in industries such as the food business [31].  

The research delves into impact of specific biomolecules, each 

assigned a distinct sensitivity value (k), on the device. Spinal 

issues for instance, is characterized by a relative permittivity 

with k=18, lung illness with k=30, skin conditions with k=45, 

herpes virus with k=70, and tobacco mosaic virus with k=55. 

The findings of this investigation are visually represented in 

Fig. 4 (d), which illustrates the sensitivity of both devices 

concerning each biomolecule. It appears that the sensitivity 

levels vary across different biomolecules, with the herpes 

virus displaying a sensitivity akin to a k value of 70. This 

comparison provides insights into how the device responds to 

the presence of these biomolecules, offering valuable 

information for further analysis and applications in relevant 

fields. In Fig. 4 (e), the plot reveals the determination of the 

optimal drain voltage for maximum sensitivity in both 

devices. The correlation between sensitivity and drain voltage 

is evident, with increased drain voltage positively influencing 

drain current sensitivity. Moving to Fig. 4 (f), the impact of 

ambient temperature on maximum drain current sensitivity of 

DMTFETs is assessed. 6 The graph illustrates a decrease in 

sensitivity with rising temperature, suggesting that 

operational modifications are necessary for enhanced 

sensitivity at higher temperatures [32]. These findings 

emphasize the significance of optimizing drain voltage and 

addressing temperature effects for the effective performance 

of DMTFETs in varying environmental conditions. 

3.2 Impact of Charged Biomolecules 

Herpes is considered a neutral biomolecule based on the 

results obtained. However, due to the uncertainty about the 

exact charge of herpes, the research explores the effects of 

different charge concentrations. Surface charge densities are 

specifically examined at ρ = 1×1012 cm−2, ρ = 0, and ρ = -

1×1012 cm−2 to illustrate the impact of varying charge 

concentrations of herpes. These scenarios are then compared 

with the effects observed when the cavity contains only air, 

and results are depicted in Fig. 5 (a). Analysis focuses on 

relationship between charge concentration and its influence on 

current. When the cavity contains air alone, this serves as a 

reference point. The study observes that positively charged 

biomolecules, including herpes, enhance the presence of 

electrons in channel. Immobilization of positively charged 

biomolecules (ρ = +ve) in nano cavity results in a decrease in 

barrier width. This phenomenon is explained by the fact that 

as density of positively charge biomolecules increases, barrier 

width decreases, impacting band bending. Conversely, an 

increase in negative charges and holes in the channel leads to 

an expansion of barrier width and a decrease in band bending.  

  

Fig. 5 (a) drain current considering herpes molecule is 

negatively charged, neutral and positively charged in full 

cavity Ge based DMTFET (b) sensitivity for various charge 

densities for proposed full cavity Ge based DMTFET 

Fig. 5 (b) shows drain current sensitivity considering different 

charges from 2.5X1011 to 1X1012 on herpes molecule as 

herpes charge is unknown yet. And as concentration of 

positive charges enhance electron presence so sensitivity is 

also increasing with concentration of charges. When a 

biomolecule enters the cavity, it induces an increase in 

capacitance at the tunneling junction. This heightened 

capacitance contributes to an elevation in the device's drain 

current, consequently augmenting its sensitivity as a 

biosensor. It is important to note that the sensitivity is not only 

affected by the mere presence of the biomolecule but also by 

its specific location within the device and the quantity present. 

These factors, as highlighted by reference [33], underscore the 

intricate relationship between biomolecular interactions, 

capacitance changes, and the resulting impact on the overall 

sensitivity of the biosensor, providing essential considerations 

for the design and optimization of such devices. Sensitivity 

serves as a crucial parameter in discerning variations in target 

biomolecules, with higher sensitivity indicating a greater 

likelihood of detecting the target biomolecule. Performance of 

a biosensor depends on sensitivity value of device. Higher 

values of sensitivity of device depicts the better sensing 

capabilities of the biosensor. The detection of biomolecule is 

more accurate as the sensitivity value increases. During the 

ON-state, there is a noticeable band alignment at the junction, 

facilitating the tunneling of charge carriers. This phenomenon 

occurs when charged neutral biomolecules become 

immobilized in cavity [34]. Near source or channel junction 

in tunneling, barrier width diminishes with increasing 

dielectric permittivity of neutral or uncharged biomolecules. 

This allows more electrons to tunnel through. Additionally, 

the inclusion of Ge, which is a low bandgap material located 

close to the source, plays a role in decreasing barrier width of 

energy bands in Ge-DMTFET. When a sufficiently high 

voltage is applied to the gate in the channel, band bending at 

the source increases, causing alignment. This alignment leads 

to the initiation of tunneling, resulting in an increased-ON 

current. [35]. The concentration of charge biomolecules in 

cavity plays a pivotal role in shaping energy profile of the 
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system, particularly affecting tunneling barrier width between 

source or channel and drain or channel junctions. Dielectric 

permittivity of biomolecules increases, gate's capacity to 

regulate the channel also intensifies. Notably, the barrier 

width diminishes when more positively charged biomolecules 

(ρ=+ve, k=70) are immobilized in cavity. This reduction 

occurs because these positively charged biomolecules attract 

electrons to the channel region, facilitating tunneling. The 

interplay between charge concentration, dielectric properties, 

and barrier width showcases the intricate dynamics 

influencing the device's energy profile, providing critical 

insights for optimizing its performance in response to varying 

biomolecule concentrations [36]. 

3.3 Benchmarking of the Proposed full cavity Ge-

DMTFET Against Reported Works 

This section compares the sensitivity of a full cavity Ge-based 

biosensor with other reported works on dielectric modulated 

FET-based biosensors. Sensitivities are derived from 

published data, hence labeled as 'approximate'. The proposed 

Ge-based biosensor demonstrates superior sensitivity due to 

the use of Germanium. However, differences in structural, 

doping, and dielectric constant specifications among the 

compared works are noted. 

Table 2 Comparison of Sensitivity with Reported Works 

S.No {Biosensors, K} Reported 

Works 

Proposed 

Work 

1 DM-DMDG-HS TFET 

[33] ,7 

8x103 1.30x107 

2 DG-PNPN Biosensor 

[25] ,3 

1.28x105 1.89x105 

3 DT-DMTFET [14] ,2.1 3590 9560 

4 FE-CP-TFET based 

biosensor [36] ,8 

2.04x107 2.08x107 

5 HJ TFET [5] ,12 2 x 106 1.01x108 

6 Buried Strained  Si1-

xGex DGTFET [38] ,10 

2.6 x 105 4.23x107 

7 DM-DMG TFET [39] 

,32 

106 4.15x108 

 

4. CONCLUSION 

In realm of biosensing technology, proposed Ge-DMTFET 

biosensors has demonstrated remarkable proficiency by 

successfully detecting the Herpes virus in a label-free manner. 

This technology holds significant promise for biomolecule 

detection, showcasing exceptional sensitivity, particularly 

when operating in the full cavity mode. For the specific case 

of k=70, the full cavity Ge-DMTFET exhibits an impressive 

sensitivity of 7.29 x 108 , accompanied by an outstanding 

ION/IOFF ratio of 2.11 × 108 and a subthreshold swing of 

56.366 mV/dec. One notable advantage of this biosensor is its 

lower power consumption, operating efficiently at 3V, setting 

it apart from recently reported biosensors. This characteristic, 

coupled with its heightened sensitivity, positions the Ge-

DMTFET as a promising candidate for advanced biosensing 

applications. However, before widespread implementation in 

real-world scenarios, the device might benefit from additional 

rounds of experimental validation and optimization to fine-

tune its performance characteristics and ensure reliability in 

diverse conditions. The Ge-DMTFET biosensor emerges as a 

potent tool in the landscape of biosensing, offering the 

potential for sensitive and specific detection of biomolecules, 

with the successful demonstration of label-free Herpes virus 

detection being a noteworthy accomplishment. As 

advancements continue, further refinement through 

experimental validation and optimization will pave the way 

for its integration into practical applications, addressing the 

evolving needs of real-world biosensing challenges. 
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