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Abstract 

This manuscript presents a dielectric modulated doping-less dual metal Gate Tunnel Field Effect 

Transistor (DL-DMG-TFET) sensor. In which a nano-cavity is presented above the tunnelling point 

to recognize the bio-molecule like amino acids (AAs), protein, and so on the proposed P+ and N+ 

sections are invented relying on the electrode's work-function on silicon body. The impacts of metal 

work regulation, cavity length and thickness variety are investigated for improving band-to-band 

tunnelling probability at the source-channel intersection. The proposed structure shows perceptible 

affectability results for neutral and charged biomolecules. The sensitivity of the higher dielectric 

constant bio-molecules are higher as compared to bio-molecule having lower dielectric constant; the 

drain current sensitivity of the Gelatin (k=12) is assessed as 3.× 1010 which is 13% and 35% higher 

than the affectability of Keratin (k=10) and Bacteriophage T7 (k=5) separately at the nano-cavity length 

of 30 nm. 

 

Keywords: Charged Plasma, Dielectric Constant, Tunnel Field Effect Transistor (TFET), Dual Gate 
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 Introduction 

The miniaturization of MOSFETs has continued for the past couple of years and went to the nano-

scale framework. Regardless, supply voltage (VDD) and leakage current has not reduced concerning the 

decline in real measurements. Certain components limit this downsizing. These elements are such as short 

channel impacts and subthreshold swing (SS) [1-4]. The conduction phenomenon utilized by MOSFET 

follows the system known as thermionic emission through which the subthreshold swing (SS) becomes 

temperature subordinate. This temperature dependence makes the subthreshold swing factor non-

adaptable under its lower limit, which is set at 60mv/decade at room temperature.  

The advantages of TFET show its utility as a very low power device in the near future. Nonetheless, a 

couple of issues remain questionable which limit the introduction and utility of TFETs. Some huge ones 

among them remember the low drive current (ION) when appeared differently in relation to ordinary 

MOSFETs and high ambipolarity (conduction for both positive and negative entryway voltages) [5-7].  

A couple of techniques are familiar in later quite a while with improving the ION of device-like usage of 

small bandgap materials, gate oxide having higher k-dielectric, heterostructure and nanowire TFET [2], [6-

8]. To deal with ambipolar current concern, various strategies had been introduced in earlier years like 

higher bandgap material on drain end, underlapped drain side, overlapping gate terminal on channel using 

a low drain doping profile and dual material electrode [7].  

Another appalling quality of TFETs is the essentiality of sharp convergences for capable BTBT [9], 

[10]. This orders a high thermal budget in case of doped source/channel due to thermal annealing and 

implantation technique [8–10]. For doped devices, diffusion of charge carriers to the channel section from 

drain (or source) region makes an abrupt interface profile hard to achieve. Similarly, with an interminable 
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reduction in size of doped TFET having high doping profile achieves higher random dopant fluctuations 

(RDF) causing variability in output characteristics [9-12]. The charge plasma procedure for making n-type 

or p-type sections in TFET without doping (Doping-Less TFET) is familiar with defeating this issue [13]. 

Metal electrodes having sensible work has been used to obtain n-type or p-type regions on intrinsic material 

body in charge plasma procedure. 

Biosensors are biorecognition devices that recognize the target biomolecule [8-12]. Conventional FET 

has demonstrated inefficient to give required accomplishment in the nanoscale region. There are diverse 

nanoscale structures previously proposed for a low power device. From the innovation development point 

of view, we have picked dielectric modulated doping-less dual metal Gate Tunnel Field Effect Transistor 

(DL-DMG-TFET) sensor, which has high Ion/Ioff current proportion, low leakage current [14-17] and 

more extreme subthreshold slope when contrasted with the MOSFET. This paper reasons that an all-

encompassing number of gate electrodes in the proposed design can improve the electrostatic control of 

the channel, which can diminish SCEs [18-21]. 

  Proposed Device Structure 

Fig. 1 depicts conventional dopingless TFET, dielectric modulated doping-less dual metal Gate 

Tunnel Field Effect Transistor (DL-DMG-TFET) sensor, and the experimented ON current characteristic. 

The p type and n type districts are shaped on Si substrate, having a thickness of 10 nm. The intrinsic carrier 

concentration of silicon substrate is taken as, ni = 1x1015 cm-3 For uniformly inducing carrier concentration 

alongside the silicon thickness, the substrate width is set aside underneath the Debye length ((εSi ∗ VT)/q 

+ 60 ∗ n)1/2, where VT means thermal voltage and n signifies the carrier concentration in the substrate, εSi 

indicates dielectric value of silicon and q signifies elementary charge [13].  

When the silicon substrate width is above 10 nm, the quantum mechanical effects have not been 

checked [34]. Platinum metal is used for concocting 'P+' source zone as metal terminal (work assessment 

of 5.93 eV). Furthermore, for imagining 'N+' region hafnium metal terminal with work assessment of 3.9 

eV is used [17], [18]. Silicon dioxide (0.5nm thick) is embedded between the source metal terminal and 

silicon substrate to prevent silicide development. The oxide spacer of 15 nm has been taken between 

channel electrode and gate electrode (LS2). The gate terminal is divided into two metal electrodes - (I) the 

corner cathode close to source (G1), (ii) the corner electrode close to drain (G2) as depicted in Fig. 1. 
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Fig.1. Cross-sectional view of a) Conventional charge plasma TFET, b) dielectric modulated doping-less 

dual metal Gate Tunnel Field Effect Transistor (DL-DMG-TFET) sensor device c) Experimented 

characteristics of charge plasma based TFET structure simulated output current with conventional 

doping-less TFET. 
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Models utilized in the recreation of dielectric modulated doping-less dual metal Gate Tunnel Field Effect 

Transistor (DL-DMG-TFET) sensor is Fermi–Dirac, CVT model, and for recombination SRH model and 

band to band tunneling model. The charge plasma idea and dual material electrode with the streamlined 

construction is utilized to drop down random dopant fluctuation and short channel impact, in additionally 

improve ION current. The effect of change in permittivity and surface charge density is completely 

investigated through potential, ION curve and its sensitivity curve. The device value used for simulation of 

the proposed dielectric modulated doping-less dual metal gate Tunnel Field Effect Transistor (DL-DMG-

TFET) sensor is determined in Table I.  

TABLE I.  DEVICE VALUE OF CPB-TG-TFET 

Parameters Values  

Channel length (𝐿𝐶) 50 nm 

Silicon substrate width (𝑇𝑆𝑖) 10 nm  

Channel doping  1x1015 cm-3 

Gate oxide thickness SiO2 (3 nm) 

Spacer thickness (𝐿𝑠 𝑎𝑛𝑑 𝐿𝐷) 3nm and 15nm 

Gate1, Gate2 and Gate3 length 25nm, 15nm and 10nm 

Work function of Gate1 (𝑀1) and Gate2 (𝑀2)  3.9  eV and  4.5 eV 

Cavity thickness (𝑇𝑐𝑎𝑣) 2.5 nm 

Cavity length (𝐿𝑐𝑎𝑣) 8-10  nm 

 

Calibration characteristic: The simulated outcome of conventional doping-less TFET following the 

reported work in [13] is depicted in Figure 1(c). True experimental data have been found by applying a Plot 

Digitizer tool. 

 Results and Discussions 

The n-type dielectric modulated doping-less dual metal Gate Tunnel Field Effect Transistor (DL-

DMG-TFET) sensor which is explored in this paper has been simulated by utilizing the Atlas [15] tool. 

Hence, the specific biological molecules are coordinated with the dielectric constant of the occupied 

material in the nanogap to recognize the biological molecules confined in the nanogap; like relative 

permittivity K=6 corresponds to Bacteriophage T7 and K=12 shows the identity of Gelatin. Here, k=6 

(Bacteriophage T7) and k=12 (Gelatin) is utilized for the simulation and their sensitivities are obtained by 

examining the electrostatic property of the device. The efficiency of biosensors is assessed by 

acknowledging ON current sensitivity as follows:  

Sensitivity of drain current can be found out by using formula mentioned below: 

 

𝛹𝑑𝑟𝑎𝑖𝑛 𝑐𝑢𝑟𝑟𝑒𝑛𝑡(%) =  [(
(𝛹𝑏𝑖𝑜 − 𝛹𝑎𝑖𝑟)

𝛹𝑎𝑖𝑟
)𝑋100]  

                (3) 

where 𝛹𝑎𝑖𝑟 and 𝛹𝑏𝑖𝑜 are the standards of drain current at the time nanogap is without biomolecule and 

with biomolecule respectively [20]. 
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 Variation of energy band diagram, potential and drain current by modulating the dielectric 

constant of neutral biological molecules: 

  Fig. 2(a) portrays the band graph of DL-DMG-TFET in ON state when neutral biomolecules are 

confined in the nanocavity zone. The assessment of relative permittivity is identical to K=1 when there is 

no neutral biomolecule or air is accessible in the nanogap region. The band descending near the source-

channel convergence under the tunneling region is the important task in setting of biomolecules 

development. The energy band diagram apparently is bent to the most exceptional when biomolecules 

having high dielectric constant are immobilized in the nanogap zone. In any case, when no biomolecules 

are confined in the nanogap (suggests the change in relative permittivity from higher to unity) the band 

curve moves descending, which achieves an increase in barrier width across the source channel interface. 

[21]. Fig. 2(b) displays the varieties in potential of the DL-DMG-TFET in ON state when neutral biological 

molecules are confined inside the nanogap zone. In the energy band curve at tunneling junction intersection, 

the bands are seen to be contorted descending when neutral biological molecules are confined in the 

nanogap area close to the source-channel junction.  

 
Fig.2. (a) Energy band diagram,and  (b) Potential along x-coordinate at changing relative permittivity 

(𝑘 = 1, 6, 12)  and  𝑁𝑓 = 0. 

To distinguish the reflection of the biomolecule (neutral) present in the nanogap on the drain current, the 

dielectric constants of the objective biomolecule in the nanogap is adjusted from K=1 to different 
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Gelatin). The output attributes of the DL-DMG-TFET biological sensor at the cavity length of 7 nm in 

Figure 3(a) and its sensitivity in  Figure 3(b) for the drain voltage VDS=1V are plotted. It is considered that 

as biological molecules linked to higher dielectric constants are confined in the nanogap the corresponding 

ON current will increase. This is because the effective field impacts availed by the gate bias is augmented 

as the dielectric constant of the nanocavity increments which results in higher gate capacitive coupling 

through the nanogap to the channel [20]. The barrier width at tunneling junction decreases due to an 

increment in the field effects which origins higher band bending and thus high drain current is rendered 

[21]. 

 

 
Fig.3. (a) ON Current improvement and (b) ON Current Sensitivity improvement, at different relative 

permittivity(𝐾 = 1, 6, 12); 𝑁𝑓 = 0; 𝑇𝑐𝑎𝑣 = 2.5 𝑛𝑚; and 𝐿𝑐𝑎𝑣 = 7 𝑛𝑚. 

 Impact of charged Biomolecules recognition on the DL-DMG-TFET biosensor potential 

and drain Current  

The variation in potential is observed in Fig 4 when charged biomolecules are confined in the 
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in turn, leads to a decline in potential in the nanogap area negatively because, in the energy band 

characteristic at tunnelling interface, the band energy is observed to be warped in descending direction 

when positively charged biomolecules are confined in nanogap region near source channel intersection. 

 

Fig. 4. Potential outcome for positively and negatively charged biomolecules at 𝑉𝐷𝑆 = 1 𝑉. 

With increments in potential, the tunneling probability increases at the interface of tunneling junction and 

𝐼𝐷 increments. Fig. 5(a and b) show drain current outcomes along with Gate voltage for negatively and 

positively charged biological molecules, respectively. 

 

 

Fig. 5. ID-VGS characteristics for (a) Positive and (b) Negative charged biological molecules 𝑉𝐷𝑆 = 1 𝑉. 
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 Effect of change in Device Geometric Parameters on Sensitivity:  

Geometry parameters of structure such as nanogap region length (𝐿𝑐𝑎𝑣𝑖𝑡𝑦), Spacer Length (𝐿𝑢𝑠) and cavity 

thickness (Tcav) is a key parameter for analysing the ON current characteristics of DL-DMG-TFET 

structure.  

 Impact of Cavity length (Lcav) Variation:  

The length of the nanogap area (Lcavity) is a vital parametric variety for investigating the detecting 

characteristics of the device structure. In Figure 7a, it is seen that as the nanogap length is increasing from 

7-10 nm fairly great execution regarding ON current is recorded. There is a large variation in ON current 

sensitivity as portrayed in Fig 7b because of variety in cavity length. This is on the grounds that DL-DMG-

TFET shows tunnelling mechanism rather than thermionic phenomenon in MOSFET. 

 

 

 

Fig. 7. (a) ID-VGS characteristics for variation in cavity length (𝐿𝑐𝑎𝑣) and (b) its sensitivity characteristics 

at 𝑉𝐷𝑆 = 1 𝑉, 𝑘 = 5. 
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 Conclusion 

However, DL-DMG-TFET has higher affectability, specificity and sensitivity in biosensor application 

without augmentation of extra issues. The effects of a part of the basic assignments in a biosensor are seen 

a) fabrication problems, b) evaluation of biological sensors under dry and wet conditions. In DL-DMG-

TFET structure, when there is an expansion in immobilization of biomolecules inside the cavity zone near 

the tunneling region. It prompts an increment in surface potential affectability and sensitivity for the 

proposed structure. In any case, DL-DMG-TFET devices are useful for recognition of biomolecules. Label 

free acknowledgement of biomolecules achieves higher sensitivity and affectability for neutral and charged 

biomolecules. Later on, DL-DMG-TFET devices can be used as a significantly delicate device for making 

ultrasensitive, low budget biomedical equipment by analyzing the impact of biomolecules on the electrical 

attributes of DL-DMG-TFET structure. It is seen that the proposed device has a low leakage current and 

has better affectability and sensitivity for charged biomolecules. 
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