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I Introduction: 

 

In recent years, the demand for sensitive and efficient biosensors has surged owing to their pivotal role 

in various applications ranging from medical diagnostics to environmental monitoring. Among the 

plethora of biosensing technologies, Field-Effect Transistors (FETs) have garnered substantial attention 

due to their inherent compatibility with semiconductor fabrication processes, miniaturization 

capabilities, and potential for integration into electronic systems. Within the realm of FET-based 

biosensors, the Junctionless Tunnel Field-Effect Transistor (JL-TFET) emerges as a promising 

candidate, exhibiting distinctive characteristics suitable for biosensing applications. 

 

This paper delves into the comprehensive analysis of a novel variation of the JL-TFET, namely the 

Charge-Plasma-Based Dielectric-Modulated JL-TFET (CP-DM JL-TFET), emphasizing its potential as 

a biosensing platform. The CP-DM JL-TFET introduces innovative design modifications aimed at 

enhancing device performance, particularly in terms of sensitivity, signal-to-noise ratio, and reliability, 

crucial factors for biosensing applications. 

 

The integration of charge-plasma-based modulation and dielectric engineering within the JL-TFET 

framework presents a paradigm shift in biosensor technology, offering advantages such as improved 

charge transport, reduced leakage currents, and enhanced biocompatibility. By exploiting these 

advancements, the CP-DM JL-TFET exhibits superior performance metrics compared to traditional 

FET-based biosensors, thus addressing critical challenges in biosensing, such as sensitivity to low 

analyte concentrations and susceptibility to environmental noise. 

 

In this paper, we embark on a comprehensive exploration of the operating principles, device 

characteristics, and performance evaluation of the CP-DM JL-TFET for biosensing applications. 

Through theoretical analysis, numerical simulations, and experimental validations, we elucidate the 

underlying mechanisms governing its operation and assess its efficacy as a biosensor platform. 

Furthermore, we discuss potential applications, challenges, and future prospects associated with the 

adoption of CP-DM JL-TFETs in real-world biosensing scenarios. 

 

Overall, this paper serves as a foundational study, laying the groundwork for further research and 

development in the field of biosensors utilizing charge-plasma-based dielectric-modulated junctionless 

tunnel FETs. The insights gleaned from this analysis not only contribute to advancing biosensor 

technology but also pave the way for innovative solutions addressing pressing healthcare, 

environmental, and biotechnological challenges. 
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Experimental Principles: 

 

Design and Fabrication: Begin by designing the CP-DM JL-TFET device layout, incorporating the 

charge-plasma-based modulation and dielectric engineering principles. Fabricate the device using 



ResMilitaris,vol.13,n°, 4 ISSN: 2265-6294  (2023) 

 

                                                                                                                                                                                          1110 

semiconductor fabrication techniques, ensuring precise control over dimensions and material 

properties. 

 

Characterization Setup: Establish an experimental setup tailored for characterizing the CP-DM JL-

TFET. This setup should include instrumentation for electrical measurements, such as source-measure 

units (SMUs), parameter analyzers, and probe stations, as well as equipment for optical characterization 

if applicable. 

 

Electrical Measurements: Conduct a series of electrical measurements to characterize the device's 

performance. This includes measurements of current-voltage (I-V) characteristics, transfer 

characteristics, subthreshold swing, and transconductance. Perform these measurements under various 

biasing conditions and temperatures to assess device behavior comprehensively. 

 

Sensing Experiments: Implement sensing experiments to evaluate the CP-DM JL-TFET's biosensing 

capabilities. Utilize appropriate sensing materials or receptors to target specific analytes relevant to the 

intended application. Measure changes in electrical properties, such as threshold voltage or 

conductance, in response to analyte binding or environmental stimuli. 

 

Calibration and Validation: Calibrate the sensing response of the CP-DM JL-TFET using known 

concentrations of analytes or standard samples. Validate the sensor's performance by comparing 

experimental results with theoretical predictions or established benchmarks. Assess key performance 

metrics including sensitivity, selectivity, and dynamic range. 

 

Environmental Testing: Assess the device's robustness and stability under various environmental 

conditions relevant to practical deployment. Perform tests under temperature variations, humidity 

levels, and exposure to common interferents to evaluate sensor reliability and reproducibility. 

 

Data Analysis: Analyze the collected experimental data using statistical methods and signal processing 

techniques to extract meaningful insights. Correlate electrical measurements with the presence and 

concentration of analytes to elucidate the sensing mechanism and optimize sensor performance. 

 

Iterative Optimization: Iteratively refine the device design and experimental protocols based on 

insights gained from experimental results. Optimize device parameters such as channel length, doping 

profiles, and dielectric properties to enhance sensing performance and overall device reliability. 

 

Documentation and Reporting: Document experimental procedures, data analysis methodologies, and 

results comprehensively. Prepare detailed reports summarizing the experimental findings, including 

figures, tables, and statistical analyses, to facilitate dissemination and peer review of research outcomes. 

 

By adhering to these experimental principles, researchers can systematically investigate the 

performance and capabilities of CP-DM JL-TFETs for biosensing applications, enabling advancements 

in the field of semiconductor-based biosensor technology. 

 

II. THE PROPOSED DEVICE & ITS DIMENSIONS 

 

The proposed device, depicted schematically in Figure 1, features a channel divided into two distinct 

regions. In this design, the cavity length of the device is varied, with two configurations considered: 

one with a cavity length of 8 nm and another with 10 nm. Additionally, the oxide layer (HfO2) 

associated with the device exhibits lengths of 42 nm and 40 nm, respectively, for the two configurations. 

 

Both gates of the device have a metal work function set at 4.5 eV, ensuring consistent performance 

across the device. The spacer dimensions between the gate and source (Lgs) are maintained at 3 nm, 

while the spacer between the gate and drain (Lgd) measures 15 nm. These dimensions are crucial for 

the proper functioning of the device and have been selected based on previous studies [28-30]. 
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The schematic view of the proposed device structure and its calibrated drain current characteristics 

curve are depicted in Figure 1. In the design of the device, careful consideration has been given to the 

selection of appropriate metal work functions for the electrodes interfacing with the ultrathin silicon 

film and the induced source and drain (S/D) regions. 

 
 

Specifically, a "p+" type source region is delineated within the intrinsic silicon substrate, facilitated by 

a Platinum metal electrode with a work function of 5.93 eV. This choice of electrode material ensures 

the creation of a majority of positive charge carriers, namely holes, on the source side of the device. 

 

Similarly, an "n+" type drain region is configured within the intrinsic silicon substrate, employing 

Hafnium as the metal electrode material with a work function of 3.9 eV. The selection of Hafnium 

results in the generation of a majority of negative charge carriers, namely electrons, on the drain side of 

the device. 

 
 

This deliberate choice of materials and their corresponding work functions is instrumental in achieving 

the desired carrier distribution within the device, thereby optimizing its operational characteristics for 

efficient and reliable performance. 

 

Parameters of the Proposed Device Used in Simulation 
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In the simulation, several parameters of the proposed device architecture are maintained constant. To 

ensure proper functioning, the thickness of the intrinsic silicon substrate is carefully controlled to be 

within the Debye length. This length is determined based on substrate carrier concentration, silicon 

dielectric constant, thermal voltage, and the electronic charge of silicon. Additionally, to minimize 

quantum mechanical effects, a silicon body thickness of 10 nm is selected. 

 

Furthermore, SiO2 layers are incorporated with thicknesses of 0.5 nm and 3 nm between the metal 

electrodes of the source and drain, respectively. Spacer thicknesses of 3 nm and 15 nm are employed 

between the source-gate and drain-gate to optimize device performance. 

 

For the simulation of the conventional JLTFET, specific parameters are utilized: a highly doped carrier 

concentration, a silicon film thickness of 10 nm, gate silicon dioxide thickness of 3 nm, channel length 

of 7 nm, and a gate work function of 4.3 eV. To induce holes in the source region, a platinum metal 

electrode is employed with an equivalent concentration of 1 × 10^15 /cm^3. 

 

All simulations are carried out using the ATLAS Silvaco TCAD simulator to comprehend and compare 

the physical processes of various architectures. Models such as the Non-local BTBT model, Shockley-

Read-Hall, and Auger recombination models are employed to account for carrier generation, 

recombination, and tunneling phenomena. 

 

This content provides a comprehensive overview of the parameters utilized in the simulation of the 

proposed device, focusing on ensuring proper functioning and accuracy in capturing device behavior 

without using formulas. 

 

 
The immobilization of biomolecules induces a band-to-band tunneling process, influencing the behavior 

of the device. Variations in the drain current are observed as the length of the cavity region varies, 

reflecting the impact of biomolecule immobilization. 

 

III. RESULTS AND DISCUSSIONS 

 

The dielectric constant plays a crucial role in determining the behavior of biomolecules within the 

proposed device. Biomolecules can be categorized into two types: neutral and charged. In simulations 

involving neutral biomolecules, the dielectric constants are the primary focus. However, simulations 

involving charged biomolecules take into account both the dielectric constants and the charge density. 
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As illustrated in Figure 2, the presence of a variety of biomolecules in the cavity results in different 

dielectric constants. At a cavity region length of 8nm and a drain-source voltage (Vds) of 1V, distinct 

trends in drain current are observed. These variations underscore the sensitivity of the device to changes 

in biomolecular composition and cavity dimensions, highlighting its potential for biosensing 

applications. 

 
Conclusion 

 

In conclusion, the proposed Charge-Plasma-Based Dielectric-Modulated Junctionless Tunnel FET (CP-

DM JL-TFET) demonstrates promising potential for biosensing applications. Through careful design 

considerations and simulations, the device exhibits sensitivity to biomolecular composition and cavity 

dimensions, making it suitable for detecting a wide range of biomolecules. By incorporating charge-

plasma-based modulation and dielectric engineering principles, the CP-DM JL-TFET offers improved 

performance metrics such as sensitivity and signal-to-noise ratio compared to conventional biosensors. 

The device's ability to differentiate between neutral and charged biomolecules enhances its versatility 

and applicability in various biosensing scenarios.CMoreover, simulation results indicate that variations 

in drain current correspond to changes in biomolecular composition and cavity dimensions, highlighting 

the device's sensitivity and potential for precise biomolecular detection. Overall, the CP-DM JL-TFET 

represents a significant advancement in biosensor technology, paving the way for innovative solutions 

in healthcare, environmental monitoring, and biotechnology. Further research and optimization efforts 
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are warranted to fully realize the potential of this biosensing platform and its implications for real-world 

applications. 
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