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ABSTRACT  

This paper reveals the low-frequency noise of an Indium Arsenide Antimonide (InAsSb) channel dielectric 

modulated trench gate junctionless Dual-Gate FET (DG FET) and demonstrates that low-frequency noise in a 

DG FET can be suppressed by changing the mole fraction of arsenic in the Indium Arsenide Antimonide 

(InAsSb) channel dielectric modulated trench gate junctionless Dual-Gate FET. The effects of the Arsenic 

composition on the Junctionless InAsSb DG FET device's sensitivity and performance against low-frequency 

noise are investigated. The results ensure that composition fraction plays a very important role in the 

Streptavidin, APTES and Ferro-cytochrome biomolecules detection and reduction of  the low-frequency noise. 

According to the current investigation, a significant quantity of low-frequency noise can be produced by either 

a low or high content of Arsenic. For neutral and charged biomolecules at 1 Hz frequency, an intermediate 

molar percentage of Arsenic, ideally between 45% and 65%, can efficiently suppress the noise and produce a 

signal-to-noise ratio of greater than 104 in the Dielectric-Modulated Trench Junctionless Indium Arsenide 

Antimonide (InAsSb) Dual-Gate(DG) FET. 
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INTRODUCTION 
 

Biotechnology fosters various sustainable approaches for the upswing of agricultural areas through pre-investigation of the state 

of land and water resources and the use of chemicals like pesticides and fertilisers to increase production. It also identifies with the 

culinary and healthcare sectors and has many uses. Extreme outbreaks of novel diseases brought on by unknown biohazards have 

made early detection of biomolecules and their comprehensive and precise analysis vital. As dielectric-modulated field effect 

transistors (FETs) provide a high degree of label-free sensing by nature, they have become more appealing for biomolecule spotting 

[1-5]. One of the most critical parameters for biosensors is sensitivity, which is influenced by both the kinds of biomolecules and 

the device architectures. Charged biomolecules can alter the cavity's interface-trapped charge densities and dielectric constants. 



 

 

The trapped charges at the interface between the conducting channel and the dielectric layer directly cause low-frequency noise, 

which significantly reduces the device's sensitivity, particularly for charged biomolecules. Numerous FET-based biosensors with 

various device topologies, such as tunnel FETs [6-12], impact ionization FETs (IMOS) [13], and junctionless FETs [14-19], were 

proposed in various studies. A few studies also addressed III-V channel material-based sensors [20–22]. Nevertheless, there are 

not many publications that discuss biosensor noise analysis. [23] focuses on the RTS noise for the single trap phenomenon and 

shows noise suppression for nano transistor biosensors beyond the temperature limit. In [24], a small signal model for noise is 

introduced for Bio FET devices, where flicker noise is thought to be the main noise source, with thermal noise from the electrolyte 

resistance contributing slightly. In [25], LFN is also investigated for single-gate extended sources. For silicon nanowire sensors, 

the effects of device settings on power spectral density were examined in [26]. In [27], the subthreshold region, the signal-to-noise 

ratio for charge sensing, is optimized for liquid-gated SWNT transistors. investigated the noise source in biosensors based on 

carbon nanotubes [28]. They found that interaction between substrates and adsorbates increases charge noise. The effects of high-

k dielectrics and cavity thickness on junctionless DG FETs are thoroughly examined in [29]. 

However, silicon is used as the channel material in the aforementioned reports. Noise negatively influences device 

performance and works better with no silicon materials, such as silicon oxide, where high-k dielectric layers are used instead. 

In biosensors, noise enters electrochemical interfaces when charges are transferred [30]. LFN's huge time constants for bio-

detection make it more effective than other noise sources. The first thing we address in this research is the noise analysis of 

an InAsSb channel trench gate JL DG FET for neutral and charged biomolecules. We identify the optimal performance of 

the device by thoroughly examining the effects of the Arsenic(As) molecule's molar fraction on the biosensor's low-frequency 

noise parameters and performance indicator  

 

DEVICE STRUCTURE & SIMULATION FRAMEWORK 

 

As shown in Figure 1, a trench gate JL DG FET is taken into consideration in the current work. The two vertical gates are placed 

in separate trenches on either side of the channel. When biomolecules are not present, two vertical nanogaps that are filled with air 

form between the channel and gates.  

Accordingly, the gate and drain connections are applied. When biomolecules are not present, it is assumed to be filled with air and 

the value of di-electric constant is considered as 1, which is adjusted based on the dielectric constant of the biomolecules. This 

change in the dielectric constant causes a variation in the gate capacitance, which is reflected in the device's transconductance and 

drain current, among other electrical properties. We use SILVACO ATLAS simulator to simulate the device as well as to study its 

characteristics. Fermi-Dirac statistics, concentration-dependent mobility and field-dependent carrier mobility, velocity saturation, 

and band gap narrowing models are employed for the simulation. We extract different parameters of the channel materials, such 

as band gap, electron affinity, permittivity and intrinsic carrier concentrations for different Arsenic (As) compositions for 

employment in simulation [31]. Various electrical parameters, like surface potential, drain current, transconductance, etc., are 

obtained from the simulation. Relevant device parameters are listed in Table 1. 

 

Modelling of low-frequency noise 
 

If a change of gate bias δVg causes a change in drain current (δI) and drain current may be considered as the combination of 

unwanted fluctuation (IUF) and useful signal (IUS) then  
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where δIus and δIFL are the change in useful current and unwanted fluctuation respectively, then SNR is defined as [16] 
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For FET-based biosensors, threshold voltage shift (δVth), because of the interaction of biomolecules can be considered a signal 

[16], and the SNR can be defined as: 
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where SVG is the equivalent input-referred voltage noise and is obtained as [17] 

 

                                         (4)  

 

Here, details of all the parameters are given in [32].  

The normalised drain current power spectral density is obtained as [18]: 

  

                                                                                                                           (5)  

 

Using ATLAS ID, gM, VSG and δVth are obtained, and using Eq.  (4) & Eq. (5), the other noise parameters are calculated. 

        SILVACO ATLAS simulates the electronic noise by calculating the statistical behaviors of equivalent random voltage sources 

at its ports. A small volume of the device is to get the noise from the entire part of the device. The impact ionization and the Hooge 

model are applied to enable LFN. SNR is a crucial parameter for biosensors as it determines the degree of detection by the signal 

level for noise. Tracing bio-species also depends on the presence of intrinsic noise in the device. The impact ionization and the 

Hooge model are applied to enable LFN. SNR is a crucial parameter for biosensors as it determines the degree of detection by the 

level of signal concerning noise. Tracing bio-species also depends on the presence of intrinsic noise in the device. 

 
MODELLING OF PERMITTIVITY OF InAsSb: 

 

If the InAsxSb1-x material energy band gap is computed as: 

                                   (6)  

here,  

gInAsE  is the bandgap of  binary InAs computation with x= 1, 

1x xgInAs SbE


is the band-gap of InAsxSb(1-x), 

gInSbE  is the bandgap of binary InAs computation with x= 0. 

EgC    is the bowing factor Band gap, 

It is calculated that the InAsxSb1-x material’s electron affinity is: 

                            (7)  

here,  

                           is the electron affinity of InAsxSb1-x 

            is the electron affinity of InAs. 

             is the electron affinity of InSb. 

The value of the bowing factor of electron affinity ( )xC is calculated as :  
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is the parameter of alignment. The value is taken as 0.5. 

The conduction band density of states effective mass longitudinal and transverse directions electrons of InAsxSb(1-x) is computed 

as: 
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Here,              and
InAsSbct

m  are conduction band Density of states effective mass in longitudinal and transverse directions in 

InAsxSb(1-x).  

In Eq. (9) the values are taken as : 

(1 )
InAs InSbcl cl

InAsSb
cl xm x mm                                         (10)  

and  

(1 )
InAs InSbct ct

InAsSb
ct xm x mm                                         (11)  

The valence band density of state effective mass of  InAsxSb(1-x) for heavy and light holes is computed as : 
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In Eq. (12) the values are taken as: 
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and  
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The permittivity(ε) of InAsxSb(1-x) is calculated as: 

                                                                                                                              (15) 
 
 
MODEL CALIBRATION 
 

The simulation model is calibrated against the reported experimental data[33]. Figure 2 shows the simulated transfer 

characteristics of the dielectric modulated trench gate DG InAsxSb1-x channel JLFET for a gate length of 50 nm at 50 mV and 

0.5 V drain voltages, which is compared with reported experimental data [33].  

     The combined trench and dual-gate structure enhance electrostatic control, reduces short-channel effects, and ensures 

accurate prediction of LFN behavior. The trench gate geometry confines the electric field laterally, minimizing leakage and 

enabling sensitive dielectric modulation by biomolecules, while the dual-gate configuration improves gate-to-channel coupling, 

directly influencing the transconductance term (gM)  as in Eq. (4) and Eq. (5). 
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        In the SILVACO ATLAS simulations, several calibrated physical models such as, Fermi–Dirac carrier statistics, field- and 

concentration-dependent mobility, velocity saturation, and bandgap narrowing, were applied to accurately represent carrier 

transport in the InAsSb alloy. The Hooge noise model and impact ionization model was included to capture flicker noise and 

LFN sources. The calibration shown in Figure 2, confirms strong agreement between simulated and experimental data [33], 

validating the precision of the simulation approach. Hence, the chosen architecture and model set enable realistic LFN 

predictions and reliable sensitivity evaluation of the proposed biosensor.  

  

 

RESULT & DISCUSSIONS 

A. Study  of Dielectric-Modulated Trench Junctionless InAsSb DG--FET sensitivity and biosensing attributes: 

We have studied the  Dielectric-Modulated Trench Junctionless InAsSb DG--FET sensitivity in terms of Drain current and  

transconductance efficiency (gM/ID), which are of the important performance indicators [34] in effective detection of the 

biomolecules . 

Figure 3 represents the transfer characteristics of the biosensor in the presence and absence of bio species having dielectric constants 

1, 2.1, 3.57 and 4.7. These are the dielectric constant of Streptavidin, APTES and Ferro-cytochrome respectively. 

The graph indicates the detection of the biomolecules of Streptavidin, APTES and Ferro-cytochrome by showing a large difference 

in the drain current with biomolecules such as k=2.1,k=3.57 and k=4.7 w.r.t the air (k=1) in the subthreshold region. 

 

Figure 4 depicts the Transconductance efficiency (gM/ID) change with drain current for different dielectric constant k , such as, 

k=2.1,k=3.57 and k=4.7 w.r.t the air (k=1). The presence of biomolecules changes the transconductance efficiency from 12 (k=1) 

to  16, 22 and 24 when k values are 2.1, 3.57 and 4.7. This change is due to different biomolecules such as Streptavidin, APTES 

and Ferro-cytochrome in the cavity space. So, this Dielectric-Modulated Trench Junctionless InAsSb DG-FET can effectively 

detect biomolecules and can be called a biosensor. 

B. Noise analysis for neutral biomolecules: 

As indicated in Figure 4, gM/ID changes sharply w.r.t air in the presence of biomolecules, which ensures the sensing capability of 

bio species. This change of gM/ID increases the k value of bio species. 

 

In Figure 5, the variation of gM/ID with gate voltage for different values of composition fraction ,i.e, x is presented. It is noteworthy 

that gM/ID, which is equivalent to the device's gain, is influenced a lot by x. It means the detection capacity can be improved by the 

proper selection of x.  

 

Figure 6. demonstrates the frequency response of input-referred noise (SVG) and normalized drain current power spectral density 

(SID/ID
2) for different bio species such as Streptavidin, APTES and Ferro-cytochrome. The figure indicates that the bio species with 

a higher k value generates more noise. Thus, noise suppression is also significant in detecting different biomolecules.  

    The frequency response of Input referred Noise(SVG) is depicted in Figure. 7 and Figure. 8 for different values of x, and it is 

found that SVG is reduced by increasing x, but the exact nature is revealed in Figure 8, where both the SVG and SID/ID
2 are plotted 

against x for different bio-samples. The intermediate As mole fraction (x ≈ 0.45–0.65) provides an optimal balance between carrier 

concentration and trap density. 

                 In Figure 9, the graph shows that noise factors are reduced by increasing the composition fraction , x, reaching its 

optimum value, and increasing with x, although the trend is against the spotting of biomolecules. We explore the SNR for different 

biomolecules, which is an important biosensor parameter that needs to be investigated. 

                   The variation of SNR is shown and it is observed that SNR can be improved by choosing the mole fraction ~ 65% of 

As. As shown in Figures 7–9, SVG and SID/ID
2 and both exhibit minima in this As composition range, while the SNR that is defined 

by Eq. (2) exceeds 104 at 1 Hz frequency. Therefore, the intermediate arsenic fraction optimizes electronic transport and trap 

suppression, resulting in both lower LFN and higher biosensor sensitivity. 

                    The variation in the arsenic (As) mole fraction within the InAsSb channel directly governs the low-frequency noise 

(LFN) characteristics and overall sensitivity of the dielectric-modulated trench junctionless dual-gate (DG) FET biosensor. 

Adjusting the As composition modifies key material properties such as bandgap, electron affinity, and carrier mobility, thereby 



 

 

influencing both the charge transport and noise generation mechanisms in the channel. At lower As compositions, the narrower 

bandgap results in a higher intrinsic carrier concentration and stronger carrier fluctuations, leading to increased flicker noise 

(1/f) and degraded signal stability. At higher As contents, the increased bandgap and reduced mobility enhance scattering and 

trap-assisted noise, again elevating the total LFN. 

          The intermediate As mole fraction (x ≈ 0.45–0.65) provides an optimal balance between carrier concentration and trap 

density. This composition minimizes both the input-referred voltage noise (SVG) and normalized drain current power spectral 

density SID/ID
2 as defined in Eq. (4) and Eq.(5) of the manuscript. These relations quantify the voltage and current noise behavior 

derived from the SILVACO ATLAS simulations, linking the microscopic carrier fluctuations to macroscopic noise performance. 

Simulation results (Figures 7–9) demonstrate that in this composition range, the LFN is significantly suppressed, while the signal-

to-noise ratio (SNR) exceeds 104 at 1 Hz. Hence, tuning the arsenic mole fraction in the InAsSb channel effectively controls the 

noise–mobility trade-off, ensuring both high sensitivity and low noise operation in the trench junctionless DG FET biosensor.  

 

 

C. Noise analysis for charged biomolecules: 

Noise factors are strongly influenced by the trapped charges associated with the bio-samples, and the impacts are not the same for 

positive and negative charges. Thus, noise factors may differ for neutral and charged biomolecules. In this paper, we consider both 

the donor and acceptor type trapped charges and set the distance of the donor trap level from the conduction band (E. level) as 0.46 

eV. 

     We consider the trapping cross-section 10-15 cm2 and vary the charge density from 5×1010 cm-2 to 1×1012 cm-2. Fig. 10 presents 

the I-V characteristics for positive and negatively charged biomolecules for a fixed dielectric constant, whereas Figure 11 shows 

the gM/ID vs gate voltage. It is observed that the drain current reduces when the charge density changes towards its negative value 

(Nd
+ to Nd

-), especially in the subthreshold and weak inversion region, gM/ID decreases with decreasing Nd
+ and increasing Nd

- in the 

subthreshold region, but the peak value of gM/ID does not depend on the charge density or its nature; it only depends on the gate 

voltage.    

We studied the noise factors for different mole fractions, as represented in Figure 12 – Figure 14. In Figure. 12, a variation of SVG 

is observed with the charge density of biomolecules for different x, whereas in Figure 12, the same observables are studied for 

different bio species. From both figures, it is confirmed that SVG decreases with decreasing Nd
- and increasing Nd

+. This means that 

the LFN is more significant for negatively charged bio species. Figure 14 depicts the SNR for charged biomolecules, where it is 

found that SNR improves for +ve charged biomolecules. For all three cases, betterment of noise parameters is observed for a 65 % 

molar fraction of the as atom. 

                            Different biomolecules influence the biosensor’s noise behavior through their dielectric properties and surface 

charge densities. Neutral biomolecules (such as Streptavidin and APTES) modulate the gate capacitance without introducing net 

charge, thereby affecting transconductance and threshold voltage shifts that determine sensitivity (as expressed in Eq. (3) for SNR). 

In contrast, charged biomolecules introduce additional electrostatic interactions and interface-trap occupancy, significantly 

impacting the noise spectral density(SID/ID
2)and input-referred voltage noise SVG) defined in Eqs. (4) and Eq. (5). 

    Simulation results in Figures 10–14 show that negatively charged biomolecules increase LFN due to enhanced trap-assisted 

tunnelling, while positively charged biomolecules reduce LFN and improve SNR. Despite these variations, the biosensor maintains 

robust performance, with SID/ID
2<10−7 when the arsenic mole fraction is optimized near 0.65. These findings confirm that the 

device retains high sensitivity and low noise operation across a range of biomolecule charge states. 

 

 

 

CONCLUSION 

 



 

 

The comparison of IDbio/IDair and sensitivity for InAsXSb1-X channel biosensor with other reported works are shown in Table 2 and 

as seen from the table  the values of  SNR, SID/ID
2 and SVG  are much more improved as compared to the other reported works. We 

have presented the analysis of LFN for the presence of neutral and charged biomolecules for an InAsSb channel dielectric 

modulated trench gate junctionless DG FET. Results indicate that the sensitivity of biomolecules can be improved by decreasing 

the mole fraction of as at the expense of LFN. The input-referred voltage noise, the normalized drain current power spectral density, 

and SNR improve by increasing the mole fraction in the range of 60 – 65 per cent of as for neutral and charged biomolecules. In 

the case of charged bio species, noise level depends on the polarity of charge. Negatively charged biomolecules generate more 

noise than positive ones. Thus, special care should be taken in spotting negative bio species. 
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Figure 1, Schematic diagram of InAsSb channel trench gate DG JL dielectric modulated biosensor 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

FIGURE 2. Calibration of the present device with the result obtained from [33]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Figure 3 .Transfer characteristics for different bio species 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 4. Variation of gM/ID with ID for different biomolecules for As mole fraction=0.25 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 5. Change of  gM/ID  with VGS for different x at k=3.57. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 6. Plot of Input referred noise  and normalized drain current power spectral density as a function of  f for different bio species 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

FIGURE 7. Frequency response of SVG for different values of x 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

FIGURE 8. Variation of SVG and SID/ID2 with x for different bio species  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

FIGURE 9.Variation of SVG and SID/ID2 with x for different bio species 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 10. Variation of  ID with VG for different charged species. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 11. Plot of gM/ID with VGS for different charged species. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 12.  Impact of charge density on SVG for different x 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

FIGURE 13. Variation of SVG with charged species for different k values 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 14. Dependence of SNR on charged bio species 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 1: DIFFERENT PARAMETERS OF DIELECTRIC-MODULATED TRENCH JUNCTIONLESS INDIUM ARSENIDE ANTIMONIDE DUAL 

GATE FET 

 

 



 

 

Parameters Value 

 

Gate length 50 nm 

Channel doping concentration 1×1018 cm-3 

Drain doping concentration 1×1019 cm-3 

Gate oxide thickness 1 nm 

Thickness of nanogap 5 

Length of nanogap 50 nm 

Drain bias 0.5 V 

Gate bias -0.5 V-1.6 V 

The dielectric constant of 

biomolecules 

2.1,3.57 & 4.7 

Charge density of biomolecules -1×1012 cm-2  -   

1×1012 cm-2 

Molar fraction of As 0.25-0.85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Table 2. COMPARISON OF IDbio/IDair and SENSITIVITY FOR InAsXSb1-X CHANNEL BIOSENSOR with other reports 

 
Device 

specification 

Frequency 

(Hz) 

SNR 

(Max) 

SID/ID
2 

(Hz-1) (Min) 

SVG (V2Hz-1) 

(Min) 

Ref 

CNT transistor 

[20] 

1 6×103 - - [20] 

Si Nanowire 

Transistor [19] 

10 - 1.2 ×10-10 1.2 ×10-10 [19] 

N-type NW FETs 10 1.2×102 - 2×10-8 [23,3

5-39] 

Present work 

(neutral 

biomolecules) 

 

1 

 

1.68×104 

 

5.75×10-8 

 

1.37×10-9 
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