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Abstract—This research article reports the electrical detection of breast-cancer biomarker (C-erbB-2) in saliva/serum
based on In1−𝑥Ga𝑥As/Si heterojunction dopingless tunnel FET (HJ-DL-TFET) biosensor for highly sensitive and real-time
detection. The work takes into account the interface charge modulation effect in dopingless extended gate heterostructure
TFET with embedded nanocavity biosensors for the precise, reliable, and fast detection of antigens present in the body
fluids such as saliva in place of blood serum. The reported biosensor is numerically simulated in 2D using the SILVACO
ATLAS exhaustive calibrated simulation framework. For the biomolecule immobilization, the proposed biosensor has a
dual cavity engraved beneath the dual gate structure. This improves the control of biomolecules over the source-to-
channel tunneling rate, as well as the control over the electrical performance parameters of the proposed biosensor. Here,
a numerical model for the C-erbB-2 interface charge equivalent is also developed. The analysis of device sensitivity in
both saliva and serum environments for various C-erbB-2 concentrations has been carried out. Our study reveals that
III-V In1−𝑥Ga𝑥As/Si heterojunction with 𝑥 composition of 0.2 and extended gate geometry provides an increased tunneling
probability, improves the gate control to get a higher 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio and higher sensitivity. In addition to this, the impact
of interface charges corresponding to the different amounts of C-erbB-2 biomarkers on the biosensor sensitivity (in terms
of 𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹 ratio) yields higher sensitivity of the order of 106.

Index Terms—InGaAs/Si Heterojunction TFET, breast cancer biomarker, c-erbB-2, sensitivity, TCAD, In1−𝑥Ga𝑥As/Si hetero junction.

I. INTRODUCTION

Biosensing devices are now necessary for the aftermath of the
COVID’19 outbreak. Biosensors have shown great potential in the
medical diagnostic field. Throughout the globe, there are various
types of biosensors developed such as electrochemical, electrical,
photonic, optical biosensors, etc. [1]. Among these wide range
of electrical detection devices, FET (field-effect transistor) based
biosensors have turned out to be the most convenient alternative
due to their inherent advantages of higher sensitivity, smaller
scaled dimensions, simpler mechanism of transduction, low cost,
technological compatibility with CMOS process, controllable
electrical response, and reproducibility [2]. The very first FET-based
biosensor was invented by P. Bergvel in 1970 [3]. They designed
and investigated a biosensor for neurophysiological measurements,
and it was ion sensitive FET (ISFET) [4]. For the charged
biomolecules ISFETs demonstrated a good sensitivity. Continuous
improvements have been carried out since its invention due to
this it has emerged as an ideal approach for the fast and accurate
detection of various analytes (such as glucose, penicillin, urea,
pesticides, phenolic compounds, steroidal glycoalkaloids, creatinine,
etc) as well as for drug discovery [5]-[10]. Although these Si-based
sensors demonstrated a huge range of sensing regimes varying from
macro-scale environmental monitoring [11] to nano-scale studies of
biomolecular interactions [12]. Chemical and biological agents, on
the other hand, have been found to target and distort Si. Although
SiO2 can ensure sufficient adhesion and adequate growth of living
cells. It is being claimed by Cimalla et al. [13] and Kokawa et
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al. [14] that AlGaN/GaN devices have better biocompatibility and
adhesive properties, regardless of the Al mole fraction or the process
steps involved. The material performance of these devices with
III-V group based materials are better than Si-sensors in reference
to the higher thermal and electrical properties than Si-based systems
due to its higher strength, chemical stability, higher bandgap, higher
chemical stability, quicker responses, and above all their stability in
aqueous solutions [15]. Moreover, the advanced functionalities such
as high speed, low power consumption, enhanced packing density,
etc., can be achieved by the miniaturization of device dimensions.
But scaling of CMOS technology has obstructed the progress of the
semiconductor industry due to various inevitable problems in terms
of various short channel effects (SCEs), more leakage current, high
consumption of power and degraded ON-to-OFF current ratio.

To counter these problems an emerging tunnel FET device has
been developed due to its ability to withstand the detrimental
effects of down scaling and it also offers low leakage current and
subthreshold slope (SS) below Boltzmann’s limit (<60mV/decade).
It has also been reported in the literature that the sensitivity
performance metrics of MOSFET-based biosensors are also limited
by the degradable SS and higher response time. Hence, TFET based
biosensors are expected to overcome these limitations owing to its
inherent phenomenon i.e. band-to-band tunneling (BTBT) [16]. As
band-to-band tunneling phenomenon leads to reduction of SS below
60mV/decade which makes the device faster and also it operates
on low gate voltage which further reduces the power consumption.
Meanwhile, dopingless TFETs (DLTFETs) have been reported to
ease the fabrication process of TFET as they do not need a costly
diffusion or ion implantation process to achieve an ultra-sharp
doping profile for the source and drain regions [17]. Hence, owing
to the inherent steep SS behaviour of TFET, TFET based biosensors
are expected to show higher sensitivity with better response time
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[18]-[22].

Even though TFET has become a strong alternative to CMOS
technology, it suffers from the major limitations of low ON
current and ambipolar conduction [23],[24]. To counter these
limitations, various new modified TFET structures have emerged,
such as hetero-dielectric TFET, multigate TFET, and vertical
TFET [20]-[22] etc. Further, to utilize the TFET device for
biosensing applications various structures have been proposed for
label-free biosensing such as biosensor based on buried strained
SiGe source TFET [25], dual-channel trench gate [26], front gate
engineered back gate biased DMTFET with front gate engineering
and biasing on back gate [27] and hetero gate oxide TFET
[28]-[30]. Most of these structures have been found to have either
low sensitivity or higher fabrication complexity, which prevents
them from being accepted by industries as standard biosensor models.

Furthermore, in recent years, breast cancer has turned out as a
serious public health issue due to its high occurrence frequency.
By mammography, the majority of patients are screened for breast
cancer. This procedure is expensive and invasive too which limits
the screening frequency. A work by Michaelson et al. [23] indicates
that a patient has a survival rate of 96%, if the patient could be
screened every 3 months. Thus, the death rate could be reduced
in breast cancer patients by increasing the frequency of screening.
Due to the lack of cheap and reliable technology that can detect
breast cancer non-invasively, this is not currently possible. C-erbB-2
(also known as HER2, erb-b2 receptor tyrosine kinase 2, ERBB2,
NEU, MLN 19, NGL, CD340) is a human epidermal growth factor
receptor that can be used to detect breast cancer. During the growth
and production of some aggressive types of breast cancer, between
25 to 30% of this transmembrane glycoprotein is overexpressed.

Inspired by these concurrent advancements in the dopingless
hetero TFET and urgent need for the breast-cancer detection,
the current study reports the electrical detection of breast-cancer
biomarker (C-erbB-2) in saliva/serum using an In1−𝑥Ga𝑥As/Si
heterojunction dopingless TFET (HJ-DLTFET) biosensor for
highly sensitive and real-time biosensor. The work considers the
interface charge modulation effect in a dopingless extended gate
heterostructure TFET with embedded nanocavity biosensors for
the precise, accurate, and quick detection of antigens present in
body fluids such as saliva rather than blood serum. The III-V
heterostructure TFET biosensors can dominate the biomedical
lab-on-chip industry in near future. Higher gate control and lower
leakage current are two advantages of the proposed extended gate
structure. In addition, the length of the extended gates affects
the electric field within the channel. For different C-erbB-2
concentrations, system sensitivity has been investigated in both
saliva and serum conditions. Our research shows that the III-V
In1−𝑥Ga𝑥As/Si hetero junction with the 𝑥 composition of 0.2 and an
extended gate geometry increases tunneling probability, improves
gate power, and increases sensitivity. Greater flexibility in tunneling
rate can be achieved by controlling the dimensions of the extended
gate. Due to the box-like gate design, improved 𝐼𝑂𝑁 , a lower SS and
a reduced leakage current can be achieved at the same time [32]-[34].
Moreover, heterostructure TFETs have an additional benefit of a
flexible bandgap material at the source/channel interface, which can

Fig. 1: Proposed device structure of In1−𝑥Ga𝑥As/Si heterojunction
dopingless TFET sensor for C-erbB-2 detection.

[30]

Fig. 2: Calibration of the proposed simulation model against the
experimental data in [30].

be used to regulate the tunneling rate. Because of these benefits,
HJ-DLTFET is a viable device option for biosensing applications
[35]-[41]. Our study claims that it is a potential candidate for mass
production because of its high sensitivity in terms of 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹

current ratio, improved SS, and easier fabrication steps because of
hetero-epitaxial techniques such as selective area growth (SAG) [42].

This work is organized as follows: The reported biosensor
structural parameters, material, and doping are all explained in
Section II. Section III covers the C-erb-2 modeling in depth. Then the
electrostatic analysis as well as sensitivity analysis In1−𝑥Ga𝑥As/Si
heterojunction dopingless TFET biosensor are investigated in
Section IV. Finally, Section V outlines the conclusions of research
work.

II. DEVICE STRUCTURE AND SIMULATION
METHODOLOGIES

The 2-D schematic of the proposed device HJ-DLTFET based
biosensor with dual nanocavity underneath of gate electrode
is shown in Fig. 1. The proposed structure is utilized for the
sensitivity analysis of the breast cancer biomarkers i.e. C-erbB-2
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Fig. 3: Bio-immobilization at the functionalized cavity region in
HJ-DLTFET.

Table 1: Simulation parameters for In1−𝑥Ga𝑥As/Si heterojunction
dopingless TFET biosensor.

Parameters(Symbols) In1−𝑥Ga𝑥As/Si HJ-DLTFET Biosensor
Silicon thickness (𝑇𝑆𝑖 ) 10 nm
Gate-oxide thickness (𝑇𝑜𝑥 ) 2 nm
Gate length (𝐿𝐺 ) 50 nm
Source length (𝐿𝑆) 100 nm
Drain length (𝐿𝐷 ) 100 nm
Background doping (𝑁𝑖𝑛) 1 × 1016𝑐𝑚−3

Source work-function (𝜙𝑆(Pt)) 5.93 eV
Drain work-function (𝜙𝐷 (Hf)) 3.9 eV
Gate Dielectric constant (𝜖𝑜𝑥 ) HfO2 (22)
Source material 𝐼𝑛1−𝑥𝐺𝑎𝑥As
Channel Material Si
Drain Material Si
Metal1 Aluminium (𝜙1=3.8 eV)
Metal2 Aluminium (𝜙2=4.8 eV)

protein. TFET heterostructures provide greater flexibility such as
the formation of the depletion region at the junction, controlling
the band-to-band tunneling (BTBT), the effective mass of the
carrier, lowers SS, and optimizes both leakage and ON-state
currents simultaneously [42]-[45]. In the proposed HJ-DLTFET
structure, source-side material is chosen as 𝐼𝑛1−𝑥𝐺𝑎𝑥As with
Ga mole fraction of 𝑥 = 0.2. The considered heterostructure has
an 8% lattice mismatch and has a lower leakage current than
InAs/Si HTFET [30]. Further, In1−𝑥Ga𝑥As shows widely tunable
band gaps, high electron mobilities, tunable Schottky barrier
heights, and the overall reduced lattice mismatch restrictions and
also the formation of low-defect density heterostructure devices [46].

The major benefit of choosing this material towards the source
side is in terms of enhanced tunneling rate as well as ON current
owing to its low effective mass and lower band gap. To control
leakage current and to achieve an abrupt band bending towards
the source-channel junction, silicon is used for both the channel
and the drain regions. It leads to an improvement in the electric
field at the junction. Here, the source (𝑝+) and drain (𝑛+) regions
have been created by dopingless technique [17], by selecting the
suitable metal work-function on either sides of source and drain
electrodes as 5.93 eV and 3.9 eV, respectively. Further, there are
two different metals that are used as gate metal gate; Aluminum
(𝜙1=3.8 eV) towards the source side of length 30 nm and Copper
(𝜙2=4.8 eV) towards the drain side of length 20 nm for achieving
improved SS and reduced leakage current. To improve the gate
control over channel extended tunneling gate (TG) is introduced
towards source-channel junction due to an increase in the electric

Fig. 4: Channel potential profile for boundary concentrations of C-
erbB-2 in serum of healthy and diseased sample.

field and auxiliary gate (AG) towards the drain-channel junction
controls the thermionic emission current. The binding site cavity
for the protein of interest has been created underneath the gate
electrode, which has been bifurcated into 20 nm at source channel
junction and 10 nm at drain-channel junction. HfO2 is utilized
as gate dielectric and a thin SiO2 layer is used as a passivation
dielectric for biomolecules. Biomolecules are considered to be
100 % pure and free of contamination for biosensing applications.
In general, the cavity is expected to be fully filled with biomolecules.

To investigate the device characteristics and to analyze the
device sensitivity, the device is simulated using the SILVACO
ATLAS TCAD tool [47]. The tunneling rate at the junctions is
computed using a dynamic non-local band-to-band tunneling model.
The mobility degradation effect is introduced using a high field-
dependent and doping-dependent mobility model. The drift-diffusion
transport model, the Shockley-Read-Hall recombination/generation
model, and the Auger recombination/generation model are all taken
into account. For accuracy, Fermi-Dirac statistics and a bandgap
narrowing models are used. For the calibration and validation of
the deployed simulation model authors have used Moselund et al.
frame work [30] as shown in Fig. 2. Since experimental data for
InGaAs/Si n-type TFET is not available, the calibration is carried
out for InAs/Si-TFET of the lateral p-type. The structure dimensions
are as per the dimension in [30], but since for this simulation
interface traps are not taken into account, hence lower leakage
current than experimental values (Fig. 2) can be observed in the
simulation results. To predict the corresponding charge/potential
produced when 1 vial (5𝜇g/ml) sample of the diseased one (which
is applied at the gate underneath the cavity region), a numerical
model for C-erbB-2 oncoprotein concentration in human saliva and
serum is developed. It can be used to model the other antigens or
proteins using its concentration and molecular mass in diseased as
well as normal states. All the device parameters considered for the
device simulation are listed in Table. 1.

III. C-ERBB-2 MODEL

Breast cancer has become a serious public health issue in recent
years due to its high level of occurrence. C-erbB-2 (also known
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Table 2: Range of C-erbB-2 concentrations in human saliva and serum for a healthy and a diseased person

C-erbB-2 concentration In Saliva In Serum
Healthy Diseased Healthy Diseased

Min Max Min Max Min Max Min Max
Clinically relevant concentration (𝜇 g/ml) [40] 4 6 9 13 60 90 140 210
Equivalent interface charge,𝑄𝐵𝑀 (× 1014/𝑚2) -0.63 -0.948 -1.42 -2.05 -9.47 -14.20 -22.11 -33.10

Fig. 5: Carrier concentration profile for boundary concentrations of
C-erbB-2 in serum of healthy and diseased sample.

Fig. 6: Energy band diagram for boundary concentrations of C-erbB-2
in serum for a healthy and a diseased sample.

as ERBB2, HER2, erb-b2 receptor tyrosine kinase 2, NEU, MLN
19, NGL, CD340) is a human epidermal growth factor receptor that
can be used to detect breast cancer. During the production of some
aggressive breast cancer types, this trans-membrane glycoprotein is
over expressed by 25 to 30% [35], [36].

Here, for the very first time, In1−𝑥Ga𝑥As/Si heterojunction
dopingless TFET has been utilized for the detection of C-erbB-
2 oncoprotein. The anchoring of the antigen to its individual
functionalized antibody in the area of the cavity coated with SiO2 is
the part of the physical recognition process. The detection procedure
consists of a thin layer of self-assembled thioglycolic acid that
serves as the target biomolecule linker in this case (HSCH2COOH)
as shown in Fig. 3. Thiol and gold coated SiO2 molecular linking
causes self-assembly. Here, a strong contact between gold and the
thiol group of the thioglycolic acid has been used to attach a self-

assembled monolayer of thioglycolic acid, HSCH2COOH, an organic
molecule comprising both a thiol mercaptan and a carboxylic acid
functional group, on the Au surface in the cavity area.This device
initially put in an ozone/UV chamber before being immersed in
a 1 mM thioglycolicacid aqueous solution at ambient temperature.
The thioglycolic acid is binded to the Au surface at the cavity
region, leaving the COOH groups open for chemical linkage of
other functional groups. Before real-time measurement of c-erbB-2
antigen, the device was incubated in a phosphate-buffered saline
(PBS) solution of 500 lg/ml c-erbB-2 monoclonal antibody for 18
hours [48],[49]. Charge control or voltage-driven models may be
designed to analyse the device’s sensing behavior, and the equivalent
charge due to biomarker C-erbB-2 must be numerically modeled.
This is accomplished by calculating the effective net charge due to
C-erbB-2 molecules in saliva as well as serum and applying it as
an interface charge into the nano-cavity region for biomarkers to
be detected. 4-6 𝜇g/ml concentrations of C-erbB-2 in saliva at pH
value 7.3 and 60-90𝜇g/ml in serum at pH value 7.35 are clinically
significant for healthy person. Cancer patients have elevated levels
of concentration 9-13 𝜇g/ml in saliva and 140-210 𝜇g/ml in serum
[35],[36]. The net charge per 1M is determined by multiplying the
molar concentration of the protein by the charge in a single molecule
[50]. After multiplying 1M by the Avogadro’s number of particles,
the net charge equivalent of C-erbB-2 can be computed as [51].

𝑄𝐵𝑀 = (𝑐𝑜𝑛𝑐.𝑜 𝑓 𝐵𝑀 × 𝑞𝐵𝑀) 𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜𝑁𝑢𝑚𝑏𝑒𝑟 (1)

where, 𝑞𝐵𝑀 represents the effective charge on individual protein
molecule (biomarker). 𝑄𝐵𝑀 represents the net charge of C-erbB-
2 and Avogadro’s Number is 6.023×1023. The effective interface
charge due to C-erbB-2 immobilized in the cavity region falls in the
range 1014-1015/𝑚2 (Table. 2). To simulate the impact of the presence
of biomolecule in the cavity region on the device characteristics,
the cavity region underneath gate electrode is initially considered
as empty i.e. filled with air permittivity and for this condition the
drain current is plotted for the device which becomes the reference
current to analyze the device sensitivity. Then, it is expected that
the biomaker C-erbB-2 gets filled in the entire nanocavity, then the
drain current is computed and calibrated to detect the presence of
the biomarker in the sample. Alternatively, as C-erbB-2 is a charged
molecule, hence their immobilization in the cavity regions also alters
the flat band voltage. Thus, this change in the flat-band voltage (as
shown in eqn. (2)) could also be deployed for the breast cancer
detection.

IV. RESULTS AND DISCUSSIONS

In this section, the sensitivity of the proposed device HJ-DLTFET
based biosensor for different concentrations of the targeted biomarker
C-erbB-2 molecules in saliva and serum of the healthy and diseased
persons have been investigated. The analysis of the device has been
accomplished by calculating the effective charge due to the presence
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Fig. 7: Electric field distribution for the boundary concentrations of
C-erbB-2 in serum for healthy and diseased.

of C-erbB-2 molecules in saliva and serum and applying it as an
interface charge of the device. The corresponding interface charges
of the immobilized biomarkers are mentioned in Table. 2.

A. Electrostatic analysis of HJ-DLTFET Based Biosen-
sor

The channel potential in the nano-cavity region underneath the
gate electrode falls with the variation of negatively charged C-erbB-2
in the cavity region. The variation of channel potential for different
concentrations in the serum is plotted in Fig. 4. It can be noted that
the channel potential reduces by 5mV-10mV when peak C-erbB-2
concentration in serum for diseased state is taken into the test. The
change in channel potential is achieved due to the variation in the
flat band voltage i.e. directly proportional to the applied interface
charge. The change in flat band voltage can be expressed as eqn. (2)
[52]:

Δ𝑉𝐹𝐵 =
𝑄𝐵𝑀

𝐶𝑔𝑎𝑡𝑒

(2)

where, 𝑉𝐹𝐵 denotes the flat band voltage, 𝐶𝑔𝑎𝑡𝑒 stands for the gate
capacitance, and 𝑄𝐵𝑀 represents the net charge of C-erbB-2. The
carrier concentration variations in all three source, channel and drain
regions of the device (1 nm below the oxide interface) is shown in
Fig. 5. It can be observed that by utilizing the concept of dopingless
technique, both hole as well as the electron concentrations are induced
of the order of 1018/𝑐𝑚3 (even without actual metallurgical doping)
for all the concentrations of C-erbB-2 immobilized in the cavity
region. The electron concentration in the channel region is lower
for higher C-erbB-2 concentration in the cavity region corresponds
to its high negative interface charge results in lower tunneling rate.
The energy band diagrams of the proposed device for different
concentrations of serum corresponds to the healthy and diseased
person is shown are Fig. 6. It can be noticed that an increased serum
concentration in diseased persons reduces the band bending that
leads to a lower tunneling rate. Splitting of the cavity underneath
the gate electrode reduces the change in the effective capacitance
due to the immobilized biomarkers into the nanocavity region. At
the source-channel junction the band bending is largest as compared
to other areas due to extended TG [42], the conduction band bends
under Fermi level (𝐸𝐹) and the interband tunneling gap becomes

less with the effect of applying gate bias for which the rate of
the band to band tunneling increases exponentially [50],[51]. As the
interband tunneling region enhances with the introduction of a higher
concentration of serum at the binding site, the tunneling rate reduces.
It can be understood with the expression in eqn. (3) [53]:

𝑙𝑜𝑔(𝑇) ∝ −
√︁
𝑚∗𝐸𝑔𝜆𝑇𝑢𝑛 (3)

here, 𝑚∗ denotes the tunneling charge effective mass, 𝜆𝑇𝑢𝑛 is the
tunneling length, 𝐸𝑔 is the energy bandgap of the heteromaterial, and
𝑇 represents the tunneling probability. Fig. 7 shows the electric field
variation at source/channel junction for the different concentrations
of C-erbB-2 immobilized in cavity region. The highest electric field
of the order of 106 has been achieved due to the extended TG, which
results in enhanced BTBT rate at the source-channel junction that
leads to the highest ON current. Due to the exponential dependence
of tunneling length on BTBT rate, surface potential as well as
electric field reduces for a higher concentration of biomarkers as
evident from eqn. (3).

Fig. 8 shows the drain current variation with the modulation
of the gate potential in response to the biomarkers interaction in
comparison to the air in the cavity. The depletion width modulation
takes place in the channel region near the conducting edge due
to the concentration of C-erbB-2 exposed into the cavity region.
In the C-erbB-2 biomarker model for the device design, interface
charge at the oxide-channel interface gets modulated depending
upon the serum and saliva concentrations of healthy and diseased
persons. When an increased bio charge is applied, the depletion
width region increases, which leads to a decrease in the current
flow. Therefore, the change in current increases as the concentration
of charged target biomolecules increases. In short, it has the same
effects as the application of negative bias to the gate electrode. For
the concentrations of C-erbB-2 in saliva, it can be observed that the
simulation results show less variation from Fig. 8 (a) however as
the C-erbB-2 concentration increases in saliva this variation in the
drain current between the device filled with biomolecules and with
air in Fig. 8 (b) become significant datum owing to the enhancement
in the corresponding interface charges.

Fig. 9 (a)-(d) show the potential distribution contours for
the different concentration of C-erbB-2 biomarker in serum of
healthy and diseased person. It is evident from these contours that
the potential distribution in channel region is significantly reduced
as the C-erbB-2 concentration increases, this leads to a reduction in
the electric field for higher C-erbB-2 concentrations, which lowers
the ON current.

Fig. 10(a)-(d) depict a detailed study of the device performance
parameters in terms of 𝐼𝑂𝑁 , 𝐼𝑂𝐹𝐹 , 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio, and SS for
the serum concentrations of healthy as well as the diseased person
immobilized in the cavity region. It is observed from the figure that
ON current reduces negligibly with the concentration variation and
OFF current also reduces and achieves a value as 10−17 A/𝜇m for
the diseased person. Therefore ON-to-OFF current ratio increases
and reaches to the value of 1.2 ×1012 in diseased concentration
which is almost double as compared to the serum concentration of
healthy person. The SS has been achieved as 27 mV/decade almost
for each concentration. Fig. 11 (a)-(d) represent all the performance
parameters of the proposed structure in terms of 𝐼𝑂𝑁 , 𝐼𝑂𝐹𝐹 ,
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Fig. 8: Transfer characteristics for boundary concentrations of C-erbB-2 in (a) saliva of healthy and diseased and (b) serum of healthy and
diseased.

Fig. 9: Potential contour for serum (a) healthy 60 𝜇m/ml (Min.), (b) healthy 90 𝜇m/ml (Max.), (c) diseased 140 𝜇m/ml (Min.), and (d)
diseased 210 𝜇m/ml (Max.).

Table 3: Impact of mole fraction variation on 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio and sensitivity for range of C-erbB-2 concentrations in human serum of
healthy and diseased person.

CerbB-2 concentration In Serum
Healthy Diseased

Mole Fraction Parameters Min Max Min Max
𝑥=0.1 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 7.85 × 1010 7.45 × 1010 6.98 × 1010 6.29 × 1010

Sensitivity 7.29 × 105 7.64 × 105 6.11 × 105 5.62 × 105

𝑥=0.2 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 2.6 × 1012 2.51 × 1012 1.91 × 1012 1.63 × 1012

Sensitivity 3.96 × 106 3.81 × 106 2.91 × 106 2.48 × 106

𝑥=0.3 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 4.79 × 1011 5.02 × 1011 4.01 × 1011 3.69 × 1011

Sensitivity 7.29 × 105 7.64 × 105 6.11 × 105 5.62 × 105

𝑥=0.5 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 2.54 × 1011 4.29 × 1011 2.91 × 1012 3.05 × 1011

Sensitivity 3.86 × 105 6.52 × 105 4.43 × 106 4.63 × 105

𝑥=0.7 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 1.30 × 1010 2.30 × 1010 7.84 × 109 7.07 × 109

Sensitivity 1.98 × 104 3.50 × 104 1.19 × 104 1.07 × 104

𝑥=0.9 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 3.21 × 108 2.77 × 108 2.05 × 108 1.62 × 108

Sensitivity 4.88 × 102 4.21 × 102 3.12 × 102 2.47 × 102
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Table 4: Comparison of proposed device with InAs/Si TFET for on 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio and sensitivity for range of C-erbB-2 concentrations in
human serum of healthy and diseased person.

CerbB2 concentration Proposed Device (HJ-DLTFET) InAs/Si TFET [22]
Healthy Diseased Healthy Diseased

Parameters Min Max Min Max Min Max Min Max
𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 2.6 × 1012 2.5 × 1012 1.9 × 1012 1.6 × 1012 5.27 × 109 5.74 × 109 5.76 × 109 5.78 × 109

Sensitivity 3.96 × 106 3.81 × 106 2.9 × 106 2.48 × 106 2.11 × 105 2.29 × 105 2.3 × 105 2.31 × 105

Fig. 10: Performance parameters (a) 𝐼𝑂𝑁 , (b)𝐼𝑂𝐹𝐹 , (c) 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹

ratio, and (d) SS of the device for boundary concentrations of C-erbB-2
in serum of healthy and diseased persons.

Fig. 11: Performance parameters (a) 𝐼𝑂𝑁 , (b) 𝐼𝑂𝐹𝐹 , (c) 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹

ratio and (d) SS of the device for boundary concentrations of C-erbB-2
in saliva for healthy and diseased persons.

𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio, and SS for the saliva concentrations of healthy
as well as the diseased person immobilized in the cavity region. It

Table 5: Comparative performance analysis of the reported
biosensor with the biosensor state-of-art.

S.N. Biosensor based on FET Approximate Sensitivity
1 DM FET (𝐿𝑔𝑎𝑝=200 nm) [56] 1 × 104

2 DM FET (𝐿𝑔𝑎𝑝=100 nm) [56] 3 × 104

3 Short Gate DM TFET [57] 1 × 106

4 Lateral DM TFET [54] 10
5 Vertical DM TFET [54] 40
6 Nanowire TFET [58] 9 × 103

7 Buried strained 𝑆𝑖1−𝑥Ge𝑥 2.6 × 105

DGTFET [25]
8 DG TFET [55] 1.02 × 102

9 Dual Metal Gate SiGe pocket 2 × 106

Vertical TFET [55]
10 HJ-DLTFET (This work) 3.96 × 106

can be noted that the ON current of HJ-DLTFET in presence of
biomolecules is the same as 15 𝜇A, for each concentration however
the OFF current is 1.5 × more for the saliva of diseased person as
compared to the healthy one. Therefore, 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio decreases
with an increase in the diseased concentration of C-erbB-2 in saliva.
It is of the order of 1012 and it gets halved for diseased person
as compared to a healthy one. The SS has been achieved as 28.6
mV/decade almost for each concentration. Fig. 12 indicates the
impact of concentration of C-erbB-2 biomolecules of saliva and
serum in the cavity region on the RF parameter i.e. transconductance
(𝑔𝑚) of the proposed devices. It is defined as 𝑔𝑚 = 𝑑𝐼𝐷/𝑑𝑉𝐺𝑆 .
The variation in 𝑔𝑚 is almost negligible as an impact of saliva
concentration in the cavity region as the corresponding interface
charges for the range of concentration is almost similar. This
variation is somewhat significant due to serum concentration and
the maximum peak value of transconductance is achieved of the
order of 1.5×10−5 s/𝜇m as depicted in Fig. 12(b).

B. Sensitivity of HJ-DLTFET based biosensor

It is evident from Fig. 8 that the drain current of the proposed device
decreases linearly in proportion to the target biomarker concentration
immobilized in the cavity region. Hence, the sensitivity of the device
to detect C-erbB-2 can be measured as the absolute change in
𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio per unit increment in the concentration of the C-
erbB-2 biomarker in saliva and serum for diseased and healthy person.
Fig. 13 shows the sensitivity of the device in terms of 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹

ratio for the different concentrations of C-erbB-2 in saliva and serum.
It can be noticed that the maximum value of the sensitivity of the
device achieved is of order 106 per 𝜇g/L in C-erbB-2 concentration
with respect to the absence of biomolecules (air). The sensitivity of
the biosensor with respect to air can be measured as [41] eqn. (4):

𝑆𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹
=

𝑆𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹
(𝐵𝑀)

𝑆𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹
(𝐴𝑖𝑟) (4)

where, 𝑆𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹
(BM) represents the 𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹 ratio of the device

immobilized with the biomarkers (C-erbB-2).
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Fig. 12: Transconductance for boundary concentrations of C-erbB-2 in (a) saliva of healthy and diseased persons and (b) serum of healthy
and diseased persons.

Fig. 13: Sensitivity for boundary concentrations of C-erbB-2 in (a)
saliva for healthy and diseased, and (b) serum for healthy and diseased.

Fig. 14: Sensitivity with respect to healthy sample for boundary
concentrations of C-erbB-2 in (a) saliva of diseased (b) serum of
diseased.

Further, the sensitivity is also measured for the diseased sample
with respect to healthy sample by evaluating the difference between
𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio of diseased sample and 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio of healthy
sample. Fig. 14 (a) and (b) represent the sensitivity for the minimum
and the maximum concentration boundaries of saliva and serum,
respectively. It can be noticed that the sensitivity of the serum
based sample is enhanced in comparison to saliva based sample.
Table. 3 depicts the 𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹 ratio for various mole fractions of
Gallium in In1−𝑥Ga𝑥As/Si heterojunction source-channel interface
for the diseased and healthy state concentration of C-erbB-2 in
serum. Furthermore, the reduction in the Ga mole fraction leads to
an increment in the tunneling rate and therefore improves the ON

Fig. 15: Variation of ON current and OFF current for different mole
fractions of Ga in HJ-DLTFET based biosensor.

current and also improves the 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio. However, the shift of
𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio and the sensitivity of the proposed device to detect
the target biomarker is maximum for the mole fraction as 0.2; the
amount of shift of 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio for different concentrations are less
at 𝑥 = 0.1,0.3,0.5,0.7 and 0.9 in comparison to 𝑥 = 0.2, which depends
on the shift in surface potential and the overall band bending [45].
Due to this with the reduction of mole fraction (𝑥) causes an increase
in 𝐼𝑂𝑁 and 𝐼𝑂𝐹𝐹 current both as depicted in Fig. 15. It is noted here
that 𝐼𝑂𝑁 current get almost double for 𝑥 = 0.1 as compared to 𝑥 = 0.2
but leakage current increases almost 90 ×. This leads a degradation in
𝐼𝑂𝑁 /𝐼𝑂𝐹𝐹 current ratio as 𝑥 decreases from 0.2 to 0.1, which is also
mentioned in Table. 3. Therefore, mole fraction 𝑥 = 0.2 is considered
as the optimum value Ga. Table. 4 illustrates the comparison of the
proposed device with InAs/Si TFET structure. It can be observed
that proposed In1−𝑥Ga𝑥As/Si heterojunction dopingless TFET (HJ-
DLTFET) shows better performance as compared to InAS/Si in terms
of 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio and sensitivity parameters. Further, the comparison
of proposed structure with other previously reported biosensors is
illustrated in Table. 5. It is evident that the proposed In1−𝑥Ga𝑥As/Si
heterojunction dopingless TFET (HJ-DLTFET) that shows better
sensitivity and flexibility in designing. The major advantage of the
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present manuscript is to its ultralow power applications as compared
with the earlier reported HEMT based biosensors to detect breast
cancer. Further, owing to the dopingless structure considered, the
fabrication process also gets easier and thermal budget also gets
reduced with an inherent resilience towards the random dopants
fluctuations (RDFs).

V. CONCLUSION

In this work, breast cancer biomarker, C-erbB-2 detection has been
investigated based on the proposed In1−𝑥Ga𝑥As/Si heterojunction
dopingless TFET structure. This study considers the interface charge
modulation effect in a dopingless extended gate heterostructure TFET
with embedded nanocavity biosensors for the accurate, effective,
and quick detection of antigens in body fluids other than blood
serum. The addition of TG/AG and extended gate improves the
device 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio as well as the device sensitivity. The impact
of biomarker immobilization at the binding sites on the drain
current, channel potential, electric field, 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio, and channel
transconductance has been studied by incorporating the model for
different concentrations of C-erbB-2 biomarker in human saliva and
serum of the healthy and diseased person. The 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio has
been utilized as the major sensing metric throughout the work. The
range of sensing 𝐼𝑂𝑁/𝐼𝑂𝐹𝐹 ratio for diseased and healthy state
concentration of C-erbB-2 in saliva and serum has been investigated
along with the impact of mole fraction (𝑥) variation in 𝐼𝑛1−𝑥𝐺𝑎𝑥As on
device sensitivity. A better sensitivity has been achieved at lower mole
fraction of 0.2 and for the extended gate geometry. This investigation
pledges for the potential of this structure for the array-based screening
and diagnosis of C-erbB-2, and additional advantages are simpler
mechanism of transduction, low cost, technologies compatibility with
CMOS process, controllable electrical response, and reproducibility.
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