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A B S T R A C T   

This work discusses a rapid-testing, low-cost detection technique for Hepatocellular carcinoma (HCC) by 
investigating the performance of a Source Extended (SE) Tunnel Field Effect Transistor (TFET) with a Single Gate 
(SG) and Dual Gate (DG) configuration where the cavities are formed by etching the oxide layer beneath the gate 
for the immobilisation of liver samples obtained by needle biopsy. The dielectric characteristics of malignant and 
non-malignant liver cell lines differ at high frequencies between 100 MHz and 5 GHz. The etched nanocavities’ 
dielectric constant changes when the sample, which were previously filled with air, are immobilised there. The 
shift in device drain current and performance at 900 MHz has been attributed to the specimen’s change in 
dielectric constant. The proposed device’s ON-OFF state current ratio and the difference in drain current have 
been used as the basis for the detection, as the purpose of the device is to differentiate the cancerous and healthy 
liver cell lines. The SG configuration has been analysed by modulating the adhesive layer in the cavity. A 
comparison has been carried out between SG and DG structures. Various parameters of the DG device, like the 
gate metal, channel material, and the cavities’ length, have been modified to observe the performance. The 
investigation also included a study that took into account the varying ratios of malignant and non-cancerous 
samples in a certain specimen. The proposed technique of detection has been contrasted with the other docu-
mented work. To determine whether the sample of liver cell lines is malignant or not, the proposed approach can 
be used as a point-of-care (POC) diagnosis.   

1. Introduction 

To lower down cancer mortality, early diagnosis of whether or not a 
cell is malignant is critical [1]. Cancer causes uncontrollable cell divi-
sion in the body, resulting in the destruction of other tissues. According 
to a World Health Organization (WHO) study, in the year 2020, over 10 
million deaths occurred worldwide, nearly one in every six deaths due to 
cancer [2]. Cancer has been anticipated to double in the next two de-
cades, putting a strain on human and financial resources worldwide [3]. 
According to WHO, liver cancer is one of the most common types of 
cancer in 2020, accounting for around 4.7% of all new cancer cases and 
8.3% of all cancer deaths [4]. 75% to 90% of all instances of liver cancer 
are Hepatocellular carcinoma (HCC), which has a greater impact on 
cancer-related fatalities [5–7]. Cirrhosis of the liver due to hepatitis B 
virus (HBV) and or hepatitis C virus (HCV) viral infections, primary 
biliary cirrhosis, excessive alcohol consumption, Wilson’s disease, and 
environmental exposure to aflatoxins are all risks for the development of 
HCC [8,9]. Ultrasound, computed tomography (CT), serum 

alpha-fetoprotein (AFP) test, magnetic resonance imaging (MRI), angi-
ography, and biopsy are some of the screening tools available for the 
identification of liver cancer. The most often used procedures for HCC 
screening are the AFP test and liver ultrasound, but the AFP test has a 
sensitivity of 25% to 65%, and ultrasound has a sensitivity of 60% [10]. 
A further important note is that tiny HCCs have ultrasound, CT scan, and 
MRI features comparable to non-malignant hyperplasic nodules [11,12]. 
As a result, screening for a disease with a large impact using these 
methods is not unusual. On the other hand, a biopsy is a time-consuming 
process in which the sample must be sent to a laboratory for evaluation, 
which can contain human error. Electrochemical, aptamer-based 
microcantilevers, carbon nanotube (CNT) and optical sensors have 
also been reported for the detection of liver cancer. The optical sensor 
detects liver cancer by sensing the HCC biomarkers AFP and 
alpha-1-antitrypsin (A1AT) using Surface-enhanced Raman scattering 
(SERS) [13]. The liver cancer cell interacted with the aptamer in the 
aptamer-based microcantilever sensor, causing a change in surface stress 
and causing the microcantilever to bend in a direction and sense to occur 
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[14]. A few studies report on the electrochemical detection of malignant 
tissues, where the target cell is recognised by sensing the over-expressed 
tumour producers present on the cancer cell’s surface [15,16]. The use 
of carbon nanotubes (CNTs) to identify certain malignant cells has been 
documented in the literature [17,18]. In most of the above-reported 
literature, the cancerous liver cells has been detected either by detect-
ing the HCC biomarkers or by tumor producer but in the proposed work, 
the liver cancer cell line sample has been considered for identification. 
Point-of-care (POC) detection is now essential in lowering the death rate 
in cancer. In the modern era, low-cost, point-of-care technologies will 
have a significant impact on the healthcare business and have the po-
tential to revolutionise world health. 

The field effect transistor (FET)-based biosensor is now being utilised 
to detect a variety of biomolecule. Bergveld was the first to develop an 
ion-sensitive FET-based bio-sensor in 1970 [19]. Several ion sensors 

have been documented in the literature, with the performance being 
improved with charged biomolecules [20,21]. Various works have been 
published in the literature in recent times to improve the sensitivity of 
neutral biomolecule detection through dielectric modification of bio-
molecules [22–24]. Several tunnel field effect transistor (TFET) struc-
tures have been designed for bio-sensing applications to enhance 
sensitivity [25–27]. Several biomarkers, such as DNA, antibodies, and 
different proteins, have been intended for determining the presence of 
various cancer cells. A study on FET sensor arrays has been reported to 
detect bladder cancer biomarkers such as NMP22 and cytokeratin 8 
(CK8) [28]. A Molybdenum disulfide (MoS2) FET-based biosensor has 
been proposed, which is able to detect prostate cancer at an early stage 
by sensing the prostate-specific antigen (PSA) in urine samples [29]. 
Rajesh et al. reported that antibody-functionalised platinum nano-
particles provided graphene FET for the identification of the breast 

Fig. 1. Schematic diagram of the Source extended device with (a) Single gate (SG) and (b) Dual gate (DG) structure.  

Fig. 2. Fabrication flow diagram of SESGFET Biosensor (a) Development of P-type Silicon material, (b) Deposition of P + source and N + drain, (c) Formation of 
SiGe layer, (d) Deposition of HfO2 oxide layer, (e) Nano-cavity Formation, (f) Terminal employment after metallisation. 
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cancer biomarker HER3 to detect the hazard of breast cancer [30]. A 
DNA-FET biosensor-based microfluidic system has been proposed in the 
literature to detect breast cancer by identifying breast cancer bio-
markers [31]. Gaojian et al. demonstrated a FET biosensor that allows 
the detection of neuron-specific enolase (NSE), and cytokeratin 19 
fragments (CYFRA 21–1), which are the tumor markers for lung cancer 
[32]. Most of the reported work related to various cancer detection is 
based on the detection of the biomarker whereas in the proposed work, 
the liver cell lines have been taken into account. At microwave fre-
quencies, certain malignant tissues exhibit some unique dielectric 
properties that drew the attention of researchers. Peyman et al. noticed a 
change in dielectric constants as a result of diverse clinical conditions in 
the human liver, with the frequency ranging from 100 MHz to 5 GHz 
[33]. According to the cited research, a liver tumor has a greater 
dielectric constant than a healthy liver tissue due to malignant liver 
tissue’s higher sodium and water content [33]. Joines et al. demon-
strated how the dielectric characteristics of several normal and malig-
nant tissues alter when the target specimen is subjected to dielectric 
spectroscopy at frequencies ranging from 100 to 900 MHz [34]. As the 
shift in dielectric characteristics is greater at 900 MHz, it has been 
considered for future research. The needle biopsy described by Nuciforo 
et al. can be used to collect the liver cell line sample for the investigation 
[35]. Following sample extraction, the sample can be immobilised into 
the cavities of the proposed device for identification. Due to the inser-
tion of the liver cell line sample in the cavities of the proposed device, 
the electrical characteristics of the device change, resulting in a change 
in the device’s current, which has been considered a sensing technique. 
Since the change in electrical characteristics has been treated as the 
sensing technology in this approach, it can be used as a POC detection 
tool. The suggested work has been carried out using the Silvaco Atlas 
TCAD [36] simulator. The performance of the proposed SG device was 
evaluated by altering the adhesive layer in the cavity region. Various 
studies have been carried out for DG structure based on gate material 
modification, channel material modulation, cavity dimensions, and 
specimens with different proportions of cancer cell lines. Sections 2 and 
3 of this work cover the device architecture and the sensitivity analysis 
with respect to the device’s various controlling parameters, respectively. 
Section 4 compares various available approaches in the literature to the 

Fig. 3. Detailed representation of stages involved in Liver cancer cell lines detection, healthy or cancerous liver cell line obtained by needle biopsy samples which 
can be detected by proposed TFET device because of the variations in the electrical properties of the cell lines. 

Fig. 4. Transfer Characteristics of SESGTFET model and experimental data 
[41] available in the literature. 

Fig. 5. Transfer Characteristics (in linear current scale) of SESGTFET device 
with both side cavities filled with a cancerous and non-cancerous liver sample 
having Sio2 as an adhesive layer in cavities. 
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proposed method for detection. 

2. Device architecture and design 

The structure of 2D source extended single gate (SESGFET) and dual 
gate TFET (SEDGFET) is shown in Fig. 1(a) and Fig. 1(b) respectively. 
Fig. 2 shows the fabrication process of SESGFET, which includes 
masking and lithography followed by source and drain deposition. The 
area close to the source has been trenched away to make room for the 
SiGe layer’s deposition. A 40 nm-long HfO2 or Al gate frame can be 
created using the dry etching and LPCVD techniques, respectively. The 
nano-cavity is created afterwards by trenching 10 nm of HfO2 away from 
the source and drain sides. The biomolecules are immobilised by 
trenching the dielectric material, which creates nano-cavities and bare 
silicon of 1 nm thickness in the air. A FET structure which has been used 
for biomolecule detection, and the cavity is in the range of 10 nm [23]. 

The cavities are formed near the interaction of the gate-source and 
gate-drain region, having a length and depth of 10 nm and 9 nm. The 
source, channel, and drain are made of silicon on a 20 nm thick SiO2 
layer termed as BOX. In SEDGFET the back gate has been considered 
below the substrate underneath the BOX. The doping concentration for 
highly doped p-type source and n-type drain are 1 × 1020 cm− 3 and 
1 × 1018 cm− 3 respectively, whereas the channel concentration has 
been taken as 1 × 1016 cm− 3. The SiGe layer has been incorporated in 
both devices to shorten the effective tunneling path, which results in a 
noticeable increase in band-to-band tunneling [37]. An increase in the 
mole fraction of the SiGe layer consequences a decrease in the energy 
band gap [38]. In dual gate structures, the gate metal and channel 
material have been varied, and a study has been made. 

The process flow diagram has been represented in Fig. 3 where the 
various steps of detection procedure has been described. The liver cell 
line with or without cancerous cell are detected from liver samples ob-
tained by the needle biopsy. For improved liver sample binding and a 
cavity region for sample immobilisation, a SiO2 layer with a thickness of 
1 nm is present.It has been presumed that the specimen must be 
implanted in the cavities and depending on the nature of the sample, 
there are differences in drain current on the basis of which the sensing 
has been done. 

This work and analysis have been carried out on the Silvaco TCAD 
simulator. Due to the high doping concentration, the Doping Dependent 
Mobility model and the Fermi-Dirac Statistic Transport model have been 
considered in the analysis. For the accomplishment of the tunneling, the 
Band Gap Narrowing (BGN) and Non-Local Band-to-Band Tunneling 
(BTBT) models have been applied. The Shockley-Read-Hall (SRH) model 

Fig. 6. (a) Drain current sensitivity, (b) ION/IOFF sensitivity of SESGTFET device with various materials beneath biomolecule in a cavity filled with cancerous and 
healthy liver cell lines. 

Fig. 7. ID - VG Characteristics of silicon channel SESGTFET and SEDGTFET 
device having a gate work function of 4.2 eV. 

Fig. 8. ID - VG Characteristics of silicon channel SEDGTFET device for different 
gate work function with different cavity filling. 
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has been used along with the Auger model to ensure the recombination 
of carriers [39,40]. 

The data obtained has been contrasted with experimental data [41] 
given in Fig. 4 to compare the model with experimental. To have a close 
proximity between the modeled and experimental device, tunnelling 
masses has been considered as 0.039 × rest tunnelling mass in BTBT 
model and the mole fraction of Ge in the SiGe layer is chosen as 0.45. 

A further study is made on both SG and DG device at a frequency of 
900 MHz in accordance with the cancerous and healthy liver cell lines 
implanted in the nano-cavities. At high frequencies, the healthy liver 
and cancerous liver cell line show different dielectric properties. The 
dielectric constants for healthy and cancerous liver samples are 51.10 
and 57 respectively at 900 MHz [34]. For the identification of whether 
the specimen is cancerous or healthy, the transfer characteristics are 
plotted and the sensitivities have been calculated which has been 

portrayed in the next section. 

3. Results and discussion 

Considering the cavities are filled with biomolecules for SESGTFET 
and SEDGTFET structure, a relative study has been carried out, which is 
shown in this section. The drain current sensitivity (SID ) and ION/IOFF 
sensitivity

(
SION/IOFF

)
has been taken for the qualitative assessment. For 

Fig. 9. (a) Drain current sensitivity, (b) ION/IOFF sensitivity and (c) Differences in drain current and ION/IOFF of silicon channel SEDGTFET device with different gate 
work function. 

Table 1 
SID , SION/IOFF , ΔID and Δ(ION / IOFF) for SEDGTFET devices having different 
channel material.  

Channel 
Material 

Cavity 
filling 

SID SION/IOFF ΔID (µA/ 
µm) 

Δ (ION / IOFF) 

Si C  1641.817  1585.819  2.078 309154164  
NC 1533.397 1481.413 

Ge C  1.290  2.3590  0.010 863.0601118  
NC 1.190 2.191 

GaAs C  128.416  123.267  114.588 2.2178 × 1013  

NC 114.330 110.819  

Fig. 10. Percentage change in drain current sensitivity and ION/IOFF sensitivity 
of SEDGTFET device. 
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sensitivity calculation following equations have been considered. 

SID =
ID (K>1) − ID (K=1)

ID (K=1)
(1)  

SION/IOFF =
ION

/
IOFF (K>1) − ION

/
IOFF (K=1)

ION
/

IOFF (K=1)
(2)  

Where ID (K>1) and ION /IOFF (K>1) has been considered as the drain 
current and ratio of ON and OFF current when the cavities are filed with 
the specimen; on the other hand ID (K=1) and ION /IOFF (K=1) refers to 
the same when the cavities are empty. 

3.1. Performance of SESGTFET for various adhesive layers in the cavity 

In Fig. 5, drain current has been shown in linear scale to indicate the 

Fig. 11. (a) Drain current sensitivity, (b) ION/IOFF sensitivity, (c) Differences in drain current and ION/IOFF of GaAs channel SEDGTFET device with different gate 
work-functions. 

Fig. 12. Percentage change in SID and SION/IOFF of GaAs channel SEDGTFET 
device with different cavity dimensions. 

Table 2 
ΔID and Δ(ION / IOFF) for GaAs channel devices having different cavity 
dimensions.  

Cavity dimension ΔID (µA/µm) Δ (ION / IOFF) 

SC-10 nm, DC-10 nm  115 2.22 × 1013 

SC-10 nm, DC-15 nm  119 2.61 × 1013 

SC-15 nm, DC-10 nm  112 2.73 × 1013 

SC-15 nm, DC-15 nm  115 4.40 × 1013 

SC-10 nm, DC-20 nm  127 2.49 × 1013  
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change in drain current due to the presence of cancerous liver cell lines 
with respect to the healthy liver cell line in the cavities. SiO2, Silicon and 
HfO2 has been taken into consideration as an adhesive layer in the cavity 
and it has been noticed that the SID and SION/IOFF is better for SiO2. SiO2 
offers more band gap narrowing in the channel region, which results in 
shortening of the tunnellingpath. As the tunneling path reduces the 
drain current in ON state increases and hence the sensitivities are much 
increased with respect to others in the SESGTFET device. For SiO2 ad-
hesive layer the surface potential increases with respect to the other 
combination which also affects the drain current to increase hence same 
for the sensitivities also. Fig. 6(a) and 6(b) depict the comparison of SID 

and SION/IOFF for healthy and cancerous liver cell lines with different 
combinations of adhesive layers in the cavity. In this study, the mole 
fraction of Ge in the SiGe layer has been considered as a nominal value of 

0.15. 

3.2. Performance analysis of SEDGTFET for various gate material 

Fig. 7 depicts the transfer characteristics of the SG and DG structure 
in which the change in drain current for cancerous and non-cancerous 
liver cell lines has been observed. Due to the insertion of another gate 
in the SG device, the change in drain current has increased by 5%. As the 
changes in drain current are more for cancerous and healthy liver tissue 
the SEDGTFET can be a good candidate for the detection of liver cancer. 
In this section, a study has been carried out by considering the different 
gate metals. 

Fig. 8 portrayed the transfer characteristics for different metal work 
functions for inserting cancerous (C) and non-cancerous (NC) liver cells. 
Figs. 9(a) and 9(b) present the SID and SION/IOFF For different gate work 
functions, it can be observed that both sensitivities are more for work 
function 5.3 eV. But as the purpose of the device is to differentiate the 
cancerous liver cell from healthy cells another analysis has been 
considered which is based on the change in drain current and change in 
on and off current ratio for C and NC liver cell lines. 

Change in drain current (ΔID) and change in ION /IOFF (Δ(ION −

IOFF)) has been evaluated as follows. 

ΔID = ID (C) − ID (H) (3)  

Δ(ION − IOFF) = ION
/

IOFF (C) − ION
/

IOFF (H) (4)  

Where,ID (C), ION /IOFF (C) and ID (H), ION /IOFF (H) represents the 
drain current, ION /IOFF for cancerous liver cells and healthy liver 
cells respectively. Fig. 9(c) represents the ΔID and Δ(ION − IOFF) for 
different gate metals and the plot exhibits that the change in drain 
current is more for 4.6 eV but the change in ION /IOFF is more for 
4.2 eV. 

3.3. Performance analysis of SEDGTFET for various channel material 

In this section of the analysis, the channel material has been modu-
lated to have a comparative study for DG structure. Three materials have 
been considered as channel materials those are silicon (Si), germanium 
(Ge), and gallium arsenide (GaAs). Table-I portrayed SID and SION/IOFF for 
different channel materials and from the same table it can be noticed 
that the sensitivities are better for Si channel devices with respect to 
others. But as the perspective of the work is to differentiate between 
cancerous and healthy liver cells, it is better to concentrate on the 
change in characteristics for cancerous and healthy liver cells, which can 
be observed in Table 1. From Table 1 it can be noted that the ΔID and 
Δ(ION − IOFF) is better for GaAs channel DG devices. In Fig. 10, the per-
centage change in sensitivities is shown for different combinations in 
which similar results have been observed. Considering the outcomes for 
this section, GaAs can be used as channel 

material to obtain more change in characteristics in the presence and 
absence of cancerous liver cells in the specimen. 

3.4. Performance of GaAs channel SEDGTFET for various gate material 

This section of the study focuses on the gatework function modifi-
cation of the GaAs channel SEDGTFET device. Figs. 11(a) and 11(b) 
depict the sensitivities of the device for different metal work-function. 
From the same figures, it can be observed that both sensitivities are 
more for devices with a metal work function of 5.3 eV due to the low 
drain current for the same device with a cavity filled with air. Another 
analysis has been done which has been presented in Fig. 11(c) where it 
can be noted that ΔID and Δ(ION − IOFF) is better for. 

GaAs channel DG device for gate work function of 4.2 eV. GaAs 
channel DG device having 4.2 eV as gate work function offers better 
electric field in the channel region which promotes the drain current due 

Fig. 13. Transfer Characteristics of GaAs channel SEDGTFET device with 
different percentages of C and NC liver cells. 

Fig. 14. Percentage change in SID and SION/IOFF of GaAs channel SEDGTFET 
device with different percentage of C and NC liver cells. 

Table 3 
SID , SION/IOFF for GaAs channel SEDGTFET having different percentages of C and 
NC liver cells.  

% of cancerous 
cell 

SID % Change in 
SID 

SION/IOFF % Change in 
SION/IOFF  

20  493.9844  2.5450  487.9919  3.5180  
40  506.1516  5.0708  493.1625  4.6148  
50  512.1925  6.3248  485.9236  3.0792  
65  521.2089  8.1965  521.5445  10.6355  
80  530.1166  10.0456  547.8338  16.2123  
100  541.8803  12.4876  525.1988  11.4107  
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to which ΔID and Δ(ION − IOFF) is better with respect to other 
combinations. 

3.5. Performance of GaAs channel SEDGTFET for various cavity 
dimension 

Considering the results obtained from the previous section an 

investigation has been done by modulating the cavity length of the DG 
device for a metal gate work function of 4.2 eV. Fig. 12 shows the 
variation in percentage change in sensitivities for different cavity for-
mations where ‘10_10′ represents the source and drain side cavity having 
a length of 10 nm each. In the above-mentioned analysis, it has been 
observed that the percentage change in both the sensitivities is better for 
the device having a 15 nm source and drain side cavity with respect to 
the other combinations as for 15 nm source and drain side cavity device 
offers lesser drain current for the empty cavity. 

Table 2 represents ΔI_D and Δ(I_ON-I_OFF) for different combina-
tions where it can be noted that for 10 nm and 20 nm source and drain 
side cavity devices the ΔI_Dis more and Δ(I_ON-I_OFF) is better 
considering 15 nm and 15 nm source and drain side cavities. 

3.6. Performance analysis of GaAs channel SEDGTFET device for 
specimens having various proportions of cancerous cell 

From the previous analysis, the device with 10 nm and 20 nm source 
and drain side cavity offers more. ΔID in this section the DG device has 
been tested considering the specimen having different percentages of 
cancerous and healthy liver cell. By Bruggeman’s formula [42] the 
effective dielectric constant has been calculated considering the 
different proportions of cancerous liver cell in the specimen. The 
following equations has been considered for the analysis. 

HB = (2 − 3CH)εC − (1 − 3CH)εH (5)  

εeff =
HB +

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
HB

2 + 8εCεH

√

4
(6)  

Where CH is the fractional volume of healthy liver cell in and εC, εH are 
the dielectric constants of the cancerous and healthy liver cell 
respectively. 

Fig. 13 depicts the GaAs channel SEDGTFET transfer characteristics 
with 10 nm and 20 nm source and drain side cavities considering the 
different percentages of cancerous cells. From the above-mentioned 
analysis, it can be noted that the proposed device is able to detect the 
various percentage of liver cancer cells in the target specimen. 

Fig. 14 presents the percentage change in sensitivity for different 

Fig. 15. (a) Percentage change in SID and SION/IOFF , (b) ΔID and Δ(ION / IOFF) of GaAs channel SEDGTFET device having different mole fraction of SiGe layer.  

Table 4 
Comparison between different methods for the detection of liver cancer.  

Reference Method Target Time 

Aasi et al.[18] 
(Theoritical) 

CNT 1-Octen-3-ol ~10 s 

Wang et al.[43] 
(Experimental) 

Cantilever based AFP Few 
hours 

Chen et al.[44] 
(Experimental) 

Aptamer-based 
microcantilever 

HepG2 Few 
hours 

Falahi et al.[45] 
(Theoritical) 

Cantilever based mRNA Within 
1 h 

Liu et al.[46] 
(Experimental) 

SERS Blood serum 1 h 

Owais et al.[47] 
(Experimental) 

Chemical Tumor cell surface- 
specific antibody 

Few days 

Wang et al.[48] 
(Theoritical) 

Electrochemical MXR7 Few 
hours 

This work FET Liver cell ~10 s  

Table 5 
Comparison of the performance of the proposed device with the bio-sensor state- 
of-art.  

Reference Cavity Length 
& Width 

FET based Bio- 
Sensor 

SID SION/IOFF 

Wadhwa et al.[20] 8 & 2.5 nm JLTFET 100 - 
Goel et al.[22] 30 & 1 nm JLNWFET 0.5 - 
Singh et al.[49] 1650 & 0.8 nm ArcTFET - 210 
Wangkheirakpam et al. 

[50] 
15 & 5 nm Vertical TFET - 102 

Verma et al.[51] 15 & 5 nm Vertical TFET 150 120 
This work 10 & 9 nm SEDGTFET 541.88 525.19  
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specimens containing different percentages of cancerous liver cells. As 
the purpose is to differentiate the cancerous and healthy liver cells the 
above-mentioned analysis is important. The sensitivities for different 
cases have been tabulated in Table 3 to have a comparative study. 

3.7. Performance analysis of GaAs channel SEDGTFET device for 
different mole fractions of SiGe layer 

In this section, a comparative study has been conducted for GaAs 
channel SEDGTFET structure with 10 nm and 20 nm source and drain 
side cavity considering various mole fractions of the SiGe layer in the 
channel region. With the increase in mole fraction, the device drain 
current increases for empty cavities due to the increased surface po-
tential of the device as a result it has been observed that both the sen-
sitivities have been decreased by increasing the mole fraction of SiGe 
layer. Fig. 15(a) depicts the percentage change in sensitivities with 
respect to the different mole fractions of the SiGe layer in which it can be 
observed that the performance of the device is better with respect to the 
others for 0.15 mol fraction in terms of change in drain current sensi-
tivity. But if the analysis has been done on the basis of percentage 
change in SION/IOFF then the device with 0.1 mol fraction gives a better 
result. Fig. 15(b) presents ΔID and Δ(ION − IOFF) for DG devices with 
different mole fractions, it can be seen that the above-mentioned pa-
rameters are better for the device with mole fraction 0.25 with respect to 
the other device with other mole fractions of SiGe layer. So, from this 
analysis, it can be noted that the device with a 0.25 mol fraction can be a 
good candidate for differentiating cancerous and non-cancerous liver 
cells. 

4. Comparative analysis 

A comparative investigation has been conducted to examine the 
performance of the proposed device. Table 4 includes a list of many 
methods for detecting liver cancer along with the suggested procedure, 
allowing for a comparison of the various methods reported in the liter-
ature. Table 5 compares the performances of the proposed device with 
other popular FET structures available in literature where a substantial 
change in sensitivities can be observed for the proposed device. 

5. Conclusion 

For the purpose of detecting liver cancer, a source extended single 
gate device with both side cavities has been employed in this work. SiO2 
has been found to offer greater sensitivity than bare silicon and HfO2 as 
an adhesive layer in the cavity region. To differentiate the cancerous and 
non-cancerous liver cells, the change in drain current has been consid-
ered as an important parameter besides the sensitivity analysis. In this 
context, the SEDGTFET structure offers more change in drain current. 
The SEDGTFET with the gate work function of 5.3 eV results in more 
change in sensitivities, although the change in drain current and ON- 
OFF ratio is more if the work function is 4.6 eV. By altering the chan-
nel material, it has been perceived that the percentage change in sen-
sitivities and change in drain current and ON-OFF ratio are greater by 
considering GaAs as channel material, which can reduce the cost of the 
measuring device. The GaAs channel SEDGTFET with 5.3 eV as gate 
work function improves sensitivities, but considering the purpose of 
differentiating cancerous and non-cancerous liver cells, the change in 
drain current and ON-OFF ratio has been studied. The above-mentioned 
parameters are more by considering the gate work function of 4.2 eV in 
GaAs channel SEDGTFET device. In the above-mentioned device, the 
change in drain current is maximum if the structure has a source and 
drain side cavity of 10 nm and 20 nm, respectively and the change in the 
ON-OFF ratio of drain current is more if the source and drain side cavity 
of 15 nm each. The proposed GaAs channel SEDGTFET device can also 
detect the cancerous liver cell present in the specimen in smaller per-
centages. Another analysis has been conducted by varying the mole 

fraction of SiGe layer in the device, and it has been noted that for 
0.25 mol fraction, the change in drain current and ON-OFF ratio of drain 
current is more. The comparison of the proposed device with the existing 
device shows a significant change in sensitivity parameters. From the 
study, it can be concluded that the proposed method promotes POC 
diagnosis as this method effectively detect the cancerous liver cell from 
the target specimen. 
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