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Abstract 
 

Women life is threatened by the cervical cancer each time worldwide. The cervical cancer high grade pre cancer is due to HPV E6 and 

E7 agents. Nano materials show a key role in medical analysis and action. CNTs (Carbon Nano Tube) have very unique electrical and 

mechanical properties which are useful in the bio-application. The conventional based biosensors can be improved by CNT based bio-

sensors with respect to sensitivity, selectivity and simple in operation. In comparison with the silicon transistors, CNTFET (Carbon Nano 

Tube Field Effect Transistor) nano device takes less power and performs faster. The research paper covers working of CNTFET based 

nano biosensor to detect cervical cancer antibody. 4 x 4 CNTFET sensor array is designed to detect antibody variations on CNTFET 

gate. The sensor current varied from 4.286 µA to 15.435 µA for gate voltage varied from 0.2 V to 1.06 V. The improved 64 CNTFET 

based biosensor performs better in sensing the analyte of different concentrations. 
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1. Introduction 

In worldwide the major cause of adult deaths is cancer. The main 

reason for women deaths in both rural and urban areas is cervical 

cancer [1]. According to the WHO it is the most common cancer 

among women. By 2030 it is projected to kill about 474,000 

women every year [2]. In sub Saharan Africa, India and other area 

of the developing world it is the main cancer among women which 

is both avoidable and treatable [3]. It grows slowly and headed by 

precancerous alterations in the cervix. Precancerous alterations in 

the cervix are histologically determined as cervical intraepithelial 

neoplasia (CIN) similarly is known at wavering stages of severity: 

CIN1, CIN2, and CIN3. The last comprises CIS (carcinoma in 

situ) [4]. 

Invasive cervical cancer (ICC) is sluggish from the development 

of neoplasia. The cervical cancer due to HPV infection follows 

different stages like transmission, infection, persistent infection 

showing precancerous changes and ICC. Diffusion of HPV to the 

anogenital area occurs mainly due to consequence of skin-to-skin 

or mucosa-to-mucosa interaction. The change in malicious HPV 

affected cells is established to be found by the combination of 

viral DNA to host genome. The virus replicates precisely in max-

imum at low-grade cuts [4]. The reason for virtually every cervical 

cancer is known to be infection through oncogenic HPV varieties. 

The 12 HPV varieties intensely linked with cervical cancer are 16, 

18, 33, 31, 39, 35, 45, 52, 51, 58, 56, and 59. Additional probable 

carcinogenic HPV varieties comprise 82, 53, 67, 66, 68, 73, 70, 

and 26. The Eight HPV varieties (18, 16, 33, 31, 35, 52, 58, and 

45) are the reason for 95 in each hundreds of SCCs progressive for 

HPV deoxyribonucleic acid (DNA). The HPV varieties 16 and 18 

alone are accountable for roughly 70 in each hundreds of cervical 

cancer circumstances   [4]. 

The cervical cancer selection methods are cervical smear (pap), 

fluid sampling methods by automating thin layer preparation, 

automated cervical screening, Visual inspection of cervix after 

applying Lugol’s iodine (VILI) or acetic acid (VIA), Neuro medi-

cal schemes, Polar probe, Laser induced fluorescence,  Specu-

loscopy, Cervicography, HPV testing. At present, cervical cytolo-

gy is widely noticed as the important standard for cervical cancer 

selection in absolutely progressive nations. So it is necessary to 

make low cost screening approaches for cervical cancer [5]. 

Biomarkers are particles that can be precisely identified and as-

sessed as pointers of usual or disease practices and pharmacologic 

reactions to recovery [6]. Proper selection of biomarkers is im-

portant for diagnostic purpose. It is a necessity to detect a disease 

through biomarkers intensities. Biomarkers are quantifiable and 

assessable biological factors such as macromolecule volatile com-

pounds, concentration, and deviation in genes, originate in the 

company of organic material, help as pointers for strength and 

bodily processes linked estimates. The choice of biomarkers is so 

important for disease observation at the earliest before they estab-

lish [7]. Different varieties of biomarkers need to be tested for 

disease analysis. These biomarkers are made either one by the 

tumour itself or else by the physique in reaction to the occurrence 

of cancer. The two groups of biomarker applications are viral and 

cellular. Specified restrictions in the usage of equally cytology as 

well as HPV DNA focused methods as separate examinations for 

screening; the emphasis for cervical cancer suppression study is 

on development mode also verification of innovative sickness-

precise biomarkers of HPV-related transformation. Development 

from a temporary to a varying infection of HPV is measured by a 

robust rise of protein and HPV E6/E7 mRNA presence. The bi-

omarker broadly assessed is p16ink4a, a cyclindependent kinase 

inhibitor that exists decidedly over conveyed in cancerous plus 

cervical precancerous tissue [8].  

Biosensors are proficient for sensing precise biological analytes as 

well as varying their existence or concentration into definite, 

thermal, electrical, optical or else additional signal for analysis. In 

1962, Clark and Lyons designed first biosensor for glucose meas-

urement. The International Union of Pure and Applied Chemistry 
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expresses a biosensor as, a device that practices biochemical reac-

tions arbitrated by isolated organelles, enzymes or else whole cells 

to sense the effects of chemical compounds by thermal, optical or 

electrical signals. Biosensors can be categorized into four classes 

on the foundation of the kind of transducer used: optical (interfer-

ometric, colorimetric, luminescent, and fluorescent) biosensors, 

mass-grounded piezoelectric as well as acoustic wave biosensors, 

calorimetric, plus electrochemical (potentiometric, amperometric, 

and conductometric) biosensors [8]. 

 

2. Biosensor and CNTFET Properties 

 
The structure of CNTFET is shown in figure (1), contains top, 

channel and bottom and formed from nanotube that links the 

source plus drain. The conduction properties of the nanotube are 

changed by the voltage applied on the two gates, and it changes 

the flow of current amongst source plus drain. The flow of current 

is directly proportionate to the applied gate voltage of the CNT-

FET. 

 

 

 

 

 

 

 

 

 

 

 

   

 
Figure 1: Structure of CNTFET 

 

The CNT type like single (SWCNT) and multi-wall (MWCNT) 

are turned with carbon nanoribbon. The ninithi simulation soft-

ware is used to show the CNT structure with m=19, n=0 and 

length=32 in figure (2). The CNT valence and electron band is 

shown in figure (3). A SWCNT is involved of a single cylinder. A 

MWCNT is collected of more than one cylinder. The SWCNT 

might be semiconductor or else conductor, actuality depending 

upon its chirality vector. The chirality vectors are determined by 

(n1, n2)    indices, which are the wrapping vector that the graphite 

sheet is turned up [9]. 

 

 
Figure 2: CNT structure with chirality (19, 0) 

 
Figure (3): CNT valence and energy band 

 

The transconductance gain is indicated by gm1 also by the output 

resistance which is denoted through rds1 and is given in Equations 

(1) and (2). 

 

                        (1) 

 

                     (2) 

 

The Isemi current and IBT current establish the main current flow in 

CNTFET. The chirality vectors are used as control parameters for 

channel diameter design as well as similarly direct the maximum 

current flow inside CNTFET. The CNT diameter is Dcnt, which is 

given by Equation (3). 

 

              (3) 

 

In the Equation (3) the chirality vectors are n1 and n2 besides      a 

= 2.49 angstrom unit. The CNTFET current from drain to source 

is known by Equation (4). 

 

                  (4) 

 

The 32 nm CNTFET electrical properties of are quicker and capa-

ble of handling greater currents in the range of 70 µA. Grounded 

on the considerations offered in [10] for biosensor design, in this 

effort, an innovative architecture is considered using CNTFET. 

The integration of DNA with nanobiosensor is designed to detect 

HPV. The preparation of nanobiosensor is done by alteration of 

Amino-silane. 3-Aminopropyltriethoxysilane (APTES) joined 

through NH2 is altered into APTES-COOH by means of Succinic 

Anhydride. The probe of HPV DNA is connected towards TiO2 by 

submerging the TiO2 in APTES as well as it is retained to dry for 

further usage as a probe. Subsequently, probe fixing into TiO2, the 

hybridization is conceded by washing as well as denaturation to 

remove the redundant samples of HPV DNA after the TiO2 probe. 

An even layer is set by an auxiliary handling of silicon surface 

through APTES. Immobilization of APTES-COOH taking place 

on thin TiO2 film displayed advance in flow of current changing 

from 0.2l µA near to 0.8l µA for an applied bias potential of 0.2 V 

–1 V. The flow of current in the experiment [10] exhibited that for 

an applied bias voltage of 0.8 V, the variation in current is of 0.6 

µA. In the direction to increase the HPV sensing activity, it is 
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essential to substitute the TiO2 by carbon nanotube. In the current 

research effort, carbon nanotube transistor is applied to attain ad-

ditional amplification and increase the current rating. 

The CNTFET device is submerged in cervical specific antibody 

(anti-CSA) solution approximately greater than 12 hour at 4ºC. 

Due to this anti-CSA is associated to the group of aldehyde by 

forming a CNTFET biosensor [11]. The fabrication as well as 

operation of CNTFET device is carried out in the n-channel deple-

tion characteristics. The groups of aldehyde after glutarldehye 

linked to the APTES amino groups stand connected to the surface 

of the biosensor for immobilizing the anti CSA particles. The 

biosensor for sensing HPV cells is employed with CNTFET for 

increasing the biosensor current sensitivity. The CNTFET possess 

larger ON current. Due to the smaller structure of molecules the 

CNTFET device, future size scaling, away from anything present-

ly obtainable progressive lithographic approaches permit, is 

achievable. The benefit of CNTFET device lies in the threshold 

voltage which can be found through a suitable diameter for its 

CNTs [12]. CNTFET can be rearranged in the digital circuits be-

sides it is suitable in the design of multi-Vth
 circuits [13]. 

The nFET Vth is about 0.25 V also for pFET Vth is -0.27 V. By the 

application of Vgs input voltage the ON current grows linearly. 

The high channel mobility is offered by the CNT to automatically 

raise current further linearly. By increasing the number of tubes 

the CNTFET current is increased. The 32 nm CNTFET offers 

faster and high current in the range of 70 µA. Established on the 

findings existing in [10] for the biosensor design, in this research 

activity, an innovative design is employed using CNTFET. In the 

reference research activity an arrays sensor network and control 

unit to detect cancer is discussed in [14]. The testing sample is 

positioned above the arrays of sensor, when the arrays surface is 

spread over by the analyte, every single biosensor arrests the anti-

gen existing in the analyte also electro potential is formed at every 

node as well as the resultant current flows in the sensor. After 

placing the analyte on the array, the array sensor nodes react to the 

analyte where its concentration is more. In order to get better re-

sponse and improvisation in the sensing activity an improvised 

sensor array is designed. 

 

3. Improved Sensor Array Design 

 
Previous reference work like sensor array design for prostate can-

cer detection has used the dgfet 64 array to sense the analyte [15]. 

In one more research Prostate Specific Antigen contained in the 

sample of blood is sensed by DNA strands, where three diverse 

DNA strands are assessed for their performance [16]. The CSA 

marker existing in the solution reacts with the anti-CSA molecule 

on the CNTFET channel to change the gate voltage, thus regulat-

ing the current to flow through the channel measured at the drain 

end. Higher concentration of CSA agent in the solution increases 

the drain current and hence CNTFET sensor readings are calibrat-

ed for detecting cervical cancer [17].  

The present work is on using carbon nanotube instead of TiO2 to 

better the amplification process. CNTs place an important role in 

nano electronics because of its special electrical properties. It acts 

as metal or semiconductor [18]. Because of nano meter diameter 

range CNT’s possess larger surface area. A CNT is joined to two 

metal electrodes which is the reason behind its field effect transis-

tor characteristic. CNT conduction can be changed by applying a 

gate potential [19]. The backscattering is suppressed by CNTFET 

unique one dimension band structure. It is faster and consumes 

less power than silicon transistor, which makes it ideal device for 

high frequency and lower power applications [12].  

The biopotential of equivalent which is generated with chemical 

response of antigen with antibody is referred from [21, 10] as well 

as it is used in the improved 64 CNTFET sensor array and is simu-

lated using Hspice. The biosensor response is shown in figure 4. 

In the first arrangement a 4 x 4 CNTFET array is designed to 

sense the analyte. For the equivalent electro potential applied the 4 

x 4 CNTFET array gives better result series 2 in comparison with 

the series 1 reference work [10]. The current values varies from 

4.286 µA to 15.435 µA for gate voltage varied from 0.2 V to 1.06 

V as shown in figure 4. In order to enhance the sensing activity of 

the sensor to detect analyte, the improved array of CNTFET is 

designed. For different analyte concentration applied as equivalent 

electro potential the improved 64 CNTFET array sensor response 

is better in comparison with the reference work [10] result. The 

presence of analyte in the sample may vary with respect to cell 

area. The increase in Id (µA) is an indication of presence of ana-

lyte in the sample. The CNTFET sensor array when placed with 

the sample to detect analyte, any one sensor may detect the analyte. 

The high current is the indication of the anlyte present in the sam-

ple. So, the variations shown in the figure 4, series 3 are due to the 

different sensor detecting the anlyte at various places in the sam-

ple. These variations are indicated in the graph with increased 

value in the Id (µA) obtained from the sensor. The improved 

CNTFET sensor array is better in detecting the analyte of interest. 

 

 
Figure 4: The graph shows the current obtained for various equivalent 

electropotential applied to the improved 64 CNTFET sensor array. 

 

Series  1 represents the reference work [10]. 

Series  2 represents the 4x4 CNTFET sensor. 

Series  3 represents the present work for improved 64 CNT-

FET sensor. 

 

4. Conclusion 

 
The application of CNTFET based nano biosensor to detect cervi-

cal cancer is better in result compared to the reference work [10]. 

The analyte of interest is sensed by the CNTFET nano biosensor 

through variations in the current because of different analyte con-

centration. The 4 x 4 array current varies from from 4.286 µA to 

15.435 µA for gate voltage varied from 0.2 V to 1.06 V. To im-

prove the 4 x 4 CNTFET array sensing, the 64 CNTFET array 

performs better in detecting the analyte. The different current vari-

ations of higher values indicate the presence of analyte shown in 

series 3 of figure 4. The application of CNTFET is vital in the 

early detection of cervical cancer.  
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