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Abstract: Micro-Electro-Mechanical

(MEMS) is a fast technology that carried different 

ideas in the fields like biomedical. MEMS got many 

applications in biomedical. Dengue is a breakborne

fever disease which is caused by dengue virus.This 

can be detected using MEMS bio-sensor. In this 

paper we use cantilever mechanism for the early 

stage detection of the disease. Here we use 

antibodies that are the bio-elements in the 

biosensor. The cantilever simulation result includes 

displacement and capacitance measurement which 

is the best method for dengue detection. Based on 

the amount of the displacement we can identify the 

severity of the disease. 

Keywords: biosensor, capacitance, displacement, 

antibody, dengue. 

1. Introduction 

     MEMS are small micro machined systems that 

are typically framed on small chips for various 

purposes. These are silicon based structures and are 

produced by etching and fabrication techniques. 

Micro actuators, microsensors, micr

and microstructures are components of MEMS. 

MEMS are full-grown in the developing field of 

medical and nanotechnology. MEMS are used to 

develop microscale bio-sensors which will be used 

in lot of biological operations. It is also used for 

several commercial and industry applications. In 

this paper, MEMS based biosensor is used for fast 

detection of the dengue virus.  

     The elements of biosensor are analyte, bio

element and transducer. An interaction of analyte 

with the bio-element that makes an effect that the 
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Mechanical-System 

(MEMS) is a fast technology that carried different 

ideas in the fields like biomedical. MEMS got many 

applications in biomedical. Dengue is a breakborne 

fever disease which is caused by dengue virus.This 

sensor. In this 

paper we use cantilever mechanism for the early 

stage detection of the disease. Here we use 

elements in the 

ever simulation result includes 

displacement and capacitance measurement which 

is the best method for dengue detection. Based on 

the amount of the displacement we can identify the 

biosensor, capacitance, displacement, 

MEMS are small micro machined systems that 

are typically framed on small chips for various 

purposes. These are silicon based structures and are 

produced by etching and fabrication techniques. 

, microsensors, microelectronics 

and microstructures are components of MEMS. 

grown in the developing field of 

medical and nanotechnology. MEMS are used to 

sensors which will be used 

in lot of biological operations. It is also used for 

ral commercial and industry applications. In 

this paper, MEMS based biosensor is used for fast 

The elements of biosensor are analyte, bio-

element and transducer. An interaction of analyte 

effect that the 

transducer that converts to an electrical signal. The 

bio-element may be a protein, enzyme, an antigen 

or an antibody etc. Biosensor have two functions i) 

change of bio-molecular recognition to electrical 

signal. ii) Bio-element that identi

analyte. For a maximum throughput cantilever 

biosensor is used in any biomedical applications. 

Regarding a physiological process, biosensor is 

utilized to detect, transmit and record the 

information. Selectivity and specificity are the 

major constraints for the performance of 

biosensors. There are different types of biosensors 

are present based on bio-element and transducer. 

An ideal biosensor should contain the 

characteristics of enough resolution, dynamic 

range, accuracy, repeatability and

response. 

Figure 1. Schematic representation of biosensor

    Early stage detection is necessity for all non 

curable diseases in the present world. 

dengue are individuals from the Flavivirus in the 

family Flaviviridae. Dengue virus is 

the major issue all over the world. Dengue is a 

mosquito-borne tropical disease. Dengue is 

transmitted to the humans through an infected 

mosquito. Incubation period starts when the dengue 

virus is transfer to the humans. It normally lasts for
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transducer that converts to an electrical signal. The 

protein, enzyme, an antigen 

or an antibody etc. Biosensor have two functions i) 

molecular recognition to electrical 

element that identifies the target 

analyte. For a maximum throughput cantilever 

biosensor is used in any biomedical applications. 

Regarding a physiological process, biosensor is 

utilized to detect, transmit and record the 

information. Selectivity and specificity are the 

r constraints for the performance of 

biosensors. There are different types of biosensors 

element and transducer. 

An ideal biosensor should contain the 

characteristics of enough resolution, dynamic 

range, accuracy, repeatability and speed of 

Schematic representation of biosensor 

Early stage detection is necessity for all non 

curable diseases in the present world. The virus of 

dengue are individuals from the Flavivirus in the 

family Flaviviridae. Dengue virus is considered as 

the major issue all over the world. Dengue is a 

borne tropical disease. Dengue is 

transmitted to the humans through an infected 

mosquito. Incubation period starts when the dengue 

virus is transfer to the humans. It normally lasts for 
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3-14 days. The clinical symptoms are h

bone pain, headache and rashes. Dengue disease 

brought about by four firmly related infections 

named as DEN-1, DEN-2, DEN-3, and DEN

infections are called serotypes. Each has distinctive 

collaborations with the antibodies in human blood 

serum. The antigens present in dengue virus are 

NS1, IgG and IgM.  

2.  Principle of Microcantilever

     The microcantilever consists of movable and 

fixed part. The principle of microcantilever based 

biosensor is to convert the biological interactions 

into nanomechanical motion. On the surface of 

cantilever material creates the free energy due to 

reaction between the analyte and probe coating

this causes the nanomechanical motion. These 

nanomechanical interactions can cause changes 

capacitance value or piezo resistance of 

microcantilever material. As the probe coating 

material is a sensitive layer, it specifies the analyte 

interaction. The response of microcantilever occurs 

when there is a change produced by the external 

stimuli on sensing layer. The principle lies in the 

change of physical or chemical responses to 

mechanical response. One surface of cantilever is 

coated with antibodies, proteins, enzymes and the 

other surface is not coated. The microca

beam is deflected at free end due to biological 

responses causes on the other end of cantilever. 

Coating a small amount of area with probe material 

the extreme end of microcantilever enables to catch 

the antibodies which will be targeted.  

Microcantilever capture the target antibodies results 

in static bending.  

Figure 2. Immobilization of antibodies on 

cantilever surface and bending after bio

interaction 

    Bending of beam can be detected using piezo

resistance, optical method and capacitance. This 

bending mechanism is detected in pico and femto 

gram. When a  blood sample of a patient is placed 

on the cantilever, the antigen and antibody 

interaction makes to bending of the cantilever and 

detects weather the dengue infection is present or 
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ced by the external 
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change of physical or chemical responses to 

mechanical response. One surface of cantilever is 

coated with antibodies, proteins, enzymes and the 

other surface is not coated. The microcantilever 

beam is deflected at free end due to biological 

responses causes on the other end of cantilever. 

Coating a small amount of area with probe material 

the extreme end of microcantilever enables to catch 

the antibodies which will be targeted.  

ntilever capture the target antibodies results 

Immobilization of antibodies on 

cantilever surface and bending after bio-molecular 

Bending of beam can be detected using piezo 

resistance, optical method and capacitance. This 

bending mechanism is detected in pico and femto 

gram. When a  blood sample of a patient is placed 

on the cantilever, the antigen and antibody 

interaction makes to bending of the cantilever and 

er the dengue infection is present or 

not. Factors such as poisons ratio, spring constant 

and young’s modulus are used for purpose of 

measurement of microcantilever. For attaining 

sensitivity antigen and antibody pairing is natural 

gift of science. User specifications like frequency 

changes and mass differentiations different for the 

detection principle of microcantilever. 

analyte recognition, cantilever has different 

coatings. 

3.Bio-sensing technique of cantilever

     There is a need for constantly

human body so that the harmful diseases are 

detected at the early stage. By considering the 

growing pollution and lifestyle of the people, a 

person getting affected by a disease is very high 

and there are no natural resources that are pure 

because of pollution. Microcantilever based sensor 

is used to identify the presence of the any target 

analyte by different coatings of different sensitive 

materials in which the material should have the 

high degree of specificity. This sensor is used to 

detect the dengue disease by applying specific 

antibodies on the microcantilever. There are a lot of 

samples such as enzymes, antibodies and DNA can 

be examined in medical purposes with the help of 

these biosensors. Some elements such as glucose, 

pH factors etc are already examined and are 

detecting the diseases like  Dengue, HIV, 

tuberculosis and other infectious diseases at the 

early stage by these biosensors. When analytes are 

restricted to the probe coating surface, then only the 

surface reaction takes place. Microcantilevers 

normally consists of the 10 to 500µm length, width 

of 100µm and thickness of 2µm. Microcantilevers 

can make a transformation in medical period. When 

sensitive layer applied on cantilever surface, target 

material is detected in microca

properties like displacement, frequency detects the 

amount of target material used in the cantilever. 

Change in properties occurs when the target 

molecules binds with the coating material. The 

resulting change is measured when more targ

molecules binds to coating material. The bending of 

not. Factors such as poisons ratio, spring constant 

and young’s modulus are used for purpose of 

measurement of microcantilever. For attaining 

sensitivity antigen and antibody pairing is natural 

ecifications like frequency 

changes and mass differentiations different for the 

n principle of microcantilever. For unique 

analyte recognition, cantilever has different 

sensing technique of cantilever 

There is a need for constantly monitoring the 

human body so that the harmful diseases are 

detected at the early stage. By considering the 

growing pollution and lifestyle of the people, a 

person getting affected by a disease is very high 

and there are no natural resources that are pure 

because of pollution. Microcantilever based sensor 

is used to identify the presence of the any target 

analyte by different coatings of different sensitive 

materials in which the material should have the 

high degree of specificity. This sensor is used to 

tect the dengue disease by applying specific 

antibodies on the microcantilever. There are a lot of 

samples such as enzymes, antibodies and DNA can 

be examined in medical purposes with the help of 

these biosensors. Some elements such as glucose, 

etc are already examined and are 

detecting the diseases like  Dengue, HIV, 

tuberculosis and other infectious diseases at the 

early stage by these biosensors. When analytes are 

restricted to the probe coating surface, then only the 

ace. Microcantilevers 

normally consists of the 10 to 500µm length, width 

of 100µm and thickness of 2µm. Microcantilevers 

can make a transformation in medical period. When 

sensitive layer applied on cantilever surface, target 

material is detected in microcantilever. Change in 

properties like displacement, frequency detects the 

amount of target material used in the cantilever. 

Change in properties occurs when the target 

molecules binds with the coating material. The 

resulting change is measured when more target 

molecules binds to coating material. The bending of 
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Figure 3. Cantilever design 

microcantilever is equivalent to number of the 

analyte atoms or molecules that binds to probe 

coating. Deflecting stiffness of the cantilever can 

increase the functionality of cantilever sensitivity.

4. Experimental design&simulations

 
      A simple cantilever beam with 25µm length, 

105µm width and 15µm thickness shown in figure 

3 is arranged. Another three strips with 

measurements of 100µm length, 25µm width and 

2.5µm thickness  

of 100µm length, 25µm width and 2.5µm 

thicknessis merged into the simple cantilever beam. 

SiO2 is the material that is used for designing 

comprises properties such as thickness of 2200 

kg/m3, Young's modulus of 70 × 109 dad and 

Poisson's proportion of 0.17. A channel of 

75µm×15µm×1.5µm is taken on each strip to test 

the blood sample. The deportation of beam gives 

Figure 4. Displacement of cantilever before 

binding 

 

Figure 5. Displacement of cantilever after antibody

binding with NS1 

 

microcantilever is equivalent to number of the 

analyte atoms or molecules that binds to probe 

coating. Deflecting stiffness of the cantilever can 

increase the functionality of cantilever sensitivity. 

simulations 

A simple cantilever beam with 25µm length, 

µm thickness shown in figure 

is arranged. Another three strips with 

measurements of 100µm length, 25µm width and 

th and 2.5µm 

is merged into the simple cantilever beam. 

SiO2 is the material that is used for designing 

comprises properties such as thickness of 2200 

kg/m3, Young's modulus of 70 × 109 dad and 

Poisson's proportion of 0.17. A channel of 

1.5µm is taken on each strip to test 

the blood sample. The deportation of beam gives 

the severity of the disease. 

Figure 6. Displacement of cantilever after antibody 

binding with IgG 

Figure 7. Displacement of cantilever after antibody 

binding with IgM 

   The displacement of cantilever before binding 

with an antigen is shown in Figure

antigen of 310KDa is applied, binding of antobody 

with antigen takes place. Due to 

increase in the stress which results in the 

displacement of cantilever beam as shown in 

5.Similarly Figure 6 and figure 7 show the 

displacement of cantilever beam after binding with

IgG and IgM antigens respectively

5. Results

 
    Binding of antigens with antibodies increases the 

displacement of the cantilever. The results of the 

displacement before and after binding of antigens 

with antibodies is shown in Table 1.

Displacement of cantilever before 

Displacement of cantilever after antibody 

 

Table 1. Simulation results of cantilever beam

S.N

o 

Antige

ns 

Force (N) 

1 Ns1 5.4715370975623

24e-21 

2 IgG 2.8660432415802

65e-21 

3 IgM 1.5893512521490

56e-20 

 

    The values of these displacements are used to 

detect weather the disease is existence or not 

body. Table 2 gives the difference in the 

Displacement of cantilever after antibody 

Displacement of cantilever after antibody 

The displacement of cantilever before binding 

h an antigen is shown in Figure4. When an NS1 

antigen of 310KDa is applied, binding of antobody 

with antigen takes place. Due to this there is an 

stress which results in the 

tilever beam as shown in Figure 

Similarly Figure 6 and figure 7 show the 

lacement of cantilever beam after binding with 

IgG and IgM antigens respectively. 

Results 

Binding of antigens with antibodies increases the 

displacement of the cantilever. The results of the 

displacement before and after binding of antigens 

odies is shown in Table 1.

Simulation results of cantilever beam 

 Total 

displacement 

(um) 

Befor

e 

bindi

ng 

After 

bindi

ng 

5.4715370975623 3.76e-

17 

4.86e-

16 

2.8660432415802 3.76e-

17 

2.54e-

16 

1.5893512521490 3.76e-

17 

1.41e-

15 

The values of these displacements are used to 

detect weather the disease is existence or not in the 

body. Table 2 gives the difference in the 
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displacement before and after binding of antibody 

with antigens. This difference in the displacement is 

used for the detection of   dengue virus. This 

technique of cantilever is an easy way to identify the 

disease. 

Table 2. Difference between displacement of 

cantilever beam before and after binding 

S.no Antigen Displacement (um) 

1 NS1 4.484e-16 

2 IgG 2.164e-16 

3 IgM 1.372e-15 

 

    The material used in the cantilever for the 

detection is sio2. The usage of different materials 

gives different values of displacement.  

5.1. Transducer for cantilever 

    The displacement that is obtained results in the 

development of the capacitance. This capacitance is 

used to generate the voltage using a transducer. 

Figure 8 shows the representation of conversion of 

displacement to current. As the capacitance that is 

generated is very less amplifier is used to amplify 

the voltage that is obtains from the transducer. LED 

can be connected to the design at each beam so that 

the stage of the disease can be identified easily. 

     The fuctionality of this is shown in the Table 3. 

When an antibody gets binded with the respective 

antigen, the respective beam gets deflected. Due to 

this the LED connected to that beam glows. This is 

very easy to identify the stages of disease without 

any effort. Using this LED's we can know the stage 

disease. 

Table 3. Functionality of the LED 

Stages Cantilever 

beam 1 

Cantilever 

beam 2 

Cantilever 

beam 3 

1 1 0 0 

2 0 1 0 

3 0 0 1 

 

6. Conclusion 

    The design of the biosensor for the fast detection 

of dengue virus based on the deflections of the 

cantilever is used to measure the displacements is 

more useful and easy. Different stages of the 

dengue disease give different deflections which 

result in the displacement. The displacement 

difference of cantilever beam before and after 

binding of antibody with antigens are measured. It 

is acknowledged that this cantilever design is more 

methodical to identify the presence of the dengue 

virus than usual techniques. 
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