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ABSTRACT  
 
 A Simulation in engineering and science has become the back bone of analysis and characterization of 
semiconductor components, in particular, when developing new products or optimizing designs. Today a broad 
spectrum of options for simulation is available; researchers use everything from basic programming languages 
to various high-level packages implementing advanced methods. Though each of these techniques has its own 
unique attributes, they all share a common concern. Hence, the paper present a COMSOL simulation on Nano 
lab on chip devices simulation  the past and  recent development nanostructures design and simulation for lab on 
chip application  
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Introduction 
 
 A biosensor is fore an analytical device, used for the detection of an investigate, that combines a biological 
component with a physicochemical detector. Can be work biosensor as many types of applications, the detector 
element or transducer and can work in a electrochemical or physicochemical or piezoelectric, etc.) that can  
transforms the signal resulting from the interaction of the analyse with the biological element into another signal 
be more easily measured and quantified, also in biosensor reader device with the associated electronics or signal 
processors that are primarily responsible for the display of the results in a user-friendly way[Arnold,1988]. This 
sometimes accounts for the most expensive part of the sensor device, any way it possible to generate a user 
friendly display that includes transducer and sensitive element. In the sensitive biological element for example, 
microorganisms, organelles, enzymes, antibodies, tissue, nucleic acids, etc.), a biologically derived material or 
bimolecular component that interacts (binds or recognises) the analyse under study. Can also be created also by 
biological engineering. In the most cases, there are accurate analyses of biological materials are expensive 
important need to be performed in external laboratories a good quality equipped with more sophisticated 
instrumentation and require previous purification that require too much time relative to the processing time, 
making their on-line implementation impossible for control purposes, such as living organisms, biological 
components like antibodies and enzymes work as natural sensing and controlling “devices.” The ability of 
isolating and purifying these proteins and other biological elements such as cells or organelles has allowed their 
integration with physicochemical transduction devices to produce biosensors. [Arnold.et al, 1988] The first 
biosensor, an enzyme-based glucose sensor, was developed by Clark and Lyons. [Clark. et al, 1962] Since then, 
possible can put hundreds of biosensors have been developed in many research laboratories around the world, 
figure 1 below showing Components of a Biosensor. 
 In nowdays, Computer simulation has become important is an essential part of science and engineering and 
nanotechnology areas, biosensor is important when developing new products or optimizing designs.  There is a 
broad spectrum of options for simulation is available in biosensors using COMSOL Multiphysics; researchers 
use everything from basic programming languages to various high-level packages implementing advanced 
methods. They share a common concern (1), also though each of these techniques has its own unique 
 On other hand. In this paper review present using COMSOL simulation in biosensor and, is many 
applications can is used for electronics and nanotechnology area and such as nanowire and types of biosensor 
such as electrochemical, and bimolecular sensor, Thermoelectric phenomenon has been an area of active area of 
research since the discovery of the Seebeck and Peltier effect and application DNA and Gas sensor [U. 
Hashim.et al, 2102].  
 The COMSOL Multiphysics to verify theories that explain what he observes and develop for can see 
pinpoint which theory agree with observed experimental results. In other hand, they feel he’ll be better prepared 
to expand his findings to a large number of application areas that involve the stirring, pumping, and adding of 
small (nanoliter) volumes of fluids. There is one of them who are interested in biosensor and using COMSOL 
Multiphysics is Dr. Meinhart began his work on microfluidic devices thinking it might be applicable to 
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biosensors, an area with great commercial potential, in this paper most interested in biomedical application 
using electrostatic and piezoelectric of COMSOL Multiphysics. For example, When a sample has a low 
concentration of the analyse (the species to be analyzed), today’s tests can require tens of hours. In other hand, 
he’s developed some micro channel devices that can potentially decrease this time by a factor of 10—by micro-
stirring the fluid all the way through the action of applying a suitable voltage to electrodes, the image below 
showing biological components of biosensor  
 

 
Fig. 1: Components of a Biosensor. 
 

 
 
Fig. 2: Mutagen monitor and DNA repair gene, jellyfish produces, blue light laser, using biological components. 
 
Types of Biosensor: 
 
 In Biosensors field, can be group according to their biological element or their transduction element. The 
Biological elements there are a lot of types and include enzymes, micro-organisms, biological tissue, with 
organelles. Antibody-based biosensors are also can call immune sensors. When happen the signal is produced 
after binding the analyte without chemically changing it but by converting an auxiliary substrate, can is called a 
catalytic sensor.[ Schubert.et al,1991] The method of transduction depends on the type of physic chemical 
change resulting from the sensing event. Often, an important ancillary part of a biosensor is a membrane that 
covers the biological sensing element and has the main functions of selective permeation and diffusion control 
of analyte, defence against automatic stresses, and hold up for the biological element. The most commonly used 
sensing elements and transducers are described below. Also When the happen contact between the analyse and 
the biological element is accompanied or followed by a chemical adjust in which the concentration of one of the 
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substrates or products is measured the instrument is described as a metabolism sensor, the instrument is 
described as an affinity sensor. 
 
Electrochemical sensor: 
 
 Electrochemical is very big field  and there a lot of applications, currently applications electrochemical 
sensor by using COMSOL  one of those used is  applications  Amperometric with  potentiometric transducers 
are the largely usually used electrochemical transducers. as well In amperometric transducers, can the possible 
between the two electrodes is set and the current produced by the rust or decrease of electro active type is 
measured and can  related to the concentration of the study of attention. In other hand, platinum, silver, gold, or 
carbon, be able to are create electrodes of -based materials that are inert at the potentials at which the 
electrochemical reply takes place. Is very low current of the Potentiometric transducers measure the potential of 
electrochemical cells Field effect transistors (FET) are potentiometric devices based on the measurement of 
potential at an insulator– electrolyte interface. Also the metal gate of a FET can be substituted by an ion 
selective membrane to make a pH transducer (pH ISFET). They can show Enzymes on the face of such pH 
ISFET to create enzyme sensitized field effect transistors (ENFET). A complete description of such sensors can 
be found elsewhere [Kress-Rogers. et al, 1998].  
 
Bimolecular sensor: 
 
 A bio molecule is very interested field part of bio sensing and nanotechnology and simulation COMSOL 
Multiphysics, is any molecule that is produced by a income organism, including many types of bimolecular 
large macromolecules such as proteins, DNA and nucleic acids, as well as small molecules such as metabolites, 
and natural products. In this review they present in Bimolecular detection has become very clear popularly 
employed in biomedical diagnostics, environmental monitor, forensic and civil defence. COMSOL Multiphysics 
simulation start in this field of Biosensors are chiefly interesting since they due can compared between high 
sensitivity of optoelectronic transducers and the high selectivity of bio molecule recognition, which successfully 
physical and chemical properties. 
 In other hand, nanotechnology give high develop to offers unprecedented opportunities for make the design 
of highly sensitive and selective bio sensing devices. Can see In the Metal nanoparticles are particularly and use 
fulin this regard due to their different properties. Define of The Metal of nanoparticles have different size from 
1–100nm is have some cauterization is possess high surface-to volume ratio [Ghosh.et al, 2002, Ghosh. et al, 
2005, Ghosh.et al,2007 and Schmid et al,1994],quantum size effect and electrodynamics interactions [Willets.et 
al,1999], all of those are accountable for electronic, chemical properties and magnetic properties observed 
optical. as well Since the 1970s, start AuNPs have been well recognized in biology such as resistance to 
substance labels, due of their high biocompatibility, chemical constancy with different colours is sense of which 
one of them, the brilliant red colour arising from their physically powerful localized surface Plasmon resonance 
(LSPR) absorption and also high extinction coefficient in the visible region [Chen.et al, 2007]. and very 
importantly, conjugation chemistry for DNA binding and protein at the surface of AuNPs has been well 
established, which smooth the way for using bio molecule AuNP conjugated in bio sensing applications 
[Chen.et al,2001,and Henglein. et al, 2000, Henglein. et al,2000].in other hand  in 1996 they the use of DNA–
AuNPs based nanoprobes [Alivisatos.et al,1996] , AuNPs of 13 nm can be assembled with thiolated DNA 
probes, leading to red-coloured conjugates that are highly stable in solution; specific DNA hybridization 
polymerizes , they can see dissimilar colours is DNA–AuNP probes, most important to a characteristic red-to-
blue colour alter that reflects the aggregation of AuNPs, and the shift of the LSPR absorption band can be used 
to quantify the amount of DNA targets. The colours with different is obvious in the AuNPs, absorb the green 
light of 500nm and appear red in colour in homogeneous solution, while AuNPs aggregates appear purple or 
blue in colour with red-shifted absorption band of AuNPs. This characteristic already changed red-to-blue 
colour change in AuNPs has been extensively employed to develop a range of bimolecular detection methods 
[Cao et al, 1996, Mirkin.et al, 2002, Georganopoulou. et al, 2005]. 
 
Applications of Biosensor: 
 
Gas sensing: 
 
 Biosensor gas can see a lot applications using by fabrication, in this paper they study in this part present in 
gas sensing with which materials can use as substrate and electrode, define face audio Wave (SAW) is the 
confinement of audio power in which the energy is very sensitive as well as near the surface of device. Too 
SAW device is extensively used because to its intrinsically stony, the small size, and   little-cost, and sensitivity 
[Nurul.et al, 2011]. In the area between the earpiece and maker is often covered with a very chemically sensitive 
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surface for molecular absorption or adsorption. Also can be used SAW sensors detect molecular absorption and 
adsorption events or changes in the viscoelastic properties of the sensitive surface by measuring the wave type 
such as frequency change and placing loss. in other hand, if can to increase the active area for selected detection 
performance  will included nanostructures[ Guigen.et al,2009 ].In biosensor will wave properties like acoustic 
wave full displacement with voltage curve towards gases will be focussed. In COMSOL Multiphysics used this 
simulation for can get gas as sensor and also can use nanowire materials silicon [U. Hashim.et al, 2102], the 
interdigitated transducers, the placed a top of a piezoelectric substrate are its very necessary for generating as 
well as receiving every one audio waves, and called this The first set of IDTs is the transmitter and the second 
set the receiver. The transmitter converts can an alternating electrical signal into an acoustic wave which travels 
along the surface of the piezoelectric substrate, and the receiver converts the acoustic wave back to An 
Electrical Signal for Detection and Analysis. 
 

  
 
    (a)      (b) 
 
Fig. 3: (a) Different Thickness of Zno LAYER Total Displacement Obtained, (b) Simulated Of 0.6µm 

Thickness of Zno Layer [Gouthami etal, 2011] 
 
 Figure showing the result of the graphs were plotted between Total Displacement and Thickness of the 
Intermediate layer. It is obviously seen that 0.6μm has the higher total displacement values in the middle of 
other thickness values which shows improved sensitivity. In The voltage can observe is gets decreased with 
thickness increases and then abruptly after a particular thickness voltage becomes constant. That’s means the 
voltage is more concentrated on the surface. 
 
Biomedical application: 
 
 Biomedical in biosensor and nanotechnology area is one of important field, There are pains being made to 
realize for MEMS devices for can its use in biomedical sensor applications for low price clinical healthiness 
care [Clark.et al,1962,Schubert.et al, 1991].In medical instrumentations field, Bio-MEMS devices for example 
stress sensors, heat, flood sensors, etc as well as actuators similar to micro motor, micro control device with 
micro fluidic devices, etc are utilized in implantable systems and in medicine delivery at point of care [Kress.et 
al, 1998].is one of leading, CAD is one of the causes of early morbidity and loss because to formation of 
tablet[Kress.et al, 1998].  Reason to mechanical as well as element interaction of the blood particles with the 
vessel wall, start of plaque configuration in blood vessel starts. biomedical is very big part and using COMSOL 
Multiphysics is few provides studying about this field , Development this field  of micro-manufacture 
technology for realization ofMicro Electro-automatic Systems has been possible by exploit the well higher 
silicon and other materials [Dhahi.et al,2012] , in this field have a lot of applications such as DNA, protein, and 
circuit technology [Arnold.et al,1988]. They study in flexible flow sensor and COMSOL Multiphysics is used to 
simulate a MEMS based flexible [Schubert.et al, 1991] flow sensor proposed to be mounted near a catheter tip 
to measure the in situ blood flow speed. currently, Optimization of heater design with identification of 
appropriate substrate material the length of with steady state as well as transient CFD analysis of the sensor 
inserted inside the fluid vessel has too been performed in command to study the changes in fluid velocity, 
pressure and temperature distribution, attempts to model the thin nichrome heater film on the flexible 
elastomeric wrapped around a catheter surface using the shell model approximation for thin geometries, the 
figure showing results of heater simulation over different substrates have been and  temperature distribution 
over a nichrmoe heater structure showing 6 k rise at different input voltage. 
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    (a)      (b) 
 
Fig. 4: (a) Simulation of Meanderline heater of Pressure profile, (b )Temperature distribution over a nichrome 

heater structure showing 6 K rise at different input voltages of 9V for glass[Debashis.et al,2011]. 
 
Conclusion: 
 
 The paper presented review in biosensor devices simulation using COMSOL Multiphysics to understand 
ionic interaction between organic and inorganic,  several techniques have investigated in view to understand the 
comprehensive design and simulation of the biosensor devices, in other hand the study look at  various 
application of biosensors  and it type. The study has light strong foundation for understanding the interaction 
between organic and inorganic materials using Multiphysics software. 
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