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Abstract
Objectives: This paper expresses a new technology of conceptual design of biosensors. The technology is according to 
the energy-information patterns of various physical nature chains. Methods: The primary advantage of the conceptual 
design is that it concentrates the R & D in the desired direction and thus saves resources on the stage of the experimental 
phase. Also, knowledge bases (KB) are created at this juncture. This KB assists designers to made effective decisions in 
the design of biosensors in the design early levels. Finding: The mains of the organization of the automated method of 
the conceptual pattern of biosensors and model of two knowledge bases (KB) are described here. Bases consist of the 
1-st - a knowledge base of the immobilized biologic elements (bio receptor) and the 2-nd KB - about the models of chains 
and physical-technical effects of different physical nature, which underlies principle of transducers action. It is planned to 
utilize energy-information patterns of chains (EIMС) for the organization of the 2nd KB. It allows describing the different 
processes by the same type of equations, invariant to the physical nature. Conclusion: The paper presents a model of 
several circuits: electrical, magnetic, mechanical, thermal, diffusion, moisture. Also, the article includes a list of physical 
and technical effects (PTE), which underlies the operating principle of transducers.

1. Introduction
The biosensor is a tool that couples a bio recognition 
factor via a transducer and changes the recognition phe-
nomena to a suitable mathematical signal1.

Over the previous few years, many biosensors 
extended for the ions detection, tiny molecules, deoxyri-
bonucleic acids (DNAs), proteins, cells and many others. 
They utilized in an extended area of applications from 
diagnostics of medical2, assurance of food quality3, envi-
ronmental control4, monitoring of industrial process5, 

6 to biological warfare agent detection7. Main impacts 
devoted to their commercialization. In 2013, the world 
business of biosensors amounted to 11.39 billion $. Up 
to 2022, based on the Markets & Markets Forecast, this 
theme would enhance to 22, 68 billion $ via mean annual 
increase ratio of 11%8,9.

The main advantage of CAD is that it focuses on R&D 
and thus saves resources on the experimental phase which 
is the necessary follow-up. Also, it creates a Knowledge 
Base (KB) that assists the researcher in forming hypoth-
eses for decision making during the early stages of design 
that guide the subsequent development path. Biosensors 
are considered as a hot topic by worldwide since they 
exhibit high selectivity and sensitivity, relative simplicity, 
and low cost. But, they must have properly designed and 
developed by the aid of operational CAD techniques.

Schematic of a typical biosensor is an analytical sys-
tem, which contains biological material (enzymes, cells, 
antibodies, antigens, receptors, DNA fragments), which 
is in direct contact or embedded in the physical-chemical 
sensor10. The generalized scheme of biosensor is shown 
in Figure 1.
Biosensors consist of two parts:
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Indian Journal of Science and TechnologyVol 9 (S1) | December 2016 | www.indjst.org 2

Information Technology of Concept Design of Biosensors

•	 The biological sensing element (bio receptor). 
It is an ensemble of biological molecules with 
physical and chemical processes that convert 
environment properties into a measurable signal 
(electrical, optical, mechanical, thermal, etc.). 
For example, microorganisms, organelles, cell 
receptors, enzymes, antibodies, nucleic acids, etc.

•	 The transducer (converter) - converts the signal 
appearing as a result of interaction with an ana-
lyzing bio-particular element into another signal 
which is easier to measure. They use a variety of 
physical and chemical principles of action: opti-
cal, piezoelectric, electrochemical, and others.

The biosensor is designed for generating a digital 
electrical signal proportional to the concentration of a 
particular chemical compound or series of compounds. 
Design of Biosensors mainly consist of the solution of two 
problems, related to different fields of science:

•	 One of them is creating an efficient biological 
test object, which have high sensitivity, selec-
tivity, durability. The object should produce a 
measurable signal with maximum efficiency. 
This problem is covered in the framework of the 
biological sciences.

•	 Another one is the design of a device for detection 
and further evaluation of the signal appearing on 
the system. This problem is an area of technical 
sciences.

The uniqueness of a biosensor is that the two com-
ponents are integrated into one single sensor. Typically, 
the biosensor is designed for generating a digital electrical 
signal proportional to the concentration of the chemical 
compound or set of compounds.

The biosensors creation relates to the interdisciplinary 
study. So, it is vital to advance a unified system method in 
the theory of sensor elements that is constant to the used 
phenomena physical nature and procedure. It is advisable 
to select the non-equilibrium thermodynamics founda-
tions11,12 as a basic for the advancement of this method, 
since it allows to get a comprehensive system of transfer 
equations for the phenomena of different physical nature 
and other laws, without opening their molecular. In13,14, 
the main propositions of Circuits Energy-Informational 
Models (EIMC) for the expressing of processes of various 
physical nature are modeled via the phenomenologi-
cal equations of non-equilibrium thermodynamics and 
the main of elaboration of automated systems of the 
conceptual model of elements of the information and 
measurement according to EIMC.

In this article, the data technology of functional-
structural pattern of biosensors is defined. It is according 
to the two knowledge bases (KB):

Table 1. The basic and additional criteria of EIM

Criteria The equation
first criterion (energetic):

, (N - power); [Wt]
static criterions

; 

dinamic criterions

parametric criterions

criterions with distributed 
parameters

Figure 1. The generalized scheme of the biosensor.
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•	 Bioreceptor database that reflects the properties 
of the monitoring medium as a signal of a physi-
cal nature (electrical, magnetic, thermal, optical 
and other signals).

•	 The database of models of chains and physical-
technical effects of different physical nature, 
which underlies principle of transducers action. 
This database can be developed by Energy-
Informational Models of Circuits (EIMC).

As a result, a single systematic approach is provided to 
organize the knowledge about the physical and chemical 
effects and bioreceptor. The facility for a functional and 
structural description of the physical principle of opera-
tion of the device is also given. Also, the EIMC model let 
advancing a method of automated support of the biosen-
sors conceptual model.

2. Different Physical Nature EIMC
EIMC allowed changing to formed expression of sen-
sor elements procedures via employing factor structural 
theme13,14. However, there is a set of processes which are 
frequently used in the construction of transducers for 
biosensors. They are oscillations processes, parametric 
amplification, etc., the main feature is that values and 
parameters of the various physical nature change over 
time. Therefore, additional values and parameters are 
included. They characterize the speed of change of the 
basic values and EIMC parameters (Table 1).

In all of these criteria, it is assumed that the values 
and parameters can be either constant or variable in time. 
In the latter case, the above criteria are satisfied for the 
instantaneous values and circuit parameters. We intro-
duce the notation for the B magnitude (this can be Q, P, I, 
U and their derivatives) and the notation for the param-
eter Π (it can be C, W, R, G, L, D, and their by-products). 
The values of the parameters B and Πof the EIMC may 
changeover the time under various laws. The most com-
monly used two types of equations are:

•	 Linear equation  и 

, and the rate of change of 

the magnitude , the rate of 

change of the magnitude 
and is always positive; 

•	 Sine change  and
, and the rate of 

change of the magnitude 
, and rate of change of the parameter 

.
The Table 1 shows that if one of the values varies over 

time by a certain law, then the other value associated with 
the first one through the constant parameter is changed 
by the same law.

The authors found the approach of generalized param-
eters and generalized-parameters to define the procedure 
in the various physical nature circuits (thermal, mechani-
cal, electromagnetic, moisture transfer, diffusion) Table 
2.

The whole difference of interactions among values 
and parameters can be represented as a complex model. 

Key for Table 2:
- impact val-

ues; - reaction values; 
 - charge values; 

- momentum values; 
 - parameter resis-

tance;  - parameter 
Capacity;  - param-
eter Inductance; ϕ  - the electric potential ( ϕϕ 21 -  
- potential difference, ie voltage); wв – number of turns; 
H - magnetic field strength; F - strength; Т - temperature; 
Ф - magnetic flux; v - linear velocity; S - entropy; x - linear 
displacement; l – length of the circuit; s – circuit cross-
sectional area; V0 –sub circuit volume; η  - coefficient of 
internal friction (dynamic viscosity); E – coefficient of 
elasticity; m - mass, ýρ  - electrical resistivity; ε  - dielec-
tric permittivity; µ  - magnetic permeability; λ  - thermal 
conductivity; с – specific heat; ρ - density of the circuit 
material; R – rotation radius; ω  - angular velocity; α  – 
angle of rotation; M – force moment; I –inertia moment; 
p – hydraulic pressure (p1-p2) - differential pressure; a - 
velocity of sound; G - modulus of shear; Ip - polar moment 
of inertia, Dk – diffusion coefficient [m2/s]; .Ck – the con-
centration of the k-th component [mol/m3]; R=8,3144621 
– gas constant [J/mol K]; Δμk – the difference between 
the chemical potentials [J/mol]; J – diffusion flux of k-th 
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Table 3. Brief description the physical phenomena, used in the conceptual design of electrochemical biosensors,  
in terms EIMC

Potentiometric PTE The electric influence (voltage) in terms EIMC[14]: 

Where E – potential of ion-selective electrode [V]; E0 - standard oxidation-reduction potential 
of definition ion [V]; n - the number of electrons participating in the electrochemical reaction; 
F - Faraday constant equal to 96,48533 [C/mol],   - the chemical potential [J/
moll].

 – Coefficient of inter circuits PTE linking 
the action value of diffusion circuits and electrical circuits one.

Amperometric PTE Faraday’s law determines the relation between the current I.e. and the number of agents 
involved in the electrode process 14,15

dUUdIeKnFSDC
eI ⋅==

δ
here С - the concentration of the reagent [mol/m3], δ is a constant determined by the thickness 
of the electric double layer [m], S - area of the electrode [m2], D - diffusion coefficient [m2/s],

 – coefficient taking into account linkage between concentration and chemical potential 

( ).
Conductometric PTE The conductivity of the solution depends on the number of ions per unit of the solution 

volume, i.e. on the concentration C and on the mobility of these ions v [m2/W s].

  or 
Where l — electrode spacing, [m]; S — electrode area [m2]; 

 - factor of proportionality( ), F - Faraday constant equal to 
96,48533 [C/mol], α - coefficient of dissociation (at low concentrations it can be assumed that 
α = 1)16.

Capacitive PTE The total capacity of the electrical double layer in dilute solutions 17:

where the coefficient of intercircuit effect KUdCe, showing relation between capacitance (Ce) and 
concentrations of the test substance (Ud); A - constant, z – ionic valence, e – electron charge, 
Ci– ion concentration (mol), NA - Avogadro’s number, εε0 - absolute dielectric constant of the 
sample, k - Boltzmann constant, T - the absolute temperature, S - area of the electrodes of the 
cell and d - the distance between the electrodes.
The dependence of the double layer capacitance on the concentration is nonlinear.

Thermometric PTE Thermometric sensors register the amount of heat releasing during biochemical reactions18 :

  ,
Where m - the number of thermocouples thermopiles, Z - the See beck coefficient, ΔU= ΔUe – 
electrical voltage occurring in the thermocouple, ΔUt = ΔT– the temperature difference at the 
ends of the thermocouple19.
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Field-effect transistor PTE Recently, increasing interest has been given to biosensors based on the field-effect 
transistor (FET). They have some benefits, which include a greater signal-to-noise ratio, fast 
measurement capabilities, and compact or portable instrumentation20,21.
The drain current 

, where μn – the electron mobility in the channel [m2/
(V s)], Cg - the capacitance per unit area of the  gate insulator [F/m2], W - the width of the 

gate [m], L – the effective channel length [m],  the portion of the gate 
voltage which created the channel [V], Usd - the voltage between the source and the drain [V]. 
Since the capacitance of the gate insulator is expressed as a capacitance per unit area, we must 

multiply by the area of the gate, WL: . 

So the drain current is given by  , and . The 

coefficient of intercircuit PTE  [1/(Om∙C)]
Piezoelectric PTE (direct) Among all the physical transducers, piezoelectric systems have emerged as the most attractive 

due to their simplicity, low instrumentation costs, possibility for real-time and label-free 
detection and generally high sensitivity. Physical formula of PTE description: 

–the force [N], 

and the charge  [C], d–the piezoelectric coefficient 

[C/N]=[m/V]. The coefficient of intercircuit PTE:  - the piezoelectric 
coefficient [C/N]=[m/V]. 

Piezoelectric PTE 
(reverse)

The reverse piezoelectric effect: the internal generation of a mechanical strain ( ) 
resulting from an applied electrical field strength Ee [V/m]. 

Physical formula of PTE description: where  - the 

displacement of the faces quartz plate [m]; d - the piezoelectric coefficient [C/N]=[m/V]. 

The electric field strength [V/m], then  and the coefficient of 

intercircuit PTE:  [m/V].
Pyro electric PTE Pyro electric biosensors generate an electric charge (Qe) as a result of a temperature change (

)22,23. Physical formula of PTE description: , where γ – pyro electric 

coefficient [C/m2 К] and changes of polarization of a dielectric material   

[C/m2] (S – area of the bioelectric face [m2], - electric charge [C], - charge surface 

density, compensating  polarization of pyroelectric [C/m2]). 

As a result of the transformation we obtain 

The coefficient of intercircuit PTE:  [C/К]
Electro osmosis PTE Electro osmosis is the motion of liquid induced by an applied potential across a porous 

material, capillary tube or membrane, micro channel. 
For nonconductive micro particles with a flat surface in systems with a thin electric double 
layer can be considered that the electrophoresis rate equal to the rate of electro osmotic slip, ie

, and the coefficient of intercircuit PTE:
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component [mol/m2 s]; сmo – specific isothermal moisture 
content (the analog of the specific heat of the material) 
[kg/J]; Аmo – moisture diffusion coefficient [m2/s], ρmo – 
matter density [kg/m3].
Physical Impacts Utilized in the Electrochemical 
Biosensors Conceptual Model

The majority of usable biosensors today use several 
types of transducers for converting the action of the baro-
receptor into a measurable signal. Transduction can be 
conducted by a great variation of approaches. Most trans-
duction forms can be classified into several classes: 

•	 Electrochemical detection methods (aerometric, 
potentiometric, the change of conductivity and 
capacity).

•	 Mass detection methods (piezoelectric transduc-
ers),

•	 Heat detection methods (thermometric),
•	 Optical detection methods (photometric), 
•	 Other methods.

But, novel transducers kinds are continuously being 
advanced for application in biosensors. Each of men-
tioned categories involves several various subcategories, 
making a nearly infinite number of probable transduc-
tion approaches or mixing of approaches. The use of 
energy-information model makes it feasible to develop 
a convenient and intuitive conceptual design environ-
ment for the synthesis of the principle of operation of 
biosensors. Some of them were considered in14 so here 
we give only a brief description several related physical 
phenomena in terms EIMC (Table 3).

Elaborated technology should provide a single sys-
tematic approach to the organization of knowledge about 
physical and chemical effects and bio-receptors. It also 
should provide a functional and structural description of 
the physical principle of the designed decision.

The process of biosensors designing can be divided 
into two phases. On the first stage, the proper bio-recep-
tor (test-object) is selected from the data base. It should 
be able to recognize required compound and generate the 
output signal (the concentration of electric charge, the 
electric resistance, the mass of the extracted substances, 
etc.). The second stage is the synthesis of the transducer 
(converter), for which the output value of the test object 
is input. Therefore, the following knowledge bases are 
needed for the development of the system architecture:

The knowledge base of the biological sensing ele-
ment (baroreceptor). Bio receptor ensures the formation 
of the analytical signal for its subsequent changes in the 
transducer. It can be any biological structures: enzymes, 
antibodies, receptors, nucleic acids, and living cells. Each 
object has some parameters (sensitivity, the test substance, 
the kind of reaction in the test material reliability of the 
signal registration, parameters of the environment under 
which the reaction is carried, etc.). The combination of 
these parameters leads to the selection of the transducer 
(transducer) from the first base. Information about each 
bio receptor presented as a passport (Table 4).

The knowledge base of known physical effects and 
phenomena (PTE) by the energy-information model of 
chains of different physical nature (EIMC). This base is 
used for the synthesis of the physical operating principle of 
transducers. Knowledge is presented in formalized model 

Magneto resistancePTE Magneto resistance is the property of a material to change the value of its electrical resistance 
when an external magnetic field is applied to it. In combination with electrochemistry used 
a magnetic monolayer of streptavidin-coated magnetic particles to construct an immune 
magnetic electrochemical sensor for the detection of atrazine24,25

In engineering calculations expression is frequently used for the relative change of the 
resistance of a semiconductor in a magnetic field:, where 
Δρ is the change of resistance due to the magnetic field B, and ρ0 corresponds to B=0, n=1…2 
—exponent that depends on the magnitude of the magnetic induction B; C - the shape factor.

Hence: .

Where . 

For strong magnetic fields n=1, then , and the 

coefficient of intercircuit PTE:
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Table 4. Example of the passport of bioreceptor

Analyze glucose
Baroreceptor
(kind of biological components)

ferment glucose oxidase

Type of change detected
Redox reaction (e- evolution) ,
wheeze- — number of electrons passing through the boundary of 
electrode / solution.
Glucose + O2 → H2O2 + laconic acid
H2O2 → O2 + 2H+ + 2e-

Immobilization Electro polymerization at constant potential of 0,75 V for 60 min
Electrode Platinum/Polyaniline-polyvinylsulphonate (Pt/Pani-Pvs) Electrode
Operational characteristic
Sensitivity0,372 [μA/mM] Detection limit – 1,0 – 10,7 [M]
Input range 0,05 – 2,50 [mM] Relative error 2-5 %
Response time - 200 [s] Operational stability1 8,64 105[s]
Measurement time2 -300 [s] Storage stability (+4°C) – 200 [day]

Table 5. The example of the passport of physical and technical effect (PTE)

PTE title: Amperometric PTE
Unit of parametrical structural schemes

 
KIdIe 

Id Ie 

Formula in EIMC terms:

Derivation of PTE formula

Faraday’s law: 

where dN/dt – oxidation or reduction rate [mol/s];
F – Faraday constant 96485,33 [С/mol]; 
n – electrons transferred per ion; S – area of the electrode [m2]; 
J – flow of material per unit surface area [mol/(s∙m2)]

Equation can be transformed in terms of EIMC: 

 - diffusion value of reaction [mol/s];

 electrical value of reaction (electric current) [A]; 

KIdIe = nFthe coefficient of intercircuits PTE linking the action value of diffusion circuits and electrical circuits 
one.
Formula of PTE coefficient

[C/M]
The designations of the quantities in formulas
F – Faraday constant [C/M]; 
n – electrons transferred per ion; 
S – area of the electrode [m2]; 
J – flow of material per unit surface area [M/m2]

F=96485,33 [С/M];
n = 1 -2
S = 1-2∙10-6m2

Values of operating characteristics
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of the passport of PTE, which contains a brief and com-
plete description of physical and technical effect, input 
and output values, typical values of performance, and 
the formula for calculating the transmission coefficient, 
by known physical laws. The example of the passport of 
physical and technical effect is presented in Table 5.

Various immobilized biological elements (test objects) 
can be combined with a differences of transducers (trans-
ducers). It allows you to make an extent range of various 
kinds of biosensors and to select the best solutions for the 
base of its action.

Synthesis of the biosensor is carried out in two 
stages. On the first stage, the test object should be found 
in the base of test-objects. It should answer the follow-
ing requirements: to recognize the required substance, 
to generate some output quantity (the concentration of 
electric charge, the electric resistance, the mass of the 
extracted substances, etc.). The next stage is the synthesis 
of the transducer for which the output value of the test 
object is input. A necessary and sufficient condition for 
the integration is the complete coincidence of the output 
value of the previous element and input value of the next 
element in the chain. This designed device will be work-
able if the range both values intersect.

The performance of the synthesized technical solution 
is calculated able if you know the performance of each 
effect in the chain. The synthesis of all possible chains is 
made on the given input and output variables. It is based 
on the two principles: (1) next entry has the equal quan-
tity that the output of the previous effect; (2) the value 
range of the next input is less than the value range of the 

previous output. The performance of the each synthesized 
circuit is calculated by the performance of its effects. The 
calculated characteristics are compared to user require-
ments. The final step is the ranking and selection of the 
best options.

Figure 2. Biosensors synthesis UML activity diagram.

In the paper14 authors had built the class model for 
the information system of concept design of biosensors. 

Sensitivity: 400 - 1800 [A/(M∙m2]
Price: 6 - 10
Reliability: 10-3 – 10-4 [1/hour]
Error: 5 %
Non-linearity: 10 %

Input range: 0,05 – 2,50 [mM]
Speed: 0,05 [s]
Dissipation: 10%
Ecological compatibility: 1×10-8 [kg/s]
Weight: 0,0005 [kg] 

Image of technical 
implementation

Short description
These biosensors are registered current produced as a result of oxidation or 
reduction of biochemical reaction component at the electrode.

http://lingvopro.abbyyonline.com/ru/Search/GlossaryItemExtraInfo?text=%d1%8d%d0%ba%d0%be%d0%bb%d0%be%d0%b3%d0%b8%d1%87%d0%bd%d0%be%d1%81%d1%82%d1%8c&translation=ecological compatibility&srcLang=ru&destLang=en
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The main classes are “PTE passport”, “Test object pass-
port”, and “Synthesis Manager” describes the mechanisms 
of multi-criteria ranking and selection of the synthesized 
chains on the base of their performance. The UML model 
is described in the article. This UML Activity Diagram 
(Figure 2) shows the central principle of the biosensors 
synthesis, described above. 

Creation of information technology of the functional 
structural design of biosensors allows the following:

•	 Significantly reduce the development time for 
new solutions;

•	 Increase the productivity and quality of the solu-
tions and to expand the solution space through 
the use of multi-disciplinary knowledge bases;

•	 Improve the quality of students training by 
involving trainees directly in real projects and 
virtual creative teams.

3. Conclusion
At the heart of the information method of functional-
structural model of biosensors, there are theoretical 
principles of energy-information models of circuits that 
are constant to the physical nature of the procedure hap-
pening in mechanical tools. The basis also includes tool 
factor structural graph, let to create an algorithm of seek 
and choose of novel mathematical solutions by the aggre-
gate performance.

The process of designing of biosensors can be divided 
into two stages. The first is the selection of decision vari-
ants in the test objects data base. The decision should 
recognize the target compound determine the output 
value of the test object (concentration, electric charge, the 
electric resistance, the mass of the extracted substances, 
etc.). The second is the synthesis of the transducer (con-
verter), for which the output value of the test object is the 
input of transducer (converter).

Therefore, for the development of the architecture of 
the system the following knowledge bases should be cre-
ated:

•	 The knowledge base of known physical effects 
and phenomena by the energy-information mod-
els of circuits (EIMC) of different physical nature 
is used for the synthesis of the physical operating 
principle of inverters (transducers). Knowledge 
is formalized in the form based on a single model 

of the passport of physical-technical effect which 
contains a summary and a complete description 
of physical-technical effect, input and output 
variables as well as the average values of standard 
performance and the formula for calculating the 
transfer rate by known physical laws.

•	 The knowledge base of immobilized biological 
elements (test objects), ensuring the formation of 
the analytical signal for the subsequent changes 
in the transducer. It can be any biological 
structures: antibodies, enzymes, nucleic acids, 
receptors, and living cells. Each object has 
some parameters (the test substance, the kind 
of reaction to the test substance, sensitive, reli-
able registration parameters of the environment 
under which the reaction is carried). The selec-
tion of converter (transducer) from the first base 
is made of these parameters.

Various kinds of immobilized biological elements 
(test objects) can be combined with a variety of transduc-
ers (transducers). It allows you to create a various kinds of 
biosensors and to select the best solutions for the aggre-
gate performance.
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