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ABSTRACT

In paper it is shown that acceleration of sensors production rates requires design process automation, especially
at the initial stage which main objectives are synthesis and the choice of design solutions of sensors sensitive
elements on the basis of the comparative analysis of a large number of alternative options. For automated
synthesis of new technical devices, it is necessary to fill in the database on the basis of the analysis of the known
constructions. Based on the analysis of patent and scientific and technical literature the class of sensors for
implementation of the drafted theoretical provisions is defined. These are microelectronic pressure sensors. By
results of the analysis of patent and scientific and technical literature microelectronic sensors of pressure are
classified by the following signs: the improved operational characteristics (precision, responsivity, constancy,
reliability, functionality, gabarit, price) and methods of their achievement. It is established that more attention is
paid to processing and materials research methods. Basic type designs of pressure microelectronic sensors are
defined. The most perspective constructive methods, the required operational characteristics allowing to reach at
the same time the maximum quantity and insufficiently studied directions of achievement of the required
operational characteristics are revealed. The research has allowed to reveal the most perspective methods of
improvement of operational characteristics of pressure microelectronic sensors. Research results are intended for
formation of the database containing the formalized description of elementary objects for synthesis of new
technical solutions.

KEYWORDS: microelectronic sensor of pressure, sensitive element, operational characteristic, patent search,
classification.

INTRODUCTION

The market of the sensors in the most developed countries for the last decades has one of the highest rates of
growth rates in instrument making. On average the microelectronic sensors production in the USA, Japan and
Germany annually doubles. Sensors are used in many industries.

Acceleration of rates of production of sensors by quantity and the nomenclature requires design process
automation.

Quality of design decisions in many respects is defined by results of the initial stages of design (a stage of the
specification and the technical offer) on which fundamental decisions on structure and the principle of operation
of the developed device are made. The initial stages of design are characterized by processing of considerable
volumes of information, a large number of the studied realization options. The solution of these tasks in many
respects is defined by how the developer will be provided with the new information technologies strengthening
his intellectual opportunities, allowing to automate processes of search and information processing on the basis
of use of system approach to development of sensors and their elements on the basis of general concept about a
class of objects.

Researches [1-4] are devoted to creation of such technologies.

According to the main stages of fractal interpretation and structural and parametric synthesis of primary
transformers it is necessary to fill in the database on the basis of the analysis of the known technical devices
with use of the developed methods [5] in the beginning. Only after that it is possible to start synthesis of new
technical solutions.
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Based on the analysis of patent and scientific and technical literature the class of sensors for implementation of
the drafted theoretical provisions — microelectronic pressure sensors is defined. The choice is caused by
relevance of the task of measurement of pressure (the sensors intended for measurement of pressure are
dominating in the market of measuring instruments their share makes 25%), prospects and unique opportunities
given by micro technology application, impossibility of automation of synthesis of such technical devices on the
basis of the known methods of retrieval design, universality of the conversion methods realized in constructions
(14 thousand different constructions of pressure sensors realize eight main methods of conversion).

MATERIALS AND METHODS

The most worked technique of information researches allowing to reveal and analyse tendencies of development
of scientific and technical decisions is the research of patent information.

Properties of the array of patent information make it the most preferable for the purposes of the tendencies
analysis in the scientific and technical sphere:

e completeness — the vast majority of the new scientific and technical ideas are described in patent
documents, the patent fund covers all scientific and technical activity of the person;

o efficiency — according to the international legal status of patent documents they are the first advancing
publications;

e authenticity — real feasibility of the technical solution proposed in the patent and a possibility of
obtaining the promised effect are confirmed by non-departmental examination, and for them the
patentee bears legal and liability;

e checklist information — the patent fund of all main countries is classified by the international
classification of inventions, uniform for them.

According to theoretical provisions of informatics, the material object containing the fixed scientific
information, intended for its transfer in time and space and used in public practice is considered the scientific
document. As it is possible to see from the above-stated points, this definition can be completely referred to
patent information.

The analysis of patent information has allowed to classify microelectronic sensors of pressure by the methods
used at their designing for improvement of various operational characteristics [6-29].

IDENTIFICATION OF PERSPECTIVE METHODS FOR ACHIEVEMENT OF THE

REQUIRED OPERATIONAL CHARACTERISTICS OF MICROELECTRONIC SENSORS

OF PRESSURE

For detection of basic methods of achievement of the required operational characteristics of microelectronic

pressure sensors the analysis of patent literature for the last 30 years [6-29] as the main methods can be used in

earlier patents is made.

The made analysis of patent and scientific and technical information showed that pressure sensors of the

following types generally are issued: capacity sensors, resistive strain gage with semiconductor tensoresistors,

frequency probes with miniature silicon force sensing resonators, piezoresistive and optical ones. The following

tendencies of enhancement of pressure sensors are revealed: lowering of dimensional and weight indices,

increase in accuracy and reliability, support of conjugation to standard international types of information

transfer, increase in "intellectuality”, implementation during creation of microelectronic pressure sensors of

micromechanical constructions and technologies — the new scientific and technical direction which arose for the

last decade.

The analysis allowed to classify microelectronic sensors of pressure by the methods used in case of their

constructioning for improving of different operational characteristics (table 1-4).

Table 1-4 display the analysis of patent and scientific and technical literature on pressure sensors by the

following signs:

1. the improved operational characteristics (aprecision, sensitivity, constancy, reliability, manufacturability,
gabarit, price);

2. method by means of which they are reached (constructive, technological, use of new materials).

On figures in tables 1-4 the following designations are applied:

M - membrane; D - diaphragm; Tr - transistor; C - crosspiece; Th - thread; pl - plate; SE - a sensitive element;

R-resonator; S — string.
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Table 1. Constructive methods of achievement of the required operational characteristics

(membrane sensors)
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Table 2. Constructive methods of achievement of the required operational characteristics
(vibration sensors)

Obijects of an invention
Decisions Increase of Decrease of
precision | sensitivity stability reliability manufacturability | gabarit | price

Figure 14
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Table 3. Technological methods of achievement of the required operational characteristics

Objects of an invention
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Figure 16
Cutting tensoresistors from a semiconductor monocrystal +
Cultivation of monocrystals in the form of thin films by +
means of condensation of vapors
Cultivation of monocrystals in the form of whiskers, by +
means of condensation of vapors
Drawing on some types of substrates of thin films with +
properties of monocrystals
Manufacture of semiconductors from the germanic
arborescent tape which is drawn out from strongly + +
overcooled melts on a special seed
Formation of p/n of transitions by diffusion of impurity + +

Tabauya 4. Methods of achievement of the required operational characteristics by means of the choice of
new materials

Obijects of an invention
Decisions Increase of Decrease of
precision | sensitivity stability | reliability | manufacturability | gabarit | price
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Figure 17
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RESULTS AND DISCUSSION
According to table 1 microelectronic pressure sensors at which design constructive methods are used can
conditionally be subdivided into the following groups: Single-membrane devices (table 1 fig. 1-5), Double-
membrane devices (table 1. fig. 6), multi-membrane devices (table 1 fig. 7), microelectronic pressure sensors
with a sensitive element in the form of the closed silicon box (table 1 figs. 8) and microelectronic pressure
sensors with a vibration sensitive element (table 1 fig. 9-14).
In capacitor sensors of pressure between mobile and motionless electrodes there is a gap which size changes
depending on pressure (table 1. fig.1). The design of the elementary resistive-strain sensor of pressure represents
a silicon plate in which the internal cavity with a membrane and tensoresistors on her surface is executed (table
1. fig.2).
In other known design of the sensor of the specified type core from strong material runs through a hole in the
center of a round membrane and it is rigid connected to membrane. Application of such design provides not only
high to reliability, but also sensitivity, stability, and also low price (table 1. fig.3).
For increase in resistance to overloads the system of increase in mechanical resistance of knot of a receiving
membrane is used. This knot is produced in the form of a small glass with reinforced sidewalls which central
part performs functions of a receiving membrane (table 1. fig.4).
Fiber-optical sensors (table 1. fig.5) provide reliability and stability.
Membrane sensors can be executed from two tiny silicon plates about 1 micron and 0.6 microns thick with two
membranes and tensoresistors. Limits of measurement of pressure of such sensors are made by 0.07-420 kg / sq.
cm (table 1 fig.6).
For the purpose of ensuring technological effectiveness of production sensors can be executed in the form of a
package of plates (two external are made of the isolating materials, and 3 internal are made of silicon in the form
of a framework with the engraved sensitive elements on each frame) (table 1. fig.7).
There is a kind of performance of sensitive elements in the form of the closed silicon box. Such sensors have
high sensitivity, small dimensions, small thermal coefficient and low cost (table 1. fig.8).
The principle of operation of the frequency pressure sensors is that oscillations are excited in resonators.
Oscillation frequency changes in case of deformation of the diaphragm arising under the influence of pressure.
There are different systems of excitation of the resonator: piezoelectric, capacity, vibrooptical ones. The
vibrooptical system uses the laser ray modulated on excitement transferred on an optical fiber.
In frequency sensors the vibration frequency element can be executed in the form of the tiny force-sensitivity
beam resonators (table 1. fig.12), it can represent an oscillatory string (table 1. fig.9), single-crystal silicon
thread which tension depends on a diaphragm deflection (table 1. fig. 11), the crossbeam leaning on a
diaphragm (table 1. fig.12), a vacuum cavity with a silicon cover (table 1. fig.13). At last, the membrane (table
1. fig.10) or a diaphragm (table 1. fig. 14) can carry out a resonator role.
For the purpose of increase in sensitivity of devices the matrix silicon sensors containing several sensitive
elements on one diaphragm are used (tab. 3.1 fig.15). The matrix of such sensor is made on a silicon plate by
method of anisotropic pressure. Formation of an epithelial layer is applied to a stop of etching process for the
purpose of obtaining the necessary thickness of a diaphragm (technologic method).
At production of membrane sensors from structures "silicon on sapphire” for the purpose of ensuring high
reliability and depreciation the technologic method of plasma etch chemistry of sapphire is applied to creation of
the profiled sensitive elements (table 1. fig. 16).
Improvement of sensors characteristics is reached also by the material choice.
At production of the vibration sensor (table 1 fig.17) for formation of a sensitive element of the set thickness it
is used unilateral diffusion of boracium which presence in a blanket of a sensitive element sharply slows down
the process of chemical etching which is carried out from the opposite side.
For minimization of influence of the efforts arising at assembly to characteristics of the sensor it is mounted by
means of the viscous silicon paste which is a mechanical outcome (table 1. fig.18).
CONCLUSION
The analysis of scientific and technical and patent literature, directories of firms’ manufacturers of sensors and
metering equipment allowed to reveal the following perspective directions:

e use in sensitive elements of composite semiconductor structures (silicon on dielectric, the pyezoplenka

created on the semiconductor or the insulator, etc.);
e use of high-temperature semiconductors and semiconductor connections (diamond, silicon carbide,
gallium arsenide);

http: // www.ijesrt.com © International Journal of Engineering Sciences & Research Technology
[352]


http://www.ijesrt.com/

} THOMSON REUTERS
ISSN: 2277-9655
[Shikulskaya* et al., 6(4): April, 2017] Impact Factor: 4.116
IC™ Value: 3.00 CODEN: IJESS7

e use in technological process of high-energy technological operations (the ion implantation, processing
by the ionic bundles, plasma etching, etc.);

¢ implementation of multifunctional performance of measurements in case of which the microelectronic
sensor at the same time measures different parameters (pressure and temperature, pressure and
vibration, concentration and composition of different gases or the liquid environments and so forth).
Multifunctional performance allows to reduce significantly the nomenclature of the used sensors and to
increase informtiveness of their measurements;

e use in the developed microelectronic sensors of micromechanical constructions and technologies.

For the purpose of the database filling used for synthesis of new technical devices results of patent methods of
achievement of the presented operational characteristics of microelectronic pressure sensors are classified.
Results are performed in tables 1-4. The analysis of tables allowed to draw the following conclusions:

e itis set that more attention is paid to technologic and materials research methods;

o the list of utilization properties used earlier is added by the new characteristic — functionality;

e basic typical constructions of microelectronic pressure sensors are defined (capacity, resistive strain
gage, resonator and piezoresistive ones) which can be used for synthesis of new technical devices are
defined,;

e the most perspective constructive methods, allowing to reach at the same time the maximum quantity
of the required operational characteristics are revealed,;

¢ insufficiently investigated directions of achievement of the required operational characteristics are
revealed (underutilization of technologic and materials research methods for increase of sensitivity and
materials research — for reduction of price).

Results of a research are intended for formation of the database containing the formalized description of
elementary objects for synthesis of new technical solutions.
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