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Preface 

Like temperature and terrestrial gravity, pressure is one of the physical quantities most often 

considered in our environment. It actually governs the majority of natural phenomena and 

physics which surround us. This situation has obvious extensions at the industrial level.  

That is why pressure measurement is an historical concern which has led to multiple inventions 

and a wide line of sensors.  

Accordingly pressure is a significant parameter in such varied disciplines as in thermodynamics, 

aerodynamics, acoustics, fluid mechanics, soil mechanics, biophysics, etc. 

The Master Module entitled PRESSURE SENSORS explains the different principles now known 

and their advantages and limits for industrial uses. 
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1.1 Introduction 
 

If we consider industrial applications specifically involving problems of pressure measurement, 

we will see immediately that Power Engineering consumes most of the pressure sensors 

produced. This is obvious because the hydraulic, thermal, nuclear and other installations 

generating mechanical, thermal or electrical energy require the constant monitoring and control 

of pressures: overpressure could cause the deterioration of enclosures or drains and cause very 

significant damage. 

As a significant parameter, pressure enters into the control and operation of manufacturing units, 

automated or operated by human operators. Its measurement is also used in robotics, either 

directly in controls, or indirectly as a substitute for touch (artificial skin for example), for pattern 

recognition or for determining strength of grip. 

All these activities require instrument chains in which the first link is the pressure sensor, 

delivering data relating to the pressure of compressed air, gas, vapour, oil or other fluids, 

determining the correct operation of machines, mechanisms or systems governing the course of a 

process. 

The variety of expressed needs demands a great diversity of sensors. This diversity also derives 

from the fact that the physical quantity “pressure” covers a very wide field from ultra-high 

vacuums to ultra-high pressures. It can be expressed as an absolute value (compared to vacuum) 

or as a relative value (compared to atmospheric pressure); it can also represent a difference 

between two pressures or relate to various media and fluids whose physical characteristics (e.g. 

temperature) or chemical characteristics (e.g. risk of corrosion) are very varied. 
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2.0 Introduction 
 

Optical sensors are measuring devices in which a measured quantity is converted to an 

optical, and subsequently, an electrical signal by means of an optoelectronic transducer ([10]). 

Optical sensors belong to the class of contactless methods of measurement eliminating backward 

influence of a measuring device on an object of measurement. 

Here the optical quantity is described as any quantity characterising or influencing the 

generation and/or propagation of electromagnetic waves with a spectrum corresponding to 

visible and near infrared light. In order to gain a proper insight into processes taking place in 

optical sensors a brief review of the basic properties of light, optical components and 

optoelectronic devices will be introduced.  

Based on this theoretical background the behaviour and properties of typical optical 

sensors for the measurement of various physical quantities will be described. The main attention 

will be devoted to the optical part of a sensors structure. The reason for this approach is the fact, 

that the output signals from optical sensors are of an electronic nature and the methods of their 

further conditioning and processing are generally known from electrical measurement and 

usually do not represent the sensor’s specific problem.  
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Preface 

You are a producer of soft drinks and you want to know at any point how many liters per hour 

you produce. Or your company discharges waste water on which taxes are levied per liter. 

These are only two everyday examples in which flow measurement plays an important part. 

The thousands of applications of flow meters tell us that they are one of the most important 

industrial measurements. We attempt to give you an idea of the different principles that are 

used and of the characteristics and properties of each method. 
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3.1 Introduction 

Measuring the flow of liquids, gases, vapour or solids is an important necessity both for the 

processing industry and for occasional readings. In some processes inaccurate flow-rate 

measurement is so important that it can make the difference between profit and loss. In other 

cases inaccurate or erroneous flow measurements can have serious or even disastrous 

consequences. 
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4.1. Introduction to Intelligent Sensors 
 
Sensor technologies are evolving continuously in order to improve parameters such as sensitivity, selectivity, range 
of substance detectable, and applicability of sensors in dynamic and complex enviroments. 
 
However, industry demands new additional characteristics of those sensor devices: flexibility, openness and 
adaptability to users, and control systems. First of all, the signal sampling can be taken at any location and it must be 
received accurately; secondly the user has to be able to program or store the reading in particular formats; and 
finally a local interface may be required. 
 
A sensor must do something more than just produce an accurate measurement in order to be considered 
“intelligent”. 
 

 
Figure 4.1 Intelligent sensor structure 
 
Sensor innovation is embedding new functions in the same device. An intelligent sensor is an ordinary sensor, which 
has additional qualities: communications, user interface, functions and computational abilities (See Figure 4.1). 
 
Nowadays control systems are distributed and I/O can be far from control device. Therefore sensor information has 
to be sent rapidly, securely and accurately to control system; for this case, a communication bus is required. 
 
Intelligent sensors permit configuration of calibration curves, scales, alarm events, diagnostic parameters, etc., in 
order to adjust them to the user specific process requirements. Sometimes the user also may wish to reprogram the 
sensor by means of utility software provided by the manufacturer. Thus, an important component is the user 
interface that provides the means and the necessary information that allow adjustment in field and programming.  
 
It may be useful for these devices to have executable capabilities, for mathematical computation, statistical analysis, 
system modification or data logging. Consequently a post-processor component would be required. These abilities 
are important in order to perform some intelligent features like self-calibration, auto diagnostics, temperature 
compensation, for instance. 
 
Thus an intelligent sensor is the result of combining different technologies. These technologies will be outlined in 
this module. 
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Preface 
 

Accelerometers have existed for several decades and they are always in constant evolution 

because they influence in a strategic way the performances of the devices which use them.  In the 

past fifteen last years in particular, thanks to optics and micro technologies, there was enormous 

progress with precision, linearity, stability and also bulkiness and electric consumption of the 

sensors.   

 

According to mechanics fundamental principles, acceleration corresponds to the relationship 

between a force and a mass. The accelerometers use principles based on a physical phenomenon 

which allows, starting from this relationship, to obtain an electric signal. The accelerometers can 

use physical phenomenon which makes a direct measurement of a force (piezoelectric sensor, 

sensor with balance of force), or an indirect measurement, by the means of the displacement or 

the deformation of a sensing element.  

We can classify these sensors by referring to the phenomena they are intended to analyze.  Then, 

the useful frequency band of these phenomena determines the type of suitable sensor, taking into 

account the required precision.   

 

There is a great diversity of applications of accelerometers in various fields like automotive 

areas, aeronautics, instrumentation, medical devices and automation. We will limit this module 

to the presentation of relevant physical principles and their associated technologies,  and we will 

present  some examples of applications.   
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5.1 Introduction 
 

The term " accelerometer "covers two types of device: 

Î linear accelerometers  

Î angular accelerometers  

By familiarity, the experts in the " inertia " discipline use the term " accelerometer " only to 

define linear accelerometers. The latter are devices designed to measure the specific non-

gravitational force affecting their seismic mass. 

 

Accelerometers cannot measure the absolute acceleration of a moving object. Indeed, it is 

necessary simultaneously to know the value of the local field of gravitation and the value of the 

accelerometer reading to determine the acceleration affecting a moving object, except in the 

particular case of a movement which absolute acceleration is zero. 

 

Acceleration corresponds, according to the fundamental principles of mechanics, to a 

relationship between a force and a mass. All the acceleration sensors draw on a physical 

phenomenon which, starting from this relationship obtains an electric quantity or some 

displayable information for the operator.  

 

Acceleration sensors can be classified according to the physical principle they use:  

Î a direct measurement of a force (piezoelectric sensor, sensor with balance of couple or 

forces),  

Î or an indirect measurement, by means of displacement or deformation of a sensing element.  

We can also classify these sensors by referring to the phenomena they are intended to analyze. 

Then, the useful frequency band of these phenomena determines the type of suitable sensor 

taking into account the required precision.  

 

This module will highlight the fundamentals necessary to understand what an accelerometer is 

and how to choose the right one for a specific need. The advantages and disadvantages of the 

different types of accelerometers will be discussed to reveal the industrial relevance of these 

sensors. 
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contributions to chapter 9 on applications i.e. the section on biomedical applications and the 

subsection on environmental biosensors, Edel Minogue, Kim Lau and Rod Shepherd for chapter 

7 on fabrication of sensors, Greg Hughes for providing chapter 8 on surface characterisation, 

Gwenaelle LeGurun for providing most of the section on environmental applications in chapter 

9, June Frisby for the section on food applications in the same chapter, Michaela Bowden and 

Brett Paull for writing the section entitled microanalytical instruments as sensors in chapter 10, 

Aogan Lynch for the section on solid-state sensor arrays and finally Robert Forster for the 

section on sub-micron dimensioned sensors, also in chapter 10. 

 

6.1 Introduction  
 

The world in which we live is rapidly becoming dominated by digital information. Initially, the 

digital revolution primarily involved stand-alone computers that gradually became networked.  

More recently, the merging of computing with wireless communications systems has led to an 

enormous growth in accessibility to, and hence demand for, this information. At present, this 

demand is dominated by a mixture of text, audio and image-based data driven mainly by almost 

ubiquitous accessibility to the internet. However, the communications ‘web’ that has been 

assembled over the past decade will fuel demand for more sources of information and data about 

important aspects of our lives - our health, our environment, our food, our work. Sensors provide 

portals between the ‘real’ or analogue world in which we live, and the digital world of computers 

and modern communications systems. They make it possible for us to obtain real time 

information about things we can see, touch, smell and hear, and about other things that we 

cannot detect - things that can be harmful or beneficial to us.   
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7.1 Introduction 
 
7.1.1 Classification of LPD sensors  
 
Measuring the level, position, distance and displacement of physical objects is essential for many 

applications: process feedback control, performance evaluation, transport, traffic control, 

robotics, security systems - just to name a few.  

Position means determining the object’s co-ordinates (linear or angular) with respect to a 

selected reference point.  

Displacement means moving from one position to another for a specific distance or angle. A 

critical distance is measured by proximity sensors, which are in fact a threshold version of a 

position sensor. A position sensor is a linear device whose output signal represents the distance 

to the object from a reference point.  

The range of distance measurement varies according to the application from fraction of µm to 

several hundreds of meters.  

The requirements for precision of measurement may also vary over a wide range from task to 

task and are usually selected as a compromise between required precision and cost of production 

or maintenance of the sensor. For high precision sensor the influences of external variables such 

as ambient temperature, pollution, humidity, pressure and radiation have to be taken into 

account. 

There are many possibilities for the operating principles of LPD sensors. Theoretically all 

physical phenomena in which distance, position or displacement influences some electrical 

quantity can be used as a concept for sensor construction.  

With regard to physical principle of operation the following types of LPD sensors are available:  
• mechanical, 
• electrical, 
• magnetic, 
• optical, 
• acoustic. 
Another very important criterion for LPD sensor classification is the mutual interaction of the 

sensor and the measured object. The sensors that can accurately operate only when they are in 

direct contact with measured object belong to the class of contact sensors. By analogy, sensors, 

which perform the measurement task without direct contact with a measured object, form the 

class of non-contact sensors. Obviously the non-contact sensors offer many advantages as 
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ideally they do not interfere with the measured object. Unfortunately many of measurement tasks 

cannot be fulfilled by non-contact sensors, nevertheless in measurement theory and practice 

there is a permanent thrust for finding new principles for non-contact sensors.   

For the selection of the sensor systems suitable for the given measurement task, the following 
aspects should be considered as important criteria: 
• measurement range,  
• measurement precision, 
• resolution, 
• accuracy of repeatability, 
• linearity, 
as well as drift, offset, and change of the sensitivity due to temperature, ageing, pressure, etc. 
For measurement of time varying quantities (e.g. oscillatory change of position - vibrations) the 

dynamic properties of sensors are often the key criterions for selection. The dynamic properties 

of sensors are determined by the frequency response of the sensor defined as the ratio of the 

amplitudes of output and input variables with sinusoidal waveform at the different frequencies. 
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Preface 

Drawing a good glass of beer, pasteurizing milk or producing electricity are all processes that 

require accurate temperature measurement. There exist various methods to perform the 

measurement, each with its own characteristics and possibilities. In this module, we will 

familiarize you with the world of industrial temperature measurement.  

 Introduction 

In the first part of this course, concepts that are commonly used in thermal measuring 

techniques are explained. We start with a definition of heat and temperature and then give 

different methods to read temperature. The necessity of a thermal equilibrium will be 

demonstrated with an example. It is important to meticulously execute the measurements. 

The second part deals with physical and direct ways to measure temperature: glass 

thermometer, liquid filled thermometer, liquid filled expansion thermometer, pressure 

temperature detector, vapour-pressure temperature detector and bimetallic thermometer. 

These five possible ways to measure temperature are followed by measuring principles, the 

construction and application of sensors such as thermocouples, resistance temperature 

detectors (RTDs) and monolithic temperature measurement. 

In the last part we find among other things the practical possibilities for pyrometry. The basic 

concepts of electromagnetic radiation and the execution and construction of pyrometers give 

us an idea of this technique that is blooming now, partly due to computer technology. 
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9.1 Introduction 
 
It was at the beginning of the 20th century that radioelectric navigation made its appearance. 

These methods of radio navigation have made it possible for the enormous progress in the 

positioning and nautical field. The dead reckoning, the compass and the log of use had received 

for centuries until a few decades ago, only the help of the gyroscopic compass. But the 

gyroscope itself represents the type of progress to come. Indeed, the capacity of a top animated 

by a fast rotational movement, to preserve a fixed direction in space had been recognised in the 

19th century. The first practical experiment was carried out in 1865, thanks to the maintenance 

of the movement by an electric motor. The first gyrocompass was patented by Dr. Anschutz in 

1904, and embarked upon in 1908, thanks to the adjustment of a pendule/gyroscope unit, which 

freed the system from rolling of the ship.   

Consequently, the question arises of having autonomous systems for navigation: since 

acceleration is the only measurable physical quantity without an external reference and, 

therefore, is usable by an autonomous system, there is a natural association between 

accelerometers and gyrometers. 

The accelerometers and the gyrometers have existed for several decades. They are constantly 

evolving because they condition the performance carriers (see the effectiveness), which use them 

in strategic way. In the last fifteen years in particular, thanks to optical and to micro-

technologies, there has been enormous progress made in precision, linearity, stability as well as 

in obstruction and electric consumption of these sensors. 
 

Inertial navigation has evolved continuously throughout the last decades: the first combined 

accelerometer and gyroscope was produced in 1923; the first platform with three axes in 1924; 

the first operational equipment was launched in 1940s on the rockets V2, and the first power 

station tested in flight in France was in 1961. 

 

The gyrometers intended for inertial navigation must satisfy particular requirements such as very 

good precision, good linearity and a correctly adapted bandwidth. 
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The gyrometers must be able to detect revolution speed varying from continuous to 100°/s. They 

must also be of good manufacturing quality. For example a shift of 2 nm between the centre of 

gravity and the centre of pressure of Archimedes can produce a sufficient unbalance in 

gyrometer to create a drift of 10-9 degree per hour. 

The lowest possible drift is desirable in a gyrometer. 

For a ship, whose navigation can last several weeks, errors can accumulate with time, and a 

periodic correction is required. 

In comparison, for a plane whose flight lasts only a few hours, or a missile where the duration of 

flight is measured in minutes, the accumulated errors remain acceptable. 

In the standard case, a gyroscope has drifts of 10-2 degree per hour where errors are incurred at 1 

mile per hour. 

 

 

 



Leonardo pilot project  10 – Magnetic Sensors 
"Modular Courses on Modern sensors"   

© CTU Prague  10-1  

MASTER MODULE 10 

MAGNETIC SENSORS 
 

Written by S. Ripka and P. Ripka 

 

Contents 

10 Magnetic Sensors 

10.1 Basic Magnetism        5 

  10.1.1 Units         5 

  10.1.2 Magnetic Fields       7 

   10.1.2.1 Permanent magnets      7 

   10.1.2.2 Magnetic field of currents     8 

   10.1.2.3 The magnetic field of the Earth    9 

  10.1.3 Force on a Current Carrying Conductor in a Magnetic Field 10 

   10.1.3.1 Force on a moving charge     11 

  10.1.4 Magnetic Fields and Matter      12 

10.1.4.1 Polarisation, magnetisation, permeability and    

susceptibility       12 

  10.1.5 Ferromagnetism       13 

   10.1.5.1 Curie point       14 

10.1.5.2 Magnetic domains      14 

10.1.5.3 Magnetisation loop      15 

10.1.5.4 Soft magnetic materials     16 

   10.1.5.5 Hard magnetic materials     18 

   10.1.5.6 Magnetostrictive materials     19 

   10.1.5.7 Thin films       19 

 

10.2 Semiconductor Magnetic Sensors      19 

  10.2.1 Hall Sensors        20 

10.2.2 The Hall Effect       21 

  10.2.3 Geometry of a Hall Device      24 

10.2.4 Sensitivity of a Hall Device      24 

  10.2.5 Offset of a Hall Device      26 



Leonardo pilot project  10 – Magnetic Sensors 
"Modular Courses on Modern sensors"   

© CTU Prague  10-2  

  10.2.6 New Types of Hall Sensors      27 

   10.2.6.1 High mobility InSb Hall elements    27 

   10.2.6.2 Integrated Hall sensors     27 

   10.2.6.3 Vertical, cylindrical and multi-axis Hall sensors  29 

 

 10.3 AMR Sensors         31 

  10.3.1 Operating Principles of AMR and Magnetoresistive Effect  31 

   10.3.1.1 Geometrical linearisation of the AMR   33 

  10.3.2 Measuring Configuration of AMR     35 

  10.3.3 Flipping        36 

  10.3.4 Magnetic Feedback       37 

 

 10.4 GMR Sensors         39 

  10.4.1 Physical Mechanism       41 

  10.4.2 Spin Valves        42 

  10.4.3 Sandwiches and Multilayers      43 

   10.4.3.1 Temperature characteristics     44 

   10.4.3.2 Cross-field error      44 

   10.4.3.3 Unpinned sandwich      44 

   10.4.3.4 GMR multilayer      45 

  10.4.4 SDT Sensors        45 

  10.4.5 Linear GMR Sensors       45 

   10.4.5.1 Bipolar response using biasing coils   46 

   10.4.5.2 GMR gradiometer      47 

  10.4.6 Rotational GMR Sensors      47 

 

 10.5 Induction and Fluxgate Sensors      48 

  10.5.1 Induction Coils       49 

  10.5.2 Fluxgate Sensors       50 

   10.5.2.1 Core shapes of fluxgates      52 

   10.5.2.2 The effect of demagnetization    53 

   10.5.2.3 Core materials      54 

   10.5.2.4 Principles of fluxgate magnetometers   55 

   10.5.2.5 Miniature fluxgates      56 



Leonardo pilot project  10 – Magnetic Sensors 
"Modular Courses on Modern sensors"   

© CTU Prague  10-3  

   10.5.2.6 Multiaxis magnetometers     57 

   10.5.2.7 Fluxgate gradiometers      58 

 

 10.6 Other Magnetic Field Sensors      59 

  10.6.1 Resonance Sensors       59 

   10.6.1.1 The proton magnetometer (NMR)    59 

   10.6.1.2 Limitations of a proton magnetometer   60 

   10.6.1.3 Magnetic sensors based on electron spin resonance 60 

   10.6.1.4 Overhauser magnetometers     60 

   10.6.1.5 Caesium optically pumped magnetometers   61 

  10.6.2 Optical Sensors       63 

   10.6.2.1 The Faraday effect      63 

   10.6.2.2 The Kerr effect      63 

   10.6.2.3 Magneto-optical current transformers   64 

  10.6.3 Low Temperature Magnetic Devices     64 

   10.6.3.1 Meissner effect and persistent currents   64 

   10.6.3.2 Josephson effect      65 

   10.6.3.3 SQUIDs       66 

10.6.4 GMI Sensors        67 

  10.6.5 Magnetoelastic Sensors      68 

 

 10.7 Magnetic Position Sensors       68 

  10.7.1 Sensors with Permanent Magnets     69 

   10.7.1.1 Induction position sensors     69 

  10.7.2 Eddy Current Sensors       70 

  10.7.3 Linear and Rotational Tranformers     71 

   10.7.3.1 Linear transformer sensors     71 

   10.7.3.2 Rotation transformer sensors    73 

  10.7.4 Magnetostrictive Position Sensors     73 

10.7.5 Proximity Switches       74 

   10.7.5.1 Reed contacts      74 

   10.7.5.2 Wiegand sensors      75 

 



Leonardo pilot project  10 – Magnetic Sensors 
"Modular Courses on Modern sensors"   

© CTU Prague  10-4  

 10.8 Contactless Current Sensors       76 

  10.8.1 Hall Current Sensors       77 

  10.8.2 Magnetoresistive Current Sensors     77 

  10.8.3 AC and DC Transformers      77 

  10.8.4 Current Clamps       78 

   10.8.4.1 Magnetometric measurement of hidden currents  78 

10.9 References 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Magnetic sensors are used in applications everywhere: from home appliances to cars and 

industry and scientific instruments. They either sense magnetic field itself, or more often, 

another physical variable which is transformed into a magnetic response. Magnetic sensors are 

reliable, they have a large operating temperature range and they are resistant to vibrations, dirt 

and interference. More detailed information on magnetic sensors can be found in general sensor 

books [1-3] and in specialised literature [4-6]. 
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11.1. Introduction - MEMS 

MEMS is an abbreviation for “Micro-Electro-Mechanical Systems“ or very small 

electrical / mechanical devices [1]. They feature the integration of mechanical elements, 

sensors, actuators and operating electronics on a common silicon substrate with the use of 

microfabrication technology [2]. 

While the electronics (used as processors) are fabricated using integrated circuit 

process sequences (CMOS, BiPolar or BiCMOS processes), the micromachining processes 

selectively etch away parts of the silicon wafer or add new structural layers to form the 

required mechanical and electromechanical devices [3]. 

Microelectronic integrated circuits (ICs) can be regarded as the "brains" of systems 

and MEMS augments their decision-making capability with "eyes" and "arms", to allow 

microsystems to sense and control the environment. 

Components of MEMS : 

� MicroSensors 

� MicroActuators 

� MicroElectronics 

� MicroStructures 

Since MEMS devices are manufactured by the help of batch fabrication techniques, 

similar to ICs, unprecedented levels of functionality, reliability, and sophistication can be 

placed on a small silicon chip at a relatively low cost. With thin films, the photolithographic 

fabrication procedures make it possible to build extremely small, high precision mechanical 

structures using the same processes that have been developed for electronic circuits [4]. 

MEMS promises to revolutionise nearly every product category by bringing together 

silicon-based  microelectronics with micromachining technology, thereby making possible the 

realisation of a complete system-on-a-chip [5]. 

 MEMS technology is enabling new discoveries in science and engineering such as the 

Polymerase Chain Reaction (PCR) microsystems for DNA amplification and identification, 

introducing new technologies as in the micromachined Atomic Force Microscopes (AFM), 

Scanning Processing Microscopes (SPM) and Scanning Tunnelling Microscopes (STM), 

biochips for detection of hazardous chemical and biological agents, and microsystems for 

high-throughput drug screening and selection. 

© CTU Prague  11-4  
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Examples of MEMS devices, which we meet everyday, are inkjet-printer cartridges, 

accelerometers that deploy car airbags and miniature robots [6]. 

The successful production of MEMS needs the development of appropriate fabrication 

processes in four major areas 

� micromachining  

� microfabrication 

� micromechanics 

� microelectronics 
 

 The conventional silicon planar microelectronics technology has been adapted to the 

processing of both passive and active components. The passive material is one that does not 

play an essential role in the sensing mechanism (e.g. SiO2 insulating layer in a pressure 

sensor) in contrast to an active material, which does (e.g. metal oxide layer in a chemical 

sensor). 

The basic MEMS processes are: 

 IC Processes 

� oxidation 

� diffusion 

� LPCVD (low-pressure chemical vapour deposition) 

� Photolithography 

� Epitaxy 

� Sputtering 

� etc. 

 Micromachining Processes 

� Bulk Micromachining 

� Surface Micromachining 

� Wafer Bonding 

� Deep Silicon RIE (reactive ion etching) 

� LIGA (lithography, electroforming, moulding) 

� Micromoulding 

� etc. 

 

MEMS devices are extremely small (e.g. electrically driven motors are smaller than 

the diameter of a human hair), but MEMS technology is not only characterised by the size [3]. 

© CTU Prague  11-5  
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Also, MEMS do not only include products based on silicon, even though silicon possesses 

excellent material properties (e.g. the strength-to-weight ratio for silicon is higher than for 

many other engineering materials). MEMS is a manufacturing technology; a new way of 

making complex electromechanical systems using batch fabrication techniques similar to the 

integrated circuits [7]. 

 MEMS has several advantages: 

Imagine classical sensor-actuator-electronic systems, in which the sensors and actuators are 

the most costly and unreliable parts. In comparison, the MEMS technique allows these 

complex electromechanical systems to be manufactured using batch fabrication techniques 

and therefore leading to a distinct decrease in the cost with increased reliability [8]. 

One example of the advantages of MEMS is the accelerometers for crash air-bag 

deployment systems in automobiles. The conventional system uses bulky accelerometers 

made of discrete components mounted in the front of the car with the separate electronics near 

the air bag and costs over $50. MEMS have made it possible to integrate the accelerometer 

and electronics onto a single silicon chip at a cost of $5 to $10. These MEMS accelerometers 

are much smaller, more functional, lighter, and more reliable [3]. 

The microsensors produced using the silicon process have been developed since 1980. 

Circuits for preamplifier and logic elements have been integrated with transducers and used to 

make an intelligent chip element, called an intelligent sensor or smart sensor. Microsensors 

with moveable parts have been developed since 1985 and have become the first applications 

of micromechanical parts in the industrial field. 
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