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For example, maintaining a specific temperature is essential for equipment used to fabricate medical drugs,
heat liquids, or clean other equipment. More frequently, however, temperature detection is part of preventative
reliability. For example, while an appliance might not actually perform any high temperature activities, the
system itself could be at risk to overheating. This risk arises from specific external factors such as a harsh
operating environment or internal factors like self-heating of electronics. By detecting when overheating
occurs, the system can take preventative action. In these cases, the temperature detection circuit must be
reliable over the expected operating temperature range for the application. These sensors are installed into
devices with the purpose of measuring the temperature of a medium accurately and efficiently in a given set of
requirements. Designing a robust temperature detection circuit does not have to be expensive. Nor does a
low-cost detection circuit have to compromise on responsiveness and accuracy. This article looks at the
different types of temperature detection technologies available and what each has to offer. It also explores the
requirements of various applications and how engineers can design a temperature detection circuit optimized
for their specific needs. Temperature Sensor-Thermistor Probe Temperature Sensor Types Temperature
detection is the foundation for all advanced forms of temperature control and compensation. The temperature
detection circuit itself monitors ambient temperature. It can then notify the system either of the actual
temperature or, if the detection circuit is more intelligent, when a temperature control event occurs. When a
specific high temperature threshold is exceeded, preventative action can be taken by the system to lower the
temperature. An example of this is turning on a fan. Similarly, a temperature detection circuit can serve as the
core of a temperature compensation function. Consider a system such as liquid measuring equipment.
Temperature, in this case, directly affects the volume measured. By taking temperature into account, the
system can compensate for changing environment factors, enabling it to operate reliably and consistently.
There are four commonly used temperature sensor types: Negative Temperature Coefficient NTC thermistor A
thermistor is a thermally sensitive resistor that exhibits a large, predictable, and precise change in resistance
correlated to variations in temperature. An NTC thermistor provides a very high resistance at low
temperatures. As temperature increases, the resistance drops quickly. Because of its exponential nature, the
output of an NTC thermistor requires linearization. An RTD consists of a film or, for greater accuracy, a wire
wrapped around a ceramic or glass core. However, nickle and copper are not as stable or repeatable. Platinum
RTDs offer a fairly linear output that is highly accurate 0. While providing the greatest accuracy, RTDs also
tend to be the most expensive of temperature sensors. Thermocouple This temperature sensor type consists of
two wires of different metals connected at two points. The varying voltage between these two points reflects
proportional changes in temperature. Thermocouples are nonlinear, requiring conversion when used for
temperature control and compensation, typically accomplished using a lookup table. Accuracy is low, from 0.
These sensors are effectively two identical diodes with temperature-sensitive voltage vs current characteristics
that can be used to monitor changes in temperature.
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This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution license http: This article has been cited by other articles in PMC. Abstract A review of some
papers published in the last fifty years that focus on the semiconducting metal oxide SMO based sensors for
the selective and sensitive detection of various environmental pollutants is presented. Background
Semiconducting metal oxide sensors are one of the most widely studied groups of chemiresistive gas sensors.
These sensors are designed to react with one class of gases whereby the SMO undergoes reduction and
oxidation. The direct applications of the SMO sensors as catalysts and electric conductive detectors toward
various gases were then introduced by Bielanski et al. During the past few decades, SMO gas sensors have
become a prime technology in several domestic, commercial, and industrial gas sensing systems. Three
different types of solid state gas sensors are widely available nowadays [ 5 , 6 ]. These sensors are based on
electrochemical behavior, catalytic combustion, or resistance modulation of SMO [ 6 - 14 ]. In addition, most
SMO based sensors tend to be long-lived and somewhat resistant to poisoning. For these reasons, they have
rapidly grown in popularity, becoming the most widely used gas sensors available these days. Several
materials are fabricated to enhance the sensing characteristics of the SMO gas sensors. Various SMO mixed
with different dopants, catalysts, adhesives, binders, volatile fillers, and electrodes all have been studied [ 15 46 ]. In addition to the variations in the composition of the SMO materials, their film deposition methods
provide another variable for sensor design. These deposition methods include pyrolysis, oxidation of metallic
films, reactive sputtering, chemical vapor deposition CVD , laser ablation, and electron-beam evaporation
techniques [ 47 - 60 ]. This review article will focus on the principle and use of SMO sensors for several
applications, for gas detection, and environmental monitoring. This complexity is due to the various
parameters that affect the function of the solid state gas sensors. However, it is believed that gas sensing by
SMO devices involve two major key functions as receptor and transducer functions [ 70 , 71 ]. The former
involves the recognition of a target gas through a gas-solid interface which induces an electronic change of the
oxide surface, while the latter is based on the transduction of the surface phenomenon into an electrical
resistance change of the sensor [ 70 ]. When a sensor is heated to a high temperature in the absence of oxygen,
free electrons easily flow through the grain boundaries of the SMO film. In an oxygen atmosphere, oxygen is
adsorbed onto the SMO surface, forming a potential barrier at the grain boundaries. The interaction of
atmospheric oxygen with the SMO surface forms charged oxygen species, which trap electrons from the bulk
of the material. The layer of charged oxygen at the surface repels other electrons from interacting with the
bulk of the film, creating a region depleted of electrons which results in an increased potential barrier at the
grain boundaries. This impedes the flow of electrons and thus increases the resistance. When the sensor is
exposed to an atmosphere containing a reducing gas, the SMO surface adsorbs the gas molecules and lowers
the potential barrier, allowing the electrons to flow easily and thus reducing the electrical resistance. In this
manner, the sensors act as variable resistors whose value is a function of gas concentration. Metal oxides
exhibit various electro-physical features, ranging from insulators to wide band-gap semiconductors [ 72 - 84 ].
The non-transition metal oxides contain elements with one oxidation state because they require a large amount
of energy to make other oxidation states that would bind to the oxygen ion ligand [ 72 ]. In contrast, because
of the various oxidation states that might form on transition metal oxides compared to non-transition metal
oxides, the surface properties and the types of chemisorptions that occur on the surface are important and have
been widely studied [ 72 , 73 , 75 ]. This variation in the oxidation states causes significant changes in the
surface chemistry response toward oxygen and other target gaseous molecules [ 5 ]. For example, TiO2,
V2O5, WO3 have d0 configurations and are the most widely used transition elements in sensor technology,
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along with non-transition elements with a d10 configuration like ZnO and SnO2 based materials. The above
choice of metal oxides were found to have a filled valence band of predominantly oxygen 2p character with
band gap ranges between 3â€”4 eV [ 77 - 84 ]. In specifics, catalytic reactions involving surface oxygen can
change both the surface potential along with its defect level and thus control the electro-physical properties of
the nanocrystalline modified metal oxide. Figure 1 shows a general schematic of a SMO gas sensor device.
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This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution license http: This article has been cited by other articles in PMC. Abstract Conductometric
semiconducting metal oxide gas sensors have been widely used and investigated in the detection of gases.
Investigations have indicated that the gas sensing process is strongly related to surface reactions, so one of the
important parameters of gas sensors, the sensitivity of the metal oxide based materials, will change with the
factors influencing the surface reactions, such as chemical components, surface-modification and
microstructures of sensing layers, temperature and humidity. In this brief review, attention will be focused on
changes of sensitivity of conductometric semiconducting metal oxide gas sensors due to the five factors
mentioned above. Introduction The conductometric semiconducting metal oxide gas sensors currently
constitute one of the most investigated groups of gas sensors. As a simple review of metal oxide gas sensors,
the main attention in this paper will be focused on the conductometric semiconducting metal oxide gas sensors
especially surface conductive metal oxide. Numerous researchers have shown that the reversible interaction of
the gas with the surface of the material is a characteristic of conductometric semiconducting metal oxide gas
sensors [ 1 ]. This reaction can be influenced by many factors, including internal and external causes, such as
natural properties of base materials, surface areas and microstructure of sensing layers, surface additives,
temperature and humidity, etc. Many papers about metal oxide gas sensors have been published in recent years
[ 1 â€” 20 ]. As one of the important parameters of gas sensors, sensitivity has been attracting more and more
attention and much effort has been made to enhance the sensitivity of gas sensors. There is not a uniform
definition for gas sensor sensitivity now. Both Ra and Rg have a significant relationship with the surface
reaction s taking place. Although there are many reviews in this field, to the best of our knowledge there were
no special reviews about the factors influencing sensitivity. In this paper, we have thus focused on a brief
survey of the effect of the surface reaction factors on the sensitivity. Metal Oxides for Gas Sensors Many
metal oxides are suitable for detecting combustible, reducing, or oxidizing gases by conductive measurements.
The following oxides show a gas response in their conductivity: Metal oxides selected for gas sensors can be
determined from their electronic structure. The range of electronic structures of oxides is so wide that metal
oxides were divided into two the following categories [ 1 ]: Non-transition-metal oxides, which include a
pre-transition-metal oxides Al2O3, etc. Pre-transition-metal oxides MgO, etc. Neither electrons nor holes can
easily be formed. They are seldom selected as gas sensor materials due to their difficulties in electrical
conductivity measurements. They can change forms in several different kinds of oxides. So, they are more
sensitive than pre-transition-metal oxides to environment. However, structure instability and non-optimality of
other parameters important for conductometric gas sensors limit their field of application. Only
transition-metal oxides with d0 and d10 electronic configurations find their real gas sensor application.
Sensing Mechanism Considering the influence factors on gas sensing properties of metal oxides, it is
necessary to reveal the sensing mechanism of metal oxide gas sensor. The exact fundamental mechanisms that
cause a gas response are still controversial, but essentially trapping of electrons at adsorbed molecules and
band bending induced by these charged molecules are responsible for a change in conductivity. The negative
charge trapped in these oxygen species causes an upward band bending and thus a reduced conductivity
compared to the flat band situation. As shown in Figure 1 [ 23 ], when O2 molecules are adsorbed on the
surface of metal oxides, they would extract electrons from the conduction band Ec and trap the electrons at the
surface in the form of ions. This will lead a band bending and an electron-depleted region. The
electron-depleted region is so called space-charge layer, of which thickness is the length of band bending
region. Reaction of these oxygen species with reducing gases or a competitive adsorption and replacement of
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the adsorbed oxygen by other molecules decreases and can reverse the band bending, resulting in an increased
conductivity. Then the Schottky barrier between two grains is lowered and it would be easy for electrons to
conduct in sensing layers through different grains. However, the mechanism in Figure 1 is only suitable for
n-type semiconducting metal oxides of which depletion regions are smaller than grain size.
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Know about Different Types of Sensors with their Applications September 5, by Tarun Agarwal Comments In
our day-to-day life we fre quently use different types of sensors in several applications such as IR sensor used
for operating television remote, Passive Infrared sensor used for automatic door opening system of shopping
malls and LDR sensor used for outdoor lighting or street lighting system, and so on. In this article we will
discuss about a few types of sensors and their applications in brief. But, primarily we must know what is a
sensor. What is a Sensor? A device that detects the changes in electrical or physical or other quantities and
thereby produces an output as an acknowledgement of change in the quantity is called as a Sensor. Generally,
this sensor output will be in the form of electrical or optical signal. Different types of Sensors The most
frequently used different types of sensors are classified based on the quantities such as Electric current or
Potential or Magnetic or Radio sensors, Humidity sensor , Fluid velocity or Flow sensors, Pressure sensors,
Thermal or Heat or Temperature sensors , Proximity sensors, Optical sensors, Position sensors, Chemical
sensor, Environment sensor, Magnetic switch sensor , etc. Different types of Sensors Different Types Of
Sensors With Their Applications Typical applications of different types of sensors such as application of
Speed sensor for synchronizing the speed of multiple motors, Temperature sensor application for industrial
temperature control, application of the PIR sensor for automatic-door-opening system , Ultrasonic sensor
application for distance measurement, etc. Speed Sensor Sensors used for detecting speed of an object or
vehicle is called as Speed sensor. There are different types of sensors to detect the speed such as Wheel speed
sensors, speedometers, LIDAR, ground speed radar, pitometer logs, doppler radar, air speed indicators, pitot
tubes and so on. Speed Sensor Application of Speed Sensor PIC microcontroller based project for speed
synchronization of multiple motors in industries using wireless technology is a typical application of the speed
sensor. The main motor and receiver motors used in this project are BLDC motors that are controlled using
PWM control with the radio frequency wireless communication mode. Application of Speed Sensor by
Edgefxkits. Full speed will be displayed on display unit and required speed of all motors can be obtained by
entering the desired percentage using the keypad. This entered percentage is matched with running RPM by
maintaining appropriate DC power to motor with automatic adjustment of pulse width output of
microcontroller. Temperature Sensor A device which gives temperature measurement as an electrical signal is
called as Temperature sensor. This electrical signal will be in the form of electrical voltage and is proportional
to the temperature measurement. Temperature Sensor There are different types of sensors used for measuring
temperature, such as Contact type temperature sensors, Non-contact type temperature sensors. These are again
subdivided as Mechanical temperature sensors like Thermometer and Bimetal. Electrical temperature sensors
like Thermistor, Thermocouple, Resistance thermometer and Silicon band gap temperature sensor. Application
of Temperature Sensor Design of Industrial Temperature Controller for controlling temperature of devices
used in industrial applications is one of the frequently used practical applications of the temperature sensor. In
this circuit IC DS, a digital thermometer is used as a temperature sensor, thermostat, which provides 9-bit
temperature readings. Temperature Sensor Application by Edgefxkits. PIR Sensor An electronic sensor used
for measuring the infrared light radiation emitted from objects in its field of view is called as a PIR sensor or
Pyroelectric sensor. Every object that has a temperature above absolute zero emit heat energy in the form of
radiation radiating at infrared wavelengths which is invisible to the human eye, but can be detected by special
purpose electronic devices such as PIR motion detectors. Passive Infrared Sensor PIR sensor itself is split into
two halves, which are sensitive to IR and whenever object comes in the field of view of the sensor, then
positive differential change will be produced between two halves with the interception of the first half of the
PIR sensor. Similarly, if the object leaves the field of view, then negative differential change will be produced.
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There are different types of sensors used for detecting the motion and these PIR sensors are classified based on
angle wide area over which they can detect motion of the objects like degrees, degrees and degress angles.
Application of PIR Sensor Automatic Door Opening System is a typical application of PIR sensors which is
intended for automatic door closing and opening operations based on body movement near the door.
PIR-sensor-based-automatic-door- opening system circuit mainly consists of a PIR sensor, an micrcontroller, a
driver IC, a door motor. The door motor is then controlled and operated by the microcontroller through driver
IC. This project is intended for operating doors of shopping malls, theatres and hotels. The transducer used for
converting energy into ultrasound or sound waves with ranges above human hearing range is called an
ultrasonic transducer. Application of Ultrasonic Sensor The distance measurement at inaccessible areas is a
typical application of ultrasonic sensors. The circuit consists of an ultrasonic module, LCD display and
microcontroller. The ultrasonic module is interfaced with the microcontroller and this ultrasonic transducer
consists of a transmitter and receiver. Ultrasonic Sensor Application by Edgefxkits. The velocity of sound is
considered for calculating time taken for sending and receiving waves. The distance is calculated by executing
a program on microcontroller, and then it is displayed on the LCD display. There are many sensors such as
humidity sensor, gas sensor, pressure sensor, water sensor, leaf sensor, rain sensor, tilt sensor, rate sensor and
so on, which are being used in many applications. If you are interested to know in detail about sensors, then
you can approach us for any technical help regarding different types of sensors and their applications and also
to develop sensor based projects by posting your queries in comments section below.

Page 7

DOWNLOAD PDF SEMICONDUCTING TEMPERATURE SENSORS AND
THEIR APPLICATIONS
Chapter 5 : Metal Oxide Gas Sensors: Sensitivity and Influencing Factors
Semiconducting temperature sensors and their applications by Sachse, Herbert, , Wiley edition, in English.

It is a critical part of any method to measure precise temperature. The usual applications needful accurate
temperature quantities include medical, electrical or electronic studies, biology research, materials research,
etc. A Temperature Sensor is used to measure the heat energy amount that let us detect a physical variation in
temperature, generating either an analog or digital output. Types of Basic Physical Temperature Sensors In
general, there are two types of sensing methods are available, namely contact type temperature sensors and
non-contact type temperature sensors. Contact Type Temperature Sensor The contact type temperature sensor
is in physical contact with the substance or object. These sensors are used to measure the temperature of
solids, liquids or gases. Non-contact Type Temperature Sensor Non-contact type temperature sensors are used
to detect temperature by interrupting a part of the emitted IR energy of the substance and detecting its
intensity. These sensors can be used to measure only the temperature of solids and liquids. It is not potential to
use them on gases due to their transparent nature. The two basic types of physical temperature sensors like
contact and non-contact are further categorized into a voltage, resistive, and electromechanical sensors. The
most commonly used temperature sensors are classified into three types such as Thermistors, thermocouples,
and resistance temperature detectors. These sensors vary from each other in terms of working parameters. For
modest temperature series applications, solid state sensors are also accessible which give the advantage of
simple interface and incorporated signal conditioning. Different Types of Temperature Sensors Thermistor
The thermistor is a temperature sensing device that changes the physical resistance with the temperature.
Generally, these devices are made from ceramic material semiconductor like cobalt, manganese. It is shaped
into small pressed hermetically closed discs that give a comparatively fast response to any temperature
variations. But, there are also Thermistors available with PTC positive temperature coefficient , their
resistance rises with the rise in temperature. Application of a Thermistor The thermistor is rated by their
resistance value at room temperature, the time constant, and power rating. Generally, they are connected in
series with an appropriate biasing resistor to form a potential divider network. Application of a Thermistor
Consider a thermistor with a value of resistance 2. Though, it is significant to note that typical resistance
values are dissimilar at room temperature for different types of thermistors since they are non-linear.
Thermistor has an exponential transform with temperature; so it has a temperature constant Beta that is used to
analyze its resistance for a given temperature. Advantages of Thermistors The advantages of Thermistors
include the following. The speed of response is better to changes in accuracy, temperature, and repeatability.
Compared to RTDs, it is inexpensive The range of higher resistance ranges from 2, to 10, ohms Sensitivity is
Much higher, i. The main drawback is its high cost. How to Use Resistive Temperature Detectors? But, an
error can happen in the reading due to the variation in resistance caused by the self-heating of the flow of
current through the resistive wires. Advantages of RTDs The advantages of resistive temperature detectors
include the following. Thermocouples Construction and Working The construction of a Thermocouple can be
done with two different metals that are soldered together producing a slight potential difference mV as a
function of temperature. One junction is kept at a constant temperature named the reference junction, while the
other is the measuring junction. With the temperature difference between the two junctions, a voltage is
established across the junction which is used to measure the temperature. The Seebeck effect can be defined as
the voltage difference between the two junctions. Construction and Working of Thermocouples If both
junctions are at the similar temperature, the potential difference through the junctions is zero, i. Types of
Thermocouples Thermocouples are existing in different materials and temperature ranges; therefore there are
different kinds of thermocouples available for precise applications as set by international standards such as E,
J, K, N, T, and U. Advantages of Thermocouple Rough, withstand shock and vibration Offers instant response
to temperature changes How to Use a Thermocouple? So, it is mandatory to increase the output voltage. How
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to Use a Thermocouple It is essential to carefully choose an amplifier to get good drift stability for stopping
recalibration of the thermocouple. This makes an Op-Amp operational amplifier desirable for most
applications. Thus, this is all about different types of temperature sensors. We hope that you have got a better
understanding of this concept. Furthermore, any doubts regarding this concept or to implement any
temperature sensor based projects please comment in the comment section below. He has 8 years of
experience in Customer Support, Operations and Administration.
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Introduction to Semiconductor Temperature Sensors The semiconductor or IC for integrated circuit
temperature sensor is an electronic device fabricated in a similar way to other modern electronic
semiconductor components such as microprocessors. Typically hundreds or thousands of devices are formed
on thin silicon wafers. Before the wafer is scribed and cut into individual chips, they are usually laser
trimmed. Semiconductor temperature sensors are available from a number of manufacturers. There are no
generic types as with thermocouple and RTDs, although a number of devices are made by more than one
manufacturer. The AD and the LM35 have traditionally been the most popular devices, but over the last few
years better alternatives have become available. Often the semiconductor temperature sensors are not well
designed thermally, with the semiconductor chip not always in good thermal contact with an outside surface.
Some devices are inclined to oscillate unless precautions are taken. Provided the limitations of the
semiconductor temperature sensors are understood, they can be used effectively in many applications. The
most popular semiconductor temperature sensors are based on the fundamental temperature and current
characteristics of the transistor. If two identical transistors are operated at different but constant collector
current densities, then the difference in their base-emitter voltages is proportional to the absolute temperature
of the transistors. This voltage difference is then converted to a single ended voltage or a current. An offset
may be applied to convert the signal from absolute temperature to Celsius or Fahrenheit. In general, the
semiconductor temperature sensor is best suited for embedded applications - that is, for use within equipment.
This is because they tend to be electrically and mechanically more delicate than most other temperature sensor
types. However they do have legitimate application in many areas, hence their inclusion. Types of
semiconductor sensors A summary of available semiconductor temperatures sensors is presented below,
followed by more detail on some of the more popular devices. The sensors can be grouped into five broad
categories: Most of these sensors employ a modified forward diode voltage drop method to measure
temperature, however bulk silicon reseistance and more recently infrared with thermopile. Voltage Output
Temperature Sensors The following sensors provide a voltage outputs signal with relatively low output
impedance. All require an excitation power source and all are essentially linear.
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Synthesis[ edit ] Conductive polymers are prepared by many methods. Most conductive polymers are prepared
by oxidative coupling of monocyclic precursors. Such reactions entail dehydrogenation: Some researchers
have addressed this through the formation of nanostructures and surfactant-stabilized conducting polymer
dispersions in water. These materials have lower molecular weights than that of some materials previously
explored in the literature. However, in some cases, the molecular weight need not be high to achieve the
desired properties. Molecular basis of electrical conductivity[ edit ] The conductivity of such polymers is the
result of several processes. For example, in traditional polymers such as polyethylenes , the valence electrons
are bound in sp3 hybridized covalent bonds. Such "sigma-bonding electrons" have low mobility and do not
contribute to the electrical conductivity of the material. However, in conjugated materials, the situation is
completely different. Conducting polymers have backbones of contiguous sp2 hybridized carbon centers. One
valence electron on each center resides in a pz orbital, which is orthogonal to the other three sigma-bonds. All
the pz orbitals combine with each other to a molecule wide delocalized set of orbitals. The electrons in these
delocalized orbitals have high mobility when the material is "doped" by oxidation, which removes some of
these delocalized electrons. Thus, the conjugated p-orbitals form a one-dimensional electronic band , and the
electrons within this band become mobile when it is partially emptied. The band structures of conductive
polymers can easily be calculated with a tight binding model. In principle, these same materials can be doped
by reduction, which adds electrons to an otherwise unfilled band. In practice, most organic conductors are
doped oxidatively to give p-type materials. The redox doping of organic conductors is analogous to the doping
of silicon semiconductors, whereby a small fraction silicon atoms are replaced by electron-rich, e. Although
typically "doping" conductive polymers involves oxidizing or reducing the material, conductive organic
polymers associated with a protic solvent may also be "self-doped. Subsequent doping of the conducting
polymers will result in a saturation of the conductivity at values around 0. Polyacetylene has alternating single
and double bonds which have lengths of 1. Some materials also exhibit negative differential resistance and
voltage-controlled "switching" analogous to that seen in inorganic amorphous semiconductors. Despite
intensive research, the relationship between morphology, chain structure and conductivity is still poorly
understood. Properties and applications[ edit ] Due to their poor processability, conductive polymers have few
large-scale applications. They have promise in antistatic materials [2] and they have been incorporated into
commercial displays and batteries, but there have been limitations due to the manufacturing costs, material
inconsistencies, toxicity, poor solubility in solvents, and inability to directly melt process. Literature suggests
they are also promising in organic solar cells , printing electronic circuits , organic light-emitting diodes ,
actuators , electrochromism , supercapacitors , chemical sensors and biosensors , [25] flexible transparent
displays, electromagnetic shielding and possibly replacement for the popular transparent conductor indium tin
oxide. Another use is for microwave -absorbent coatings, particularly radar-absorptive coatings on stealth
aircraft. Conducting polymers are rapidly gaining attraction in new applications with increasingly processable
materials with better electrical and physical properties and lower costs. The new nano-structured forms of
conducting polymers particularly, augment this field with their higher surface area and better dispersability.
Research reports showed that nanostructured conducting polymers in the form of nanofibers and nanosponges,
showed significantly improved capacitance values as compared to their non-nanostructured counterparts. In
organic compounds, electroluminescence has been known since the early s, when Bernanose and coworkers
first produced electroluminescence in crystalline thin films of acridine orange and quinacrine. In , researchers
at Dow Chemical developed AC-driven electroluminescent cells using doping. In some cases, similar light
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emission is observed when a voltage is applied to a thin layer of a conductive organic polymer film. While
electroluminescence was originally mostly of academic interest, the increased conductivity of modern
conductive polymers means enough power can be put through the device at low voltages to generate practical
amounts of light. This property has led to the development of flat panel displays using organic LEDs , solar
panels , and optical amplifiers. Barriers to applications[ edit ] Since most conductive polymers require
oxidative doping, the properties of the resulting state are crucial. Such materials are salt-like polymer salt ,
which diminishes their solubility in organic solvents and water and hence their processability. Furthermore,
the charged organic backbone is often unstable towards atmospheric moisture. The poor processability for
many polymers requires the introduction of solubilizing or substituents, which can further complicate the
synthesis. Experimental and theoretical thermodynamical evidence suggests that conductive polymers may
even be completely and principally insoluble so that they can only be processed by dispersion. Conductive
polymer products with embedded and improved electromagnetic interference EMI and electrostatic discharge
ESD protection have led to both prototypes and products. For example, Polymer Electronics Research Center
at University of Auckland is developing a range of novel DNA sensor technologies based on conducting
polymers, photoluminescent polymers and inorganic nanocrystals quantum dots for simple, rapid and sensitive
gene detection. Typical conductive polymers must be "doped" to produce high conductivity. As of , there
remains to be discovered an organic polymer that is intrinsically electrically conducting.
Chapter 8 : 4 Most Common Types of Temperature Sensor | Ametherm
Abstract The book describes the principles, design, and fabrication methods for the chief types of semiconducting
temperature sensors. The chemical, thermal, and electrical properties of semiconductor sensor materials used are
studied, with emphasis on oxides.
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The most commonly used temperature sensors are classified into three types such as Thermistors, thermocouples, and
resistance temperature racedaydvl.com sensors vary from each other in terms of working parameters.
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