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Industrial Sensors I & II
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Introduction

Conversion of a physical quantity G into a calibrated electrical signal

A humidity sensor as an example of how the measured value is obtained

* Taken from [1]

Introduction

* Taken from [1]

Introduction

* Taken from [1]
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Introduction

* Taken from [1]

Introduction

* Taken from [1]

Introduction

* Taken from [1]
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Introduction

* Taken from [1]

Metals as PTC thermistors

Metals posses a positive temperature coefficient.

‘Pt...’ – platinum temperature detectors. R0 of the detector is 
specified at 00 C (Pt100, Pt200,…Pt1000).

In the temperature range CC
00 8500 ≤≤ ϑ
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Metals as PTC thermistors

With nickel-iron temperature detectors R0 is specified at 200C.

For the temperature range CC
00 15050 ≤≤− ϑ
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Silicon-based PTC Thermistors

Uniformly doped silicon posses a positive temperature 
coefficient. 
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Where R25 is a nominal resistance at 250C.

This equation is valid only for sensor of KTS-series from 
Infineon and Philips and is only approximate for other 
manufacturers.

Temperature coeffiecient

Temperature coeffiecient: ϑd

dR

R
TC ⋅= 1

A four-wire resistance measuring circuit that provides independence from 
lead resistance

* Taken from „Electronic circuits : handbook for design and application” Tietze U., Schenk C. [1]

Linearization of the PTC 

thermistors 

Principle of linearized operation and the example of linearization, zero shift and 

gain for a silicon PTC sensors

* Taken from [1]
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Linearization of the PTC 

thermistors

Principle of linearized operation of Pt... Sensors, and implementation 

of a current source that has a negative output resistance

* Taken from [1]

Examples of Pt100/1000 packeges
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Industrial thermometer housing

Industrial thermometer housing

NTC Thermistors

NTC thermistors are temperature-dependent resistors with a 
very large, negative temperature coefficient. They are made of 

metal-oxide ceramic materials.  

If the temperature of interest T is close to nominal temperature TN:
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B is between 1500K and 7000K.
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Linearization of the NTC 

thermistors

Linearization of NTC thermistors characteristic using Rlin.

* Taken from [1]

Linearization of the NTC 

thermistors

Linearization of an NTC thermistor 

using a parallel resistor

An interfacing circuit that provides 

linearization, zero shift, and gain for NTC 
thermistor

* Taken from [1]

Diodes and Transistors as 

Temperature Sensors
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Diodes and Transistors as 

Temperature Sensors

The use of the base-emitter 

voltage for temperature 
measurement

Base-emitter voltage as 

a function of temperature

* Taken from [1]

Diodes and Transistors as 

Temperature Sensors

Use of a bandgap reference for 

temperature measurement (e. g. LT1019)

A supplementary circuit for 

implementing a Celsius zero point

* Taken from [1]

Diodes and Transistors as 

Temperature Sensors

A temperature controlled 

current source using the 
bandgap principle (e. g. 

AD592)

A temperature controlled current 

source with a freely selectable 
output current (e. g. LM344)* Taken from [1]
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Transistor Temperature Sensors example

* Taken from „STLM20 – Ultra-low 

current 2.4V precision analog 
temperature sensor”, Technical Data 

Sheet, ST microelectronics, 2009 [8]  

Transistor Temperature Sensors example

* Taken from „STLM20 – Ultra-low 

current 2.4V precision analog 
temperature sensor”, Technical Data 

Sheet, ST microelectronics, 2009 [8]  

Transistor Temperature Sensors example

STLM20 VOUT vs temperature

* Taken from „STLM20 – Ultra-low current 2.4V precision analog temperature sensor”, Technical Data Sheet, 

ST microelectronics, 2009 [8]  
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Thermocouples

Principle of temperature 

measurement with 
thermocouples

A practical configuration for a 

thermocouple systems

Compensation of the reference junction 

temperature

* Taken from [1]

Thermocouples

Overview of thermocouples. The most widely used types. Types B and G are so 

nonlinear that no average temperature coefficient ca be specified Constantan = 
copper-nickel, Cromel = nickel-chromium, Alumel = aluminium - nickel

* Taken from „Electronic circuits : handbook for design and application” Tietze U., Schenk C. [1]

Thermocouples

Thermoelectric voltage versus temperature for various thermocouples, at 

a reference temperature of 00C

* Taken from [1]
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Thermocouples

An example of the amplification 

and reference point 
compensation for thermocouples 
(iron-constantan)

A practical arrangement 

for the interface circuit

* Taken from [1]

Measuring signal transmission 

* Taken from „ Lessons In Electric Circuits, Volume I 

– DC, Kuphaldt T. R., Open Book Project, 2006 [4]  

Thermocouples
RTD –

Resistive 
Temperature 
Detector

* Taken from „XTR105 4-

20mA CURRENT 
TRANSMITTER with 

sensor exitation and 
linearization”, Texas 

Instruments Application 

Note, 2004 [2]  
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Thermocouples

* Taken from „XTR105 4-

20mA CURRENT 
TRANSMITTER with 

sensor exitation and 
linearization”, Texas 

Instruments Application 

Note, 2004 [2]  

pyroelectric sensor

pyroelectric sensor by muRata
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Temperature Sensors Summary 

(RTD)

* Taken from [1]

* Taken from [1]

Temperature Sensors Summary 

(other)

• crystal oscillator

• pyrometer 
(bolometer, 
thermocouple…)

• -pyroelement
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Strain guages

↓
↑↑=

s

l
R ρ

IRU ⋅↑↑=

If a strip of conductive metal is stretched, it will become skinnier 
and longer, both changes resulting in an increase of electrical 

resistance end-to-end. Conversely, if a strip of conductive metal is 
placed under compressive force (without buckling), it will broaden 

and shorten.

* Taken from [1]

Strain guages

* Taken from „ Lessons In Electric Circuits, Volume I – DC, Kuphaldt T. R., Open Book Project, 2006 [4]  

εk
R

R

T

T =∆

k – strain guage constant

ε - unit elongation

Ω−= )300030(TR

Strain guages

* Taken from [4]  
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Strain guages

* Taken from [4]  

Strain guages

* Taken from [4]  

Strain guages
Prime Strain Gage Selection Considerations

• Gage Length 
• Number of Gages in Gage Pattern 
• Arrangement of Gages in Gage Pattern 

• Grid Resistance 
• Strain Sensitive Alloy 

• Carrier Material 
• Gage Width 
• Solder Tab Type 

• Configuration of Solder Tab 
• Availability 
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Strain guages

* Taken from [5]  

Economic ctrain gauge
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Strai gauge – mechanical construction

deformation of a mechanical 

transducer 

Strain gauge – mechanical 

construction
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Strain gauge - capacitive

Pressure Measurement

Pressures that occur in practical applications

* Taken from [1]

Pressure Measurement

meterSquare
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Pascal
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Pressure Measurement

* Taken from „Electronic circuits : handbook for 

design and application” Tietze U., Schenk C. [1]

Pressure Measurement

Measuring bridge 

of a pressure 
sensor
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* Taken from „Electronic circuits : handbook for 

design and application” Tietze U., Schenk C. [1]

Pressure Measurement

( )
{

0

21

1

212

U

Z

U

GAIN

out UUU
R

R
U

D

+−







+=

43421
43421

An interfacing circuit for pressure sensor

* Taken from „Electronic circuits : handbook for 

design and application” Tietze U., Schenk C. [1]



21

Pressure Measurement

Resistance and sensitivity of silicon pressure sensors as a function of temperature

* Taken from „Electronic circuits : handbook for design and application” Tietze U., Schenk C. [1]

Pressure Measurement

An NTC thermistor -

an example;     
SDX-series from 

SenSym

Approximately three 

diodes - an example;
KP100A1 from Philips

A badgap temperature 

sensor - an example;
LM335 from National

Temperature compensation 

method for pressure sensors

* Taken from [1]

Pressure Measurement

* Taken from „MPX2010 10kPa on-chip temperature compensated & calibrated silicon 

pressure sensor”, Motorola Technica Data, 2002 [3]  
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Pressure Measurement

* Taken from „MPX2010 10kPa on-chip temperature compensated & calibrated silicon pressure sensor”, 

Motorola Technica Data, 2002 [3]  

Pressure Measurement

* Taken from „Electronic circuits : handbook for design and application” Tietze U., Schenk C. [1]

Lab setup of pressure sensor
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Humidity Sensors
][

__

__
3

m

g

airofvolume

waterofmass
H abs =

Internal design principle of a 

capacitive humadity sensor and 
the princile of operation

Sensor capacitance versus relative humadity. 

Example: No.232691 90001 from Philips

* Taken from [1]

Humidity Sensors

Determining the increase in capacitance by 

measuring the increase in oscillation period 
(Gates: CMOS; for example CD4001)

Output signal resulting from the 

difference in switching times

Sensor example: SHT10, SHT11, SHT15 (www.sensirion.com/humidity)

* Taken from [1]

Honeywell humidity sensors
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Honeywell humidity sensors

Oxygen sensors
Water quality control – KDS25B.

* Taken from „ Product 

information – GS Yuasa 
Dissolved Oxygen Sensor KDS-

25B”, Technical Data Sheet, 
Figaro Engineering Inc., 2007 

[6]  
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Oxygen sensors
Water quality control – KDS25B.

* Taken from „ Product information – GS Yuasa Dissolved Oxygen Sensor KDS-25B”, Technical Data Sheet, 

Figaro Engineering Inc., 2007 [6]  

Oxygen sensors
Water quality control – KDS25B.

* Taken from „ Product information – GS Yuasa Dissolved Oxygen Sensor KDS-25B”, Technical Data Sheet, 

Figaro Engineering Inc., 2007 [6]  

Oxygen sensors
Percent oxygen present in a particular atmosphere – KE25/50 

*Taken from „Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro Engineering Inc., 2007 [7]
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Oxygen sensors
Theory of operation of the KE25/50 - the KE series sensor is a lead-
oxygen battery which incorporates a lead anode, an oxygen cathode 

made of gold, and a weak acid electrolyte. Oxygen molecules enter the 

electrochemical cell through a non-porous fluorine resin membrane and 
are reduced at the gold electrode with the acid electrolyte. The current 

which flows between the electrodes is proportional to the oxygen 

concentration in the gas mixture being measured. The terminal voltages 
across the thermistor (for temperature compensation) and resistor are 

read as a signal, with the change in output voltages representing the 

change in oxygen concentration.

*Taken from „Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro 

Engineering Inc., 2007 [7]

Oxygen sensors

Structure of KE25/50

*Taken from „Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro 

Engineering Inc., 2007 [7]

KE25

KE50

The zirconium dioxide lambda sensor 

A planar zirconia sensor A planar wideband zirconia sensor 
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Titania sensor

Air quality sensors
Air quality control sensor – TGS 2600

*Taken from „Technical information for air quality control sensor TGS 2600”, Technical Data Sheet, Figaro 

Engineering Inc., 2004, [9]

Air quality sensors
Air quality control sensor – TGS 2600

*Taken from „Technical information for air quality control sensor TGS 2600”, Technical Data Sheet, Figaro 

Engineering Inc., 2004, [9]

Sensor structure
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Air quality sensors
The structure of TGS2600. Using thick film

techniques, the sensor material is printed on
electrodes (noble metal) which have been printed
onto an alumina substrate. The main sensing

material of the sensor element is tin dioxide
(SnO2). One electrode is connected to pin No.2
and the other is connected to pin No.3. An RuO2

heater printed onto the reverse side of the
substrate and connected to pins No.1 and No.4
heats the sensing material. Lead wires are Pt-W
and connected to sensor pins which are made of

Ni-plated Ni-Fe 50%. The sensor base is made of
Ni-plated steel. The sensor cap is made of
stainless steel and contains 6 pin holes on the

sensor’s top.

*Taken from „Technical information for air 

quality control sensor TGS 2600”, 
Technical Data Sheet, Figaro Engineering 

Inc., 2004, [9]
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Air quality sensors

*Taken from „Technical information for air quality control sensor TGS 2600”, Technical Data Sheet, Figaro 

Engineering Inc., 2004, [9]

Air quality sensors

*Taken from „Technical information for air quality control sensor TGS 2600”, Technical Data Sheet, Figaro 

Engineering Inc., 2004, [9]
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Carbon monoxide sensors
Carbon monoxide sensor – TGS 2442

*Taken from „ Technical information for TGS2442”, Technical Data Sheet, Figaro Engineering Inc., 2007, [10]

Carbon monoxide sensors
Carbon monoxide sensor – TGS 2442

*Taken from „ Technical information for TGS2442”, Technical Data Sheet, Figaro Engineering Inc., 2007, [10]

Carbon monoxide sensors
The structure of TGS2442. The sensor 
utilizes a multilayer structure. A glass layer 

for thermal insulation is printed between a 
ruthenium oxide (RuO2) heater and an 

alumina substrate. A pair of Au electrodes for 
the heater are formed on a thermal insulator. 
The gas sensing layer, which is formed of tin 

dioxide (SnO2), is printed on an electrical 
insulation layer which covers the heater. A 

pair of Pt electrodes for measuring sensor 
resistance is formed on the electrical 
insulator. An activated charcoal filter is used 

for the purpose of reducing the influence of 
noise gases.

*Taken from „ Technical 

information for TGS2442”, 
Technical Data Sheet, Figaro 

Engineering Inc., 2007, [10]
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Carbon monoxide sensors
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*Taken from „ Technical 

information for TGS2442”, 
Technical Data Sheet, Figaro 

Engineering Inc., 2007, [10]

Carbon monoxide sensors

*Taken from „ Technical information for TGS2442”, Technical Data Sheet, Figaro Engineering Inc., 2007, [10]

Carbon monoxide sensors

*Taken from „ Technical information for TGS2442”, Technical Data Sheet, Figaro Engineering Inc., 2007, [10]
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Carbon dioxide sensors
Carbon Dioxide sensor – TGS 4161

*Taken from „Technical information for Carbon Dioxide 

Sensor TGS4161”, Technical Data Sheet, Figaro 
Engineering Inc., 2006, [11]

Carbon dioxide sensors

*Taken from „Technical information for Carbon Dioxide 

Sensor TGS4161”, Technical Data Sheet, Figaro 
Engineering Inc., 2006, [11]

Carbon dioxide sensors
The structure of TGS4161. The CO2 sensing 
element consists of a cation (Na+) solid 

electrolyte formed between two electrodes 

together with a printed heater (RuO2) 
substrate. The cathode (sensing element) 

consists of lithium carbonate and gold, while 

the anode (counter electrode) is made of gold. 
The anode is connected to sensor pin No.2 

(“S(+)”) while the cathode is connected to pin 

No.3 (“S(-)”). A RuO2 heater connected to pins 
No.1 (“H”) and No.4 (“H”) heats the sensing 

element. Lead wires are made of Pt and are 

connected to nickel pins.

*Taken from „Technical information 

for Carbon Dioxide Sensor 
TGS4161”, Technical Data Sheet, 

Figaro Engineering Inc., 2006, [11]
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Carbon dioxide sensors

*Taken from „Technical information for Carbon Dioxide Sensor TGS4161”, Technical Data Sheet, Figaro 

Engineering Inc., 2006, [11]

Carbon dioxide sensors

*Taken from „Technical 

information for Carbon Dioxide 
Sensor TGS4161”, Technical 

Data Sheet, Figaro Engineering 
Inc., 2006, [11]

Summary – gas sensors

• selectivity – ability to distinguish 
different gases or to be sensitive 

to one substance

• working conditions – temperature, 

acquisition time

• sensitivity
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Test questions (an example):

• Name 4 principles of temperature sensors.

• Name 4 examples of photonic sensors

• What are the basic modes of photodiode 

applications ?

• What is the difference between sensitivity and 

selectivity of a sensor ?


