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Conversion of a physical quantity G into a calibrated electrical signal
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A humidity sensor as an example of how the measured value is obtained

* Taken from [1]

Introduction
Measurand Sensor Measurement range  Principle
Temperature PTC metal —200 ... +800°C Positive temperature coefficient
of the resistance of metals; e.g.,
platinum
PTC thermistor —350... +150°C Positive temperature coefficient

of the resistance of
semiconductors; e.g., silicon

NTC thermistor —50 ... +150°C  Negative temperature
coefficient of the resistance of
metal-oxide ceramic

Transistor —350 ... +150°C  Negative temperature
coefficient of the base—emitter
voltage of a transistor

Thermocouple —200 ... 4 2.800°C Thermo-electric voltage at
contact of different metals
Crystal oscillator —50 ... +300°C  Temperature coefficient of the

resonant frequency of specially
cut quartz crystals

* Taken from [1]

Introduction
Measurand Sensor Measurement range  Principle
Temperature via ~ Pyrometer — 100 +3.,000°C The spectral distribution of the
heat radiation luminance is
temperature-dependent
Pyroclement —50 ... +2,200°C The increase in temperature
due to radiated heat generates a
polarization voltage
Light intensity Photodiode 1072 ... 10° Ix Current increases with light
Phototransistor intensity due to optically
released charge carriers
Photoresistor 1072 .. 107 Ix Electrical resistance reduces as
the illumination increases
Photomultiplier 1076 ... 103 1x Light releases electrons from a

photocathode, which are
multiplied by subsequent
dynodes

* Taken from [1]




Introduction

Measurand Sensor Measurement range  Principle
Sound Dynamic The induction of a voltage by
microphone movement of a coil within a
magnetic field
Condenser The voltage of a charged
microphone capacitor varies with the
distance between the plates
Crystal The piezoelectric effect
‘microphone generates a voltage

Magnetic field

* Taken from [1]

Induction coil

Hall-effect device 0.1 m 1T

Magnetoresistor O s LT

Supplies voltage if the
‘magnetic field changes or the
coil moves within the field
Produces a voltage across the
semiconductor by deflection of
electrons in the magnetic field
Resistance increases in the
semiconductor as a function of
field strength

Introduction

Measurand Sensor Measurement range Principle
Force Strain gauge 1072 ... 10'N Force causes elastic elongation
of a thin-film resistor, thereby
increasing its resistance
Pressure Strain gauge 1073 ... 103 bar The bridge circuit of the strain
gauge on the diaphragm is
detuned by pressure
Acceleration Strain gauge 1...5,000g The strain-gauge bridge is
detuned by acceleration force
on weighted diaphragm
Linear Potentiometric pm ... m The potentiometer tap is shifted
displacement displacement
transducer
Inductive pm ... 107 'm The inductive bridge is
displacement unbalanced by displacement of
transducer a ferrite core
Incremental The reticle pattern is scanned.
displacement The number gives the
transducer, optical displacement
* Taken from [1]
Introduction
Measurand Sensor Measurement range Principle
Angle Incremental 1...20,000 The reticle pattern is scanned.
angular per revolution The number gives the angle of
displacement Totation
transducer, optical
Tncremental 1...1,000 Magnetic scanning of a
angular per revolution toothed-wheel sensor
displacement
transducer,
‘magnetic
Incremental | 1,000 Capacitive scanning of a
angular per revolution toothed-wheel sensor
displacement
transducer,
capacitive

Flow velocity

* Taken from [1]

Windmill-type
anemometer
Heated-wire
anemometer
Ultrasound
transceiver

‘The rotational speed increases
with the flow speed

Cooling increases with the flow
rate

The Doppler shift increases
with the flow rate




Introduction

Measurand Sensor Measurement range Principle

Gas Ceramic resistor The resistance changes with the

concentration adsorption of the test substance
MOSFET Change in threshold voltage

during adsorption of the test
substance under the gate

Absorption Absorption lines are
spectrum characteristic for each gas
Humidity Capacitor 1...100% The dielectric constant

increases due to water
absorption as the relative
humidity rises

Resistor 5...95% The resistance decreases due to
water absorption as the relative
humidity rises

* Taken from [1]
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Diodes and Transistors as Temperature Sensors

Ve /mV

WBE 200

L I
i 0 100 200 300 400 T/K

The use of the base-emitter
voltage for temperature
measurement

Base-emitter voltage as
a function of temperature

* Taken from [1]
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Use of a bandgap reference for A supplementary circuit for
emperature measurement (e. g. LT1019) implementing a Celsius zero point

from [1]

Diodes and Transistors as Temperature Sensors
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A temperature controlled current
source with a freely selectable
output current (e. g. LM344)

* Taken from [1]

Transistor Temperature Sensors example

ﬁ STLM20

Ultra-low current 2.4 V/ precision analog temperature sensor

Features

' Precision analog voltags output temperature

1.5°C tomperature acauracy at 25 °C

Ulradow quiescant supply current:

8.0 A (max)

Operating voltage range: 24V 10 5.5V

Operating temperature range:

255G 0 130G (grade - 7)
“G10.85°C (grade -9)

B SOT3235 (SC70.5) Sead package
= UDFN 44ead package

SOTaZ3-5, SC70-5 (We)

Applications

SRS —— '
i b o

& crasics

& A

' Voltage<controlied crystal oscillator 'UDFN 4-ead (DD)

terperaturs monitors
= RE pover transistor monitor

* Taken from ,STLM20 — Ultra-low current 2.4V precision analog temperature sensor”, Technical Data
Sheet, ST microelectronics, 2009 [8)




Transistor Temperature Sensors example
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* Taken from ,STLM20 — Ultra-low current 2.4V precision analog temperature sensor”, Technical
Data Sheet, ST microelectronics, 2009 [8]

Transistor Temperature Sensors example
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]
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Temperature ("C)
== Typical (Voe =2.7V)
STLM20 Vgyr vs temperature

Taken from ,STLM20 — Ultra-low current 2.4V precision analog temperature sensor”, Technical Data Sheet
T microelectronics, 2009 [8

Metals as PTC thermistors

Metals posses a positive temperature coefficient.

‘Pt..." — platinum temperature detectors. R, of the detector is
specified at 0° C (Pt100, Pt200,...Pt1000).

In the temperature range  0°C < 8<850°C

2
R, =R, 1+3.90802-10'30£—0.58095-10'°(0i) }
c c




Metals as PTC thermistors

In the temperature range  -200°C<9<0°C
L9 o 9Y
R, = R,[1+3.90802-10 ]?—0.58095-10 6[@)
3 4
+o.42735-1o*9[03J -4.273540"2("3] ]
C C
With nickel-iron temperature detectors R, is specified at 20°C.

For the temperature range —50°C <$<150°C

2
R, :R20{1+3.83-10'3%—4.64-10‘6[%) }

Silicon-based PTC Thermistors

Uniformly doped silicon posses a positive temperature
coefficient.

2
Ry =R, 1+7.95-10'3%+1.95-1o-5[ 4 ) }

ke

Where Ry is @ nominal resistance at 25°C.

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: TC = L
R d9
— I=0
i ’m
] iv‘, LRy

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]




Principle of linearized operation and the example of linearization, zero shift and
gain for a silicon PTC sensors

* Taken from [1]

arization of the PTC thermistors

9.09kQ  10kQ

Principle of linearized operation of Pt... Sensors, and implementation
of a current source that has a negative output resistance

from [1]

Temperature range -50 °C to + 130 °C (Possible working temperatures using volume
expansion aligned conductor board material: 150°C)

Temperature coefficient TCR = 3850 ppm/K

Soldering connection end-termination galvanic tin plated
with Ni-barrier

Long term stability max. Ry-drift 0.06 % after 1000 h at 130 °C
Environmental conditions  unhoused for dry environments only

Insulation resistance > 100 MQ at 20 °C;
>2 MQ at 130 °C (glass covering)

Measuring current 100Q: 0.3 to 1.0 mA
10000: 0.1 to 0.3 mA
(self heating has to be considered)

Self heating 04 K/mWat0°C

Response time water current (v = 0.4 m/s):




Examples of Pt100/1000 packeges
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PT1000-50T223 PT100-T092
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Industrial thermometer housing

Industrial thermometer housing




RTD —
Resistive
Temperature
Detector

L ootr

20mA CURRENT
TRANSMITTER with
sensor exitation and
linearization”, Texas
Instruments Application
Note, 2004 [2]

* Taken from ,XTR105 4-

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 Ty:

T=9+273

Temperature in Kelvin

B is between 1500K and 7000K.

Linearization of the NTC thermistors

)

Ry
Vo = Iret - Riin Vg = Vief———
: * Ry + Riin

Ry
Ry + Riin

Linearization of NTC thermistors characteristic using R;,.

* Taken from [1]
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Linearization of the NTC thermistors

L Ry URM

IV O it Y
0 20 40 60 80 100 @/°C

An interfacing circuit that provides
linearization, zero shift, and gain for NTC

Linearization of an NTC thermistor
using a parallel resistor

thermistor
* Taken from [1]
Thermocouples
Copper
ty Cu
Rl Principle of temperature
Cu-Ni l Vaw measurement with

thermocouples

By Copper
Cu
emcill " Fe [T Cu
isoherml VAT
block 1 1 Yo 9 [ o] ;(;‘:fvma\ l Vo

cu-ni [ AL cu e
G
LS

Compensation of the reference junction A practical configuration for a
temperature thermocouple systems
* Taken from [1]
Thermocouples
Ty Metal I, Metal 2, Temperature coefficient, Usable
positive terminal negative terminal average range
T  Copper Constantan 428UV/°C 20010 + 400°C
J  Tron Constantan SLTPV/°C —200t0+ 700°C
E  Chromel Constantan 60.91V/°C 200 (o +1,000°C
K Chromel Alumel 40.51V/°C =200 to +1,300°C
S Platinum Platinum— 10% thodium 6.41V/°C 010 +1,500°C
R Platinum Platinum— 13% rhodium 6.40V/°C 010 +1,600°C
B Platinum—6% rhodium  Platinum— 30% rhodium 010 +1,800°C
G Tungsten Tungsten— 26% thenium 0o +2, 800°C
C  Tungsten— 5% rhenium  Tungsten— 26% rhenium 15 uv/°C 010 +2,800°C

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]
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ermoelectric voltage versus temperature for various thermocouples, at
a reference temperature of 0°C

from [1]

Thermocouples

swlt.v‘(«m M/A»sz 107 @-0r)

X | An example of the
amplification and reference
point compensation for
thermocouples (iron-
constantan)

OPT7

A practical arrangement
for the interface circuit

] or LT1025

* Taken from [1]

FUNCTIONAL BLOCK DIAGRAM

REF
o

ADB8494/AD8495/
ADB8496/AD8497

0820001

SENSE




285VTO5250
L

LINEARIZATION £
FAULT DETECTION| | INTERFACE

[ Fr100
RID

=

Measuring signal transmission

| Percent of | 4-20mA | 15V |
| measurement | signal | signal |
| o Ciom | 1w

10 com 1w
Indicator (1-5 V instrument) ! ! ! !
P | 20 | 72m | 18v |
| 25 | esom | 2.0v |
| 30 | sema | 22V |
| 10 | 10.4m | 2.6V |
| 50 | 1200m | 30v |

+

.t o 1.6 m 2av
\P 4-20mA current signal (rj ! ! ! !
— — — = | 70 | 15.2m | 38v |

Transmitter Indicator

7 160 m 0w
(@20 mAinsiument) | ! ! !
| 80 | 16.8ma | 4.2V |
| 20 | 18.4m | 4.6V |
| 100 | 200m | sov |

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

Thermocouples
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20001

100 | “wern 2By Ry R—Ry)
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R e EFED
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e
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o Bz
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Ry = RTD resistance at Ty

Rupe= 1461 (fernal)

* Taken from ,XTR105 4-20mA CURRENT TRANSMITTER with sensor exitation and linearization”,
Texas Instruments Application Note, 2004 [2]
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pyroelectric sensor

N

pyroelectric sensor by muRata
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Temperature Sensors Summary (RTD)

Type Manufacturer  Output signal Temperature range
nominal value

Metal PTC thermistor

Pt 100...1000 Heraeus 100...1000 £2 —50...4-500°C
Fk 100...2000 Heraeus 10 000 2 —200...4500°C
1 Pt100...1000 Omega 100...1000 £ 500°C
Pt100...1000 Murata 100...1000 £ —50...4600°C
Pt 100...1000 Sensycon 100...1000 —50...4+600°C
Silicon PTC thermistor

AD22100" Analog D. 22mV/K =50,44150°G
KTY-Series Infineon 1...2kQ —50...+150°C
KTY-Series Philips 1...2kQ =50 30070
Metal-ceramic NTC thermistors

M-Series Infineon 1k...100kS2 —50...4200°C
NTH-Series Murata 100 <...100kS2 —=50...+120°C
Thermistors Philips. 1kQ...1MQ —50...4-200°C

* Taken from [1]

Temperature Sensors Summary
Type Manufacturcr :\’o‘:g::[aiﬁi Temperature range i (o t h e r )

‘Bandgap sensors
78182 4LSB/K —55..4125°C
PWM-Output 0.4 100°C
TpA/K —40...+105°C
10mV/K —40...4125°C
10mV/IK 0 1 60°
MA 7 10mV/K =20... +85°C
DS 18B20° 20LSB/K —55..4+125°C
M45 10mV/IK 20...4 100°C
LM60, 6mV/K 40...1 125°C
LM74? i 16LSB/K —55..+150°C
LM 134 National 0.1 10pAK —40...+125°C
TMP 125 Texas Inst. 4LSB/K 40...+125°C
Thermocouples
K. SR, B Heraeus Fig. 21.26 Fig. 21.26 .
JKSRBTECG  Omegm Fig 2126 Fig. 2126 « crystal oscillator
5 Philips Fig. 21.26 Fig. 2126 p
LKS.RB Sensyeon Fig 2126 Fig. 2126 pyrometer
Thermocouple amplificrs (bolometer,
AD 304 Anlog De. typel 10mV/C s
thermocouple...)

AD 595 Analog Dev. type K 10mV/°C i
* -pyroelement

! Amplifier integrated
2 ADC integrated
3 Additional outputs for reference junction compensation of thermocouples

* Taken from [1]

Strain guages

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.

Tension causes
resistance increase

Gauge insensitive [
1o lateral forces I

Compression causes
resistance decrease

Bonded strain gauge

Resistance measured
between these points

* Taken from [1]
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Strain guages

Quarter-bridge strain gauge circuit

Ry =ke

7
k — strain guage constant

€ - unit elongation

strain gauge RT o (30 s 3000)Q

o

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

Strain guages

Quarter-bridge strain gauge circuit
with temperature compensation

strain gauge
(unstressed)

{

‘strain gaugé
(stressed)

* Taken from [4]

Strain guages

Half-bridge strain gauge circuit
Stran gaugo #1

strain gauge
(stressed)

Stran gaugo #2

)

A
Bridge balancad

==
strain gauge
(stressed)




Strain guages

Full-bridge strain gauge circuit

strain gauge
(stressed)

strain gauge
(stressed)

strain gauge
(stressed)

strain gauge
(stressed)

* 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

LINEAR

!
il
7l

SINGLE SHEAR @E :
3
[ :

DOUBLE SHEAR | %

| w-'—'x-l -
TROSETTES | i ,:.
EEr—

f T i
I i i

HALF BRIDGE |jym’

FULL BRIDGE o=t

s
MEMBRANE "
ROSETTES \—(g =

.\
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To Order (Specify Model Number)

Toumension o
=

16 St et

PRICE NOM. DIMENSIONS
PER  RESIS- ‘mm (in)"
PKG TANCH GRID CARRIER  MAXV*
MODEL NO. OF 10 (@) B G D (Vrms) TERMINATION
SGD-1.5/120-LY11 | 549 | 120 o e 25 | Ribbon Loads| ST
0059) (0.047) (0.185) (0.134)

SGD-15120-0¥13| 49 | 120 Mniotire et patemn 35 | Ribbon Leads| AL
seb-snzoLval| 45 | 120 surement of sress 25 | SolderPads | ST
200
SGD-15/120-0¥43| 45 | 120 35 | SoderPads | AL
SGD-2350-LY11 [ $55 | 350 | 200 250 760 580 | 7.5 | RibbonLeads| ST
(0079) (0.098) (0.209) (0.22
SGD2/350-LY13 | 55 | 950 Miniaturo fiear pattorn 10 | Ribbon Leads| AL

Siress
SGD-2/350-LYa1 | 45 | 50 | concentration, higher resistance, | 7.5 | Soider Pads | ST
reduced heat generation
SGD2/350-LY43 | 45 | 50 3500 10| SoiderPads | AL
TYPIGAL STRAN GAGE WSTALLATIGN s

Economic ctrain gauge

18



deformation of a mechanical transducer

Strain gauge — mechanical
construction

Strain gauge - capacitive

19



Pressure Measurement

Pressure range Application
< 40 mbar ‘Water level in a washing machine, dishwashert
100 mbar Vacuum cleaner, filtration monitoring, flow measurement
200 mbar Blood pressure measurement
1 bar Barometer, motor vehicle (correction for ignition and fuel injection)
2bar Motor
10 bar Expres:
50 bar Pneumati
500 bar Hydraulics, construction machinery
2000 bar Car motor with fuel injection

Pressures that occur in practical applications

* Taken from [1]

Pressure Measurement

Definisions:
1_ Newton

1_Pascal=—————
- 1_ Square _meter
1 bar = 100 kPa 1 mbar=1hPa

1_cmH,0=981_Pa=0981_mbar
1 _mmHg=133 Pa=133 mbar

1_ psi= punds _per _square _inch
1_psi=698 kPa=689 mbar

Pressure Measurement

v

Expansion and compression of the

diaphragam of pressure sensors

Arrangement of strsin gauges on the diaphragim

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

Measuring bridge
of a pressure
sensor

Yo
V.. 2R 2R R

_ AV, AR
Ap V:‘c/ Ap ‘R

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

Pressure Measurement

R
G, = 2[1 + —ZJ(U, -U,)+U,
An interfacing circuit for pressure sensor & Uy ?:
GAIN

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

Pressure Measurement

12
1.1
R(S)
-0 20 / R(25°C)
‘ : 20 © 60 80 8/°C
09 S(@)
3025°C)

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]
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Pressure Measurement

Temperature compensation
method for pressure sensors

Vi

An NTC thermistor - Approximately three

A badgap temperature

an example; diodes - an example; sensor - an example;

SDX-series from ~ KP100A1 from Philips LM335 from National
SenSym

* Taken from [1]

Pressure Measurement

MPX2010
MPXV2010G
SERIES
Vs
;__ S | e S
g | THIN FILM
TEMPERATURE 2
| Vous
| SENSING COMPENSATION
| ELEMENT 4
CALIBRATION Vou-
I CIRCUITRY |
S S S - J

* Taken from ,MPX2010 10kPa on-chip temperature compensated & calibrated silicon pressure
> Matosola Tachaica-Data- 2002 131

Pressure Measurement

STAINLESS STEEL !
SILICONE METALCOVER s0f— Vo= foue
/ =
DIECOAT g /ey R
\ P s CASE g |
/ E |
51 T SPAN
Eo [y e
3
/__RTVDEE z
)
P2 L BT
Lorrs
Unibody Package — Cross-Sectional iPa 0 (IYP)
Diagram (not to scale) PsI 0362 0725 109 145

Output versus Pressure Differential

* Taken from ,MPX2010 10kPa on-chip
Motorola Technica Data, 2002 [3]

compensated & silicon pressure sensor”,

22



Pressure Measurement

Type > Pressure Zeropoint Bridge  Temp.
range range error resistance compensation
MPX10  Freescale 0.1...0.5 bar 35my 50% ke —
MPX2000  Freescale 0.1...2bar 40my 3% 2k internal
MPX5000* Freescale  40m...10bar 4.5V 1% — internal
40PC* Honeywell 1...17bar 4V 2% — internal
170PC Honeywell  17...70 mbar 30mv 10%  6kQ 2l4la
180PC*  Honeywell . 5V 2% — internal
240PC*  Honeywell 5V 1% — internal
KP100*  Infincon 14bit 10% — internal
KP120* Infincon av 2% — internal
NPC12xx  Novasensor 75mV 3%  4kQ internal
NPH Novasensor 100mV 3%  4kQ intemal
ASDX*  SenSym 4v 2% — internal
SDX SenSym 70m...7 bar 90my 3%  4kQ 214la
SX SenSym 70m...20 bar 110mv 40%  4kQ —
Sensor Amplifiers
MAX 1450 Maxim 45V 1% 2142

* Integrated amplifier

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

setup of pressure sensor

Tims

porous elsatrode

\ porous elestrode

water-adsorbent
dielectric

Internal design principle of a

capacitive humadity sensor and
the princile of operation

* Taken from [1]

_ mass _of _water [i]
volume _of _air ~m’

abs

c H \'*
= 1+04
G T (m(m)

0 20 40 60 80 Heat !l

Sensor capacitance versus relative
humadity. Example: No.232691 90001
from Philips
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* Taken from [1]

Cr=Cox N0 pF

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)

Honeywell humidity sensors

100%

90%

80%

N

Relative Humidity
g
- 3

N

-40 20 0 20 40
] Resommended opersin zne
Opersing zone e <50 hours
Il Vo speciiaton zone

60 80 100

Temperature °C

Honeywell humidity sensors

Output Votage vl

Relativ Humidity (48H)
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The HIH-5031 is a covered, condensation-resistant, integrated
circuit humidity sensor that is factory=filted with a hydrophobic
filter allowing it to be used in many condensing environments
including industrial, medical and commercial applications.

Oxygen sensors
Water quality control — KDS25B.

GS Yuasa Dissolved Oxygen Sensor KDS-25B

Features:

Applications:

ong lte * Water quality control
* Virtually no influence from C
* No external power supply required for sensor

operation
* No warmup time s requircd

e GS Yuasa Dissolved Oxygen Sensor KDS-258 is a uniqus
gaivani calltype sensor which was developed for water quality

control. ts most notab features are long e expectancy and it
s notinfluenced by CO2. ~
‘{

* 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.

Specifications

Wodel
Hem

KDS-258

Measurement range 0~80mg1L cissolved oxygen

‘Acouacy in water at 25'C1'C 5% (ull scale)

81-203KPa (conesponds (0
Atmospheric pressure prsepS sk e

Opsatngcondtons Temperture sasc
o~ o0uRH 0
Rotave humidty P
Themal e consant Tomn arlss
Tl ot voage 1 cloa i under sandar et oo
condtons
Thimospher pressurs oS
Sttt oo | Temperine B0
[ oy

e

* Taken from , Product information — GS Yuasa Dissolved Oxygen Sensor KDS-25B”, Technical Data Sheef
Figaro Engineering Inc., 2007 [6]
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Oxygen sensors

Water quality control — KDS25B.

w0 i
0 ’
w0
= :
> ol 10
) _ z
L i
w0 1
= " - 5
2 i Pl 2
a0
H - s
o A
o]—
2 .
° 0 10 0 30 40 50
o © ) 50 ©

Temperature / C
Dissaived aygen concertration | mot-1

* 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

Features

*Long life (KE-25 - 5 years / KE-50 - 10 years)

* Virtually no influence from CO, CO, HzS, NOx, H2

*Low cost

*Operates in normal ambient temperatures

*Stable output signal

*No external power supply required for sensor
operation

* No warm-up time is required

Applications

* Medical - Anesthetic instruments, respirators,
oxygen-enrichers

*Biotechnology - Oxygen incubators

*Food industry - Refrigeration, greenhouses

*Safety - Air conditioners, oxygen detectors, fire
detectors

“Taken from i KE series”, i 007 [7]

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.

faken from , Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro
gineering Inc., 2007 [7]
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52 .
H KE25
&
§opA
H KES50
Structure of KE25/50 B e 1

*Taken from ,Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro
Engineering Inc., 2007 [7]

The zirconium dioxide lambda sensor

Heater
Nemst Cell (option)

Reference Air
Zirconia Membrane

Reference Air

Electrodes Heater 1
(gas permeable) (option) Difuson Gap Monkark hanber Heater
oA
A planar zirconia sensor A planar wideband zirconia sensor

Titania sensor
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Air quality control sensor — TGS 2600
Technical Information for Air Quality Control Sensors

The Figaro 2600 series is
a new type thick film metal

oxide semiconductor, screen

printed gas sensor which offers » m
miniaturization and lower power &
consumption. The TGS2600 | |
displays high selectivity and i i

sensitivity to low concentrations Features

of various air contaminants - . .
such as those found in cigarette High selectivity to low gas concentrations
smoke. * Low power consumption

* Small size
Long life

Applications
* Air cleaners for indoor air cleaners
* Air cleaners for vehicles
* Air quality monitors

*Taken from ,Technical information for air quality control sensor TGS 2600", Technical Data Sheet, Figaro
Engineering Inc., 2004, [9]

Sensor element

Sensor structure

eaapn ey

Pin connection:
T Heator
2 Sensor eectiade (]
5 Sensor slecroda ()
4 Heater

*Taken from ,Technical information for air quality control sensor TGS 2600", Technical Data Sheet, Figaro
Engineering Inc., 2004, [9]

Air quality sensors

The structure of TGS2600. Using thick film

techniques, the sensor material is printed

on electrodes (noble metal) which have R ——
been printed onto an alumina substrate. — 2]
The main sensing material of the sensor Le
element is tin dioxide (SnO2). One | .
electrode is connected to pin No.2 and the ve o 545
other is connected to pin No.3. An RuO2 2
heater printed onto the reverse side of the o4
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

Ttem Specification
Circuit voltage (Ve) 50V 02VDC
Heater voltage (VH) 5.0V £0.2V DC/AC

Heater resistance (room temp.)

§30Q at room temp.
(iypical)

Load resistance (RL) Variable (0.45kE2 min)
Sensor power dissipation (Ps) < 15mW Trem Specification
Operating & storage temperature -10°C ~ +50°C Sensoe cesistance ¢u I
Optimal detection concentration 1~30ppm Sensoe resistance gracient (F) 0308
B = Rs(10ppm hydrogen)Rs(air)
Heater current | 42+ 4mA
[ Heater power consumpoon [ 210mW aypea

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

Engineering Inc., 2004, [9]

Air quality sensors

10 0
.
05 .
F
=5 = 2
e s ¢
< “Ereet Iso-butans
Eanol
o1 yarogen o
ot &
o 1 2 3 4 5
1 10 100

Gas concentration (ppm)

Numbet of cigarettes

*Taken from ,Technical information for air quality control sensor TGS 2600", Technical Data Sheet, Figaro
Il ing Inc. 9]

‘The Figaro TGS2442 sensor is a new type
thick film metal oxide semiconductor,
screen printed sensor which offers

Carbon monoxide sensor — TGS 2442

Features

Miniature size and low power consumption
High sensitivity/selectivity to carbon monoxide
(CO)

Low sensitivity to alcohol vapor

Reduced influence by various interference gases
Long life and low cost

Avplici

utilizes p
for achieving low power consumption.
‘The TGS2442 displays high selectivity to
carbon monoxide together with improved
humidity dependency and durability.

2007,[10]

PP
Residential and commercial CO detectors

Air quality controllers
Ventilation control for indoor parking garages

*Taken from , Technical information for TGS2442", Technical Data Sheet, Figaro Engineering Inc.,
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Carbon monoxide sensor — TGS 2442

Metal gauze (couble layer)

Wetal ca
. 3

Charcoal fiter

 Sensing materal
RuOZ heater.

Non woven fabric

Lead wire —_ Noble metal ——
electrode

— Substrate

Electrical
insuiator

Metal base

Alumina substrate

Top view of the sensor

— Leadpin
& without cap

*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) (:’Lbeo—g
heater and an alumina substrate. A pair | 1

of Au electrodes for the heater are Hm;:s :;SF!S
formed on a thermal insulator. The gas  vew  [:] T2
sensing layer, which is formed of tin 5
dioxide (SnO2), is printed on an electrica Puise 2R

insulation layer which covers the heater.
A pair of Pt electrodes for measuring £

“«— o

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]

VR,
S Vi

out

_RL

Tyl detecion tange

Hoater voitage cycte | v

“aancms crw
condscns Chcut voRage Cyce | Vo

T [

(€0,300 ppm)
(€0,100 ppm)

oxrer resistance A

R,
p=s
RS

under shancasd test |90 powet
el | conmmgtion -

Semscx resstance | fs

Cemnty .
change et of As) | P

Towt gas condece

Stancud test conatons | Cucut conatons

Conaloning pencd bebis perp—

*Taken from , Technical information for TGS2442", Technical Data Sheet, Figaro Engineering Inc.,
2007,[10]
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bon monoxide sensors

1560 = 1 cydle
+5v
Hein (A/D)
S95ms
Sn(AD) [
AL
AMD conversion
AL Vit ive
oo AID conversion
V6 V5.

bn from ,, Technical information for TGS2442", Technical Data Sheet, Figaro Engineering Inc., 2007, [10]

Carbon monoxide sensors

] Ethanol

RsiRo

0.1

0.01 !
1 10 100 1000 10000

Gas Concentration (ppm)

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

Carbon dioxide sensors

The Figaro TGS4161 is a new solid
electrolyte type sensor which offers

Carbon Dioxide sensor — TGS 4161

miniaturization, low power con- P —
sumption, and long ife. The TGS4161

displays high selectivity to carbon * High selectivity to carbon dioxide
dioxide. Also, the TGS4161 displays c tige

good long term stability and shows ompact size .
excellent durability against the * Low dependency on humidity
effects of high humidity through the * Low power consumption

application of innovative technology «

in the sensor’s electrode design. Long life and low cost

Applications

* Air quality control
iy * COz2 monitors

*Taken from ,Technical information for Carbon Dioxide Sensor TGS4161”, Technical Data Sheet,
Figaro Engineering Inc., 2006, [11]
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on dioxide sensors

Staiioss stoel gauze
<

-
]

Vetalcap Y

wm: mm
/ Pin connection:

Lead pin / 1: Heater (+)
2: Sensor electrode (+)
Sensor element /. 3: Sensor electrode (-)

oy 4: Heater (-)

*Taken from , Technical information for Carbon Dioxide
Sensor TGS4161", Technical Data Sheet, Figaro
Engineering Inc., 2006, [11]

Sensing  Counter
Seciode deatone

(Som aectoye side)

Eiectiode Substiate

(Heater i)

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

Operational Amplifier
lias <typ. 1pA

anode is connected to sensor pin No.2
(“S(+)”) while the cathode is connected to
pin No.3 (“S(-)"). ARuO2 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]

Carbon dioxide sensors

Ttem

Specification

Heater voltage (VE)

50V+02VDC

Heater resistance (RH) - room temp.

70172

Heater current

approx. S0mA

Heater power consumption

approx. 250mW

Operating conditions

-10°C ~ 450°C, 5 ~ 95%RH

Storage conditions

-0°C~ +60°C, 5 ~ 90%RH
(store in a moisture proof bag
with siliea gel)

Optimal detection concentration

350 ~ 10,000ppm

Engineering Inc., 2006, [11]

Ttem Specification

EMF in 350ppm of CO2 220~ 490mV
EMF (350ppmCO2) - i
AEMF | EMF (3500ppm CO2) e T2mV

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




Carbon dioxide sensors

100 T |
—— CO2
80 | —&—cO
—A— Ethanol
- f}--- H2
60
5
£
*Taken from ,Technical E 40
information for Carbon Dioxide &
Sensor TGS4161”, Technical 4
Data Sheet, Figaro Engineering 20
Inc., 2006, [11]
Opfp =Gl
10 100 1000 10000

Gas Concentration (ppm)

Summary — gas sensors

+ selectivity — ability to distinguish
different gases or to be sensitive
to one substance

» working conditions — temperature,
acquisition time

+ sensitivity

Test questions (an example):

¢ Name 4 principles of temperature sensors.

¢ What is the difference between sensitivity and
selectivity of a sensor ?
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