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conversion

analog digital
display, display,
control control

Conversion of a physical quantity G into a calibrated electrical signal

‘ % H } V//J_“ g:% measured value

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

* Taken from [1]
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Introduction

Measurand Sensor Measurement range  Principle
Temperature PTC metal —200 ... 4+ 800°C  Positive temperature coefficient
of the resistance of metals; ¢.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 ... + 2,800°C Thermo-electric voltage at
contact of different metals
Crystal oscillator —-350 +300°C  Temperature coefficient of the

resonant frequency of specially
cut quartz crystals

* Taken from [1]
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Introduction

Measurand Sensor Measurement range  Principle
Temperature via Pyrometer 100 ... + 3,000°C The spectral distribution of the
heat radiation luminance is
temperature-dependent
Pyroelement —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 ... 10% x Electrical resistance reduces as
the illumination increases

Photomultiplier 1076 ... 10% Ix Light releases electrons from a
photocathode, which are
multiplied by subsequent
dynodes

* Taken from [1]
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Magnetic field

* Taken from [1]

Induction coil

Hall-effect device

Magnetoresistor
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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

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
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* Taken from [1]

displacement

transducer, optical
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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...5000g The strain-gauge bridge is
detuned by acceleration force
on weighted diaphragm
Linear Pf)lentlomemc Mm ... 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 um ... m The reticle pattern is scanned

The number gives the
displacement

Wroctaw University of Technology
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Introduction

Measurand

Sensor

Measurement range

Principle

Angle

Flow velocity

* Taken from [1]

EN

Incremental
angular
displacement

transducer, optical

Tncremental
angular
displacement
tramsducer,

capacitive
Windmill-type
anemometer
Heated-wire
anemometer
Ultrasound
transceiver

{UMAN CAPITAL

20,000

per revolution

1,000

per revolution

1,000

per revolution

The reticle patten s scanned.
The number gives the angle of
rotation

Magnetic scanning of a
toothed-wheel sensor

Capacitive scanning of a
toothed-wheel sensor

‘The rotational speed increascs
with the flow speed

Cooling increases with the flow
rate

‘The Doppler shift increases
with the flow rate
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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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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 <39 <850°C

0

R, =R,|1+3.9080210 % -0.58095 [no"’(%j }

mmes in English
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Metals as PTC thermistors

In the temperature range -200°C<9<0°C

Ry = R,[1+3.90802 DIO"(,i -0.58095 DO’“(oij
C C

+0.42735 uo*g(“ijb ~4.2735 Dm’”[(,i}]
C C
With nickel-iron temperature detectors R, is specified at 20°C.
For the temperature range -50°C<9<150°C
- o A
R, =R, 1+3.8300 C -4.6400 D

g rooneem
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Silicon-based PTC Thermistors

Uniformly doped silicon posses a positive temperature
coefficient.

2
Ry = Ry 14795007 5 +1.95 DIO‘S(Ui]
? c c

Where Ry is a 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.

i s capAL
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Temperature coeffiecient

1 dR
Temperatur: ffiecient: C=—
emperature coeffiecient R uS
I=0
—
Ry £ 3 Vo =le'Rs

ﬂ -

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]
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Linearization of the PTC
thermistors

meastring range —
] P et 2

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]
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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

d-termi galvanic tin plated
with Ni-barrier

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

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

Measuring current 1000: 0.3 to 1.0 mA
10009: 0.1 to 0.3 mA
(self heating has to be considered)

Self heating 0.4 K/mW at0 °C
Response time water current (v=0.4 m/s):  t5=0.15s;
t9=0.30s
air stream (v=2m/s): tys =355 tgg=10s
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Examples of Pt100/1000 packeges

PT1000-SOT223 PT100-TO92

~
2

T~
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Industrial thermometer housing
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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:

1 1
R, =R, exp| Bl ———
T N P|: (T TNJ:|

Temperature in Kelvin T =9+273

B is between 1500K and 7000K.
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Linearization of the NTC
thermistors

Vet Rs Va

Ry

Vig = Iyef - Riin m
9 + Riin

Vo = Viet

Ry
Ry + Riin

Linearization of NTC thermistors characteristic using Ry,.

* Taken from [1]
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Linearization of the NTC

thermistors

RIKQ
51
% |
3 Riin
20
1L Rs R

i
0 20 40 60 80 100 #/°C

Linearization of an NTC thermistor An interfacing circuit that provides
using a parallel resistor linearization, zero shift, and gain for NTC
thermistor

* Taken from [1]
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Diodes and Transistors as

Temperature Sensors
U(r):m;p,(r)ln[%]

9,(r)="L
q

Up =Up, ~Up =me; ln( jvz ]

DI
dUR =Lk1n[102]

dr 1
%’;-ZmV/deg_ for_1, =2mA 4

D1

froe ity o i <o [
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Diodes and Transistors as
Temperature Sensors

Ve /mV
.
/L 800 === ———>
¢ 600F——=-—-— e
L e

lVB? 200

I 0 160 200 300 400 T/K
The use of the base-emitter Base-emitter voltage as
voltage for temperature !
measurement a function of temperature

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

Vo= 5Vig = 2.22Vg

Use of a bandgap reference for A supplementary circuit for
temperature measurement (e. g. LT1019) implementing a Celsius zero point
* Taken from [1]
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Diodes and Transistors as
Temperature Sensors

i I=1pA/K
Atemperature controlled
current source using the
bandgap principle (e. g.

;

¥ oy = 1/2 =lcy

45V

LM334. \O,

»
AD592) o T ze
Ar=8dy A2
Avie |[]mi=3582 TOpAK]
l\/nmv
e 0mY
i

Atemperature controlled current
source with a freely selectable
* Taken from [1] output current (e. g. LM344)
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Transistor Temperature Sensors example
S7i STLM20

Ultra-low current 2.4 V precision analog sensor

Features

B Precision analog voltage output temperature

B 4157 tamperature accuracy a1 25 °C

= Utrdow et sl e % * Taken from ,STLM20 - Ultra-low
5.0pA (max) "

m Operating voltage range: 24 V0 5.5V current 2.4V precwsngn analo_g

® Operating temperature rangs: temperature sensor”, Technical Data
25" 0 120°C (orade -1

B ° 4 Sheet, ST microelectronics, 2009 [8]
40°C 1085 °C (orado - 9) Sorszss, 50705 we) [8]
B SOT323:5 (SC705) Sead package

m UDFN 44cad package.

Applications
= Thicd gneration (36) cllpones 0

o e o s

. ot ten

S

' Voitagecontrolied crystal oscillator UDFN 44ead (DD)

femperature montors

= RE power transistor monitor

g rooneem N ==
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Transistor Temperature Sensors example
Voo
|
D sEen Vour®  4fvee
GND@) ]2
STLM20  |— Vout Vour {3 s vVee et = P} k=1
anazsa nezsa
SOT323-5(SC70-5) UDFN-4Lead
aND! !
o.1F o.1yF
Bypass Capacitor Bypass Capacitor
* Taken from ,STLM20 — Ultra-low
CFILTER mn current 2.4V precision analog
R CrILTER W temperature sensor”, Technical Data
FILTER Sheet, ST microelectronics, 2009 [8]
[Vour
RFLTER
oL
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Transistor Temperature Sensors example

250 -
—

s 2 —t—
= 150 =
>8 1.00 —

0.504 =

0.004 . . | . - ]

-50 -20 10 40 70 100 130

Temperature ('C)
—— Typical Ve =2.7V)
STLM20 Vo 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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Compensation of the reference junction A practical configuration for a
temperature thermocouple systems
* Taken from [1] E — -

=
Copper .
i Cu Principle of temperature
KonStasi measurement with
R o l Vas thermocouples
¥ Copper
Cu
y S Fe 1 Cu
il A
o [ sothermal
P T nlEE e
| 1
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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]

i o caeaL
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Thermocouples
Ty Metal 1, Metal 2, Temp ffici Usable
positive terminal negative terminal average range

T  Copper Constantan 428UV/°C  —200to+ 400°C
J  Iron Constantan 51.7uV/°C  —200to+ 700°C
E Chromel Constantan 60.9uvV/°C  —200 to +1, 000°C
K Chromel Alumel 40.5uV/°C =200 to +1,300°C
S Platinum Platinum— 10% rhodium 6.4uV/°C 0to +1,500°C
R Platinum Platinum— 13% rhodium 6.4uV/°C 0to +1,600°C
B Platinum— 6% rhodium  Platinum— 30% rhodium 0to 1, 800°C
G Tungsten Tungsten— 26% thenium 0to +2, 800°C
C  Tungsten— 5% rhenium  Tungsten— 26% rhenium 15 pv/ec 0to +2, 800°C

Master programmes in English
Wroctaw University of Technology Al -

Thermocouples

g
50 K
4 [
i iy
€
30
2 n 0
RS
G
10 B
i R
200 400 600 800 1000 1200 OO 1600 1800 2000 2200 H/°C
-10

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

* Taken from [1]
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Thermocouples
517 %(Owﬂ:d m%’m-on)
o | g ﬁ An example of the amplification
=

and reference point
compensation for thermocouples
(iron-constantan)

L)

A practical arrangement
for the interface circuit

* Taken from [1]
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Measuring signal transmission

| Percent of | 4-20ma | 1-5V |
Indicator (1-6 V instrument) | measurement | signal | signal |
~ | 0 | 40ma | 10V |
©
- | 10 | sem | 1a4v |
| 20 | 72w | 1.8V |
250Q | 25 | eom | 20w |
| 30 | sema | z2v |
+

! 4-20 mA current signal (/]9 | 10 | 10.4ma | 2.6V |
| 50 | 12.0ma | 3o0v |

Transmitter indicator
(4-20 mA instrument) | &0 | 136ma | 3av |
| 70 | 1s.2ma | 3.8V |

* Taken from , Lessons In Electric Circuits, Volume |

A

—DC, Kuphaldt T. R., Open Book Project, 2006 [4]
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Pssibl choicss for 0y

RTD -
Resistive
Temperature
Detector

75vtod8v

a  =oonF

R

* Taken from ,XTR105 4-

Ffm.v‘w%, 20mA CURRENT
NOTES: (1) Ry = RTD resistance ai minimum: nﬁasuewvm»vmuTRANSMITTER with
= R~ 4R sensor exitation and
A= R linearization”, Texas
oL 2‘:;;"\“;"‘\; . Instruments Application

Note, 2004 [2]

‘here Ry = RTD Resistance al Ty + Tund2
R, = RID Resstance at Ty

CET—

i s capAL
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Thermocouples

NEASUREWENT TENPERATURE SPAN T (G)
e [ awe | e | woe ] e | s [ swe [t

e e e e e i
woso | oo | seeo | 47s0 | oo | a0 | sosn | zvao
0

T L
[0c [rms
15000

16500 aooco | sero | 7o | rieo | ewo | s | S
o [roamos Foars [coaczr | co4n0z | o-vaer | co.aoes | eaeis | soaraz
21400 10500 | 7o [ Covao | aseo” | Tazao | Taero | sow
20400 aa000 | oo | seen | 7eoo | eioo | oo | S

o055
a0
o

iR
2020
i

NOTE: Thevals s nthistableare 1% resistors (n2)

oty b e o * Taken from ,XTR105 4-
Re = RTD resistance at miimum measured emperaure, 20mA CURRENT
R LBRIRCRy) TRANSMITTER with
ot sensor exitation and
Soroo | 1am0 R ol linearization”, Texas

Tooe [MsEts
2

Instruments Application

100
2na00
EEmEE Note, 2004 [2]
20900 ahere: Ry = RTD rsistance ot (7, + Ty )12
25700
Ry = RTD resistance al T
L -

g rooneem | T <=

gg er programmes in Englli
Wroctaw University = = r

r

PCD 508
1 Drain

-
L

T 3G
\

—
R—
—

i shan capra | F——— e

% Wave Length (um)
4 %)
= 5 30 40 50 60 70 80 100 120

ol
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800
Wave Number (cm-')

g rooneem Wi <= il
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T
T=5500K

800 | 4
]
— 600 |- 4
E 1

s
s ]
~ 400 |- <
5 ]
200 |- T=4000K ]
3500K i

0 1 1
0 500 1000 1500 2000
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Temperature Sensors Summary
(RTD)

Type Manufacturer  Output signal Temperature range
nominal value

Metal PTC thermistor

Pt100...1000 Heraeus 100...1000 —50...4-500°C
Fk 100...2000 Heraeus 100...2000 —200...4500°C
1 Pt100...1000 Omega —170...4500°C
Pt100...1000 Murata —50...4-600°C
Pt100...1000 Sensycon 100...1000 —50...4600°C
Silicon PTC thermistor

AD22100! Analog D. 22mV/K —50..44-150°C
KTY-Series Infineon 1..2kQ —50...+150°C
KTY-Series Philips 1..2kQ —50...4300°C
Metal-ceramic NTC thermistors

M-Series Infineon 1k...100kQ +200°C
NTH-Series Murata 100Q...100kQ2 e FIHRC
Thermistors Philips 1kQ...1MQ +..+200°C

* Taken from [1]
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Temperature Sensors Summary

Type Manufacturer  Output signal Temperature range

) (other)

Bandgap sensors

AD 7818 Analog Dev. 4LSB/K

TMP 04 Analog Dev. PWM-Output

TMP 17 Analog Dev. 1HAK

TMP36 Analog Dev. 10mV/K

T 10258 ; 0my

MAX 6607 Maxim 10mV/K

DS 18B 207 Maxim 20LSB/K

LM45 Natioral 0mVK

LM 60, National 6mV/K

LM7: National 16 LSB/K +

LM 134 National 0.1... 10pA/K. +125°C

TMP 125 Texas Inst. 4LSBK —40...+125°C

Thermosouples

JLK.S.R.B He Fig. 21.26 Fig. 21.26 i
IKSRBLECG  On Fig Fig 2126 +  crystal oscillator
LK.S Philips Fig. Fig. 21.26 .

FESRE o Fig Fig. 2126 pyrometer
Thermocouplo amplifiers (bolometer,

AD 594 Analog Dev. type T L0mV/EC —55°C...+125°C

ADSY5 Analog Dev. type K 10mV/°C —55°C...+125°C thermocouple. . )

+ -pyroelement

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

* Taken from [1]
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Strain guages

placed under compressive force (without buckling)
and shorten.

Tension causes
TESIStANCE INCIEAse  Bonded strain gauge

Gauge insensitive - Resistance measured
to lateral forces between these points

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
, it will broaden

Ut=R1 1
Compression causes
resistance decrease
* Taken from [1]
ﬁ B chmr Y == [
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Strain guages

strain gauge

=

* Taken from , Lessons In Electric Circuits, Volume | — DC, Kuphaldt T. R.,

Quarter-bridge strain gauge circuit
AR,

k — strain guage constant

€ - unit elongation

nglish

R, =(30-3000)Q

Open Book Project, 2006 [4]

@;l Measter programn
Wroctaw University of Technology at\ yil

Quaiter-bridge strain gauge circuit
with temperature compensation

* Taken from [4]

i — s

Strain guages

h

in Englis

strain gauge
(unstressed)

strain gauge
(stressed)

15
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Haif-bridge strain gauge circuit

strain gauge
(stressed)

strain gauge

* Taken from [4]
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Strain guages

(stressed) N &
.

Te

Strain gauge #1

Stran gaugo #2

“
Bridge balancad

FORCE , A

‘g@ Wroctaw University of Technology \

Master programmes in English

Strain guages

Full-bridge strain gauge circuit

strain gauge
(stressed)

=

==

strain gauge
(stressed)

* Taken from [4]

-

strain gauge
(stressed)

strain gauge
(stressed)

‘% Measter progl
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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

g rooneem
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SINGLE SHEAR

DOUBLE SHEAR

i s capAL

h

TROSETTES

FULL BRIDGE |

MEMERANE
ROSETTES

RESIS-
PKG TANCE

MODEL NO. OF10 (@)

SGDA1.5/120-LY11

SGD-15/120-LY13| 49 | 120

SGD-15/120-LYa1| 45 | 120
SGD-1.5/120-LY43| 45 | 120

DIMENSIONS
‘mm (in)"

GRID CARRIER  MAXV* TEMP TERM|

A [ C D (Vrms) TERMINATION COMP PAD

Ribbon Leads

150 120 470 340
(0:059) (0.047) (0.185) (0.134)
jature linear pattem
Measurement of stress
‘congentration
1200

35 | Ribbon Leads| AL

25 | SolderPads | ST
35 | SolderPads | AL

SGD2350-LY11 | 555 | @50

SGD23s0LY13 | 85 | @50

sGD2/3s0-LYa1 | 45 | 350

Leadenot | SGD-21350-LY43

g

200 250 760 580 | 75 |Rbbonleads| ST
(0.079) (0.098) (0.299) (0.228)
Miniature linear patten 10| Ribbon Leads) AL
Measurement of sttess 2
concentration, higher resistance, | 7.5 | Solder Pads | ST
reduced heat generation
3500

Solder Pads | AL

TYPICAL STRAIN GAGE INSTALLATION

rd

Fa oot ony | Ipumenien e

St T s

S e Bttt Tt e €T o st

* Taken from [5]

iwmmm [ N =

Measter programm
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deformation of a mechanical
transducer

nmesin En

Measter progr:

Wroctaw Univers

Strain gauge — mechanical
construction
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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
1bar Barometer, motor vehicle (correction for ignition and fuel injection)
2bar Motor vehicle (tire pressure)
10 bar Expresso machinery
50 bar Pneumatics, industrial robots
500 bar Hydraulics, construction machinery
2000 bar Car motor with fuel injection

* Taken from [1]

Pressures that occur in practical applications

Definisio

Pressure Measurement

1_ Newton

ns: 1_Pascal=————
1_Square _meter

1 bar = 100 kPa 1 mbar =1 hPa

1_cmH,0 =98.1_Pa=0.981_mbar
1_mmHg =133 _ Pa =1.33_mbar

1_ psi = punds _ per _ square _inch
1_ psi =6.98 _kPa =68.9 _mbar
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Pressure Measurement

~ i sensor -
éYg * Taken from ,Electronic circuits : handbook for
o2

Adifenil preseneissos o s i e design and application” Tietze U., Schenk C. [1]

Expansion and compression of the

diaphragm of pressure sensors

Arrangement of sirain gauges on the diaphragm

g rooneem

I
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Pressure Measurement
Vre(l
Measuring bridge
of a pressure
sensor
L _R+AR _R -AR _ ﬁ
Vs 2R 2R R
_ AVD _ AR * Taken from ,Electronic circuits : handbook for
- Apv - Ap R design and application” Tietze U., Schenk C. [1]
ref

Master

)

g‘g Wroctaw University of Technology

* Taken from ,Electronic circuits : handbook for

design and application” Tietze U., Schenk C. [1]
An interfacing circuit for pressure sensor

cm
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12
L]
R(S)
-0 -0 e RIS
‘ : 20 © 60 80 ®/°C
09 S0
3(25°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]

i s capAL
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|
Pressure Measurement
Vit 55V
I e i Temperature compensation
1 o i method for pressure sensors
i R
An NTC thermistor - Approximately three Abadgap temperature
an example; diodes - an example; sensor - an example;
SDX-series from  KP100A1 from Philips LM335 from National
SenSym
* Taken from [1]
g ronem

S

Master programmes in English
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wexz010  Pressure Measurement

MPXV2010G
SERIES

I__ —
- | THIN FILM
g TEMPERATURE 2
| Vous
| SENSING COMPENSATION
| ELEwENT AND 4
GALIBRATION Vour-
I CIRCUITRY i
e J

GND

* Taken from ,MPX2010 10kPa on-chip temperature compensated & calibrated silicon
pressure sensor”, Motorola Technica Data, 2002 3]
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STAINLESS STEEL
SILICONE METAL COVER

DIEGOAT i / EPOXY

N\ A / CASE
e

B R 8

WIRE BOND

OUTPUT (mVec)

i\
2
]

LEAD FRAME
BOND 0
P2
5
. . \Pa
Unibody Package — Cross-Sectional Pol

Diagram (not to scale)

Output versus Pressure Differential

* Taken from ,MPX2010 10kPa on-chip temperature compensated & calibrated silicon pressure sensor”,
Motorola Technica Data, 2002 [3]

g rooneem | T <=

Pressure Measurement

Type Pressure Zero point Bridge  Temp,
range range error resistance compensation

MPX10  Freescale 0.1...0.5 bar 35mV 50% 1kQ —
MPX2000 Freescale 0.1...2bar 40mV 3% 2k internal
MPX5000* Freescale  40m...10 bar 45V 1% — internal
40PC* Honeywell ...17bar 4V 2% — internal
170PC Honeywell  17...70 mbar 30mv 10% 6kQ 21.41a
180PC*  Honeywell  0.3...10bar 5V 2% — internal
240PC*  Honeywell 1...35 bar 5V 1% — internal
KP100*  Infincon 1 bar 14bit 10% — internal
KP120*  Infincon Lbar 4v 2% — internal
NPC12xx  Novasensor ~ 70m...7bar 75mV 3% 4k internal
NPH Novasensor ~ 25m...0.4 bar 100mV 3% 4k internal
ASDX*  SenSym 70m...7 bar 4v 2% — internal
SDX SenSym 70m...7 bar 90mV 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

i shan capra |/ P e

C.[1]
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Humidity Sensors

Cs _ mass _of _water _ g

. 3
V,Ml volume _of _air 'm

Tims

porous electrode

L

¥ 120 L4

\ Cs <Um ) )
=1+04

. 1o Co 100%

| porous clectrode 7

water-adsorbent

0 20 40 60 80 Hyl%

diele
Internal design principle of a . " .
gn princip Sensor capacitance versus relative humadity.

capacitive humadity sensor and € -
the princile of operation Example: No.232691 90001 from Philips

* Taken from [1]
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Humidity Sensors

Cr=Cox 10 pF
Determining the increase in capacitance by Output signal resulting from the
measuring the increase in oscillation period difference in switching times

(Gates: CMOS; for example CD4001)
Sensor example: SHT10, SHT11, SHT15 (www.sensirion.com/humidity)

* Taken from [1]
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Honeywell humidity sensors

90%
80%

100% "{//////;

-
3
X

40%

Relative Humidity
a o
g 8
g8

-40 20 0 20 40 60 80 100

Dlreonmenssscoentoszoe  Temperature °C
Operaingzane i o <50 hours
1l o speciiaton zone

i s capAL
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Honeywell humidity sensors

SensorResparee]
SensorRsporse|
—bestiosars

OutputVotage vee)

0 » ) 0

w0
Relatve Huidiy (4R5)

i s capAL
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The HIH-5031 is a covered, condensation-resistant, integrated
circuit humidity sensor that is factory=fittéd with a hydrophobic
filter allowing it to be used in many condensing environments
including industrial, medical and commercial applications.

i o caeaL

Measter programmes

Wroctaw University of Technology

Oxygen sensors
Water quality control — KDS25B.

PRODUCT INFORMATION

GS Yuasa Dissolved Oxygen Sensor KDS-25B

Features: Applications:

Longiite. * Water quality control * Taken from ,, Product
* Virtually no influenoe from GO2 . "
*No external power supply required for sensor information — GS Yuasa

Dissolved Oxygen Sensor KDS-
25B", Technical Data Sheet,
Figaro Engineering Inc., 2007
[6]

peration
* No warmup time is required

The GS Yuasa Dissolved Oxygen Sensor KDS-258 s a unique.
galvanic celltype sensor which was developed for watar qualty

ol s most notable features are ong e expectancy and it
Is notinfluenced by CO2.
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* Taken from , Product information — GS Yuasa Dissolved Oxygen Sensor KDS-25B", Technical Data Sheet,
Figaro Engineering Inc., 2007 [6]

= S
Water quality control — KDS25B.
o
rem

oo

— Amospnotcpresswre | 20248 (cortsponds 10

[—— To-sowan o

LN IO A [Aimospnerc pressure TorshPa
Slandaaes condtons | Temperans ware
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Oxygen sensors
Water quality control — KDS25B.

Output voltage / mV.
Outputvoltage / mV.

Temperatue /¢
Dissotved acygen concertration / mol-1 s

* 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

Percent oxygen present in a particular atmosphere — KE25/50
Features

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

* Virtually no influence from CO2, CO, HaS, NOx, Hz

* 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-enichers

* Biotecinology - Oxygen incubators

*Food industry - Refrigeration, greenhouses

*Safety - Air conditioners, oxygen detectors, fire
detectors

“Taken from ,Technical information for GS Oxygen sensor KE series", Technical Data Sheet, Figaro Engineering Inc., 2007 [7)

g rooneem b [ |
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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]
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b .
n
KE25
E o oo
Ouygen conconistion ()
S0 i
KE50
5wl
Sl
T
Structure of KE25/50 R Ao e
Oy conceriation %)
*Taken from ,Technical information for GS Oxygen sensor KE series”, Technical Data Sheet, Figaro
Engineering Inc., 2007 [7]
i A

Zirconia Membrane
Reference Air

7 BiSS
Electrodes Heater
(gas permeable) (option} DifisionG2p.  Monltorog Charucer Heater

ath=

A planar zirconia sensor

A planar wideband zirconia sensor
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Titania sensor
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Air quality sensors

Air quality control sensor — TGS 2600

Features

Technical Information for Air Quality Control Sensors * High selectivity to low gas concentrations
* Low power consumption

. . ) * Small size
The Figaro 2600 series is 5 :
a new type thick film metal Long life
oxide semiconductor, screen
printed gas sensor which offers
miniaturization and lower power
consumption. The TGS2600
displays high selectivity and
sensitivity to low concentrations
of various air contaminants * Air quality monitors
such as those found in cigarette
smoke.

Applications

* Air cleaners for indoor air cleaners

Air cleaners for vehicles

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

Master pr s in English
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Air quality control sensor — TGS 2600
P holes
~ R T Sensor element Sensor structure
) il
f N f—
=
»
wimsmm
watsl onnex
*» 2 Sansor letrode ()
3: Sensor eectods ()
 Vaaer
Lead pn
*Taken from ,Technical information for air quality control sensor TGS 2600", Technical Data Sheet, Figaro
Engineering Inc., 2004, [9]
E R et ey o s




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
(Sn0O2). 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.

g rooneem
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&
I 4
+
via
. LGS
ve > NGAS
<
H
Vi

R Ve Vo g
v

out

*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

Master programmes in English

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

Engineering Inc., 2004, [9]

i o caeaL

Ttem Specification

Cireuit voltage (V) 50V +02V DC

Heater voltage (Vi) 5.0V £0.2V DC/AC

Heater resistance (room temp.) 0 ?:;;z‘a‘;y‘e“‘l’

Load resistance (RL) Variable (0.45kQ min)

Sensor power dissipation (Ps) < 15mW Heater current 422 4mA
Operating & storage temperature -10°C ~ 450°C [ Heater powes coasumpuoa | 2100W aypean
Optimal detection concentration 1~30ppm

Master programmes in English
Wroclaw University of Technology il A
- e
10 10
-
05 . o
1 - L 4

e SR o
e = <
& == i
b + &
o i Iso-butane

Ethanol |
01 ydrogen =
01
0.01 o 1 2 3 a 5
10 100 Number of cigarettes
Gas coneentration (ppm)

*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

Features
L
Wi * 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
The Figaro TGS2442 sensor is a new type
thick film metal oxide semiconductor,

screen printed sensor which offers Applications
‘miniaturization and utilizes pulse heating i X X
for achieving low power consumption. * Residential and commercial CO detectors

The TGS2442 displays high selectivityto  *  Air quality controllers
carbon monoxide together with improved :

o : * Ventilation control for indoor parking garages
humidity dependency and durability.

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

Master programmes in English
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Carbon monoxide sensors

Carbon monoxide sensor — TGS 2442

Metal gauzs (doube layer)

- vetalcap

— Charcoal fiter

Sensing materia
Hon woven fabric - 0

RuOz2 heater.

Noble metal ——
electrode

Electrical
Insulator

Alumina subsirate

~— Leadpin /oD view of the sensor
wilhout ep

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

Measter programn h

‘% Wroctaw University of Technology

at\ vU e
Carbon monoxide sensors

The structure of TGS2442. The sensor ) o_g
utilizes a multilayer structure. A glass layer e
for thermal insulation is printed between a 1 L
ruthenium oxide (RuO2) heater and an Ve "“T'ﬁ ::F‘ls
alumina substrate. A pair of Au electrodes for
the heater are formed on a thermal insulator. buise AL
The gas sensing layer, which is formed of tin 3 Vo
dioxide (Sn0O2), is printed on an electrical o l

insulation layer which covers the heater. A
pair of Pt electrodes for measuring sensor
resistance is formed on the electrical “Taken from , Technical

. . . . information for TGS2442",
insulator. An activated charcoal filter is used Technical Data Sheet, Figaro

for the purposg of reducing t%e influence of ME”-Q‘"*”"Q ine., 2007, 101
noise gases. @ =T W
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Carbon monoxide sensors

— o V.R
== — R =CEoR,
-
e :M::"' - B= Ry (C0,300ppm)
S P E— R,(€0.100 ppm)

eaer cuneet | = SrAim case of Ve
Ebectrcal charscierancs
= ol [~ ;
uncer sancasd tent [ eSS o o~ [
comdaces
emce rewntance |

*Taken from ,, Technical

i ion for TGS2442”",
Technical Data Sheet, Figaro
Engineering Inc., 2007, [10]

Stansand st condtins | Cucut conotonn

ey
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Carbon monoxide sensors

‘ 1506, = 1 cyde .
< \ I
H—
Jams
Lol
H
Hein (AD)
. E=
i N
SIn(AD) 1 l
L Bllesms
AL
AID conversion
e Vit ive Vil Ve
e AD Gonversion
V6 V5 V6 V5

*Taken from , Technical information for TGS2442", Technical Data Sheet, Figaro Engineering Inc., 2007, [10]
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Carbon monoxide sensors
100 -
Al } Ethanol
10 ‘
Q\ H2
&
g =
0.1 co =
0.01
1 10 100 1000 10000
Gas Concentration (ppm)
*Taken from , Technical information for TGS2442", Technical Data Sheet, Figaro Engineering Inc., 2007, [10]
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Carbon dioxide sensors

Ihe Hgauo TGSHI61 s 2 newsolid Carbon Dioxide sensor — TGS 4161

electrolyte type sensor which offers

miniaturization, low power con- Features
sumption, and longlife. The TGS4161
displays high selectivity to carbon * High selectivity to carbon dioxide

dioxide. Also, the TGS4161 displays

good long term stability and shows Compact 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 Jow cost

Applications
* Air quality control
PN * CO2 monitors
*Taken from ,Technical information for Carbon Dioxide

Sensor TGS4161", Technical Data Sheet, Figaro
Engineering Inc., 2006, [11]
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|
saiess
’ﬁ 3.6+0.1
B YT
\ Bofiomview g0 3 ), ! 36£1
\ 3/ \2
\ \ & Q}V—L 05.1
Metaicsp “‘ ) — wm: mm
/ Pin connection:
Leaapin | / 1: Heater (+)
/ 2: Sensor electrode (+)
s, 2onROLSIOMENL ./ 3: Sensor electrode (-)
N e 4: Heater (-)
,; fZ_a 7\ P tieates *Taken from ,Technical information for Carbon Dioxide
e R 7 Sensor TGS4161", Technical Data Sheet, Figaro
Senfing  Counter Eectode. Engineering Inc., 2006, [11]
ool Gacioas
(Soud o i)

Carbon dioxide sensors

The structure of TGS4161. The CO2 sensing Operational Amplifer

18iAs < typ. 1pA

element consists of a cation (Na+) solid

electrolyte formed between two electrodes T .
together with a printed heater (RuO2)
substrate. The cathode (sensing element) VH =
consists of lithium carbonate and gold, while
the anode (counter electrode) is made of gold. A3 resaten

EMF

The anode is connected to sensor pin No.2 GND
(“S(+)") while the cathode is connected to pin
No.3 (“S(')")- A RuO2 heater connected to pins *Taken from ,Technical information
No.1 (“H”) and No.4 (“H”) heats the sensing for Carbon Dioxide Sensor

i TGS4161", Technical Data Sheet,
element. Lead wires are made of Pt and are Figaro Engineering Inc.. 2006, [11]
connected to nickel pins.
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Item Specification
Heater voltage (VE) 50V £0.2V DC
Heater resistance (RH) - raon remp. 70£7Q
Heater current approx. 50mA
Ttem Specification
Heater power consumption approx. 250mW EME i 380ppen o 002 prra—
Operating conditions 10°C - 450°C, 5 ~ 95%RH EMF (50ppmCO2) - .
r SEMF | b Gsolgpm cOn | 4T
-20°C ~ +60°C, 5 ~ 90%RH
Storage conditions (store in a moisture proof bag
with silica gel)
Optimal detection concentration 350 ~ 10.000ppm

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

100 ]
—— CO2
80 | —&—co
—A— Ethanol
e f}--- H2
60
B
*Taken from ,Technical © 40
information for Carbon Dioxide E
Sensor TGS4161”, Technical '
Data Sheet, Figaro Engineering 20
Inc., 2008, [11]
orh Bl
10 100 1000 10000
Gas Concentration (ppm)
ﬁ e =

h
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Summary — gas sensors

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

» working conditions — temperature,
acquisition time

* sensitivity

i s capAL
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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 ?
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