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Sensori — Unita di misura

08/05/2014

Dimension
Umnit 51 P
Primary
Length meter (1m) inch (in)
Mass kilogram (kg) pound-mass (lbm)
Time second (s) second (s)
Temperature kelvin (K) rankine (*R)
Curmrent ampere (A ampere (A)
Substance mole (mol) mole (mol)

Light intensity

IDerived

Force

YWoltage
Resistance
Capacitance
Inductance
Stress, Pressure
Energy

Power

candela (cd)

newton (IN)
wvolt (W)
ohm (L)
farad (F)
henry (H)
pascal (Pa)
joule (T
watt (W)

candela (cd)

pound-force (1b)

volt (V)

ohm (£

farad (F)

henry (H)
p«:lund-f«::nr-n::-r:;l’irz-t:h2 (psi)
British thermal unict (BTLT)
foot pound-force (ft-1b)

"SI dimensions and units are the international standards. IP units are presented for

COnvenence.
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Sensori — Electronic characteristics

PROPERTY SENSOR ACTIVE/ OUTPUT

PASSIVE
Temperature |Thermocouple |Passive Voltage
Silicon Active Voltage/Current
RTD Active Resistance
Thermistor Active Resistance
Force / Strain Gage Active Resistance
Pressure Piezoelectric |Passive Voltage
Acceleration |Accelerometer |Active Capacitance
Position LVDT Active AC Voltage

Light Intensity |Photodiode Passive Current

Reference: Analog Devices . . . .
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Sensori — Caratteristiche

Accuratezza: rappresenta la
vicinanza della misura (o della
media di misure, per misure Reference value

ripetute) al valore vero Probability Accuracy
density “

B

Precisione: rappresenta
I"'ampiezza della distribuzione
di valori in un gruppo di

e

misure ripetute. Maggiore la 1

«— Value

. ) ; _ —
precisione, minore |'ampiezza recision
della distribuzione.

Preciso/non accurato Preciso e accurato Non preciso/accurato
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Sensori — Caratteristiche

Reference: Analog Devices

08/05/2014

Sensibilita: La sensibilita e’ la capacita di
apprezzare piccole variazioni della
grandezza in esame.

Risoluzione: La risoluzione rappresenta la
minima variazione apprezzabile della
grandezza in esame attraverso tutto il
campo di misura: essa rappresenta il
valore dell'ultima cifra significativa
ottenibile.
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Sensori — Caratteristiche

output

100% Q@

best straight line

4

Reference: Analog Devices

08/05/2014

0

stimufus

resistance

25

Non Linearita: Scostamento massimo fra
la retta ideale e la risposta del sensore.
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Progettazione Sistemi Elettronici

2013/2014

Temperature, C



Sensori — Caratteristiche

Errore di Calibrazione: Errore nel
determinare il coefficiente della pendenza
della retta di conversione

aufpit

-A

cal . error

]
real lineg

stimuluy

S S5

Reference: Analog Devices . . . .
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Sensori — Caratteristiche

Offset: Valore dell’uscita in corrispondenza
di un segnale di ingresso nullo

aufpit

-A

cal . error

]
real lineg

offset ——

stimuluy

S 52

Reference: Analog Devices . . . .
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Sensori — Caratteristiche

Isteresi: Variazione nella risposta del
sensore in base a come viene variato il
segnale da misurare

S 1 output

zero balance FS 5

0 h stfrﬁu!us

fivsloross

Reference: Analog Devices . . . .
Progettazione Sistemi Elettronici

08/05/2014 2013/2014



Sensori — Caratteristiche

Risposta Dinamica: Capacita del sensore
di risposte a variazioni del segnale di

ingresso
\Y%
A
Slew Rate """"""""':j:
P /\ """"""""""" Massima
: sovraelongazione
0707 """"1" - [ i

v

] ]
Risetime 1
Reference: Analog Devices
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Temperature sensors

08/05/2014

THERMOCOUPLE

RTD

THERMISTOR

SEMICONDUCTOR

Widest Range:
-184°C to +2300°C

Range:
—-200°C to +850°C

Range:
0°C to +100°C

Range:
-55°C to +150°C

High Accuracy and
Repeatability

Fair Linearity

Poor Linearity

Linearity: 1°C
Accuracy: 1°C

Needs Cold Junction Requires Requires Requires Excitation
Compensation Excitation Excitation
Low-Voltage Output Low Cost High Sensitivity | 10mV/K, 20mV/K,

or 1pA/K Typical
Output

Progettazione Sistemi Elettronici
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Thermocouple

Type ] Type K Type N Type T TypeR Units
Minimum continuous temperature -60 -200 -230 -200 -50 i &
Maximum continuous temperature +850 +1100 +1300 +400 +1350 &
Maximum spot reading +1100 +1300 +1320 +500 +1400 e

Tolerances (IEC 60584-3)

Accuracy - Class 2 (see note) | £25°Cor0.0075xT | +25Cor 00075 T | 225°Cor0.0075xT | £1"Cor 0.0075x T +1.5°C 'C

Temperature range - Class 2 -40t0 +750 -40t0 +1200 -40to +1200 40to+350 | -40t0+1600 | °C

Progettazione Sistemi Eletliuiu
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Thermocouple

Figure | Thermocouple voltage with 0°C reference

Ll T2
N /
+ve arm ( @
Unknown Ice point
Temperature reference
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Thermocouple

08/05/2014

Figure 2 Substitution of measured reference
temperature for ice point reference

V1 V1=V,
m For properly scaled V2 =1(T:)

_J L+
\/2
-ve arm =|= = = -ve arm
T1 3 i
A
) ! :
I 1
] +ve arm "'I""I -7

s s e - e - -
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Thermocouple Voltage vs. Temperature
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THERMOCOUPLE OUTPUT VOLTAGE (mV)

-10

60

-250 0 250 500 750 1000 1250 1500 1750
TEMPERATURE (°C)
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Thermocouple - measurements

A. THERMOELECTRIC VOLTAGE C. THERMOCOUPLE MEASUREMENT
Metal A Metal A
V1 -V2
Metal A +
VA T1 Thermoelectric VA T T2 V2
EMF
Metal B Y Metal B
B. THERMOCOUPLE D. THERMOCOUPLE MEASUREMENT

Copper Copper

Metal A R Metal A Metal A Metal A
| —»
V1 T1 T2 »V2 V1 V2
Metal B Metal B

R = Total Circuit Resistance
I=(V1-V2)/R V=V1-V2, IfT3=T4
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hermistor — Resistance vs. Temperature

NTC

40

egative temperature Coefficient

i ALPHA THERMISTOR, INCORPORATED
PTC 30 | i RESISTANCE/TEMPERATURE CURVE 'A'

THERMISTOR 10 KO THERMISTOR, #13A1002-C3
N . RESISTANCE '
Positive temperature Coefficient kO i ; ; ;
L R R e s
/,7} /
/ / / / | ([ P RUN Nomin;al Value @ 2;5 °C e -------------------

0 20 40 60 80 100

TEMPERATURE - °C
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onte di Wheatstone

L
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Semiconductor temperature Sensors

08/05/2014

--------------

AVBE =VBE-WN~= %IH(N}
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4-20 ma output

PLC Input Module or
Process Controller

Loop Powered Sensor +V + L Power i
+ ! Supply i
CTD) GND ? B |
420 mA | |
— Input 1 | |
M :
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Sensori di deformazione

| B Strain: Strain Gage, PiezoElectric Transducers
\

\{ B Force: Load Cell

B Pressure: Diaphragm to Force to Strain Gage

B Flow: Differential Pressure Techniques

DGE5 VHand 2.0
DGTech

Enginsarieg Salutions
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Strain Gage Sensor — Resistance variation with
deformation

! TRV
i : | ‘ |
ﬂ. 4 Mol

/A

PHOTO ETCHING TECHNIQUE

LARGE AREA

STABLE OVER TEMPERATURE

THIN CROSS SECTION

GOOD HEAT DISSIPATION
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Position and Angular Sensors

08/05/2014

B Linear Position: Linear Variable Differential Transformers (LVDT)
B Hall Effect Sensors

¢ Proximity Detectors

¢ Linear Output (Magnetic Field Strength)
B Rotational Position:

¢ Rotary Variable Differential Transformers (RVDT)

¢ Optical Rotational Encoders

¢ Synchros and Resolvers

¢ Inductosyns (Linear and Rotational Position)

¢ Motor Control Applications

B Acceleration and Tilt: Accelerometers

Progettazione Sistemi Elettronici
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Position Sensors - LVDT

THREADED
CORE

C 0

AC
T SOURCE
175"
41 ]
SCHAEVITZ XX —
E100 - “PosmoN , POSITION
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Photodiode
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Photodiode — Signal conditioning

[ ES NG

§: AN §ZS

+ +
®
N ~VBiAs ‘I;
PHOTOVOLTAIC PHOTOCONDUCTIVE

B Zero Bias B Reverse Bias
B No "Dark" Current B Has "Dark" Current
B Linear B Nonlinear
B Low Noise (Johnson) B Higher Noise (Johnson + Shot)
B Precision Applications B High Speed Applications
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Sensori Riflessivi o Trasmissivi

tionne-
ment
(orange) |

08/05/2014

Bouton

‘ ~ Bouton d'apprentis- |
P Brun
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5 ge (roug \ﬁl] : |
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Sensori Riflessivi o Trasmissivi
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—————— T T __"'j Rouge

| Lumiérg L Stabilité
|

%KL )
Eircuiti ! Blanc
¥ pa Yo mA

-

Progettazione Sistemi Elettronici
2013/2014

28



Sensori Fibra ottica

Q

%

A

ﬁh.
L—J Angle de |a téte (8)

lignotant  Allumé  Clignota
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Sensori Fibra ottica
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Angular Posistion Sensor - Encoders

ABSOLUTE
LIGHT 5 LIGHT

i SOURCES ! SOURCES

DIsSC ' il DISC ! LR

[ : ] [ ] ]
SHAFT L\J SHAFT L\J
CONDITIONING /[ CONDITIONING
> ELECTRONICS

ELECTRONICS |7 % o o SBITS
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Angular Posistion Sensor - Encoders




Angular Posistion Sensor — Encoders

diode

— +—

@

08/05/2014

-: Logical O

Photo sensor
*Rotating disk
blocking light

*Photo sensor has a
low logic output

diode
I

O

=-: Logical 1

Photo sensor

*Rotating disk
allowing light through

*Photo sensor has a
high logic output
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Angular Posistion Sensor — Encoders
Incrementale

Quarter pinch

Voltage output
from sensor 1

d »
<« »

1 Voltage output
from sensor 2

A
A4

1 full pinch / cycle

Clock wise —— <— Anti Clock wise
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Angular Posistion Sensor — Encoders
ssoluto

MSB LSB
Heading:‘1 ] 1 I 1 ] TJ

BCD GRAY
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Mems Sensors

08/05/2014

» Accelerometer
» Gyroscope

« Magnetometer
* Pressure

« Microphone

Progettazione Sistemi Elettronici
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ccelerometer

Measurement of gravity to determine orientation

— Tilt and inclination

— Position in 2 and 3 dimensional space

— Can only be done with accelerometers that have DC response

Inertial measurement of velocity and position
— Acceleration single integrated for velocity

— Acceleration double integrated for position

Vibration and shock measurement
— Measuring vibration for machine health

— Motion and shock detection

Progettazione Sistemi Elettronici
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ccelerometer

. ""”Cha

g
/

_ N

q = —
2
dr dr -’31.;33 F=ma,=
/
ﬁhhpm. ¢
iy = output (displacement) _ x _ m m proof mass (Kg)
f = =R e a Inertial acceleration (m/s2)
input (acceleration)  a &k k elastic spring constant (N/m)

x displacement of the mass
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ccelerometer apxLso

DENGTES EXTERNAL 3.8
B} 5V
£ E]
T Fiki: o aami on
:::rD X " 1 EAME ..
G1]  ExtEmbaL | S —)
BECILLAT DEMODULATION
DECILLATOR
DECOUSLING CAPACITOR
CARACITOR o 10
o8CiLLA ~AR- 18V
e SYNCHRONOUS
|
120 J1 DEMODULATOR Y
- INTERMAL
s LOOP G =10 | INTERNAL
- - 1 .I-I.I-L LacE
oy COMMON
- l RET
- .
b (NTERMAL s
saay | | REFERENCE
e 1
BUFFER !
BV ] AMPLFIER -
saaY H1EV 02V
o BELF-TEST
COM Vi e

o Measurement O Fregonant = 24 KHz

range = 509 o C, = 100 fF
o Sensitivity 19 oV.=1.8V
o :

mV/g
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ccelerometer

TOP VIEW
[ 1 B TOP VIEW
< 1 | _|| |
| cstillcs2 | TETHER
| f | APPLIED
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E _______ BEAM
r | l
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08/05/2014

[l DENOTES ANCHOR

C =

o

8()

X L

X thickness X N

overlap

X

o
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ccelerometer

Overlap

Thicknhess

Gap Xo 2.25um
Thickness 0.3um
Overlap 282um

No. of fingers 300
Area 580umx920um
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Accelerometer
Interesting facts in MEMS

 0.1pgrams Proof Mass

 0.1pF per Side for the Differential Capacitor

« 20aF (10-8f) Smallest Detectable Capacitance Change
 Total Capacitance Change for Full-scale is 10fF

» 0.2A Minimum Detectable Beam Deflection (one tenth
of an Atomic diameter)

* 10 to 22kHz Resonant Frequency of Beam

Progettazione Sistemi Elettronici
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Accelerometer - Characterization

Temperature Range

Bias drift with temperature

— How does the zero g output change with temperature
— Can be trimmed out at system level by several
methods

Sensitivity drift with temperature

— How does the output per g change with temperature

— Difficult to trim out at system level

Bandwidth

Power consumption

— Can power cycling be used to minimize power
consumption

Progettazione Sistemi Elettronici
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Accelerometer

Figure 2. DEVICE BLOCK DIAGRAM
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X+
Reconstruction
Y+ CHARGE Filter cs
S Z+ AMPLIFIER ) SCL/SPC
o =G
a 2—7‘2- MUX DE Reconstruction Regs SDA/SDIO
NN — MUX Filter Array apI sSDO
T X z
-
% Reconstruction
Filter
TRIMMING CONTROL LOGIC
ROY/ANT
SELF TEST REFERENCE CLOCK & —
ciRcuIm INTERRUPT GEN.
Table 5.  Absolute maximum ratings Figure 2. Pin Connection
Symbol Ratings Maximum Value Unit
Vdd Supply voltage -0.3to6 v egeggegse
Vdd_IO | 1O pins Supply voltage 0.3 to Vdd +0.1 v Ij T Ij
) Input voltage on any control pin NG 1] @) 2 ne
Vi -0.3to Vdd_I10 +0.3 \
™ |(cs, SCL/SPC, SDA/SDISSDO, CK) o Vad a0 [ [ —
voo [ O wop
3000g for 0.5 ms
Apow | Acceleration (Any axis, Powered, Vdd=2.5V) Ressrved 1] H%%L\\,{’IUE\R!)Q E  Resened
10000g for 0.1 ms GND [ ] GhNo
ROVANT [ o Y
3000g for 0.5 ms
Aunp | Acceleration (Any axis, Unpowered) - DIRECTION OF THE Ne 7 ] OOnnnnon s ne
10000g for 0.1 ms DETECTABLE
ACCELERATIONS B ”
Top Operating Temperature Range -40 to +85 °C 2 ﬁ [sR-N N
@ a3
Tsta Storage Temperature Range -40to +125 °C g § §
ES
4.0 (HBM) kV 3
ESD Electrostatic discharge protection 200 (MM) v
1.5 (CDM) kV
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ccelerometer — Tilt and Inclination

XOer= Ug‘
Yom'= 1g‘

Zoyr=0g

Xor=1g
Yor=0g
Zogr=0g

08/05/2014

y i

Xour= 0g Xour= 0g
Your= 0g Your= 0g
Lour= 10 Lour=-19g

tput of Accelerometer Used as a Tilt Sensor

T~/ &= arcsin[(V(out)V(zero g))/ (1g x Scale factor(V/g))]

Y

Viout) at S00mY /g
=

300
200
100

’ -100

=200

— =
~

Y

L

50 40 30 0 10 0 ﬂﬂ A0 -30 40 -50 -60 -TO -BO -9

D B0 70 &0

~

~

Xour= 0g
Your= 0g -300
Zour = 1g -300 \\/\
-500 ( \"\_
Dezrees
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Gyroscope

—d_E.] > > —»
@ = At Acor =2V X Q)

>
Coriolis > Resonant Mode Q
Acceleration / about z Rﬂteduf >
bout v Rotation
a i \ v
X

Moving

Y Object

INVENSENS

Figure1- Coriolis accelerometer concept
F.=2mv x L) ) P
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Gyroscope

Cour

FILT RATE

[T

+300°s

GYROSCOPE

TEMP
SENSOR

Vres L— REF

ADIS16100

SCLK

DIN

MUXIADC 4-CHANNEL —

SFI 3
pout

Eﬁ AlNZ

) AINT

com

40

08/05/2014

20
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LONGITUDINAL

4.75V

ABECDEFG
LATERAL AXIS

-

RATE IN

0.25V

Figure 2. RATEQUT Signal increases with Clockwise Rotation
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Magnetic Sensor

\ N

TLINNS

IR
AR

li-., iﬁ.\( I‘."‘\"‘“ :"

t I'.
TRRN

‘a
e

I P i
I‘_—

http://magnetic-declination.com/
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Magnetic Sensor — Magneto resistivi

Unit Cost: 60 €

APPLICATIONS

HMC1052 Circuit Diagram

e Compassing VBRIDGE(5)
1

¢ Navigation Systems

e Attitude Reference °
ouT- OUT+ OUT-

(10) (4) (7)

e Traffic Detection R
GND2 GND1
. . (9) (3)
¢ Medical Devices
R set/reset
110 . S/R + S/R -
* Position Sensing (6) — (8)

Iset, -lreset
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Magnetic Sensor — Magneto resistivi
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Magnetic Sensor — Effetto Hall

F
| Lpmina metallica
Voltometro B |/ B

/ =
B I
L .\ / "'//
?_
|

\/

Magnete
N 5

+
|
I .
Batteria
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Magnetic Sensor

Target

Mechanical Profile

Target (Gear) - mEmEEm

Element Pitch

Hall Element 2 w

Hall Element 1

Hall IC
Pole Piece

Dual-Element “" !

Hall Effect Device

(Concentrator)

North Pole

(Pin 4 Side)

]

Representative
Differential

Magnetic Profile

Sensor Electrical

Output Profile, |y, —

08/05/2014
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(Pin 1 Side)

Back-biasing Magnet
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Magnetic Sensor

Branded Face ?K 0
of Sensor \X%
Reference Target :

60-0 L’}M
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