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Physical Sensing Conditioning Target . B
Medium Element [~ — | Handling | o pesies o g3 S

S = f(x)
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Sobl Sd jgminw Sy swsi aal,; §=C + Mux




35S (w0 gl g ) il apis (@i 595) JIRS ul 9w
'Jlwo

Carbon microphone, thermistors, strain gauges, capacitive and inductive
sensors, etc.
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thermocouples, magnetic microphones, piezoelectric sensors.
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strain aauvaes. most tembperature sensors
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most optical and magnetic sensors, infrared thermometers, etc.
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Thermistors, strain gauges, etc.
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Thermocouple measures the temperature difference.

pressure is offen measured relative to atmospheric pressure.
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Temperature

Humidity

Pressure

RFID (Radio-frequency identification)
Barcode

Proximity (Vi Sud>0)

Vision

Gyroscope (bos yw>,S)

Compass (lov wb9)
Tilt/Acceleration (wluw)
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Environmental Factors Economic Factors Sensor Characteristics

Temperature range Cost Sensitivity
Humiditv eftects Availability Range

Corrosion (85 ¢5) Lifetime Stability

Size Repeatability
Overrange protection Linearity
Susceptibility to EM interferences Error

Fuggedness  (Lusew) Besponse time
Power consumption Frequency response
Self-test capability
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Transducer characteristics

Transducer
output

actuator resolution:

the smallest Ay
effected by a Ax

FSO (range)

Static response characteristics

calibration data O
best-fit curve

Ay,
DAsInpe is aer':smwty —t

|
! ! sensor resolution:
'r-—the smallest Ax

I
—_—|
1

| : detectable as a Ay

| -

span (domain)

Transducer input

Span (or full scale input)

Range of input values over which a
transducer produces output values with
acceptable accuracy

Units
Same as input. (p. ej., Pa for a pressure
Sensor)

Full-scale output (FSO)
Range of output values corresponding to
the span.

Units
Same as output (p. ej., V for a pressure
Sensor)

For an actuator?
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®» Range: -30°C and +80 °C

» Span: 80- (-30)=110 °C = Input full scale = 110 °C
» Qutput full scale = 2.5V-1.2V=1.3V
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Value

Low random error
good precision
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Specifications

Performance
Long Term Drift 0.2% FS/YR (non-cumulative)
Accuracy 0.25% FS
Thermal Error - \
31IS +1.5% max, +1% typical / 100°C (212°F) 3

¢
3218 £2% max §

Compensated Temperatures -20°C to +80°C (-4°F to +176°F)
Operating Temperatures -40°C to +80°C (-40°F to +176°F)

Zero Tolerance, Max. 0.5% of span
Span Tolerance, Max. 0.5% of span
Fatigue Life Designed for more than 100 M cycles
Mechanical Configuration
Pressure Port See under “How to Order,” last page
Wetted Parts 17-4 PH Stainless Steel Conduit
Electrical Connection See under “How to Order,” last page
Enclosure IP67 (P65 for electrical codes B, R and G)
Vibration BSEN 60068-2-6 (FC) Sine (20G)
BSEN 60068-2-64 (FH) Random (14.1 Grms)
Shock BSEN 60068-2-27 (Ea) (50G, 11ms)
Approvals ATEX Category 11 1G, Ex ia 1B T4 Ga (-40°C < Ta < +80°C)

Weight 50-150 grams (1.8 to 5.3 ounces). Configuration dependant




[ndividual Specifications

EMC Specifications
Emissions Tests: EN61326-1:2006 and EN61326-2-3:2006
EN55011:2007 Radiated Emissions:  30-230MHz 30dB pV/M @10M

230-1000MHz 37dB pv/M @10M

Immunity Tests: EN61326-1:2006 and EN61326-2-3:2006

EN61000-4-2:2009 Electrostatic Discharge: +4Kv contact

+8Kv air
EN61000-4-3:2006 Radiated Immunity: ~ 10V/M 80-1000MHz

3V/M 1400-2000MHz

1V/M 2000-2700MHz
EN61000-4-4:2004 Fast Transients: +0.25, 0.5, 1Kv

EN61000-4-6:2007 Conducted Immunity: 3V 0.15 to 80MHz 80% 1KHz modulation

Voltage
Output (3-wire) 0V min. to 10V max.
See under “How to Order,”
last page
Supply Voltage 1 Volt above full scale to 30V
max @ 4.5 mA
Source and Sinks 2 mA
Current
Output (2-wire) 4-20 mA
Supply Voltage 8-24 Volts measured at the
input to the fransducer
terminals
Maximum Loop Resistance (Supply Voltage - 8) x 50ohms
See Graph
Ratiometric
Output 0.5t04.5V
(Source and sink 2mA)
Supply Voltage 5 Vdc £10% @ 4.5mA
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(Piezoresistive ) (sniogléo 9 ins liind ) gusivnw 2 Jlio

Technical performance:
Bridge resistance: 3KQ ~ 6KQ
Power supply: constant current 1.5mA, constant voltage 10V STRAIN GAUGE
Operating temperature: -45 °C ~ 125 °C f
Compensation range: -10 °C ~ 70 °C

Housing and diaphragm: Stainless steel 316L
Accuracy: 0.5% FS

DIAPHRAGM -

Zero: = 2mV !'I.

Full scale: 2100mV (typical) APPLIED PRESSURE

Zero drift: 0.02% FS / °C DrESsUNS

Sensitivity temperature drift: 0.02% FS / °C N P Lo
Insulation: 100MQ / 250VDC o 1
Sealing ring: 16 x 1.7mm (NBR or fluorinated rubber) " 2 .

H

Long term stability: 0.2% FS / year
Qil-filled: silicone ail, olive oil (hygienic)
Response time: <50um (up to 90% FS)
Vibration: 20g / (20 ~ 5000Hz)
Durability cycle:> 100 x 106 FS

SfESELFA
p2
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Fixed Plate

15V 5uS o1l
9 s U>9S Jluw Sl (sulls S8 oll )y (i3l Sla S ol

5o bumn 53 45 bl 51 Uliwo 09Msu-1ls 5,ps Gl 41 —
G |_).§ m|9.21 La.)l )ls N L_S).AJLJ _U)lb >9>9 ! N Movable Plate
=
C == gr gOA Capacitance /
d =
Displacement
— A: overlapping area of plates (m?) Air escaRe
— d: distance between the two plates of the capacitor (m) geie A
— @ permittivity of air or free space 8.85pF/m air
—& dielectric constant L / j\
7
g . Parallel plate Fuel fank
capacitor

OlSo i (il S8 o5lul S v, e
—Change distance between the parallel electrodes.
—~Change the overlapping area of the parallel electrodes.
—Change the dielectric constant.
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Metal B

Connecting
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Resistance

R1

lement
— ®
ot Lead Resistance
. Su' g m"e’
Bndge Output
RTD

3 Wire

2 Wire



RTD: (Resistance Temperature Detector)

a>,> 8.0 Slbod 55 9 pgiiMWy 5l Cogléo L= 5900 o,Lal Pt100 @, Ulgiuo RTD ppo glgil ;5
Sl pdl 100 coglio

Platinum, Nickel, Copper :RTD odijlaw 50> dlgo

R.=R, * [1+a,.T+a,.T?+a,.T? +...+a,.T"] = R, * (1+a,.T)




R =Ro[l+ a(T-To)]

Thermistors (Thermally sensifive resistor) LD ) guicarind )
1 1
R — Roe{T_TJ

S39 S| S g Sl w WluS )i 5l wdel as s38 e Sl anw slgo 5l oslaiwl L
g s b wowl (Mn, Co, Cu or Fe)
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(LM135/235/335) Wio

Directly calibrated in °Kelvin NCL: / : ,
1°C initial accuracy available o — = e
Operates from 400 yA to 5 mA “Cz - :EJ

Less than T Ohm dynamic impedance
Easily calibrated

Wide operating temperature range
200°C over range
Low cost

R1

ouTPUT
10mV/IK

LM335



http://www.national.com/images/pf/LM135/569825.pdf

Voltage or

Resistance
A
Thermustor RTD
TC
o
Temperature
THERMOCOUPLES RTD IC
Limits of emor wider than Better accuracy than . ,
ACCURACY RTD or IC Sensor thermocouple Best accuracy
RUGGEDNESS cxcellent Sensitive to strain and shock | Sensitive to shock
TEMPERATURE -400 to 4200° F 2001014757 F -0t 300° F
DRIFT Higher than RTD Lower than TC
LINEARITY ‘ery non-linear Slightly non-linear Very linsar
RESPONSE Fast dependent on size Slow due to thermal mass Faster than RTD
Rather inexpensive except
COST for noble metals TCs, which More expensive Low cost

are very expensive




Sensor type Thermistor RTD Thermocouple
Temperature Range (typical) |-100 to 325°C -200 to 650°C 200 to 1750°C
Accuracy (typical) 0.05to0 1.5°C 0.1to 1°C
0.5t0 5°C
Long-term stability @ 100°C | 0.2°C/year 0.05°Clyear Variable
Linearity Exponential Fairly linear Non-linear

Power required

Constant voltage or
current

Constant voltage or
current

Self-powered

Response time

Fast
0.12 to 10s

Generally slow
1 1o 50s

Fast
0.10 to 10s

Susceptibility to electrical
noise

Rarely susceptible
High resistance only

Rarely susceptible

Susceptible / Cold junction
compensation

Cost

Low to moderate

High

Low




Range: Unlike RTDs, thermistors can only monitor a smaller range of
temperature. While some RTDs can reach 600°C, thermistors can only
measure up to 130°C.

If your application involves temperatures above 130°C, your only option is the
RTD probe.

Cost: Thermistors are quite inexpensive compared with RTDs. If your application
temperature matches the available range, thermistors are probably the best
option.

However, thermistors with extended temperature range and/or interchangeability
features are often more expensive than RTDs.


https://www.omega.co.uk/pptst/RTDM12.html

Sensitivity: Both thermistors and RTD react to tfemperature changes with predictable
changes in resistance. However, thermistors change resistance by tens of ohm per
degree, compared to a smaller number of ohms for RTD sensors. With the appropriate
meter, the user can therefore obtain more accurate readings.

Thermistor response times are also superior to RTDs, detecting changes in temperature
much faster. The sensing area of a thermistor can be as small as a pin head, delivering
quicker feedback.

Accuracy: Although the best RTDs have similar accuracies to thermistors, RTDs add
resistance to the system. Using long cables can alter readings outside of acceptable
rror levels.

The larger the thermistor, the higher the resistance value of the sensor. If you are dealing
with long distances and there is no opftion to add a transmitter, a thermistor is the better
solution.

Conclusion:

The main difference between thermistors and RTDs is the temperature range. If your
application involves temperatures above 130°C, the RTD is your only option.

Below that temperature, thermistors are often preferred when accuracy is important.
RTDs, on the other hand, are chosen when tolerance (i.e. resistance) is important. In
short: thermistors are better for precision measurement and RTDs for temperature
compensation.



Connecting Sensors to Microconftrollers

» Analog
®» Mmany microcontrollers have a built-in A/D

» 8-pit to 12-bit common

®» many have multi-channel A/D inputs
= Digital
» serial [/O

» yse serial I/O port, store in memory to analyze

» synchronous (with clock)

®»must match byte format, stop/start bits, parity check, etc.

®» qasynchronous (no clock): more common for comm. than data

-rr]rus’r match baud rate and bit width, transmission protocoal,
etc.

®» frequency encoded

» yse timing port, measure pulse width or pulse frequency




Connecting Smart Sensors to PC/Network

®“Smart sensor” = sensor with built-in signal processing & communication
®»c.g., combining a “dumb sensor’” and a microconftroller

»Data Acquisition Cards (DAQ)
»PC card with analog and digital I/O
»inferface through LabVIEW or user-generated code

» Communication Links Common for Sensors

= qsynchronous serial comm.

® yniversal asynchronous receive and transmit (UART)
» | receive line + 1 tfransmit line. nodes must match baud rate & protocol

» RS232 Serial Port on PCs uses UART format (but at +/- 12V)
® can buy a chip to convert from UART to R$232

®synchronous serial comm.

» serial peripheral interface (SPI)
» | clock + 1 bidirectional data + 1 chip select/enable

= |2C = Inter Integrated Circuit bus

» designed by Philips for comm. inside TVs, used in several commercial sensor systems
»|EEE P1451: Sensor Comm. Standard

» several different sensor comm. protocols for different applications




Cadmium Sulfoselenide (CdS) Photoconductive Photocells and
light-dependent resistor (LDR)

light-dependent resistor (LDR)

Light sensing using CdS Q

e

| 56 R

K -ohms SV
ERIR]Y] T o o -

4 Vo
z>1_—-0utput

K Ohms

Adjust VR to
= reach 300mV
at this point

1 I 100 Jux
Lux =

http://faculty.uml.edu/aelbirt/16.480/pdvp5001.pdf https://en.wikipedia.org/wiki/Photoresistor



Photodiode Circuits
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Operational Amplifiers

»Properties
»open-loop gain: idedlly infinite: practical values 20k-200k
»high open-loop gain - virtual short between + and - inputs
=input impedance: ideally infinite: CMOS opamps are close to ideal
output impedance: ideally zero: practical values 20-100Q
»zero output offset: ideally zero: practical value <ITmV

= gain-bandwidth product (GB): practical values ~MHz
»frequency where open-loop gain drops to 1 V/V

=|ow noise

=|ow input current

=|ow power

= high bandwidth

=|ow/high supply voltage

»special purpose: comparator, instrumentation amplifier




