Endiistriyel Otomatik Kontrol Sistemleri
Y.Do¢.Dr. Tuncay UZUN, EHM 5401

Dersin Konusu: Endiistriyel Otomatik Kontrol Sistemlerinde
Kullanilan Algilayicilar, Donusturuculer ve Uygulamalari

Dersin Amaci:

Endiistriyel otomatik kontrol sistemlerinde kullanilan
algilayicilar ve doniistiiricilerin 6zellikleri, i¢c donanimi ve
elektronik devrelerinin incelenmesi, uygulama devrelerinin
analizi, incelenmesi ve tasarlanmasinin ogretilmesidir.
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2.Endiistriyel Otomatik Kontrol Sistemlerinde Kullanilan Algilayicilar
(sensors), Donustiiriiciiler (transducers) ve Uygulamalari

2.1. Algilayici seciminde kullanilan 6l¢utler
2.1.1. Duyarhlik
2.1.2. Dogrusallik
2.1.3. Sinirlar
2.1.4. Yanit siresi
2.1.5. Dogruluk
2.1.6. Tekrarlanabilirlik
2.1.7. Ayiricilik
2.1.8. Cikigin tipi
2.2.Doniistiricilerin fiziksel karakteristikleri
2.2.1. Buyukliuk ve agirhk
2.2.2. Giivenirlik
2.2.3. Arabirim
2.3.Doniistiriclilerin gruplanmasi
2.3.1.1. Aktif/Pasif donlistiriculer
2.3.1.2. Temasli/Temassiz donustiriciler
2.3.2. Temash doénusturiciler
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2.3.2.1. Anahtarlar

2.3.2.2. Piezoelektrik doniistiriiciiler

2.3.2.3. Konum ve yer degistirmeyi algilama
2.3.2.3.1. Potansiyometreler

2.3.2.3.1.1. Dogrusal hareketli (Lineer, siirgiilii)
2.3.2.3.1.2. Dairesel hareketli (Rotary pot.)

2.3.2.3.2. Dogrusal degisen farksal transformator (LVDT)
2.3.2.3.3. Mutlak optik kodlayici
2.3.2.3.4. Artirmali optik kodlayici

2.3.2.4. Kuvvet algilama

2.3.2.5. Moment (torque) algilama

2.3.2.6. Uzaklik algilama (proximity sensor, yakin mesafe
nesne algilama)
2.3.2.6.1. Optik uzaklik algilayici
2.3.2.6.2. Eddy akim algilayici
2.3.2.6.3. Ultrasonik yanki
2.3.2.6.4. Magnetik, Enduiktif algilayicilar
2.3.2.6.5. Kapasitif algilayicilar.

2.3.3. Temassiz Donustiiruciler
2.4.Endustriyel Uygulamalar
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SENSOR OVERVIEW

B Sensors:
Convert a Signal or Stimulus (Representing a Physical
Property) into an Electrical Output

B Transducers:
Convert One Type of Energy into Another

B The Terms are often Interchanged

B Active Sensors Require an External Source of Excitation:
RTDs, Strain-Gages

B Passive (Self-Generating) Sensors do not:
Thermocouples, Photodiodes
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TYPICAL SENSORS AND THEIR OUTPUTS

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

2. Endlistriyel Otomatik Kontrol Sistemlerinde Kullanilan Algilayicilar, Déndsttirtictler ve Uygulamalari, Y.Dog.Dr.Tuncay UZUN

TYPICAL INDUSTRIAL PROCESS CONTROL LOOP
REMOTE

SIGNAL
CONDITIONING

N,
>

4TO 20mA

CONTROL ROOM

TRANSMITTER

A

TEMP
SENSOR

PROCESS

HEATER

A

SIGNAL

CONDITIONING |

4TO20mA |

RECEIVER

| 4TO20mA | .| SIGNAL
RECEIVER CONDITIONING
¥
ADC
A
Y
HOST .| MICRO
COMPUTER |~ | CONTROLLER
)
¥
DAC
¥
4TO20mA |, SIGNAL
TRANSMITTER CONDITIONING
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RESISTANCE OF POPULAR SENSORS

B Strain Gages

B Weigh-Scale Load Cells

B Pressure Sensors

B Relative Humidity

B Resistance Temperature Devices (RTDs)

B Thermistors

12002, 35002, 350002
35002 - 35002
35002 - 350002
100kQ2 - 10MQ
1002, 10002

100Q2 - 10MQ
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VouT = (R + AR)

R+ AR

O
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THE WHEATSTONE BRIDGE
Ve

R1 R2

Vo = Ve — V
O~R1:R4 'B R2+R3 B

R4 R3
R1 R2

R4 _R3
T R1 R2) B
O O (1 + ) (1 + )
R4 R3

AT BALANCE,

R1 R2
Vo=0 IF R1_R2
R4 R3

N
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OUTPUT VOLTAGE AND LINEARITY ERROR FOR
CONSTANT VOLTAGE DRIVE BRIDGE CONFIGURATIONS

Ve
R | R-AR
R R+AR
Y4
_ AR vg| AR
R+ 2| R
E'r':sf:"ty 0.5%/% 0.5%/% 0 0
(A) Single-Element (B) Two-Element (C) Two-Element (D) All-Element
Varying

Varying Varying (1) Varying (2)
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OUTPUT VOLTAGE AND LINEARITY ERROR FOR

CONSTANT CURRENT DRIVE BRIDGE CONFIGURATIONS

R+AR R—AR R+AR

E M o

Linearity

Error: 0.25%/% 0 0 0

(A) Single-Element (B) Two-Element (C) Two-Element (D) All-Element

Varying Varying (1) Varying (2) Varying
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BRIDGE CONSIDERATIONS

Selecting Configuration (1, 2, 4 - Element Varying)
Selection of Voltage or Current Excitation

Stability of Excitation Voltage or Current

Bridge Sensitivity: FS Output / Excitation Voltage
1mV /V to 10mV /V Typical

Fullscale Bridge Outputs: 10mV - 100mV Typical

B Precision, Low Noise Amplification / Conditioning

Techniques Required
B Linearization Techniques May Be Required

B Remote Sensors Present Challenges
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ERRORS PRODUCED BY WIRING RESISTANCE
FOR REMOTE RESISTIVE BRIDGE SENSOR

+10V 100 FEET, 30 GAGE COPPER WIRE = 10.5Q @ 25°C
TC = 0.385%/°C

ASSUME +10°C TEMPERATURE CHANGE

NUMBERS IN () ARE @ +35°C

~ Rigap 10.5Q (10.9040)

0 —» 23.45mV

P STRAIN GAGE
(5.44mV — 28.83mV) | |
350Q : ! 350Q — 353.5Q FS
Rcomp . {Rigap 10-5Q (10.9040)
21Q \/\/\

OFFSET ERROR OVER TEMPERATURE = +23%FS

GAIN ERROR OVER TEMPERATURE = -0.26%FS
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3-WIRE CONNECTION TO REMOTE
BRIDGE ELEMENT (SINGLE-ELEMENT VARYING)

+10V 100 FEET, 30 GAGE COPPER WIRE =10.5Q @ 25°C
TC = 0.385%/°C

ASSUME +10°C TEMPERATURE CHANGE
NUMBERS IN () ARE @ +35°C

~. R_gap 10.5Q (10.904Q)

\ STRAIN GAGE
0 > 24.15mV Lo <« 1=0
3500 1 (0 - 24.13mV) ; s /g

350Q2 —» 353.5Q FS

'-.| R, eap 10-5Q (10.904Q)

— Y%
\ ’

N

OFFSET ERROR OVER TEMPERATURE = 0%FS

GAIN ERROR OVER TEMPERATURE = -0.08%FS
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KELVIN (4-WIRE) SENSING MINIMIZES ERRORS
DUE TO LEAD RESISTANCE

//’_\\\\ + — +VB
+FORCE /
VIV
/ RLEAD
6-LEAD +SENSE | <
BRIDGE V'
VN >y
/N > 0
Z SENSE ' j
— N\
R il
\ LEAD /
_FORCE
\\ \/\/\ /”

H

2. Endlistriyel Otomatik Kontrol Sistemlerinde Kullanilan Algilayicilar, Déndsttirtictler ve Uygulamalari, Y.Dog.Dr.Tuncay UZUN

STRAIN GAGE BASED MEASUREMENTS

Bl Strain: Strain Gage, PiezoElectric Transducers
B Force: Load Cell
B Pressure: Diaphragm to Force to Strain Gage

B Flow: Differential Pressure Techniques
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UNBONDED WIRE STRAIN GAGE

FORCE
R= oL
A
I
STRAIN %‘ =GF ATL
SENSING
" WIRE
GF = GAGE FACTOR
AREA = A 2TO 4.5 FOR METALS
LENGTH =L >150 FOR SEMICONDUCTORS
RESISTIVITY =p
- RESISTANCE =R
AL
L = MICROSTRAINS ( pg)
FORCE 1 pe =1%10%cm/cm =1 ppm
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BONDED WIRE STRAIN GAGE

T FORCE

el
B SMALL SURFACE AREA

B LOW LEAKAGE

B HIGH ISOLATION

l FORCE
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METAL FOIL STRAIN GAGE

T FORCE

l FORCE

PHOTO ETCHING TECHNIQUE
LARGE AREA

STABLE OVER TEMPERATURE
THIN CROSS SECTION

GOOD HEAT DISSIPATION
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COMPARISON BETWEEN METAL AND
SEMICONDUCTOR STRAIN GAGES

PARAMETER

METAL
STRAIN GAGE

SEMICONDUCTOR
STRAIN GAGE

Measurement Range

0.1 to 40,000 pe

0.001 to 3000 pe

Gage Factor

20to 4.5

50 to 200

Resistance, Q2

120, 350, 600, ..., 5000

1000 to 5000

Resistance 0.1% to 0.2% 1% to 2%
Tolerance
Size, mm 0.4 to 150 1t0 5

Standard: 3to 6
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STRAIN GAGE BEAM FORCE SENSOR

VB
RIGID BEAM FORCE
/ R1 R4
R1 R3

%
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6-LEAD LOAD CELL

+Vg o
+SENSE  ©
+Vour ° ;' ';
—Vour ° : :

_S E N S E ° \\\ ’l' I
—VB ° \\ ll
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PRESSURE SENSORS

PngﬁsRlé'EE STRAIN GAGE
MECHANICAL
OUTPUT
Y Y
PRESSURE SIGNAL
SENSOR CONDITIONING
(DIAPHRAGM) ELECTRONICS
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PITOT TUBE USED TO MEASURE FLOW RATE

FLOW PITOT

%

§/ TUBE

P1 P2
MECHANICAL
DIFFERENTIAL OUTPUT STRAIN
PRESSURE > GAGES
TRANSDUCER
Y
CONDITIONING
ELECTRONICS
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MEASURING FLOW RATE USING THE VENTURI EFFECT

FLOW
. \ —_—
RESTRICTION
> /
P1 P2
DIFFERENTIAL MECHANICAL
PRESSURE OuTPUT STRAIN
TRANSDUCER GAGES
Y
CONDITIONING
ELECTRONICS
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BENDING VANE WITH STRAIN GAGE
USED TO MEASURE FLOW RATE

FLOW

«— BENDING VANE
WITH STRAIN GAGE

L1} Rll

N CONDITIONING

ELECTRONICS
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HIGH IMPEDANCE SENSORS

B Photodiode Preamplifiers

Piezoelectric Sensors

¢ Accelerometers
4 Hydrophones

Humidity Monitors
pH Monitors
Chemical Sensors

Smoke Detectors

Charge Coupled Devices and

Contact Image Sensors for Imaging
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PHOTODIODE APPLICATIONS

B Optical: Light Meters, Auto-Focus, Flash Controls

B Medical: CAT Scanners (X-Ray Detection), Blood Particle Analyzers
B Automotive: Headlight Dimmers, Twilight Detectors

B Communications: Fiber Optic Receivers

B Industrial: Bar Code Scanners, Position Sensors, Laser Printers
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PHOTODIODE EQUIVALENT CIRCUIT

L J L 4 L 4 O
INCIDENT
LIGHT
~ | ) pHoTO §RSH(T) —
e CURRENT C,

IDEAL 100KQ. -

DIODE 100GO
L L L 4 O

NOTE: Rgy HALVES EVERY 10°C TEMPERATURE RISE
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N

PHOTODIODE MODES OF OPERATION

N\

C

PHOTOVOLTAIC

Zero Bias

No "Dark" Current
Linear

Low Noise (Johnson)
Precision Applications

X
~VBias J;

"\

PHOTOCONDUCTIVE
Reverse Bias
Has "Dark" Current
Nonlinear
Higher Noise (Johnson + Shot)
High Speed Applications
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PHOTODIODE SPECIFICATIONS
Silicon Detector Part Number SD-020-12-001

B Area: 0.2mm

2

B Capacitance: 50pF

B Shunt Resistance @ 25°C: 1000MQ

B Maximum Linear Output Current: 40pA

B Response Time: 12ns

B Photosensitivity: 0.03uA / foot candle (fc)
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SHORT CIRCUIT CURRENT VERSUS
LIGHT INTENSITY FOR PHOTODIODE
(PHOTOVOLTAIC MODE)

ENVIRONMENT

ILLUMINATION (fc)

SHORT CIRCUIT CURRENT

Direct Sunlight 1000 30uA
Overcast Day 100 3uA
Twilight 1 0.03pA
Full Moonlit Night 0.1 3000pA
Clear Night / No Moon 0.001 30pA
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HP 5082-4204 PHOTODIODE

B Sensitivity: 350uA @ 1mW, 900nm

B Maximum Linear Output Current: 100pA
B Area: 0.002cm? (0.2mm?)

B Capacitance: 4pF @ 10V Reverse Bias
B Shunt Resistance: 10110

B Risetime: 10ns

B Dark Current: 600pA @ 10V Reverse Bias
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GENERIC IMAGING SYSTEM FOR
SCANNERS OR DIGITAL CAMERAS

SCENE LENS

LIGHT IMAGING ANALOG
SENSOR > SIGNAL
(CCD, CIS, CMOS) CONDITIONING

DIGITAL
< SIGNAL
PROCESSING

A

ADC

DIGITIZED IMAGE
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LIGHT SENSING ELEMENT

LIGHT (PHOTONS)

<— PHOTO SENSITIVE
ELEMENT

e

e <— POTENTIAL WELL
ACCUMULATED CHARGE (ELECTRONS)

ONE PHOTOSITE OR "PIXEL"

2. Endlistriyel Otomatik Kontrol Sistemlerinde Kullanilan Algilayicilar, Déndsttirtictler ve Uygulamalari, Y.Dog.Dr.Tuncay UZUN 2-35

LINEAR AND AREA CCD ARRAYS

PHOTOSITES (PIXELS) LINEAR CCD CONFIGURATION

mfmjmfmjujunfnln

HORIZONTAL SHIFT REGISTER —> OUTPUT|
STAGE
Hl O] O] O
[H LH L] LA AREA CCD CONFIGURATION
/ L L LY L VERTICAL
(_

PIXELS LF L L+ H, SHIFT
D‘ nt ! [} REGISTERS
D [T [H [

) \/ L Y LS Y LF Y
[H) R [OH [

- ' 1 T OUTPUT
HORIZONTAL SHIFT REGISTER —> STAGE >
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POSITION AND MOTION SENSORS

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

4 Proximity Detectors

4 Linear Output (Magnetic Field Strength)
Bl Rotational Position:

4 Rotary Variable Differential Transformers (RVDT)

4 Optical Rotational Encoders

4 Synchros and Resolvers

4 Inductosyns (Linear and Rotational Position)

€ Motor Control Applications

B Acceleration and Tilt: Accelerometers
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LINEAR VARIABLE DIFFERENTIAL TRANSFORMER (LVDT)

THREADED
CORE
< AC
SOURCE
1.75"
Vour Vour
SCHAEVITZ : )
E100 - “.|-"POSITION + _ POSITION +
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SCHAEVITZ E100 LVDT SPECIFICATIONS

Nominal Linear Range: 0.1 inches (* 2.54mm)

Input Voltage: 3V RMS

Operating Frequency: 50Hz to 10kHz (2.5kHz nominal)
Linearity: 0.5% Fullscale

Sensitivity: 2.4mV Output / 0.001in / Volt Excitation

Primary Impedance: 660

Secondary Impedance: 960Q
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HALL EFFECT SENSORS

T CONDUCTOR
¢ OR
______ SEMICONDUCTOR

= CURRENT AN
B

|
N
B = MAGNETIC FIELD

T =THICKNESS

Vy = HALL VOLTAGE
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HALL EFFECT SENSOR USED AS A ROTATION SENSOR

ROTATION
<l> ! COMPARATOR
GAIN WITH
Y, HYSTERESIS
— |  HALL H

B | cELL +
\ NV ’* Vout

VTHRESHOLD

MAGNETS
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INCREMENTAL AND ABSOLUTE OPTICAL ENCODERS
INCREMENTA >

ABSOLUTE

LIGHT
SOURCES

LIGHT
SOURCES

DISC DISC
7
SHAFT ‘/\J SENSORS SHAFT .
CONDITIONING | / ./ | CONDITIONING
ELECTRONICS
ELECTRONICS 5 BITS 5 BITS
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STATOR

S$1 S2

STATOR
ROTOR SYNCHRO
R1
T $1TO S3 =V sin wt sin 0
V sin ot S3 TO S2 =V sin wt sin (0 + 120°)
| S2 TO S1 =V sin ot sin (0 + 240°)
R2
ROTOR RESOLVER
T —> S1TOS3 =Vsin otsinod
V sin ot STATOR S4 TO S2 =V sin ot sin (6 + 90°)
| ¢ =V sin ot cos 0
R2 ml S2
S3 S1
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ACCELEROMETER APPLICATIONS

Tilt or Inclination
¢ Car Alarms
4 Patient Monitors
Inertial Forces
¢ Laptop Computer Disc Drive Protection
4 Airbag Crash Sensors
4 Car Navigation systems
¢ Elevator Controls
Shock or Vibration
4 Machine Monitoring
4 Control of Shaker Tables
ADI Accelerometer Fullscale g-Range: * 2g to * 100g
ADI Accelerometer Frequency Range: DC to 1kHz
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ADXL-FAMILY MICROMACHINED ACCELEROMETERS
(TOP VIEW OF IC)

AT REST cst ||| cs2 APPLIED ACCELERATION
-
CENTER = ——
PLATE
] n
TETHER
T
\4 BEAM >
H cs1 H cs1
=CS2 <CS2
FIXED
OUTER
PLATES
Il DENOTES ANCHOR
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APPLICATIONS OF TEMPERATURE SENSORS

B Monitoring
4 Portable Equipment
¢ CPU Temperature
& Battery Temperature
¢ Ambient Temperature

B Compensation
4 Oscillator Drift in Cellular Phones
4 Thermocouple Cold-Junction Compensation

B Control

¢ Battery Charging
4 Process Control
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TYPES OF TEMPERATURE SENSORS

THERMOCOUPLE RTD

THERMISTOR

SEMICONDUCTOR

Widest Range: Range:

-184°C to +2300°C | —200°C to +850°C

Range:
0°C to +100°C

Range:
-55°C to +150°C

Repeatability

High Accuracy and 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 14A/K Typical
Output
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COMMON THERMOCOUPLES

TYPICAL NOMINAL ANSI
JUNCTION MATERIALS USEFUL SENSITIVITY |DESIGNATION
RANGE (°C) (uVI°C)
Platinum (6%)/ Rhodium- 38 to 1800 7.7 B
Platinum (30%)/Rhodium
Tungsten (5%)/Rhenium - 0 to 2300 16 C
Tungsten (26%)/Rhenium
Chromel - Constantan 0 to 982 76 E
Iron - Constantan 0 to 760 55 J
Chromel - Alumel -184 to 1260 39 K
Platinum (13%)/Rhodium- 0 to 1593 1.7 R
Platinum
Platinum (10%)/Rhodium- 0 to 1538 104 S
Platinum
Copper-Constantan -184 to 400 45 T
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THERMOCOUPLE OUTPUT VOLTAGES FOR
TYPE J, K, AND S THERMOCOUPLES

60
S
£ 50
L
3 TYPE K
B 40 TYPE J
o)
>
5 /
o 30
=
=
(o)
1]
g 20 TYPE S
=) _—
o)
o ——
g 10
[14 /
% /
|—
0
-10

-250 0 250 500 750 1000 1250 1500 1750
TEMPERATURE (°C)
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THERMOCOUPLE SEEBECK COEFFICIENT

VERSUS TEMPERATURE

70

60 TYPE J
9
> 50
= TYPE K
(S]
n T
w
S 30
X
(&]
11}
@ 2
t TYPE S

10 C—

/
0

-250 0 250 500 750 1000 1250 1500 1750
TEMPERATURE (°C)
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THERMOCOUPLE BASICS

A. THERMOELECTRIC VOLTAGE C. THERMOCOUPLE MEASUREMENT

Metal A Metal A

V1 -V2
Metal A T
V1 T Thermoelectric \VE| T1 T2 V2
EMF

Metal B * Metal B

B. THERMOCOUPLE D. THERMOCOUPLE MEASUREMENT

Copper Copper

Metal A R Metal A

AN\ 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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CLASSICAL COLD-JUNCTION COMPENSATION USING AN
ICE-POINT (0°C) REFERENCE JUNCTION

METAL A METAL A
Ov1-Vv(°Cc) O

T Al

METAL B V(0°C)

ICE
BATH
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USING A TEMPERATURE SENSOR
FOR COLD-JUNCTION COMPENSATION

METAL A

T V(T1)

——O V(OUT)O

TEMPERATURE
V(COMP)| COMPENSATION

COPPER COPPER

CIRCUIT

V(OUT)

< SAME _, METALA |
TEMP | TEMP |

5 SENSOR |

v(T2) | T2 |

METAL B i

V(COMP) = f(T2)

V(OUT) =V(T1)-V(0°C)

ISOTHERMAL BLOCK

= V(T1) - V(T2) + V(COMP)

IF V(COMP) = V(T2) — V(0°C), THEN
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TERMINATING THERMOCOUPLE LEADS
DIRECTLY TO AN ISOTHERMAL BLOCK

METAL A

™ V1

METAL B

COPPER

O

V(OUT) = V1 — V(0°C)

—O
COPPER
TEMPERATURE
COMPENSATION
TEMP CIRCUIT
SENSOR

___________________________

ISOTHERMAL BLOCK

COPPER

2. Enddstriyel Otomatik Kontro/ Sistemlerinde Kullanilan Algilayicilar, Déndstirictler ve Uygulamalari, Y.Dog.Dr.Tuncay UZUN

2-53

2-54



RESISTANCE TEMPERATURE DETECTORSs (RTD)

B Platinum (Pt) the Most Common
H 100Q, 10002 Standard Values
B Typical TC = 0.385% / °C,
0.385Q/ °C for 1002 Pt RTD
B Good Linearity - Better than Thermocouple,
Easily Compensated

0.400 _ — 11-5
RTD 1000 PtRTD e TYPE S
RESISTANCE ) 375 < 105 THERMOCOUPLE
TC,AQ/°C SEEBECK
050  COEFFICIENT,
0.350 1o
8.50
0.325
7.50
0.300 s
0.275 | 5.50
0 400 800

TEMPERATURE - °C
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A 100Q Pt RTD WITH 100 FEET
OF 30-GAUGE LEAD WIRES

R =10.5Q

o "\

COPPER

2 100Q

Pt RTD

R =10.5Q

o A

COPPER

RESISTANCE TC OF COPPER = 0.40%/°C @ 20°C

RESISTANCE TC OF Pt RTD =0.385%/ °C @ 20°C

2. Enddstriyel Otomatik Kontro/ Sistemlerinde Kullanilan Algilayicilar, Déndstirictler ve Uygulamalari, Y.Dog.Dr.Tuncay UZUN

2-55

2-56



FOUR-WIRE OR KELVIN CONNECTION TO Pt RTD
FOR ACCURATE MEASUREMENTS

FORCE R SENSE
LEAD LEAD LEAD

"\

Y

| 1000 TO HIGH -Z
Pt RTD IN-AMP OR ADC
FORCE R SENSE
LEAD i’“’ LEAD
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RESISTANCE CHARACTERISTICS OF A
10kQ2 NTC THERMISTOR

40

ALPHA THERMISTOR, INCORPORATED
30 RESISTANCE/TEMPERATURE CURVE 'A’
THERMISTOR 10 kQ THERMISTOR, #13A1002-C3

RESISTANCE
kQ

20

b

10 W!al Value @ 25 °C

\\

0 20 40 60 80 100

TEMPERATURE - °C
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TEMPERATURE COEFFICIENT OF
10kQ NTC THERMISTOR

-60000
ALPHA THERMISTOR, INCORPORATED
-50000 RESISTANCE/TEMPERATURE CURVE 'A'
THERMISTOR 10 kQ THERMISTOR, #13A1002-C3
TEMPERATURE
COEFFICIENT
= o \
-30000
-20000
0 20 40 60 80 100
TEMPERATURE - °C
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LINEARIZATION OF NTC THERMISTOR
USING A 5.17kQ2 SHUNT RESISTOR

40
30
RESISTANCE
kQ
20
» THERM'STOR
v PARALLEL COMBINATION
10 /
\
0 —_—
0 20 40 60 80 100

TEMPERATURE - °C
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LINEARIZED THERMISTOR AMPLIFIER

226pA <¢> Vour ~0.994V @ T = 0°C

Vour ~0.294V @ T =70°C
L @
2 2 OR ADC
10kQ2 NTC 5.17kQ
THERMISTOR LINEARIZATION
RESISTOR
@

LINEARITY = £2°C, 0°C TO +70°C
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MONITORING HIGH POWER MICROPROCESSOR
OR DSP WITH TMP04

FAST MICROPROCESSOR, DSP, ETC.,

/ IN PGA PACKAGE

|
_— PGASOCKET

= )‘\.

\ PC BOARD

TMPO04 IN SURFACE
MOUNT PACKAGE
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AD7816 10-BIT DIGITAL TEMPERATURE SENSOR
WITH SERIAL INTERFACE

+ = 2. .
ROEFlN - Vpp = 2.7V TO 5.5V
Y AD7816
TEMP OVERTEMP | ./  ,.p >0 ol
SENSOR| | 23V REGISTER
REF
A
y CLOCK — ! < >Q Dinjout
Y
> OUTPUT
g 10-BIT > REGISTER ¢ SCLK
MUX > CHARGE
REDISTRIBUTION
CONTROL —
SAR ADC REGISTER Q RD/WR
O O
AGND CONVST
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CONTROLLING A REMOTE ACTUATOR
USING A 4-20mA LOOP
CONTROL ROOM
LOOP
SUPPLY 12V TO 32V
v |

4-20mA Y 1 ____

OUTPUT n ll_ R : REGULATOR
1\ : SENSE : <7
NG "\t ADa20 |
l | | | q
P l v !

1 1 | |

ACTUATOR 1o : !

| 4-20mA I HOST
- i DAC = MC = compuTER
1 '
L |
1 1 I S S D I d
LoOP y
RETURN v
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4-20mA LOOP POWERED SMART SENSOR

AD7714/AD7715 DMOS FET A LOOP CONTROL ROOM

1\ POWER
\ 3.3V/ 5V Ll e |
L LooP
\ i S E b SUPPLY REGULATOR
\ : AD421; ! ! i% i%
14 ' tro |
(] ' o
L 4-20mA |
2 b
2 E ADC E pc E: e {i) o | |
7] ' R i1 1 4-20mA
| ol
| | A SENSEi . RETURN ApcH pc B HOST
: . N T COMPUTER
l : ” b R
COMMON ' ________________________. N SENSE
\/
I AD7714/AD7715 < 0-50mA N/
I uc+sENsorR ~ £2.75SmA
| <4.00mA
COMMON = DMOS FET: Supertex DN2535
Siliconix ND2020L or ND2410L
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INDUSTRIAL NETWORKING

BRANCH FIELD NETWORK NODE NODE
\

-

|

/

. :
> >

T a1 a
m m

x| 5 5

9 S |] SMART SENSOR o o

= =z A P

1]

=2

Ll

=4

>

wl

(m] w

l S || SMART SENSOR

=z
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SOME OF THE STANDARDS

H Ethernet l CAN-Bus
B Foundation Fieldbus M Device-Net
B Lonwork H WorldFIP
H Profibus B P-NET

H Interbus-S Bl HART

M Universal Serial Bus (USB) W ASI
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THE IEEE 1451.2 SENSOR INTERFACE STANDARD

FIELD NETWORK - OR - DEVICE NETWORK

Bl NCAP = Network Capable Application
Processor

M T = Transducer Independent
Interface

Bl TEDS = Transducer Electronic Datasheet

B STIM = Smart Transducer Interface

Module
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TRUE "PLUG AND PLAY"

Ethernet Field Network

=
-
n
[
S
=}
o
©
Pt
[+
Qo
£
()
=

PC with
Web Browser
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THE SMART SENSOR

Pressure Sensor,
RTD,
Thermocouple,
Strain Gage,

etc.

Precision Amplifier
High Resolution ADC

Microcontroller Sensor
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Ethernet Ethernet Lonwork I Lonwork
NCAP NCAP NCAP NCAP
=
-
n
9
©
(14
3
°
TH

Lonwork Field Network
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