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Transducers

- Transducer

- adevice that converts a primary form of energy into a
corresponding signal with a different energy form

* Primary Energy Forms: mechanical, thermal, electromagnetic,
optical, chemical, etc.

- take form of a sensor or an actuator

- Sensor (e.g., thermometer)
- a device that detects/measures a signal or stimulus
- acquires information from the “real world"

- Actuator (e.g., heater)
- a device that generates a signal or stimulus

e :

sensor " intelligent
feedback

actuator _ system
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Sensor Systems

Typically interested in electronic sensor
- convert desired parameter into electrically measurable signal

- General Electronic Sensor

- primary transducer: changes “real world” parameter into
electrical signal
- secondary transducer: converts electrical signal into analog or

digital values
real primary /| analog }secondary usable
world “#ansducer | signal /transducer| Vvalues

N - i

- Typical Electronic Sensor System
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Example Electronic Sensor Systems

Componen’rs vary wi’rh applica’rion

* microcontroller i [ sensor [+ uc e __keypad | !
_ . .. ! signal timing o - i
S|gnal timing i [ sensor [ memory | | display ] |

- data storage

handheld mstrument

- analog sensor analyzed by a PC

sensor interface| €.9..RS232 PC
[ sensor A/D, communication
signal processing

- multiple sensors displayed over internet

< internet >
[ sensor | [ sensor |
sensor bus sensor bus
| processor | PC | processor |
- [ comm. ] comm.
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Primary Transducers
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Conventional Transducers
large, but generally reliable, based on older technology

- thermocouple:

- compass (maghetic):
Microelectronic Sensors

millimeter sized, highly sensitive, less robust

- photodiode/phototransistor:
* infrared detectors, proximity/intrusion alarms

- plezoresisitve pressure sensor:
- microaccelerometers:

- chemical senors:

- DNA arrays: match
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Example Primary Transducers

: Photoconductor: (Light sensitive semiconductor resistor)
+ Light Sensor *

. F Y
Beszistance |

- photoconductor \\Rh
* light > AR —

Photodiode: Level
- photodiode |
! 1m'eu'rh“‘a |
) llghT 2> Al - 7/ I=I [exp(eV/KT)-1]-I;

> I; 15 proportion to the light level

: Prezsure
- membrane pressure sensor l ‘i/r’
* resistive (pressure > A R) Comtaar —F X
ressure Jr_f‘r

- capacitive (pressure > AC)
C=eAlt
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Displacement Measurements
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Measurements of size, shape, and position utilize
displacement sensors

Examples
- diameter of part under stress (direct)

- movement of a microphone diaphragm to quantify liquid
movement through the heart (indirect)

Primary Transducer Types

- Resistive Sensors (Potentiometers & Strain Gages)
- Inductive Sensors

- Capacitive Sensors

- Piezoelectric Sensors

Secondary Transducers
- Wheatstone Bridge
- Amplifiers
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Strain Gage: Gage Factor
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Remember: for a strained thin wire
- AR/R = AL/L - AA/A + Ap/p /
+ A=mn(D/2)?, for circular wire DN /

Poisson’s ratio, w: relates change in diameter D to
change in length L
- AD/D=-puAL/L
Thus
- AR/R = (1+2pn) AL/L + Ap/p
dimensional effect piezoresistive effect

Gage Factor, 6, used to compare strain-gate materials

- 6 =AR/R = (1+2n) + Ap/p
AL/L AL/L

ECE 480, Prof. A. Mason Sensors p.8



Temperature Sensor Options

» Resistance Temperature Detectors (RTDs)
- Platinum, Nickel, Copper metals are typically used

- positive femperature coefficients R, =R [1+a T+@,T? 4.0, T" +|=R, [1+a,T]
+  Thermistors (“thermally sensitive resistor")
. . 1 1
- formed from semiconductor materials, not metals R, =R‘Exp[B[T_TH

often composite of a ceramic and a metallic oxide (Mn, Co, Cu or te)
- typically have negative temperature coefficients
»  Thermocouples
- based on the Seebeck effect: dissimilar metals at diff. temps. - signal

Connecting
1 leads
/
| l Vour THERMOCOUPLES RTD IC
¥ Limits of error wider than Better accuracy than . i
ACCURACY RETD or IC Sensor thermocouple Best accuracy
RUGGEDMESS cxcellent Sensitive to strain and shock Sensitive to shock
TEMPERATURE -400 to 4200° F -200 0 14757 F -70 o 300° F
DRIFT Higher than RTD Lower than TC
LINEARITY Yery non-lingar Slightly non-lingar YVery lingar
RESPONSE Fast dependent on size Slow due to thermal mass Faster than RTD
Father inexpensive except
COST for nohle metals TCs, which Maore expensive Low cost
are very expensive
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Fiber-optic Temperature Sensor

» Sensor operation

- small prism-shaped sample of single-crystal undoped GaAs
attached to ends of two optical fibers

- light energy absorbed by the GaAs crystal depends on

temperature
- percentage of received vs. fransmitted energy is a function of
temperature
» Can be made small enough for biological implantation
Epoxy
Y i
Transmit fiber e
0.25 mm
Receive fiber ¢——
Yy

\

GaAs semiconductor temperature probe T Tpee—

R
AINSBYy
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Example MEMS Transducers

MEMS = micro-electro-mechanical system
- miniature transducers created using IC fabrication processes
Microaccelerometer | — |
- cantilever beam
- suspended mass

Top & Bottom 48

Support Beams
Rotation g :
- gyroscope | 7 | N 0824 15KV x23 1w WD3?
Pressure

Diaphragm (Upper ele

ctrode)

Lower electrode
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Passive Sensor Readout Circuit
- Photodiode Circuits v Vou

A —
Vou't Linear
\2’2 , Light

$ |

< R Vou / E Vou Level
? y Light GND é

Level
1-'m'rI:l.'I'.
Voo
* Thermistor Half-Bridge 3 o
. Rr T

- voltage divider -~
- onhe element varies | >

* Wheatstone Bridge e

- R3 = resistive sensor

- R4 is matched to nominal value of R3
- IfR; =R,V =0 vee T
R, R, ]

. out-nominal
- V,,: varies as R; changes

R 3: Ry(T1+x)

=\ —
out cc
ul [Rz +R.  Ri+Rs
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Operational Amplifiers

* Properties
- open-loop gain: ideally 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 <ImV
- gain-bandwidth product (6B): practical values ~MHz
* frequency where open-loop gain drops to 1 V/V
* Commercial opamps provide many different properties
- low noise
- low input current
- low power
- high bandwidth
- low/high supply voltage
- special purpose: comparator, instrumentation amplifier

)
AR/ By
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Basic Opamp Configuration

* Voltage Comparator ) o
- digitize input v.E Vou f

* Voltage Follower

—vDUT vﬂut =V
- buffer Ve —+
* Non-Inverting Amp * Inverting Amp
R,
R,
% W A
A . R, ‘
4 _vﬂut vin ]
vV, — 1+ _vnut

)
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More Opamp Configurations

R,
v_mm_ W
Summing Amp R _ vom:{m&+\,2%+__.%&]

R R

1 2

Vi M‘H‘l + :
I o

lefel"enTICll Amp Vou :—2{'*!2—\;"1} Y - Ly

—)

Integrating Amp v, : y 1, 1
- |

Differentiating Amp ,, _ R, _ gcdvu y

1 dt

]UJC

= +
A=Wy
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Converting Configuration

R
* Current-to-Voltage o
by _
>vnut uchut = _linR

* Voltage-to-Current T W >
v, "'ll'lﬁ;l +

)
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Instrumentation Amplifier

AN By

Robust differential >

ain amplifier ] ain stage
9 p 10%_' : > Ry Ry ? Ry ?
oO—vWVWA VA
Input stage _ ’ >
- high input impedance o—uinputstage za ,, & =9
* buffers gain stage P, -
- no common mode gain S Ry
- can have differential gain =
V20— +
Gain stage
- differential gain, low input impedance total differential gain
2R, +R, [ R
Overall amplifier Gy=— 1( 4)
Rl R3

- amplifies only the differential component
* high common mode rejection ratio

- high input impedance suitable for biopotential electrodes with high
output impedance
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Instrumentation Amplifier w/ BP Filter

instrumentation amplifier HPF non-inverting amp

With 776 op amps, the circuit was found to have a CMRR of 86 dB at 100 Hz and a noise level of 40 mV peak to
peak at the output. The frequency response was 0.04 to 150 Hz for £3 dB and was flat over 4 to 40 Hz. The total
gain is 25 (instrument amp) x 32 (non-inverting amp) = 800.
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Connecting Sensors to Microcontrollers

[ sensor |+ pCc ) keypad ]
E [ § R signal timing | | —— | ] i
Analog : sensor [ memory ) | display :

mstrument,

A

+ 8-bit to 12-bit common
* many have multi-channel A/D inputs
Digital
- serial I/0

- use serial I/0 port, store in memory to analyze

» synchronous (with clock)
- must match byte format, stop/start bits, parity check, etc.

» asynchronous (no clock): more common for comm. than data
- must match baud rate and bit width, fransmission protocol, etc.
- frequency encoded
» use timing port, measure pulse width or pulse frequency

L,
k)
PN
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Connecting Smart Sensors to PC/Network

* "Smart sensor” = sensor with built-in signal processing & communication

- e.g., combining a "dumb sensor"” and a microcontroller

- Data Acquisition Cards (DAQ)
- PC card with analog and digital I/0
- interface through LabVIEW or user-generated code

- Communication Links Common for Sensors

- asynchronous serial comm.

- universal asynchronous receive and tfransmit (UART)
- 1receive line + 1 transmit 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 RS232

- synchronous serial comm.

- serial peripheral interface (SPT)
- 1clock + 1 bidirectional data + 1 chip select/enable

- I?C = Inter Integrated Circuit bus
* designed by Philips for comm. inside TVs, used in several commercial sensor systems

- IEEE P1451: Sensor Comm. Standard
- several different sensor comm. protocols for different applications
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Sensor Calibration

+  Sensors can exhibit non-ideal effects
- offset: nominal output # hominal parameter value
- nonlinearity: output not linear with parameter changes
- cross parameter sensitivity: secondary output variation with, e.g.,

temperature

» Calibration = adjusting output to match parameter
- analog signal conditioning

- look-up table 1
- digital calibration

/
+ T=a+bV+cV?, WWTZ

- T= temperature; V=sensor voltage;

- a,b,c = calibration coefficients /
»  Compensation T3
- remove secondary sensitivities L -

- must have sensitivities characterized %020 00102030 40 S0 60 70

- can remove with polynomial evaluation
* P=a+bV+cT+dVT+e V? where P=pressure, T=temperature

»
»

offset
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