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SensorandTransducers

This lecture describes the principles of operation of various types of transducers.
After this lecture you should be able to select a transducer for a given application.

I ntroduction

Transducerandsensorareusedto cornverta physi-
cal quantityinto anelectricalvaluethatis thencon-
vertedinto adigital value(anumber}thatcanbeused
by a computeror digital controller

Somesensorsvork by generatingbinary digital

signalsdirectly (e.g. switches,optical encoders).

Othersensorsorvert the physicalquantity (temper
ature position,light intensity etc.)into acontinuous
electricalquantity(voltage current,etc.). Thisquan-
tity mustthenbeamplifiedandA/D corvertedto get
athedigital value.

Therearethousand®f differenttypesof sensors.

In this lecturewe will only cover someof mostim-

portantprinciples usedin thesesensorsand some
typical applications.As usual,the bestsourceof in-

formationis manufcturers’specificatiorsheetsand
applicationnotes.

M echanical On/Off Switches

The simplesttype of sensoris a switch that opens
andclosesanelectricalcircuit. Switchesarewidely
usedto detectthe presencef a physicalobject(e.g.
anopendoorin aburglar alarm,a pieceof paperin
aphotocopier) Switchesarealsousedtogethemwith
othermechanicabevicesto detectwhena quantity
hasreached certainvalue(e.g. with a springto de-
tecta certainforce or attachedo a float to detecta
certainwaterlevel). Someswitchesarerelaysoper
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atedby thepresencef magnetidield from amagnet.

Potentiometers

Somesensoraisemechanicamovementto move a
contactalong a resistanceelementcausingthe re-
sistanceo change.Thesedevicesare calledpoten-
tiometersandareavailablein rotary andlinear con-
figurations. Devicesare available for which the re-
sistancechangedinearly or logarithmically

Sometypicalapplicationsaarevolumecontrolsac-
celeratompedalpositionsensolandanglesensorgor
robotarms.

Magnetic Field Sensors

A Hall effect device candetecta magneticfield by
measuringhechangen currentflow througha semi-
conductordueto the magneticfield. Thesesensors
are available asthree-terminakemiconductopack-
ages. Unlike other typesof magneticsensorge.g.
fixedmagnetsnoving pastcoils) they canbe usedto
detectfixed magneticfields. Hall effect sensorsare
often usedin a magneticcircuit to detectthe pres-
enceof ferrousmetals(e.g.mountedbesideagearto



countteeth).

Light Sensors

Semiconductofjunctions can be usedto measure
light intensity Varioustypesof packagesre avail-
able,oftenwith anattached.ED thatsuppliesalight
source.Linearandrectangulaarraysof sensorsare
alsoavailableto produceimages. Typical examples
includelight pensusedto readbarcodesandoptical
sensorsisedo detectreflectve markingsondevices.

Temperature Sensors

Many deviceschangeheirpropertiesasafunctionof
temperatureSemiconductotemperatursensorsire
availablethatgive accuratelycalibratedvoltageout-
putsasa functionof temperatureThesedevicesare

relatively inexpensve but arelimited to temperatures

belav about200C.

Thermocouplearemadeby connectingwo wires
of differenttypesof metal. They canbeusedto mea-
suretemperaturesip to 2500C.A voltageis gener
atedthatis a functionof thetemperaturetthejunc-
tion. Usuallyareferencgunctionis usedin addition
to the measuremenunction.

Typicalapplicationsncludethermostatgalthough
theseare often implementedby using temperature-
sensitve materialgo move switches)jndustrialpro-
cesscontrolsystemsandenginecontrolsystems.

Often temperaturehangesare usedto indirectly
measuretherquantitiessuchasair or fluid flow by
supplyinga fixed amountof heatandmeasuringhe
temperatur@rop.

Dynamic Microphones and Phono-
graph Cartridges

Theseareexamplesof sensorshatusethemovement
of amagnetcrosawire (usuallya coil) to generate
avoltage.Thequantityto be measuredandthusthe
magnetidield) mustbe changingwith time. Typical
examplesincludethe headson a taperecorderand
thereaderdor the magneticstripeson creditcards.

Strain Gauges

A strain gaugemeasuresstrain by measuringthe
changdn resistancesa conductoris stretchedBe-
causethe changesarevery smallandthe resistance
alsovarieswith temperaturefour straingaugesare
usually usedtogetherin a circuit called a bridge.
This circuit cancelsout temperaturer otherdiffer-
encesvhicharecommonto all thesensors.
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Variable Frequency Oscillators

An oscillatorcanbe built whosefrequeng is afunc-
tion of somedevice whoseelectricalcharacteristics
changewith the quantity being measured.For ex-
ample, an oscillator can be built whosefrequeng
is a function of the capacitancéetweerntwo plates.
When the platesare moved closetogetherthe ca-
pacitancencreasesandthe oscillatorfrequeng de-



creases.The sameprinciple canbe usedwith using coded.
piezo-electricquartz crystalsto build pressureand
temperaturesensorswith very high resolutionand
accurag.

Period or Frequency M easurement

Bothtime andfrequeng canbeaccuratelymeasured
usingdigital counters. Frequeng canbe measured
by countingthe numberof pulsesfor a giventime.
The periodof a pulsecanbe measuredy counting
the numberof pulsesof a known frequeng during
the durationof the pulse. Frequeng andperiodcan
be computedrom eachotherandthe bestmeasure-
ment techniqueto usewill vary dependingon the
magnitudeof the frequenyg or periodandthe avail-
ablehardwvare.If thefrequeng or periodis changing
randomlywith timevariousmeasurementsanbeav-
eraged.

Optical Encoders

Opticalencoderauselight sourceqtypically LEDS)
shiningthrougha moving maskonto photodetectors
to corvert the masks positiondirectly to a multi-bit
electricalquantity They canmeasureeithercircular
or linear displacemenand can provide eitherabso-
lute (position)or differentialoutputs(e.g. four steps
per rotation). The digital outputsare often Gray-



