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CourseDescription

Thisis aone-semestercoursein electronicinstrumentation.Along with anoverview of instrumentationprincibles,
thephysicalprinciplesandelectricalcharacteristicsfor severalcommoninstrumenttransducersarestudied.The
electronicsignal-conditioningcircuitsrequiredto converttheelectricalchangesin thetransducersto signalwhich
canbeinterpretedaccuratelyby amicroprocessoror embeddedcontroller, areanalyzedanddesigned.A complete
topic list is shown below.

Thelaboratoryis projectorientedwith eachstudentrequiredto designandimplementweatherstationinstru-
mentation.Theweatherstationwill measureanddisplayatmosphericparameterssuchashumidity, temperature,
andbarometricpressure.An embeddedcontroller, theMotorolaHC11,is constructedandprogrammedby each
student.Thelaboratoryis completelydescribedin a separateELE744 Lab Outline document.

Hours 3 hrslecture,3 hrslaboratoryperweek
Prerequisites Third yearelectricalor computerengineering.
Corequisites None

Objectives
� Understandtheconceptof aninstrumentationsystem:to support accurate measurements
� Understandtheconceptsaccuracy andprecision
� Build, program,calibrateanduseamicroprocessor-basedinstrumentationsystem
� Beableto analyseanddesignaninstrumentationsystem,dealingwith theconceptsof dynamicrange,signal-

noiseratio,anderrorbudget
� Controlnoise,eitherintrinsic or external(interference).
� Readanoperationalamplifierspecsheetandusethespecificationsto constructanerrorbudgetfor ahigh-gain

amplifier
� Understandtheoperationof variousinstrumentationtransducers
� SelectandapplyA/D conversiontechniquessuchassuccessive-approximation,dualslopeconversion,voltage-

frequency conversion.
� Understandon a theoreticallevel carrier signal andsignal averaging methodsfor extractinga signal from

noise.
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CourseEvaluation
LectureComponent 60 %

Quiz I 5 %
Quiz II 5 %
MidtermTest 15 %
FinalExam 35 %

LaboratoryComponent 40 %
Total 100%

In orderto achieve at leasta minimumpassinggradein this course,thestudentis requiredto gainat leasta
50%overallmarkin thelecturecomponentaswell asat leasta 50%overallmarkin thelaboratorycomponent.

CourseTopics

This listing of coursetopicsshouldberegardedasprovisional,sincethecourseis beingtaughtfor thefirst timeby
ProfessorHiscocksandit hasbeensubstantiallyreorganized,with a changein emphasison thetopics.However,
thedatesof thetwo quizzesandmid termwill not changewithout agreementfrom theclass.
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Week# Weekof Topic
1 Sept2

� CourseOverview
� LabOverview
� The Instrumentation System
� ApplicationDomains
� TheImportanceof EngineeringDesign
� PrecisionandAccuracy
� Calibration
� Dynamicrange:Noisefloor to saturation,decibels
� The’signalplan’ diagramfor anamplifiersystem
� Signalto noiseratio
� Measurementsthatareaffectedby the instrument:

measuringa marshmallow with calipers.

2 Sept9
� The needfor signal conditioning
� Amplification
� Noisecontrol
� Bandwidthlimiting (to limit noise)
� Distortion(of waveshape),harmonicgeneration
� Linearityandsignalcompression
� A-D converterstepsize
� Impedancebuffering
� Whataresmall voltagesandcurrents?
� Whatarehigh impedances?

3 Sept16
� Noise: The rogue’sgallery
� Noiselimits thesmallestmeasureablesignal
� Thermalnoise
� Noisevoltageandcurrentin op-amps
� Noisecalculationexample
� Noisemeasurement:anAC voltmeterwon’t do.

4 Sept23
� Operational Amplifier Imperfections
� Offsetvoltageanddrift
� Biascurrent
� Offsetcurrent
� PowerSupplyRejectionRatio
� CommonModeRejectionRatio
� Readingtheop-ampspecsheet
� Designexample:theerrorbudget
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Week# Weekof Topic
5 Sept30

� The transducer and its conditioning circuits: 1
� Thermistor:sensitivebut non-linear
� Thermocouple:smallsignal,linear, wide range
� Semiconductor:mediumsignal,linear
� Quiz 1

6 Oct 7
� The transducer and its conditioning circuits: 2
� Air pressuretransducer(strain-guage)
� Humidity sensor(variablecapacitance)
� TheV-F (chargebalancing)converter
� Photodetector(matchingandbandwidth)
� Quiz 1 returned

7 Oct 14
� At the Micr oprocessor:Inputs and Outputs
� Samplinganddigital conversionartifacts
� R-2RDigital-AnalogConverter
� SuccessiveapproximationA/D converter.
� DualslopeA/D Converter
� Groundingto anA/D converter.
� Mid-term test

8 Oct 21
� Grounding, Decoupling, Shielding and PCB

Layout
� Magneticandelectrostaticcouplingandshielding
� Current-voltagetransformationsto improve noise

immunity
� How a ’ground’ introducesnoiseinto a system.
� The’guard’ connection
� Differentialinputs,floatingsourceto reducenoise
� Thenoisesniffer
� Oscilloscopemeasurementsof a noiseproblem
� Localpowersupplies
� Groundingmanagementin amixedanaloganddig-

ital system.
� Rulesfor PCBlayoutin a mixedsystem.
� Mid-term returned
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Week# Weekof Topic
9 Oct 28

� Other noisecontrol techniques
� Opto-couplingto separategroundsystems.
� Transformercoupling
� Digital buffering to improvenoiseisolation
� Quiet-timinga measurement
� Inductivevscapacitivefiltering
� Thedangersof a switchingpowersupply

10 Oct 28
� Carrier Signal Techniques
� Chopperstabilizedop-amp
� Lock-in amplifiertechnique
� Correlation
� Adaptivefiltering
� Quiz 2

11 Nov 4
� SignalAveragingTechniques
� Thebasicidea
� Analogaveraging
� Digital averaging
� Example
� Quiz 2 returned

12 Nov 11
� Catchup and Review

13 Nov 18
� Catchup and Review
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References

Thereis no specificassignedtextbookfor this course.Somenoteswill bedistributedin class,somenoteswill be
madeavailablein thecoursedirectory, somenoteswill beavailableby downloadfrom amanufacture’ssiteon the
Web,andsomeinformationwill beavailablein textbooks.Studentsareencouraged,wherethey think it wouldbe
useful,to asktheinstructorto identify asourceof referencematerial.

Operational Amplifier Cir cuits, Theory and Applications
E. J.Kennedy,
Holt RinehartandWinstonInc.
This text is outof print. Selectedpagesmaybemadeavailableto students.

The WeatherStation Project: An Exercisein Analog and Micr oprocessorSystemDesign
PeterHiscocks,2001
A comprehensivemanualon electronicsmeterologicalinstruments.
Thiswill beon line in thecoursedirectory.

M68HC11 ReferenceManual
MotorolaDocumentM68HC11RM/ADREV 3, 1991
Theauthoritativesourceof informationaboutthe68HC11microprocessor.

68HC11Micr ocontroller, Construction and TechnicalManual
PeterHiscocks,2001
Supplementarytechnicalinformation on the MPP Board which is applicationsoriented. Information on pro-
grammingandinterfacingtheMPPBoardusedat Ryersonandelsewhere.Availablefrom Active Electronicsin
Willowdale.

M68HC11: An Intr oduction, Softwareand Hardware Interfacing
Han-WayHuang
DelmarThompson,2001
A basictext on the68HC11microprocessor.
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