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CourseDescription

Thisis aone-semestaoursdn electronianstrumentationAlong with anoverview of instrumentationprincibles,
the physicalprinciplesandelectricalcharacteristicor severalcommoninstrumentransducersrestudied.The

electronicsignal-conditioningircuitsrequiredto corverttheelectricalchangesn thetransducerso signalwhich

canbeinterpretedhccuratelyby a microprocessoor embeddedontroller, areanalyzedanddesigned A complete
topiclist is showvn below.

Thelaboratoryis projectorientedwith eachstudentrequiredto designandimplementweatherstationinstru-
mentation.The weatherstationwill measureanddisplayatmospheriparametersuchashumidity, temperature,
andbarometricpressure An embeddedontroller, the MotorolaHC11,is constructedandprogrammedy each
student.Thelaboratoryis completelydescribedn a separat&L E744 Lab Outline document.

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

Objectives

¢ Understandhe concepiof aninstrumentatiorsystem:to support accurate measurements
e Understandhe conceptsaccuracy andprecision
e Build, program calibrateandusea microprocessebasednstrumentatiorsystem

e Beableto analyseanddesignaninstrumentatiorsystemdealingwith the conceptof dynamicrange signal-
noiseratio, anderrorbudget

e Controlnoise,eitherintrinsic or external(interference).

e Readanoperationabmplifierspecsheetandusethe specificationso constructanerrorbudgetfor a high-gain
amplifier

e Understandhe operationof variousinstrumentatioriransducers

e SelectandapplyA/D corversiontechniquesuchassuccessie-approximationgualslopecorversionvoltage-
frequeng corversion.

e Understandbn a theoreticallevel carrier signal andsignal averaging methodsfor extractinga signalfrom
noise.



Course Evaluation

LectureComponent 60%
Quizl 5%
Quizll 5%

MidtermTest 15%
Final Exam 35%
LaboratoryComponent 40%
Total 100%
In orderto achieve at leasta minimum passinggradein this course the studentis requiredto gain atleasta
50%overallmarkin thelecturecomponentiswell asatleasta 50% overall markin thelaboratorycomponent.

CourseTopics
Thislisting of coursetopicsshouldberegardedasprovisional,sincethe courses beingtaughtfor thefirst time by

ProfessoHiscocksandit hasbeensubstantiallyreomganizedwith a changan emphasion thetopics. However,
thedatesof thetwo quizzesandmid termwill notchangewithoutagreementrom theclass.



Week#

Weekof

Topic

Sept2

CourseOverview

Lab Overview

The Instrumentation System
ApplicationDomains

Thelmportanceof EngineeringDesign
PrecisionrandAccuragy

Calibration

Dynamicrange:Noisefloor to saturationdecibels
The’signalplan’ diagramfor anamplifiersystem
Signalto noiseratio

Measurementthatareaffectedby theinstrument:
measuringg marshmallav with calipers.

Sept9

The needfor signal conditioning
Amplification

Noisecontrol

Bandwidthlimiting (to limit noise)

Distortion (of waveshape)harmonicgeneration
Linearity andsignalcompression

A-D corverterstepsize

Impedancéuffering

Whataresmall voltagesandcurrents?
Whatarehigh impedances?

Septl6

Noise: The rogue'sgallery

Noiselimits the smallestmeasureablsignal
Thermalnoise

Noisevoltageandcurrentin op-amps
Noisecalculationexample
NoisemeasuremenianAC voltmeterwon't do.

Sept23

Operational Amplifier Imperfections
Offsetvoltageanddrift

Biascurrent

Offsetcurrent

Pawver SupplyRejectionRatio
CommonMode RejectionRatio
Readingthe op-ampspecsheet
Designexample:theerrorbudget

3




Week#

Weekof

Topic

Sept30

The transducer and its conditioning circuits: 1
Thermistor:sensitve but non-linear
Thermocouplesmallsignal,linear, wide range
Semiconductormediumsignal,linear

Quiz 1

Oct7

The transducer and its conditioning circuits: 2
Air pressurgransducefstrain-guage)
Humidity sensor(variablecapacitance)
TheV-F (chagebalancing)corverter
Photodetectofmatchingandbandwidth)

Quiz 1 returned

Oct14

At the Micr oprocessor:lnputs and Outputs
Samplinganddigital corversionartifacts
R-2RDigital-Analog Corverter

Successie approximationA/D corverter
Dual slopeA/D Corverter

Groundingto anA/D corverter

Mid-term test

Oct21

Grounding, Decoupling, Shielding and PCB
Layout

Magneticandelectrostaticouplingandshielding
Current-wltagetransformationgo improve noise
immunity

How a’ground’ introducesoiseinto a system.
The’guard’ connection
Differentialinputs,floatingsourceto reducenoise
Thenoisesniffer

Oscilloscopameasurementsf a noiseproblem
Local power supplies

Groundingmanagemerih amixedanaloganddig-
ital system.

Rulesfor PCBlayoutin a mixedsystem.
Mid-term returned




Week#

Weekof

Topic

Oct28

e Other noisecontrol techniques

e Opto-couplingto separatgroundsystems.
e Transformercoupling

o Digital bufferingto improve noiseisolation
e Quiet-timingameasurement

e Inductive vs capacitvefiltering

e Thedangerf a switchingpower supply

10

Oct28

e Carrier Signal Techniques
e Chopperstabilizedop-amp
e Lock-in amplifiertechnique
e Correlation

e Adaptivefiltering

e Quiz 2

11

Nov 4

e Signal Averaging Techniques
e Thebasicidea

e Analogaveraging

e Digital averaging

e Example

e Quiz 2returned

12

Nov 11

e Catchup and Review

13

Nov 18

e Catchup and Review




References

Thereis no specificassignedextbookfor this course.Somenoteswill bedistributedin class,somenoteswill be
madeavailablein the coursedirectory somenoteswill beavailableby downloadfrom a manugcturessiteonthe
Web,andsomeinformationwill beavailablein textbooks.Studentsareencouragedyherethey think it would be
useful,to asktheinstructorto identify a sourceof referencanaterial.

Operational Amplifier Circuits, Theory and Applications

E. J.Kennedy

Holt RinehartandWinstoninc.

Thistext is out of print. Selectechageamay be madeavailableto students.

The Weather Station Project; An Exercisein Analog and Micr oprocessoiSystemDesign
PeterHiscocks,2001

A comprehensie manualon electronicaneterologicainstruments.

Thiswill beonline in thecoursedirectory

M68HC11 ReferenceManual
MotorolaDocumentM68HC11RM/ADREYV 3, 1991
Theauthoritatve sourceof informationaboutthe 68HC11microprocessor

68HC11 Micr ocontroller, Construction and TechnicalManual

PeterHiscocks,2001

Supplementaryechnicalinformation on the MPP Board which is applicationsoriented. Information on pro-
grammingandinterfacingthe MPP Boardusedat Ryersonandelsavhere. Availablefrom Active Electronicsin
Willowdale.

M68HC11: An Intr oduction, Software and Hardware Interfacing
Han-Way Huang

DelmarThompson2001

A basictext onthe 68HC11microprocessor



