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Preface

 Thisbrochureispreparedasa“LabSessionsGuide”forthe

courseof“Advanced Methodsfor MaterialsCharacterization”，

whichisoneofthecorecoursesforundergraduatestudentsinthe

SchoolofMaterialsScienceandEngineering，UniversityofShang-

haiforScienceandTechnology（USST）.Inthiscourse，students

areexpectedtoexplorethebeautyandscientificsignificanceofa

numberofexperimentalapproachesfrequentlyusedinthefieldsof

materialsscienceandengineeringaswellasphysics，chemistry，

biologyandrelateddisciplines.Theprincipalgoalofthisguideis

toofferthestudentsstep-by-stepinstrumentsduringthelabses-

sions；nonetheless，itmayalsobehelpfultoourcolleaguesand

graduatestudentsfortheirresearchpurposeasanabridgedmanual

oftheapparatiincluded.

 Wearegreatlyindebtedtoourcolleagues，Drs.XianyingWang，

DunliangJian，ShengjuanLiandFengTian，fortheirwonderful

helpduringthepreparationofthisguide.Wealsowishtothank

Profs.Xia Wang，Fengcang Ma，HuijuanZhangandXiaohong

Chenfortheirencouragementandconstructivesuggestionsto

makethiscoursepossible.Thanksarealsoduetotheauthorsof

theoriginalmaterialswereferencedherein.

XuyanLiu QiangLi DengPan

DengguangYu YuedongSun FangLiu
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LabSession1：
ScanningElectronMicroscopy（SEM）

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofstructureandworkingprincipleofSEM；2）toobserve

themorphologyandZcontrastofspecimen；and3）toexplorethe

spatialresolutionofanSEM.

 2.WorkingPrinciple

 Insomeways，SEMsworkinthesamewayaskeycopyingma-

chines.Whenyougetakeycopiedatyourlocalhardwarestore，a

machinetracesovertheindentationsoftheoriginalkeywhilecut-

tinganexactreplicaintoablankkey.Thecopyisn'tmadeallat

once，butrathertracedoutfromoneendtotheother.Youmight

thinkofthespecimenunderexaminationastheoriginalkey.The

SEM'sjobistouseanelectronbeamtotraceovertheobject，crea-

tinganexactreplicaoftheoriginalobjectonamonitor.Sorather

thanjusttracingoutaflatone-dimensionaloutlineofthekey，the

SEMgivestheviewermoreofaliving，breathing3-Dimage，com-

pletewithgroovesandengraving.

 Astheelectronbeamtracesovertheobject，itinteractswith

thesurfaceoftheobject，dislodgingsecondaryelectronsfromthe

surfaceofthespecimeninuniquepatterns.Asecondaryelectron
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detectorattractsthosescatteredelectronsand，dependingonthe

numberofelectronsthatreachthedetector，registersdifferentlev-

elsofbrightnessonamonitor.Additionalsensorsdetectbackscat-

teredelectrons（electronsthatreflectoffthespecimen'ssurface）

andX-rays（emittedfrombeneaththespecimen'ssurface）.Dotby
dot，rowbyrow，animageoftheoriginalobjectisscannedontoa

monitorforviewing（hencethe“scanning”partofthemachine's

name）.

 Ofcourse，thisentireprocesswouldn'tbepossibleifthemicro-

scopecouldn'tcontrolthemovementofanelectronbeam.SEMs

usescanningcoils，whichcreateamagneticfieldusingfluctuating
voltage，tomanipulatetheelectronbeam.Thescanningcoilsarea-

bletomovethebeampreciselybackandforthoveradefinedsec-

tionofanobject.Ifaresearcherwantstoincreasethemagnification

ofanimage，heorshesimplysetstheelectronbeamtoscanasmal-

lerareaofthesample.

 Whileit'snicetoknowhowanSEMworksintheory，operating
oneisevenbetter.

 KeycomponentsofanSEMareshowninFig.1-1

 1）Electrongun：Electrongunsaren'tsomefuturisticweapon

usedinthenewestVinDieselmovie.Instead，theyproducethe

steadystreamofelectronsnecessaryforSEMstooperate.Electron

gunsaretypicallyoneoftwotypes.Thermionicguns，whicharethe

mostcommontype，applythermalenergytoafilament（usually
madeoftungsten，whichhasahighmeltingpoint）tocoaxelec-

tronsawayfromthegunandtowardthespecimenunderexamina-
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tion.Fieldemissionguns，ontheotherhand，createastrongelectri-

calfieldtopullelectronsawayfromtheatomsthey'reassociated

with.Electrongunsarelocatedeitherattheverytoporatthevery

bottomofanSEMandfireabeamofelectronsattheobjectunder

examination.Theseelectronsdon'tnaturallygowheretheyneed

to，however，whichgetsustothenextcomponentofSEMs.

Fig.1-1 SchematicofSEMkeycomponents

 2）Lenses：Justlikeopticalmicroscopes，SEMsuselensestopro-

duceclearanddetailedimages.Thelensesinthesedevices，howev-

er，work differently.For one thing，they aren't made of

glass.Instead，thelensesaremadeofmagnetscapableofbending

thepathofelectrons.Bydoingso，thelensesfocusandcontrolthe
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electronbeam，ensuringthattheelectronsenduppreciselywhere

theyneedtogo.

 3）Samplechamber：ThesamplechamberofanSEMiswherere-

searchersplacethespecimenthattheyareexamining.Becausethe

specimenmustbekeptextremelystillforthemicroscopetopro-

duceclearimages，thesamplechambermustbeverysturdyandin-

sulatedfromvibration.Infact，SEMsaresosensitivetovibrations

thatthey'reofteninstalledonthegroundfloorofabuilding.The

samplechambersofanSEM do morethankeepaspecimen

still.Theyalsomanipulatethespecimen，placingitatdifferentan-

glesandmovingitsothatresearchersdon'thavetoconstantlyre-

mounttheobjecttotakedifferentimages.

 4）Detectors：YoumightthinkofanSEM'svarioustypesofde-

tectorsastheeyesofthemicroscope.Thesedevicesdetectthevari-

ouswaysthattheelectronbeaminteractswiththesampleob-

ject.Forinstance，Everhart-Thornleydetectorsregistersecondary
electrons，whichareelectronsdislodgedfromtheoutersurfaceofa

specimen.Thesedetectorsarecapableofproducingthemostde-

tailedimagesofanobject'ssurface.Otherdetectors，suchasback-

scatteredelectrondetectorsandX-raydetectors，cantellresearch-

ersaboutthecompositionofasubstance.

 5）Vacuum chamber：SEMs require a vacuum to oper-

ate.Withoutavacuum，theelectronbeamgeneratedbytheelectron

gunwouldencounterconstantinterferencefromairparticlesinthe

atmosphere.Notonlywouldtheseparticlesblockthepathofthee-

lectronbeam，theywouldalsobeknockedoutoftheairandonto

thespecimen，whichwoulddistortthesurfaceofthespecimen.
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 （Source：http：//www.howstuffworks.com）

3.Instrumentation（Fig.1-2）

Fig.1-2 QUANTAFEG450SEMequippedwithafieldemissiongun

 Secondaryelectronresolution：

 Highvacuummode：1.2nm（30kV）

 Lowvacuummode：1.4nm（30kV）

 Backscatteringelectronresolution：2.5nm（30kV）

 Acceleratingvoltage：0.2～30kV

 Magnificationrange：12×～1，000，000×

 Current：200nAmax.

 Samplechamber：

 Samplestage：5-axisservoauto-centeringstage

X≥100mm
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Y≥100mm

Z≥100mm

T=-5°～+70°

R=360°continuousrotation

 Samplesize：horizontallength>280mm

 4.ExperimentalProcedure

 1）Checkthecirculatingwatersystemfirsttomakesurethe

pressureindexisabout4.5andthetemperatureisabout18

to20℃.

 2）Check‘LINE’and‘INV’onthepowerdisplaypaneltomake

suretheyarelit，andoneofthesixindicatorsaboveison.

 3）Turnonthecontrollingcomputer，andstarttheuserinter-

face.

 4）Beforeloadingthesample，checkthebeamon/accelerating

voltageandmakesureitisturnedoff，thenpressthe‘VENT’but-

ton.Loadthesamplewithgloveson，anddoublecheckthesample

heightbelowthelimitbeforesecuringthesamplestage.

 5）Applyaforcetothesamplechamberdoorwithonehand，

thenpressthe‘PUMP’button.

 6）Pumpthevacuumtobelow5×10-3Pa，thenapplyhighvolt-

age.Makesure‘SE’or‘TLD’inthe‘Detector’menuisselected，

press‘beamon’button，thenasoundofV6valveopeningshallbe

heard，andwaitforthebuttoncolorturningyellow.

 7）Whentheimageshowsup，adjusttheimageinfocus，and

press‘OK’.
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 8）Holdleft‘Shift’keyonthekeyboardandright-clickthe

mousetoremovetheastigmatism.

 9）Press‘F6’toscantheimageframe，thensavetheimagebyse-

lecting‘SaveAs...’inthe‘File’pulldownmenu.

 10）Afterthesessionisdone，pressthe‘beamon’buttonthen

waitafewsecondsfortheV6valvesound，buttoncolorturnsto

grayfromyellow，thenpumptheairintothesamplechamber，re-

movethesample，thenrestorethechambervacuum.

5.OtherRequirements

 Otherrequirementsforthislabsessionandlabreportwillbe

deliveredbytheinstructoratthesession.



LabSession2：
TransmissionElectronMicroscopy（TEM）

 

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofthestructureandworkingprincipleofTEM；and2）to

explorethespatialresolutionofaTEM.

 2.WorkingPrinciple

 Thetransmissionelectronmicroscopeusesahighenergyelec-

tronbeamtransmittedthroughaverythinsampletoimageandan-

alyzethemicrostructureofmaterialswithatomicscaleresolu-

tion.Theelectronsarefocusedwithelectromagneticlensesandthe

imageisobservedonafluorescentscreen，orrecordedonafilmor

digitalcamera.Theelectronsareacceleratedatseveralhundred

kV，givingwavelengthsmuchsmallerthanthatoflight：200kVelec-

tronshaveawavelengthof0.025Å.However，whereastheresolution

oftheopticalmicroscopeislimitedbythewavelengthoflight，that

oftheelectronmicroscopeislimitedbyaberrationsinherentine-

lectromagneticlenses，toabout1～2Å.

 Becauseevenforverythinsamplesoneislookingthroughman-

yatoms，onedoesnotusuallyseeindividualatoms.Ratherthehigh
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resolutionimagingmodeofthemicroscopeimagesthecrystallat-

ticeofamaterialasaninterferencepatternbetweenthetransmit-

tedanddiffractedbeams.Thisallowsonetoobserveplanarand

linedefects，grainboundaries，interfaces，etc.withatomicscaleres-

olution.Thebrightfield/darkfieldimaging modesofthe micro-

scope，whichoperateatintermediatemagnification，combinedwith

electrondiffraction，arealsoinvaluableforgivinginformationabout

themorphology，crystalphases，anddefectsinamaterial.Finally
themicroscopeisequippedwithaspecialimaginglensallowingfor

theobservationofmicromagneticdomainstructuresinafield-free

environment.

 TheTEMisalsocapableofformingafocusedelectronprobe，

assmallas20Å，whichcanbepositionedonveryfinefeaturesin

thesampleformicrodiffractioninformationoranalysisofX-raysfor

compositionalinformation.Thelatteristhesamesignalasthat

usedforEMPAandSEMcompositionanalysis（seeEMPAfacili-

ty），wheretheresolutionisontheorderofonemicronduetobeam

spreadinginthebulksample.Thespatialresolutionforthiscom-

positionalanalysisinTEMismuchhigher，ontheorderofthe

probesize，becausethesampleissothin.Converselythesignalis

muchsmallerandthereforelessquantitative.Thehighbrightness

field-emissiongunimprovesthesensitivityandresolutionofX-ray
compositionalanalysisoverthatavailablewith moretraditional

thermionicsources.

 

 RestrictionsonSamples：
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 SamplepreparationforTEMgenerallyrequiresmoretimeand

experiencethanformostothercharacterizationtechniques.ATEM

specimenmustbeapproximately1，000Åorlessinthicknessinthe

areaofinterest.Theentirespecimenmustfitintoa3mmdiameter

cupandbelessthanabout100micronsinthickness.Athin，disc

shapedsamplewithaholeinthemiddle，theedgesoftheholebeing

thinenoughforTEMviewing，istypical.Theinitialdiskisusually

formedbycuttingandgrindingfrombulkorthinfilm/substrate

material，andthefinalthinningdonebyionmilling.Otherspecimen

preparationpossibilitiesincludedirectdepositionontoaTEM-thin

substrate（Si3N4，carbon）；directdispersionofpowdersonsucha

substrate；grindingandpolishingusingspecialdevices（t-tool，tri-

pod）；chemicaletchingandelectropolishing；lithographicpatterning

ofwallsandpillarsforcross-sectionviewing；andfocusedionbeam
（FIB）sectioningforsitespecificsamples.

 Artifactsarecommonin TEM samples，duebothtothe

thinningprocessandtochangingtheformoftheoriginalmateri-

al.Forexamplesurfaceoxidefilmsmaybeintroducedduringion

millingandthestrainstateofathinfilmmaychangeifthesub-

strateisremoved.Mostartifactscaneitherbeminimizedbyappro-

priatepreparationtechniquesorbesystematicallyidentifiedand

separatedfromrealinformation.

 （Source：http：//www.stanford.edu/group/snl/tem.htm）
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 3.Instrumentation（Fig.2-1）

Fig.2-1 TF30TEMequippedwithafieldemissiongun

 Specifications：

 Schottkyfieldemissionfilament

 Acceleratingvoltage：50～300kV

 TEMmagnifications：60×～1，000，000×

 Spotresolution：0.20nm

 Lineresolution：0.10nm

 Informationresolution：0.14nm

 Minimumbeamspot：0.3nm

 Maximumangleofconvergence：±12°

 STEMmagnifications：50×～3，000，000×（+8×zoom）

 STEMimageresolution：0.17nm

 Max.tiltingangleofsamplestage：±40°
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 ElementsscopeofEDX：5B～92U

 Workingmodes：

 Bright/darkfieldimaging

 HighresolutionTEM

 Energydispersivespectroscopy（EDX）

 Selected-areaelectrondiffraction（SAED）

 Scanningtransmissionelectronmicroscopy（STEM）

 STEM-EDX

 4.ExperimentalProcedure

 1）Systemroutineinspection：

 a.Indicatorsonthecontrolpanel：‘On’off，‘Off’，‘Vac’and‘HT’on；

 b.Samplestageindicator：off；

 c.Airconditioner，coolingwatersystem，airpump，UPSand

otheraccessories；

 d.Logbook；

 e.In‘TecnaiUserInterface’，check‘ColumnValvesClosed’to

beclosed（yellow），checkvacuumstatusandsamplestageposition.

 2）Specimenloading：

 Refertotheusermanual（thistaskshouldbedonebytheinstructor）

.

 3）Sampleholderloading：

 a.Setx，y，z，A，andBofthespecimentobenearlyzeroandthe

redindicatorofsamplestagetobeoffbyclicking‘Holder’；

 b.Pushthesampleholderintopositionwithoutanyholderro-
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tation；

 c.Select‘singletiltsampleholder’；

 d.Click‘TurboOn’toshutdowntheturbinepump.

 4）Softwareloading：

 a.Load‘TecnaiUserInterface’；

 b.Load‘DigitalMicrograph’；

 c.Load‘ESVision.exe’and‘RTEM’whenEDXisrequired.

 5）Settheeucentricheight.

 6）Adjustcondenserastigmatism.

 7）MorphologyobservationandImagingAcquisition：

 a.Selectinterestedareawithtraceball；

 b.Selectpropermagnificationwith‘Magnification’knob；

 c.Selectproperstepsizewith‘Focus’button；

 d.Adjustthecontrasttominimum；

 e.Press‘L1’；

 f.Click‘search’toscan；

 g.Adjustthefocustoitsbest；

 h.Click‘Acquire’toobtaintheimage；

 i.Savetheimage.

 5.OtherRequirements

 Otherrequirementsforthislabsessionandlabreportwillbe

deliveredbytheinstructoratthesession.



LabSession3：
X-RayDiffractometry（XRD）

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofthestructureandworkingprincipleofX-raydiffrac-

tometer；2）toexplorethecapacitiesofX-raydiffractometer；and3）

tolearntheXRDsamplepreparationrequirements.

 2.WorkingPrinciple

 X-raypowderdiffractionisarapidanalyticaltechniqueprimari-

lyusedforphaseidentificationofacrystallinematerialandcan

provideinformationonunitcelldimensions.Theanalyzedmaterial

isfinelyground，homogenized，andaveragebulkcompositionisde-

termined.

 X-raydiffractionisbasedonconstructiveinterferenceofmono-

chromaticX-raysandacrystallinesample.TheseX-raysaregener-

atedbyacathoderaytube，filteredtoproducemonochromaticradi-

ation，collimatedtoconcentrate，anddirectedtowardthesam-

ple.Theinteractionoftheincidentrayswiththesampleproduces

constructiveinterference（andadiffractedray）whenconditions

satisfyBragg'sLaw（nλ=2dsinθ）（Fig.3-1）.Thislawrelatesthe

wavelengthofelectromagneticradiationtothediffractionangleand
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thelatticespacinginacrystallinesample.ThesediffractedX-rays

arethendetected，processedandcounted.Byscanningthesample

througharangeof2θangles，allpossiblediffractiondirectionsof

thelatticeshouldbeattainedduetotherandomorientationofthe

powderedmaterial.Conversionofthediffractionpeakstod-spac-

ingsallowsidentificationofthemineralbecauseeachmineralhasa

setofuniqued-spacings.Typically，thisisachievedbycomparison

ofd-spacingswithstandardreferencepatterns.

Fig.3-1 Bragg'sLaw

 AlldiffractionmethodsarebasedongenerationofX-raysinan

X-raytube（Fig.3-2）.TheseX-raysaredirectedatthesample，and

thediffractedraysarecollected.Akeycomponentofalldiffraction

istheanglebetweentheincidentanddiffractedrays.Powderand

singlecrystaldiffractionvaryininstrumentationbeyondthis.

 X-raydiffractometersconsistofthreebasicelements：anX-ray

tube，asampleholder，andanX-raydetector.X-raysaregenerated

inacathoderaytubebyheatingafilamenttoproduceelectrons，ac-
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celeratingtheelectronstowardatargetbyapplyingavoltage，and

bombardingthetargetmaterialwithelectrons.Whenelectrons

havesufficientenergytodislodgeinnershellelectronsofthetarget

material，characteristicX-rayspectraareproduced.Thesespectra

consistofseveralcomponents，themostcommonbeingKαand

Kβ.Kαconsists，inpart，ofKα1andKα2.Kα1hasaslightlyshorter

wavelengthandtwicetheintensityasKα2.Thespecificwave-

lengthsarecharacteristicofthetargetmaterial（Cu，Fe，Mo，Cr）

.Filtering，byfoilsorcrystalmonochrometers，isrequiredtopro-

ducemonochromaticX-raysneededfordiffraction.Kα1andKα2

aresufficientlycloseinwavelengthsuchthataweightedaverageof

thetwoisused.Copperisthemostcommontargetmaterialforsin-

gle-crystaldiffraction，withCuKαradiation=1.5418Å.TheseX-

raysarecollimatedanddirectedontothesample.Asthesample

anddetectorarerotated，theintensityofthereflectedX-raysisre-

corded.WhenthegeometryoftheincidentX-raysimpingingthe

samplesatisfiestheBraggEquation，constructiveinterferenceoc-

cursandapeakinintensityoccurs.Adetectorrecordsandproces-

sesthisX-raysignalandconvertsthesignaltoacountratewhich

isthenoutputtoadevicesuchasaprinterorcomputermonitor.

 PeakpositionsoccurwheretheX-raybeamhasbeendiffracted

bythecrystallattice.Theuniquesetofd-spacingsderivedfrom

thispattercanbeusedto'fingerprint'themineral.Thegeometry
ofanX-raydiffractometerissuchthatthesamplerotatesinthe

pathofthecollimatedX-raybeamatanangleθwhiletheX-rayde-

tectorismountedonanarmtocollectthediffractedX-raysandro-

tatesatanangleof2θ.Theinstrumentusedtomaintaintheangle
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Fig.3-2 SchematicofX-raydiffractometer

androtatethesampleistermedagoniometer.Fortypicalpowder

patterns，dataiscollectedat2θfrom5°to70°，anglesthatarepre-

setintheX-rayscan.

 3.ExperimentalProcedure

 1）Turnonthepoweroftheunitsinthefollowingsequence：

masterpowersupply→coolingwatersystem→X-raydiffractometer

→computer.

 2）Loadsoftware‘Pmgr’andopenthreewindows：‘systempa-

rameters’，‘testingconditions’and‘testing’.

 3）Loadthespecimentothesamplestage，andclosethefront

shields.

 4）Click‘start’toturnonX-raytubehighvoltage（‘X-rayson’

indicatoratthelowerleftcorneron）andthescan.

 5）X-raytubewillbeautomaticallyturnoffwhenscanisfin-
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ished.Repeat3）～5）ifmultiplespecimensaretobescanned.

 6）Whensessionisfinished，closethewindowsfollowing‘firstopen，

lastclose’rule，thenturnoffthepowerofdiffractometerandcooling

watersystematleast15minutesafter‘X-rayson’indicatorisoff.

 4.LabReport

 ThespectrumshowninFig.3-3obtainedinanXRDexperi-

ment.Pleasespecifythetestingconditions.

Fig.3-3 SpectrumobtainedinanXRDexperiment

 ////////////////////////////////////////////////////////////////////////////

///Profile Data Ascii Dump（XRD）        ///

////////////////////////////////////////////////////////////////////////////

  Group  ：Tom

  Data  ：Drug crystal

  File Name：Drug crystal RAW

 # Profile Datafile

comment      = 10
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date & time = 10- 25- 15 13：52：08

 # Measurement Condition

   X-ray tube

target = Cu

voltage = 40.0（kV）

current = 30.0（mA）

   slits

divergence slit = 1.00000（deg）

scatter slit = 1.00000（deg）

receiving slit = 0.30000（mm）

  Scanning

drive axis = Thena - T heta

scan range = 10.000- 60.000

scan mode = Continuous Scan

scan speed = 5.0000（edg/min）

sampling pitch = 0.200（edg）

preset time = 0.24（sec）

 # Date   [Total NO.= 3501]

  < 2Theta>  <  I >

   10.0000   24

10.0200 22

10.0400 28

10.0600 22

10.0800 26

10.1000 30

10.1200 24

10.1400 20

10.1600 30

10.1800 34

10.2000 38
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 Inyourreport，describethecapacitiesofX-raydiffractometry，

itssamplerequirementsaswellastheinformationinthepeakposi-

tions，peakwidth，peakareaandpeakshape.



LabSession4：
AtomicForceMicroscopy（AFM）

 1.Objective

 Theobjectiveofthisexperimentistogainhands-onexperience

with1）useofatomicforcemicroscopy，and2）processingofAFM

images.

 2.WorkingPrinciple

 Atomicforcemicroscopyisatechniquecapableofimagingthe

morphologyofaspecimenwithahorizontalandverticalresolution

downtoafractionofananometer（10-9m）.Theinstrumentworks

bymeasuringthedeflectionproducedbyasharptiponmicron-

sizedcantileverasitscansacrossthesurfaceofthespeci-

men.Samplesizesthatcanbehandledbyatypicalatomicforcemi-

croscopyrangefromsmallpiecesofsub-millimeterscaletowafers

ofcentimeterdiameter.

 Anatomicallysharptipisscannedoverasurfacewithfeedback

mechanismsthatenablethepiezo-electricscannerstomaintainthe

tipataconstantforce（toobtainheightinformation），orheight（to

obtainforceinformation）abovethesamplesurface（Fig.4-1）.Tips

aretypicallymadefromSi3N4orSi，andextendeddownfromthe

endofacantilever.ThenanoscopeAFMheademploysanoptical
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detectionsysteminwhichthetipisattachedtotheundersideofa

reflectivecantilever.Adiodelaserisfocusedontothebackofare-

flectivecantilever.Asthetipscansthesurfaceofthesample，mov-

ingupanddownwiththecontourofthesurface，thelaserbeamis

deflectedofftheattachedcantileverintoadualelementphotodi-

ode.Thephotodetectormeasuresthedifferenceinlightintensities

betweentheupperandlowerphotodetectors，andthenconvertsit

tovoltage.Feedbackfromthephotodiodedifferencesignal，through

softwarecontrolfromthecomputer，enablesthetiptomaintainei-

theraconstantforceorconstantheightabovethesample.Inthe

constantforcemodethepiezo-electrictransducermonitorsreal

timeheightdeviation.Intheconstantheightmodethedeflection

forceonthesampleisrecorded.Thelattermodeofoperationre-

quirescalibrationparametersofthescanningtiptobeinsertedin

thesensitivityoftheAFMheadduringforcecalibrationofthemi-

croscope.DependingontheAFM design，scannersareusedto

translateeitherthesampleunderthecantileverorthecantilevero-

verthesample.Byscanningineitherway，thelocalheightofthe

sampleismeasured.Threedimensionaltopographicalmapsofthe

surfacearethenconstructedbyplottingthelocalsampleheight

versushorizontalprobetipposition.

 TheAFMtypicallyscansoneitherTappingModeorContact

Mode：

 1）‘Tappingmode’imagingisimplementedinambientairbyos-

cillatingthecantileverassemblyatornearthecantilever'sresonant

frequencyusingapiezoelectriccrystal.Thepiezomotioncausesthe
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cantilevertooscillatewithahighamplitude（typicallygreaterthan

20nm）whenthetipisnotincontactwiththesurface.Theoscilla-

tingtipisthenmovedtowardthesurfaceuntilitbeginstolightly

touch，ortapthesurface.Duringscanning，theverticallyoscillating

tipalternatelycontactsthesurfaceandliftsoff，generallyatafre-

quencyof50，000to500，000cyclespersecond.Astheoscillating

cantileverbeginstointermittentlycontactthesurface，thecantile-

veroscillationisnecessarilyreducedduetoenergylosscausedby

thetipcontactingthesurface.Thereductioninoscillationampli-

tudeisusedtoidentifyandmeasuresurfacefeatures.

Fig.4-1 SchematicofAFMworkingprinciple

 2）In‘contactmode’，thetipscansthesampleinclosecontact

withthesurface，whichisthecommonmodeusedintheforcemi-

croscope.Theforceonthetipisrepulsivewithameanvalueof
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10-9N.Thisforceissetbypushingthecantileveragainstthesam-

plesurfacewithapiezoelectricpositioningelement.

3.Instrumentation（Fig.4-2）

Fig.4-2 SHIMADZUSPM-9500J3atomicforcemicroscope

 Specifications：

 AFMmodel：SHIMADZU（岛津）SPM-9500J3

 Imagingenvironment：Air，Fluid

 Scanningmode：Contactmode；Tappingmode

 Scanningfrequency：1～10Hz

 Scanningrange：125μm×125μm

 Resolution：horizontal0.1nm；vertical0.01nm

 Capabilities：

 High-resolutionimaging：SPM-9500J3AFMiscapableof

capturinghigh-resolutionimagesinanenvironmentofairorfluid

toinvestigatestructure-propertiescorrelationinsituanddynami-
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callyatmolecularlevel（Fig.4-3）.

Fig.4-3 AFMhigh-resolutionimages

 Tip-sampleforcecurves：SPM-9500J3AFM maybeusedfor

measuringthebondingstrengthamongbio-moleculesinthesolu-

tion，suchascovalentbonds，electrostaticforce，friction，elasticity，

magneticforceandsoon.SeeFig.4-4forexample.

Fig.4-4 AFMtip-sampleforcecurves
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 （Ref：http：//www.antpedia.com/labs/641/101/）

 4.ExperimentalProcedure

 1）Turnonthepoweroftheunitsinthefollowingsequence：

computer→SPMcontrolunit→monitor→printer.

 2）Doubleclicktheshortcut‘SPM Manager’onthedesktopto

startthesoftware；click‘online’buttonwhenthe‘ready’indicator

ontheSPMcontrolunitislit，thenmakesure‘standby’isshownat

thebottomofthewindow.

 3）Mountthespecimenatthecenterofthesamplestagewith

double-sidetapeorglue.Thespecimensizeshallnotbegreater

than24mmindiameterand8mminheight.

 4）Checkwhetherthereissufficientspaceforthespecimenbe-

tweenthecantileverandthesamplestage.Ifmorespaceisneeded，

click‘Menu-level-up’tillenoughspaceisobtained，thenclick‘Men-

u-level-stop’.

 5）LoosetheclapsoftheAFMheadthenslidebackwardforlo-

cationofsamplestage.Locatethesamplestageinpositionthen

slidetheAFMslideforward，locktheAFMhead.

 6）Inthepulldownmenu‘settings’，select‘modeandscanner’→
‘dynamicmode’，click‘OK’.

 7）Inthepulldownmenu‘settings’，select‘paneldisplay’.

Adjustlasercontrolknobsinthex-yplanetofocusthelaserpoint

atthecantilevertip（2-4lightsinthedigitalsignalpanel）.Set
‘operatingpoint’in‘scancondition’to0，thenadjustdetector

settingstosetLEDdisplayto0.Select‘verticalRMS’for‘panel
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display’.

 8）Inthepulldownmenu‘settings’，select‘leveltune’，‘auto’

adjustfrequencytoclosethegapbetweenbluefrequencyindicator

andredpiezo-ceramicfrequencyindicator，thenclick‘OK’.

 9）Click‘fastapproach’inthetoolbar，thencheckthesignal

paneltomakesureLEDdisplaytobeintherangeof-0.01to-

0.06.Ifoutofrange，adjust‘operatingpoint’onthe‘scancondi-

tion’paneltoadjustthevalueinLEDdisplay.

 10）Click‘filesavethis/savenext’inthetoolbar，fillinthespeci-

meninformation，thenclick‘OK’.

 11）Clickthe‘offline’buttoninthe‘SPM manager’toeliminate

thebackgroundandnoisesignalinthedata.Savethereducedim-

ageinafileoranMS-worddocument.

 5.LabReport

 Youarerequiredtosubmitalabreportinwhichthefollowing

sectionsshouldbeincluded：

 1）TitlePage：Thisshouldincludetitleoflabsession，dateof

thelabsession，yournameandstudentID，anddateofreportsub-

mission.

 2）Introduction：Thissectionshouldbebriefandshouldexplain

thescopeoftheproject（generalpurpose）aswellassomeofthe

methodologyusedinthislabsession.Thisshouldbenomorethan

200words.

 3）ExperimentalSection：Thisshouldgiveamoredetailedde-

scriptionoftheactualproceduralstepstakenduringtheses-
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sion.Thisshouldbeinenoughdetail（butinyourownwords）that

yourreportreadermayfollowyourdescriptiontosuccessfullyre-

produceyourresults.

 4）ResultsandDiscussion：Thissectionshouldcontaintheactu-

alrawdataobtainedintheanalysis.Numbersshouldbecompiled

intotables（labeledwith“Table1”，“Table2”，etc），andtables

shouldbeneatlyorganizedforsomeonewhomightreadyourpaper
（namelytheonegradingit）.Alltheresultspresentedinyourfig-

uresandtablesshallbeinterpretedinfulldetails.Calculations，if

any，requiredtocompletetheanalysisshouldbedescribedindetail

inthissection.

 Thelabreportshouldbetyped/printed.



LabSession5：
Ultraviolet-VisibleSpectroscopy

 1.Objective

 Theobjectiveofthisexperimentistogainhands-onexperience

with1）Useofmulti-channelabsorptionspectrophotometers，and

2）Derivativespectroscopyinchemicalanalysis.

 

 2.WorkingPrinciple

 （1）Theabsorptionlaw—theBeer-LambertLaw

 -lg（I∕I0）=εlc

 whereI0istheintensitiesoftheincidentlight；

 Iistheintensitiesofthetransmittedlight；

 listhepathlengthoftheabsorbingincentimeters；

 cistheconcentrationinmolesperliter；

 εisknownasthemolarextinctioncoefficient.

 （2）CalibrationofaUV-VisSpectrometer

 1）WavelengthCalibration：Solutionsofrareearthionsexhibit

verynarrowabsorptionbands，thewavelengthsofwhicharewell

known.Holmiumhasmanypeakswellspacedinwavelengthwhich

provideconvenientcalibrationpoints.Youwillcalibratethewave-

lengthwithasampleofHolmiumoxideimmobilizedinapolymer

block.MeasurethespectrumofthesolutionusingthePEUV/Vis
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PhotodiodeArraySpectrometer.Checktheapparentwavelengthof

theabsorptionpeakswhichshouldbeat287.0，361.1，450.8，

537.0，and640.4nm.UsethePeak/Spectrumfunctiontoannotate

eachpeak，thenprinttheentirespectrumandthewavelengthre-

porttodeterminetheexactwavelengthmaxima.

 2）PhotometricCalibration：Basicpotassiumchromateisrecom-

mendedasaphotometricstandardbythe NationalBureauof

Standards.Youhavebeengivenasolutioncontaining0.1g/lof

K2CrO4andasolution0.5NinKOH，fromwhichyoupreparedso-

lutionscontaining0.04，0.03，0.02and0.01g/lK2CrO4in0.05N

KOH.Measurethespectraofthesesolutionsandreadtheabsor-

banceat370nm.UseFIXED WAVELENGTHunderMETHOD

thenspecifythewavelength.Tosavetimeandpaper，allthespectra

canbeoverlaidthenprinted.Checkforlinearityofresponseandal-

soforproperslopeintheresponsecurve.Theabsorbanceofyour

mostconcentratedsolutionshouldbe0.9914.Anyrelativedevia-

tionofover1%fromlinearityorfromtheproperslopeiscausefor

concern.

 3.Instrumentation

 Currently，researchgradeUV-Visabsorptioninstrumentscome

intwoconfigurations.Thefirstiscalledascanningspectrophotom-

eterbecauseitmeasurestheintensityoftransmittedlightofanar-

rowbandpass，andscansthewavelengthintimeinordertocollect

aspectrum.Becauseabsorptionisaradiometric measurement，

theseinstrumentsgenerallyrequiretheusertomeasuretwospec-
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tra，onesampleandoneblank.Theblankshouldbeidenticaltothe

sampleineverywayexceptthattheabsorbingspeciesofinterestis

notpresent.Thiscanbedoneeitherconsecutivelywithasingle

beaminstrumentfollowedbytheratiocalculation，orsimultane-

ouslywithadualbeaminstrument.Thedualbeammethodisfas-

ter，andhastheaddedadvantagethatlampdriftandotherslowin-

tensityfluctuationsareproperlyaccountedforintheratiocalcula-

tion.Collectingspectrawithscanningspectrophotometersisslow，

buttheinstrumentsoftenhaveveryhighresolvingpowerowingto

theuseofphotomultipliertubedetectors，whichcanbeusedwith

verynarrowslitwidths.

 

 Aphotodiodearrayisa1or2dimensionalstackofindividual

photodiodedetectors，eachofwhichmakesanindependentmeas-

urement of the incident light intensity at its particular

location.Typically，2-dimensionalarraysareusedforelectronicim-

agingapplications，forinstancethephotodetectorofacamcord-

er.One-dimensionalarraysareoftenusedinspectroscopicinstru-

mentation.Ifthearrayisplacedatthefocalplaneofamonochro-

matic，thenthepositionofeachphotodiodewillbeassociatedwith

aspecificbandwidthoflight.Inthecaseofthediodearrayspectro-

graphthatwewillusefortheUV-Visexperimenteachof1024di-

odesinthelineararrayisassociatedwitha1nmbandoflightspan-

ningfrom190nmto2500nm.Theindividualdiodesareseparated

byabout25microns，andthephysicalslitwidthmatchesthisspac-

ing.Thusthemaximumresolutionoftheinstrumentis1nm.This

isnotasgoodasthetypicalresolutionofascanninginstrument
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（resolutionsofabout0.2nmarenotuncommonwithscanningin-

struments），butformanyapplications（especiallymolecularsolu-

tionspectroscopywhereabsorptionbandsaretypicallyverybroad）

1nmisadequate.Therealadvantageoftheinstrumentisits

speed.Asinglespectrumcanbetakeninabout0.1seconds.

 4.ExperimentalProcedure

 （1）PreliminaryPreparations First，turntheinstrumentso

thatthelightsourceshaveachancetowarmupandstabilize.Then

prepareorgatherallofthesampleswhichyouwillneedtoperform

theexperiment.

 Solutionswhichstudentsneedtoprepareareasfollows：

 a）Solutionscontaining100ppmofindicator（Phenolphthalein，

methylorange，etc）inwaterasastocksolution；b）Waterblank.

 （2）DerivativeSpectroscopyandQuantitativeAnalysis This-

Lambd750performsderivativespectroscopybymeasuringtheac-

tualspectrumandperformingthederivativeoperationsinthecom-

puter.Itiscapableof1stthrough4thderivatives，thoughonly1st

and2ndderivativesareusedregularly.Theadvantagesofderiva-

tivespectroscopyinclude：1）Precisedeterminationofthewave-

lengthofpeakmaximacanbeobtainedfromthezerocrossingof

thefirstderivative.2）Improvedspectralresolutionisobtained，es-

peciallywiththesecondderivative.Spectralfeatureswhichappear

asbarelynoticeableshouldersintheoriginalspectrum become

muchmoreprominent.3）Quantitativeanalysiscanbeperformed

inthepresenceofturbidity.Turbidsolutiongenerallyshowsstead-
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ilyincreasingabsorbancetowardshorterwavelength，whichcan

hindertheaccuratemeasurementofabsorbanceduetothechan-

gingbackgroundlevel.Onesolutiontothisproblemistocalculate

theexpectedbackgroundandsubtractitoff.Anotherapproachis

tocalculatethespectrum'ssecondderivative.

 

 Measurethespectrumof1.0，5.0，and10.0ppm MOinwater

solutions.Measure，mark，andprinttheabsorbanceandthe1stand

the2ndderivativespectraofthese.

 

 Duringthelabexercise，ALLOBSERVATIONSSHOULDBE

RECORDEDINYOURLABNOTEBOOK！

 5.LabReport

 Youarerequiredtosubmitalabreportinwhichthefollowing

sectionsshouldbeincluded：

 1）TitlePage：Thisshouldincludethenameofthelab，the

student'sname，datethelabwasperformed，thephenolunknown

numberanddeterminedconcentrationoftheunknownwithanun-

certaintyassignment，andthedatethepaperissubmittedforgrad-

ing.

 2）Introduction：Thissectionshouldbebriefandshouldexplain

thescopeoftheproject（generalpurpose）aswellassomeofthe

methodologyusedinthelab.Thisshouldbenomorethan200

words，butshouldbethoroughenoughtogivesomeideaastowhat

therestofthepaperwillcover.Thislabcoversaphenolunknown
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determinationandsomecalibrationexperiments.

 3）ExperimentalSection：Thisshouldgiveamoredetailedde-

scriptionoftheactualproceduralstepstakenduringthelab.This

shouldbeinenoughdetail（butinthestudent’sownwords）that

someonereadingthepaperwouldbeabletoexactlyreproducethe

experimentthatyouperformed.

 4）Results/RawData：Thissectionshouldcontaintheactualraw

dataobtainedintheanalysis.Numbersshouldbecompiledintota-

bles（labeledwith“Table1”，“Table2”，etc），andtablesshouldbe

neatlyorganizedforsomeonewhomightreadyourpaper（namely
theonegradingit）.Thissectionshouldnotcontainexplanationsor

interpretationsofthedata.

 5）DataAnalysis：Thisisthemaintextofthereport.This

shouldcontainanyfigures，graphs，calibrationplotsandexplana-

tionsthatmighthelpthereaderininterpretingthedatapresented

intheResults/RawDatasection.Thisiswhereyouwillpresent

yourcalibrationplotsandyourerroranalysis.Anycalculationsre-

quiredtocompletetheanalysisshouldbedescribedindetailinthis

section.

 Thelabreportshouldbetyped/printed.

 Questions：

 1）Whateffectwoulddriftcausedbyagradualincreasein

sourceintensityhaveonameasurementofabsorbanceversustime

inasinglebeamspectrometer？ Howisthisaccountedforinthein-

strumentsusedinthisexperiment？

 2）Whateffectwouldanerrorincelldimensions（say10.50mm
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insteadof10.00mm）haveonthevalueofε（assumingAandcare

constant）？

 3）Whyusearareearthionforwavelengthcalibration？

 4）Whataretheadvantagesanddisadvantagesofusingderiva-

tivespectroscopy？



LabSession6：
RamanSpectroscopy

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofthestructureandworkingprincipleofRamanspectros-

copy；and2）togetfamiliarwithinvestigationofpowdermaterials

byRamanspectroscopy.

 2.WorkingPrinciple

 TheprincipleoftheRamanspectroscopyisrelativelysimple.It

consistsinsendingamonochromaticlight（onlyonecolorandnota

mixture）onthesampletostudyandanalyzethescattered

light.Thescatteringprocessisthefollowing：theincidentalpho-

tonsaredestroyedandtheirenergyisusedforcreatingscattered

photonsandcreating（Stokesprocess）ordestroying（anti-Stokes

process）vibrationsinthestudiedsample.Thiscanbemodelizedin

thefollowingway（Stokesprocess）：

 Twotypesofrulesgovernthisprocess：theconservationofen-

ergywhichisrepresentedontheprecedingdrawingandalsorules

ofsymmetrywhichdependonstudiedmaterial.

 Fromapracticalpointofview，tocarryoutanexperimentof

Ramanscattering，itisnecessarytofocuslight（ingeneralalaser）

onthesampletobestudiedusingalens.Thenthescatteredlightis
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collectedusinganotherlensandissentinamonochromator，then

itsintensityismeasuredusingaphotomultiplier.Thescattered

lightisgenerallydetectedinadifferentdirectionthanthatofthe

lightreflectedbythesample，exceptwhencarryingexperiments

underamicroscope.

 （Source：http：//pcml.univ-lyon1.fr/raman/raman_eng.html）

 3.Instrumentation（Fig.6-1）

Fig.6-1 RamanStationTM400Fspectrometer（withopticfiber）

 4.ExperimentalProcedure

 1）Turnonthepoweroftheunitsinthefollowingsequence：

computer→Ramanspectroscope.

 2）Loadsoftware‘Pyris’，andsetuptestingparameterssuchas

wavelengthrangeandscantimes.

 3）Mountthesampleontoaglassslide，loadtheslideintothes-

pectroscope，thenclosethecover.

 4）Click‘autofocus’totunetheopticalpath，thenclick‘scan’af-
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tertheimageisinfocus.

 5）Afterallthescansaredone，savethedata.

 6）Unloadthesampleslide，closethecover.

 7）Shutdownthespectroscopeandthecomputer.

 5.OtherRequirements

 Otherrequirementsforthislabsessionandlabreportwillbe

deliveredbytheinstructoratthesession.



LabSession7：
DifferentialScanningCalorimetry（DSC）

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofthestructureandworkingprincipleofdifferentialscan-

ningcalorimetry（DSC）；and2）togetfamiliarwithroutinetesting

procedureofDSC.

 2.WorkingPrinciple

 Differentialscanningcalorimetrymonitorsheateffectsassociat-

edwithphasetransitionsandchemicalreactionsasafunctionof

temperature.InaDSCthedifferenceinheatflowtothesampleand

areferenceatthesametemperature，isrecordedasafunctionof

temperature.Thereferenceisaninertmaterialsuchasalumina，or

justanemptyaluminumpan.Thetemperatureofboththesample

andreferenceareincreasedataconstantrate.SincetheDSCisat

constantpressure，heatflowisequivalenttoenthalpychanges.

 Inanendothermicprocess，suchasmostphasetransitions，heat

isabsorbedand，therefore，heatflowtothesampleishigherthan

thattothereference.HenceΔdH/dtispositive.Otherendothermic

processesincludeheliX-coiltransitionsinDNA，proteindenatur-

ation，dehydrations，reductionreactions，andsomedecomposition

reactions.Inanexothermicprocess，suchascrystallization，some
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cross-linkingprocesses，oxidationreactions，andsomedecomposi-

tionreactions，theoppositeistrueandΔdH/dtisnegative.

 Thecalorimeterconsistsofasampleholderandareference

holder.Bothareconstructedofplatinumtoallowhightemperature

operation.Undereachholderisaresistanceheaterandatempera-

turesensor.Currentsareappliedtothetwoheaterstoincreasethe

temperatureattheselectedrate.Thedifferenceinthepowertothe

twoholders，necessarytomaintaintheholdersatthesametemper-

ature，isusedtocalculateΔdH/dt.

 3.Instrumentation（Fig.7-1）

Fig.7-1 Perkin-ElmerPyrisDifferentialScanningCalorimeter

 4.ExperimentalProcedure

 1）Openthegasflowsandadjusttorequiredflowrates.

 2）Turnonthepoweroftheunitsinthefollowingsequence：
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computer→DSC.

 3）Loadsoftware‘Pyris’，thenselectDSCandwaitforgreen
‘Ready’indicatoron.

 4）Weighproperamountofsample（meltingpointtesting：3～

5mg；glasstransition：5～10mg）thenloadthesampleintothealu-

minumpan，sealthesampleingoodcontactwiththepan.

 5）Makesurethatthesampleandreferenceholdersareemp-

ty.Placetheventedplatinumcoversintothesampleandreference

holders.Closeandsecurethesampleholderenclosurecover.

 6）Fromthe‘File’menu，select‘MethodEditor’.Inthe‘Sample

Info’tab，fillinsampleinformationandtestingparameters.

 7）IntheMethodEditor，fillinthesampleweight，thenwaitfor

thetemperaturereachinitialtestingtemperature，press but-

tontostartthemeasurement.

 8）Afterallthescansaredone，savethedata.

 9）Unloadthesampleandreferencepans，turnofftheheater.

 10）ShutdowntheDSCandthecomputer，andkeeptheprotec-

tivegasonforanother5hours.

 5.OtherRequirements

 1）Samplepreparation：

 a.Keepthesampleasthinaspossible；

 b.Coverasmuchofthepanbottomaspossible；

 c.Cut，ratherthancrush，thesample.

 2）Heatingrate：Keeptheheatingrateintherangeof10～20℃/

min.



42   ■ LabSessionsGuideAdvancedMethodsforMaterialsCharacterization
��������������������������������������

��������������������������������������

 3）Protectivegas：Usehigh-puritynitrogenoroxygen.

 

 Otherrequirementsforthislabsessionandlabreportwillbe

deliveredbytheinstructoratthesession.



LabSession8：

ElectricalProperties

 1.Objective

 Theobjectiveofthisexperimentis1）toenhancetheunder-

standingofthestructureandworkingprincipleofprobestation

andparameteranalyzer；and2）toacquireI-Vcurveofaspecimen

forcalculationitselectricalconductance.

 2.WorkingPrinciple

 Inthissession，aCascadeM150probestationandKeithley4200

parameteranalyzerareemployedformicro-scaleelectricalproper-

tiesmeasurements，withacurrentresolutionof0.1fAandvoltage

resolutionof1mV.Theyareconnectedtoeachotherby3-axisca-

bles.

 3.Instrumentation（Fig.8-1，Fig.8-2）

 4.ExperimentalProcedure

 1）Turnonthepoweroftheunitsinthefollowingsequence：micro-

scope→vacuumpump→parameteranalyzer→CCDcontrollingcomput-

er.

 2）Makesureallthecableconnectionsandprobetipareproper-
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Fig.8-1 Probestation

Fig.8-2 Parameteranalyzer

lyinstalled.

 3）Mountthesampleatthecenterofspecimenstagebyapply-

ingvacuum，adjustmicroscopetoobservethesample.

 4）Adjustprobetippositioninconnectionwithoneelectrodeof

thesampleandundermicroscopeobservation.
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 5）Lowertheprobetiptillinfocusunderthemicroscopeand

CCDcamera.

 6）Repeat4）and5）fortheotherprobetip.

 7）LoadKeithley4200parameteranalyzersoftwareasshownin

Fig8-3.

Fig.8-3 Keithley4200software

 8）Thedataacquisitionprocessisasfollows：

 a.InKITE，selectFile→ NewProject，a‘DefineNewProject’

windowwillopen；

 b.Nametheproject（upto260charactersincludingdirectory
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path，nospaces）；

 c.Specifylocation（oracceptdefaultlocationC：\S4200\kiuser\

Projects\）；

 d.Specifynumberofsites（upto999）；

 e.TurnonorofftheProjectPlanInitializationandTermination

Steps，click‘OK’toaccept；

 f.InsertnewSubsitePlan（s）；

 g.InsertnewDevicePlan（s）–fromatoolbarmenu，orusing

DeviceLibrary；

 h.TouseDeviceLibrary，doubleclickontheSubsitePlan，then

use‘Copy’and‘Submit’buttons；

 i.TouseTestLibrary，doubleclickontheDevicePlan，thenuse
‘Copy’and‘Submit’buttons；

 j.UnderUserLibraries，selectKI42xxulib；

 k.UnderUserModules，selectRdson42xx；

 l.Enter/modifyuserparameters；

 m.Savemodule；

 n.ExecutetheUTMbyclickingthe‘Run’button；

 o.Viewtheresultsinthe‘Data’tab；

 p.CreateanotherUTM usingtheMatrixuliblibraryandthe

ConnectPinsmodule；

 q.Whendonebuildingproject，selectFile→SaveAll；

 r.Tocreateacopyoftheprojectunderadifferentname，select

File→SaveProjectAs....

 9）Liftuptheprobetip.

 10）Shutdownthepowerofallthecomponents.
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 5.OtherRequirements

 Otherrequirementsforthislabsessionandlabreportwillbe

deliveredbytheinstructoratthesession.
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