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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



Contents

Preface

LabSession1：ScanningElectronMicroscopy（SEM） （1）………

LabSession2：TransmissionElectronMicroscopy（TEM）

（8）…………………………………………………

LabSession3：X-RayDiffractometry（XRD） （14）………………

LabSession4：AtomicForceMicroscopy（AFM） （21）…………

LabSession5：Ultraviolet-VisibleSpectroscopy （29）……………

LabSession6：RamanSpectroscopy （36）…………………………

LabSession7：DifferentialScanningCalorimetry（DSC）

（39）…………………………………………………

LabSession8：ElectricalProperties （43）…………………………





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.

此为试读,需要完整PDF请访问: www.ertongbook.com
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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°

此为试读,需要完整PDF请访问: www.ertongbook.com


