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Three-dimensionalatomicforcemicroscopybasedon
tailoredcantileverprobewithflaredtip①
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Abstract:Inordertomeettherequirementsofnondestructivetestingoftrue3Dtopographyofmicro-nanostructures,anovel
three-dimensionalatomicforcemicroscope(3D-AFM)basedonflaredtipisdeveloped.Ahigh-precisionscanningplatformis
designedtoachievefastservothroughmovingprobeandsamplesimultaneously,andseveralcombinednanopositioningstages
areusedtoguaranteelinearityandorthogonalityofdisplacement.ToeliminatethesignaldeviationcausedbyAFM-head
movement,atraceableopticalleversystemisdesignedforcantileverdeformationdetection.Inaddition,amethodoftailoring
thecantileverofcommercialprobewithflaredtipisproposedtoreducethelateralforceappliedonthetipinmeasurement.The
tailoredprobeismountedonthe3D-AFM,and3Dimagingexperimentsareconductedondifferentsamplesbyuseofadaptive-
anglescanningstrategy.Theresultsshowtheroob-mean-squarevalueoftheverticaldisplacementnoise(RMS)ofthe
prototypeislessthan0.1nmandthehigh/widthmeasurementrepeatability(peak-to-peak)islessthan2.5nm.
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0 Introduction
 Recently, three-dimensional atomic force
microscope(3D-AFM)hasattractedmoreandmore
attention in the field of high-end industrial
manufacturing because it allows nondestructive
measurementoftrue3Dtopographyatnanoscale.
Forexample,withtheadvancementofsemiconductor
technology,thesizeoffieldeffecttransistor(FET)
continuestoshrink.Meanwhile,thearchitectureof
FETshiftsfrom planarto3Dto makethegate
voltageeffectivelyturnofftheconductivechannel.
Becausethegatetopographycanaffecttheelectrical
performanceofFET,3Dimagingisrequiredto
monitorthemanufacturingprocess.Besides,sensors
andactuatorsonMEMSchipshavemorecomplex3D
structure than FETs, which further makes a
challengetomeasurementtechnology.
 TraditionalAFMcanonlyobtain2.5Dimagesdue
totheconvolutioneffectofconicaltip,while3D-
AFMachievestrue3D measurementbyimproving
instrument structures and control methods[1-3].
Consideringthe working principles,3D-AFM in

generalcanbedividedintotwotypes:thetechnology
basedontiltscanning[4-5]andthetechnologybaseon
flaredtip[6-7].Theformeristorotateprobeorsample
sothatthebottomoftipisabletotouchhorizontal
surfacesandsteepsidewalls.However,theprobefor
tiltscanningshouldbespeciallydesignedtoavoid
possibleinterference. Hence, Murayama et al
designedatiltedtipontheprobeinsteadofrotating
probe[8].Choetaldesignedacantileverwithawidth
oflessthan500nmon6μm widewedge-shaped
base.Therefore,theprobecanworkattiltdegree
morethan40°[9].Theyalsodevelopedacomplicated
rotatableAFM-headtoensurethattheopticalpath
fordetectingcantileverdeformationisnotdisturbed
bytilting,whereasthetiltedtipcanonlymeasure
sidewallsinonedirection.Thetiltangleneedstobe
changedforobtainingtheoppositesidewallimages.
Thisprocesswillinevitablyintroducerotationerror
inresults.Tosolvethisproblem,Xieetalreporteda
dual-probearchitectureinwhichtwocylindricalfiber
probesare mounted on AFM-head[10-11].Before
measuring,therelativepositionoftwotipsthatare
tiltedinoppositedirectionsiscalibratedbyscanning
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onetipwiththeothertip,andthensidewallsin
differentdirectionscanbe measuredrespectively.
However,thetiltangleandthemeasuringdepthare
alwayslimitedbytheaspectratioofgrooves.
 Inaddition,akind ofprobe with overhang
characteristicontip,whichiscalledflaredtip,is
usedfor3Dmeasurement.Thistipcanreachsteep
sidewallswithouttilting.Inordertomakeflaredtip
beabletoscandifferentsurfaces,Martinetal
proposedatrackingmethodcoupledwithanovel
servoandscanningsystem[12].Thesystemcandetect
slopeangleinrealtimeandthenadjustfeedback
directionandscanningdirection.Inthismethod,
however,bothscanningspeedandslopegradient
probablyaffectimagingresults.Daietaldesigneda
specialcaliperwhichcanexciteprobetovibratein
verticalandtorsionaloscillationmodes[13-14].Surface
profilingisachievedthroughvectorapproachprobing
strateoyandtheapproachingangleofprobeis
programmedaccordingtotheprofilefromprevious
linescan.However,thismethodnotonlyrequires
pre-scanningbeforemeasurement,butalsocannot
figureoutthe optimalapproaching angle when
adjacentprofilesvarygreatly.Daialsofoundthatthe
probewithflaredtipdidnotworkwellintorsional
oscillationmodebecausetheflexurespringconstant
offlaredtipismuchsmallerthanthetorsionspring
constantofcantilever.Therefore,otherresearchers
havedevotedmoreefforttoexploringnewprobe
technology[15-18].
 Inordertoovercomethelimitationsofmeasuring
narrow and deep trenches and improve the
measurementefficiencyandaccuracy,wedevelopa
3D-AFMprototypeandthecorrespondingscanning

method.Multiplepiezostagesareusedtoconstructa
high-speed and high-precision scanning platform
whoserangereaches100μm×115μm×25μm,and
compactopticalleverisdesignedtotrackprobe
movement. Moreover, commercial critical
dimensional(CD)probewithrectangularcantilever
istailoredforsmallercontactforceinmeasurement,
andadaptiveanglescanningmethodisemployedfor
3Dimaging.

1 3D-AFMsystemconfiguration

 Theprinciplediagramofthe3D-AFMisillustrated
inFig.1(a),andFig.1(b)showsthephotoofthe
prototype.Amongallofitsparts,theobjectivethat
isresponsibleforobservingthepositionofprobe,
andsampleislocatedaboveprobeandopticallever.
Visiblelightreflectedfromprobeandsamplepasses
through the beam splitter into the objective,
producingrealimage.Inaddition,thereislaserbeam
passingthroughthebeamsplitter.Thepositionof
the reflected laser can indicate cantilever
deformation.Reflectedlaserisconvertedtovoltage
signalbythequadrant-positiondetector(QPD)and
thepreamplifier,andthenistransmittedtocontroller.
Thecontrollerisaself-developedmultifunctionaldigital
controlsystemwithDSPandFPGAasprocessors.Itis
responsibleforfeedbackcontrolling,outputtingdrive
signalsofallscanners,samplingvariousanalog
signals,etc.
 Thefollowingis detailed description ofthe
combined scanning and positioning system,the
cantileverdeformation detecting system andthe
improvedprobewithflaredtip.

 

Fig.1 Schematicdiagramof3D-AFM(a)andphotoofprototype(b)
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1.1 Combinedscanningandpositioningsystem
 Thecombinedscanningandpositioningsystem
includesa nanoscanning platform and alarge
positioningplatform.Consideringthatflaredtip
needstoapproachsurfacesalongmultipledirections
for measuring 3D structure,the nanoscanning
platformshouldbecapableofnotonlyachieving
rapidmovinginatleasttwodirections,butalso
ensuringassmalldisplacementcouplingerroras
possible.Thenanoscanningplatformiscomposedof
threepiezoscannersproducedbyPhysikInstrumente
Ltd.Thelargepositioningplatformiscomposedof
two motor positioning stages produced by
ZolixinstrumentsCo.,Ltd.
 Theoverallstructureisshownin Fig.1(a).
Samplestageisplacedonz-scannerwhichismainly
usedasz-axisfeedbackactuator.Thez-scanneris
mountedonxyz-scannerwith100μm×100μm×
10μmtraveland0.3nm motionresolution.xyz-
scannerisresponsibleforlinescan.Probe-holderand
somelensesaremountedony-scannerwhichisused
asy-axisfeedbackactuator.y-scannerandz-scanner
havethesameoperationalperformanceof15μm
traveland0.05nmresolution.Thus,y-scannerand
z-scannercantakeprobetowardssamplealongan
arbitrarydirectionprecisely.Toenlargepositioning
range,y-scannerandxyz-scannerareassembledon
twomotorpositioningstages,y-stageandxz-stage,
respectively. Motor stages can achieve coarse
positioninginarangeof200mm×200mm×10mm
withclosed-loopresolutionofbelow1μm.
 Althoughthemovementdirectionofy-scanneris
thesameasy-axisofxyz-scannerandthemovement
directionofz-scanneristhesameasz-axisofxyz-
scanner,theirperformancerequirementaredifferent.
Becausexyz-scannerisforlinescan,xyz-scannerhas
largertravelandlowermovingspeed.Whereasy-
scannerandz-scannerareforfeedback,theyhave
highermovingspeedandsmallertravel.Besides,
anothersituationmustbeconsideredthaty-scanner
andz-scannerareforbothlinescanandfeedback
whenscanningareaissmaller.
 Becauseallofthescannersinthe3D-AFMare
piezo nanopositioning stages, the bow effect
generatedbypiezotubecanbeessentiallyeliminated.

1.2 Cantileverdeformationdetectingsystem
 Inordertopreventthemovementofy-scanner

fromaffectingopticallever,weproposeatraceable
opticaldetector,andits workingprincipleisas
follows.AsshowninFig.1(a),thecollimatedlaser
issplitintotwolinepolarizedbeamsbythepolarizing
beamsplitter.Thetransmittedlinepolarizationis
convertedtocircularpolarizationafteritpassing
throughaquarter-waveplatewithitsaxisat45°to
thepolarizationaxisoftheincidentbeam.The
circularpolarizationisthenconcentratedbyaspheric
lens,andhalfoftheconcentratedbeamisreflected
bythebeamsplittertothecantilever.Theoptical
lengthfromtheasphericlenstothecantileverisjust
equaltothefocallength.Afterthat,thelaserbeam
isreflectedbythecantileverandthenpassesthrough
thebeamsplitterandtheasphericlensagain.The
obtainedparallelbeam willbeconvertedtoline
polarizationwhosepolarizationaxisisperpendicular
totheoriginallinepolarizationaxissothatitcan
reflectthepolarizingbeamsplittertotheQPD.The
outputcurrentsignalfromtheQPDisconvertedto
voltage signal via preamplifier and is finally
transmittedtodigitalcontroller.Whenthecantilever
deforms,thelaserspotontheQPDwillshiftandthe
voltagewillchange.
 Duringtheassembly,wefixedthebeamsplitter,
aspheric lens and probe-holder on y-scanner,
accuratelykeepingthebeamawayfromlaserandthe
opticalaxis ofasphericlens concentric,which
ensuresthatthespotirradiatedonQPDdoesnot
shiftandthespotoncantileverisnotoutoffocus
wheny-scannermoves.

1.3 Improvedprobewithflaredtip
 Currentlytheonlycommerciallyprobeavailable
with flared tip is from CDR series product
manufactured by Bruker Corporation. Fig.2(a)
showsthescanningelectronmicroscope(SEM)image
ofthecantileverofCDR140probe.
 Thehighlightspotonthecantileveristhebottom
viewofflaredtip.Thisprobeismadeofsilicon.
Becausethespringconstantofcantileverismuch
largerthanthatofflaredtip,thetipisproneto
bending whilecontacting with sidewall,causing
measurementinstability[19].Hence,a methodof
improvingprobebywhichtheshapeofcantileveris
trimmedtoreducespringconstantsisproposed.The
tailoringprocessisimplementedusingfocusedion
beam.ThetailoredprobeisimagedbySEM,as
showninFig.2(b).
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(a)Beforetailoring  (b)Aftertailoring
Fig.2 SEMimagesofCDR140probe

 InFig.2,Lcisthedistancefromthecenteraxisof
flaredtiptothefixedendofcantilever;WcandTc
denotethewidthandthethicknessofcantilever,
respectively;Ltisthedistancefromthefreeendof
tiptothecantileverbase;lpanddparetheeffective
lengthandeffectivediameteroftip,respectively;ds
isthewidthoftheprotrusionontipend;WlandWr

arethecutwidthontheleftandtherightsidesof
cantileverwhileLfisthecutlength.TakingCDR140
probeasexample,theitsnominalvaluesandtailored
dimensionsareshowninTable1.
 Inordertoinvestigatethemechanicalpropertiesof
CDR140probe,ageometricmodelisconstructedand
analyzedinfiniteelementanalysissoftware.

 Table2showsthesimulationresults,wherekd
representstheflexurespringconstantofprobe,kpis
theflexurespringconstantofflaredtip,ktisthe
torsionspringconstantofcantilever,keisthe
effectivelateralspringconstantofprobe,adisthe
ratioofdeflectionangletoverticaldisplacementand
aeistheratiooftorsionangletolateraldisplacement.
Aftertailoringthecantilever,ktdecreasesbynearly
anorderofmagnitude,andaeincreasesbynearly
fourtimes.
 Therefore,thecontactforceappliedonthetailored
probecanbereducedin measurement,whichis
beneficial to measurement stability and probe
lifetime.

Table1 DimensionsofCDR140probe

CDR140 Lc Wc Tc Lt lp dp ds Lf Lf Lf

Dimensions(μm) 115 35 3.3 15 0.45 0.08 0.14 80 15 15

Table2 MechanicalsimulationresultsofCD140probe

kd(N/m) kt(N/m) kp(N/m) ke(N/m) ad(rad/nm)ae(rad/nm)

Beforetailoring 35.0 768 11.3 10.0 12.9×10-6 0.68×10-6

Aftertailoring 5.1 96.5 11.3 5.2 12.3×10-6 2.6×10-6

2 Adaptiveanglescanningmethod
 Inthemeasurementtechnologybasedonflaredtip,
howtoadjusttheapproachingangleoftipand
scanningdirectiontogetanimagefeaturingdifferent
slopesurfacesisacriticalproblem[20].Here,an
adaptiveanglescanningmethodisproposed.The
scanningpathonthelinestructureplannedbythis
methodisillustratedinFig.3,whichwelldescribes
thebasicprincipleoftracingsurfaces.
 InFig.3,thescanningpathvarieswithslope
angle. On top and bottom surfaces,the tip
approachesatanangleofθt1.Whenthecontactforce
reachesthesetvalue,thetipwithdrawsadistanceof
Utw alongtheoppositedirection.Certainly,Utw

shouldbelongenoughtoridthetipofadhesive
force.ThetipthenmovesasteplengthofStyalong
thepositivey-axistomeasurenextarea.
 Topreventthetipfromcollidingwithsidewall,θt1
shouldbeslightlysmallerthan90°.Onleftsidewall
andrightsidewall,measurementproceduresare
similartothatoftoporbottomsurfaceexceptthe
approachingangleandthescanningdirection.Onleft
sidewall,theapproachingangleissettobeθt2andthe
scanningdirectionisthepositivez-axiswithastep
lengthofStz.Onrightsidewall,theapproaching
angleissettobeθt3andthescanningdirectionisthe
negativez-axiswithasteplengthofStz.Toprevent
thetipfromflyingawayfromthesurface,θt2should
belargerthan0°.Topreventthetipfromcolliding
withbottomsurface,θt3shouldbesmallerthan180°.
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Fig.3 Adaptive-anglescanningstrategyonlinestructure.(Ⅰ)showshowleft-bottomcornerismeasured,(Ⅱ)showshowright-bottom
cornerismeasured,(Ⅲ)showshowleft-topcornerismeasured,and(Ⅳ)showshowright-topcornerismeasured

 Theremainingquestionishowtopredicttheslope
angle.Here,itcanbedonebythecoordinatevalues
ofadjacentpoints.Assumingthatthetipisscanning
onbottomsurfaceandthereisasidewallwithslope
angleofθs1infrontofit,theheightdifference
betweentwoadjacentmeasurementpoints,ΔUsz1,
canbeapproximatelycalculatedby

ΔUsz1≈Stytanθs1tanθt1
tanθs1+tanθt1.

(1)

 Hence,theslopecanberoughlycalculatedfrom
theheightdifference.Whenthetipisscanningon
rightsidewallwithaslopeangleofθs2,themeasured
lateralroughness,ΔUsy1,canbeexpressedas

ΔUsy1≈ Stz
tan(180°-θt3)-tan(θs2).

(2)

 Whenthetipisscanningonleftsidewallwitha
slopeangleofθs3,themeasuredlateralroughness,
ΔUsy2,canbeexpressedas

ΔUsy2≈ Stz
tanθs3+tanθt2.

(3)

 Whenthetipisscanningontopsurfaceandthere
isasidewallwithslopeangleofθs4,whichissmaller
than0°,infrontofit,twosituationsneedtobe
discussedseparately.Ifθt1issmallerthan-θs4,the
heightdifferencebetweentwoadjacentmeasurement

points,ΔUsz2,isequaltotheheightoftopsurface.If
θt1islargerthan-θs4,ΔUsz2canbeexpressedas

ΔUsz2≈Stytanθt1tanθs4
tanθt1+tanθs4.

(4)

 Onfourcorners,thecontoursaremeasuredby
graduallychangingtheapproachinganglewhileall
scanningaxesaredisable.TheinsetsofFig.3show
thedetails.Forthe measurementpointsofleft-
bottomcorner,theapproachingangledecreasesfrom
θt1toθt2.Forleft-topcorner,theapproachingangle
increasesfromθt2toθt1.Forright-topcorner,the
approachingangleincreasesfrom180-θt1toθt3.For
right-bottomcorner,theapproachingangledecreases
fromθt3toθt1.
 IfscanningpathinFig.3referstotracescanning,
retracescanningpathwouldbeitsmirrorimage.
Through scanning once with the adaptive-angle
scanningmethod,acomplete3Dcontour,including
top surfaces, bottom surfaces, two opposite
sidewallsandcorners,canbeobtainedinrelatively
uniformpixeldensity.

3 Experimentalresultsandanalysis
 A series ofexperimentsarecarried outto
investigatethecapabilityandperformanceofthe
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developed3D-AFM.
 First,weevaluatethemeasurementnoise.After
installingthetailoredCDR140probeonthe3D-AFM
prototype,digitalcontrollerisreadytocapturethe
voltagesignalcorrespondingtocantileverdeflection.
Inordertoreducetheimpactofthermaldriftonnoise
evaluation,thesamplingprocessisstartedfor3h
aftertheinstrumentispoweredon.Thesampling
frequencyis100kHzandthesamplingtimeis1s.
Fig.4showssamplingresults.Thepeak-to-peakis
about8mVandthestandarddeviationis1.17mV.
Thesensitivitycanbeobtainedfromthecurveof
voltageagainstverticaldisplacement,beingabout
70mV/nm.

Fig.4 Noiseofvoltagecorrespondingtocantileverdeflection

 Asaresult,theroot-mean-square(RMS)valueof
verticaldisplacementnoiseisonly0.017nm.
 Next,agratingstandardproducedbyLightSmyth
Technologies,Inc.ismeasuredbymeansofadaptive
anglescanning method.Thegratingis madeof
siliconwithaperiodof833.3nm,alinewidthof416
nmandalineheightof200nm.Theprobeisexcited
at near resonantfrequency. The amplitude of
cantilever is used to trigger the capture of
displacementsignalandthewithdrawalbehavior.
Theapproachingangleissetasfollows:θt1=75°,
θt2=15°andθt3=165°.Thescanningsteplengthis
setasfollows:Sty=8nmandStz=8nm.With
disablingx-axisscanning,20measurementprofiles
onthesameareaareobtained,asshowninFig.5,
wheretenofwhicharetraceprofilesandtheothers
ofwhichareretraceprofiles.Everyprofilecontains
500datapoints.Apparently,alltheseprofilesshow
agoodagreementwitheachother.However,slight
offsetbetweenthetraceandtheretracecanbeseenif
sidewallsarezoomedin. Wesuspectthatthis
phenomenonisprobablycausedbythehysteresisof
thepiezoelectricactuator[21].

Fig.5 Twentymeasuredprofilesofgratingstandardonthesamearea:(a)zoomed-inviewofleftsidewall(b)andrightsidewall(c),
calculatedlinewidthofthefirstlinestructure(d)andthesecondlinestructure(e),andcalculatedlineheightofthefirstlinestructure
(f)andthesecondlinestructure(g)

 Inordertoevaluatethecriticaldimensionsof
grating,thedataarefurtherprocessed.Selectingthe

middle11pointsontopsurfaceforaveragingand
selectingthemiddle11pointsonbottomsurfacefor
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averaging,thedifferenceoftwo meanheightsis
consideredtobethegratingheight.The11points
nearhalfheightofeachsidewallareaveraged,and
thelineorgroovewidthcanbederivedfromthe
differenceofadjacentmeanvalues.Thecalculated
line width and line height are shown in
Figs.5(d)-(g).Althoughtheoffsetbetweentrace
profilesandretraceprofilescanalsobereflectedin
thewidthandheight,themeasurementrepeatability
alongthesamescanningdirectionperformsgood,
andthepeak-to-peakvalueisbetterthan2.5nm.
Becausethemeasurementimageistheconvolutionof
actualimageandtipcontour,thecalculatedline
widthis alwayslargerthan actual value.By
subtractingthewidthoftheprotrusionontipend
from the measured value,wecan geta more
approximatelinewidththatisabout416nm.
 Anotherexperimentistakenonapillarpattern.
Withrespecttothepattern,agroupofpillarswitha
diameterofabout240nmandaheightofabout
150nmareformedinhexagonalarrayonasilicon
substrate.Thedistancebetweentwoadjacentpillars
isabout600nm.Thepillarpatternisfirstmeasured
intappingmodeusingcommercialAFMcalledas
Dimension Icon,whichis produced by Bruker
Corporation.Theapplied probeis MESP.The

scanningrangeis2μm×2μm.Theimagepixelsare
set to be 512 × 256. Fig.6(a) shows the
measurementresults.Then,thepillarpatternis
measuredbyadaptive-anglescanningmethodusing
self-built3D-AFM.Theappliedprobeistailored
CDR140.Theapproachingangleissetasfollows:
θt1=80°,θt2=20°andθt3=160°.Thescanningstep
lengthissetasfollows:Sty=8nmandStz=5nm.
Theimagepixelsaresettobe400×256.The
obtained3DimageisshowninFig.6(b).
  Itcanbeseenfromonezoomed-inprofilethat
thepixeldensityoftheimagemeasuredbyDimension
Iconisdependentonthesurfaceslope,withpoor
exhibitionofthesidewalldetails.Moreover,the
imagefromthecommercialAFMisdilatedseriously
by conicaltip,presenting a distorted sidewall
contour. While in Fig.6(b),the profile well
characterizesthesteepsidewalls.Allcornershapes
areformedthroughlotsofmeasurementpoints.
However,thepillarheightcalculatedfrom two
imageshasanoffsetofabout36nm.Thereasonis
thatthetwomeasurementsarenotthesameareaand
thepillarsonthepatternarenotidenticalinshape.
ThepillarsinFig.6(b)havepie-likestuffsdepositing
onthetop.Thatisextremelylikephotoresistthatis
notremovedduringfabrication.

Fig.6 ImagesofpillarpatternfromDimensionIcon(a)andself-built3D-AFM(b)

4 Conclusion
 Inthispaper,aschemeof3D-AFM basedon
tailoredcantilever probe withflaredtip and a
scanningmethodisproposed.First,weintroducethe
overallstructureofa3D-AFM.Byintegratingtwo

high-speed linear scannersinto AFM-head and
samplestagerespectively,fastdisplacementfeedback
onarbitrarydirectionwithoutorthogonalcoupling
errorisachieved.Bydesigningatraceableoptical
pathinwhichthelaserbeamcanfollowAFM-head
movement,thespotpositiondeviationiseliminated.
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Aftertailoringthecantilever,theprobewithflared
tip represents smaller spring constant and the
torsionalsensitivityincreasesbynearfourtimes.
The designed adaptive angle scanning method
improvesthe measurementefficiencybychanging
approachingangleandscanningdirectioninreal
time.Accordingtothenoisetest,theRMSvalueof
theverticaldisplacementnoiseislessthan0.02nm
whenthetipdoesnotcontactwithsample.By
measuringgratingstandardwithslowscanaxisbeing
disable,boththelinewidthandthelineheight
presentedarepeatabilitylessthan2.5nm.Thehigh-
quality3Dimageofapillarpatternfurthervalidates
themeasurementreliabilityofthe3D-AFMandthe
method,inwhichallsurfaces,includingtopsurface,
bottomsurface,twooppositesidewallsandfour
corners,arecharacterizedclearly.
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一种基于改进型裙摆探针的三维原子力显微技术

张 锐1,2,吴 森1,2,肖莎莎1,2,胡晓东1,2,施玉书3,傅 星1,2

(1.天津大学 精密测试技术及仪器国家重点实验室,天津300072;

2.天津大学 南昌微技术研究院,天津300072;

3.中国计量科学研究院,北京100029)

摘 要: 针对微纳米结构的真三维形貌无损检测需求,研制了基于裙摆型针尖(Flaredtip)的三维原子力显

微镜(3D-AFM)。设计了一种高精度扫描平台结构,通过同时移动探针和样品实现快速伺服反馈,并利用组

合式纳米定位台来保证位移的线性度和正交性。为了消除因AFM测头移动引起的信号偏差,设计了随动式

光杠杆系统用于检测悬臂梁的形变量。此外,提出了一种基于商用裙摆探针的悬臂梁裁剪方法,可减小测量

过程中针尖横向受力。将改进型探针安装到3D-AFM系统上,利用自适应矢量逼近扫描策略进行了多种样

品的3D测量实验。实验结果表明,样机的垂直方向位移噪声(RMS)优于0.1nm,高/宽测量重复性(峰峰

值)优于2.5nm。
关键词: 三维原子力显微镜;裙摆型针尖;扫描器;光杠杆;矢量扫描
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