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Abstract:AZ􀳏15nXTisachemically-amplifiednegative-tonethickfilmphotoresist.Theresisthasverticalprofileand
iswidelyusedforredistributionlayer(RDL)andthroughsiliconvias(TSV)applications.Forlift-offapplications,

however,theinvertedprofileisneeded.Inthispaper,wereporttheeffectsofprocessconditionsontheresistprofileand

processwindowforliftoffapplications.
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1 Introduction
Patterningstructuresindepositedmetallayersusuallyrequiresanetching(subtractive)process.

Insomecasessuchprocesscandamageotherpartofthedevice.Thelift-offprocessoffersanalternative
solution[1].Negativeresistsaregenerallyabetterchoiceforlift-offprocesses.Theyoffersimpler,

singleresistcoatingprocessthanpositiveresistlift-offprocesswhichusuallyrequirestwodifferent
coatings.Anadditionalbottomcoatingofcarefullycontrolleddissolutionratepolymerisrequiredto
producethedesiredlift-offundercutprofile.Otherlift-offpositiveresistprocessknownas“thesoak”

processrequiresadevelopersoakandfloodexposuretoobtainextendedresist(overhang)suitablefor
lift-off.Theinvertedor“retrograded”profilesproducedbythenegativeresisthelpprotecting(or
shadowing)theresistsidewallsfrombeingcoatedwiththesputteredmetal.

AZ􀳏15nXTisachemicallyamplifiednegativetone,thickfilmresist,developedprimarilyforelectroplating
applicationsforupto15μmthicknessrange.Chemicallyamplifiedresistscanbesensitivetotraceacidsorbases
intheatmosphereorondifferentsubstrates.AZ􀳏15nXT,however,isenvironmentallystable[2],compatible
withdifferenttypesofsubstrates,particularlywithCusubstrates[3,4]andmostredistributionplatingsolutions.
Thisresistproducesverticalprofilesunderoptimumconditionsandiswidelyusedforredistributionlayer
(RDL)andthroughsiliconvias(TSV)applications.
ItisdemonstratedinthispaperthatAZ􀳏15nXTcanalsoproducereliableinvertedprofilessuitable

forthelift-offprocess.Theprocessconditionsandlithographicparameterswereoptimizedtoachieve
invertedsidewallprofiles.SussalignerandASMLstepperwereusedtoexposetheresistlayersand
SEMobservationwasusedtoevaluatetheresistprofiles.Thephotospeed,resolutionandprocess
marginweresystematicallystudied.

2 Experimental

2.1 Lithographyequipment
SussMA200alignerutilizingbroadbandUVexposurewavelengthrange:364~436nm(g,handi
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line)andASMLi-linestepperwereusedtoexposetheresist.Thegapbetweentheresistandthemask
wasoptimizedforbestprofilesusingSusscontactaligner.Similarly,theoptimumfocuswasdetermined
whenASMLstepperwasusedforbestresults.SussACS300andOptiTractrackswereusedtocoat,

bakeanddeveloptheresist.Processedwaferswerecleavedandcross-sectionalimagesweretakenon
HitatchiS4000,S4700andAmray4200Lelectronmicroscopes.
2.2 Resistprocessing
2.2a Coatingsubstratesandsurfacetreatment

Mostcoatingsubstratesusedinthisworkwere6″and8″diameterSiwafers.AllSiwaferswere
bakedehydratedandhexamethyldisilazane(HMDS)primed.
2.2b Resistcoating

AZ􀳏15nXT (450CPS)wasusedtoachieve8~10μmfilmthicknessbysinglecoat.Theresist
coatingwascarriedoutonstandardspincoaters/tracksusingupto120secondsoftbake(SB)incontact
at110℃ asastandardprocessfor8~10μmthickresistfilms.Filmthickness(FT)andcoating
uniformitywereanalyzedwithFoothillKT-22measurementsystem.SBtimewasadjustedfrom60
secondsto180seconds.
2.3 Exposure

Theimagingofresistwascarriedoutonavarietyofexposuretools:ASMLi-linestepper(ASML
0.48NA0.90σ)andSussMA200aligner(20μmproximityexposuregap).
2.4 Postexposurebake(PEB)

8~10μmthickcoatingswerepostexposurebaked(PEB)for60secondsincontact.DifferentPEB
temperaturesintherangeof110℃to120℃ weretestedfor60seconds.
2.5 Development

AZ􀳏300-MIFdeveloper0.26NaqueousTMAH wasusedinpuddlemodetodeveloptheresist.
ExtendedDIwaterrinseforatleast60secondsisnecessarytoremoveallunexposedresist.Atleasta
totalof120secondsisnecessarytodevelop8μmthickresist.Extendeddevelopmentof1x120second
spray/puddle,2×60secondsand4×60secondsspray/puddleswereused.
2.6 Designofexperiments(DOE)

Athreevariable,16uniquetrialsECHIP-V6statisticaldesignwascarriedoutwithonerepeat.
ThepositionsoftheexperimentalpointsofthedesignareshowninFigure1.Trials17to21wereadded
latertoaugmenttheoriginaldesign.Theadditionalpointsallowedgreateraccuracyandflexibilityof
themathematicalanalysismodels.Thedesignobjective,asshowninTable1,wastostudytheprocess
conditionsrequiredtoobtainasuitablelift-offprofile.Furthermore,astableprocessconditionwas
optimizedtoachieveisolatedtrenchesmeasuring:top=7μm;bottom=8μmin8μmresistthickness,

using7μm mask.Thesemostcriticalvariablesandtheirlimitsweredeterminedbasedonearlier
screeningofthetotalprocesstobe:

(1)Softbake(SB)time:110℃for60,120and180seconds;
(2)Postexposurebake(PEB)temperature:110,115and120℃for60seconds;
(3)Development(DEV)time:120,140and160seconds.

10.14028/j.cnki.1003-3726.2014.12.020

3 Resultsanddiscussion

3.1 Lift-offprocessbyusingnegativephotoresists
Thelift-offprocessisanefficientwayofperformingablanketmetaldepositionacrosstheentire
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Figure1 Designofexperiment(DOE):Allwafersarenumberedandtheircoordinatesonthecubeindicatetheconditions.
The3variablesarelistedintheboxes,softbake(SB)time,PEBtemperatureanddevelopment(DEV)time.

waferthatutilizestheinvertedprofileofthepatternedresist.Negativeresistsaregenerallyabetter
  Table1 Theprocessexperimentaldesign,basedonaquadraticmodelof16originaltrialswiththreevariables

andthreelimitsforeachvariableand5moresamplesadded.

TrialNo. SBTime(sec) PEBTemp./℃ Dev.Time(Sec)

7 180 110 140

2 60 120 120

1 60 110 120

9 120 110 160

6 180 120 140

8 180 110 120

5 60 110 160

4 180 120 160

11 60 115 150

15 60 115 120

10 120 115 120

12 180 115 160

1 60 110 120

3 60 120 140

14 120 120 160

13 120 115 140

16 120 120 120

17* 80 117 126

18* 140 116 145

19* 100 117 160

20* 60 118 160

21* 120 117 240

  * Addedexperimentalpoint.
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choiceforlift-offprocesses.Theyofferasimple,singleresistcoatingcomparedtopositiveresistlift-off
processwhichusuallyrequirestwodifferentcoatings.Theinvertedor“retrograded”profilesproduced
bythenegativeresisthelpprotecting(orshadowing)theresistsidewallsfrombeingcoatedwiththe
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sputteredmetal.Asmallgapbetweentheresistsidewallsandthedepositedmetalstructuresisformed
duringthesputteringprocess,asshownintheFigure2.Attheendoftheprocess,theresistcoating
alongwiththesputteredsurfacemetallayercanberemovedwithsolventsleavingthepatternedmetalin
directcontactwiththesubstrate.

Figure2 Thelift-offprocessbyusinganegativetonephotoresist

Controloflinewidthdepositionismostcriticalintheproductionandapplicationscurrentand
futuremicrotechnologies,suchasMicro-Electro-MechanicalSystems(MEMS),giantmagnetoresistive
(GMR)sensor,T-gatesandothermicroelectronicapplications[5,6].

Traditionalnegativetoneresistsareoptimizedtobehighlytransparent.Conversely,Lift-off
negativetoneresistsachievetheirinvertedprofile,asseeninFigure3,byencompassinglightabsorbing
materialsintotheformulation.Thisproducesasystemwherebylesslightpenetratesthefullthickness
oftheresistcomparedtotheresistsurface,resultinginaninvertedprofile.AZ􀳏nLOF2000resist
productseriesiswidelyusedfor1~20μmfilmthicknessesrange,stablesubmicronlift-offprocesses

[7].

Figure3 Illustrationoftraditionalnegativetoneandlift-offnegativetoneresists

10.14028/j.cnki.1003-3726.2014.12.020

AZ􀳏15nXTisachemically-amplifiednegative-tonethickfilmphotoresist.Theresisthasverticalprofile
andiswidelyusedforredistributionlayer(RDL)andthroughsiliconvias(TSV)applications[3,4].In
ordertoachievetheinvertedprofileof15nXT,oneapproachistochangetheformulationbyusinglight
absorbingmaterials.Withoutformulationchange,however,weinvestigatedifferentprocessvariables,

i.e.exposuretool,softbake(SB),exposuredose,postexposurebake(PEB)anddevelopment(Dev)

conditions,forresistprofilemanipulation.
3.2 LithographicperformanceonSussaligner

Allwafers,accordingtotheDOEshowninFigure1,wereexposedusingSussalignerwitha20μm
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exposuregap.Theresultsoftheexperimentaldesignwererepresentedbythefollowingmeasured
responses:

(1)Thedosetoachieve7μmisolatedtrenchtopopening;
(2)Thedosetoachieve8μmisolatedtrenchesbottomopening.
Thetworesponsesdirectlyrelatetothechangesinresistphotospeedasafunctionoftheprocess

variables.Plotsoftheseresponses,bestfittedtoaquadraticECHIPmodel,arepresentedinFigures4.
EightcontourdoseplotsrelatingPEBtemperatureandSBtimeareshowninFigure4.Thetop4plots
showthedosesneededtoachieve7μmtrenchtopopeningandthebottom4plotstoopen8μmtrench
bottombyusing7μmmaskin8μmresistthickness.Eachplotrepresentsasingledevelopment(Dev)

time:120sec,140sec,160secor240sec.

Figure4 DOEquadraticoutputmodel:dosecontourplotsofSBtimevs.PEBtemperature.Twosetsofexposuredose
(mJ/cm2)contours,topandbottom,forrequireddosetoachievetopandbottomCDtarget.Developmenttimes

arefixedat120,140,160and240secondsforeachset.

PEBtemperaturewasfoundtobethemosteffectivevariableincontrollingresistphotospeedand
sidewallslope.WhenthePEBtemperaturechangesatagivenSBandDevtime,thedosewillchange:

thehigherPEBtemperature,thelessdoseneeded.AtagivenPEBtemperatureandDevtime,thedose
increaseswithincreasingSBtime.

10.14028/j.cnki.1003-3726.2014.12.020

Theoptimumprocessconditionsaredefinedbytheprocessareainwhichdoseoverlap(samedose)

occursbetweenthetopandbottomtrenchCDtargets.Thatis,thesameprocessareaofthetwosetsof
graphs(topandbottomplotsofFigure4)havingthesamecontourdosevalues.Undersuchconditions
thetargettopandbottomtrenchopeningscanbeproducedatthesamedose.Thelargertheareas
betweentheplotsofthetwosets(topandbottomtrenchCD)overlap,themorerobusttheprocessis.

ReducedPEBtemperaturebelow120℃introducessignificantretrogradeprofiles.OptimumPEB
temperatureof117℃providedbettercontrolofisolatedtrenchCDaswellasadequateretrogradeprofile
angles.ThedesiredCDtargetswereachievedin350~500mJ/cm2doserangebyshorteningthesoft
baketimeto120secondsandextendingthedevelopmenttimesto240seconds.Theareaofdoseoverlap
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alsoincreasedasthedevelopmenttimewasincreased,providingamorerobustandstablelift-off
process.ThiswasconfirmedbytheresultsofexperimentalpointNo.21:(SBtime120”)(PEB117℃)
(Devtime240”).Thecontourdosevaluesfor7μmtopand8μmbottomtrencheswere450and410mJ/

cm2,respectively.
Theretrogradedprofilesaremainlytheresultofthreefactors:(1)resistabsorption,(2)slightly

morefocusedtopimagethanbottom,duetoexposuregapand(3)chemicalenhancementofresist
crosslinkingasafunctionofPEB.

Theapplicationof20μmgapactsasaslightdefocusfortheopticalimage,resultinginthe
formationofaslightlydefocusedimagewithreducedintensityandmorescatteringattheresistbottom
(substrate)thanattheresistsurface.TheenhancedchemicalcrosslinkingduringPEBfurther
magnifiestheopticalintensitydifferencebetweenresisttopimageandbottomtoproduceagreater
differencebetweenresisttopandbottomCD.

Figure5 FullwaferconfirmationdataonSiwafer(R=retrogradeangle).Processconditions:FT=8μm,SB:

110℃/120seconds;PEB:117℃/90secondscontact;DEV:4x60secondsspray/puddle;Exposure:Suss
broadbandaligner,20μmexposuregap.

Figure6 Exposurelatitudeof8μmisolatedtrenchonSiwafer.Processconditions:FT=8μm;SB:110℃/120seconds;

PEB:117℃/90secondscontact;DEV:4×60secondsspray/puddle;Exposure:Sussbroadbandaligner,20μmexposuregap.

10.14028/j.cnki.1003-3726.2014.12.020

  ExamplesoftheresistprofilesandmeasuredresponsesareshowninFigure5.Inordertoreduce
thedoseandachievethetargetinvertedprofile,thePEBof117℃ for90secondswasapplied.
Extendingthedevelopmenttimeto240secondswasselectedexperimentallytoobtainamorepractical
doseoverlap.Theretrogradeangleforthe7μmisolatedtrenchis87.2°and87.1°,for300and400mJ/
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cm2,respectively.Theexposurelatitudeof8μmisolatedtrenchisshowninFigure6.Theretrograde
angledecreasedslightlywithincreasingdose.Theanglewas87.6°at300mJ/cm2and87.1°at500mJ/

cm2.Thevaluesofthetopandbottomopeningsof8μmisolatedtrenchwereplottedwithexposuredose
inFigure7.Thetwolinesrepresentingthetopandbottomopeningswereveryclosetobeingparallel.
CDcontrolcanbeachievedwithoutsignificantlychangingretrogradeprofileanglebyadjustingexposure
dose(350~500mJ/cm2).

Figure7 TopandBottomCDofanisolated8μmtrenchonSisubstrate.Processconditions:FT=8μm;SB:

110℃/120seconds;PEB:117℃/90secondscontact;DEV:4×60secondsspray/puddle;Exposure:

Sussbroadbandaligner,20μmexposuregap.

3.3 LithographicperformanceonASMLstepper
Theprocesslatitudeof15nXTwasalsostudiedonASMLstepperbychangingthefocusfrom

-1.5μmto6.0μm.Figure8showsthecrosssectionimagesof5μmisolatedtrenchin10μmthickresist
withanexposuredoseof350mJ/cm2.The-1.5μmfocusoffsetshowswidertopopeningwhilethe
6.5μmfocusoffsetshowstargetedinvertedsidewallprofile.

Figure8 Depthoffocusfor5μmisolatedtrenchesonSiwafer:Processconditions:FT=10μm;SB:110℃/120seconds;

ExposedonASML,350mJ/cm2,PEB:115℃/100secondscontact;DEV:4x60secondsspray/puddle.

10.14028/j.cnki.1003-3726.2014.12.020

  Exposingtheresistwithstepperfocusedopticalsystemproduceagreaterdifferenceinimage
intensityanddefocusbetweenresisttopsurfaceandbottomthan whenusingcollimatedcontact
exposure.Highnumericalaperture(NA)lensesenhanceimagefocusandresolutionproportionally,
howevertheyalsodeterioratedepthoffocusinverselyto(NA)2.Thissignificantlyaffectstheoptical
intensitythroughtheresistdepth.Similarexplanationfortheformationofinvertedprofilecanbegiven
hereasdiscussedinthecaseofcontactprinting.Inourexperimentsa+6μmdefocusshiftproduced
significantretrogradedprofilesasseeninFigures8and9usingASMLstepper.

Theresistshowedwideexposurelatitudefrom250to450mJ/cm2atthefocusoffsetof6μm,as
showninFigure9.Thetopandbottomopeningdistancesof5μmisolatedtrenchwereplottedwith

·671·        高  分  子  通  报 2014年12月 



Figure9 Exposurelatitudeof5μmisolatedtrenchesonSiwafer:Processconditions:FT=10μm;SB:110℃/120
seconds;ExposedonASML,f=6.0μm;PEB:115℃/100secondscontact;DEV:4x60secondsspray/puddle.

exposuredoseinFigure10.Thedifferencebetweenthebottomandtopopeningincreasedslightlyfrom
2.3μmat250mJ/cm2to2.7μmat450mJ/cm2.Theretrogradeanglechangedfrom79°to77.5°inthe
samedoserange.AZ􀳏15nXTshowedgoodcontrolinopeningsizewithoutsignificantlychangingthe
retrogradeangleinthebroadexposuredoserange.

Figure10 Plotofisolated5μmtrenchdimensionvsexposuredoseonSiwafer:Processconditions:FT=10μm;SB:

110℃/120seconds;ExposedonASML,f=6.0μm;PEB:115℃/100secondscontact;DEV:4x60secondsspray/puddle.

4 Conclusions

AZ􀳏15nXT,atraditionalnegativetoneresist,wasshowntohaveinvertedprofilecapabilitieswith
alternativeprocessingconditions.Lift-offprofileshavebeenachievedonbothSussMA200broadband
alignerandASMLi-linestepper.TheDOEwasabletogiveusaniceprocesswindowinwhichto
achievethetargetlift-offprofile.Broadexposurelatitudewasusedtocontrolthesizeoftheopening
withoutsignificantlychangingtheretrogradeprofileangle.Theresistwasapprovedtohaveaninverted
profileatbothlargeandsmallfeaturesonthesamewaferaswell.

10.14028/j.cnki.1003-3726.2014.12.020
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