COPPER PASSIVATING POST-CHEMICAL MECHANICAL POLISHING CLEANING COMPOSITION
AND METHOD OF USE FIELD OF THE INVENTION [00011 The present invention relates to alkaline
agqueous coMPXRBEEE8Y cleaning post-chemical mechanical polishing (CMEES0&0H88¢-etch
residue and/or contaminants from microelectronic devices, wherein the agueous cleaning
compositiqerffirapiossty sameceronsi-CHEVeS IS MRS HANGT IaSHBE RigRaselaiavneelic
interconnect materials without daOr@OSIPYON ARB NI @Fakie microelectronic device.
DESCRIPTION OF 1HE RELATED ART [0002] As semiconductor device geometries continue to
shrink to less than 0.18 pm, more emphasis has been placed on improved interconnect structures to
minimize resistance-capacitance (RC s. Strategies to minimize interconnect delays include
improving conductivity of the interconhEzehPiall e iaXaMdde dielectric constant (k) value of the
dielectric layers. For example, copper has emerged as a replacement for conventional aluminum as
the inter@%q metal i adva{]ced ijeviqces.g(légger is more conductive than alJuminum (thus reducing
resistan e-cai) hce tme de A5y 214 AR CPTP ILIAPS G SRR RESHCBFRHed to

acitancetime e%lygj
conventnal Ak elalial evPOSldiL ey ing gl slesR sl an semicaniliciars. the
copper damascene process is used to form a conductive copper line in the Iow@k%lleféc?rlcoi%lyer. One
importageitep, WHideidADAGEENRR PIGEHSS I RARRRS NeRILANNS GRAIAL RSP YLSNEY higr the
removal of excess copper above the dielectric layer surface. [0004] The CMP process involves holding
and rotatieigresihin afidpasbstratesiaflih éngemirendnatniatiewidonghinsyagiletiad debshiv enpashunder
controlled pressure and temperature in the presence of CMP slurries. The slurries contain abrasive
materiaRabRIEFESIFCHPRidieNies as appropriate to the specific CMP process and requirements.
Following the CMP process, contaminants consisting of particles from the polishing slurry, chemicals
added to the shiny, and reaction by-products of the WO 2006/127885PCT/US2006/020214 polishing
slurry are left behind on the waRESCRIPEIONGHIUBTE BT pOIEIRRA a copper/low dielectric constant
material on a silicon wafer often generates carbon-rich particles that settle onto the wafer surface. All
contaminants must be removed prior to any further steps in the microelectronic device fabrication

processjoaoid Riradiationligiestsinoidbedavica fagiten adation, of @ﬁ?ﬁﬂ@&%@%&?ften,
na

particles of these contaminants are smaller than 0.3 pra. [0005] Conventional wet techniques use fluid
flow ovénthewalecauidas-ioveanovesasiomnanis andiassuchsihiaiceticianaydsdiniedy the
thickness of the boundary layer created by the fluid flow. A particle smaller than the boundary layer,
e.g., subteisginnidgnihieide infeorentivet plejmic aldndg ifopoevinitbenfluit dtydothieciaeesemetinsnh the
wafer surface. Additional adhesion, due to chemical and hydrogen bonding, further complicates the
cleaning¥hRtsHna s feleers srgteat kil gads Hfdhsgirfedra seasic Botexanie reprsf thisse
processes ;og({emovir] smal! sized cont%r[l:]ifwnts. 00 GJnT%/?%icall- , the wet technique uses an

as a Teplicemen: fof gonyenfional aluminiin as FoH Eﬁﬁ“ﬁ%?’é%ﬁi’é‘? ficdiiSation with
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aqueous Cleaning soiution, €.9., alkaline so

some fasgf WUshing.Ieiting al:H biasauns (AAIeRUSS FaNRA-soltions remave the, Ay pinants by

attacking the wafer surface or reacting with the contaminants before removing the dislo
contamis&stssitgen: thelwaiani it variageasbl isenR aliligIcoNiRMInaMs;Mmay be chemically inert
to the chemical ingredients in the aqueous solution. For example, carbon-rich particles or chemical
reactior] 0P} dullistsnattatieeditg tledepienbndyaoidaeadiysampeedistirsheaicalodanine
aqueous cleaning solution. [0007] Megasonics may be used in conjunction with these conventional
wet tecHpfifuesieasiyy srdistiyer capew thee ipuhe dey thydieldsicin bysr HOweviemdttimistitmof shéficient to
efficiently remove sub-0,3 um sized particles from the wafer surface. [0008] The use of low-k dielectric
films suc¢ 3%08%3BB%%%Se%’Wd‘é%‘SF&@%ﬁ?W@H% §EMBs o e rrmgvatiohoners - eRteer a further
challengg to &%séfgg\égc%%p'g%gewhich only agueous-based chemistries are used. These films as
well as CMP stop layers, such as silicon carbide, silicon nitride, and silicon oxynitride, are very

hydrophobiapranense AeAidiA fisaRg il aIREPaseh cleaieal-lpps. dnaddiien, because
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the carbon atoms within most types of neutral-to-acidic Slurries have a potential opposi 16

> 1o ?ﬁat of the
copper geiiiacaaing aarboat HoNBAHYRE R il-alashue ha CORRSkaHiAGR. RIOAWEING
additional surface defects. :

CMP slurries. The slurries contain abrasive materials and chemical additives as appropriate to the

specific CMP process and requirements. Following the CMP process, contaminants consisting of

particles from the polishing slurry, chemicals added to the slurry, and reaction by-products of the



[0009] Another residue-producing process common to microelectronic device manufacturing involves
gas-phase plasma etching to transfer the patterns of developed photoresist coatings to the underlying
layers, whicWh3906@R%&F of hardmask, interlevel dielectric (ILD), and etch S{ep/1H806/0pB4tk gas
phase plasma etch residues, which may include chemical elements present on the substrate and in
the plaggiaas SRRty RiselusiRPesited arthaback end aidiwedined RERkhstotciwgparivf not
removed, may interfere with subsequent silicidation or contact formation. Conventional cleaning
chemisgigscaiter samogeriha Bb; ghsailvidfto sienpmesatftietebritiepebicicied satidp trsadiedectric
constant, and/or corrode the metal structures. [0010] U.S. Patent No. 6,558,879 in the name of Peters
et al. retafes torfteippitly conthuisantingres opesnioed fsiotHe pasnBEicsPiensid &b HreRear BRitlielectric
surfaces in the manufacture of semiconductors and microgircuits. The Cé%g ositi_o?ns in%lgde water, an
organiclebieofelitatiag BressESi GHOMHHIIRI BRI AHESEBIn® AeX s SRS S aBIIaR QT device
N,N'-dimethylacetaraide (DMAC) has poor accetptancefilﬂ th sed’%iconductor industry because it
extractS TR ARt TEISS RN PR R IR IR AR AT TS E Ty Re dielectric constant of said

dielectrj erial. [0011] Another common proplem in migroelectronic devyi Sgan %Hﬂgﬁés the
fiIm-Iike@é@%Jg%V ] iwgtc}?\%ﬁleq%eesrﬁlsgon tf:%t%?vd%‘(/%gl & %{ast%ﬂ%ﬁc?\égvi%g CMég%ocessing. Such

residue, mays Qﬁ&&{‘?&fg%ﬂ%@éﬁ&fﬁ%&%&%%&%&&&Q%@Wﬁﬁ%&@%}y&@éﬁm@% these

residues can cause damage to copper lines or severely roughen the copper metallization, as well as
cause ey adnesipnflake isARRi et sdhseayante, i asint iR IRMaVBbA deesissHelarg
roughening of copper metallization is particularly problematic, since overly rough copper can cause
poor elgsthicak peys ipirane enafibe peadiint Gemhiconiiv stofacke vikadifRMiPidheviouldiveta digmitisant
advance in the art to provide improved aqueous compositions for post-CMP and/or post-etch cleaning
of micraaldbtiydmig:nldvicksg fnthe defadicates tercleminecapahibiied of waFaing fec s M residue
and/or contaminants from the surface of said device. Preferably, said aquequs compositions effectuate
substarsiemificspiieretigcsdhr sRERien @RS PRSI SRR el v S aaafhte the

U

exposed interconnect materials, e.g., copper, without YVO.ZOO /1278851'CT szqogéogggs%é
damagiﬁ@%-@%@é’t&%ﬁf&%ﬁiﬁ%ﬁ?@?ﬂ? RN TORMGG 3T he present invention

g e . ARG BIHOHB SRR QRIS AR D ERARAY SIRRRIBBAORCMPARRIAE
post-etch residue and/or contaminants from microelectronic devices having said residue ‘and/or
contamigagis IheieaeniVRilsSiMplaRsrushRassivalingtizemackallis intgicoviecheaienals 08 the
microelectronic device surface. [0014] Accordingly, in a preferred embodiment, the formulations of the
presentdavanatiemruupriseabitashe déshaiint canaatdeadton thpasdvatiticpdpetizemd Yheobslance
water. In an alterative embodiment, the formulations of the present invention comprise at least one
amine, af lhasoonmivanisiwsihy sericalyimss: o iherchnmping ingeticas duHe RS HEter: 1IF%nother
alternative embodiment, the formulatL?#s of the reseaqt invention §og14%rlsetﬁg I‘?rgtst one argt]rl]nbg, at least

one pasSiERY SYRAE A AL S TIRTISH: TBISHOR A PR {REE  RE FE 3y Byt 2nd the balance

water. In ot anoihet aisinaline S GoRImEL, oA dplaliags of the present invention comprise a

least onée Sauﬁing,1 at [east one passivating agent, at least one quaternary base, optionally at least one
reducing pih ARG DaagCeealel 1 dieal AR aMBRGi R hacormmkagiRssis! the
present invention comprise at least one amine, at least one passivating agent, at least one quaternary
base, atgigagian@yesucingagenidaptionalhatkieast erevewiantanttiindtheffielende wifitéently a still
further alternative embodiment, the formulations of the present invention comprise at least one amine,
at least easopassivatingnagedtpatitbasianchquatersarfadzase, optionally at least one complexh2g
agent, and the balance water. In still another embodiment, the formulations of the present invention
compris0aDRIaEh o nesashifrey-kt dsdston dilvas sivdting agemtdopribraifizapicorepiselimsdatdnel
optionally at least one quaternary base, o tiona;lggeat least one corrcglexing, agent, optionally at least

one reddemaseanerintesvationchpnpdded svirhquohaiensntp SRR Srermsdn WhighaieHE A Tange of

ratios for amjne(s) relative to passjvati agenéj 1is 92‘[(5%@05 to Sé;fthlﬁ ran%]%bci)éerasqgcsofor
amine(s}a?éefgtﬁli‘gr?ésm?ffe%ﬁgla%l‘eeﬁ?(%ﬁse % &ent)is'( 18°95): {0001 1'% the range of ratios
for amine(s) relative.to reduyci S ' ’ : f ratios
for aminlé%sridfé I%I%%lvséﬂ%%oa Sa@%%ig?gaggsé%@%ﬁ&%%?ﬁ%ﬁ%z%@%%%o%%%ﬂ%ﬁﬁ%fnge of
ratios f 0%1%9&&%%&1{@!@&&\!61&9 surfastandal Mvhenreseniis (RilRiR 20 89Lded Ji-ans thadditance
water. [0016] One aspect of the invention relates to an alkaline aqueous cleaning composition,
comprisigigretiaast eneemidepatdeass due gaksivasing aghot, dpticradhatl easidrseaguidtentary base,
optionally at least one reducing agent, and water, wherein said alkaline agueous cleaning composition
is suitable for cleaning residue and contaminants from a microelectronic device having said residue
and contaminants thereon. Optionally, the alkaline aqueous cleaning composition may fitrther
comprise at least one surfactant. Preferably, the alkaline aqueous cleaning composition comprises at
least one reducing agent, and said reducing agent comprises ascorbic acid. [0017] In another aspect,
the present invention relates to a kit comprising, in one or more containers, one or more reagents for

fFArminAa an Aallzalina saAarianiie ~ArlaaninAa A~AamMmnncitinn ecnaid Ana Ar MmAare roanonte ealartad frorm thoa ArAarin



[0018] In yet another aspect, the present invention relates to a method of cleaning residue and
contaminants from a microelectronic device having said residue and contaminants thereon, said
method conPpRSPaBHIBting the microelectronic device with an alkaline a§GdG¢2UE47AY
composition for sufficient time to at least partially clean said residue and contaminants from the
microelenichnictaleyiperbaies) thahdlisg bigiasnse ausaclarfdog. composition includes at least one
amine, at least one passivating agent, optionally at least one quaternary base, optionally at least one
reducin{P80RhAmutickrvatsid@picihribs theaialnemanue toismieaiagregn psitionsmatidurther
comprise at least one surfactant. Preferably, the alkaline aqueous cleaning composition comprises at
least ori8YiHRicHIs Rien plasmaseirbinsdiocingsiydhe coteorses develonsid plitbrésiol gjakingsfiartther aspect,

the present invention relates to a method of manufacturing a microelectronic device, said method

comprisif g%&?ﬁ&tﬁ@ﬂk‘?@é’léﬂ%ﬁief&@fﬂ%%ti?%%ﬁaﬁ?@%ﬁ%ﬁégﬁ?ﬁb EOPB¥Etion for

sufiiery, me. 9 aLlcast peitally.dean residus and sonagunants from the mictoclectranc, device
having said Tesidue and contaminants thereon, wherein the alkaline aquedus cleaning c m?)osmon

includes 2 10as! HRGABIRG, a}é%ﬁmﬁaﬁ?ﬁﬁwﬂ%@@saz,egatm@@é'mtéﬁﬂém&u@ﬂagm ggent,

optionally at least one surfactant, optionally at least one quaternary base, and water. Preferably, the
alkalinenatisgnusd; paningecfrs pagitlabseqmpiERsalitaas AR CEHEIbR0CHivandsaiddatueing
agent comprises ascorbic acid. [0020] Yet another aspect of the invention relates to improved
microeleksriipided ofice datmeehodliBisaody jurmtingsemef imaidubimebthinarethedbaoditieinyention
comprising cleaning of residue and contaminants from the microelectronic device having said tesidue
and corfiith AR PereBRde il BeRb tEHBES and/or compositions described herein, and optionally,

incorporati e microelectronic device into a product. [0021] Other aspects, features and advantages
of the TIOURTL N SHIPGEETR QT8 7 St B G o HETR PN S b G501 CERFRE BRICE

DESCRIETION OF TH5PRAWINGS, 09221 Flouis 4 listatss e proposer undercuting anc

lifting-off anism e removal of post residue and contaminants e surface of a

microelggiiepiciesicant08R3LEIGHAS. 2 hdstiatpssthenthicknassntdheblankaicd canpsk Walel as a

function of time following immersion in formulations AA-AF. [0024] Figure 3A is an electron
microgreplosita iohivitor. WBferdeafoge dostnatsipreienfeo nolvtaiioN, W CilRERE Fighigs3BNsAaT) elgctron
micrograph of the control wafer of Figure 3A after immersion in Formulation AC. 100261 Figure 4A is
an election #espigraphHbithepissuiotmdvgiorendpretakthroaiss \Watatrpriocaoboy@om the uitra-low-k
2006/127885PCT/US2006/020214 immersion in Formulation AC. [0027] Figure 4B is an electron
micrograptT B SRRl hotesine ths Aistosraartnstubef sradeislrdrtami@rsion in Formulation AC.

[0028] Iﬂﬁlﬁej %& an electron mi rogragll]] of ?e gostvigéb_arrier br akthrougnlgvgﬁ[ H':iybse, uent to

€r comumon probicm i microeleCtronic device manufactirmg 1 € resiaue
that remains on ithe semiconductor device substrate following CMP processing. Such residue may
include passivator compounds such as benzotriazole (BTA). If not removed, these residues can cause
damage to copper lines or severely roughen the copper metallization, as well as causé poor adhesion
of layers applied subsequent to the post-CMP removal process. Severe roughening of copper
metallization is particularly p.roblematic, since overly rough copper can cause poor electrical
performance of the product semiconductor device.
[0012] It would be a significant advance in the art to provide improved aqueous compositions for
post-CMP and/or post-etch cleaning of microelectronic devices, for the defect and scratch-free
removal of CMP residue, post-etch residue and/or contaminants from the surface of said device.
Preferably, said aqueous compositions effectuate substantial residue and contaminant removal from

the surface of the device and passivate the exposed interconnect materials, e.g., copper, without



immersion in Formulation AC. [0029] Figure 5B is an electron micrograph of a post via-barrier
breakthrough wafer subsequent to immersion in Formulation AC. [0030] Figure 6 illustrates the surface
energy and YSAEPARTRS of DI water on various treated and untreated copp&rEUM9648298881] Figure
7 illustrates the mass of a copper electrode of a quartz crystal naicrobalance (QCM) immersed in DI
water atdratagmigdbivals didacteicampiiame. 10032] Figure 8 illustrates the mass of a copper electrode of
a QCM immersed in a 0.058 wt. % TAZ solution at pH 5.8 as a function of time. [0033] Figure 9
illustrates the open circuit potential (OCP) for a copper electrode immersed in a 0.058 wt. % TAZ
solution at pH 5.8 as a function of tiggaiiAFA HiSYgE ANt the mass of a copper electrode of a
QCM immersed in DI water adjusted to pH 11.5 as a function of time. [0035] Figure 11 illustrates the

OCP for a(ﬁ%? r electrode immersed in a 0.058 wt. % TAZ solution at pH 11.5 as a function of time.
[0036] FIgIE 12" IFEEPSRE STHERGR BT s Foldir dPetl EoiBp StoBmebt GaERANHERS i PECERE ViRT 06 TAZ

soluton gkl b xRS SLUME{00TLF e, 13 lushates e mase of.a copper clectrode of

a QCM for a BTA-treated copper electrode immersed’in a

function jahifpesail0 ARl auepol 4 usiialas heRuT RS delaGSOREPBRGKE %eﬁsé%ggd Black

Diamond following post-CMP cleaning according to two different cleaning methodologies. 9].

Figure 1Btiostrate sstherinismbie oficetdaiBascddioeiafof. time for a blanketed copper wafer following

a rinse-buff during the CMP buff step with a 10:1 dilution of formulation BF (with DI
[0014] Accordingly, in a preferred embodiment, the formulations of the present invention comprise
at Icas.t one amine, and at least one passivating agent, and the balance water. In an alterative
embodiment, the formulations of the present invention comprise at least one amine, at least one
passivating agent; at least one reducing agent a‘md the balance water. In another alternative
embodiment, the formulations of the present invention comprise at least one amine, at least one
passivating agent, at least one surfactant, optionally at least one reducing agent, and the balance water.
In yet another alternative embodiment, the formulations of the present invention comprise at least one
amine, at least one paséivating agent, at least one quaternary base, optionally at least one reducing

~ agent, and the balance water. In a further alternative embodiment, the formulations of the present

invention comprise at least one amine, at least one passivating agent, at least one quaternary base, at
least one reducing agent, optionally at least one surfactant, and the balance water. In a still further
alternative embodiment, the formulations of the present invention comprise at least one amine, at least
one passivating agent, at least one guaternary base, optionally at least one complexing ageﬁt, and the
balance water. In still another embodiment, the formulations of the present invention comprise at
least one amine, at least one passivating agent, optionally ai least one surfactant, optionally at least
one quaternary base, optionally at least one complexing agent, optionally at least one reducing agent,
and the balance water
[0015] In a particularly preferred embodiment: the range of ratios for amine(s) relative to passivating
agent(s) is (2 to 25):(0.05 to 15); the range of ratios for amine(s) relative to complexing agent{s)

(when present) is (2 to 25):(0.001 to 25); the range of ratios for amine(s) relative to reducing agent(s)



water) followed by post-CMP cleaning in a brush box using a 30:1 dilution of a concentrated
composition including 4.7% TMAH, 20.6% TEA, 3.3% gallic acid, 11.2% ascorbic acid and the balance
water. [0040VPige128#3s a micrograph of a CMP contaminated SematecFS5AEYNE8 M er at the
edge of a bond pad at a magnification of 30,000x. [0041] Figure 16B is a micrograph of a CMP
contamiwties Bemayects &5yt waﬁ;,r@eaa@e@@mmssﬂ@mﬂek?wa%% JRABRIGALgN of
6,000x. [0042] Figure 17A is a micrograph of a CMP contaminated Sematech 854 control wafer at the
center oféiopessat] B(2 wagkifioation )30 dxinlie wingispifoispnielse aimartinsarBludngiution
(with DI water) of formulation BH for 60,sec at 22C. [0043] Figure 17B is a micrograph of a CM?
contamifTARER BSeTbtéi? B20 L O v diesns thedalaeps wRishond pad at a magnification of 30,000x
followian‘;1 ﬁigstgray treatment in a 60:1 dilution (with DI water) of formulation BR for 60 sec at 22C.
[0044] AHUHE! GRS Rsneth it B asreEPR Relvies (B AipliAlne AT ebHn Akaing suBpRstionasemBKisnmndomly

lect d at ificati f 6,000x followi ' treatment in a 60:1 dilution (with
D1 watet) SHSRTALeH B T D SRS U3 A D BRI A TTERR PRl &
cortar ialed-Sematatugaf At kAL A AIAALDG AR e dalteah daagpicoron o
U

6,000x following spin/spray treatment in a 60:1 dilution (with"DI water) of Tormulation or 60 sec at

22C. [0@4b ckeigting Hetie anicagaapal HGM % CansarIakRS: SRMaCER B34apNtktHalesat the
center 1 of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution
(with DIcRetraminafie s oPpEbfail6 ths atkaliR2GuEoDcltminy kemBi¥ison migetrp boafoeids M?
contaminated Sematech 854 control wafer at the edge of a bond pad at a magnification of 30,000x
followin{F i ARS TG e mBrsfsTible ohe atkalisn tanerd leaing evmpositikatiopnBrises 60lewt ate22C.

[0048] Figure 18C is a micrograph of a CM? contaminated Sematech 854 control wafer at a randomly
iz agent Gnd said TEdle
selected ORGP HT At & MAg R HCate 876 SR teh Bty <iithspray treatment in a 60:1 dilution (with

DI wate i | far 80 sec at 22C..J0049] Figure .18D is .a_ micrograph of a CM?
contam!Qﬁﬁg}%%%gggé%’(%%ﬁr&seﬁ AP rg?altgs(% ﬁ?(él% . nﬁ’?ﬁénp‘g{?eghlﬁ?rg HEgRfation of

5,000 tallowinaaseinvagay tRanaN R ekl diass W KRy UGR, LRI AH A3 QRO sec at

reagents selected from the group consisting of at least one amine, at least one passivating agent,
optionally at least one quaternary base, optionally at least one reducing agent, and optionally water,
and wherein the kit is adapted to form an alkaline aqueous cleaning composition suitable for cleaning
material from a microelectronic device, wherein the material is selected from the group consisting of
post-CMP residue, post-gas phase plasma etching residue, and contaminants thereof, Optionally, the
alkaline aqueous cleaning compositions may further comz-arise at least one surfactant. Preferably, the
alkaline aqueous cleaning composition comprises at least one reducing agent, and said reducing agent
comprises ascorbic acid.
{0018] In yet another aspect, the present invention relates to 2 method of cleaning residue and
contaminants from a microelectronic device having said residue and contaminants thereon, said
method comprising contacting the microelectronic device with an alkaline aqueous cleaning
composition for sufficient time to at least partially clean said residue and contaminants from the
microelectronic device, wherein the alkaline aqueous cleaning composition includes at least one
amine, at least one passivating agent, opﬁonally at least one quaternary base, optionally at least one

reducing agent, and water. Optionally, the alkaline aqueous cleaning compositions may further



[0050] Figure 19A is a micrograph of a CMP contaminated Sematech 854 control wafer at the center
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of forWQI2ateAB§%or 60 sec at 22C. [0051] Figure 198 is a microgragtCafESBOXBitaminated
Sematech 854 control wafer at the edge of a bond pad at a magnification of 30,000x following
Spin/spiaygsd maBid AR clilbtiopr Lt D metar ok rneuatien Bk fs 80 s86:A A i00P 2]
Figure 19C is a micrograph of a CM? contaminated Sematech 854 control wafer at a randomly
selectedtimdpdepadhaing spagitidatidrahaQsiotongre:spisisFtaetieatment in a 60:1 dilution (with
DI water) of formulation BJ for 60 sec at 22C. [0053] Figure 19D is a mkrograph of a CMP
contam489& Bemafedhe8Sabmontribewmferst anverdmotdhed. Bpmiisthqdathérmandanagnification of
6,000x following spin/spray treatment in a 60:1 dilution (with DI water) of formulation 13J for 60 sec at
22C. [OBBAPRRFREiS0AeICS: Nt oBrie cPmETiviReC SPRiaeina i Seivatieshi@ti deveroWitfemat the
center ogka bond pad at g magnification of 30,000x following spin/spray treatment in a 60:1 dilution

(with DPWATEF) ATHEIIR LTSABI ROTROSH b fon g BB Ry et Rartia s SR fshideasedip
tamj : . | waf ft d f a bond pad at a. ificati f 30,000

o L B A e e e

[0056] Fig wiRaBRE atfadotRicrQARAP BorfvasfaMraNainaiacRemalech fad cRRHakWAIGE abgdandomly

selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution (with
DI waterpigfrgiinelaian Bi¢ fexitingeapait? 2657 hi-lgasteod Buatmicagiapnoha eddPone
contaminated Sematech 854 control wafer at an area of the 0.18gm line pattern at a magnification of
6,000x SYREWIRKY Spsey/spiayatesaliveierably atiBoalkeliioniafn MO ROOBL CHBBBRICT AISROBS /28814 (with
DI water) of formulation BK for 60 sec at 22C. [0058] Figure 21A is a micrograph of a CMP

contam S (g SR 2860 288 AL IrIBT AT COPLETHAICOICHS pad at a magnification of 30,000x

followin /spray treatment i 60:1 dijlution (with DI water) of formulation BL for 60 sec at 22C.
10050] EL02M Yk hother aspstt of fhe oy ealiamAclates I Ry SRS ERBIC AT ARIFOR S odge of

IS amicC

2 bond esaiampaniicalin 9l 800 alavina PiAIRY Lepimenl A0 gy, (uip O

water) of formulation BL for 60 sec at 22C. [0060] Figur IS a'microgr Contaminated

Semateshidhheas hohvaenialalcandarinaelasiat band-pad-aha soagdnification.pl.g, 0Ry fllowing
spin/spray treatment in a 60:1 dilution (with DI water) of formulation BL for 60 sec at 22C. [0061]

Figure 2ebhidsaamicrograpmirofienC MR dentdrririate S epatediy, Shdopanttolgvate natasatemef the
0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution (with
DI watel5 éfséinamBiRIHeBL for 60 sec at 22C. [0062] Figure 22A is a micrograph of a CMP

contamj iié matech 854 control wafer at the center of a bond pad at a magnification of 30,000x
followin@@‘% @Wﬁ%%{fnéeﬁﬂ%a%?fmﬁﬁﬁ% pivihs BV GRaR OR i mona ey BRrFsRGEaEhst 22C.

[0063] Ejg %?s@]é?u? ]5 rograph.of a CMP contaminated Sematech 854 control wafer at the edge of
a bondepagﬁ% a magnﬁ‘%e%%%eg? %%c X following spin/spray treatment in a 60:1 dilution (with DI

water) of formulation BM for 60 sec at 22C. . :

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Figure 1 illustrates the proposed undercutting and lifting-off mechanism for the removal of
post-CMP residue and contaminants from the surface of a microelectronic device.
{0023] Figure 2 illustrates the thickness of the blanketed copper wafer as a function of time following
immersion in formulations AA-AF.
[0024] Figure 3A is an electron micrograph of a control wafer before immersion in Formulation AC.
[0025] Figure 3B is an electron micrograph of the control wafer of Figure 3A after immersion in

Formmlation AC.

[0026] Figure 4A is an electron micrograph of a post via-barrier breakthrough wafer prior to



[0064] Figure 22C is a micrograph of a CMP contaminated Sematech 854 control wafer at a randomly
selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution (with
DI water) of Vodr2&AdMIEM for 60 sec at 22C. [0065] Figure 22D is a microBfRHB0 6030314
contaminated Sematech 854 control wafer at an area of the 0.18g.tm line pattern at a magnification of
6,000x.%%llé f'&gig@i&ﬁgf%ﬂrg@_ment in a 60:1 dilution (with DI water) of formulation BM for 60 sec at
22C. [d ) %}%lgure 23A'is a micrograph of a CMP contaminated Sematech 854 control wafer at the
center ftfua adriamagnifisatienaiRBAQrlo wisgwpinisay dskatnehtwafer §Ei tilution
(with DI water) of formulation BF for 60 sec at 22C. [00671 Figure 23B is a-micrograph of a CMP
contamiaatesicpeimiaatidbd adntrol wafer at the edge of a bond pad at a magnification of 30,000x
following spin/spray treatment in a 60:1 dilution (with DI water) of formulation BF for 60 sec at 22C.
[0068) Fi028E BigBdS A imianaretptn oliar@rphcefraipshuiehesisn brednhmsul giafrs sihsrarett 4% andomly
selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution (with
DI watdRyefrinninEosrBioRAEo sec at 22C. [0069) Figure 23D is a micrograph of a CM?
contaminated Sematech 854 control Wafgl%%tta are;olt of the O.l%ggg&%]r}% %pﬁgt;%prastugs gﬁifggation of
6,000x W FESSink 1 &) FeSEL RESFPEEY: P 88Sn Evih BT water) of formulation BF for 60 sec at

22C. [0070 Eggre 4Auil§1ta% mA ograph of a CMP contaminated Sematech 854 control wafer at the

center 61 & Hon lﬁagrg% a mggnl Ication of 30,000x following spin/spray treatment in a 60:1 dilution

(with DI{Hﬁ%ﬁ%%&ﬂ@@ﬁi@&%&?ﬂé%rﬁ@é&ﬁ%%%@c@%@@hﬁé%ﬁﬁﬂ%&&ﬁdmiﬁﬁ@fﬁﬁbaﬂfd&wP

contaminated Sematech 854 control wafer at the edge of a bond pad at dmagnification of 30,000x
following,sRifY$pspyetraataeent in a 60:1 dilution (with DI water) of formulation BN for 60 sec at 22C.
[0072] Figure 24C is a micrograph of a CM? contaminated Sematech 854 control wafer at a randomly
selecte oA mgal allnagrisicationssfof H06ppéolwingls pindsprayztrammialapiciatalera @MIn (with
DI water) of formulation BN for 60 sec at 22C. 100731 Figure 24D is a micrograph of a CHIP
contamimatente8 énldkaeteegnavrirpthonndpegiion afd@ef the 0.18um line pattern at a magnification of

6,000x following spin/spray treatment in a 60:1 dilution (with ater) of formulatign BN, far, 60 sec at
22C. (0002t B iAlustniasitio grep REGr SRR @mﬁf&%@@% aet%%?g]géjé?éé%tvr% \7‘\’/:? er at the

center of a bond g t a magnification of 30,000x following spin/spray treatment in a 60:1 dilution
(with Dlsm?é’ﬂ%ﬁ% RS e

i 8t 88%ec at 22C. [0075) Figure 25B is a micrograph of a CM?

contami ematech Spd ComIlwaterat hesdoeelod PRt RgHR! aisaanifiaatiasalidh000x
following spi /spgl%y treatment in a 6%:1 dilution (with DI
0.058 wt. % TAZ solution at pH 5.8 as a function of time.
[0034] Figure 10 illustrates the mass of a copper electrode of a QCM immersed in DI water adjusted
to pH 11.5 as a function of time.
[0035] Figure 11 illustrates the OCP for a copper electrode immersed in 2 0.058 wt. % TAZ solution
at pH 11.5 as a function of time. '
[0036] Figure 12 illustrates the OCP for a BTA-treated copper electrode immersed in a 0.1 wt. %
TAZ solution at pH 11.5 as a function of time.
[0037] Figure 13 illustrates the mass of a copper electrode of a QCM for a BTA—treated copper
electrode immersed in a 0.1 wt. % TAZ solution at pH 11.5 as a function of time.
[0038] Figure 14 illustrates the number of defects on copper, TEOQOS, Coral and Black Diamond
following post-CMP cleaning according to two different cleaning methodologies.

[0039] Figure 15 illustrates the number of defects as a function of time for a blanketed copper wafer

following a rinse-buff during the CMP buff step with a 10:1 dilution of formulation BF (with DI



water) of formulation BO for 60 sec at 22C. [0076] Figure 25C is a micrograph of a CM? contaminated
Sematech 854 control wafer at a randomly selected bond pad at a magnification of 6,000x following
spin/spray tNW@xA6i2788560:1 dilution (with DI water) of formulation BO for 86 B&8H0¥9202140771
Figure 25D is a micrograph of a CM? contaminated Sematech 854 control wafer at an area of the
0.18pm Vs aseswal sympsndiaation Al Q00X felaving SRIRSR'aY. ireaneNtIn 2 &QckAilidion (with
DI water) of formulation BO for 60 sec at 22C. [0078] Figure 26A is a micrograph of a CM? .
contamicatpdsBieom ateleingb 4. tnTRAFRfE0 a04HEERe et bicalboacidad 2ba anagpiifisatiomo i, 000x
foIIowinF% spin/spray treatment in a 60:1 dilution (with DI water) of formulation BP for 60 sec at 22C.
[0079] @HP@GZWS a micrograph of a GMT contaminated Sematech 854 control wafer at the edge of
a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with,DI
water) of¥EHH Jiigen 180 1o sctewanhfe GhBRemugiratohenaisch 356 srapmloraecahe sigaminated
Semateglfaaq)54 é:orbtr(t)_l Wafer.ﬁt ﬁ% ragﬁgg/vﬁg?selected bond pad at a magnification of 6,000x following

spin/spray tPeatant in & 80 1 dnoni b water) of formulation BP for 60 sec at 22C. [0081]

Figure 26Q4F 3 '%ogg@p f.a.CIS/IP, contaminated Semate 54 cqontyo) wafer at an area of the
0.18pm inelgjatt%lrln ata n%%ggn]i%c%% fL\pgf %?O%@U%IIgwﬁléngglﬁs%%glﬁtﬁ%atgr%én 0%%3136%? e{iﬁ%tﬁ)n (with
DI wateghmiciarpyelationtBi ini 60 Seeat fated 0084bfHguUre 27A is an optical image of the contact

angle of diluted Formulation BR on a dielectric surface. [0083] Figure 27B is an optical image of the

contact Hgz] GfigliteterthRosnikasianpB Srarcae elaeinitnated 2ee,[060 893 Figh1 2is: antRl eBakeforce

microscopy (AFM) image of a Sematech 854 wafer before and after cleaning the wafer with

formulatbatBE! padié pregeificativatiid, 0DSH]FnesEd/ spran AR age @F hdletnaiedth 894 wafer

before and after cleaning the wafer with formulation EF of the present invention. [0086] Figure 30

illustratgEtre ?ﬁfﬂ’i@‘éﬁ?ﬂ&‘ @6{)@5169&1?6,3&%%13 tence the relative thickness of the copper passivating film,
t invention. DETAILED DESCRIPTION OF TILE INVENTION, AND

ing f igns of the.
gﬁ%gFS@@t%%%%%ﬂw EHFCIB STt rdSSEmaloR g rrnkdeess i idgueous
el s T R S o

microelectronic device having Such materia ereon, sa ons having |g?1rP§vé eg}vity for
the residugdpontaminpnbimstetiabwhile.pipidtaneously passivating the metallic interconnect materials,
e.g., copper and cobalt, on the microelectronic device. [0088] For ease of reference, "microelectronic

device" [lN44FpanEs 10CaNiConegiaps WIS An® fRbhpanekeisslaya-andsnicnaiicikemeshanical

systems (MEMS), manufactured for use in microelectronic, integrated circuit, or computer chip
applicatieagenilyssetetsed rmadrsedod theathnélietivn nfiGoele dibondiespoesisyn oteateant ito 4060tmiting in
any way and includes any substrate that will eventually become'a microelectronic device or

microel SLFBMERER B rEes dorrdaticn BHERE A %554 2€ AP residue” corresponds to particles from
the polishj ry, on-rich particles, polishing pad particles, brush deloading particles, equipment
materia?smé%ﬁ&}?ﬁ@?ogﬁ%sﬁafe%@ﬁp &,Ci‘é%ﬁa?%ama%ﬁ éﬁal%iﬁ%&%?%%ws%méws%ﬂ%
by'prOdﬂgg.%ing%Eﬁgﬁ?ngﬁlagniﬁcation of 6,000x following spin/spray treatment in a 60:1 dilution

(with DI water) of formulation BH for 60 sec at 22°C.

[0046] Figure 18A is a micrograph of a CMP contaminated Sematech 854 control wafer at the center
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with {DI
water) of formulation BI for 60 sec at 22°C. l

[0047] Figure 18B is a micrograph of a CMP contaminated Sematech 854 control wafer at the edge
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BI for 60 sec at 22°C.

[0048] Figure 18C is a micrograph of a CMP contaminaied Sematech 854 control wafer at a

randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1



[0090] As used herein, "contaminants” correspond to chemicals present in the CMP slurry, reaction
by-products of the polishing slurry, and any other materials that are the by-products of the CMP
process. [0099)28864a7§88d herein, "low-k dielectric material" corresponds tF&R{7886439%14ed as a
dielectric material in a layered microelectronic device, wherein the material has a dielectric constant
less thamahaut3ie DY ipferpbiYothsiiows i dislagiicmaigrals include low-polarity materials such as
silicon-containing organic polymers, silicon-containing hybrid organic/inorganic materials,
organofiieipEass (€156 nlibosariusineler silicateglabScintic, 55 candioxide, - a8 £adlen-doped
oxide (CDO) glass. It is to be appreciated that the low-k dielectric materials may have varying
densitidbeghiB wadjinpiero sitesa RO} offidRix Hellewintppatipel tesitent iver@shditd®to material
remaining following gas-phase plasma etching processes, e.g., BEOL dual damascene processing.
The poSTARdATreaten) ef ey weisnddldie @@%ﬁﬁrg%’%llic, organosilicic, or inorganic in nature, for

n-containing material, carbon-based organic material, and etch gas residue including,

examplms%&ijo
but not EI8UER R AT HORIARR Of e Roniamipred Srmatash §54 contoh Jatrt 3t dbFRsLiBnd to 5 %

of the siaegyalier J0PRALARHaEL S IRo BRI Tor cleaning residhie 4 coniaminarys from a
microelectronic tevice having said residue and con minants thereon correspon §'{0 atieas partial
remova,atSaid fpsisleiaatamEdastsfrartthe microelectronic device.Preferably, at least 85% of the
residue/contaminants is removed from the microelectronic device using the compositions of the

inventiqo0s1 e prefessoly AilerstQh%! & CVIFoHRrale s bnaldanst Dedi-ansiaost eajgsably at
least 99% of the residue/contaminants is removed. [0095] As defined herein, "complexing agent”
includestthbsedqmd goumaiihiertiarcofi 30600 Gl trying spikibeal inctimatitoal6: ¢ cithplexifwgth Hants,
chelating agents and/or sequestering agents. Complexing agents will chemically combine with or
physicatgieroRrf fReHaign Zbfer 4Agrsehtéta} ion to be removed using the compositions of the present
inventiqn, [0096] Importantly, the aqueous compositions of the present invention mus%g)ossess good

metal :H’rﬁ iBiFye &40 8 16vPiteasiane 8h thENReronimatfle o Bt KRS AL silicide
ial, | [ include, but ar. [imi balt, alumi ,
ateric Mol SUBISESL TG St At At i o, ngaten cobal guminy

a . .
tantalum, titanium an enium. omposi ohs of the inv a olélle In‘a wide

variety gigRecifiedasmalitfsoashalieingiier s thydescribed. [0098] In all such compositions,

wherein specific components of the composition are discussed in reference to weight percentage
ranges 0083 Rgpae £90 lowenidialifaphwitieMIndgraiane Hia-muh  05aRRRR Bl SvEtaa e RFESENt OF
absent in various specific embodiments of the composition, and that in instances where such -
compotizndsi pen presentisrtheyz magniie-gies of 6 M0 ickniag opis/adgiras@0064 2\ dilution
2006/127885PCT/US2006/020214 weight percent, based on the total weight of the composition in
which MWM&M@%@%%{/@H%@@%E&W@%Mu_e Removal Composition [0099] In one

sent invention relates to an_aqueous post-etch residue removal composition useful in

romovit LR AL SRR AU G e U BB AT et Sy
materiop, S gha GSPRE NISEALNGS 5 TmSORRSANET ASSAINRI0.05, BB compizes

least one amine, and at least one passivating agent, at ance water, present in the following
rangesyhas®dres-thfliRiahweaigioatthe eemposition. component% by weight

[0055] Figure 20B is a micrograph of a CMP contaminated Sematech 854 control wafer at the edge
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BK for 60 sec at 22°C.

[0056] Figure 20C is a micrograph of a CMP contaminated Sematech 854 control wafer at a
randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1
dilution (with DI water) of formulation BK for 60 sec at 22°C.

[0057] Figure 20D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of

the 0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution



amine(s)about 0.001% to about 25% passivating agent(s)about 0.001% to about 5% waterbalance
[0100] In another embodiment, the aqueous post-etch residue removal composition comprises at least
one amine, W86 BEBIFassivating agent, at least one quaternary base, optioRAIRZWORHSIbne
complexing agent, and the balance water, present in the following ranges, based on the total weight of

the compRARITARY £ RAOERIABY MEBPEaIR ARy base(s)about 0.001% to about 20%
amine(s)about 0.001% to about 25% passivating agent(s)about 0.001% to about 5% comple?dng

agent(s)oosspipaui-d 09 WatarbaaaacdlOPVhanihace MRosliaR LOMRKSaseemrixiagagent(s)

the amount of comple)dng agent(s) is in a range from about 0.001% to 10 wt. %, based on the total
weight of tHmedpadasiiongiddaRpiofl3e,00tatb hoadiig eptd/thenyrtveantien ithesaquiitispGatieh residue
removal composition may comprise, consist of, or consist essentially of amine(s), passivating agent(s),
optionaFgisaefiarpaier BL dpnhwrabAifexing agent(s) and water. Alternatively, in_the broad.

practice of the invention, the aqueous post-etch residue removal com%(ésition may comprise, consist

of, or coh&R Figurmi2l isrqmisosant WAENY sprirmmated Semplath$srmis), wiltioridbe sA8Slexing
t(s).and water, Th ' lonized. [0103] Preferably, t ts in.th

concent A 14 BRUE LR ISRk BOAM S EAHE sk AR HEh hges,

based qp.ifis iptainiriabh 8ftas 6e9peskan: about 0.01 to about 10% quaternary base(s) (when

present), about 1 % to about 15% amine(s), about 0.001% to about 1% passivating agent(s), about

0.01% fpedv]utiaiecconipiRinsidanmiis) dvheoNresebinfRtNSRABACS! VARIRT PAAALT e
compositions of the present invention may have utility in applications including, but not limited to,
post-etechnresitiu ectened Viaind ped et prepatfitaionpaStpEkNiteaningiaskpo sestdvwit residee 1 oval.
dilution {with DI water) of formulation BL for 60 sec at 22°C.
[0061] Figure 21D is a micrograph of 2 CMP contaminated Sematech 854 control wafer at an area of
the 0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution
(with DI water) of formulation BL, for 60 sec at 22°C.
~ [0062] Figure 22A is a micrograph of 2 CMP contaminated Sematech 854 control wafer at the center
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BM for 60 sec at 22°C.
[0063] Figure 22B is a micro'graph of a CMP contaminated Sematech 854 conirol wafer at the edge
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BM for 60 sec at 22°C.
[0064] Figure 22C is a micrograph of a CMP contaminated Sematech 854 control wafer at a
randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1
dilution (with DI water) of formulation BM for 60 sec at 22°C.
[0065] Figure 22D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of -
the 0.13pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution-
(with DI water) of formulation BM for 60 sec at 22°C.
[0066] Figure 23A is a micrograph of a CMP contaminated Sematech 854 control wafer at the center

of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI

10



[0105] Importantly, the dielectric material, including low-k dielectric material such as OSG, and the
exposed metal and metal alloy 'materials, e.g., copper, cobalt, tungsten, aluminum, etc., on the
microelectroWie #W¢id&78 & not compromised by the aqueous post-etch residfE BRI position.
Preferably, the etch rate of copper material is in a range from about 0.5 A min to about 10 A minl ,
more pretesiyrakeikid P EY Rinddeakenid A min-1. [0106] The aqueous post-etch residue removal
compositions of the invention are preferably devoid of oxygen scavengers such as gallic acid and
ascorbi¢(6T]. WijthetbaBelininatiografisaic CYBeomoaiangescnitbitBoXidin-eY ohating themdsonments
susceptible to redox reactions, the formulations have an extended pot-life with less variation of
removaPpebednaded a THetiBppionafiF8680s folleviingtepitisrinetpatsimating gledi(@iom(highajueous
post-etch residue removal composition thereby minimizing copper roughening, and lowering the

copper SRSt HiFiRHBE Ht ARt RE2Cpper corrosion. A secondary advantage of the aqueous
post-etﬂl]ad'g '%Je rer al compositions of. the present invention is the elimination of separate

post-re ovg? "Igﬂrgpp% dﬁo%§%°§%ﬁﬂé§ ?:o(f%gr?%@ﬂ}%ﬁ% REPAFRL S Pk ReR Retthan a
BTA lay, Ing thescqs rship. Ip the broad practice of the inveption, the pH
range olf%tfﬁw&glgig l%ééligg?g%g%drgs%d%%%ﬁn%é%? gg[r%’éj.%élﬁi%rﬁ(}g lgnt%g?gf st%r%% %ﬂl }fl?ln%logré'qpreferably

in a rangefrehAROD! 4149 bk RIN OB 3 anipesempounds may be primary or secondary
amines and are selected from the group consisting of monoethanolamine (MEA),

N-meth{a68g ki farei Del M icrograihE hZiaih andiaitined Sematech 854 control wafer at an area of
N-naethylaminoethanol,aminoethoxyethanol,diethanolamine,1 -amino -2 -propartol,
monoiséerBd 8ol tinei peftisohi s arageifivasyCE 6, E8xafkliowlagnipiesptre thyderatianaiod, dintion
combinations thereof. Preferably, the amine compound includes monoethanolamine. [0109] The term
passivaﬁm&géﬂ%}s‘)ﬁE@@Wé?@fh?%fmtéﬁ)\ﬁfé’(ﬁgﬁ?%an any substance that reacts with the fresh

idized copper thin film to passivate, or protect, the copper-containing layer.

copper and/qr ox

Prctorab & S P P T SEITRD Gl SR SRR SERRRD A e TR S SRt
inventio [ Lnore: ts including for.example, trigzoles, suc

12, 0r e S AT R ShL e SR e Lo i o SE S bl
mercapie ey BiFoRaiRexy BROGIEO Qrorpsisuch as benzotriazole, tolyltriazole, 5-phenylbenzotriazole,
5-nitro-benzotriazole, 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-triazole, hydroxybenzotriazole,
2-(5-anoRT peRiyt): heBZe tiaeiayrdpR BT AEIME Sobtiatalted SRmineIDssaciitiol vasd-tH ardlage
3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-isopropyl-1,2,4-triazole, 5- :

phenylthfcl ised rotkizoRaghifloaieneb3£00blkalos spiy QhaBirarminhaphibdtdaabie (aitt The like, as
well as thiazoles, tetrazoles, imidazoles, phosphates, thiols and azines such as 2-
mercap%%&?fim%“(%ﬁ @ﬁ?&ﬂ?gﬁ?gbenzothiazole, 4-methyl-2-phenylimidazole, 2-

mercapigihiazgline, 5-amjnotetrazole, 5-aming-1.3,4-thiadiazqle-2-thiol, 2,4-diamino-6-methyl-1,3,5-
riino 2 s e M AR ARG £ 4 W PGS THEN ot ool wares 2

penta I -5- f laminomethyltriazine, imidazoline. thione,
b b S e L TR SR R )
benzothiaaale (#HBIPL pRasPheteminidez B indiazaia: esecFurther contemplated passivating agents
for the aqueous post-etch residue removal composition include carboxylic acids such as benzoic acid
and am[eTil Figea2¢bta. Rrefeabbh dhe QMPsivatingrage fcinsletdes T SarMBlafans sombingtions -
thereof [0110] The optional quaternary bases contemplated herein include, but are not limited to,
(NRIRZRSRISBH Lnsanritan pt RmapniicatigrRof AP b oty tmrmsimispory ditfenemt frons@netimnatner and
each is independently selected from the group cogsisting of hydrogen, straight-chained or branched

c1-c1d% b%ﬁ%?gmﬁﬁgﬂﬁ%@f Siftisituted aryl groups. Quaternary bases contemplated
include line, tetrahytylammoniumhydroxide, tetraethylammonium hydroxide, tetramethylammonium
hydroxiﬁ'(lga,?t‘!ei:r(i?a1 %?%?a \fateialivisia} ggﬁg}\%ﬁﬁoﬁﬁfﬁ’d’ﬁéﬁgﬁ@?ﬁ@%ﬁ SPE BN AR SR ary base
include ' roXd : 2006/127885PCT/US2006/02 [0111]
The co%%%g%g%%éﬁéﬁc%%%%%ﬁ@ﬁ%%ggllagb%?g %?%g&%ﬁﬁg (é/'tlflt ] r%leot%?éﬁgﬁé) or metal
ions at high ssilwiamphbiorts sskinstheremeval of said materials from the exposed dielectric surface.
Complexing agents contemplated herein include acetic acid, acetone codrae, alanine, argbaine,
asparaiedshepantic2aBits benzeigaeids haniRedimataidOledms Sumareacidas/Wamisaeid,
glutamine, glutaric acid, glycerol, glycine, glycolic acid, glyoxylic acid, histadine, iminodiacetic acid,
isophthefie teeid pid sonivagoiticitioti o i OBubhey tys isnéy/spedeiccatidgnnali c@diditwtiatopiiabid, oxalic
acid, 2,4-pentanedione, phenylacetic acid, phenylalanine, phtJaalic acid, proline, pyromellitic acid,
quinic acid, sernae, sorbitol, succinic acid, terephthalic acid, trimellitic acid, trimesic acid, tyrosine,
valine, xylitol, derivatives of the foregoing amino acids, and combinations thereof, with the provision
that the complexing agent does not include citric &tid. Other complexing agents contemplated herein
include polyethylene ethers (PEGS), glycol ethers such as diethylene glycol monomethyl ether (methyl
carbitol), triethylene glycol monomethyl ether, diethylene glycol monoethyl ether, triethylene glycol

mannmn othhyv/l athoar athhyvw/lane AalvieAal moananramyvl othoar athhywi/lanoa AalvieAal manahir ity athar Aicathhyw/lana Aalvrenl



may be added to aid in organic resist removal. [0114] In various embodiments, the aqueous post-etch
residue removal composition is formulated in the following Formulations AA-AP, some of which are
preferred anW@3AE/B§ich were prepared for comparison purposes, whe RGA/H8sEEA Y es are by
weight, based on the total weight of the formulation: Formulation AA ammonium benzoate 0.10%,

lactic acigitBpdbroshlition BV f6d\s3%: IIMAH 5%, DI water, 83.90% Formulation AB 83.90%
Formulation AC 83.90% Formulation AD 68.90% BTA 0.10%, lactic acid (85% solution) 2%, MEA 9%,

TMAH 99976] Rigies DA . H0%iclogtiphaid (SEMIsebtiannale BAtQ30,S5W Adkiadoniawates TAZ
0.10%, lactic acid (85% solution) 2%, MBA 9%, TMAH 5%, DI water Formulation AEammonium
benzoatexgoapysseitedbradmdd ot e asidr@Betian it b A 20 IMFROsnTSIEAHSHmEE Wwated(BB.80%
Formulation AFammonium_ benzoate 0.10%, MBI 0.10%, lactic acid (85% solution) 2%, MBA 9%,

TMAH 5581197 (¥4t P ¥ aiene iHermintion R dor 60 sec at 22°C.

[0077] Figure 25D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of
the 0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution
(with DI water) of formulation BO for 60 sec at 22°C.

[0078] Figure 26A is a micrograph of a CMP contaminated Sematech 854 control wafer at the center
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BP for 60 sec at 22°C.

[0079] Figure 26B is a micrograph of a CMP contaminated Sematech 854 control wafer at the edge
of a bond pad at a magnification of 30,000x following spin/spray treatment in a 60:1 dilution (with DI
water) of formulation BP for 60 sec at 22°C.

[0080] Figure 26C is a micrograph of a CMP contaminated Sematech 854 control wafer at a
randomly selected bond pad at a magnification of 6,000x following spin/spray treatment in a 60:1
dilution (with DI water) of formulation BP for 60 sec at 22°C.

[0081] Figure 26D is a micrograph of a CMP contaminated Sematech 854 control wafer at an area of
the 0.18pm line pattern at a magnification of 6,000x following spin/spray treatment in a 60:1 dilution
(with DI water) of formulation BP for 60 sec at 22°C.

[0082] Figure 27A is an optical image of the contact angle of diluted Formulation BR on a dielectric
surface.

[0083] Figure 27B is an optical image of the contact.angle of diluted Formulation BS on a dielectric
surface.

[0084] Figure 28 is an atomic force microscopy (AFM) image of a Sematech 854 wafer before and
after cleaning the wafer with formulation EC of the present invention.

[0085] Figure 29 is an AFM image of a Sematech 854 wafer before and after cleaning the wafer with

formuiation EF of the present invention.
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Formulation AR Formulation Al 2%, DI water 83% Formulation AJ 72.9% Formulation AK 2%, DI
water 52.9% Formulation AL 2%, DI water 72.4% TAZ 0.5%, MBA 20%, TMAH 5%, butyl carbitol
10%, DI wal¥0cd®0738A7 0.5%, MBA 10%, TMAH 5%, methyl carbitol 2086, TSA&P8214004
ammonium benzoate 1%, MBA 9%, TMAH 5%, lactic acid (85% solution) MB! 0.1%, MBA. 20%, TMAH
5%, lacine6]d{Ba% ROUHSAIR YncDHiEHE! M BbPttahE A2 e MS RU20%. TiMARSY actic acid
(85% solution) MET 0.1%, MEA 20%, TMAH 5%, TSA-99 0.5%, lactic acid (85% solution)
Formuledisperidvibiatiogliten My R0 1dthisH5Ye, rdisthylaragycol hexyl ether 0.5%, lactic acid (85%
solution) 2%, DI water 72.4% Formulation ANMB! 0.1%, MBA 20%, DMSO 20%, TMAH 5%, TSA-99
0.5%, lactic acid (85% solution) 2%, DI water 52.4% Formulation AOMB! 0.1%, MEA 20%, TMAH 5%,

diethylengigtycaIe pESEIaPERIN (AEHSE INVENTION, AND PREFERRED EMBODIMENTS
THEREQF

[0087] The present invention relates to alkaline agqueous compositions that clean post-CMP residue,
post-etch residue and/or contaminants from a microelectronic device having such material(s) thereon,
said compositions having high selectivity for the residue/contaminant material while simultanecusly
passivating the metallic interconnect materials, e.g., copper and cobalt, on the microelectronic device.
{0088] For ease of reference, “microelectronic device” corresponds to semiconductor substrates, flat
panel displays, and ' microelectromechanical systems (MEMS), manufactured for use in
microelectronic, integrated circuit, or computer chip applications. It is to be understood that the term
“microelectronic device” is not meant to be limiting in any way and includes any substrate that will
eventually become a microelectronic device or microelectronic assembly.

[0089] As used herein, “post-CMP residue” corresponds to particles from the polishing shurry,
carbon-rich particles, polishing pad particles, brush deloading particles, equipment materials of
construction particles, copper, copper oxides, and any other materials that are the by-products of the
CMP process.

[0090] As used herein, “contaminarnts” conesi;ond to chemicals present in the CMP slurry, reaction
by-products of the polishing slurry, and any other materials that are the by-products of the CMP
process. |

[0091] As deﬁned herein, “low-k dielectric material” corresponds to any material used as a dielectric
material in a Iayeréed microelectronic device, wherein the material has a dielectric constant less than
about 3.5. Preferably, the low-k dielectric materials include low-polarity materials such as silicon-
containing organic polymers, silicon-containing hybrid organic/inorganic materials, organosilicate
glass (OSG), TEOS, fluorinated silicate glass (FSG), silicon dioxide, and carbon-doped oxide (CDQ)

glass. It is to be appreciated that the low-k dielectric materials may have varying densities and
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acid (85% solution) 2%, DMSO 20%, DI water 52.4% WO 2006/127885PCT/US2006/020214
Formulation APMBI 0.10%, lactic acid 1.86%, MBA 9%, TMAII 5%, DI water 84.04% [0115] In a
preferred erffdaNeIT88fe aqueous post-etch residue removal compositionf§HNEIPAI8H includes
monoethanolamine, TMAII, lactic acid and MBI. [0116] In another embodiment, the aqueous post-etch
residueygmouval 6@mROsition comprises at least one amine, at least one passivating agent, post-etch
residue, optionally at least one quaternary base, optionally at least one complmdng agent, optionally at
least oje@)acABinen Gdhka glaRce AR dMpRraiis iaResiapteh Aasi g yaiRaydadigsedved
and/or suspended in the removal composition of the invention. [0117] Importantly, the agueous
post-etehasasidtichingnporabsamposiBEOLidkt fressrwhnpartcsinpasiasgnifgentiysidwansyiface
tension relative to deionized water. This enhances the ability of the aqueous composition of the
inventicH2Sle arstRembailia cor gangeiliaianer cBINEANA afit s TRBI®.tHErd exaawlsy riHieonONESIng one
embodiment of the invention, a concentrated agueous post-etch residye remqval composition is
provideBHEe SA B RRTEEPTEFIR LA A THSBT ABHIN (R edine RLh Hphlion oByesn
“concenfra (‘)‘ rg;}l%\_/antageously permits a user to dilute the concentrate to the desired strength and
alkalinity at the point of use. Moreover, the concentrate of the product has a longer shelf life and is
easier ta04p ANds3iPhErRuLRRETRGARERAIEI A A0INY AAFRRSIHRA TARY be in a range from
about 1:1 to about 200:1, wherein the cleaning composition is diluted at or just before the tool with
solvent{§yg4) JQJRECHNRI S RERIBERD o B RRCRINACEhE eRMRERRN RRIlO hs-tilutadiR a range
from about 5:1 to about 50:1. [0119] An important feature of the agueous post-etch residue removal
compositvitediathiag Ry@niteidis ihdicdieaniimas tepim consiipuadiso(thacaansitie rimethiosfibgn water)
are present in the composition in small quantities, preferably less than about 30 % by weight. This is
an econendite/sdvianiaguelsidianaihefaiveekaimonial dovipsositidetarbbe fornlotatedSHorefedbnomically,
which is of im})ortan_ce since post-etch residue remagval compositions are used in large quantities.

FurtherFrEfHe FRratETHe Fetfaurd irpodticRirsoRletra Jayidh a9am Birar eBRISEGHIHAS Bifthe
invention are more easily disposed of., [0120] The aqueous.post-et sidug removal compositions of
the e B B RSNl e T o S T o R A o
homogegngosts conslti:GurhrimaLstheafHegus post-etch residue removal compositions may be
readily formulated as single-package formulations or multi-part formulations that are mixed at or before
the poirpodsisas adindh@dnaly haalhais: Abthe muliteander saipiiamimey ke medatthedaol or in a
storage tank upstream of the tool. The concentrations of the respective ingredients may be widely
varied. isk#doni thmaritipplés ofithdezing equsspobtiaiop sesitiuandamsnmbgoringesition, Cemphoraglilute or
more concentrated, in the broad practice of the invention, and it will be appreciated that the agqueous
post-et@EFESHHe FEpRERIN SRpYaRi Rt ortRBvHvEt balddho el stprnendies mati eRpcentsrise,
consist or consist esgfnti%i;/ of any combination of ingredients consistent with the disclosure herein.

[0121] ARROYHEHIE MfotREp A ﬁ?ﬁ@ﬁﬁ@ﬁ%ﬁ?@%ﬁes to a kit including, in one or more containers,
two or mponents adapted to form the compasitions of the invention. Preferably, the kit

inctuce B RABEE AERELS R TR IR P e R p R T B,
Comb'”%%i%}eé gt ihefaber he %%@ﬁﬁéﬁoﬂﬁ&? ﬁ@%‘i%ﬂj{@r %EEI&QEEHIE@:BI-’ ieakitiighudes, in
one or more containers, at least one amine, at least one passivating agent, optionally at least one
coraplexingragerni«slel opiioaally atlersbanargurichatydorsecigretangittng stiityvatieiiatd)e fab or
the point of use. It will be appreciated by one skilled-in the art that other combinations are
contempietedeith gitenfo@A2iibesitdition to an aqueous solution, it is also contemplated herein that the
aqueous post-etch residue removal compositions may be formulated as foams, fogs, subcritical or
supercrlff®87h GieappEtionher s menisnanyisecobodied igsedrvaricimedsqe o Smmulappreasto
microelectronic manufacturing gperations, the aqueous post-etch residue removal compositions of the
present HVERtGH A g‘ff}ﬁff%}’ﬁ loyed to clean post-etch residue from the surface of the

microel ic device, while simultaneously passivating the metallic interconnect materials.,
ol e O e Bega T MG R oS R B e Bt s on the
device spiage-a0dRIBIFRRIFEISAL I6aThER 2oLl SIGSIAHE RreseRt Rdhs: dsying: RUGL to

residue removal, more preferably at least 90 %, even more preferably at least 95 %, and most
preferreghabdnant 3% bel Plddl by poRketcRaramoyakannlicaliamdhe Jemovah sampRSitiomis applied in
any suitable manner to the device to be cleaned, e.g., by spraying the removal composition on the
surfaceioftéhecsiavior todecigaments byedippinyg ayanal bngrakthetremevahtomns pe sitony @i Hevice to
be cleaned, by contacting the device to be cleaned with another material, e.g., a pad, or fibrous
sorbent applicator element, that is saturated with the removal composition, or by any other suitable
means, manner or technique by which the removal composition is brought into removal-contact with
the device to be cleaned. Further, batch or single mafer processing is contemplated herein.



[0125] In use of the compositions of the invention for cleaning post-etch residue from microelectronic
devices having same thereon, the aqueous post-etch residue removal composition typically is
contacted W@ LTRSS for a time of from about 30 sec to about 20 minutBSTHEHRIAERPHAouUt 2 min,
at temperature in a range of from about 20C to about 50C. Such contacting times and temperatures
are illusyrative, A AN QB Uik 5 ine.fa1 LBMRRIAN'R candicasBmohaRmelousdfhat are
efficacious to at least partially clean the post-etch residue/contaminants from the device, within the
broad prestiptcpRERINY/RBHERRal Sbigpsdifiaitially clean” corresponds to at removal of at least 85 % of
the residue present on the device prior to residue removal, more preferably at least 90 %, even more
preferalpfp2f]lda str@S peetn dima ostepraf cireataml et @O 196.a[0 E26¢dAs poptiedtaevibroateotnahic
manufacturing operations, the aqueous post-etch residue removal compositions of the present
inventictPapesiiarispishipl 6yeevia L et Pels sins e geieorisrireuiraeiet tvingatedronic

device, while simultanequsly passivating the metallic interconnect materials. Im ortgntly, the cleaning

composHEH<BE (RS HIORAIERAGY FamSOBREWHHEMEEH T mte FRTERSRERR ARsEtng i%at8%and

preferably,remmave at least 85 % of the residue present on the device prier to,resi r [, more
oretorali ety Gtk A S ERE RAUFRED 8 R R e R 0
In the aljRLBATMeHRAOSIIWAR LRl 30 RNl AsRINRaLRIeRRIDG iGadipn, the aqueous post- etch

residue removal composition may be used with a large variety of conventional cleaning tools, including
Verteq single wafergiggasanic Goldiinger, OnTrak sysigipsybilhe (double-sided scrubbers), Laurel.’

spin-spray tools, Sk&s&gje Wafer spray rinse, ApgherhhiatanatnidrsasMesaTm /Reflexion

Tm/Reflexion LKTMpagiichitiggasaqyy baich wet h@pehosyaigasalfdi2s) In use of the compositions of
the invention for cleamigg post-CMP residue and contampagiats from microelectronic devices having

same thereon, the aqueous post-etch residue removal composition typically is contacted with the
device ffir100] meaabthanentidithengebetaqabmiy hb-Bith wéeiinp teforedl lyoalpositibh Qeapiixds anileaat
temperature in a range of from about 20C to about 50C. Such contacting times and temperatures are
illustratives améhengt densir stftablsitriiesargstb rap destupacc apeifiomrs reg berbenplloyeidleasit ewe
efficacious to at least partially clean the post-CMP residue/contaminants from the device, within the
broad pfa@ﬁkélssﬁ%@q{:@aﬁ#&ﬁ#ﬂ[bﬂ%]vmamww&m@%%ﬁpgﬁ%saégﬁé%ﬁ&?é%wﬁw&fon, the
aqueou&g)g)‘;)st-etsc';1 ) 0rlr(lasidue removal composition may be readily removed from the device to which it
has prewouslflfgeen applied, as may be desired and efficacious in a given end use application of the
compositions of th ' TOTT: ; 'o fggorTT es deionized water.
Following the rins JEVI T AT paspin-dry process. [0130] Yet
another aspect of tt Lnggbuion refates o the T BMFéidﬁ‘i%‘&?%‘oﬁ gg,tevices made according to the

|LESNE]

methods of the inverTIoR Ay T0HI@GUCTS Comainigy, SHe R A6 Rr §9fTC devices. [0131] A still further
aspect of the invenigg, @g@@@mg}hoqs of manutagiygiRghafigasicle comprising a microelectronic

p
device, said methoGgRmprsing contacting thé microeleaiggwe deVICE With an aqueous post-etch

residue removal cGMpOSITion T0r SUTTCIENT time 10 clean post-eich residu€ tfrom the microelectronic

device i id residue and, contamipants thereon, and incorporating said microelectronic device
0 said I P R BB SO OE ST PP ISR A TEIAOU BB TP MER T AEEE Ehie one
amine, VR p§jo r -gptionally at least one
comple%g%%%eﬁﬁg%?%vyg‘[%?ﬁﬁ%& “ﬁ‘sﬁ %%%ﬁgrﬁ i%%é%%?ﬁ%ﬁ%%%%ﬁ%%@g to methods of
manufagigiPgiRR IR CHMRISIBE RIHAIRIGEIRD G ARNCS-SAULIMRIAL campLSRhLAHRRING the
microelectronic device with an aqueous post-etch residue removal composition for sufficient time to
clean pasiyeiehpesicionsisn of, thecaticm eleatranicod arite (on vingisait egiails), thaiean qandrregrporating
said microelectronic device into said article, wherein the aqueous post-etch residue removal
composhisaisinchiivas! apkpistioaessminerdivetest ddierpatbsilvatinthabrond wptitealfyhstitoastione
complexing agent, optionally at least one quaternary base, and water. Post-CMP Cleanin%
Compodia eosRRighsidicdepos] Gre Breibion fay SATBHYe ILRBEt Ph A rraeis s 50t bME

cleaning composition for cleaning post-CMP resi% e and contamjnants fro migroelectrqnic device
noving SRFRTGEPA SRR A ISPk SN R N atAe BT STACEiLS ot lea
one pasgg\{g}tgggrgg%g apg.the palance water, present in the following ranges, based on the total

weight of the composifion. component% by weight amine(s)about 0.001% to about 25% passivating
agent(s)‘g[p@},ﬂt PrOAYp 10 ﬁ@o%éoﬁﬁnents in the concentrated aqueous post-etch residue removal

composition are present in the following ranges, based on the total weight of the composition: about
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Waterbalance. 101341 In another alternative embodiment, the formulations of the present invention
comprise at least one amine, at least one passivating agent, at least one surfactant, optionally at least
one reduciny’QF88¢/A7Bhe balance water, present in the following ranges PSALES28H6 382 tal weight
of the composition. component% by weight amine(s)about 0.001% to about 25% passivating

agent(sXabDub GBI %0t ahethiib bask(ecianks abaut0 340 1, 2R0M Y01 $9UGIRAGAIaRNR)0 to
about 20% waterbalance [01351 In yet another alternative embodiment, the formulations of the
present ¥ ¥itidn ebenpii%e msisathgrganihetaticast tne pssivetingaghningtdgasispiakusaternary
base, optionally at least one reducing agent, and the balance water, present in the following ranges,
based oPFeFfEetarihe §rieesaRE ¥aisiposition. component% by weight amine(s)about 0.001% to about

25% pa aivgt’i]n agent(s)about 0.001% to about 5% quaternary base(s)about 0.001% to about 25%
red ucinj 198k BROES RYhe, BERSA AR ERH N TRy 3BT Al iR pRlicaiinasaciidbadiiant the

formulat the present invention compyrise at least one aming, at legst one passivating agent, at
B o%la

T e S S B RGP BHE R P TE AR e base

least one re uc?f‘%oagen , 0p |onalﬁ'y a
and the aglange water, present in the following ranges, based on the total weight of the composition.

[0105] Importantly, the dielectric material, including low-k dielectric material such as OSG, and the
exposed metal and metal alloy'materials, e.g., copper, cobalt, tungsten, aluminum, eic., on the
microelectronic device are not compromised by the aqueous post-etch residue removal composition.
Preferably, the etch rate of copper material is in a range from about 0.5 A min™ to about 10 A min,
more preferably about 0.5 A min™ to about 5 A min™.

[0106] The aqueous post-ctch residue removal compositions of the invention are preferably devoid of
oxygen scavengers such as gallic acid and ascorbic acid. With the elimination of said oxygen
scavengers, which oxidize over time in environments susceptible to redox reactions, the formulations
have an extended pot-life with less variation of removal performance. The copper surface is
passivated by the passivating agent(s) in the aqueous post-etch residue removal composition thereby
minimizing copper ronghening, and lowering the copper etch rates and concomitantly the copper
corrosion. A secondary advantage of the aqueous post-etch residue removal compositions of the
present invention is the elimination of separate posf—removal BTA applications as well as a copper
passivation layer that is easier to remove than a BTA layer thereby reducing the cost of ownership,
[0107] In the broad practice of the invention, the pH range of the aqueous post-etch residue removal
composition is greater than about 11, more preferably in a range from about 11 to about 15.

[0108] The amine compounds may be primary or secondary amines and are selected from the group
consisting of monoethanolamine (MEA), N-methylethanolamine (NMEA), aminoethylethanolamine,
N-methylanrinoethanol, aminoethoxyethanol, diethanolamine, 1-amino-2-propanol,
monoisopropanolamine, isobutanolamine, C, - C; alkanolamines, triethylenediamine, and

combinations thereof. Preferably, the amine compound includes monoethanolamine.
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component% by weight amine(s)about 0.001% to about 25% passivating agent(s)about 0.001% to
about 5% reducing agent(s)about 0.001% to about 20% surfactant(s)0 to about about 5% quaternary
base(s)0 to BEHRR8H8%aterbalance [0137] In a further alternative embodif{eHEHOGE A ations of
the present invention comprise at least one amine, at least one passivating agent, at least one

quaternfFyoRIReat 183E QRRIHE UGG AULA L QBHORAIYAIdE A5 LRIE Ay {Asiant- 3nd fbRD7laRCce

water, present in the following ranges, based on the total weight of the composition. component% by
weight tmitets)adppei Qudfatd/atd/abonidR¥ aapelvdinoBachi(pishai, 000 Qhdtets, aho Wopér-
guaternary base(s)about 0.001% to about 25% reducing agent(s)about 0.001% to about 20%
surfactaqtiejoitg dawsnt aBeferably, vibeerbssianting GEe8] fin the hpedusracsieedf theidnyentimmathe
aqueous post-CMP cleaning composition may comprise, consist of, or consist essentially of amine(s),

passivaiHEPYERN S BRI PR BT FRPREER AR5 O HRSh AP BREREH P IBdSe (o, TSR Sarisant(s)

o el R e e SR e Rl o baag practce

most prﬁﬁgfﬁm&lﬁﬁo[aﬂﬂﬁotrgﬁlo&@?%&Onfﬁoagﬂﬁ)g;zsuch as benzotriazole, tolyltriazole, 5-phenyl-
benzotriazole, 5-nitro-benzotriazole, 3-amino-5-mercapto-1,2,4-triazole, l-amino-1,2,4-triazole,
hydroxybenzotriazole, 2-(5-amino-pentyl)-benzotriazole, 1-amino-1,2,3-triazole, 1-amino-5-methyl-
1,2,3-triazole, 3—ami110-1,%4-t1’azole, 3-mercapto-1,2,4-iriazole, 3-isopropyl-1,2,4-triazole, 5-
phenylthiol-benzotriazole, halo-benzotriazoles {(halo =F, Cl, Br or I), naphthotriazole, and the like, as
well as thiazoles, tetrazoles, imidazoles, phosphates, thiols and azines such as 2-
mercaptobenzimidazole (MBI), 2-mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-
mercaptothiazoline, S-aminotetrazole, 5-amino-1,3,4-thiadiazole-2-thiol, 2,4-diamino-6-methyl-1,3,5-
triazine, thiazole, friazine, methyltetrazole, 1,3-dimethyl-2-imidazolidinone, 1,5-
pentamethylenetetrazole, 1—phenyi—5—mercaptotetrazole, diaminomethyliriazine, imidazoline thione,
mercaptobenzimidazole,  4-methyl-4H-1,2,4-triazole-3-thiol,  5-amino-1,3,4-thiadiazole-2-thiol,
benzothiazole, tritolyl phosphate, imidazole, indiazole, etc. Further contemplated passivating agents
for the aqueous posi-ctch residue removal composition include carboxylic acids such as benzoic acid
and ammonijum benzoate. Preferably, the passivating agent includes TAZ, MBI, and combinations
thereof.
[0110] The optional quaten-zary bases contemplated hérein include, but are not limited to,
(NR'R?R*R*)OH where R', R?, R’ and R* may be the same as or different from one another and each
is independently selectf:::d from the group consisting of hydrogen, straight-chained or branched C;-Cyp
alkyl groups, and substituted and unsubstituted aryl groups. Quaternary bases contemplated include
choline, tetrabutylammoniumhydroxide,' tetracthylammonium hydroxide, tetramethylammonium
hydroxide, tetrapropylammoniumbydroxide, and combinations thereof. Preferably, the quaternary

base includes tetramethylammonium hydroxide (TMAH).
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[0140] The amine compounds may be primary or secondary amines and are selected from the group
consisting of monoethanolarnine (MEA), N-methylethanolamine (NMEA), aminoethylethanolamine,
N-methylamW¥@&896a8T88Minoethoxyethanol,diethanolamine,1 -amino -2-prddA&i2006/020214
monoisopropanolamine, isobutanolamine, C2 - C5 alkanolamines, triethylenediamine, and WO
200611@1@ THISROBE/ 020014 sembinatiRashaieciRepiaiablichsiarinaramprud tacludes
monoethanolamine or monoisopropanolamine. It is also contemplated herein that tertiary amines may
be addedg ihe arhiebsipRai-FHG aisanintheompositiditad amdtectibnired ubingxemgedtisleatriamount
from about 0.01 wt. % to about 20 wt. %, so long as some amount of primary and/or secondary amine
is presentfFertiiymsiriag eaentsskivselretl dereintipgiidfonfiRetrid, AGESNOKMAnalanine,
methyldiethanolamine, triethylamine, N,N-dimethylglycolamine, N N-djmeé%di choﬁlamine, and
pentanﬂ%&ﬁﬂ@ﬂéﬁiﬁﬂ?@?[@?ﬂﬁ:ﬁ%@%ﬁ%é’é‘( A fHECHL Sy R aé%éﬁ‘nc,l s BHERISd to
mean any supstance that reacts with the fresh c t surface andior oxidized. in. fikm to
passiva?‘g{dﬁ%%et %El(taa% Bﬁlé-\é%gﬁigﬁi écllgﬁ’eg&g% e%g’;)g%ﬁ}é%ggs‘%%%%%%%ﬁgé%mueous
post CNEClcaiag £mBaRIlonOLe IRHE BliaMAaN L Hslse.A0e RidTRISCRIpARRAHIE saamerated
hereinabove. More preferably, the passivating agent is 1,2,4-triazole. [0142] The aqueous post-CMP
cleaning,GAMRAS HonsRay-aRieNghmiNuEe sadusiagyRlenits padasiedifroprolhe, gnrometitisisting of
ascorbic acid, L(+)-ascorbic acid, isoascorbic acid, ascorbic acid derivatives, gallic acid, glyoxal, and
combinatidnsitinérecfd[GE482, THvebitgl eucsinio seid Merathriicgacisnisbadlidins aridy Bmrsitaigidnclude
quaternary bases including, but are not limited to, (NR1R2R3R4)0H where 121, R2, R3 and R4 may
be the darerinasvalnsisiaal erYeiHessfdhsdPsemaeRine iAddh SRt SAMPLaiontl S W Boup
consisting of hydrogen, straight-chained or, branched C1-C10.alkyl gro and substituted qr

unsu bsﬂﬁ@oﬁrﬁr%ﬁsﬁ &A% 75FRb 407580 %Bgs‘:lt%& ﬁ%glé%#ng%ﬁ%pggﬁ%ﬁx&ﬁnﬁ%%s at least

one JUALeIRanLAR . S80Sl BRSSP INEIAKIS o eI Sib urRahAD yglside

(TMAH)‘.: € aqueous po eaning compaositions may optionally include surfactants. The
surfactagis)pieleraply: armauyiaceasiye aseqieiwhigh-apsistwitmispensigniiusprasiogydevering
liquid surface tensions, and lowering surface tensions between solids and liquids. In addition, it is
hypothesizeeithbkihe, suifasiant( ghalsonstoathyl stistacethybdHyigegantoimopyhsthertathyleewsity of
the formulation thereby reducing sheer stresses placed on the wafer. Surfactant(s) contemplated

herein isticelemonebwenethrmidieislonerabisrd snerabuitscbse v cbEABy Safxiaamney o
2006/127885PCT/U52006/020214 polyethylene glycols, polypropylene glycols,.palyethylene or
poIypro@?@?@@}y%‘%tﬁ&gﬁ‘ér@&%iénﬁﬁ%%‘é’ s%éﬁgb%g’%eﬁégﬁllfgﬁ%ﬁé%}%l(é%l%eé’s %yoerngalts
thereof, pol late polymers,.dino olyaxy il Lgedified silicgRgpolymers,
acetyler%?g %ﬁg%\énﬁﬁ%%ﬁél{e B elfﬁ%rﬁg%l%%s{%%nd a kjlaﬁnlgﬂ?&%i%@r%ﬁf%% alkylamr%onlum‘salts,
hydroxygihyicgllosetelPrienpD MMichy MoxyPaGRvise kiRsediblp3nd @0/ propyl ether
methylhydroxypropylcellulose (500-35,000 MW), NATROSOL(r) 250 hydroxyethylcellulose,

| CLUCE{(PGEE) hyitionyirepsivel gsepystvel pomdenbigations-oom ptisingliprderishonlyotlthe
foregoing surfactants. Alternatively, the surfactants may be a mixture of anionic and non-ionic

surfactabrey] lethedOR(RE iprayiene, thisod e riherdsrpeinpe sbsabeirmh stk hperRSSoL ()

and/or KLUCEL(r). [0145] In addjtion, the aqueous post-CMP cleaning. composition.may further
include EFRPRRAN @I SorbipRIORSHarsh STy a% ?lﬁﬁeé‘é%?&eftfﬁ%&‘geﬁe%%ﬁcgﬁlgh as water-soluble

high mo r weight compounds, etc. [0146] Importantly,.the dielectric material, including.low-k
dielectriiﬁmiﬁg? gﬁ%ﬁ%%%%ﬁ%ﬁ%%é?&oﬁn é)éq’gg%jeag%n vr%nglt%]? éfﬂ?)%/nrrﬁa%e% sé%%gg%%)%p%’\: cobalt,

tungstery, amidlb:om B ENIBRSIGE BRI aMCR LI RRIFOMRTAMGRCVBY i Rau 8P U

post-etch residue removal composition. Préeferably, the etch rate of copper material is in a range from
about 0.5AHR’ i absudtsl Applitadermosmhateleiablyagheut Qdy Aominereiaabut Fér miredef0d 47]
Preferably, the components in the concentrated cleaning composition are present in the following
ranges, bakegtenzthesiofaliveiih{TH A0 ompbsititigd &b thet VREDYS toskistehireRoya wHReESitieRfout
0.005% to about 25% reducing agent(s), about 0.005% to about 14% passivating agent(s), about
0.001 todBeirgatrUaternary base(s), and the balance water. [0148] In a preferred embodiment, the

aqueous post-CMP cleaning composition of the invention includes monof%t ano,larlni(pe, a%corbic acid,
and TAZ{&B] In addition, the aqueous post-CMP cleaning composition may er include oxidizing

agent(s), co-solvent(s), etchant(s), defoamer(s), additiona_l pH adjusting ageni(s), etc. Co-solvents
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[0149] In a particularly preferred embodiment, the agueous post-CMY cleaning composition of the
invention includes monoethanolamine, ascorbic acid, gallic acid, TMAH, and TAZ. [0150] In another
particularly pYefeped28888odiment, the aqueous post-CMP cleaning compo$iid 81 a#e0eethtion
includes monOethanolamine, gallic acid, TMAH, and TAZ. WO 2006/127885PCT/1JS2006/020214
[0151] InMaAsiokR&mbadi ithespaHeis Post-CMP cleaning composition is formulated in the
following Formulations BA-CM, some of which are preferred and some of which were prepared for
compareen4)usiRsREs WhBsGiRalspaiC epiagRTaeRY Veia rhasad amisitointsysiahielthe
formulation: Formulation BAMEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, EDTA 0.01%,
DI wateth@4ollowing FoutaliainBBAMEAPT 296¢ DRMiibH %¢ asonieit andidoin€ %, Wiizh Wéregativaradid 2.8%,
EDTA 0.01%, DI water 83.4% Formulation BCMBA 7.2%, TMAH 4%, ascorbic .acid 1.6%, TAZ 3%,
gallic adfll SOBWTEPFTIND B Vinreia el erosTases Rig Ry orebMERed g b famHweightek Bivic acid
1.6%, T, Z 5% allic acid 2.8%, EDTA 0.01%, DI water 74.4%, pH 10.3 Formulation BEMBA 8.8%),
TMAH A¥orbic acid 3. 43%, TAZ 1.96%, DI water 80.91% Formulation BFMBA 4.5%, TMAH
2.5%, ascorblc acid 1.75%, TAZ 1%, DI water 90 25%, pH 11.4

Formulation AA ammonivm benzoate 0.10%, lactic acid (85% solution) 2%, MEA 9%,
TMAH 5%, DI water, 83.90%

Formulation AB BTA 0.10%, lactic acid (85% solution) 2%, MEA 9%, TMAH 5%, DI water
83.90% ;
Formulation AC MBI 0.10%, lactic acid {(85% solution) 2%, MEA 9%, TMAH 5%, DI water
83.90%

Formulation AD TAZ 0.10%, lactic acid (85% solution) 2%, MEA 9%, TMAH 5%, DI water
68.90%

Formulation AE ammonium benzoate 0.10%, TAZ 0.10%, Iact1c acid (85% solutlon) 2%,
MEA 9%, TMAH 5%, Di water 83.80%

Formulation AF ammonium benzoate 0.10%, MBI 0.10%, lactic acid (85% solution) 2%,
MEA 9%, TMAH 5%, DI water 83.80%

Formulation AG TAZ 0.5%, MEA 20%, TMAH 5%, butyl carbitol 10%, DI water 64.50%
Formulation AH TAZ 0.5%, MEA. 10%, TMAH 5%, methyl carbitol 20%, DI water 64.50%
Formulation AT ammonium benzoate 1%, MEA 9%, TMAH 5%, lactic acid (85% solution)
2%, DI water 83%

Formulation AJ MBI 0.1%, MEA 20%, TMAH 5%, lactic acid (85% solution) 2%, DI water
72.9%

Formulation AK MBI 0.1%, MEA 20%, DMSO 20%, TMAH 5%, lactic acid (85% solution)
2%, DI water 52.9%

Formulation AT, MBI 0.1%, MEA 20%, TMAH 5%, TSA-99 0.5%, lactic acid (85% solution)
2%, DI water 72.4%

Formulation AM MBI 0.1%, MEA 20%, TMAH 5%, diethylene glycol hexyl ether 0.5%, lactic

acid {85% solution) 2%, DI water 72.4%

Formulation AN MBI 0.1%, MEA 20%, DMSO 20%, TMAH 5%, TSA-99 0.5%, lactic acid
(85% solution) 2%, DY water 52.4%

Formulation AQ MBI 0.1%, MEA 20%, TMAH 5%, diethylene glycol hexyl ether 0.5%, lactic
acid (85% solution) 2%, DMSO 20%, DI water 52.4%
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Formulation BGMEA 4.5%, TMAH 2.5%, ascorbic acid 1%, gallic acid, 1.75%, TAZ 1%, DI water
89.25%, pH 10.8 Formulation BHMBA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA
1.6%, EDTANOF96/18588%ter 82.8% Formulation BIMEA 7.2%, TMAH 4%, BSE0B#804MEPA16%, gallic
acid 2.8%, BTA 8.5%, EDTA 0.01%, DI water 75.9% Formulation BJIMEA 7.2%, TMAH 4%, ascorbic

acid 1.¢¥mealieaai 2.8%, wmEbnxeeB TaiR 206 ERTANEN 96, Divnaierns D8 Watfprnpligon BKMBA
7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy BTA 11.8%, EDTA 0.01%, DI water

72.6% Forh3liadien @BédiRd Zindinhbif Hhd%agasnsr Ricsaaich rbidyadiconsl dedndisinoh Aot . 280, EDTA
0.01%, DI water 83.2% Formulation BMMBA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%,
ATA 6.mEutipTinchdesosomicthanclardnsss M odh ietiorcBadd BB, TMAH 2.5%, ascorbic acid 3.5%,

TAZ 1.0%, DI water 84.0% Formulation BOMBA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%,
DI watd 88563 Joanesher srhedimo theagerous posterbmsidusasnarah epnpostiprrocmpissyaiinagater

80.0% . - . .
one amine, at least one passivating agent, post-etch residue, optionally at least one quaternary base,

optionaily at least one complexing agent, optionally at least one surfactant, and the balance water.
Importantly, the post-etch residue may be dissolved and/or suspended in the removal composition of
the invention.

[0117] Importantly, the aqueous post-etch residue removal composition of the present invention has a
significantly lower surface tension relative to deionized water. This enhances the ability of the
aqueous composition of the invention to clean the post-eich residue and confaminants from the device
surface.

[0118] In one embodiment of the invention, a concentrated aqueous post-etch residue removal
composition is provided that can be diluted for use as a removal solution. A concentrated
compasition, or “concentrate,” advantageously permits a user to dilute the concentrate to the desired
strength and alkalinity at the point of use. Moreover, the concentrate of the product has a longer shelf
life and is easier to ship and store. Dilution of the concentrated cleaning composition may be in a
range from about 1:1 to about 200:1, wherein the cleaning composition is diluted at or just before the
tool with solvent, e.g., deionized water. Preferably, .the concentrated cleaning composition is diluted
in a range from about 5:1 to about 50:1.

[0119] An important feature of the aqueous post-etch residue removal composition of the invention is
that the non-aqueous constituents (the constituents other than water) are present in the composition in
small quantities, preferably less than about 30 % by weight. This is an economic advantage since an
effective ;'emoval composition can be formulated more economically, which is of importance since
post-etch résidue removal compositions are used in large quantities. TFurthermore, because the
removal composition is water-based, the removal compositions of the invention are more easily

disposed of.
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Formulation BOMBA 9%, TMAII 5%, ascorbic acid 3.5%, TAZ 2.0%, DI water 81.5%, pH 11.6 WO
2006/127885PC1711820061020214 Formulation BRMEA 9%, TMAH 5%, ascorbic acid 2%, gallic

acid 3.5%, TH2006/151885SA 0.11%, DI water 7839% Formulation BSMBA S/ ¥RANGBR14scorbic
acid 2%, gallic acid 3.5%, TAZ 2%, NATROSOL(r) 250 0.1%, DI water 78.4% Formulation BTMEA

9%, TMBib b or1RscRHIE: oMl dch Yesiftebeibvd) AMBEIRI b AR hinltvalay 8k eeppulation
BUMBA 9%, TMAH 5%, ascorbic acid 3.5%, TAZ 2%, KLUCELO EF 0.1%, DI water 80.4%

FormulatinpieBadRa 8f8RxsTodivel idg@ients enthitdnit ShéRMneiAds taGioN ATRRGL )E250
1.00%, DI water 79.89% Formulation BWMEA 8.82%, TMAH 4.9%, ascorbic acid'3.43%, TAZ 1.96%,
NATROS®PYE) PoH-etd0ssibionvsioe@d.e8opdsiont| awon B XivtBily SfeauslatEl A8 singdspadegbic acid

3.43%, TAZ 1.96%, KLUCEL(r) . . .
formulations or multi-part’ formulations that are mixed at or before the point of use, e.g., the

individunal parts of the multi-part formulation may be mixed at the tool or in a storage tank upstream
of the tool. The concentrations of the respective ingredients may be widely varied in specific
multiples of the aqueous post-etch residue removal composition, ie., more dilute or more
concentrated, in the broad practice of the invention, and it will be appreciated that the aqueous post-
etch residue removal cémpositions of the invention can variously and alternatively comprise, consist
ér consist essentially of any combination of ingredients consistent with the disclosure herein.

[0121} Accordingly, another aspect of the invention relates to a kit including, in one or more
containers, two or more components adapted to fon.n the compositions of the invention. Preferably,
the kit includes, in one or more Eontainers, at least one amine; and at least one passivating agent, for
combining with water at the fab or the point of use. In an alternative embodiment, the kit includes, in
one or more containers, at least one amine, at least one passivating agent, optionally at least one
complexing agent, and optionally at least one quaternary base, for combining with water at the fab or
the point of use. It will be appreciated by one skilled in the art that other combinations are
contempiated herein.

[0122] In addition to an aqueous solution, it is also contemplated herein that the aqueous posi-etch
residue removal compositions may be formulated as foams, fogs, subcritical or superctitical fluids
(i.e., wherein the solvent is CO,, etc., instead of water).

[0123] As applied to microelectronic manufacturing operations, the aqueous post-etch residue
removal compositions of the present invention are usefully employed to clean post-etch residue from
the surface of the microelectronic device, while simultaneously passivating the metallic interconmect
materials. Importantly, the removal compositions of the invex;tion do not damage low-k dielectric
materials on the device surface and preferably remove at least 85 % of the residue present on the

device prior to residue removal, more preferably at least 90 %, even more preferably at least 95 %,
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EF 1.00%, DI water 79.89% Formulation BYMBA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ
1.96%, KLUCEL(r) EF 0.50%, DI water 80.39% Formulation BZMBA 10.29%, TMAH 5.71%, ascorbic
acid 4.00%, WR209643988K LUCEL(r) EF 1.14%, DI water 76.57% Formulati®& BERMEA30%14scorbic
acid 3.5%, TAZ 2%, dodecylbenzenesulfonic acid 0.11%, DI water 85.39% Formulation CBMBA
8.82%, HdMbktpRYerasariaig 9w 3.43%, TAZ 1.96%, dodecylbenzenesulfonic acid 0.11%, DI water
80.78%, pH 12.0 Formulation CC9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium
hydroxifiél 224p I pokb-ésic esintsv A cigp 1A iy the aehdr Al eonposititni Cipphied. ifadjonaeshonetastine, 5 wt.
% Tetramethylammonium hydroxide, 3.5 wt. % Gallic Acid, 82.5 wt. % 1120 Formulation CE9 wt. %
Monoettethe avikece Dovilesseiotantstispraying Sie meménad rosittesiBod an the Bhpe plcler dace to
1,2,4-Triazole, 80.5 wt, % H20 Formulation CF11 wt. % 1-Amino-2-propanol, 5 wt. %
Tetram&h§lEARTrhoRILAPRIAS §ia e vaemG of dRs AfRoNRl LORpRS PR LS BRViATte, ¥8 5treds 1 20

contacting the device to be cleaned with another material, e.g., a pad, or fibrous sorbent applicator
¢lement, that is saturated with the removal composition, or by any other suitable means, manner or
technique by which the removal composition is brought into removal contact with the device to be
cleaned. Further, batch or single wafer processing is contemplated herein.
[0125] In wse of the compositions of the invention for cleaning post-etch residue from
microelectronic devices having same thereon, the agueous posi-etch residue removal composition
typically is contacted with the device for a time of from about 30 sec to about 20 minutes, preferably
~ about 2 min, at temperature in a range of from about 20°C to about 50°C. Such contacting times and
temperatures are illustrative, and any other suitable time and temperature conditions may be employed
that are efficacious to at Iéast partially clean the post-etch residue/contaminants from the device,
within the broad practice of the invent-ion. “At least partially clean” corresponds to at removal of at
least 85 % of the residue present on the device prior to residue removal, more preferably at least 90 %,
even more preferably at least 95 %, and most preferred at least 99 %.
[0126] As applied to microelectronic manufacturing operations, the agueous post-sich residue
removal compositions of the present invention are usefully employed to clean post-CMP residue from
the surface of the microelectronic device, while simultaneously passivating the metallic interconnect
matcﬁals. Inportantly, the cleaning compositions of the invention do not damage low-k dielectric
materials on the device surface and preferably remove at least 85 % of the residue present on the
device prior to residue removal, moré preferably at least 90 %, even more preferably at least 95 %,
and most preferred at least 99 %.
[0127] In the alternative post~-CMP residue and contaminant cleaning application, the aqueous post-
etch residue removal composition may be used with a large variety of conventional cleaning tools,

including Verteq single wafer megasonic Goldfinger, OnTrak systems DDS (double-sided scrubbers),
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Formulation CG 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
Gallic Acid, 2 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 76.5 wt. % 1120 Formulation CH7.2 wt. %
MonoethandMM A/ R85 Tetramethylammonium hydroxide, 2.8 wt. % GBHE AW o
Ascorbic Acid, 84.4 wt. % H20 Formulation CI7.2 wt. % Monoethanolamine, 4 wt. %

Tetramethydanmegiin toye] SRAaIZB Wil allientsedsdpBew tviiteAsisavhicaAtida @R R Aohr1azole,
82.4 wt. % 1120 WO 2006/127885PCT/US2006/020214 Formulation CJ9 wt. %Monoethanolamine, 5
wt. % TetRefietioddiitomd M dpadoniddietcB HenkiefdhAgsensic Acid, 1% Benzotriazole, 81.5 wt. % 1120
Formulation CK9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
Gallic AGH2 81 Benebthiaowiwositigyef tielinpation: for Herming past-GMBaebidus and-copranazss, 5 wt. %
Tetramethylammonium hydroxide, 3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 1% Benzotriazole,

77.5 wiTORHBYrReslernifo FeViNe Wha v SHBEHBFHBmIRE, BIROGY, PatEtR TGt SN

nydroxige, 3.6 GRS ACIN,2 Wt 00 Asqarblc Acid, 196 Benzoluagdle, 19  wt 16 11200152] It
was discovere y'the present Inventors tnat tne particie removal efficiency and organic de gct

remova), aRilies Aha(3'0e A% GRKS.CURPASHANS GRS RASHYAIRG QAP HPSRINEicantly

greater'than corresponding compositions ‘devoid of passivating agent. For example, it is proposed
herein ihatdtapresesncadiaasaiaiss targ diisthiive, Ragt-fal Bikie anbdeompo siio eagsisterd the

removal of BTA, which is typically a component of CMP slurries and tends to form a thick, non-uniform

film on expbidey copperesuralesduiiag the pféwsiing OMP feetepsartially clean the post-CMP
residue/contaminants from the device, within the broad practice of the invention.
{0129] Following the achievement of the desired cleaning action, the aqueous post-etch residue
removal composition may be readily removed from the device to which it has previously been
applied, as may be desired and efficacious in a given end use application of the compositions of the
present invention. Preferably, the rinse solution includes deionized water. Following the rinse
process‘, the device may be dried using nitrogen or a spin-dry process.
[0130] Yet another aspect of the invention relates to the improved microelectronic devices made
according to the methods of the invention and to products containing such m_.icroelectronic devices.
[0131] A still forther aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said wethod comprising contacting the raicroelectronic device
with an aqueous post-etch residue removal composition for sufficient time to clean post-etch residue
from the microelectronic device having said residue and contaminants thereon, and incorporating said
microelectronic device into said article, wherein the agueous post-etch reéidue removal composition
includes at least one amine, at least one passivating agent, optionally at least one quaternary base,
optionaily at least one complexing agent, and water.
[0132]) A still further aspect of the invention relates to methods of manufacturing an article
comprising a microelectronic device, said method comprising contacting the microelectronic device
with an aqueous post-etch residue removal composition for sufficient time to clean post-etch residue

from the microelecironic device having said residue thereen, and incorporating said microelectronic
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[0153] For example, as discussed in the background of the invention, BTA is a component of many
CMP slurries and following completion of the CMP process, a non-uniform film of BTA remains on the
exposed copfa24iI#Es. Following CMP with a BTA-containing slurry, thBEXB82¥§/8M3der surface
of the microelectronic device is contaminated with a DTA-Cu+ film as well as particles from the slurry
(see lefievide iatdHgidratidie oliavinthénruibsiadisstiontpftifasiadib) cloaningaormpesiiandaluding
passivating agent, it is postulated that the BTA-0.11. layer is undercut and lifted-off, without etching
the substeat®inedaiilkgsbett pdssivatisgivstmoppoeaiC ot Jedslyere(saepliiit sigentf dpidpmedlst it s resulting
surface is hydrophilic and wets very easily. [0154] Importantly, the aqueous post-CMP cleaning
compoSRfoTRFmEraseprdRAition has a significantly lower surface tension relative to deionized
water. This enhances the abrlrty of the aqueous composition of the invention to clean the post-CMP
residue SHa ek simna Ly 2Bevice surface. [0155] In another embodiment, the aqueous

post- C%}Egg@%uer moval pggsrtrcir]ln com c’rrse 5t Ieglet one 1<131m|n w gstone assrvatrng agent,
post-C ue op i a %Peas fone gua elrnarﬁ Jase: Of ? Sh%cfﬁ/ &t Teastone redt &Srltgoggent

optionagy gk 9&@@9@9&@?&%@&9%@&&%&@ ﬁ@J@Q%cWQe&P&ﬁ&&%Z@@ﬁE& /R 061020214

water. Importantly, the post-CMP residue may be dissolved and/or suspended in the removal
compositib Boatathdfceintinon |02 6ddnyeiirnotnmidim e dine vhdhenagl ed s sk GMEvieRoval
composition comprises at least one amine, ascorbic acid, at least one passivating agent, optionally at
least ongeguatadriheyebwes option aliysettl dadhe ellagdigoratesdomsied) @yt tatat! weight, ofitbeein said
alkaline aqueous cleaning composition is suitable for cleaning residue and contaminants from a
microe FEEERAE e vice having said residue and contaminants thereon. Preferably, the clean aqueous
e-SouLceal-oxidizing agent, and/or abrasive
Sbodiment-of the invention,at3hcshirated-agueous post-CM2 cleaning
composition is pr “-e---' PYat-can-be-dilutec FORH S|t 'ef--- A concentrated composition,

or "concentrate," b gineer, to dilute the concentrate
to the desired stre

: ‘ El(5:18:»Lta:-rht-lcre-e-emcentrate of the product, has
a longer shelf life and is easier to shlp and store D|Iut|on of the concentrated cleaning composition
may bd 1 idngadimmabdoative: énboeboertt 206 fbrvliaiens oféiepamingoe@xijpositmprnsediltesd at or just
before the tool with solvent, e.g., deionized water. Preferably, the concentrated cleaning composition
is dilutCdSrERiREnge IgashPabBEHALRE A8 SbIiawuﬁﬁqﬁ%o?ﬁWP@atGFéeéfitﬁé%ﬁd%ﬁ%
post-CMP clea in osrtron of the invention | that the non ous constituents (th nstituents
Cther (REFF S i ARSI A 5t T SRR PR b RBATE S LRt 4736 by
weight cggﬁoﬁt%ﬁeconomrc advantage since an effective cleaning composition can be formulated
more economically, WhICh is of |mpOrtance since post CMP cleanrng compositions are used in large
quantrtres Furthe gaIale= ' MposHN IS Water-nased, the cleaning compositions
) ) " " IS V P cleaning compositions of
elgg I LR ingredients and mixing to
homogeneous con@@ﬂ@ﬁ%ﬁ%ﬁ@ﬁ@mmpositions may be readily
formulated as singlespagkagedgemnulations or multi-par,iesmubalions that are mixed at or before the
point of use, e.q., thexdadividual parts of the multi-part fosaieaEon may be mixed at the tool or in a
storage tank upstream of the tool. The WO 2006/12/885PCT1T/US2006/020214 concentrations of the

respeclgfs,lg]gfg nts ay ewrdelén\%a%ed |qs e |f|c LIJJU]E) es % the agueous. Eost CMP cleanrng

ang ernatrve enl n GO T1S€ at
composition; i.e Yore dilfte or more concentrate Broad pr Hee oft vention, and it will be

apprecr@tgtdottetﬁﬁﬁea&qeer%@ﬁs&}tﬂﬁng'ggéﬂnq.tcre5@9&%@1&&%@%@&/6&&%&%@%&% and
alternatively comprise, consist or consist essentially of any combination of ingredients consistent with
the disgbasdie; heeain.a 16ObAccerdinglypaiaiher 8s pach ahiheipve Hion relates:tepukitdnckading, in
one or more containers, two or more components adapted to form the compositions of the invention.
Preferabbcatmedsitionzludes, in one or more containers, at least one amine, at least one passivating

agent, optionally at |e base, optionally at least one surfactant, optionally at least one
reducing agent, for eumibisiig with water at the fab or ¥héywtighéf use, It will be appreciated by one

skilled in the art thaﬁlmm&t)combrnatrons are corﬂ’emtﬂdl@k%#erebnuﬂ@i%an addition to an aqueous

instead of water). [(A8 MP cleaning composrtron of
the invention may.b\@IﬁlmLm.oMaspec&oﬂhe.mmRﬁ@E‘iﬁmmﬂﬂme manufacturing process. For
example, the aqueous post-CMP cleaning compositions may be used for a post-cobalt clean to
remove cobalt-containing particulates from dielectric regions without removing the desired cobalt
plating and without damaging the dielectric mateddl. In addition, the aqueous post-CMP cleaning
composition of the present invention may be used to remove post-etch and post-ash residue as well
as used during a buff process of a CMP polishing tool.



[0163] In post-CMP residue and contaminant cleaning application, the aqueous post-CMP cleaning
composition may be used with a large variety of conventional cleaning tools, including Verteq single
wafer mega¥hRO@aERIRRYer, OnTrak systems DDS (double-sided scrubberB§; WEs#p83#14pray tools,
SEZ single wafer spray rinse, Applied Materials Mirra-MesaTm /Reflwdon Tm/Reflexion LKTm, and
Megas s dpish: iatike agbrsssie Bab iAol Asanpledkin N icraRieskQNiCi MR CMAiRgkORErations,
the aqueous post-CMP cleaning WO 2006/127885PCT/US2006/020214 compositions of the present
inventiderstrengsefinky; enigisyed mlivaingeeEGMP lesidue sddetmntganin aptedadin dshlestdace of the
microelectronic device, while simultaneously passivating the metallic interconnect materials.
|mportéﬁt@cm (ﬂﬁ%?ﬂﬁ@’c%mé?ﬁér%‘%?wmtm des rhelageprisger] dwrsentidnebgifolmtidals on the

device surfac fi ferably remove, at least 85 % of the residue present on the device prior to

residue PRFBVAF St 8tﬁer‘3f}§;’5?“tg§s‘fc§??9/m89en more preferably at least 95 %, and most

preferred at least 98-%—1816& Hse-af-the-eompes R-for cleaning post-CMP
residue and contariiBRE AL m-mieee cte VAR #ereon, the aqueous post-CMP
cleaning compositief Smga'en X '.Kg"==’ em about 5 sec to about 10
minutes, preferabl rp Ottt enfs)tu 5—|T|||| attempe %udeA e v from about 20C to about 50C.
Such contacting ti

S il

nperatures arenust Wb Ulf"agu L*wlm “stitable time and temperature

conditions may be iy e efficacious to-agiEast Rpsgeity crean the post-CMP
re&due/contammat%%re%tmmmthmWntmn "At least partially
clean" and "substamntrafTermovat“totircomespondtoatTermovat of atteast 85 % of the residue present

on the deV|ce ior to residue removal, more preferably at least 90 %, even more preferably at least 95
%, and et pEbfe fretes alterattivs %nl{e%eptn e, SORBRIEHIBS O b Drase h dISBHRPRSERRERA R Cleaning

compo?tlon IS mtroduce&i tQ the Ste laten befo: or durm the bu Iglng R ce s | €., dt’){(c-:-fore or
during Re reauémom praet T own rce ngre%?}lt’na e 8%%%35?% ceanlng 83 olﬁgdlsplaces

the Step, l,C MG PRIASRIISHLING, RSP ALIDe RIEP H&Mtpﬁ!ﬂé%ﬁ%ﬂlgﬁ&%f%&&f the

mlcroelectronlc device at the back-end of the Step 11 CMP process. [0167] Following the achievement
of the dgsiredotieansipeg aclieRotiRagseous post-CMP cleaning composition may be readily removed
from the device to which it has previously been applied, as may be desired and efficacious in a given
end use applicationcefdfmemnmpositions of the presenttigivertint Preferably, the rinse solution includes
deionized water. [Okofde(s3t another aspect of thasaventowm elies f3he improved microelectronic
devices made accopdisydinthaegihods of the inbentioNdAeiaradiiéts containing such
microelectronic devipeemdbae(H/127885P CTAKS2006102 62440289 A still further aspect of the
invention relates to redsvglseafitteanufacturing asbevtifledd&imp asimt28%icroelectronic device, said
method comprising %@fﬁt&mt@ the mlcroelectronlc d@@l@bﬂ%ﬂﬂbm H§ueous post-CMP cleaning
composition for suffides Jueawigecontaminants from the microelectronic
device having said residue and contamlnants thereon and incorporating said microelectronic device
into saighaneyle, whesaindtheatideaume osichidh, GRARMINELEOMRREIIAN dRahifleGRMMADE Hspelected
from the group consisting of (a) at least one amine, at least one passivating agent, and water, (b) at
least oremaprisee, cahihsifpne passivatingiddBnyfatdaas(sy nexssdattipgaage),angitel bekhyebarwater, (C)
at least one amine, at least one passivating agent, at least one surfactant, optionally at least one
reducimgaigent optensheupisranodesater opticaa] sesecsmd(arandevaiticasclcseribpd beiviatbryaglhe, at least
one quaternary base, optionally at least one reducing agent, and the balance water, and (e) at least
one am‘ﬂ‘?éeréf% =% ting agent, at least one quaternary base, at least one reducing agent,

optlona(i %i S[Eh ne lérfact%nt the balance Watﬁr LOl?O I another as Ei%l\yile resent
. e _broad practice’ o enfion oL c
invention reflates 1o an aqueous post- dPe eantng c8mpo ion Used HE Strgnsfer Soltifichto protect

the copper of G SleaRNIGAeica YalRk ERS AT RIS RS AGSIGMB Sl ARG g mpositions disclosed

herein may be sprayed onto the wafér during the transfer 6f said wafer to the polishing platen and/or

the posfeii T8IAMEELBIPRNBEEEF Be beim PP 8P SEFHERN SN RATRIANICHIRIC d rGierablyedpe

agueous post-CMP cleaning composition is diluted with water in a range from about 20:1 to about
1000:1 @hisistiag pfayingetrinkeivaleit A0 1N hdhddtatviasian tadiantagasoahibatinvsintior, are more
fully illustrated by the following non-limiting examples, wherein all parts and percentages are by
weight Nimetylathionsisamelx pressiypbetdoxFteangle 1 [olizdpmiandticacy of forinenauormssol-AF for
inhibiting copper corrosion (i.e., minimizing copper etch rate) was evaluated. The device was a

blanke BRSO BERARAERF e HeliBiae Bz indance Was MFARRIBIRGS the P RaedFe&smmsition for
10 minutes at 50C, followed by a deionized water rinse and spin dry. Prior to immersion, the samples
were measured using the 4-point probe measurement technique to determine the thickness of the
substrate as a function of resistivity. A regression curve was generated and the thickness of the
copper determined as a function of resistivity to d&five the etch WO 2006/127885




PC T/US2006/020214 rate of copper in each composition. The results are illustrated in Figure 2.
Example 2 [0173] A patterned wafer having residue thereon was immersed in a beaker of agitated
(250 rpm) FOMhRNBGRTIRE for 2 minutes at 40C. The patterned wafer includBeEUSEEE3Mbad on a
copper surface. Subsequent to the clean, the wafer was rinsed with DI water, dried and submitted for
scanningpelbitirtensmitiesobpy (BEMpbThe bichamiveof comesndvaindedes mperpedwlaming nih'. [0174]
Electron micrographs of the control wafer before and after immersion are shown in Figures 3A and 3B,

respectineRRirpERelaRins. thitihalie SerRierplrcd hssenellat SRTURR RO MY s th iRl
cleaning. Example 3 [0175] A post-viag etch barrier.break-through wafer was immersed i ker of
agitateda@ﬁﬁuﬁp‘?ﬂﬁtﬂ\&%ﬁrg ﬁ%?sflﬂﬁr?ﬁtaeégp 8or&g%8%%g%%h%.aﬁlﬁﬁﬁ&ﬁrﬂeoﬁa% gﬂo?')@cf?cess,
the wafer,was, sublectsel 1o 85079 QYerLi6h I HaMAG RS HRNR ILRBHRST £85I ye prubzequent
to the clg%n%fﬁ% E\ifva%? gvﬁg r?n’seod \‘/%%1 E)I water, dried a%d sﬁ%smitted for SEM. [0176] Electron
micrograhs:Af {heneoBitatMaanaReRas sutlaavel BRRNDlY iRvRie el Arsliyalisiamolkensiown in
Figures 4A and 4B, respectively. Electron micrographs of the via wafer and the cleaved via wafer after
immersipfeihstasiimyyn in FighiiNsdiiethyizhBolaasipectively. NGirlioletutidigyselemideat the residdie
remaining following the via etch and over-etch processes was substantially removed from the
sidew.alpswfmiethyldicihylencignimigure 5B). Example 4 [0177] The contact angle for DI water on
treated and untreated copper surfaces was determined. The copper surfgjﬁcge was an electrochemically

depositd @ EH pBierran PAFAIFRECT! Ha8sH At iSRlsReH tInsan Ay bTeRe AR e cD
copper was immersed in a variety of compositions, ag enumerated hereinbelow, in, Table 1, for one (1)
Vﬁ)ﬁ Sé(ﬁs[&]/iﬁ’?@ﬁm%ﬁlg ?Ea ﬁré QL { m[rgl;[?zeg copgﬁla Fi) Hma {o passwa% T \théct, %E (" P&

minute, rogen e contactangle of the'DI' water detéfmined. The

results %%{%Biﬂg‘ig In ZaRiaky TRbIe kiR aleL FAMACE ARAIR poMERie dianthyRiaplefiGoBper
surfaces. Contact Angle()
the invention may comprise one or more components enumerated hereinabove. More preferably, the
passivating agent is 1,2,4-triazole.
[0142] The aqueous post-CMP cleaning compositions may optionally include reducing agent(s)
selected from the group consisting of ascorbic acid, L(+)-ascorbic acid, isoascorbic acid, ascorbic acid
derivatives, gallic acid, glyoxal, and combinations thereof.
[0143] The aqueous post-CMP cleaning compositions may optionally include guaternary bases
including, but are not limited to, (NR'R’R*RYOH where R, R%, R? and R* may be the same as or
different from one another and each is independently selected from the group consisting of hydrogen,
straight-chained or branched C,-Cyo alkyl groups, and substituted or unsubstituted aryl groups.
Preferably, the aqueous post-CMP cleaning coﬁposition comprises at least one quaternary base, said
quaternary base preferably including tetramethylammonium hydroxide (TMAH).
[0144] The aqueous post-CMP cleaning compositions may optionally include surfactants. The
surfactant(s) preferably are surface active agents which assist with dispersion/suspension, lowering
liquid surface tensions, and lowering surface tensions between solids and liquids. In addition, it is
hypothesized that the surfactant(s) also act as a surface modifying agent, increasing the viscosity of
the formulation thereby reducing sheer stresses placed on the wafer. Surfactant(s) contemplated

herein include, but are not limited io, nomionic surfactants, such as fluoroalkyl surfactants,
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0.01 wt. % CBTA 33.413.2 0.2 wt. % TAZ 12.511.7 0.1 wt. % ATA 16.411.3 formulation BQ (diluted
10:1) 12.511.0 [0178) In addition, ECD copper was treated with a passivator-free cleaning
compositior?¥dA8Ea7M8§50.1 wt. % BTA, rinsed and dried. This treated copBETHIALERE 4 contact
angle of about 50-60. When this treated ECD copper surface was further immersed in formulation BQ
(dilutedpd B hytinsetyesis doigpkotdese gtrctiamglyaiplope driRisirbyi¢od ZOFM ctheibecedoriitat the
copper treated with a composition comprising 0.1 wt. % ETA had a contact angle of approximately
50-60, Redcauts tiedanehrasressufomicccatids RSN RydralhdBrRGe. PRERSNAIM PO EShtrast, the
copper treated with TAZ has_a_contagt angle of roxjmately 100- 150, indicating that the treated
surface PR R AR SR PO A SIS Pe 4% e

(v acefyicnic
é?’SUI’]tXCG was immerse

fomulaen PO ComPre L A% GRS ARSI BLAER ERERs e AU Ia e, e

contact an e surface), suggesting that the TAZ either sorbed to the ETA-Cu+

surfacesafp gd:gjaﬁﬁﬁe% AL E 608w aaRRBm RfHRS JhiuETue e piR-350080] The

contact angle corresponding surface energy for DI water on treated and untreated copper
surfaceMwasNigTROBOED 30 Hhastiaiatylocdhigose, BITICERG BE dyduaypingy aimlosenmarededs below.
ECD CuElectrochemically deposited copper (control) Cu-ETAECD Cu immersed in a 0.1% BTA
solutiorremhiaiienspddmprising af least one of the foregoing surfactants. Alternatively, the surfactants may
be a mixture of anionic and non-ionic surfactants. In a preferred embodiment, the surfactant is
dodecylben;enesulfonic acid, NATROSOL® and/or KL.UCEL®.

[0145] In addition, the aqueous post-CMP cleaning composition may further include chelator(s),
etchant(s), defoamer(s), pH adjusting agent(s), thjckéner(s) such as water-soluble high molecular
weight compounds, etc.

[0146] Importantly, the dielectric material, including low-k dielectric material such as OSG, and the
exposed metal and metal alloy materials, e.g., copper, cobalt, tungsten, aluminum, etc., on the
microelectronic device are not compromised by the aqueous post-etch residue removal composition.
Preferably, the etch rate of copper material is in a range from about 0.5 A min™ to about 10 A min™,.
more preferably about 0.5 A min™ to about 5 A min’.

[0147] Preferably, the components in the concentrated cleaning composition are present in the
following ranges, based on the total weight of the composition, about 0.01% to about 62% amine(s),
about 0.005% to about 25% reducing agent(s), about 0.005% to about 14% passivating agent(s), about
0.001 to about 25% quaternary base(s), and the balance water.

[0148] In a preferred embodiment, the aqueous post-CMP cleaning composition of the invention
includes monoethanolamine, a‘scorbic acid, and TAZ.

[0149] In a particularty preféxred embodiment, the aqueous post-CMP cleaning composition of the
invention includes monoethanolamine, ascorbic acid, gallic acid, TMAH, and TAZ.

[0150} In another particularly preferred embodiment, the aqueous post-CMP cleaning composition of

the invention includes monoethanolamine, gallic acid, TMAH, and TAZ.
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Cu-2MBIECD Cu immersed in a 0.01% MBI solution at natural pH Cu-4302ECD Cu immersed in 0.1%
of a proprietary modified triazole composition Cu20ECD Cu treated with a composition to convert
surface CuOW8 WAF2THSCBTAECD Cu immersed in a 0.01% CBTA solutidtCa{¥Raflee4139p14
Cu-TAZECD Cu immersed in a 0.2% TAZ solution at natural pH Cu-5ATAECD Cu immersed in a 0.2%
ATA sol iibhlhimarrietpenbaiineassiio FE8BROT SMID 6/6R20 R o ffiikBiiom imnfimdhtkitedted
solutions, the amosunt of cop éjﬁ\ assivator dissolved therein was dictated by the solubility of said

com pouﬁa oV s G eaPBALions| S65 pevinhes prpfrredend sorsof vhichesererraawddothat a
suitable unlversal C as va.tor be predicted, simply, by measuring contact a rather than
performing aetiar ol IEﬁnng an%elbe]%swal?/ 1on ef))(ﬁe?lﬁfg <. ?%glétxfﬁfﬁ% ofhgf’ ﬁg ag fiich
copper Raggiiatars will provide the best "wetting” of the surface thereby increasing the likelihood that
the aqueous cleaning solution is able to penetrate into high aspect ratio structures during post-CMY
cleans arsheieaERAINY the alyiity gy MaxatensnRisIaRdbe E¥RDSamicanne Byriasea. du@mple 6
[0183] Thewalengplinh of TAZ onto a copper surface was determined in both acidic and basic media.
An electrode on a quartz crystal microbalance (QCM) was plated with copper and immersed in DI
water atEzzaulationBEyf apprdiihaidyes TofSB0i8e conadid hed dstits BAthd %cigitlicomikbReéperiment
are illusRYES MOEHGuRE Waféhé%\ﬁﬁ(g an observed mass increase of approxmately 1.66 pg cm-2 at 300
sec, due _to oxidation and hy ocesses 0184] The cop Iated CM electrode was then
mmers%’@’%%co ta%ﬁ Asssupis @ éﬁé’m% Gfﬂﬂ‘glgcﬁﬂﬂo%ﬁ%l?he
results of the experlmer‘ﬁ In amélc medla are |IIustrated in Figure 8, showing an observed mass

increase:gf AppraXiAately O.-38A0£58;2 #A49 36 WHIGHCRHPIRIAIS A9 Bk, % A %@f& 2 of
appromng&ﬂwﬂgﬁqyp corresponding open circuit potentlal ative to an
Ag/AgC1 reference electrode, for this experiment in the acidic media. It can be seen that the potential

for the afiserhiatdoh/ABE havinQeEQ GMNee EvinHed 3hickreabiof appmadvatey0. 884y am-%#k300 sec,
corresp@ldd ¥ approximately 0.18 V. [0185] The experiment was repeated by immersing the
copper-plated QCM electrode in a basic DI water solution which was adjusted to pH 11.5 using TMAH.
The resdigstyilatiensBE; MESharmEM iftitatstedin acid réSTe ehowhginvetss 8R/&tmass
mcreasé’gf]&p‘broxmately 0.44 pg cm-2 at 300 sec. [0186] The copper-plated QCM electrode was
then immersed in Iutlon a t 9{ TAZ adjusted . fo pH 11. 25 QCM
results ]?{, %ﬁ%ﬁd% bast;x %f ia(iB %\%cg’hc ﬁgggj %l\f‘\e/g'g aﬁ%% #ﬁ?%s%?esl%ﬁ Gi
correspondlng OCP’for this experiment in the basic

Formulation BH MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 1.6%,
EDTA 0.01%, DI water 82.8%

I‘\

Formulation BI MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, BTA 8.5%,
EDTA 0.01%, DI water 75.9%

Formulation BJ MEA. 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy BTA
2.2%, EDTA 0.01%, DI water 82.8%

Formulation BK MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2. 8%, carboxy BTA
11.8%, EDTA 0.01%, DI water 72.6% .

Formulation BL MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 1.2%,
EDTA 0.01%, DI water 83.2%

Formulation BM MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA 6.1%,
EDTA 0.01%, DI water 78.3%

Formulation BN MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 1.0%, DI water 34.0%
Formmlation BO MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%, DI water 86.25%
Formulation BO MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 5.0%, DI water 80.0%
Formulation BOQ MEA 5%, TMAH 5%, ascorbic acid 3.5%, TAZ 2.0%, DI water 81.5%, pH
11.6
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media. It can be seen that the potential for the adsorbed TAZ in the basic media corresponds to
approximately 0.195 V. The similarities between the OCP results in the acidic TAZ solution and the
basic TAZ sHItF8H6E8%St that TAZ will consistently adsorb at exposed coBE&ESIMEITyardless of
the pH of the solution. This is relevant because CMP requires a variety of different slurries having a
variety of pH values and the residual CMP slurry often contaminates post-CMP cleaning compositions
thus alt MBI eoHEifEh assekisasid AespBisaeidd s s dhB2te BRI copper
equwale(hﬁ /t&fa‘?& ag’égéﬁﬁe pH, thereby broadening the applicability of the cleaning composition.

Example, 7 [01871 The adso n T ETA tr ted. ers rface e ina
basic m%ﬁqlﬁj%@% Eﬁﬁ%ﬁ %a?nf cdroba cnggl%Q%) Bas p §9 Lgé{gp% *and
immersed in a 0.2 wt. % ETA soluti avmg a neutral pH at 23C for 300 seconds Thereatfter, the
ETA-tregtegherppeBYaS immeredarn aikAnvsold 0«0k Bayinga b, ofhrrdenB@0sec. The
results al.ibg, DGRitenNgb@%M experiments are illustrated in Figures 12 and 13, respectively. It can be
seen that the mass of the electrode decreased, evidencing displacement of the heavier BTA
moleculEanvilation BY g mol ML PIRcIRghE SVA Zsnedhacaiisb (6%, 0TAZ AU K UCEL® JiRt6. tfsthis
experimBPhPEtR ROt hat at least a portion of the ETA is displaced by the TAZ molecules. Example 8
101881 Figure 14 |IIL{Istrates the total number of defects i iexnaining on copg)er TEQS, Coral and Black
Dlamonm%%%z ?Ib% 4 Fa ggegcr%.?f'ﬁarﬁﬁd metifsiifogted A 3rﬁpa§§%efé@§a/haly5|s
ero

tool was used to coun e nu/ having a size greater than 0.1 pm on each surface. The

first cleaﬁg%ﬂgggg@@ogy 'Sl\ﬁ‘é%Qn‘éeéw %d?lﬁ th thb he‘r1 }ay %u,gs/equeﬂktop P the
wafer is\fAMRIBRSLS nglggog@gmm rush cléaned W|t anlng composition ev0|d of
passivator, in this case a composmon including MEA, TMA_H, ascorblc acid and DI water. The second

cleaningFoietiladed @Y invoIVREER @ BRCTHONED hivw \waderhs hae Pt I TEM PosxFamudatian BQ,
followedBhy1 BeshId eatandeits the aforementioned passivator-free cleaning composition. 101891
Referring to Figure 14, it can be seen the copper cleaned according to the first methodology had a
substandarauatioadd¥ defectdFAoS#i GrdaridHidiB¥s 5enbiplpeitl 8 48 d predifde SHiddEBHERd BTA
from theEgrQéQcﬁnB]Gf@fﬁf ﬁ?c?t?e/%s When the copper was cleaned according to the second

nmueéhb‘)edr?‘” D et A A RS A O HA AT b SOl ot P pTA I thebiaced by

the TAZ during the post CM clean. Accordmgly, another advantage of the BTA displacement by TAZ
is the reglyndagmbar of suface dnfestsarchiivs sthernereasachrelmelibnofirsRveial 119,
microelauirpse devea. Example 9 [0190] Figure 15 illustrates the number of total defects, organic
defects and particle defects as a function of time for a blanketed copper wafer following a rinse-buff
during theremBipnfEBtep witMBA 0:8. 8%%atio AMABr miRitio naBierbivithailwatdBpdp || a&d HypUst-CNIF'
cleaningififecHhgareprsalipstisgaddbll willismter 30Soairiddd composition including 4.7% TMAH,
20.6% TEA, 3.3% gallic acid 11 2% ascorpic acid and the balance water It can be seen that the
numberﬁ%{%%?%m cg,ﬁ f’ Sharoliunsas & 26 Tritnctinenrsgebydrede Pebults
indicate that a clean was neces’sary preferably for at least 60 seconds, to remove a substantial
amount Exa L & f
Semateg}gg§1 @ﬁ%@@ﬂ@%&%@% lgg%%%g%m{itg rﬁ?c?zﬁ%r%%?%%%%@ vﬁtﬂegré?rﬁ)d%h% v%afer has
CMP residue and slurry contaminants thereon. Figure 16B is an SEM of the Sematech 854 control
wafer atfeneuiatidoCHy selectedtbvind peetiainalmndasifcationTeft.dial0dldaihhedeenaatech 854
control waféssGuilie Aoteh Al Pddbriadodn 88lI5spindspEdy tool with a 60:1 dilution (with DI water) of the
cleaning formulations of the present invention for 60 sec at 22C. [0193] For Figures 17-26, which
corresp%ﬁé&%@l&ﬁ hithatond BircE @rmahd W%ﬁemwébﬂmoﬁ@mé)ﬂf@dn,SEM of
the wafé’r%dﬂbvﬁr%%‘ﬁrﬁf%fyr%)‘f treétatfyianibig A5idcdhity ofa Behd pad at a magnlflcatlon of 30 000X,

figure B.is an SEM thewa r_foll tre tmept.at the d eofabo
magmﬂ%g;r%"%%mg}%ﬁ e VY‘G%ED %?%jf}d‘&?af Sl gﬁ ;‘Eﬁ_&’ﬁ R¥fea randomly
selected bond pad at a magni |cat|on 0 x an Uré B8 an afer followmg

spin/sprayranifae it an area.pf %%&§%&Wu% ‘%tﬁtrwtgth lammonium h dr0x1de

2006/12Y 85aP% GAl%2066/02041% Ragrificatan of. :5&0@3@11;@194] F'QUfeS 17 and f8 corresponding
to wafers cleaned with formulations comprising BTA (formulations B11 and BI, respectively),
evidenciutiwtipaFICMP cl@@ning/edinpasiinnmaomprising Ba'dhﬁé&lﬂ@mﬁtdt@hlehfﬂhﬁhﬁéﬂmval of
residue whd‘cOatirdiaignist wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 82.4 wt. % H,0
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[0195] Figure 19, corresponding to a wafer cleaned with the formulation comprising a low
concentration of CBTA (formulation BJ), illustrates the substantial removal of post-CMP residue and
contaminan®O-80#I2E88Eigure 20, corresponding to a wafer cleaned with tREX8IAMENER Homprising
a high concentration of CBTA (formulation BK), illustrates the failure of the more concentrated
formulatrBrlasionihg the g%%ﬁé%ﬁ@é@ﬁ%ﬁ&ﬁ§.%tﬂ@ﬂmﬁm§ﬁmﬁéﬂﬂw@%ﬁ@ By theory,
this distifitt éﬁé@ﬂﬂ%‘%‘ﬁa&d@ﬁﬁﬁoﬁg‘%‘é -2 BhigdPoetween the passivator and the other

components in the formulation. Hi oncentrations of passiyator inhibit.the cleanjng capabilities

of the fo%ﬁ?%ﬁﬁl@g@%ﬁ%@gg%ﬁ%ﬁm gn mé %63 ?ﬁs&%ﬁ%‘é‘%ﬂﬁ%ﬁﬁﬁlé fons

comprising ATA #ormu ations BL and BM, respectively), illustrate a cleaning behavior similar to CBTA

(i.e., FigpeediandR0), whearehy, tha lassonossiaied M%%@&Q&ﬁ&@ihﬁh@ﬁ{ﬁﬁ‘ﬂ?&ééﬂé‘oved the
urther

residue SEhaOYEEAIRARESIDIbAN S, PS5 6H0 PCRAI{ LA SABPISIAN FIEL DL, It is noted that a
film appeared to adsorb to the surface of the wafer for both compositions comprising ATA, possibly

due to tdichipiatiémGissivatOrieVisl Mansitignaiauize, Sartice B depngdinnafithehpdesidafdrs onto the
copper. [0t $7FrileAcE3?2 sirbedondind aida \WelRsnediazels. iR wifdddkfation comprising TAZ
(formulation BF), illustrates the substantial removal of post-CMP residue and contaminants. [0198]

Figure 2 esponding to a wafer cleaned with a formulation comprising TAZ (formulation BN),
iIlustrateﬁoﬁgéliogﬁrm%%mg@% e geseat i sUorR fhetBhRATEr TR R sBipeRclo b SERite of the

wafer duging.the clean. 991 Eigyre,25 corresponding to.a wafer cleaned with a formulation
comprisi‘rﬁlgg%gfe c‘???ah?u é\bt%ﬁeﬁgﬁ%%ﬁéete%q%ﬁg F’erﬁ%?ﬁf%%?ﬁse g%%ﬂ%%o@@&ﬁﬁ“ﬁésﬁ%% matter
howevergithesforinating was eﬁa@ta#%ﬁem BN RGIRE@RLRASIGAlS irop3 g ailagaof the
wafer. It is noted that the BO formu ation%id sggstantially remoE/e all %Ro%t- 1Iil/IP residﬁ%ﬁmbtter and
contamipasisséd herplio e the paviers dNpdsstvardy Agsei i) tihipsuggesikdmab tbenpsatidnesssef all
formulations is dependent on the WO 2006/127885PCT/US2006/020214 nature of the materials on
the wafeingbavethewsatiof Baturelothie pricdling @neps|ishCHME2001i6Gi guda@6s torfespatidily to a

wafer cleaned with a formulation comprising TAZ (formulation BP), illustrates the substantial removal
of post-CRIALGER S1B-RP EpRsE FrRREs seassicng thopgeeting EMBRESesEngle of diluted formulations

BR and ielectric-materjal was determined. Formulation BR was diluted to form a 2.561 BR:
07,830 DTV AL ST oF Bt TR B G CHUREE ) nAP5i6n B BAgY SHPBRISHLP BNl
Optical i : . wnin Figures.27A and 27 xample 12
10201 TR S o o S Sy R R, e B SRR
contamigRNExAbaen Bofiér GRIREHAN I FERWARHENIPOEAMCHIRIEARWES QUAyated cfRRdeMssRvas a
patterned Semateeh 854 wafer which had dried Arch101( CMP slurry and other post-CMP residues on
the surfauefathef\taferdirmdadgivinstinvie isastteainaeddonith aINTAaTal finalfowdinainieidé2R6Gnat 100
rpm with the specific cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized
water), fBtfoEE K5ealsh sdvehiizsatohiz Edllvaies thesetdtcsismod ApBHEMR ¢lpuirs hezmmeritianalysis

was carrjeq qut usin%,a,Nanoscczge lila a{omic force micraoscope (AFM). 102031 The cleaning efficacy

was rated By HRE FESEHDR P Unje S B HE IR ha R T4te! pavrtis s uirit G ifrdtath SHIRE were
"regist iy ' f -235.int it ' typical AFM.i dt
white oo D P N O A A R S R

these pixedsigneseatetits QUpRRR RlRAINGIES- A HR cleaning efficacy was calculated using equation
(2). cleaning efficacy = # pre - clean particles - # of post - clean particles # of pre - clean particlesx

100(1) fqa0s4] TabletilcludesgtiouossisEiNPPcleamning eHigraititasuitshiphaRmpositignsmBRy #C-CG
and CJ-CM described hereinabove at the indicated dilutions..Table 2: Post-CMP residue and
contamininifttenthingvefficadycofttnei oo mypoisitidn siobtimed regent ifisntidances the ability of the
FormulationDilutionCleaning Efficacy/%

aqueous composition of the invention to clean the post-CMP residue and contaminants from the

device surface.

[0155] In another embodiment, the aqueous post-CMP residue removal composition comprises at

least one amine, at least one passivating agent, post-CMP residue, optionally at least one quaternary

base, optionally at least one reducing agent, optionally ai least one complexing agent, and the balance
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‘water. Importantly, the post-CMP residue may be dissolved and/or suspended in the removal
composition of the invention.

[0156] In yet another embodiment, the agueous post-CMP removal composition comprises at least
one amine, ascorbic acid, at least one passivating agent, optionally at least one quaternary base,
optionally at least one additional reducing agent, and water, wherein said alkaline aqueous; cleaning
composition is snitable for cleaning residue and contaminants from a microelectronic device having
said residue and contaminants thereon. Preferably, the clean aqueous post-CMP removal composition
is devoid of a fluoride source, an oxidizing agent, and/or abrasive material.

[0157] In one embodiment of the invention, a concentrated aqueous post-CMP cleaning composition
is provided that can be diluted for use as a cleaning solution. A concentrated composition, or
“concentrate,” advantageously permits a user, e.g. CMP process engineer, to dilute the concentrate to
the desired strength and alkalinity at the point of use. Moreover, the concentrate of the préduct.has a
longer shelf life and is easier to ship and store. Dilution of the concentrated cleaning composition
may be in a range from about 1:1 to about 200:1, wherein the cleaning composition is diluted at or
just before the tool with solvent, e.g., deionized water. Preferably, the concentrated cleaning
composition is diluted in a range from about 5:1 to about 50:1.

[0158] An important feature of the aqueous post-CMP cleaning composition of the invention is that
the non-aqueous constituents (the constituents éther than water) are present in the composition in
small quantities, often less than about 30 % by weight. This is an economic advantage since an
effective cleaning compos'ition can be formulated more economically, which is of importance since
post-CMP cleaning compositions are used in large quantities. Furthermore, because the cleaning
composition is water-based, the cleaning compositions of the invention are more easily disposed of.
[0159] The aqueous post-CMP cleaning comﬁositions of the invention are casily formulated by
simple addition of the respective ingredients and mixing to homogeneous condition. Furthermore, the
aqueous post-CMP cleaning compositions may be readily formulated as single-package formulations
or multi-part formulations that are mixed at or before the point of use, e.g., the individual parts of the

multi-part formulation may be mixed at the tool or in a storage tank upstream of the tool. The
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concentrations of the respective ingredients may be widely varied in speciﬁ_c multiples of the aqueouns
post-CMP cleaning composition, i.e., more dilute or more concentrated, in the broad practice of the
invention, and it will be appreciated that the aqueous post-CMP cleaning compositions of the
invention can variously and alternatively comprise, consist or consist essentially of any combination
of ingredients consistent with the disclosure herein.
[0160] Accordingly, another aspect of the invention relates to a kit including, in one or more
containers, two or more components adapted to form the compositions of the invention. Preferably,
the kit includes, in one or more containers, at least one amine, at least one passivating agent,
loptionally at least one quaternary base, optionally at least one surfactant, optionally at least one
reducing agent, for _combining with water at the fab or the point of use. It will be appreciated by one
skifled in the art that other combinations are contemplated herein.
[0161] In addition fo an aqueous solution, it is also contemplated herein that the aqueous post-CMP
cleaning compositions may be formulated as foams, fogs, subcritical or supercritical fluids (i.e.,

{
wherein the solvent is COs, efc., instead of water).

[0162] In yet another embodiment, the aqueous post-CMP cleaning composition of the invention
may be utilized in other aspects of the microelectronic device manufacturing process. For example,
the aqueous post-CMP cleaning compositions may be used for a post-cobalt clean to remove cobalt-
containing particulates from dielectric regions without removing the desired cobalt plating and
without damaging the dielectric material. In addition, the aqueous post-CMP cleaning composition of
the present invention may be used to remove post-etch and post-ash residue as well as used during a
buff process of a CMP polishing tool.

[0163] In post-CMP residue and contaminant cleaning application, the aqueous post-CMP cleaning
composition may be used with a large variety of conventional cleaning tools, including Verteq single
wafer megasonic Goldfinger, OnTrak systems DDS (double-sided scrubbers), Laurell spin-spray
tools, SEZ single wafer spray rinse, Applied Materials Mirra-Mesa™ /Reflexion ™/Reflexion LK™,

and Megasonic batch wet bench systems.

[0164] As applied to microelectronic’ manufacturing operations, the aqueous pos.t—CMP cléam'ng
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[0205] It can be seen that formulation BQ shows 19% improvement in cleaning over Formulation CC,
which does not contain the copper passivating agent TAZ. Formulations CE and CG show 2% and 1%
improveme W, Q@8pEt3##85y, in cleaning over formulations CD and CF, whicPEd’H82t6/8M1the copper
passivating agent TAZ. Formulations containing BTA as a passivating agent, specifically CJ, CK, CL,
and CMsoageeitndsesfahe paesdaie anmgtidneate tvefaliylitonlofhiticldsadupwrt-CManingdeexandble 13
[0206] The copper roughening of blanket polished copper wafers in the presence of formulations BQ
and CCeQEawaenty Gttt sTifecw afcthmmistsciviienie slovies cdulsctiratznepsli pras gk minute
at 22C at 100 rpm with the specific cleaning composition diluted x:1 (1 paéttéleanin%coggos(}'tion to X
parts deRsHTiSAHEIRSPRSR SRRy B0y RSl AERE AP ICEA /Y BN B e aRa
post-clegning qnalysis was caied Qutusing.NagscoRe ia AEM, Thdauaheningwessaled by the

Root MEAR quare rougﬁness as calculated by the ware. The results are tabulated in Table 3

hereinbelow, Table, 3¢ ARPEHILGRBEES Hsiisk RECAMRASEIQRTRISRe R REQIUWCBI@ more
FormulationDilutionRMS roughness% BQ30:11.01 CC30:11.42 CD30:11.14 CE30:11.17 [0207] The

data shewsthal theaddtmnat apasabitegagastd® e cleaning compositions of the invention, i.e.,
formulations CC and CE, does not adversely effect the copper roughening due to the formulations.

Exampl§0145] [6268]oF e effinamjtiohfaribidtivasi@FoCRadag tist-GMPCEdigue eitaniaaisetiv P
residue and contaminants from a microelectronic device having same thereon was evaluated. The

device iemaniendestonGedsuiessnhaBngyeree Tk 4AcrRERF APO RN Bearing SrmEihtace.

The wafers were further contaminated with IOppm BTA fqr 2 hours by static.immersion. JThe. wafer in
each ind¥@ifedX s spRdrl Y %%%ﬁﬁ?%%f%%%ﬁﬁ%%ﬁoﬁ?gta icféoaa[bf&)fo mwith’ refeIag}?l’fic

;
rpm with’the spe

S Eaeosllon el (&R FSRG SPRARSIAR 36-C RRL IR es R dalighed 1 2

30 second deionized watet rinse and spin e- and post-cleaning analysis was carried out using a

Nanoscope aAARNEAASSRIRIRRSRRE LAFM)-ofike sheaningns liceempasnini echarkakling te the

method of Example 12 and calculated using equation’ (1) hereinabove. The results are tablulated in
Table 4 haprindieiay artalira4id0e s6- G MRs psiduity abeic driansirEhPaleddingetivampbifim the
compositions of the present invention. FormulationDilutionCleaning Efficacyt% CC30:192.6
CD30: 146vice, within the broad practice of the invention. “At least partially clean” an “substantial removal”
both correspond to at removal of at least 85 % of the residue present on the device prior to residué
removal, more preferably at least 90 %, even more preferably at least 95 %, and most preferred at
least 99 %.
[0166] In another embodiment, the aqueous post-CMP cleaning composition is introduced to the Step
1I platen before or during the buffing process, i.e., before or during the reduced platen downforce,
whereby the aqueous post-CMP cleaning composition displaces the Step Il CMP slwry and assists in
the removal of the Step IT CMP slurry from the surface of the microelectronic device at the back-end
of the Step I CMP process.
[0167] Following the achievement of the desired cleaning action, the aqueous post-CMP cleaning
composition may be readily removed from the device to which it has previously been applied, as may
be desired and efficacious in a given end use application of the compositions of the present invention.
Preferably, the rinse solution includes deionized water.

[0168] Yet another aspect of the invention relates to the improved microelectronic devices made

according to the methods of the invention and to products containing such microelectronic devices.
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CF30:186.4 CH30:186.4 Cl130:198.6 [0209] It can be seen that formulation CI, which includes TAZ,
shows improved cleaning, the slurry and BTA contamination compared to formulations without the

TAZ passivai@28é88%ample 15 [0210] The efficacy of formulations BQPATAUSH0G0298kcleaning
BTA residue from a copper surface was evaluated. The copper surface was blanket seed wafer which
had bee[plgmted stithfdpamaleB T4 faic? ihantivohyratadic ionmetisidn . of heavafeniringash mtitdece was
cleaned on a spin/spray tool for 1 minute at 22C at 100 rpm with the specific formulation diluted x:1 (1
part cleaoingrisgpasitiosl¢cieadsvitsionidadoiateepniptising donipetise Secoivdogertinnie dievierr rinse
and spin dry. The wafer was then exposed to 1125 gas for 2 minutes. Discoloration causet(jf%%/

b
exposur¥ith MagesIharsitelthelsevae serrition rrtirnt dma in s ehart-BYR Budve Y pper

surface, vc\)/herebg/ thgr BTA remova| from .Ie%g%% rir;ost correspands to.orange < red < pink < purple <
blue. ThEPEERE el acchénécher_embe‘él{}\% %%%ﬁ%ﬁﬁﬁ%%ﬁ%ﬁ%’ Table 5:
S AU AR el WS S el anager
IOppm EbANGAG includes components selected from the group consisting of (a) at least one amine, at least

one passivating agent, and water, (b) at least one amine, at least one passivating agent, at least one

reducing agent and the balance water, (c) at least one amine, at least one passivating agent, at least

one surfactant, optionally at least one reducing agent, and the balance water, (d) at least one amine, at

least one passivating agent, at least one quaternary base, optionally at least one reducing agent, and

the balance water, and (&) at least one amine, at least one passivating agent, at least one quaternary

base, at least one reducing agent, opiionally at least one surfactant, and the balance water.

[0170} In another aspect, the present invention relates to an aqueous post-CMP cleaning composition

used as a transfer solution to protect the copper of the electronic device wafer. For example, the post-

CMP cleaning compositions disclosed herein may be sprayed onto the wafer during the transfer of

said wafer to the polishing platen and/or the post-CMP residue removal process, i.e., brush-scrubbing,

megasonics, etc. Preferably, the aqueous post-CMP cleaning composition is diluted with water in a

range from about 20:1 to about 1000:1 prior to spraying onto the wafer.

[0171] The features and advantages of the invention are more fully illustrated by the following non-

limiting examples, wherein all parts and percentages are by weight, unless otherwise expressly stated.

Example 1

[0172] The efficacy of formulations AA-AF for inhibiting copper corrosion (i.e., minimizing copper

etch rate) was evaluated. The device was a blanketed copper wafer. The wafer in each instance was

immersed in the respective composition for 10 minutes at 50°C, followed by a deionized water rinse

and spin dry. Prior to immersion, the samples were measured using the 4-point probe measurement

technique to determine the thickness of the substrate as a function of resistivity. A regression curve

was generated and the thickness of the copper determined as a function of resistivity to derive the etch
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rate of copper in each composition. The results are ithustrated in Figure 2.

Example 2

[0173] A paiterned wafer having residue thereon was immersed in a beaker of agitated (250 1pm)

Formulation AC for 2 minutes at 40°C. The patterned wafer included a FSG bond pad on a copper

surface. Subsequent to the clean, the wafer was rinsed with DI water, dried and submitted for

scanning electron microscopy (SEM). The etch rate of copper was determined to be 1.4 A min™.

[0174} Electron micrographs of the control wafer before and after immersion are shown in Figures

3A and 3B, respectively. Tt can be seen that the residue was effectively removed following just 2

minutes of cleaning.

Example 3

[0175] A post-via etch barrier break-through wafer was immersed in beaker of agitated (250 rpm)

Formulation AC for 2 minutes at room temperature. During the via-etch process, the wafer was

subjected to a 50% over etch to provide heavy sidewall polymer residue. Subsequent fo the clean, the

wafer was rinsed with DI water, dried and submitted for SEM.

[0176] Electron micrographs of the control via wafer and a cleaved control via wafer before

immersion are shown in Figures 4A and 4B, respectively. Electron micrographs of the via wafer and

the cleaved via wafer after immersion are shown in Figures 5A and 5B, respectively. It can clearly be

seen that the residue remaining following the via etch and over-etch processes was substantially

removed from the sidewalls of the vias (see, ¢.g., Figure 5B).

Example 4

[0177] The contact angle for DI water on treated and untreated copper surfaces was determined. The

copper surface was an electrochemically deposited copper material having a DI water contact angle of

72.542.2 without treatment. The ECD copper was immersed in a variety of compositions, as

enumerated hereinbelow in Table 1, for one (1) minute, rinsed with DI water, dried with nitrogen and
the contact angle of the DI water determined. The results are tabulated in Table 1.

Table 1: DI water contact angle on treated and untreated copper surfaces.

Contact A;nge(")
Control 72.5£2.2
0.1 wt. % BTA 49.8+1.5
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CG Pink/Purple [0211] The surfaces cleaned with the formulations of the invention including TAZ,
specifically BQ, CE, and CG, were more significantly discolored, i.e., evidenced significant ETA
removal, thARARBBEAIERAtIONS devoid of the TAZ passivating agent. XPS rd&AESAMNAKP MR *hat
formulations comprising TAZ left a thin layer of TAZ passivated copper behind. These results support
the theory that the ftmutatroBDA the invention gomprisiag:3B4&Z displace the ETA from the surface of
the wafer. Examp|e026M024 Z¥%arious embodiments weta. Seiddfiulated! wherein all percentages are by
weight, based on Weltwta%/v%mht of the formulatuon Sonmhé4etdulations are preferred and some were
formulated for cornfAFREERNR il dSatataly 4 hanolamine, 91 wt.% H20
Formulation DB9 wt. % Monoethanolarrdne O 1 wt% 2- Mercaptoben2|m|dazole 909 wt.% 1120

F I t % 2- t.% H20 Formulation DD11 wt. %
1%2%3%%%‘,3#(5\{&, mg’g% an%tﬁﬁ%gBa%?@%ﬁs}e PeauESRaRsiaRSRPT e NMEA,
89 wt.% HZ\Q @rﬂ“ﬂa‘}{ﬁ@e‘@ Fi]'&' ﬂite %Ml‘:ﬁ% tedl 5)//@1'55-@% agot)r;qzo%%bg & %8/0 %&%—68{m ulation

DG11 wt. % NMEA, 0.1 wt% 5-Aminotetrazole, 1
When this treated ECD copper surface was further immersed in formulation BQ (diluted 10:1), rinsed

and dried, the contact angle dropped 12.5+1.6.

[0179] It can be seen that the copper treated with a composition comprising 0.1 wt. % BTA had a
contact angle of approximately 50°-60°, indicating that the treated surface was relatively hydrophobic
(e, non;wetting). In contrast, the copper treated with TAZ has a contact angle of approximately 10°-
15°, indicating that the treated surface was hydrophilic. Interestingly, after said BTA-treated copper
surface was immersed in fomlulati;n BQ comprising TAZ , the contact angle for DI water decreased
to about 10°-15° {i.e., the contact angle for the TAZ-treated surface), suggesting that the TAZ either
(i) adsorbed to the BTA-Cu” surface or (ii) displaced the BTA from the Cu surface leaving behind
TAZ-Cu".

Example 5

101801 The contact angle and corresponding surface energy for DI water on treated and untreated

copper surfaces was determined and iflusirated in Figure 6. The surfaces examined are summarized

below.,
ECD Cu Electrochemically deposited copper (control)
Cu-BTA ECD Cu immersed in a 0.1% BTA solution at natural pH
Cu-2MBI . ECD Cu immersed in a 0.01% MBI solution at natural pH
Cu-4302 . ECD Cu immersed in 0.1% of a proprietary modified triazole
composition
Cu0 ECD Cu treated with a composition to convert surface CuQ to CuO
Cu-CBTA ECD Cu immersed in a 0.01% CBTA solution at natural pH
Cu-TAZ ECD Cu immersed in a 0.2% TAZ solution at natural pH
Cu-5ATA ECD Cu immersed in a 0.2% ATA solution at natural pH
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WO 2006/127885PCT/U82006/020214 Example 17 [0213] Formulations DA-DG were evaluated for
copper etch rate. The substrate was a blanketed copper wafer. The wafer in each Stance was

immersed iXReEpEERSe composition for 10 minutes at 22C at 450 rpm, RASNE #0203 sec

deionized water rinse and nitrogen dry. Pre- and post-cleaning analysis was carried out using a Res
Map foul0pRihtiprolestatidhermitee thohiivass thé thacoappErediperejasixater (B biaappein nwine
presence of the formulations was calculated using equation (2). The variance of the etch rate is

calculateigteisthy des sodeilin) ofsaideompewd gyapualpitewhich teaddd dkhe istht derdiibmigate before

immersion in Angstroms, B is the thickness of the supstrate after immersion Ang‘étrom_s and T is the
time in rﬁ? rl’é SI‘:‘%F“?% 3 seiipble poiveral SoPeey AR b e b RR At SimRY Sibstrate

before t{;g t én Qgstrqes S the 61frlamce oLlatielch.knes of égllg ggbstrate after i ersion in
Angstroms, an tls e tinfe’ In mlnu es (1 eresu O the e Tate defaRfination exBerlments

are sumimanizedin able 31baak GREINpIPBESIRRE: AT oA A RA-ARHRBJERESERLR the 20:1

dilution of DA and DB in DI water. Table 6. Copper thickneSs and etch rates following immersion in

FormulatiassyAcdedsing alie LiaHitodd Ahk BrD Aqddu9 Cldabing solution is able to penetrate into high
aspect ratio structures during post-CMP cleans and decreasing the ability to form “water spots” on the
exposed copper surfaces.
Example 6
[0183] The adsorption of TAZ onto a copper surface was determined in both acidic and basic media.
An electrode on a quariz crystal microbalance (QCM) was plated with copper and immersed in DI
water at 23°C at a pH of approximately 5 for 360 seconds. The results of the acidic control
experiment are illustrated in Figure 7, showing an observed mass increase of approximately 1.66 pg
em? at 300 sec, due to oxidation and hydration processes. |
[0184} The copper-plated QCM electrode was then immersed in a solution containing 0.058 wt.%
TAZ at pH 5.8 (the natural pH of the solution). ﬁe results of the experiment in acidic media are
illustrated in Figure 8, showing an observed mass increase of approximately 0.38 ug cm™ at 300 sec,
which corresponds to a TAZ film thickness of approximately 26A. Figure 9 illustrates the
corresponding open circuit potential (OCP), relative to an Ag/AgCl reference electrode, for this
experiment in the acidic media. It can be seen that the potential for the adsorbed TAZ, having a QCM
determined thickness ‘\of approximately 0.38 pg em? at 300 sec, corresponds to approximately 0.18 V.
[0185] The experimelnt was repeated by immersing the copper-plated QCM electrode in a basic DI
water solution which was adjusted to pH 11.5 using TMAH. The results of the basic control
experiment are illustrated in Figure 10, showing an observed mass increase of approximately 0.44 pg
cm? at 300 sec.
[0186] The copper-plated QCM electrode was then immersed in a solution containing 0.058 wt.%
TAZ adjusted to pH 11.5 using TMAH. The QCM results of the experiment in basic media were

inconclusive however, Figure 11 illustrates the corresponding OCP for this experiment in the basic
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media. It can be seen that the potential for the adsorbed TAZ in the basic media corresponds to
approximately 0.195 V. The similarities between the OCP results in the acidic TAZ solution and the
basic TAZ solution suggest that TAZ will consistently adsorb at exposed copper surfaces regardless
of the pH of the solution. This is relevant because CMP requires a variety of different shurries having
a variety of pH wvalues and the residual CMP slury often contaminates post-CMP cleaning
compositions thus altering the pH of the cleaning composition. Preferably, the passivator adsorbs to
exposed copper equivalently, regardless of the pH, thereby broadening the applicability of the
cleaning composition.

Example 7

[0187] The adsorption of TAZ onto a BTA-treated copper surface was determined in a basic
medinm. An electrode on a quariz crystal microbalance (QCM) was plated with copper and immersed
in a 0.2 wt. % BTA solution having a neutral pH at 23°C for 300 seconds. Thereafter, the BTA-
treated copper was immersed in & 0.1 wt. % TAZ solution having a pH of 11.5 for 300 sec. The
results of the OCP and QCM experiments are illustrated in Figures 12 and 13, respectively. It can be
seen that the mass of the electrode decreased, evidencing displacement of the heavier BTA molscules
(MW 119.1 g mole™) by the lighter TAZ molecules (69.07 g mole?). The results of this experiment
suggest that at least a portion of the BTA is displaced by the TAZ molecules.

Example 8

[0188} Figure 14 illustrates the total number of defects remaining on copper, TEOS, Coral and Black
Diamond (BD) surfaces following two different cleaning methodologies. A Compass defect analysis
tool was used to count the number of defects having a size greater than 0.1 yum ov each surface. The
first cleaning methodology is a conventional one used in the art whereby subsequent to CMP, the
Awafer is immersed in a citric acid solution and brush cleaned with a cleaning composition devoid of
passivator, in this case a composition including MEA, TMAH, ascorbic acid and DI water. The
sccond cleaning methodology involves the immersion of the wafer subsequent to CMP, in
Formulation BQ, followed by brush cleaning with the aforementioned passivator-free cleaning
composition,

[0189) Referring to Figure 14, it can be scen the copper cleaned according to the first methodology
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had a substantial number of defects, mostly organic defects possibly due to the presence of adsorbed
BTA from the preceding CMP process. When the copper was cleaned according to the second
methodology, wherein the surface is immersed in a composition comprising TAZ (Formulation BQ),
the number of defects decreased dramatically. These resulis further evidence that the BTA is
displaced by the TAZ during the post-CMP clean. Accordingly, another advantage of the BTA
displacement by TAZ is the reduced number of surface defects and thus, the increased reliability of
the overall microelectronic device.

Example 9

[0190] Figure 15 illustrates the number of total defects, organic defects and particle defects as a
function of time for a blanketed copper wafer following a rinse-buff during the CMP buff step with a
10:1 dilution of formulation BF (with DI water) followed by post-CMP cleaning in a brush box using
a 30:1 dilution of a concentrated composition including 4.7% TMAH, 20.6% TEA, 3.3% gallic acid,
11.2% ascorbic acid and the balance water It can be seen that the number of defecté, organic, particle
and total, decreased as brush {itne increased. These results indicate that a brush clean was necessary,
preferably for at least 60 seconds, to remove a substantial amount of the defects.

Example 10

[0191] Figure 16A is a scanning electron micrograph of a Sematech 854 control at the edge of a bond
pad at a magnification of 30,000x, wherein the wafer has CMP residue and slurry contaminants
thereon. Figure 16B is an SEM of the Sematech 854 control wafer at one randomly selected bond pad
at a magnification of 6,000x.

[0192] The Sematech 854 control wafers were cleaned using a Laurell spin-spray tool with a 60:1
dilution (with DI water) of the cleaning formulations of the present invention for 60 sec at 22°C.
[0193] For Figures 17-26, which correspond to a clean with formulations BH-BM, BF and BN-BP,
respectively, figure A is an SEM of the wafer following spin/spray treatment at the centér of a bond
pad at a magnification of 30,000x, figure B is an SEM of the wafer following spin/spray treatment at
the edge of a bond pad at a magnification of 30,000x, figure C is an SEM of the wafer following
spin/spray treatment at a randomly selected bond pad at a magpification of 6,000, and figure D is an

SEM of the wafer following spin/spray treatment at an area of the b.l8pm line pattern at a
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magnification of 6,000x.
[0194] Figures 17 and 18, corresponding to wafers cleaned with formulations comprising BTA
(formulations BH and BI, respectively), evidencing that post-CMP cleaning compositions comprising
BTA are not suitable for the removal of residue and‘ contaminants.
[0195) Figure 19, cormresponding to a wafer cleaned with the formulation comprising a low
concentration of CBTA. (formulation BJ), illustrates the substantial removal of post-CMP residue and
contaminants. However, Figure 20, corresponding to a wafer cleaned with the formulation
comprising a high conceniration of CBTA (formulation BK), illustrates the failure of the more
concentrated formulation at removing the residue and contaminants. Although not wishing to be
bound by theory, this distinct difference is thought to be due to a balance between the passivator and
the other components in the formulation. High concentrations of passivator may inhibit the cleaning
capabilities of the formulation.
[0196] Figures 21 and 22, corresponding to Wafefs cleaned with formulations comprising ATA
(forrmlations BL and BM, respectively), illusirate a cleaning behavior similar to CBTA (i.e., Figures
19 and 20), whereby the less concentrated ATA. composition substantially removed the residue and
contaminants but the more concentrated ATA. composition did not. It is further noted that a film
appeared to adsorb to the surface of the wafer for both compositions comprising ATA, possibly due to
too high of a passivator level causing uneven particulate deposition of the passivatoré onto the copper.
[0197] Figure 23, corresponding to a wafer cleaned with a formulation comprising TAZ (formulation
BF), illustrates the substantial removal of post-CMP residue and contaminants.
[0198] Figure 24 corresponding to a wafer cleancd with a formulation comprising TAZ (formulation
BN), illustrates the substantial removal of post—CMP residue, however, a film adsorbed to the surface
of the wafer during the clean.
f0199] Figure 25 corresponding to a wafer cleaned with a formulation comprising TAZ (formulation
BO), illustrates the removal of the smaller post-CMP residue matter however, the formulation was
unable to remove the larger particulate matter from the surface of the wafer. X is noted that the BO
formulation did substantially remove all post-CMP residue matter and contaminants from proprietary

wafers (not shown herein). This suggests that the usefulness of all formulations is dependent on the
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nature of the materials on the wafer as well as the nature of the preceding CMP polish.

[0200] Figure 26, corresponding to a wafer cleaned with a formulation comprising TAZ (formulation
BP), illustrates the substantial removal of post-CMP residue and contaminants.

Example 11

[0201} The contact angle of diluted formulations BR and BS on dielectric material was determined.
Formulation BR was diluted to form a 2.561 BR: 97.839 DI water solution. Formulation BS was
diluted to form a 2.56 BS: 97.84 DI water solution. Optical images of the observed contact angles are
shown in Figures 27A and 27B.

Example 12

[0202] The efficacy of formulations BQ, CC-CG and CJ-CM for cleaning post-CMP residue and
coptaminants from a microelectronic device having same thereon was evaluated. The device was a
patterned Sematech 854 wafer which had dried Arch10K CMP slurry and other post-CMP residues on
the surface. The wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100
rpra with the specific cleaning composition diluted x:1 (1 part cleaning composition to x parts
deionized water), followed by a 30 second deionized water rinse and spin dry. Pre- and post-cleaning
analysis was carried out using a Nanoscope Illa atomic force microscope (AFM).

[0203] The cleaning efficacy was rated by the reduction of objects on the substrate. The particles on
the sample substrates were “registered” as a range of pixels from 231-235 intensity, which on a
typical AFM image correspond to white species on an otherwise dark background. A Sigma Scan Pro
histogram was applied to filter these pixels and count the number of particles. The cleaning efficacy

was calculated using equation (1).

# pre - clean particles - # of post - clean particles y

cleaning efficacy =
& Y #of pre - clean particles

100 (1

[0204] Table 2 includes the post-CMP cleaning efficacy results for compositions BQ, CC-CG and

CJ-CM described hereinabove at the indicated dilutions.

Table 2: Post-CMP residue and contaminant cleaning efficacy of the compositions of the present
invention,

Formulation Dilution Cleaning Efficacy/%
BQ 30:1 99.0
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cC 30:1 70.0

CD 30:1 97.4

CE 3011 99.7

CF 30:1 98.0 o

CG 30:1 99.0

CJ 30:1 0

CK 30:1 0

CL 30:1 0

CM 30:1 0

[0205] It can be seen that formulation BQ shows 19% improvement in cleaning over Formulation
CC, which does not contain the copper passivating agent TAZ. Formulations CE and CG show 2%
and 1% improvement, respectively, in cleaning over formulations CD lzmd CF, which do not contain
the copper passivating agent TAZ, Formulations containing BTA as a passivating agent, specifically
CJ, CK, CL, and CM, have extremely poor cleaning due to the addition of particles during cleaning.
Example 13

[0206] The copper roughening of blanket polished copper wafers in the presence of formmlations BQ
and CC-CE was evaluated. The wafer in each instance was cleaned on a spin/spray tool for 1 minute
at 22°C at 100 rpm with the specific cleaning composition diluted x:1 (1 part cleaning composition to
x parts deionized water), followed by a 30 second deionized water rinse and spin dry. Pre- and post-
cleaning analysis was carried out using a Nanoscope Illa AFM. The roughening was rated by the

Root Mean Square roughness as calculated by the AFM software. The results are tabulated in Table 3

hereinbelow. '

Table 3: Copper roughness using the compositions of the present invention.

Formulation Dilation RMS roughness%
BQ 30:1 1.01
CC 30:1 1.42
CD 30:1 1.14
CE 30:1 1.17

[0207] The data shows that the addition of a passivating agent to the cleaning compositions of the
invention, i.e,, formulations CC and CE, does not adversely effect the copper roughening due to the

formulations.

Example 14
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111 [0215] It can be seen that the addition of the passivating agent to formulations DB, DD, and DF

contributed WA2AMEER R er etch rate and lower variance in the copper etcHPfR& 8748928 ble than

formulations DA, DC, and DE (i.e., formulations without the passivating agent). The addition of the
reducin@20$& ritlgd yaified dp 6 fioroketidon D GOLEPe 8 dUBeshih€]l chahcletsimmnpotiteCivEr i ssstime hitkie copper
etch rate compared to formulations DE and DF (i.e., formulations devoid of reducing agent). Example
18 [02%&)tminasteSiorrpminsirsienicrdeizethaviag same dhgseetivaceyalvasiioddie dedap sablow,
were prepared, .
ppa erned Sematech 854 wafer which had dried Arch10K CMP slurry on the surface. The wafers were

further contaminateﬁ with 10ppm BTA for 2 hours by static immersion. The wafer in each instance

was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm with the specific cleaning

composition dituted x:1 (1 part cleaning composition to x parts deionized water), followed by a 30

second deionized water rinse and spin dry. Pre- and post-cleaning analysis was carried out using a

Nanoscope Hla atomic force microscope (AFM). The cleaning efficacy was rated according to the

method of Example 12 and calculated using equation (1) hereinabove. The results are tablulated in

Table 4 hereinbelow.

Table 4: Post-CMP residue and contaminant cleaning efficacy of the compositions of the present

invention.
Formulation Dilution Cleaning Efficacy/%
CC 30:1 92.6
CD 30;1 46.1
CF 30:1 86.4
CH 30:1 86.4
CI 30:1 98.6

[0209] k& can be seen that formulation CI, which includes TAZ, shows improved cleaning. of the
shurry and BTA contamination compared to formulations without the TAZ passivating agent.
Example 15

[0210} The efficacy of formulations BQ and CC-CG for cleaning BTA residue from a copper surface
was evaluated. The copper surface was blanket seed wafer which had been treated with 10ppm of
BTA for 2 hours by static immersion. The wafer in each instance was cleaned on a spixﬂspx:ay tool for
1 minute at 22°C at 100 rpm with the specific formulation diluted x:1 {1 part cleaning composition to
x parts deionized water), followed by a 30 second deionized water rinse and spin dry. The wafer was
then exposed to H,S gas for 2 minutes. Discoloration caused by exposure to the gas indicates the
level of BTA contamination remaining on thie BT A-treated copper surface, whereby the BTA removal
from lcast to most corresponds to orange < red < pink < purple < blue. The results are tabulated in

Table 5 hereinbelow.

43



Formula EA 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. % Ascorbic
Acid, 82.5 wt%1-120 Formula EB1 wt. % 1,2,4-Triazole, 99 wt.% 1120 Formula EC1.75 wt. %
Ascorbic ACHOZWE/ TS 4-Triazole, 97.25 wt.% 1120 Formula ED 2.5 wt X HEAREH mmonium
hydroxide, 1.75 wt. % Ascorbic Acid, | wt. % 1,2,4-Triazole, 94.75 wt% 1120 Formula EE4.5 wt. %
Monoethanolamine, 1 wt. % 1,2,4-triazole, 94.5 wt.% 1120 Formula EF4.5 wt. % Monoethanolamine,
1.75 wt. Rt olsechefdP TAvtontamingtian araaiinesoltoning eatoeh wihetbe spsajfic dprmulation

Tetram iU ERITERIEHRE Poxide, 1 wt. % 1,2,4-triazole, 96.5 Wt.% 1120 Formula EH 9 wt. %
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[0211] The surfaces cleaned with the formulations of the invention including TAZ, specifically BQ,

CE, and CG, were more significantly discolored, i.e., evidenced significant BTA removal, than the

formulations devoid of the TAZ passivating agent. XPS results verify that that formulations

comprising TAZ left a thin layer of TAZ passivated copper behind. These results support the theory

that the formulations of the invention comprising TAZ displace the BTA from the surface of the

wafer.

Example 16

[0212] Various embodiments were formulated, wherein all percentages are by weight, based on the

total weight of the formulation. Some formulations are preferred and some were formulated for

COMparison purposes.

Formulation DA

Formulation DB
;0

Formulation DC

9 wt. % Monoethanolamine, 91 wt.% H,O

9 wi. % Monoethanolamine, 0.1 wi% 2-Mercaptobenzimidazole, 90.9 wt.%

11 wt.

Formulation DD 11 wt.

H,O

Formulation DE 11 wt. % NMEA, 89 wt.
Formulation DF 11 wt.

Formulation DG 11 wi.

Wt.% H20

% 1-Amino-2-propanol, 8% wt.% H,O

% H,O
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% 1-Amino-2-propanol, 0.1 wt.% Carboxybenzotriazole, 88.9 wt.%

% NMEA, 0.1 wt% 5-Aminotetrazole, 88.9 wt.% H,0

% NMEA, 0.1 wit% 5-Aminotetrazole, 1 wi% (40%) Glyoxal, 87.9



WO 2006/127885PCT/US2006/020214 Formula EN 5.5 wt. % Monoisopropanolamine, 1.75 wt. %
Ascorbic Acid, 92.75 wt.% 1120 Formula EO 4.5 wt. % Monoethanolamine, 1.75 wt. % Ascorbic Acid,
93.75 wt.% WOPHSHAAREP9.0 wt. % Monoethanolamine, 3.5 wt. % AscorBiE R YR Y
1,2,4-triazole, 85.5 wt.% H20 Example 19 [0217] The efficacy of formulations BG, EA-EG, EL and EM
for cIeaﬂﬁ@%ﬂéMP residue and contaminants from a microelectronic device containing same

thereon luated. Th vice was a patterned Sematech 854 wafer which had dried CMP slurry
and othﬁ%ft%ﬂﬁ%&gﬁé‘g%ﬁﬁvﬁuﬁ F%@Wh@&ﬁ%s@&%%l&ﬁéobld‘ﬁkﬁt%‘ﬁ)in/spray
tool for 1 /iapte At 226 %&Q%LQJ&W,A%EPQ% FREGICRERING SmRANiON QRIS Ko 0 Pt geanng
composition to x parts deionized water), followed by a 0 second deionized water rinse and Spin dry.
Pre- andippsi=cieasinghanayisiscyay Gasied outibaing 3 Nanescona 1ag.glanais. fosre migasgope
(MM). The cleaning efficacy was rated by the reduction of objects on the substrate as described
hereinalsirasiag dnalgsicatnutateddicin geng ative [ G2k8)chahieoBeins|delesine padiéshdT eleaning
efficacy results for compositions BG, EA-EG, EL and EM described hereinabove at the indicated
dilutionscoPagie hp sharIP B dfecapirr onthmprasancteahihy &ffionkliofstaconpbiadonsngf the

present invention. FormulationDilutionCleaning Efficacy/% EA10:179 BG5:1100 EB5:1-4 EC5:1-2
ED5: 1_3‘:%%1‘9_11(%)2 Tee wayigpee of the etch rate is calculated using equation (3).

A-B
CuER=—r 2
T (2)

where A is the thickness of the substrate before immersion in Angstroms, B is the thickness of the

substrate after immersion Angstroms, and T is the time in minutes,

VSA® +SB®

Cu ER Error= —T——w (3)

where SA = variance of the thickness of the substrate before treatment in Angstroms, SB is the
variance of the thickness of the substrate after immersion in Angstroms, and t is the time in minutes.
[0214] The results of the etch rate determination experiments are summarized in Tables 6 and 7

below, wherein the 20:1 solution of DA and DB represents the 20:1 dilution of DA and DB in DI

water.

Table 6: Copper thickness and etch rates following immersion in Formulations DA-DG.
Formulation DA DB DA DB DC DD DE DF | DG
: (20:1) | (20:1)
Thickness prior to 7643 | 785 | 769.1 | 737.1 | 790.2 | 797.5 | 779.1 | 750.7 | 779.8
immersion (A)

Thickness 636.7 | 7834 | 506.7 | 724.3 | 478.3 | 685.9 | 630.6 | 627.9 | 6933
subsequent to
immersion (A)
ER (A min™) 12.8 0.2 26.2 1.3 | 312 | 11.2 | 149 | 123 8.7
Table 7: Variance of copper thickness and variance of the eich rate.
Formulation DA DB DA |DB | DC | DD | DE |DF | DG
(20:1) | 20:1)
Variance prior to 2.6 1.7 1.6 | 4.7 1 09 1 15 3 1.4

immersion (A)
Variance subsequent | 12.1 1.7 525|131 | 176194 | 26862 | 25
to immersion (A)
ER Variance (Amin” | 1.2 [ 02 13 (061 1.8 |09 | 27 {07] 03
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EG5:1-2 EL5:199 EM5:190 [0219] It can be seen that formulation EC (TAZ and ascorbic acid) and
formulation BE (TAZ and monoethanolamine) did not clean the post-CMP residue and contaminant
from the walPSIPHEE3BMmexpectedly and surprisingly, however, when the E&HYSAM4828 b rmulations
EC and EE were WO 2006/127885PCT/U52006/020214 combined to form formulation EF (TAZ,
ascorlid acid,_monoethandlamine), the clbaning efficdcy was nedrly 100 %. The sirprising effect is
further ill irated in Figures 28 and 29, which represent the ARM images of the pre- and post-clean
using foﬁgjrf PridrearEeen et e sddiiam Pt the Rastvaing gesrict? foarriationmbEn BB vad BB effect

on the number %Qarticleﬁlq.e whi est%otg fleaned from the wafer surf%ce while formylation EF

s S5 1SFHRTSARAS EPPRAFEN RSP LIEARG Efftacy of

. . lllt oda (i3 Ia .
efficacious y cleaned the wafer surface. Simi

nearly 19081I02R0bRUCCt PR IRBAEAGRE Bidet HRalsahlawnorhe eleslgp gilutons

(i.e., 10:1 and 5:1, respectively), with the exception that formulation EA Was devol passivating
agent. Trhéutast igeat/ggesd aabRAgsialiDg Age: iethis aasachAde A BB aslsastal efigrtive metal
passivator, but also enhances the cleaning of the post-CMP residue and contaminants. Example 20
[0221] Tieh efticomyraido tofokativa BRSO (e Eanirigipos tabiPofesitiviapagmpntaminants from
a microelectronic device containing same thereon was evaluated. The device was a patterned
SemateZFasple & o which had dried CMP slurry and other post-CMP residues on the surface. The
wafer in %insta ce was cleaned on a spin/spray tool for 1 minute at 22C at 100 rom with the
specific@g‘g G E8 %ﬁ?ﬁiﬂ‘ﬁ?ﬁ’ﬁ’éﬂ%ﬁ%’ AV dunTSEP e CRRRoS oS JartalerdiBrioud Wotker),
followe ggéa?‘e%p second deionized water rinse and spin dry. Pre- and post-cleaning analysis was
carried out using a Joule scanning electron microscope (SEM). The cleaning efficacy was rated by the
reduction of objects on the substrate as described hereinabove and was calculated using equation (1).
[0222] Table 9 includes the post-CMP cleaning efficacy results for compositions EA and BG described
hereinaBoueudt Bre indisatosMinsanmolakiie.% Whst-CiiRdasisue anchcpptaminantsciganing efficacy
of the céwmpdsitideslpizievpbedBOX invention. FormulationDilutionCleaning Efficacy/% EA30:180

BG30:198
Formula EB 1 wt. % 1,2,4-Triazole, 99 wt.% H;0O

‘Formula EC  1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-Triazole, 97.25 wt.% H,0

Formula FD 2.5 wt. % Tetramethylammonium hydroxide, 1.75 wt. % Ascorbic Acid, I wt. %
1,2,4-Triazole, 94.75 wt.% H,O

Formula EE 4.5 wt. % Monoethanolamine, 1 wt. % 1,2,4-triazole, 94.5 wt.% H,0O

Formula EF 4.5 wt. % Monoethanolamine, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
92.75 wt.% H,0 :

Formula EG 2.5 wt. % Tetramethylammonium hydroxide, 1 wt. % 1,2,4-triazole, 96.5 wt.% H,0

Formula EH 9 wt. % Monoethanolamine, 5 wt. % Teh'amethylammonium hydroxide, 3.5 wt. %
Gallic Acid, 2 wt. % Ascorbic Acid, 2 wt. % 1,2,4-triazole, 78.5 wt.% H,0 :

Formula EI 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
Gallic Acid, 2 wt. % Ascorbic Acid, 1 wt. % Benzotriazole, 79.5 wt.% H,0

Formula EJ 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide, 3.5 wt. %
‘Gallic Acid, 10.9 wt. % Ascorbic Acid, 71.6 wt.% H,0

Formula EK 9 wt. % Monoethanolamine, 5 wt. % Tctramethylaﬁ:monium‘hydroxide, 35wt %
Gallic Acid, 10.9 wt. % Ascorbic Acid, 2 wt. % 1,2,4-Triazole, 69.6 wt.% I,0

Formula BL. 5.5 wt. % Monoisopropanolamine, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
91.75 wt.% H,O

Formula EM_ 7.75 wt. % Aminoethoxyethanol, 1.75 wt. % Ascorbic Acid, 1 wt. % 1,2,4-triazole,
89.5 wt.% 0

46



BG10:198 48 WO 2006/127885PCT/US2006/020214 [0223] Importantly, Example 20 demonstrates
that the effective formulations may be substantially diluted without compromising the cleaning efficacy
of the cleanW& 28P38%dN. This has the benefit of reducing the cost of owRERNRFHE0H2#4r cleaned.
Example 21 [0224] The efficacy of formulations EA, BG, ES and EK for cleaning post-CMP residue
and contemmalakdirord hwhitsddtseisopriepanlieans Atainiig/s Anvertiefeih WS et Od. The device
was a patterned Sematech 854 wafer which_had dried CM? slurry and other post-CMP residues on the

surface ERHBIEES in &3 ineMpresthaolaniicl ot hivepbis Askh 537 Mitai&8t 22C at 100 rpm
ith th ifi ' ition diluted x:1 {1 part cleani { itlon_tq x part ionized
g Rl S R e R R R

. " 2 . . . .
carried out using a Nanoscope ma atomic force microscope (AFM). The cleaning efficacy was rated by
the reduction of objects on the substrate as described hereinabove and was calculated using equation
(1). [02284ahafle190 includes the post-CMP cleaning particle count results for compositions EA, BG,
ES and EK described hereinabove at the indicated dilutions. Table 10: Post-CMP residue cleaning
efficacy 192itf] tikeceifivaogitid fisad HtegsrBE: MEARRSH #in afko BN ati oleiligtiprsiRaviE e GhenhdEA 30:1
2104

contaminants from a microelectronic device containing same thereon was evaluated. "The device was

a patterned Sematech 854 wafer which had dried CMP slurry and other post-CMP residues on the
surface. The wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm
with the specific cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized
water), followed by a 30 second deionized water rinse and spin dry. Pre- and post-cleaning analysis
was carried out ﬁsing a Nanoscope Illa atomic force microscope (AFM). The cleaning efficacy was
rated by the reduction of objects on the substrate as described hereinabove and was calculated using t
equation (1).

[0218] Table 8 includes the post-CMP cleaning efficacy results for compositions BG, EA-EG, EL

and EM described hereinabove at the indicated dilutions.

Table 8: Post-CMP residue and contaminant cleaning efficacy of the compositions of the present

invention.

Formulation Dilution Cleaxiing Efficacy/%
EA 10:1 79 :
BG 5:1 100
EB 5:1 -4
EC 5:1 -2
ED 5:1 -3
EE ' 5:1 -42
EF 5:1 99

. BG 53:1 -2
EL 5:1 99
EM 5:1 90

§

[0219} Tt can be seen that formulation EC (TAZ and ascorbic acid) and formulation EE (TAZ and
monoethanolamine) did not clean the post-CMP residue and contaminant from the wafer surface.

Unexpectedly and surprisingly, however, when the components of formulations EC and EE were
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BG 30:1 217 BO 5:1 158 1 ES 30:1 1546 EK 10:1 270
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combined to form formulation EF (TAZ, ascorbic acid, monoethanolamine), the cleaning efficacy was
nearly 100 %. The surprising effect is further illustrated in Figures 28 and 29, which represent the
" AFM images of the pre- and post-clean using formulations EC and EF, respectively. It can be clearly
seen that formulation EC had no effect on the number of particles (i.e., white spots) cleaned from the
wafer surface, while formulation EF efficaciously cleaned the wafer surface. Similarly, formulations
EL and EN had a cleaning efficacy of nearly 100%.
[0220] Further, formulations EA and BG were identical following the indicated dilutions (i.e., 10:1
and 5:1, respectively), with the exception that formulation EA was devoid of passivating agent. The
results suggest that passivating agent, in this case TAZ, not only acts as an effective metal passivator,

but also enhances the cleaning of the post-CMP residue and contaminants.

Example 20

[0221] The efficacy of formulations EA and BG for cleaning post-CMP residue and contaminants
from a microelectronic device containing same thereon was evaluated. The device was a patterned
Sematech 854 wafer which had dried CMP slurry and other post-CMP residues on the surface. The
wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm with the
specific cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized water),
followed by a 30 second deionized water rinse and spin dry. Pre- and post-cleaning analysis was
camried out using a Joule scanning electron microscope (SEM). The cleaning efficacy was rated by
the reduction of objects on the substrate as described hereinabove and was calculated using equation
(1.

[0222] Table 9 includes the post-CMP cleaning efficacy results for compositions EA and BG

described hereinabove at the indicated dilutions.

Table 9: Post-CMP residue and contarninant cleaning efficacy of the compositions of the present

invention. :
Formulation Dilution Cleaning Efficacy/%

EA 30:1 80

BG 30:1 98

BG 10:1 98
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[0226] Example 21 further illustrates that the alkaline agqueous cleaning compositions of the invention
preferably include a passivating agent such as TAZ, as indicated by the lower particle counts
associated W J&4HR$vith formulations BG and EK. Example 22 [0227]PFHEER4A7 B4
formulations EH and EI for passivating copper on the microelectronic device having same thereon was

evaluatel®233le loperiativ e mmmindl dareappriessbatthsyeffective fontalahona strinkeanbstwtislivleaned
tQol for 1 minute at 22C at 100, rpm with cleaning W

2006112 J0BER L

O
9 S9EEIETES ??sgﬂﬁ&ﬁécmm?éahgﬁ%i%%awgﬁﬂ% ThivprsdhiobrasEo parts

deionizegf\p@é]%ﬁgfﬁlé%\g@gft@@ge%%se%nw% eFi?einI% water rinse and spin dry. A static 10 ppm ETA
treatment and an’untreated samp e Were anafyze or comparison. Analysis was done using XPS at

angles ofdanigi&%h Table 11 includes the copper passivation results for formulations EH and El relative
to the static ETA and untreated sample. Table 11: Copper passivation using the compositions of the
present [0224}idhe FefficadiatffoshGafiogl cBA0(BE) Bitrage BIN Hor diaiiRiatedsl TOP 4esidue and

contaminants from a microelectronic device containing same thereon was evaluated. The device was
a patterned Sematech 854 wafer which had dried CMP slurry and other post-CMP residues on the
surface. The wafer in each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm
with the specific cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized
water), followed by a 30 second deionized water rinse and spin dry. Post-cleaning analysis was
carried out using a Nanoscope Ilfa atomic force microscope (AFM). The cleaning efficacy was rated
by the reduction of objects on the substrate as described hereinabove and was calculated using
equation (1).

[0225] Table 10 includes the post-CMP cleaning particle count results for compositions EA, BG, EJ

and EX described hereinabove at the indicated dilutions.

Table 10: Post-CMP residue cleaning efficacy using the compositions of the present invention.

Formulation Dilution Particle Count
EA 30:1 2104
BG 30:1 217
BG 5:1 158 ]
EJ 30:1 1546
EK 10:1 270

[0226] Example 21 forther illustrates that the alkaline aqueous cleaning compositions of the
invention preferably include a passivating agent such as TAZ, as indicated by the lower pe;rticle
counts associated with cleaning with formulations BG and EK.

Example 22

[0227] The efficacy of formulations EH and EI for passivating copper on the microelectronic device
having same thercon was evaluated. The sample wafer included a copper seed layer. The wafer in

each instance was cleaned on a spin/spray tool for 1 minute at 22°C at 100 rpm with cleaning
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4.6 0.048 9098.51.50.015 ETA 1532.6 67.4 2.07 90 63.3 36.7 0.58
WO 2006/127883 PCT/US2006/020214
compositit-)ns diluted 30:1 (1 part cleaning composition to 30 parts deionized water), followed by a 30
second deionized water rinse and spin dry. A static 10 ppm BTA treatment and an untreated sample
were analyzed for comparison. Analysis was done using XPS at angles of 15° to 90°. Table 11
includes the copper passivation results fof formulations EH and EI relative to the static BTA and

untreated sample.

Table 11: Copper passivation using the compositions of the present invention.

Formulation XPS Angle Copper Nitrogen N/Cu
15° 95.4 4.6 0.048
Untreated 90° 98.5 1.5 0.015
15° 32.6 67.4 2.07

BTA 90° 63.3 36.7 0.58

BH 15° ' 82.6 17.4 0.21

90° 89.3 10.7 0.12

EI 15° 33.3 66.7 2
9Q° 57.1 42,9 0.75

[0228] The nitrogen to copper ratio indicates the amount of BTA or other passivating agent (i.e.,
azole) remaining on the copper following contact of the formulation with the wafer surface. As
expected, the static BTA formulation and formulation J, which includes BTA, left a thick layer of
BTA on the wafer surface. Formulation EH, which includes TAZ, left a thin passivating layer on the
surface of the wafer, which is advantageous because thinner passivating films are easier to remove in
Isubsequent process steps and result in fewer organic defects.

[0229] The results of Table 11 are further illustrated in Figure 30.

Example 23
[0236] The etch rate of cobalt in the presence of formmlations EA, BG, EF, EL, EN, and EO was

' tested compared to a typical industry citrate-based cleaner (10 wt. % diammonium citrate in water).
The wafer samples had 100 A of cobalt plated on polished copper. The wafers were immersed into
the formulations at an agitation of 700 rpm. The samples remained in solution until the cobalt was

. completely removed, which was judged visually by differentiating the color between copper and

cobalt.
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EH 1582.6 17.4 0.21 90 89.3 10.7 0.12 EI 150 33.3 66.7 2 90

Table 12: Cobalt etch using compositions of the present invention

PCT/US2006/020214

Formulation Dilution Immersion Approximate
- Time (min) Etch Rate (A/min)

EA 40:1 22 4.5
BG 20:1 >1080* < (.09*
EF 20:1 >1080* < (.09*
EL 20:1 >1080* < 0.09*
EN 20:1 45 2.2
EO 20:1 41 2.4

citrate solution 40:1 5 20

* The samples were removed after 1080 min, even though the cobalt still remains on the sample.

{0231] It can be seen that the diammonium citrate cleaner had the largest etch rate on cobalt, and that
the formulations of the present invention are a vast improvement over the traditional citrate-based
cleaner. Further, comparing formulations EA and BG, the addition of the passivator to the
composition decreases the cobalt etch rate to less than 0.5 A min™.

Example 24

[0232] The buff cleaning efficacy was tested using formulations EA and BG for post-CMP residue
and contaminants. The wafer samples were blanketed copper wafers previously polished with a CMP
slurry. The wafer in each instance was cleaned/buffed on the third platen of an Applied Materials
Reflexion ™ tool for 15 seconds at 22°C using variable speeds and 1 psi downforce with the specific
cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized water), followed
by a standard post-CMP cleaning process for the Reflexion™ tool. Post polish and cleaning analysis
was carried out using a KILA-SP1 surface defect analysis instrument having a defect bin size setting of
0.2 pm. Table 13 includes the defect density results for compositions EA and BG described

hereinabove at the indicated platen speeds.

‘Fable 13: Buff cleans using formulations of the present invention at various platen speeds

o Average defect
Platen Speed density
Formulation Dilution (rpm) (defect/cm®)
EA 10:1 63 3.9
EA 10:1 107 2.4
BG 5:1 63 2.9
BG 5:1 107 1.6

[0233] It can be seen that Formulation BG, which includes the passivating agent, lowers the defect

51



57.142.9 0.75 [0228] The nitrogen to copper ratio indicates the amount of ETA or other passivating
agent (i.e., azole) remaining on the copper following contact of the formulation with the wafer surface.

As expected” Y8644 T A formulation and formulation J, which includes B fA/YSR(AEK by er of
BTA on the wafer surface. Formulation EH, which includes TAZ, left a thin passivating layer on the
surface dfury wederidatien porditientsompusdiecanmestivmBApassivating films are easier to remove in
subsequent process steps and result in fewer organic defects. [0229] The results of Table 11 are

further iIFRXHRE 23, Figure 30. Example 23 [0230] The etch rate of cobalt in the presence of

f lati B E.EL, E d EO test d typical indust itrate-b d
gl 75 ot i o S e N e R Ve e
polishedaﬁeeeaanﬂﬁtwaﬁm&&es;mmm%islma@d‘%g%wga& %&%ﬁ‘ﬁ%ﬂﬁéb@é \ZHQQR [’ he

samples remained in solution until the cobalt was completely removed, which was judged visually by

differentigiifg taccoifebateRBIRORPE MARIeRabuNDR AN R4 3HRRICIH 4d A2PRGI Q3R A4 able 12:

Cobalt etch using compositions of the present invention Formulation Dilution Immersion Time (rain)
Approxifefiexite iMRack foi/haisgconds at 22°C at a platen speed of 107 rpm and variable downforce with

the cleaning compositions with the specific cleaning composition diluted x:1 (1 part cleaning
composition to x parts deionized water), followed by a standard post-CMP cleaning process for the
" Reflexion™ tool. Post polish and cleaning analysis was carried out using a KLA-SP1 surface defect
analysis instrument having a defect bin size sefting of 0.2 pm. Table 14 includes the defect density

results for compositions EA and BG described hereinabove at the indicated downforce.

Table 14: Buff cleans using formulations of the present invention at various down force pressures

Defect Density
Formulation | Dilution | Downforce (psi) (defects/cm®)

EA 10:1 0 4,4
EA 10:1 1 2.2
EA 10:1 1 2.5
EA 10:1 2 3.5
BG 5:1 0 3

BG 5:1 1 1.1
BG 5:1 1 1.4
BG 51 2 0.6

[0235] It can be seen that Formulation BG, which includés the passivating agent, lowers the defect
density under identical conditions compared fo composition EA.
* ik ook

[0236] Although the invention has been van'ousiy disclosed herein with reference to illustrative
embodiments and features, it will be appreciated that the embodiments and features described
hereinabove are not intended to limit the invention, and that other variations, modifications and other
embodiments will suggest themselves to those of ordinary skill in the art, based on the disclosure
herein. The invention therefore is to be broadly construed, as encompassing all such variations,

modifications and alternative embodiments within the spirit and scope of the claims hereafter set
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EA 40:1 22 4.5 BG 20:1 >1080* <0.09* EF 20:1 >1080* <0.09* EL 20:1 >1080* <9* EN

WO 2006/127885 PCT/1IS2006/020214

forth.
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20:1 45 2.2 EO 20:1 41 2.4 citrate solution 40:1 5 20 * Th [0231] It can be seen that the diammonium
citrate cleaner had the largest etch rate on cobalt, and that the formulations of the present invention
are a vast improvement over the traditional citrate-based cleaner. Further, comparing formulations BA
and BG, the addition of the passivator to the composition decreases the cobalt etch rate to less than
0.5 A min-1. Example 24 [0232] The buff cleaning efficacy was tested using formulations EA and BG
for post-CMP residue and contaminants. The wafer samples were blanketed copper wafers previously
polished with a CMP slurry. The wafer in eachrmgtgn/g@ gas cleaned/buffed on the third platen of an
Applied Materials Reflexion TM tool for 15 se using variable speeds and 1 psi downforce
with the specific cleaning composition diluted x:1 (1 part cleaning composition to x parts deionized
water), followed by a stapdard post-CMP cleaning process for the ReftwdonTm tool. Post polish and
cleaning anXYf}&Ié%%%é]ﬁﬁed out using a KLA-SP | surface defect analysis instrument having a defect
bin size setting of 0.2 um. Table 13 includes the defect density results for compositions EA and BG
described hereinabove at the indicated platen speeds. Table 13: Buff cleans usirg(% formulations of the

present invention tVAKYINE SARASHRANYY ERTIRRHLARFomPrising 0.001 wi% to 25 wt% of at least

one amine, 001 wt% to 5 wt% of at least one passivating agent, 0.001 wt% to 25 wt% of at least
one quaternary base, optionally 0 wt% to 20 wt% of at least one reducing agent, based on the total
weight of the composition, and water, wherein said alkaline aqueous cleaning composition is
suitable for cleaning post-chemical mechanical polishing (CMP) residue and contaminants from a
microelectronic device having said residue and contaminants thereon, wherein the at least one
passivating agent comprises a species selected from the group consisting of 1,2,4-triazole (TAZ),
tolyltriazole, 3-amino-5-mercapto-1,2,4-triazole, 1-amino-1,2,4-triazole, 1-amino-1,2,3-triazole,
1-amino-5-methyl-1,2,3-triazole, 3-amino-1,2,4-triazole, 3-mercapto-1,2,4-triazole, 3-isopropyl-
1,2,4-triazole, carboxybenzotriazole, naphthotriazole, 2-mercaptobenzimidazole (MBI), 2-
mercaptobenzothiazole, 4-methyl-2-phenylimidazole, 2-mercaptothiazoline, 5-aminotetrazole
(ATA), 5-amino-1,3,4-thiadiazole-2-thiol, 2,4-diamino-6-methyl-1,3,5-triazine, thiazole, triazine,
methyltetrazole, 1,3-dimethyl-2-imidazolidinone, 1,5-pentamethylenetetrazole, 1-phenyl-5-
mercaptotetrazole, diaminomethyltriazine, imidazoline thione, 4-methyl-4H-1,2,4-triazole-3-thioal,
5-amino-1,3,4-thiadiazole-2-thiol, benzothiazole, tritolyl phosphate, imidazole, indiazole, benzoic

acid, ammonium benzoate, and combinations thereof; and

wherein the at least one amine comprises an amine compound selected from the group consisting
of monoethanolamine, N-methylethanolamine (NMEA), aminoethylethanolamine, N-
methylaminoethanol, 1-amino-2-propanol, aminoethoxyethanol, diethanolamine,
monoisopropanolamine, isobutanolamine, C, — Cg alkanolamines, triethylenediamine, and

combinations thereof.
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Dilution Platen Speed (r13m) Average defect density (defect/cm2) EA 10:1 63 3.9 EA 10:1 107 2.4 BG
5:1 63

2. The alkaline aqueous cleaning composition of claim 1, comprising the at least one

reducing agent, wherein the at least one reducing agent comprises ascorbic acid.

3. The alkaline aqueous cleaning composition of claim 1, wherein the at least one
passivating agent is present in an amount effective for a copper static etch rate of about 0.5 A

min™ to about 10 A min™.

4. The alkaline aqueous cleaning composition of claim 2, further comprising at least one
additional reducing agent, wherein the at least one additional reducing agent comprises an acid
selected from the group consisting of isoascorbic acid, ascorbic acid derivatives, gallic acid, and

combinations thereof.

5. The alkaline aqueous cleaning composition of claim 1, further comprising a tertiary
amine selected from the group consisting of triethanolamine, methyldiethanolamine,
triethylamine, N,N-dimethylglycolamine, N,N-dimethyldiglycolamine, and

pentamethyldiethylenetriamine.

6. The alkaline aqueous cleaning composition of claim 1, comprising the at least one
quaternary base, wherein said at least one quaternary base comprises (NR'R’R°R*)OH, where R?,
R? R® and R* may be the same as or different from one another and each is independently

selected from the group consisting of hydrogen, C;-Cy, alkyl groups, and aryl groups.

7. The alkaline aqueous cleaning composition of claim 1, further comprising at least one

surfactant.

8. The alkaline aqueous cleaning composition of claim 1, having a pH in a range from about

9 to about 12.
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2.9 BG 5:1 107 1.6 [0233] It can be seen that Formulation BG, which includes the passivating agent,
lowers the defect WO 2006/127885PCMS2006/020214 density under identical conditions compared
to composition EA. Example 25 [0234] The buff cleaning efficacy was tested using formulations EA
and BG for post-CMP residue and contaminants. The wafer samples were blanketed copper wafers
previously polished with a CMP slurry. The wafer in each instance was cleaned/buffed on the third
platen of an Applied Materials Reflexion TM tool for 15 seconds at 22C at a platen speed of 107 rpm
and variable downtﬁ]rcelxvilth the cleaniln compositions W}thlthe %p?ci%c cleanin coms[?_(% ition diluted
x:1 (1 part c?eaning c%%pao'gﬁigﬂu%uf 6ae e fORIBRY! naf)er)c, FMowed B £%€RA a?opﬁos -CMP cleaning
process for theqRefixieonTi ol RastRrtish aRsticlealRAAAMEIS RS fidgiesh Quhssing & KLA-SP1
surface defect analysis instrument having a defect bin size setting of 0.2 pm. Table 14 includes the

defect densigyrtierslfgofor campopiisnad=duald Bbolaseribatnaereiorrove githarirtisatedidownforce.
Table 14: Buff cleans using formulations of the present invention at various down force or Formulation
Dilution _ Déeleftingepgpidtles, equipment materials of construction particles, copper, copper oxides, and

materials that are the by-products of the CMP process.

10. The alkaline aqueous cleaning composition of claim 1, selected from the group consisting

of Formulations BB-BG, BJ, BL, BN-BZ, CB, CE, CG, and CI, wherein all percentages are by

weight, based on the total weight of the formulation:

Formulation BB MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, TAZ 1%, gallic acid 2.8%,
EDTA 0.01%, DI water 83.4%

Formulation BC MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, TAZ 3%, gallic acid 2.8%,
EDTA 0.01%, DI water 81.4%

Formulation BD MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, TAZ 5%, gallic acid 2.8%,
EDTA 0.01%, DI water 74.4%, pH 10.3

Formulation BE MEA 8.8%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%, DI water
80.91%

Formulation BF MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 1%, DI water
90.25%, pH 11.4

Formulation BG MEA 4.5%, TMAH 2.5%, ascorbic acid 1%, gallic acid 1.75%, TAZ 1%,
DI water 89.25%, pH 10.8

Formulation BJ MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, carboxy
BTA 2.2%, EDTA 0.01%, DI water 82.8%

Formulation BL MEA 7.2%, TMAH 4%, ascorbic acid 1.6%, gallic acid 2.8%, ATA
1.2%, EDTA 0.01%, DI water 83.2%

Formulation BN MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 1.0%, DI water 84.0%
Formulation BO MEA 4.5%, TMAH 2.5%, ascorbic acid 1.75%, TAZ 5.0%, DI water
86.25%

Formulation BP MEA 9%, TMAH 2.5%, ascorbic acid 3.5%, TAZ 5.0%, DI water 80.0%
Formulation BQ MEA 9%, TMAH 5%, ascorbic acid 3.5%, TAZ 2.0%, DI water 81.5%,
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Defect Density (defects/cni2) EA 10:1 04AEA10:112.2EA 10:1125EA 10:1 2

pH 11.6

Formulation BR MEA 9%, TMAH 5%, ascorbic acid 2%, gallic acid 3.5%, TAZ 2%,
DDBSA 0.11%, DI water 78.39%

Formulation BS MEA 9%, TMAH 5%, ascorbic acid 2%, gallic acid 3.5%, TAZ 2%,
hydroxyethylcellulose 0.1%, DI water 78.4%

Formulation BT MEA 9%, TMAH 5%, ascorbic acid 3.5%, TAZ 2%,
hydroxyethylcellulose 0.1%, DI water 80.4%

Formulation BU MEA 9%, TMAH 5%, ascorbic acid 3.5%, TAZ 2%,
hydroxypropylcellulose 0.1%, DI water 80.4%

Formulation BV MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,
hydroxyethylcellulose 1.00%, DI water 79.89%

Formulation BW MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,
hydroxyethylcellulose 0.50%, DI water 80.39%

Formulation BX MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,
hydroxypropylcellulose 1.00%, DI water 79.89%

Formulation BY MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,
hydroxypropylcellulose 0.50%, DI water 80.39%

Formulation BZ MEA 10.29%, TMAH 5.71%, ascorbic acid 4.00%, TAZ 2.29%,
hydroxypropylcellulose 1.14%, DI water 76.57%

Formulation CA MEA 9%, ascorbic acid 3.5%, TAZ 2%, dodecylbenzenesulfonic acid
0.11%, DI water 85.39%

Formulation CB MEA 8.82%, TMAH 4.9%, ascorbic acid 3.43%, TAZ 1.96%,
dodecylbenzenesulfonic acid 0.11%, DI water 80.78%, pH 12.0

Formulation CE 9 wt. % Monoethanolamine, 5 wt. % Tetramethylammonium hydroxide,
3.5wt. % Gallic Acid, 2% 1,2,4-Triazole, 80.5 wt. % H,O

Formulation CG 11 wt. % 1-Amino-2-propanol, 5 wt. % Tetramethylammonium
hydroxide, 3.5 wt. % Gallic Acid, 2 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 76.5 wt. % H,0

Formulation CI 7.2 wt. % Monoethanolamine, 4 wt. % Tetramethylammonium
hydroxide, 2.8 wt. % Gallic Acid, 1.6 wt. % Ascorbic Acid, 2% 1,2,4-Triazole, 82.4 wt. % H,O
11. A kit comprising, in one or more containers, one or more of the following reagents for
forming an alkaline aqueous cleaning composition, said one or more reagents selected from the

group consisting of at least one amine, at least one passivating agent, at least one quaternary base,
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35BG5103BG51111BG5:1114BG5:120.6

optionally at least one additional reducing agent, and water, and wherein the kit is adapted to

form the alkaline aqueous cleaning composition of claim 1.

12. A method of cleaning residue and contaminants from a microelectronic device having
said residue and contaminants thereon, said method comprising contacting the microelectronic
device with an alkaline aqueous cleaning composition of claim 1 for sufficient time to at least

partially clean said residue and contaminants from the microelectronic device.

13. The method of claim 12, wherein said residue and contaminants comprise post-CMP
residue and contaminants selected from the group consisting of particles from a CMP polishing
slurry, chemicals present in the CMP polishing slurry, reaction by-products of the CMP polishing
slurry, carbon-rich particles, polishing pad particles, brush deloading particles, equipment

materials of construction particles, copper, copper oxides, and cobalt.

14, The method of claim 12, wherein said contacting comprises conditions selected from the
group consisting of: time of from about 15 seconds to about 5 minutes; temperature in a range of

from about 20°C to about 50°C; and combinations thereof.

15. The method of claim 12, wherein the alkaline aqueous cleaning composition comprises at

least one reducing agent, wherein the at least one reducing agent comprises ascorbic acid.

16. The method of claim 12, wherein the alkaline aqueous removal composition comprises at
least one quaternary base, wherein said at least one quaternary base comprises (NR'R’R°*R*)OH
where R, R?>, R® and R* may be the same as or different from one another and each is
independently selected from the group consisting of hydrogen, C;-Co alkyl groups, and aryl

groups.
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[0235] It can be seen that Formulation BO, which includes the passivating agent, lowers the defect
density under identical conditions compared to composition EA. * * * 102361 Although the invention
has been variously disclosed herein with reference to illustrative embodiments and features, it will be
appreciated that the embodiments and features described hereinabove are not intended to limit the
invention, and that other variations, modifications and other embodiments will suggest themselves to
those of ordinary skill in the art, based on the disclosure herein. The invention therefore is to be
broadly construed, as encompassin such variations, modifications and alternative embodiments
within the sp?igit an secon]ﬁg]%q t%eciﬂggm?sg’hve\lpgaefpe}hsee Pkallne aqueous removal composition further

comprises at least one additional reducing agent, wherein the at least one additional reducing

agent comprises an acid selected from the group consisting of isoascorbic acid, ascorbic acid

derivatives, gallic acid, and combinations thereof.
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