1 OXIDATION-STABILIZED CMP COMPOSITIONS AND METHODS [0001]This application is a
divisional of United States Application No. 11/384,538, which was filed March 20, 2006, and published
September 20, 2007 as US 2007/0219104. FIELD ORTHE INVENTION [0002]This invention relates to
polishing compositions and methods for polishing a substrate using the same. More patrticularly, this
invention relates to stabilized chemical-mechanical polishing compositions containing amines and

radical-forming oxidizi ( iti | | lishd ods utilizing the
compositions. BACK@EC?&Ii%Eéﬁg?IB?hP\;EI@% Ooig;?]lg%ﬁﬂ)?sﬂ{%%ggr‘%@r@?gﬁ for

chemical-mech@Q9&hI poliaisiRg RS IfcastiMigtanal of SIhsdatatarrliraliRAdon 14/#f+ &%8Polishing
complosition_s _@Iﬁ@rk\]pawm@?s ma@hiz% QMB',eérE)@MIBI@Héﬂ%ﬁ@dz@!\@g@ﬁﬁ?@)gtmw)ﬁm@wﬁ’: of
metal-containing surfaces of semiconductor s e integrated circuits) typically contain an
oxidizing agent, various additive compoué%s",'%ggg{'/_gﬁﬁmﬁﬁ IKe. [0004]In conventional CMP
technique.s, a {s(mgﬂjrgte “c'bisi?wentimhbiw@&&aﬂdﬁsrﬁoglntgdmnsi&omtﬂmtheéerﬁmblyc&iadim)sitioned in
contact with a golshlne RaHRR CMfe SRRFA NG FAMBRTSIFIIANAC UdBRAGAKRIRRIC pressure

to the substrate, pressing the substrate against the polishing pa ie pad is moved relative to the
substrate by afesheHeRRPRIIRG Ere@MPABIFENGICR ABVRIAREBITRIISatTAHTIRAIKIAHE S9-S0 abrade

the surface of goenpebrisALEAR BRAYIR A REIIh REH IR RIS RikR Mithiey MBI ERP SHifiges, thereby
polishing the substrate. The polishing of theg&%ﬁraté&% the relativimovement of the pad and the
| Vi I

substrate typically is further aided b AR P }'/'@f ltlﬂglﬂﬂ RMg composition (e.g., by oxidizing
agents presenfdoodje CBnoposjtiosisi@npaneiioodhéometiraitisbiectiatychd pogp@ kBN ersuspended in the

lishi [ f j lish. tacting th
Curtace with o S IETe) Baia e AFE AL RICHITH A1 e A O R e B e ing 2
CMP slurry beBRbgnngs!paie arfd\iesiuiiaseany SibHr aprapfRihiar&r MR ahdnedel-stivEiniexide, cerium

oxide, alumin%rf&@'é@,ozié(éﬁmmi@esaﬁgr@ﬂe@@@-.,[Q%%ﬂeﬁnﬁaw&uf&%ﬁwaﬁw@mitl@ etal., for

example, describes a method fo_r_chemicalIy-mechanlcalléﬁlishing a metal layer by contacting the

surface of the A MRIURATESISRABRYNAS, BBIRBNEREMER purity fine metal oxide particles
suspended in §00a¢jueours coadémtiv EltERIRtiteelynidneeapeasivstrasd exaali prdigieg meah @rated into the 2

polishing pad. t . , 0 l.di u ishing: ving a surface
texture or pattel#pjﬁ,ﬁg{r% Bhlsg %?%3§§§e&%7§iﬁ%0§m§5§éﬁ%%ﬁ .ﬁgisﬁﬁgﬁﬂiﬁé}glgéﬁs@% polishing
pad. [0007]MafijPiteigsatddeireliter ansamplytars isies|a aHie tianswRoiRd i avbatialeridies Poetions of
the circuit. '”t%%ﬁﬁi’%ﬁﬁibﬁﬁﬁﬁqﬂe%ﬁsmﬁﬁﬁﬂﬂ.Cqm:%iiieﬁﬁﬂ/@@%ﬂmsfﬂ@immﬁﬁ’dtg alith

submicrometer cross sections, which are surrounded by insulating material. Commonly, the metals

chosen for us€XEUR G R HRe i RYGIBWEMGIR BAY ABPSEPMRHHR I RRIRERMNRE LS, and
tungsten and copfaeefor wertiobk(iate tayerm oeaeotitns ofrtiatalainrandhesiobsrastaluiaceompounds

(e.g., tantalum pitride) are fr tly utilized rrier layers t vent migration of copper i
nderying St S e A B B S e T R et
layers. CMP ctamesitansstier pairiaigytinicalcshiainiecgpdietaecshgateabigtiviti i dheapelighif@ther
components tQ.gifdBsiRARQLRY O HESSIMERISnRIBFEIAYSEMONSHIsSEiaMEHE dikgesuch as oxidizing
agents, abrasives, and amino-type corrosion inhibitors, such as benzotriazole, and the like.

mechanical activity of an abrasive suspended iptishing composition.

[0005] A surface of a substrate is abraded to polish tinase by contacting the surface

with a polishing pad and moving the polishing peldtive to the surface, while maintaining

a CMP slurry between the pad and the surface. céypbrasive materials include silicon

dioxide, cerium oxide, aluminum oxide, zirconiumae and tin oxide.

[0006] U.S. Pat. No. 5,527,423 to Neville,al., for example, describes a method for

chemically-mechanically polishing a metal layerdmyntacting the surface of the metal layer

with a polishing slurry comprising high purity fimeetal oxide particles suspended in an

agueous medium. Alternatively, the abrasive maltenay be incorporated into the



[0008]The pot-life of conventional polishing compositions containing an amine compound (e.g.,
benzotriazole) and a radical-forming oxidizing agent (e.g., hydrogen peroxide) typically is not entirely
satisfactory, since amines are frequently oxidized by adical-forming oxidizing agents. The oxidation of the
amines typically reduces the efficiency of the amines to accomplish their intended purpose (e.g.,
corrosion inhibition). [0009]Accordingly, there is an ongoing need to develop new CMP compositions that

contain amineg anelirAdical-Toy R ing O ZNGR0SMS AN NELRRKS iﬂH)[%‘ée%BBE‘éﬁﬁwﬁ%@é‘red to

conventional CMP compositions. The present invention provides such improved CMP compositions.

These and oth@R\AdE SritHHaseoleiHEmOERBERM SRR Y o AP P én B neaErak dinfl eeapparent
from the descripfigstieidReipolishyeged herein. BRIEF SUMMARY OF THE INVENTION [0010]The

present inventjon provides a chemical-mechanical polishing (CMP) composition comprising an amino
Compound. a AR oMy ANERAG L S LA A Rl AP CLPERHE B S PO imauced
oxidation of thpqthins: wicmrqnoiumdt.amnbgmtqneiwﬂtdmimattgrwmnaﬂheaaﬂmmhmmg agent. comprises
a hydfoxy'-su%maﬁ%ﬁﬂglwmﬁm&%tﬁvgmm%{@ﬂ %&F&%gewﬂ%%?@maw(mmbmaﬂon

thereof. 3 Optionally, the composition comprises a metal oxide abrasive (e.g., silica, alumina, titania,
ceria, zirconia SUREBEBIREIGH §F AN Mhdhe SReRISERABING 2B FEIGEY) N ¢RaNe&ligifer CMP

?dditi\;]es. [00L‘ﬂaﬂﬁh&@ﬁ]@rﬁiﬂ}hﬂcﬂm?é%@p@lﬁdﬁﬁmﬂdﬁw%H%Qnﬁw%!téﬁ@t[]H&@%‘QHQ @@ﬁb@@gﬂd Se'FCEIEd_
rom the group consistin an.aromatic nitro.compound, a heteroaromatic nitro compound, an aliphatic
nitro compountE AT HLE PR HGT SR 1AL LG AT SR U (bre FOHASGn, an
N-hydroxyl-imim&idejrgre dredyLeemthcytdized aeubatitat dalyaygmesn congptiomiofaco ppaciyitenamine
compound, an ination o r | | . 1 other
embodiments, gtﬂ%éﬁ@g@a%?lﬁ)ﬂﬁ [ é é\%% g)' n tﬂi?s10 ﬁ%&%@éﬁg@%ﬁsﬁ%@ g %%?ﬁ% a(%ﬁqagt%%gggg\l’é ?:%]rﬁé%]u nd.
Non-limiting eXaigipraster-surkiivaisdroMif sepyrstiens dafuphipgumnatat egeirnibarpsiates include

hydroquinone-§épR @A iR HIMESy A i SHMIRSh B HIS ABRCEMBRA A XBIEN¥RAY DEEFHERd coumarin
compounds, hydroxyl-substituted naPhthaIene co&ngou_n_d_s, all%(gg-substituted phenol compounds,
RS

alkyl-substitutd®Y fremoEIHBBuRYS Iy dkExyHsl RSB ANDEUNEE, MRFonic
acid-substitutecbpbeioolio itibitgpeusats) salke tizeteatobs)cuadibenbination of two or more of the foregoing

compounds. [(tﬁ&égfrefe[rﬁg o&.'ﬂf%@f&%ﬂl;&?{%m rﬁgfg%@g% 8%@%?%{3%”%[ ﬁaa]n%e oxidizing agent

selected from the group consisting of & peroxy compound (€.g., hydrogen peroxide, persulfate compound,
and the like) af@nePRHRSGENSGoRSIGAHERTE!6) dbdiAsqdoaliippreedirngeefifeehdyesesieibly comprises at
least one primggy B EHRHA A iRRshARaNKAGaRISARLRIRINN bSO RHif A Whidbiens) one

guaternary ammonium group, or a combination two or more of the foregoing groups. [0015]In another
aspect, the pré@BIEIHOSRNMh BHAIELITREN S AFSPAFRIANER R THRH BIRICATY BSIRGRRENS substrate. The
method comprigisdheysie peecimorisciingcasipiisicehefrarseddirgieseitb.g. padisbiignpahisiidran aqueous
CMP compositi nd ing relati tion between the polishin e while
meintaining o KA of S0s ST o g 1 oA e e o ST e
substrate. Thec@ltgiveamiogsrans iatlicalifeiinfos QpdiEiy copaielufiichdrave ammyedpridiéea portion of
the surface. The ARG RISEARGRINERFEE AR SOOI A RIS Frfrgaigg Rxidizing agent, a

radical trapping agent c%pﬁ';lble of inhibiting radical-induced oxidation of the amino compound, an aqueous

carrier therefof "RAAVEPtoMAlIFOR PRSP EXidE"SAF-RNEOther adgastaf the invention, as well as

additional inventive features, will be apparentirthe description of the invention
provided herein.

BRIEF SUMMARY OF THE INVENTION
[0010] The present invention provides a chemical-mechapméhing (CMP)
composition comprising an amino compound, a radmahing oxidizing agent, a radical
trapping agent capable of inhibiting radical-inddioxidation of the amino compound, and
an aqueous carrier therefor. The radical trappgent comprises a hydroxyl-substituted

polyunsaturated cyclic compound, a nitrogenous @amg, or a combination thereof.



4 The radical trapping agent can be a hydroxyl-substituted polyunsaturated cyclic compound, a
nitrogenous compound, or a combination thereof, which is capable of inhibiting oxidation of the amine by
the radical forming oxidizing agent. [0016]In yet anoth&r aspect, the present invention provides a method
of enhancing the pot-life of a CMP composition that includes an amino compound and a radical-forming
oxidizing agent. The method comprises adding to the CMP composition an amine oxidation-inhibiting
amount of 2 ragiGAldARPIRG BSARbSARIPESIRG RV URsHIURd obuRaIuRIs Y Gl fgmPOUnd. &
nitrogenous compound, or a combination thereof. BRIEF DESCRIPTION'OF THE DRAWINGS
[0017]FIG. 1 iS8BIot BT Ra PRAENTAP BRHAN O IR VePsHTEHoNe 3AtBE 30EAEHIP DN RYIVEH &S pHI®Xide for
various CMP commpesgitipReHf the invention containing different radical trapping agents, compared to a
control composition that does not contain a radical trapping agent. [O018]FIG. 2 is a bar graph of tungsten
romoval rate P Hhous RS B SEBRG S e PR IR SHR BB RORP B mcdition of
hydrogen percséter sohippandtd @i gp ctosistingpositioarwnthtio canypracidah theppiod @gent present.
DETAILED D - 0] t] ' vige:
chemical-mecl-:r(%éﬁ}l?;g{i)J gécliﬂq%gﬁpﬁ:%&\l{cﬁﬁ itiorr[lghglv?i]]n?églmgrové{]ﬂ ém%g#fgeﬂs{t%%nﬁtgﬁér éygﬁ/lP
composition cGRARAIBA &MiNPEsIR sOIR LA daaitA-RyATINY SaRiPRHageAR dRdea¥aical trapping agent
in an aqueousgAiRiddarintkitR| SERARINARGENKLE SARARIM RkiRRIREIRG Hadl K BINaGSE shtidatépn of the

amino compound. Th;f]e ra?ical tr_appiquS%ent can be a hydroxyl-substituted polyunsaturated cyclic

compound, a m%%g 8?fs BB%BW@HH @S BMARD reof. As one of ordinary skill in the art will
readily undersiaat]individotileraehaiad diaqepitsy thgenthoalayafalingtagemthgd twodi-shiiseétivedgoing categories

(i.e., the radic i nitrOge |- j

polyu nsaturathé; @%%é@é%n%@égg[& elgg I%%EJ)@ roﬁ@&ﬁr@@?%%%ﬁ%nﬂ%%g%ggggys%ﬂgﬁ%dd in the
CMP composifiohs bsahEaiRe AYTe RAMAPRAES) IBE HdRBYHS qaeaDy R cUPRRIGAINANSIteXY -dispersants,
and the like), whighigie N@ldsrebRghenal; At AMNRALAMRMRAMIHH RIGSBBLIHE B aRyEOMPpositions of

the present invention include, without limitation, compounds having at |east one primary amino group,
compounds haViRGH!ReBRBREARRSEAMRMMARS R HRKY RS BIS 0B, CARRRNES #HK¥ing 5 at least one
quaternary amsubsiituted rphign arcoompandsishigeronrgl-a dostittieatroaroftstic comoverafstheuffard@going

groups. Prefer%BQ:sh'l%ﬁmg‘&n@%%ﬁé‘@%%gﬁ%l&fﬁ'i%‘eea%%’,’kf’c%%ﬁ\%ﬂgﬁ%ﬂ%@gg?‘%‘?@@ﬂﬁ%gﬂ”Ct

from the radical trapping agent compone can also be ‘an amino-substit compound.
[0021]Exampléeregeingsepeniidscompounds include compounds having a primary amino group,

nitrogen-contaf'omg]hetmﬂagpme%meaﬁ@ing%&mmw&aﬁe@m&at4eté?§7c91@dm¢ﬁﬁ@le
compounds, and the like), and quaternary ammonjum compounds (e.g., quaternary

ammonium-suBSER Rl FERhIAD) B $594PHOBRISEh AR AR S (b 8t VIR MY Stable for use
in the CMP copwpssitinns ahptripde aadttieiksicsmdanHzedgemopaly (eers iodieolymers that include at

least one q“atﬁfb‘ﬁ{]y MO SUBSHILIES Mepamey %8%ﬁ§8£”§‘i¥%¥8&ﬂ$ﬁﬂg’%ﬁ%ﬁ%aé¥o% at
ammonium-substituted polymer can be a zwitterionic Bo ymer comprising at least one quaternary
ammonium-suleasiured Rite@enesatdining heterocyclic grodpeast one quaternary ammonium group,

or a combination two or more of the foregoing gmup

[0015] In another aspect, the present invention providegtod for chemically-
mechanically polishing a substrate. The methodp@®s the steps of contacting a surface
of a substrate with a polishing pad and an aqué€diB composition, and causing relative
motion between the polishing pad and the substndtide maintaining a portion of the

CMP composition in contact with the surface betwdwnpad and the substrate. The
relative motion is maintained for a period of timéficient to abrade at least a portion of
the surface. The CMP composition comprises an @aeampound, a radical-forming
oxidizing agent, a radical trapping agent capabiatubiting radical-induced oxidation of

the amino compound, an aqueous carrier therefdrpptionally, a metal oxide abrasive.



[0023]The quaternary ammonium-substituted homopolymer can be any suitable homopolymer consisting
essentially of quaternary ammonium-substituted monomer repeat units. The quaternary ammonium
substituents can be acyclic or incorporated into a ringdstructure. It is also suitable for the quaternary
ammonium-substituted polymer to be further modified by alkylation, acylation, ethoxylation, or other
chemical reaction in order to alter the solubility, viscosity, or other physical parameter of the cationic

polymer. Non-iipitingexamples baLARHIAH: AMNRBIITSEHER HUiRthEAmARA)ERS Reend,

polydiallyldimethylammonium halides, poly(methacryloxyloxyethyltfimethylammonium) chloride, and
poly(methacryfo)IBREEHHE AASIRAWRh Y ansRIBRIAYPEHITERIC s caRM et iR G BxaERhodiments

the quaternaryoRfRB@mie KPR iFHERchPRIMAIGS BRI G &gdflymer comprising at least one quaternary
ammonium-suﬁ()%ted monomer and at least one nonionic monomer,_ﬂivhereig t?{;a t least opne quaternary
et

ammonium-su ted MoffARP 85&%’5&& gi]ﬁwgfqﬁ%%'ﬂ)(gﬂtgﬁbg%?’ e %W'%Pe?r basis or
about 50% or lesslitd te 2Bl gorepasitemibkzribelsite The apaberpamdand eniadicalifstitited and

nonionic mo”%Qﬁ‘jeréiﬁge’& i E‘“¥r§é4M%H%@ﬁﬁ%@s%ﬁlﬁd‘&ﬂﬁﬂ*@é@ﬁh&%ﬁ% ic monomers.

[0025]For example, thie quaternary ammonium-substituted’monomer c e any suitable quaternary
ammonium-suBsiien-mRBING AROEHERIrfs[Ag GRidtanh eEiGogeHs nER dystemyizad ahiRMium groups
on the monomgsiAiSaEaARa BgNIesHFaINEe athiftegERRIAIRAMIOR HRGPbIEbA. thaaswples of

guaternary ammonium-substituted monomg fulin the context of the invention include, but are not

limited to diallyldimethylammoniuﬁFHEIFdQ %&T{%@@Mﬁ x&gﬁﬁﬁﬁ}\gﬁ%monium chloride, and

methacryloylox9etfilyldinfeehylherzylanofmeta poteritaids. {0026 Hler son ione aftenadaéio fosfexample, can

be any suitabl 1oni i ' limi lene oxide,
propylene oxic‘ﬁgtbg?y%ﬂ%%%%&?oﬁ%%gﬁ E gj?c'?';%a?n%g 8%'?1@“%&%&“%5 rrg%ﬁé%gp%e%eg%ﬁéy_temary
ammonium-sufRstieadEresig paenteafonePprepdecr] (N HALEINRD W26 dlerk D6t FuHaikapRicahe
copolymer canaggirgdiad. by free radical, cationic, anionic, or condensation polymerization. The

copolymer can be a random ccig)ol mer, alternating copolymer Period_ic copolymer, block copolymer (e.g.,
AB, ABA, ABQORIE), grifeambIgar SrRR i AR WA FORIBRRLOBS R e
copolymer carthzeifivehgomeadifceeblsing oyl atpemicacyddtco moeibbixythtgan peaikieleatenpasddeaction, in

order to alter t@S&%P@g o\éiﬁfﬁ%svi\%fg%toé (grb% Qﬁ%g@h% eg&ﬁtae copolymer. [0028]As used herein,

the term "quaternary ammonium-substitute ymer" also enicompasses zwitterionic polymers (i.e.,

polymers having quaternary antMdrfilH2 st B HetNRohidEUNMINAI GMbups in the same polymer),

such as pO'Y'T\[ﬂ)tﬁg U|f0Pﬁ%R¥r@§é\'ﬂ“ﬂﬁF@ﬁﬁ6W%%@8@&0&)¥h%&1m%ﬁﬂﬁ%ﬂ9@%mmtaine', ponR_N-B-
sulfopropyl1)-N-methacryloxyethyl-N,N-dimethyl ammonium betainel copolymers thereof, and the like.
[0029]The quatBIHRRS UARMBMIAeaIRRE RRFFNGTRRTIT g HMRoTRIRRAETIBR CopIARET 8BS Rave any
suitable weightavemgel naoledickirforaighy.oRidikanglyetheacrimioat pabpingrayihbaversayeighisaverage
molecular weight of abgut [tans or mare, as. determi . meatio raphy, light
scattering, kin%%rgé(r:' \?}%%oi?@,%%lr%%rﬁﬁ E}%grgrﬁn@t%o%%%%ﬁ%ﬁﬁﬁféﬁﬁglbﬁrﬁgggr é%é/%%rra@éﬁr%g utilized in
the polyoxomealite eomiperdMeétitodslichbseapiiaiageaniecarolwsiimy nvigsit tastinelylasatur aief ht

distributions of-palBERSBIMWE ABYEhBLECORMVIR, ¥t alERIRtHBFMNING eRFIBPYRISA/pefUl in the

compositions and methods of the present invention inc_:lude _without limitation, nitrogen-containing
heterocyclic caipEuEE il b‘%@f?UtHQQSféf%éﬂﬂh‘f@&'@é%ff%i&?ﬁ?@}&-fﬁ%&%ﬁ@,"&Woogﬁbstituted
1,2,4-triazolesppbivtany giftecpingaiedgorteg.(i diamivestiaphiag etkylietendiarbtir.a nitrogenous

1.4-bis(3-amingpromy ) MiReiz N BRI S iR B ansh e 7
hydroxypyridine).
[0020] Amino compounds are utilized in the CMP composgiofnthe invention for a
variety of purposes (e.g., as corrosion inhibitdispersants, and the like), which are well
known in the art. The amino compounds preserténdMP compositions of the present
invention include, without limitation, compoundsvirey at least one primary amino group,

compounds having at least one nitrogen-containgtgrbcyclic group, compounds having



[0031]Preferably, the amino compound is present in the CMP composition of the invention in an amount
in the range of about 0.001 to about 0.1 percent by weight, more preferably about 0.005 to about 0.05
percent by weight. [0032]Radical-forming oxidizing adents suitable for use in the CMP compositions and
methods of the present invention include peroxy compounds and halogens. Preferred peroxy compounds
include hydrogen peroxide and persulfate salts (e.g., ammonium monopersulfate, ammonium

dipersulfate, pgiqssim,mANAREFSIIAIGARLRP S D ABRTSHIRIN, BIelAERthRBIPgENR BFlude iodine.

Preferably, the radical-forming oxidizing agent Is present in the composition in an amount in the range of
about 0.005 toAHERT DG EFESRING ARRIGRL, Risierphbietd BNEPBHRPDBHCRMABIRNS ¢ehehiMy weight.
[0033]The radigahtiasinbiviggephisterase aistinetGii ermadsiipm b peesfiiriarentignHtan amount
sufficient to ingébit xidation. of the amino compound, for example in an amount sufficient to decrease the
amount of oxi ?%ﬁ%?&%@ﬂﬁh%‘ ?Bﬂ‘ﬁe&/cg Yo or more over a five-day storage period, preferably
by about 50% [@0&idre ovraragdlee-ofesustiniage esiodrafien ratditic noef conagisasfmyrangioadizing agent, at

bient =)o P . ical-trapnj ' tin the CMP
ambient room AW@&&@ ﬁ%&g&%&’r@rﬁg RS EROLic QS@@%?;%E%@H%%@%S@ entin the

composition in an amount in the'range of about 0.00001 mol out 0.1 molar, more pfeferably about
0.001 molar tolab4ufieaPEnBIEA70IeRANBAUNARIRG € 2 ReH Braiatans HHgBkEUSaMRENdapping

agents includei@mptigeriERyCamPOHNMS- §8Btitdteddiyljafegyoic acid), heteroaromatic nitro compounds
(e.g., 2-methyl-4-nitro imidazole), aliphatic nitro compounds (e.qg., tris(hydraxymethyl) nitromethane),
nitroso compo[ﬂ?&gﬁ(e.gr fty %f-%wa%'ﬁfﬂ8lj',%‘i‘ff&§eﬁl.'%9é’ r%cg}’(fgﬁ'ié;%' SJHJQG(& .'?a nitroxide
compound sudtoap@siéns-tétizanatsdntlipipeticindoxyef fesyamicabr alspdtyroens HaTiBMRIG aand

oiperasine N A R R N Ay e RS A0 egnary

N-hydroxyphttmRIEYnareBsHiHERE oS MR BaaY OmatiVEER HiPaHe @ Pasathalllaashnge

N-acetyl-5-meq}@gymgp§ammnmr§%ub@nm@awmgpnq§. (e.g., uric acid), and a combination of two or
more of the foregoing nltro%enous compounds. Preferably, nitrogen free radical-type radical trapping

agents (e.g., TEVFRO, ahBWRIENAMN AL H AP HAE R O ¥ AP AN DB SR onds, more
preferably at |dashabayne semasistim esispreiaiiyolycableasi @monit A0ssdstinds dimago@eusepelation at an

bient - J f t . ; i 8 radical
apping agent e He Hua e talp AR TR O A3 S e S B e RO
nitrogenous ragficstergpping 2lge statas filthadeaie ornBeaio M hskbdemh § dumegdnds further

[0035]FOfmati%@ff@&%?‘ﬁiﬁ%éi@ﬁ‘!%%?l&ﬁ%ﬁ ?Qiﬁékﬂé@&ﬂ?&ﬁ;&%ﬂ&ﬁ@&%é&imﬂﬁﬁ 8?8_&"&9&@#”“9 the
CMP process can lead to undesirable increases in the polishing rate, and/or can deactivate the radical

trapping agentiEeSORIIR¥e VIRCORIBIALY S iRAYSIGALPEMAEC, KRR LOYBIRG N XL RS red that the
nitrogenous ragheahpiap pinguagentdoss mohieadiybisinmed mptgomsisviticiudetal ions, such as copper. In a

ferred embqdj t,.the ni ' ' h -li ti tant of
loss than abou R e R R SRR O R . e ©
hydroxyl-substhlesil @omdnzeiniraettrediy rxairiay teip ping kgjemm antinechirfideiuinone-type
compounds (eygoodyA-ydRAKIRRAR, RTSRLCENRISHYARO SURRIHERFSHARASSAMRGUNTS (2.0., 25-

dihydroxybenzoquinone; 1,5-diamino-4,8-dihydroxy-anthraguinone disulfonic acid; hydroxyquinone
sulfonic acid; Q};ﬁfscﬂ{b?‘éoﬁ‘)?WV&?T—%BWEJ%%%%W%WGHHEC{@FﬁT‘,'S“bSt't“te
4-methyl-7-hydnoxgacsmaatrat dss tarmmoapAicethgiah elhigkene Je dstdyoxy|teubstinted naphthalene
compounds (e(;ﬂgﬁr 36qurc_)§< 6%7?51)8 thoir(% e}ﬁ:idr;c%nd :F:I%Ietg g?t reo aI%I&xXﬁHb%tituth %P%HOA compounds
(e.qg., 4-methoxyprpuen05]? a y?—su Sttuted pﬁenomg)ompound%, y roxyl(-’subsﬁtu?gg Keteroaromatic
compounds (efgol@-hgsivryphadird)Ysolfesis cidiesitstiyined phtaidlassonipeumdderty thereof (i.e.,
salts of any ofamﬁermﬂﬂﬁ.egb%mwgﬁémﬂ%ﬁw&Hmﬁmﬁa@kamga@uﬂam@%Q{etn%ﬂyaﬁﬁmaaimmpound&
Preferred hydroxyl-substituted polyunsaturated cyclic radical trapping agents include hydroquinone-type
compounds, hyBPSXHIeH R IMBREYBRTSounds, alkyloxysubstituted phenol compounds, and
sulfonic acid s[dmsHute drainenakhterognaerasyasamban abavesthaapmmet esaimaryskill in the art will
readily understand, jndiviqual hydroxyl-substityted polyunsaturated cyclic radical.trapping agents may fall
o one o mord SR S S R P AR S satorarec
cyclic radical tidppigtegeined cesmaniveadilgUpsrarctie phoxesnesthai debiormdiclorcandferred embodiment,
the hydroxyl-substituted polyunsaturated cyclic radical trapping agent has a copper-ligand formation
constant of less than about 10, more preferably less than about 8, most preferably less than about 5. 9
[0038]Optionally, the composition comprises a metal oxide abrasive. Suitable



abrasives include silica, alumina, Mania, ceria, zirconia, or a combination of two or more of the foregoing
abrasives), which are well known in the CMP art. Preferred metal oxide abrasives include colloidal silica,
fumed silica, and alumina. [0039]An abrasive is prefefably present in the CMP compositions of the
invention in an amount in the range of about 0.001 to about 20 percent by weight. In some embodiments
the amount of abrasive present in the CMP composition is in the range of about 0.01 to about 5 percent

by weight. In qiiey. sypharlipents e Skt OEIBMSE iitils amahaReuLskinepout 1 percent by

weight. [0040]The abrasive desirably is suspended in the CMP composition, more specifically in the
aqueous compBRRAMEFIHSEIN P EopBERie Pl oRAVaTEIabEeIRUIRER 8PE EAdiGhe CMP composition,

the abrasive pegi@yahiidtoriinidatiuaiaRirdentarmceatoioxgiaimteinartHanensieniefigdrastye particles

in the liquid carriéig C&Ilo;éial stagb%ér%&egﬁ to the maintenanﬁle o%that suspension over time. In the
context of this TVERGHNR? RGO SVl %‘mmﬂﬂﬁy Sitfe if, when the abrasive is placed into a

100 ml graduajte@P6lylindéheindratioiwecotmostiandovidhaotgeitsiohdens bntawtimoomaedhedsjerence
between the ¢ ti | i t mm; Fm%j inder. i s of gime
and the conceﬁ%ﬁ%ﬁ%ﬁ g}agr{t%(g@g‘%ﬁtﬁgr%%%%?‘%nméﬁe grédgg%e% cy iﬁﬁ(@}) ?ﬁ“ﬁ%ﬁl%\rﬂrﬁ{i 0 gg;me divided
by the initial cGREHIAYEEE FeaeYdR . tABLBRIRS CbeRp@isition GC] in terms of gime is less than or

O AN prefo s e T e S e o mrcforably
e o pi m AR S BB 7788 SRRUTPIE, TR & P NPT UL, Tt AT GBS on or
ml_c|)r§ ?fH puffedmigmmriajsdmrsaml 'amplﬁ'ymmizmﬁdummmmimjdh?m@mtmnanqbdmm: Many fsucgI
pH buffering r he ar 0 ajigns,dhe pQsition preferably
has a pH in t@gﬁ?&% c;q a%\%%k{é%g@%é%%c.% gryt%{r?g’s%)r? ‘8%33@% dt%%’s%ﬁ%’c’ggnwﬁoés}?t%n preferably
has a pH in the{heePefAaRRuP ¢6raBEAPAIYDeA 2T o MEr EBMRHEItTBFS DT ke eRABMEIS0 optionally

can comprise R B FIRFRPFIGRS, SHEASHR S UARIAAD 1 8RPY R SR EALATEAL R SR, VISCOSity
enhancing agent or coagulant), a biocide, and. the like, na%of which are well known in the CMP art.

. he lik
[0043]The CMP LTHDBLRIGNS PRI ESR Bat bR BYS SRl PRPAI L AdBRARRPINIER, many of which
are known to tfaena8|skilléd wstehateil hinEtdiPnCopnie sitoy aamafile g redyimer'balkdh or continuous

process. Gene t P iti .pre ining th nts thereof in any
order. The terréﬁg:%hprpp%r%\%tz\@zﬁge %@gﬁgﬁ%ﬁh%eﬁ %@ﬂ/@éﬁﬁ?ﬁ@ﬁ%@%@@@% bases, and the
like) as well asHbstidafbantiaRiONimtrelient geoypsabidzaeRobsnslfadehras, Rahd (datike). For example,
an abrasive cady Mﬁfﬁﬁﬁ‘\&h‘é@ﬁﬁéﬁﬂ%hﬁp?{Wﬂ@-émw'&%ﬁﬂﬂﬁ%‘ém’léﬁ?ﬁﬂﬁg\ﬂgem can be
added, and mixed by any method that is capable of incorporating the components into the CMP
composition. T%’Bfeﬁfﬁmﬁ'é\lf%géﬁ‘ﬁﬁf]ﬂﬁﬁﬁt@f!f&{%a'@Ggﬁfl RS G SRS EEERRIN until the
composition isaiedeheftikaise in a CMP process, for example, the oxidizing agent can be added just prior
to initiation of pglishing. The e adjusted a suitable time. [0044]T ompositions of the
present invent'fgﬂﬁfgjso ci-rt?ebé{%rtg\%%géaﬁ@%&%@e%@é@ﬂvéﬁlé? I%@ﬁ{e(%éggﬁéé%%l l{t)%% with an
appropriate ansopalyoTaiaten fave enyseitabieivie @htavibedieratdr el g FPeeieabbitisieconcentrate can
include the vagus-opMARentHifisRRr seddblisseler caraRitheeansin 2oMHPETSHEbthat, upon

dilution of the concentrate with an appropriate amount of solvent, each component of the polishing
composition WilB& FeSER MR EXPELBRIRESHAh SAAR SRS, REMIBHE L NG IS range for use.
[0045]The inverdtwsialsorpioyioke anmeeibodpbcpeiate adiyibaalanmsiih pobekiggiaisabsiraie comprising
(i) contacting a_spbstrate with a polishin d and a CMP_composition described_herein, and (ii) moving
the polsning oD AAaTE b e S HE AT AR A RS TR AT A6 2ahy abracing
at least a portibﬁightfﬁ@@imgmﬁa(lbn@d}rmﬁrﬁlérgww!rbwy\{utm&mM@gmﬁ- methods of the present
invention can hgyyged tpalishans euilpRERINNELR iRDk isRrpeSiRsHasfddobPRlispiagebstrates

comprising metallic components such as tungsten, copper, ruthenium, tantalum, and the like. [0047]The
CMP methods'BY&RABOPBSSHSnaRGSR Pa iR EPSfRTIRG R TACYSIUARTIBAUNAR &€-9-
chemical-meclhanigatingtirhisgoanpasatbeniotpicadiysinciapdi? aannsabisicossprises wqpales), which, when
in use, is in motion and has a velocity that results from orhital, linear, or circujar.motion, a polishing pad in
contact with 8 DTS HOE LRGN (0 pIAER e P R oLk B RS S barate to
be polished bypirgrertiagianddrivokeadriddative-to tBelsuniael dfetikepolishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the polishing pad and a




11 CMP composition of the invention and then moving the polishing pad relative to the substrate, so as to
abrade at least a portion of the substrate to polish the substrate. [0048]A substrate can be planarized or
polished with a CMP composition of the invention usifdg any suitable polishing pad (e.g., polishing
surface). Suitable polishing pads include, for example, woven and non-woven polishing pads. Moreover,
suitable polishing pads can comprise any suitable polymer of varying density, hardness, thickness,

compressibilitygbylity tcb?@fé?%lﬂﬁ?/ UcHB%ﬁﬁﬁ%ﬂf@ﬁ%ﬁ%m&‘ﬁ@p‘?BE&H‘E‘?ﬁ%F&B&?%ﬂgﬁioﬁ%‘ﬁH@ polymers

include, for example, polyvinyichioride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,
polyacrylate, pBKRAHRR, PAYERMABHEN SR/ BN OHARAENHRE OHER dpRIARN DN WRBYIERE Coformed
products theregfeighbiixBaasotberef it UDs sicrbbnt thgkeVIP apparatus further comprises an in situ
polishing endpaint detection system, many of which are known jn the art. Techniques for inspecting and
onitoring thelBofng ABSELLE) BRI R S e R G SER bl TR oL ang e
workpiece are rkatwdsrothiecgute Serchnverthiod sratedegsemixg goimmds e flelogedsS . Freteme, 196,353 to

Sandhu et al., 1,3, QBﬁ%&lﬁﬁéﬁ%ﬁé nglg%%@er&ﬁe%ﬂtﬁr%aé%‘éﬂsg /doJARGrAN U-S. Patent

5,964,643 to Birang et al. Desirably, t _ or monitoring of the p ogi’egs of the polishing process
with respect td2PARRRFEER B AT IINYAEHIReaH|EShRORIEHAIABALGY HHth ARG IRKARS BRY-point, i.e., the

determination gpwherde jermitairthearishinadniaeessimdtferasRe el da aiRAItBHANYBKIRISSS -
[0050]Another aspect of theﬁjreiﬁgt invention is. a method }gﬁf.enhanc(:%;ﬁ the pot-life of a CMP composition

including an afty BtdBIWﬁSS H13 ac?gb‘?é’él!'r%?dﬂﬁé‘&mw anfd]&?t B%te h%%%éBrﬂlﬁ)?féte%oadding to the
CMP composipercant dyineightdaton prifiniinly aboonot@f eusblicatdeappingeigent (i.e., a

hydroxyl-substi pol ' itro mbination
thereof). In th Ei%g?#ext ﬁ%?gﬂg%ﬁ%ﬁ \Iﬁa t%‘r’{ﬂg% m?n‘@ed?oﬁ a%@ﬁrﬁin i tﬁ\%@r%ogﬁt% of a radical trapping
agent is an anmBYRtEITieiahEB LS inie Nt el T Bkl Ao i R TP W iss StidMB about 20

percent or moig gyeihdbiMe ARSI AidimBalies BRRFIISAII 8faRYREHRRB 0B My A bet composition
to a radical-forming oxidizing agent at an ambient temperature in the rang%e of about 20 to 25 C.

[0051]The foll GRTPE LR RE R NG fIRYHQIBIRPFIEh FEHIBEY BPRULYIE AR BE WBstrued as in
any way limitingpitsscape pdio Xadd Rt &itib FOORR faticad-kagnpiédiltirsj radestthet amibienoxodation-inhibiting

o . o) ) .y 5 " | varior
[0053JA napmi o B o e B T ot
3 by weight hyeRBURSsipeRdRia8, aaBekitin deepiaRoB & AReis BRI iP5 pedninsyaveight

potassium aceﬁeéee,gg absut 8@pPmMpNsthyien® 9y ¢rbidhe radical trapping agents evaluated and the
amount of each radical trapping agent added are listed in Table 1. After five days the BTA level was

measured usind®HLC NP WHIE GGG LRVIRRIERR S Y2145 AR FRRRINY ARL¥Rs 898 Y5hoto diode
array and a gracherdtrohen cprofiteintibgggr,ce st dih i bhereniiainihgtafterratayitoceapbwidhe CMP
compositions luated is recorded in Table 1, [0054]The data in Taple 1 jndicate th ly\about 49% of
the BTA remalot 12 Bie0 s i Rsiey ainae SRR BTN G
comparison, upit®aReNATEIHITPBT Lorentaings (@ Exarhiviestiiingth tifeoged deaargstitaltrpent

concentration WaSEhHQ001 BVAIRERooHRAINI G b MBihaRERIABIRG AR isasial lrapping

agent; Ex. 1L). At 5 molar concentration of radical trap ing aEent, up to about 88% of the BTA

remained in thE€GRIpBSAEAAMR A8 HEY@. Fne il XY RXSIRISOMROHEI38i8al trapping agent,
Ex. 1P). Surprigingiyolet 4-0-09) mtatyehorpntaiopifoadioabiiaep mgiagenttibeneyelonhB-NA oxidation

was essentially ¢ pLT_eI inhipited in the case of N-acetyl-5-methoxytryptamine (Ex.. 1L) or 1-nitroso-2-
naphthol as théxﬂgrﬁ?Ca hly)}%rgﬁ ggndgﬁtcwp(imds (e.g.,clsl Mygrph%waﬁerJé/ ; acyl'amlgo su%s?ﬂu{ed
aromatic compounds (e.g., acetanilide and N-adetylethoxytryptamine), N-acyl-enamine

compounds (e.g., uric acid), and a combinationvofér more of the foregoing nitrogenous
compounds. Preferably, nitrogen free radical-tygzical trapping agents (e.g., TEMPO,
and the like) have a free radical half-life of @$t about 0.01 seconds, more preferably at
least about 1 second, most preferably at leasttdlfbseconds, in aqueous solution at an

ambient room temperature in the range of aboud2dout 25 °C. A preferred nitrogenous



13 Table 1. Inhibition of Amine Oxidation by Radical Tralmin2 A ents Percentage of BTA Remaining EXx.
#Trapping Agent5 Days After 11202 Addition Trapping Agent
Concentration:0.045M0.009M0.005M0.001M IA None3( Control) 49% 49% 49% 49% 1B TEMPO 87%
77% 61% 1C 4-methoxyphenol

radical trapping agent is acetanilide. As onerdfrary skill in the art will readily
understand, individual nitrogenous radical trapmggnts may fall into one or more of the
foregoing categories.

[0035] Formation of a complex between the radical trappiggnt and one or more
metal ion during the CMP process can lead to unalelsi increases in the polishing rate,
and/or can deactivate the radical trapping agest ¢educe its efficiency for inhibiting
amine oxidation). Accordingly, it is preferred tlilae nitrogenous radical trapping agent
does not readily form complexes with metal ionghsas copper. In a preferred
embodiment, the nitrogenous radical trapping agasta copper-ligand formation constant
of less than about 8, more preferably less thantsho

[0036] Non-limiting examples of suitable hydroxyl-subst#&d polyunsaturated cyclic
radical trapping agents include hydroquinone-typegounds (e.g., 1,4-hydroquinone,
propyl gallate), hydroxyl-substituted quinone compds (e.g., 2,5-
dihydroxybenzoquinone; 1,5-diamino-4,8-dihydroxyfaaquinone disulfonic acid,;
hydroxyquinone sulfonic acid; and salts thereoffirbxyl-substituted coumarin compounds
(e.g., 4-methyl-7-hydroxycoumarin, also known asdthylumbelliferone), hydroxyl-
substituted naphthalene compounds (e.g., 3-hydPemgphthoic acid; and salts thereof),
alkyloxy-substituted phenol compounds (e.g., 4-roegphenol), alkyl-substituted phenol
compounds, hydroxyl-substituted heteroaromatic aaumgs (e.g., 2-hydroxypyridine),
sulfonic acid substituted phenolic compounds, shigeof (i.e., salts of any of the
foregoing compounds) and a combination of two oravad the foregoing compounds.
Preferred hydroxyl-substituted polyunsaturatedicyeldical trapping agents include
hydroquinone-type compounds, hydroxyl-substitutethone compounds, alkyloxy-
substituted phenol compounds, and sulfonic acidtguked phenolic compounds, as
described above. As one of ordinary skill in thewall readily understand, individual
hydroxyl-substituted polyunsaturated cyclic raditapping agents may fall into one or
more of the foregoing categories.

[0037] Preferably, the hydroxyl-substituted polyunsatutateclic radical trapping
agent does not readily form complexes with metasioln a preferred embodiment, the
hydroxyl-substituted polyunsaturated cyclic raditapping agent has a copper-ligand
formation constant of less than about 10, moregpably less than about 8, most preferably

less than about 5.



62% 1D propyl gallate 70% |E 3-hydroxy-2-naphthoic acid 85% 1F 4-methyl-7-hydroxycoumarin 75%
1G
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[0038] Optionally, the composition comprises a metal oxbeasive. Suitable
abrasives include silica, alumina, titania, ceziegonia, or a combination of two or more of
the foregoing abrasives), which are well knowrhia CMP art. Preferred metal oxide
abrasives include colloidal silica, fumed silicadalumina.

[0039] An abrasive is preferably present in the CMP contipos of the invention in an
amount in the range of about 0.001 to about 20gpedoy weight. In some embodiments
the amount of abrasive present in the CMP comjosi§ in the range of about 0.01 to
about 5 percent by weight. In other embodimerdgsatimount of abrasive is in the rage of
about 0.1 to about 1 percent by weight.

[0040] The abrasive desirably is suspended in the CMP ositipn, more specifically

in the aqueous component of the CMP compositionef\the abrasive is suspended in the
CMP composition, the abrasive preferably is colidigstable. The term colloid refers to
the suspension of abrasive particles in the ligaidier. Colloidal stability refers to the
maintenance of that suspension over time. Indmeext of this invention, an abrasive is
considered colloidally stable if, when the abrass/placed into a 100 ml graduated
cylinder and allowed to stand without agitation &aime of 2 hours, the difference between
the concentration of particles in the bottom 5M@frthe graduated cylinder ([B] in terms of
g/ml) and the concentration of particles in the 36pml| of the graduated cylinder ([T] in
terms of g/ml) divided by the initial concentratiohparticles in the abrasive composition
([C] in terms of g/ml) is less than or equal to Q.5., {[B] — [T]}/[C] <0.5). The value of
[B]-[T])/[C] desirably is less than or equal to OBd preferably is less than or equal to 0.1.
[0041] The CMP compositions of the invention preferablyéha pH in the range of
about 2 to about 11. The CMP compositions carooptly comprise one or more pH
buffering materials, for example, ammonium acetdindium citrate, and the like. Many
such pH buffering materials are well known in tie &or copper CMP applications, the
composition preferably has a pH in the range oluabdo about 10. For tungsten CMP
applications, the composition preferably has ampkhé range of about 2 to about 4.

[0042] The CMP compositions of the invention also optibnean comprise one or
more additives, such as a surfactant, a rheologaratol agent (e.g., a viscosity enhancing
agent or coagulant), a biocide, and the like, n&rwhich are well known in the CMP art.
[0043] The CMP compositions of the invention can be pregduy any suitable

technique, many of which are known to those skiliethe art. The CMP composition can



2-hydroxypyridine 56% 1H 2,5-dihydroxy-1,4-benzoquinone 85% 76% 59% 11 Acid Blue 45 84% 84%
68% D hydroquinone 72%
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be prepared in a batch or continuous process. r@iineéhe CMP composition can be
prepared by combining the components thereof inceidgr. The term “component” as
used herein includes individual ingredients (eagids, bases, and the like) as well as any
combination of ingredients (e.g., acids, basedastants, and the like). For example, an
abrasive can be dispersed in water, and the amimpound and radical trapping agent can
be added, and mixed by any method that is capdlihearporating the components into the
CMP composition. Typically, the radical-formingidizing agent is not added to the CMP
composition until the composition is ready for us@ CMP process, for example, the
oxidizing agent can be added just prior to inidatof polishing. The pH can be adjusted at
any suitable time.

[0044] The CMP compositions of the present invention akso be provided as a
concentrate, which is intended to be diluted witrappropriate amount of water prior to
use. In such an embodiment, the CMP compositioceatrate can include the various
components dispersed or dissolved in aqueous gatvamounts such that, upon dilution
of the concentrate with an appropriate amount tviest, each component of the polishing
composition will be present in the CMP compositiman amount within the appropriate
range for use.

[0045] The invention also provides a method of chemicalsehanically polishing a
substrate comprising (i) contacting a substraté wipolishing pad and a CMP composition
described herein, and (ii) moving the polishing peldtive to the substrate with the
polishing composition therebetween, thereby abradirleast a portion of the substrate to
polish the substrate.

[0046] The CMP methods of the present invention can bd tespolish any suitable
substrate, and is especially useful for polishimgstrates comprising metallic components
such as tungsten, copper, ruthenium, tantalumtrentike.

[0047] The CMP methods of the present invention are pdatity suited for use in
conjunction with a chemical-mechanical polishinga@tus. Typically, the CMP apparatus
comprises a platen, which, when in use, is in nmoéind has a velocity that results from
orbital, linear, or circular motion, a polishingdom contact with the platen and moving
with the platen when in motion, and a carrier th@tls a substrate to be polished by
contacting and moving relative to the surface efgblishing pad. The polishing of the

substrate takes place by the substrate being placemhtact with the polishing pad and a



1K hydroquinone sulfonic acid, K salt 92% 1L N-acetyl-5-methoxytryptamine 98% 92% 70% 1M
2-methy1-4(5)-nitroimidazole* 90% 67% 60% 1N
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CMP composition of the invention and then moving piolishing pad relative to the
substrate, so as to abrade at least a portioredfithstrate to polish the substrate.

[0048] A substrate can be planarized or polished with &2@dmposition of the
invention using any suitable polishing pad (e.glighing surface). Suitable polishing pads
include, for example, woven and non-woven polistpags. Moreover, suitable polishing
pads can comprise any suitable polymer of varyesdy, hardness, thickness,
compressibility, ability to rebound upon compressi@and compression modulus. Suitable
polymers include, for example, polyvinylchloridelyvinylfluoride, nylon, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyetpetyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products tbgr@nd mixtures thereof.

[0049] Desirably, the CMP apparatus further comprisesaitu polishing endpoint
detection system, many of which are known in the @echniques for inspecting and
monitoring the polishing process by analyzing lighbther radiation reflected from a
surface of the workpiece are known in the art. Smethods are described, for example, in
U.S. Patent 5,196,353 to Sand#al., U.S. Patent 5,433,651 to Luségal., U.S. Patent
5,949,927 to Tang, and U.S. Patent 5,964,643 tangiet al. Desirably, the inspection or
monitoring of the progress of the polishing prooegh respect to a workpiece being
polished enables the determination of the poliskind-point, i.e., the determination of
when to terminate the polishing process with refsfmea particular workpiece.

[0050] Another aspect of the present invention is a metifahhancing the pot-life of a
CMP composition including an amino compound anddacal-forming oxidizing agent.

The method comprises adding to the CMP composétioamine oxidation-inhibiting
amount of a radical trapping agent (i.e., a hydkaxypstituted polyunsaturated cyclic
compound, a nitrogenous compound, or a combin#tiereof). In the context of the
present invention, an amine oxidation-inhibitingaamt of a radical trapping agent is an
amount sufficient to reduce the level of amine akioh in the CMP composition by about
20 percent or more over a five day period of tiffteraeexposure of the amine component of
the composition to a radical-forming oxidizing agahan ambient temperature in the range
of about 20 to 25 °C.

[0051] The following examples further illustrate the intien but, of course, should not

be construed as in any way limiting its scope.



tris(hydroxymethypnitromethane 87% 69% 69% 10 3,5-dinitrobenzoic acid 57% 69% 1P
1-nitroso-2-naphthol 92% 88% 1Q N-hydroxyphthalimide 102%
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EXAMPLE 1
[0052] This example illustrates the amine oxidation-intiilg effectiveness of various
radical trapping agents useful in the CMP compas#iof the present invention.
[0053] A trapping agent was added to a slurry containbmua 12 percent by weight
colloidal silica, about 3 by weight hydrogen pedsiabout 1100 ppm benzotriazole
(BTA), about 0.5 percent by weight potassium aeet@bd about 80 ppm polyethylene
glycol. The radical trapping agents evaluatedtaedamount of each radical trapping agent
added are listed in Table 1. After five days tfiié®Bevel was measured using HPLC on a
Waters 2695 with UV detection at 220 nm using aai&®96 photo diode array and a
gradient solvent profile. The percent of BTA remag after five days for each of the CMP
compositions evaluated is recorded in Table 1.
[0054] The data in Table 1 indicate that only about 49%hefBTA remained in a
control CMP composition without trapping agent afiedays (Ex. 1A). By comparison, up
to about 70% of BTA remained in Examples in whicé tadical trapping agent
concentration was about 0.001 molar (e.g., usirapétyl-5-methoxytryptamine as the
radical trapping agent; Ex. 1L). At 0.005 molancentration of radical trapping agent, up
to about 88% of the BTA remained in the compositfter 5 days (e.g., utilizing 1-nitroso-
2-naphthol as the radical trapping agent, Ex. IR)cprisingly, at a 0.009 molar
concentration of radical trapping agent, the l@fdTA oxidation was essentially
completely inhibited in the case of N-acetyl-5-noetytryptamine (Ex.. 1L) or 1-nitroso-2-
naphthol as the radical trapping agent (Ex. 1P).



1R 1-(2-hydroxyethyl)piperazine* 92% 18 imidazole* 86% 1T acetanilide 76% 57% 54% 1U
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Table 1. Inhibition of Amine Oxidation by Radical Trapping Agents

Per centage of BTA Remaining
Ex. # Trapping Agent 5 Days After H,O, Addition
Trapping Agent Concentration:  0.045M.009M 0.005M 0.001M
1A None ( Control) 49% 49% 49% 49Y%
1B TEMPO 87% 77% 61%
1C 4-methoxyphenol 62%
1D propy! gallate 70%
1E 3-hydroxy-2-naphthoic acid 85%
1F 4-methyl-7-hydroxycoumarin 75%
1G 2-hydroxypyridine 56%
1H 2,5-dihydroxy-1,4-benzoquinone 85% 76% 59%
11 Acid Blue 45 84% 84% 68%
1J hydroquinone 72%
1K hydroquinone sulfonic acid, K salt 929
1L N-acetyl-5-methoxytryptamine 98% 929 70%
1M 2-methyl-4(5)-nitroimidazole* 90% 67% 60%
IN tris(hydroxymethyl)nitromethane 87% 69% 69%
10 3,5-dinitrobenzoic acid 57% 69%
1P 1-nitroso-2-naphthol 92% 88%
1Q N-hydroxyphthalimide 102%
1R 1-(2-hydroxyethyl)piperazine* 92%
1S imidazole* 86%
1T acetanilide 76% 57% 54%
1U uric acid 58%
1v ascorbic acid (comparison) 65%
1w 3-hydroxypropionitrile (comparison) 66%

* oxidizable to an N-oxide in the presence of log#n peroxide

EXAMPLE 2
[0055] This example illustrates the ability of radicalgpéng agents to inhibit amine
oxidation as determined by measuring the zeta fiatai colloidal silica particles present
in the CMP composition. The zeta potential ofshiea is related to the amount of amine
compound remaining on the surface of the silicactvin turn is related to the shelf-life of
the amino component in the presence of oxidizirenag
[0056] The zeta potential of the fumed silica particlesach composition was obtained
by measuring the electrophoretic mobility of thetijgées using a Malvern Zetasizer 3000,
which has typical instrumental error of about +% m this system. The phenolic and
nitrogenous radical trapping agents evaluated decRrhydroxypyridine (at 285 and 950
ppm concentration, Ex. 2A and 2B, respectivelyi; acid (504 ppm, Ex. 2C), N-



uric acid 58% 1V ascorbic acid (comparison) 65% 1W 3-hydroxypropionitrile (comparison) 66%  *
oxidizable to an N-oxide in the presence of hydrogen peroxide EXAMPLE 2 [0055]This example illustrates
the ability of radical trapping agents to inhibit amine

methylmorpholine-N-oxide (702 ppm, Ex. 2D), 4-hyxydrEMPO (516 ppm, Ex. 2E), and
acetanilide (676 ppm, Ex. 2F). Compositions canta ascorbic acid (Ex. 2G)or no radical
trapping agent (Ex. 2H) were also tested for comparpurposes. The formulations of the
CMP compositions evaluated included about 0.5 perdoe weight fumed silica, about 0.04
percent by weight of ferric nitrate nonahydratewti845 ppm of malonic acid, about 180
ppm of poly(2-methacryloxyethyltrimethylammoniunobride, and about 4 percent by
weight of hydrogen peroxide, in addition to anyicatltrapping agent that may be present
in the formulation. The results are presentedlycably in Fig. 1. As is evident in Fig. 1,
the radical trapping agents significantly decreabeddrop in zeta potential over time.
EXAMPLE 3
[0057] This example illustrates the ability of radicalppéng agents to stabilize amine-
containing CMP compositions as determined by tiergstmoval rates obtained by
polishing tungsten wafers with freshly prepared Cédihpositions, and compositions
stored for 3 and 7 days after addition of hydrogeroxide.
[0058] The compositions utilized were formulated substdiytias described in Example
2. A composition without radical trapping agenx.(BA, same formulation as Ex. 2H))
present was compared to compositions includinggpfb of acetanilide (Ex. 3B) or 500
ppm of TEMPO (Ex. 3C). The wafers were polishecdaorEbara FREX 200 mm polisher
under the following operating conditions: IC10@hcentric k-grooved polishing pad on
Suba IV, platen speed of 100 rpm, carrier spedgbapm, sub-carrier pressure of 225
hectopascals (hPa) (3.2 pounds per square ingbso),"backside pressure of 225 hPa (3.2
psi), retainer ring pressure of 200 hPa (2.9 phi)ry flow rate of 150 mL/minute.
[0059] The results are presented graphically in Fig. Be @ata in Fig. 2 indicate that
TEMPO was able to stabilize the CMP compositiomsufpto 7 days compared to the
control composition, whereas acetanilide stabiliteicomposition for up to 3 days.
[0060] All references, including publications, patent aggtions, and patents, cited
herein are hereby incorporated by reference tedinge extent as if each reference were
individually and specifically indicated to be inporated by reference and were set forth in
its entirety herein.
[0061] The use of the terms “a” and “an” and “the” andiknreferents in the context
of describing the invention (especially in the extitof the following claims) are to be

construed to cover both the singular and the plurdess otherwise indicated herein or



oxidation as determined by measuring the zeta potential of colloidal silica particles present in the CMP
composition. The zeta potential of the silica is related to the amount of amine compound remaining on the
surface of the silica, which in turn is related to the shé&f-life of the amino component in the presence of
oxidizing agent. [0056]The zeta potential of the fumed silica particles in each composition was obtained
by measuring the electrophoretic mobility of the particles using a Malvern Zetasizer 3000, which has
typical instrumestalyesoontaidiatied bybomMiart tHihsystem “ddreipu) eftadidrayyd imdiodi@ngusneadical trapping

t | include, 2- idi ' : 2B,
ropectveny). oot B8 oo T BB 8 SRR Rt e A CRRFE AN, BLABE, T
4-hydroxy TENIRTE(ED0) pipiasERERyisthciedanfkitaienatgss OExalRES. oehpativasetontaining
ascorbic acid (R réfedab Refroiah EABRINhAYEEH TR o R EiENaIA RIan eSS pInRaNsiE PUrpoSes.

The formulations of the CMP compositions evaluated included about 0.5 percent by weight fumed silica,

about 0.04 pef@dMIBYIREJhe 677986 L RIGSROMGRAISTIPHCEIRIGIR. B! 56T SERAIRIFI¥ AR Sabout 180 ppm
of poly(2-methiactylopesayiitimeisianifitatomabibinadiithabodciee reastrbyaneighbheddydrogen
peroxide, in addition to any radical trapping agent that m e present jp the formulation. The results are
bresstod araShXCURE L T A B B O 15 R e S U L Y remee
the drop in zetatlpﬁwmx_rleeévﬁmﬁr@jc,wPME@[@%?WhMmquallma_tebﬂnera&x&mmammcal
trapping agente{p.e{gBitis, araint s09 VIR Mitcio Teiasl s etRmINA R wgRien removal

[

rates obtained by po shlngetungsten wafers with freshly prepared CMP compositions, and compositions

stored for 3 arlfVERRESS AHLHARRIRRIPES® FdHBEHATE B RS B S] E A YOS ENRINSER were
formulated sulséantially\aslalegeadpeth ithExpetiieatioA sosandbiisdnadthoiidiedital tappmg agent (Ex. 3A,
same formulation as Ex. 2H)) present was c ared.to ¢ sitions including 675 ppm of acetanilide
(Ex. 3B) or 50 %'pr)nrﬁ GEQF Qﬁ)g;és(gisg’r&aﬁf%%%\?g{gé'We?g%ﬁ's%%d on an Ebara FREX 200 mm polisher
under the follol0RFloperatkigrusheltibndinen60d tisdurenitcogresieadiislisiing gadinmtSubeasty, platen
speed of 100 rpph CRIIGHSREGR RvRRER iR A ARICE RIERSIIR P! J2nAIRFIOBREME (IBR)ER2 pounds

per square inch or "psi"), backside pressure of 225 hPa (3.2 psi), retainer ring pressure of 200 hPa (2.9
psi), slurry flovfTREBNESE MEMHRGEEN oINS RUNES SRt idheREpRCRIKERIIBY IRE The data in
Fig. 2 indicatefthatdinlyl$3onpscablea e siabiizestbryedd BuimpresiiorsigbyRUchAdayssrmRared to the
control composition, whereas acetanilide stabilized the composition for up to 3 days. [0060]All references,
iluding pubIRARAR P BB ERLS A e RS R ar L Rl R TS BAEA by referemce
to the same emiﬁwHMerm_“eiwemmwmlmndtmécﬁiuaw mltioatkiicasitresinodrporated by
reference and wiere-set R L5508 s RIBkEA0A HhEAR UBBAIILR HEratS R iy gnd "the” and

similar referents’in the context of describing the invention (especially in the context of the following

claims) are to BBRESABIRUEYW tdFGEN Bl RN ESTIRINAEP A Y BRBIIRACTIRERISTHIIRISEAthBRYBIE herein or
15 clearly contjagigiesshicreptexteddiprissie dagmpeisingnirdiRy dEheninshItinigatéd @ efantgining” are to

be construed as open-ended terms él.e. meaning, "including, but not limited to") unless otherwise noted.
Recitation of r@iYe/SF\ ﬁfélé( RS dé?‘(’ee%@qu%%%ded to serve as a shorthand method of referring
individually to each separate value falling within the range, unless otherwise indicated herein, and each
separate value is incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all examples, or exemplary language (e.g., "such as")
provided herein, is intended merely to better illuminate the invention and does not pose a limitation on the
scope of the invention unless otherwise claimed. No language in the specification should be construed as
indicating any non-claimed element as essential to the practice of the invention. [0062]Preferred
embodiments of this invention are described herein, including the best



mode known to the inventors for carrying out the invention. Variations of those preferred embodiments
may become apparent to those of ordinary skill in the art upon reading the foregoing description. The
inventors expect skilled artisans to employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than as specifically described herein. Accordingly, this invention
includes all modifications and equivalents of the subject matter recited in the claims appended hereto as
permitted by appieabls @A MoFEsover, any combination of the above-described elements in all possible

variations thereof is encompa by the | 1] ise indicated herein or otherwise clearly
contradicted by contZLXt 16W§$I%Iﬁ%j&lﬁ\§§%¥s%%gﬁ ﬁﬁgmg?%ﬁ%&ﬁ%‘?sﬁ olllséhghg (CMP)
composition comprising:  (a) an giaa eempewathpound; (b) a radical-forming oxidizing agent;

(c) a radical trapping agent gapabigiiehinbiriipdadisagiagesed oxidation of the amino compound, the
radical trapping agent comprising a hydroxyl-substituted polyunsaturated cyclic compound, a nitrogenous
compound, or a combinatioffXrRFEgICAHRPPINg ageph capabigey iaianadicalsdured erdatRip
composition ob¢lkignainimbereimpiiem cadiealdoaep ngppganagoniaisiag a hyidagensubstpugdund selected
from the groun, cenielng. ol &, ARTMBL Dilka COMPRNRK, SGEIPalPMAlc Mo, compagd, ap aliphatic
nitro compoun%, 4 NItroso comﬁ/oung, a Pﬁrogén ree ‘%‘a&caﬁ-%“ Compoung, &N N-oxide compound, an
N-hydroxylimine compound(dareacsimenis-saisistittite@fomatic compound, an N-acyl-enamine

compound, and a combinatifi o (O JPBERiOh B IHRICILRIIPIRNGT SOTPHEEs:  3.The CMP

composition of claim 1 wherein the radical trapping agent comprises a hydroxyl-Substituted
polyunsaturaté® QPEIREE STERAR SHREPEPRYAT friegisd e ifg BRI A HUHBREHG S Sompound,
a hydroxyl-suhsitiygednay i oae asaraaane nar-bydrappliad Dakitalipm CRUEBaTPb GaM patds

hydroxyl-substituted naphthalene compound, an alkyloxy-suQstituted phenol com d,.an
lyl-susttorct RGBT SUR . s Ehisa U S e T R R N B acia
substituted phéniokcaoonpoonddaa aatamsre sty bstdecoantingiinm ohdyvanoN racykesfaiéforegoing

compounds. _ corhIdiEMRuCOBIRSHANAIHBID dr viteeein shegadlaioueNBesedipBgnagent comprises

at least one oxidizing agent selected from the group consisting of a p g compound and a halogen

compound. 5.The CMP conlpsitidR 6PEIRRATHORRE FAAMNe WASIEH!-1B RAE Y eifent comprises

hydrogen peraxigeprisddra KM EREssItiaBdHchiINsAtwheiibdhie Fadicpsdaordadrexicizéngregent
comprises a persulfate co O%Pd. 7.The (t:MP com osiéion of Iai[)n ]1v¥h§rein the radical-forming
roquinone-typ p%un , a sfitute

oxidizing agen ULISUNG L & QylLC e com FeU quinoné compound, a
hydroxyl-substituted coumarin compound, a hydrosgfbstituted naphthalene compound,
an alkyloxy-substituted phenol compound, an alkydstituted phenol compound, a
hydroxyl-substituted heteroaromatic compound, #osid acid substituted phenolic
compound, a salt thereof, and a combination ofdwmore of the foregoing compounds.

4. The CMP composition of claim 1 wherein the cattforming oxidizing
agent comprises at least one oxidizing agent ssldobm the group consisting of a peroxy
compound and a halogen compound.

5. The CMP composition of claim 1 wherein the cattforming oxidizing
agent comprises hydrogen peroxide.

6. The CMP composition of claim 1 wherein the cattforming oxidizing
agent comprises a persulfate compound.

7. The CMP composition of claim 1 wherein the catiforming oxidizing

agent comprises iodine.



17 8. The CMP composition of claim 1 wherein the amino compound comprises at least one primary
amine group, at least nitrogen-containing heterocyclic_group, at least one quaternary ammonium group, or
a combination of two or more of the foregoing. 9:"The CMP composition of claim 1 wherein the
composition further comprises a metal oxide abrasive. 10. The CMP composition of claim 9 wherein
the metal oxide abrasive is selected from the group consisting of silica, alumina, titania, ceria, zirconia,
and a combination ofstwo oMM dunfpssgioimgfaliianitesherein the aamiempound comprises at

least one primary amine group, at least nitrogewtaining heterocyclic group, at least one
guaternary ammonium group, or a combination of &wamore of the foregoing.

9. The CMP composition of claim 1 wherein the cosipon further comprises
a metal oxide abrasive.

10. The CMP composition of claim 9 wherein theahekide abrasive is
selected from the group consisting of silica, ahemtitania, ceria, zirconia, and a

combination of two or more of the foregoing abrasiv



