1 OXI DATI ON- STABI LI ZED CMP COVPCOSI TI ONS AND METHODS FI ELD OF THE

I NVENTI ON [ 0001] Thi s invention relates to polishing conpositions and
nmet hods for a substrate using the sane. Mre

this i nvent‘fvg%b(w‘]la%dtags to stabilized chem cal - mechani calol?d:]t 'L 0%5362
conposi ti ons contai ning am nes and radi cal -form ng oxidizi ng agent S,
conposi tions and chem cal - mechani cal polishing nmethods utilizing the
conposi tions. BACKGROUND OF THE | NVENTI ON [ 0002] Conpositions and

nmet hods for chem cal - mechani cal poli shi ng]S(CIVP) the surface of a
substrate are well known in the art. Polishing conpositions (also
known as polishing slurries, CWP slurries, and CMP conpositions) for
CWP of netal - contQXHDA@I@NFS%BEIZED@ﬁPmSjTI&NSsﬁtNBtI\éETHé)I@ :
integrated circuits) typically 1]1}[% agent, various
addi tive conpounds, abrasives, Fﬂzﬁfﬁﬁ ﬂé}zgioqé[g?ﬁrn conventi onal Cw?
t echni ques{0081kuy bsthisinyention lreéateSGO pplshinghéamgpdsisias ked metintle forgolishing a
carrier asgfyihi (3

CWP apparatus. The ge{ir? ér)?z{é’[tr“4 ggige aPu&l%}f ﬁéeﬁqvgnwglnltg %'ulssm {Agﬂg‘ cgéelﬂ?lgal'
to t he submiephanécal p@b@mg@mzmnmbsomanmgaaganMdtrm@cqueﬂonnimgmgnqmdg agents,
The pad isg |.aki Eﬁﬂg i Vi

force. The re a'?[ fc\r}% aﬁ;r%\%%%gl ltlolfqa} g‘ga%géﬁ‘é ?Jt%&F 1§1§ ?rle\’/g(gs Gsftfons.
abrade the surface of the sBATKGROUND GHBHE NVINTION of the

material f i@y he GURSIHRS 234 Q by hali shi e.
The poli sh¥n ]E)f t he susbstrate e% %&rﬁ&@%ﬁ%ﬂ@%ﬁ%@%&%ﬁ@ﬁ&@@if;f%&

and the suB¥iacgoéa sylsitiate arg wel lmewnhmheartdé@hblyng hempésitiorsdlsa&howi by

of the pol jsihhiHy GAHROTNIP Yk,

t he Cw? cof?rposf}f%l on) anc}\}ﬂ) e grrlriedc anl ca ‘gggé °B@‘?9%Wr“§8ﬁﬁ’% ?gé?télgmg
suspended fWfarpeofremiemndneior wb@em (ecsh. infeg o0 woslm)ffameab)f centain an oxidizing
substrate ég%na%a&eda&d%mowaumea%&ascﬁnm& ggtacting the surface

with a polish |ng pad and novin ol1shing pad relative to the

surface, WP nailAranygna t%ﬂhnﬂﬂw Betbware anéerpagolistdng head is
surface. Typieel oARIcAS Y BsddBlbef i Sosltiobd Seoohdot RR ggaoﬁfnggg 2 %ﬁ{a{ eftp

oxi de, al um num oxi de, zirconium oxide, and tin oxl

Pat. No. SERp2ratysy Ihesangsyiapseablyprgvides épo%l@bl@re@wdmtm@bammmwmg
for chem cak Isﬂb@@féi@gahﬁabkxpoﬁﬁymgﬁwgm ﬂ%ﬁﬁ@lnol/@&’ﬂad% +& RL:R6 a@l#gl:?
surface of the netal layer with a polish |2)% slurry conpri sing

purity fi rfecterBlriving face aFhd relatize Mﬁi@mt thwadmndquwaée SveYhSmwrabrade the

Al ternat i igkice Bbﬁe%%s%%ké/t% reﬁta@éaﬁ&tﬁﬁxf&% dn{(l&%&%@gﬁ 13&1:&1?6 L ge,
pol i shi ng gad U S. Pat to et at oses

use of poleRPrgodire WS\?P‘PR-jra? s’ihef@éléhlﬂékf thesuleytragsdhyt e Pielafa‘rﬂinDJV@lent of
Pat. No. 5h8p8d 42fheQubiiae/Opichiifts Bitnd!

pol i shi ng pag 2 [0036] Va %Icmg& at lé% aC| rﬁ?tﬁ%%ﬁléiﬁggﬁmﬁéﬁt\ﬁgFOhShmg
el ect ri cal FBINROR(B8s Dy OxiEERS peATtHRISSHIt the KR compesition) ad/or the

| nt egr at ednédbagishi adtt'%t? L€ 2N BSGkiSe bphiRh Y HedBikShe 8dmposition.
| ines with subm croneter cross sections,

t hree-di ne nal
which are @ﬁb‘ﬁou nd’éﬂ“&‘fa Pha Srbsfrricds Akredaditg IPOh@OWﬁﬁWIf@Pe hytfenipsting the surface

chosen f orwitis @ paBstehg il dndi AbEHE Wﬁ;ﬁlﬁg ?ad REdiideo ﬁie%ﬁﬂ&gnvﬁﬂg maintaining
copper forq&v{? Sﬁont i nt erconnect s, ungsten and copper for
r

verti cal tw(?S‘i’l Reatadand thel%‘ﬁf[a%lef um??é abyrapive ratera iarlyde silicon

Iconpounds ({16){1@&:,,cehﬁ@tcﬂdldﬂﬂlﬁinhﬁmﬂ%)mﬁ[ ﬁrd‘ohﬁﬁws;émb lyanattinl dxzcleed as bar rier
ayers to ent ration pp I.hto underlyin SI I.con,

wel 1% an IO ot EE e s P BB Rt o forcs P despribgvismaRiod for

onemi cro n’&ihelﬁndallylﬂiedhaﬂieélﬁy p&MRnfgcarm@tal Tay @y doftfaci®d t}féf%bﬁgce of the metal layer

nmet al - cont ai ni ng’és T}g ces nera I ncI e varl et

conponent SVH2 8 B GEPPETne 24 @etab%lfl? B?I“P]z%? é‘i‘@ended inan
pol ysi | i cagneandnédiem| ikRmaively, g aBmlsﬂ'b hadGiAGRH LS in@Rp Bl o 1@Nd

ani no-type cor.r osi on_i i bi ors s benzotriazole, and the |ike.
yp o?xshmg pad. UJ§1 I2’at. 489%&% to éook et a% c}mcloses the use of polishing pads

having a surface texture or pattern, and U.S. Pat. No. 5,958,794 to Bruxvoort et a/. discloses
a fixed abrasive polishing pad.



BRI EF SUMVARY OF THE | NVENTI ON 10009] The present invention provides a
cheni cal - mechani cal polishing (CM?) conposition conprising an am no
conmpound, awba@éL@kahor m ng oxidi zing agent, a radical tﬁ@g@gzg&/@%pt
capabl e of i1 nhibiting radical-induced oxidation of the am

conmpound, and an aqueous carrier therefor. The radical trappl ng agent
conprises a hydroxyl-substituted pol yunsaturated cyclic conpound, a
ni trogenous compound, or a conbination thereof. Optionally, the
conposi tion conprises -a metal oxide abrasi ve (e.g., silica, alum na,
titania, ceria, zirconira, or a conbination of two or nore of the

f oregoi ng abr asi ves as well as other CWP additives. WO

2007/ 10892 H1866) UsAdery toaseed SirfuiG 10z metieioe momicmczcttdnebemm &hrious
trapping a g .

cone! st ngt apons LB ThbaRIEN S CRAHAR-AEh AL} BRI Tab i of1E

conpound, dmeasioppbmeial Hhasrwitic stppdenothetea crvist s@sions ovipduad swaoumdteti bgen
free radi Cﬁlsufaﬁﬂ?n&%?ug }N;fil@%gtgls%ﬂg&%%lduse chl'cgwg{terc ek e
conpound, an acy am nosubstit ut aromat1 c Cco

N- acyl - enafichele ehmpisumdandpegper feomsizeatal mﬁere'fmnem, a;ldtnngseerrﬁndtdmgper for

foregoi ng PIAiEAYRAGUSEH %Bﬁé@i@ +90%
radi cal trapp;l ng Ef\tgente is a roxy t"ln]nbstl tute %nsal%ura%gdg tantalum
cyclic conB@if Pﬂlleiﬂﬁi/ﬁlhgede%@é}ﬁﬁ?eééa)@fs to wirevight migration of copper into

hydr oxyl - Sﬂ@&?ﬁyﬁﬂﬁﬁﬁ'cd?@hé’%@ﬁakﬂﬁ%@%&%gchﬁ 1&%&%%1 1@81)1'1@5@ of sey ral one-
hydr oqui none-type congounds (FMédr oxyl -substitute ulr nfone conpou 5

hydr oxyl - stEPpeter-dick ey iGMR spooTitiens ﬁqymlmgm@tmqnmwa surfaces
napht hal engeeTRAHAASe vatidt§ B OYr &J!'x}iiﬁ)tnbﬁt@ttg %dﬁ%‘?@rﬁhvﬁ%ﬁ’ﬁ?&@gﬁyeteﬂs, barrier

al kyl -substituted phenol conpounds, "hydroxyl-substitu
het er oar on¥FE RUKBHLATH &0d thei lfkgnsvch ag Pﬁd%&f’{liﬁi dhdagivrsn®ld amino-type

conpounds, c&stch hRieal su&%b@nﬁ@nﬁ@ol@hﬁ@ﬁe%stm or nore of the
f or egoi ng ﬁqog ounds. [0012] Pr ef er abl the radi cal -form ng oxidizing

agent conp at Iheodlite,plecmy et lishigg spmpatidensapniaining e emgreoup

consi sti NgcdHipcinRgE. @lee%'m%ﬂﬁ aﬁ&a%dmaﬁ‘-)f&ﬁrﬁﬂ@ﬂxx@%@‘éﬁﬁt (epge rpkdghe
conpound, and ”Bc | ] kﬁ% and a_hal ogen conpound (e. e) .
[ 0013] The BPHEe ¥ a5t éF%fF%[bﬁagsféﬁfﬁm Figgeg argines é’fﬁ’sffeq@ﬁléﬂy oxidized by

pri maryam ﬂdm@l’-ﬂﬂ@mng%mhﬂﬁ%t aglme. Mhé bRUARNGLONhE RIS thAlBNENTLE the
group, at |east one quaternary ampniumgroup, or a conbination two

or nore of‘3 REnFHPEYE PRGNS 8&2@@[@@%lﬁteaﬁ%dmm&ipémcorr@ﬁ@n phégtemn).

invention @008} deAdofiRidPthtRlis S&NEKEEE hetd tdBGRAY £ bW@thﬁJlit{wls ’t’hat
substrate. The nmet hod ﬁg%ilorl ses .the steps of contacting a surface

a subst r at ®AHP AOESEPF LHer)-Tyaming Ay dipnegasats R dorinch baysoemep v, PO&'MS
causi ng r edoaipavel ﬂasnion%hti@ﬁhllem dohﬁ:o@i@xbh§ hTmpreRd: ARentdipretiss iirhe.
whi |l e nalntalnle&eq%lﬁn,oort on, of Cl\gfil 05|t|on|n contact with
the surfaceHey RERPSHHORS ‘Eer?g auq, gioer afvantagesof thy iy prtionsat wethas s
mai nt ai nechdditional ipeeitdid fodtutds i1ty dppeieaitromhedissadsticd of tBefiveRtion
portion of thgﬁgrface The CVP conposition conprises an am no

conpound, BOoY: %™ or mi ng oxi di zi ng agent, a radical trapping agent
capabl e of inhibiting radi BRHEFBUIWGLMO@@BIEMVENUH@I\BM no

d, h f d |1, i d
abr aetve, RO S AR B onl 08 BevPds R s 6 (R
pol yunsat wrogatpeditiop chinprisingpawndgo eompdundgeradical- fbﬁmimgmddlzﬁfg agent, a radical
Co-rrb | nati ﬁﬁhg&)ﬁ%&%gn ca\gg?lg %ﬁ brﬁléc a%'(:‘ﬁ:& H‘&EE‘%H OXI%J?)% o(ilxl-xedgngljng rgor%;:o}lxpde and

am ne by ca‘i
2007/ 108928RQE£AUS 220 QD562 Thd £ trappyed a@ﬁmdﬂ@’nsa:sﬁﬁ?&lmx?lb@xbsntuted

t h f h
evp conpod s EeRicRE SaBe BRI e ah B3 ieshd, 4 Spisiniatip fsriing
oxi di zi ng @gemauymh;ecmpMm@nmmssesmmnmgemrasﬂve (é:gzPsmeﬁrpmﬁnitmcxttama,
an am ne %Hg,azti}cgﬂfa', &hé PA&&R%&W& o?ino%e {)fatﬂe(t: regélhg Elllg)rlaglges"il as well as other
CMP additives.




BRI EF DESCRI PTI ON OF THE DRAW NGS [0016]FIG 1 is a plot of zeta
potential of funed silica versus tine after addition of hydrogen

per oxi de f ogo%dss@kss Cl VI P conpositions of the inventi 0”P&19ﬂ§2%7m0§592
different ra ical/ trappi ng agents, conpared to a control conposition
that does not contain a radical trapping agent. [0017]FIG 2 is a bar
graph of tungsten renoval rate for various CMP conpositions of the
invention at increasing tinme periods after addition of hydrogen

per oxi de conpared to a control conposition w thout any radical

trappi ng agent present. DETAI LED DESCRI BTI ON OF THE | NVENTI ON

[ 0018] The present invention provides a chem cal - mechani cal polishing
(CMLP) compegy t i ansdiny bmBodifenmy e rsdiﬁdlftmppihg agdsnlnliﬁ 4 hitnpgeritve cOmpound
conposition contains an ani no .conpoun radi cal - i i di_z:t
agent, antplegteddee de ?P%B?W&“&ég’ﬁfm ?li‘?h?ﬁc é’%ﬂoecoot?l T g?’?% %%cr%%?%{a% Htro
radi cal téapRiuRg, @0aiphaticnit@rahipeund, ainiiwsol dompgund diniabgdnrikecedical-type

oxi dation of the am.no.conmpound, T r adi . ] a be a
hydr oxyl - %“Pglﬁ‘&g'% W%@M?’aﬁnﬁ' hc‘}'ér(? ?‘?@%%%m%ﬁﬂ%%%?%ﬁ%ﬁ%ﬁous
conpound, sktiRtQifinagd éanpdund) B0 -acisemanminafongrosind canygl asdarpingtipntaiéwo or-
art will readitjc}% gg_der.st and, indivi du{;ipI‘d radi cal trapping agents may
fall i ntom@Hecidhe HBEEPTos MHEHUBP SFOPRY Cat egories (i.e., the radical
trappi ng p@eNf Can oker beibbdiments, thegedicalsrappimpeaerd iamblydroxyl-substituted

hydr oxyl - substi t ut e | yunsat ur at.ed..cugl | ; 7l {
Y ar oxypy PRIBRHREP OB RG hpa g S fRTRTY A e fbroRypuostinied
conposi t i peiguManirited cyalizndonguhdy inaludethydoguindnegypp owanoynds dydreyl-

corrosion inhjbitors, dispersan ' j Welatoxyl-
known in f‘f?éuh’??‘f quﬁ%’eé’ﬁﬂ%’ “E‘%w%‘gd&ﬁgﬂéw%?%g‘é{ﬁ? %ﬁ%mﬁ\@eb&g{% co?r’posicixiyéns
of the pragsdtutédivphthabmeicompoatels, alkylhoysutisiititedptiennl comengysdin @ikyl-

havi ng at | east e i mar i 0 . i ;
one. 't 1 oBRRIBL AP P R mf ) ol LB GRATIBNRS O BAN, Blimiturf apltontc
one quat egdassybanmedphmoiceampoundsceiiy thenehd, dngha qpgobinatiomsifiue opmogs of the
two or mor.e of. the fol{n%goi ng groups. Preferably, the am no conpound
conponent *BPETH CREP'CSfposition is separate and distinct fromthe
radi cal t[eopl ng Rrgfendbly,ahp mdinl-formineoxidizingseey dempaises at least one oxidizing

am no-substi tut.e oMn . 0 ide, -
[ 0020] ExaApTH&eles ei %lg{%atg‘ls %T%l%@g&%%?%}%fﬁcﬁgs |3nc| ulgég %géﬁ%bﬁﬁgggeﬁap\ﬁr%xé 2
primary apesolfge compowmid, and ée-likehand ahaegdnaompouye (4.2 EgMsdunds,

(e.qg., be i azaol e T. i ok M GOPPLALS, C
the |ike) T&@hii qﬁg?eeﬁgsy%%ﬂgﬁéﬁ%%ﬂi g‘%ir%ggse%gl. %.Qs,?‘%gﬁé’t ernary . e
anmoni um $eseBdrenitregenpainyairing hetef@FAq Sep, (b dgastrongqjiaternary ammoniuimn group,

ammoni um substituted pol yner i . in the QW

conposi ti §hé °8‘in]i)fnr?§°%r e%errﬁnol?en%% ?Og%ééaggérggéﬁqnopol yners or

copol ymer §00iHat | hcinotter aspert dstprosest iguentionmaryidermpahafieibericlyed
ronomer u %écggﬁgélgvébﬁsiéiﬁgl aysubét{:h‘?cf O REMBA YorBpiien ki Bts R T lcbhtdEt@lh a surface

pol yner can oni ¢ pol'ymer conprising at | east gne . ,
quat er nar wf annstiatawit b polishingpadandomeaquentstCMP COPPPFHE™ (i CaY IS~ elative
amoni urm Snlfcpcﬁ;[nl He gei%] tgg g@@ﬁﬁy@d 8 MPKbERMe, SHHileaRhiftaHEAD R BbMIFRIOF the

consi sting essentl a quater nary ammoni um substituted rmnom::,‘[3
repeat uniQi¥P coiwposjtian by eruict antidhe thifasebeierytrmed ad thesuleAly.| Theyy
| ncor por at gd| N Bridy fd rggi{xﬁﬁﬁéd%yﬁ Beridd ofit@ndduThciSitith 8biage hOfeast AQortion of

guat er nary anmmoni um substituted polyner to be further nodified b

. : ! Y.
al kyl at i orthe awfdcat TheCMR hoRposiigrorPmmsisehthEping Kempestd: adadiesldRring

order to gli@link '&g 20} t4Bidal tdppidd SEasLdpdb1c OF inditighe RAVGI-GRlucRBs AR
of the catronic’p Tyner. Non-T1m t1ng exanpl es of quatern

amoni um sbbsminooathohDHAIFAY PRUSSATTIFE Fhsirdon a0 epUAnlY-dt %@L?ffigﬁ?ﬁbrﬁ?i&?n
hal i des, Hq{%%g{g%ﬂ@;éﬁ%{{éﬁh%%Qﬂyhfdﬁ&dm{iﬁwlﬁilﬁa & ¢ydtic canpound,

ol met hacryl oyl ox I net hyl bénz nmoni u chloride,. . .. ey
Poly( a ni%/roggnous compound, or a cc):/mbination thereof, wh:r'rc)h is capable of inhibiting oxidation

of the amine by the radical forming oxidizing agent.



[ 0024] For exanpl e, the quaternary anmoni um substituted nononer can be
any suitable quaternary ammoni um substituted nononer(s) conprising
quat er ni zedwiy Xp5P@8d3s The quat enm zed ammoni um groups on pEEUETIATE?
units can be acyclic or can be incorporated into a ring structure.
Exanpl es of quaternary anmoni um substituted nononers useful in the
context of the invention include, but are not limted to

di al I yl di net hyl ammoni um hal i des,

met hacryl oyl oxyet hyl tri met hyl anmoni um chy ori de, and

met hacryl oyl oxyet hyl di net hyl benzyl anunoni um chl oride. 6 [0025] The
noni oni ¢ nmononer, for exanple, can be any suitable nonionic

monomer ( sjo01shcl Ul anqnom aspset, thepresegt {nﬁe@t‘lﬁ)ﬂféﬁées PHPSHPA gnhancing the
ethyl ene oxi ﬂg FRICARY! 891%0%551@31’& ﬁfcﬁlﬁ@sf‘ﬁ'x arRidb BRIy 4l dradical-forming

acryl am ae’ m Xt ures thereof 61The quaternary
amoni um exnbszﬁng ageetd Topotthasd Poléaﬂsaééd‘éiﬂé fathe MY °8W°§IHP‘P b pine

techni que, ROk, XA mmﬁn%@a%wa% abifle Héenl%%ﬂﬁﬁﬂg Bmyﬁfo&el-subsututed

radi cal , ca Fonic, anionic, or condensation po ynerl zat i an.

copol ymer pelynndaeirated AYE A ORI NirageneRHeAMRRINE ot a‘ﬁ’é’r“?‘%‘&?‘%
copol ynmer, Dbl ock copol ymgjpitg 18ksCRPTIONOF ABE DRLAWVNGSV af t

copol ymer, or conmb copol yner. The quaternary nrunoni unm substitut.ed ¢
copol yner [@16] be FiG:  hen Plasef zeta gotsptial of jmaed Bice varsHsdimepfter addition o

et hoxyl at h%lb &Bjﬁﬁé f&}moﬁéblvﬁe@&ﬁﬁd%ﬁmnh ot edfvention @bf&t&hn{ghﬁfferent
solubility VESCe Slt or ot physi'cal paraneter of the C(U{% YIRL. |
[0027] As m@m rrepmna agqnﬁ% cp@pnﬁed(ﬁ%aﬁ‘é?%r%maﬂ%ﬂ?m%é%é‘fw e racica

pol ymer" g gggé}{{passes zwitterionic polynmers (i.e., pol yrrers
n

havi ng quat ry ammoni um substituted and ani onjc functéﬁr[; raups
in the sai®01gdl yrnElG.; 2 iggdpr g@p%g tﬂrlgq(pxgremoval rate for various compositions of

sul f oprop BRELH mxﬁ&lsgrmay bftd¥ ditlionwi hylirogearperoxite betnphteé g a
pol y[( I\I-SE{HQSISIJ’%%“%yl N-n%et hacryl oxyet hyl - N, N-di t net hyl ammoni um

bet ai ne] , C@@tpdloyﬁ?@ﬁ@u?ﬂé\fl@eﬂtm‘é’ﬁ ﬂé?raIPPW@agflﬁG’é%T’%e quat er nary
anunoni um substi tuted H@ETKEE&DESGR@TK@WEHEMW@NI yrrer) can
have any suitable wei ght average nolecul ar wei Y,

cationi c (§00Bker Whe prepen&vantien BIevidss & FagRicH Emfﬁ"/é}sg‘wlg (S:Ph;l} 000
Dal tons oroiBb&tioRfail ﬁﬁﬁﬂoﬂé‘@'s&lff-melstapﬂftyremh& CME bsrapmitogr @ptans an amino
| i ght scattering, kinematic, viscgsity,

appropr i atc@mﬁ’g‘m‘i reapariiorningopErPEarhen a rﬁ‘?‘ﬂr‘ﬁ?ga"‘igﬁ‘gtaﬂt jn an aqueous
pol yoxonetal ff- e TROFRESGX traph P asknt & ca @51@ 6mnmuangng hdicabindacddaoxidutioglof the

and nol ecul ar wei ght distributions o rs.are

pol ymer araming eompyundh dihegading %Hﬁé&ﬁﬁ‘g °ﬁ’§rT§‘? GPY?WX%%“’E“}{W%%’C’ S%ated
and met hodscmd cddiSount €5 Bftlo gendtd @BkipOind, BE h betabinaiishuteok.i Ak ba¢ Dfm';hnary

ni trogen-containin het erocyclic ¢ benzot ri azol

subst i t ut edilbifhe e val gpaddly upd ?St&ng’ﬂ@f&’@ rg‘glﬁ% HARREE TS Y £t into one
1,2, 4-1ri ag@bgsdst thé k Mngaata@rﬁemmuadﬁad(@l fappink agennem Isindth agitrogenous
et hyI ene di am ne

4,7,10-tr i“(?%%PPPP@é‘E‘%\%Eyﬁo% Y ? ed)poyyé#ﬁf%f’ﬁga%ﬂ?gcedo[rwgﬁ?ﬁ%f erably,

the am no 15RAKRYYHAdINS). Pr esent | n the CWP corrp03| t| on of the invention

0 0oa 2T UhIE by Areansen s Aeaieed f e R Hel Bl olRs SnP LEL A A

sui tabl e f@fietiser ﬂu?pds@@(@/ﬂlmmmnﬁm}ﬁm&ra nﬁhpamhime,ctmddhe hh@, phisbarg well

i nvention include pero ounds

2007/ 1089 25®¥Y1 bl agstor o-LompOUH %Prés&Hgoﬁ%g ne I‘%%%“émher? resent
peroxi de afdeRRhIHd1hES, Svithdhit Bmitetian, compomids iaving ADpat suéd batner y ammo group,
anmoni um di persul fate, siu m)no ersul f

di per sul f aqog)poupﬁ%lpaé’ﬂl}%gﬁﬁ?’g? ByEnge cﬁﬁ%mln% %tﬁeg’c?@ge%& ngﬁ% ds having
radi cal - f oit%dago@qldtanﬂg aagmmngrqmpeszemnpqundmam@mbm@frmq ‘Pif tag or
amount in 15121% JfaIQegg)reg01ng (g)r%%pé OPr]éPer/gbtf% HE 519915 co%ﬁ&x@écﬁﬁﬁ&r@m ¥t fle Bdap

composition is separate and distinct from the radical trapping agent component, which can

also be an amino-substituted compound.



[ 0032] The radical trapping agent is present in a CMP conposition of
the present invention in an anmount sufficient to inhibit oxidation of
the am no c@@Re@se2kor exanple in an amount sufficient pOrHe6RB50:2
t he amount of oxidation of the am no group by 20% or nore over a
five-day storage period, preferably by 50% or nore over a five-day
storage period after addition of a radical-form ng oxidizing agent,
at anbient roomtenperature (e.g., 20 to 25C). Preferably, the

radi cal -trapping agent is present in the CVP conposition in an anount
in the range of 0.00001 nolar to 0.1 nolar, nore preferably 0.001

molar to 0.05 nolar. [0033] Non-limting exarrple of sui a]bal
nitr ogendﬂ&zm adi EaMpbapfﬁﬂh@bkg?é‘ﬁP@ comBPYIS gl FPOHPES AV ARSIy
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amine oxidation). Accordingly, it is preferred that the nitrogenous radical trapping agent
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does not readily form complexes with metal ions, such as copper. In a preferred
embodiment, the nitrogenous radical trapping agent has a copper-ligand formation constant
of less than 8, more preferably less than 5.

[0035] Non-limiting examples of suitable hydroxyl-substituted polyunsaturated cyclic
radical trapping agents include hydroquinone-type compounds (e.g., 1,4-hydroquinone,
propyl gallate), hydroxyl-substituted quinone compounds (e.g., 2,5-
dihydroxybenzoquinone; 1,5-diamino-4,8-dihydroxy-anthraquinone disulfonic acid;
hydroxyquinone sulfonic acid; and salts thereof), hydroxyl-substituted coumarin compounds
(e.g., 4-methyl-7-hydroxycoumarin, also known as .4~h1ethy1umbelliferone)‘, hydroxyl-
substituted naphthalene compounds (e.g., 3-hydroxy-2-naphthoic acid; and salts thereof),
alkyloxy-substituted phenol compounds (e.g., 4-methoxyphenol), alkyl-substituted phenol
compounds, hydroxyl-substituted heteroaromatic compounds (e.g., 2-hydroxypyridine),
sulfonic acid substituted phenolic compounds, salts thereof (i.e., salts of any of the
foregoing compounds) and a combination of two or more of the foregoing compounds.
Preferred hydroxyl-substituted polyunsaturated cyclic radical trapping agents include
hydroquinone-type compounds, hydroxyl-substituted quinone compounds, alkyloxy-
substituted phenol compounds, and sulfonic acid substituted phenolic compounds, as
described above. As one of ordinary skill in the art will readily understand, individual
hydroxyl-substituted polyunsaturated cyclic radical trapping agents may fall into one or
more of the foregoing categories.

[0036] Preferably, the hydroxyl-substituted polyunsaturated cyclic radical trapping
agent does not readily form complexes with metal ions. In a preferred embodiment, the
hydroxyl-substituted polyunsaturated cyclic radical trapping agent has a copper-ligand
formation constant of less than 10, more preferably less than 8, most preferably less than 5.
[0037] Optionally, the composition comprises a metal oxide abrasive. Suitable
abrasives include silica, alwmina, titania, 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.

[0038] An abrasive is preferably present in the CMP compositions of the invention in an
amount in the range of 0.001 to 20% by weight. In some embodiments the amount of
abrasive present in the CMP composition is in the range of 0.01 to 5% by weight. In other

embodiments the amount of abrasive is in the rage of 0.1 to 1% by weight.
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[0039] The abrasive desirably is suspended in the CMP composition, more specifically
in the aqueous component of the CMP composition. When the abrasive is suspended in the
CMP composition, the abrasive preferably is colloidally stable. The term colloid refers to
the suspension of abrasive particles in the liquid carrier. Colloidal stability refers to the
maintenance of that suspension over time. In the context of this invention, an abrasive is
considered colloidally stable if, when the abrasive is placed into a 100 ml graduated
cylinder and allowed to stand without agitation for a time of 2 hours, the difference between
the concentration of particles in the bottom 50 ml of the graduated cylinder ([B] in terms of
g/ml) and the concentration of particles in the top 50 ml of the graduated cylinder ([T] in
terms of g/ml) divided by the initial concentration of particles in the abrasive composition
([C] in terms of g/ml) is less than or equal to 0.5 (i.e., {[B] —[T]}/[C] =<0.5). The value of
[B]-[T)/[C] desirably is less than or equal to 0.3, and preferably is less than or equal to 0.1.
[0040] The CMP compositions of the invention preferably have a pH in the range of 2
to 11. The CMP compositions can optionally comprise one or more pH buffering materials,
for example, ammonium acetate, disodium citrate, and the like. Many such pH buffering
materials are well known in the art. For copper CMP applications, the composition
preferably has a pH in the range of 5 to 10. For tungsten CMP applications, the
composition preferably has a pH in the range of 2 to 4. ,

[0041] The CMP compositions of the invention also optionally can comprise one or
more additives, such as a surfactant, a rheological control agent (e.g., a viscosity enhancing
agent or coagulant), a biocide, and the like, many of which are well known in the CMP art.
[0042] The CMP compositions of the invention can be prepared by any suitable
technique, many of which are known to those skilled in the art. The CMP composition can
be prepared in a batch or continuous process. Generally, the CMP composition can be
prepared by combining the components thereof in any order. The term “component” as
used herein includes individual ingredients (e.g., acids, bases, and the like) as well as any
combination of ingredients (e.g., acids, bases, surfactants, and the like). For example, an
abrasive can be dispersed in water, and the amino compound and radical trapping agent can
be added, and mixed by any method that is capable of incorporating the components into the
CMP composition. Typically, the radical-forming oxidizing agent is not added to the CMP
composition until the composition is ready for use in a CMP process, for example, the
oxidizing agent can be added just prior to initiation of polishing. The pH can be adjusted at

any suitable time.
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[0043] The CMP compositions of the present invention also can be provided as a
concentrate, which is intended to be diluted with an appropriate amount of water prior to
use. In such an embodiment, the CMP composition concentrate can include the various
components dispersed or dissolved in aqueous solvent in amounts such that, upon dilution
of the concentrate with an aﬁbropriate amount of solvent, each component of the polishing
composition will be present in the CMP composition in an amount within the appropriate
range for use. |

[0044] The invention also provides a method of chemically-mechanically polishing a
substrate comprising (i) contacting a substrate with a polishing pad and a CMP composition
described herein, and (ii) moving the polishing pad relative to the substrate with the
polishing composition therebetween, thereby abrading at least a portion of the substrate to
polish the substrate.

[0045] The CMP methods of the present invention can be used to polish any suitable
substrate, and is especially useful for polishing substrates comprising metallic components
such as tungsten, copper, ruthenium, tantalum, and the like.

[0046] The CMP methods of the present invention are particularly suited for use in
conjunction with a chemical-mechanical polishing apparatus. Typically, the CMP apparatus
comprises a platen, which, when in use, is in motion and has a velocity that results from
orbital, linear, or circular motion, a polishing pad in contact with the platen and moving
with the platen when in motion, and a carrier that holds a substrate to be polished by
contacting and moving relative to the surface of the polishing pad. The polishing of the
substrate takes place by the substrate being placed in contact with the polishing pad and a
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.

[0047] A substrate can be planarized or polished with a CMP composition of the
invention using 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,
compressibility, ability to rebound upon compression, and compression modulus. Suitable
polymers include, for example, polyvinylchloride, polyvinylfluoride, nylon, flucrocarbon,
polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures thereof.



70% 1 L IM  2-net hyl1-4(5)-ni trohni daz0l e* 90% 67% 60% 1N
tris(hydroxyrnet hypnitronethane 87% 69% 69% 10 3, 5-duntrobenzoic

aci d WO 2007/108925 PCT/US2007/005592

11

. [0048] Desirably, the CMP apparatus further comprises an iz situ polishing endpoint
detection system, many of which are known in the art, Techniques for inspecting and
monitoring the polishing process by analyzing light or other radiation reflected from a
surface of the workpiece are known in the art. Such methods are described, for example, in
U.S. Patent 5,196,353 to Sandhu e al., U.S. Patent 5,433,651 to Lustig et al., U.S. Patent
5,949,927 to Tang, and U.S. Patent 5,964,643 to Birang et al. Desirably, the inspection or
monitoring of the progress of the polishing process with respect to a workpiece being
polished enables the cietemﬁnation of the polishing end-point, i.e., the determination of
when to terminate the polishing process with respect to a particular workpiece.

[0049] Another aspect of the present invention is a method of enhancing the pot-life of a
CMP composition including an amino compound and a radical-forming oxidizing agent.
The method comprises adding to the CMP composition an amine oxidation-inhibiting
amount of a radical trapping agent (i.e., a hydroxyl-substituted polyunsaturated cyclic
compound, a nitrogenous compound, or a combination thereof). In the context of the
present invention, an amine oxidation-inhibiting amount of a radical trapping agent is an
amount sufficient to reduce the level of amine oxidation in the CMP composition by 20% or
more over a five day period of time after exposure of the amine component of the
composition to a radical-forming oxidizing agent at an ambient teniperature in the range of
20 to 25°C.
[0050) The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE 1
[0051] This example illustrates the amine oxidation-inhibiting effectiveness of various
radical trapping agents useful in the CMP compositions of the present invention.
[0052] A trapping agent was added to a slurry containing 12% by weight colloidal
silica, 3 by weight hydrogen peroxide, 1100 ppm benzotriazole (BTA), 0.5% by weight
potassium acetate, and 80 ppm polyethylene glycol. The radical trapping agents evaluated
and the amount of each radical trapping agent added are listed in Table 1. Afier five days
the BTA level was measured using HPLC on a Waters 2695 with UV detection at 220 nm
using a Waters 996 photo diode array and a gradient solvent profile. The% of BTA
remaining after five days for each of the CMP compositions evaluated is recorded in Table
1.
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[0053] The data in Table 1 indicate that only 49% of the BTA remained in a control
CMP composition without trapping agent after 5 days (Ex. 1A). By comparison, up to 70%
of BTA remained in Examples in which the radical trapping agent concentration was 0.001
molar (e.g., using N-acetyl-5-methoxytryptamine as the radical trapping agent; Ex. 11). At
0.005 molar concentration of radical trapping agent, up to 88% of the BTA remained in the
composmon after 5 days (e.g., utilizing 1-nitroso-2-naphthol as the radical trapping agent,
Ex. 1P). Surprisingly, at a 0.009 molar concentration of radical trapping agent, the level of
BTA oxidation was essentially completely inhibited in the case of N-acetyl-5-
methoxytryptamine (Ex.. 1L) or 1-nitroso-2-naphthol as the radical trapping agent (Ex. 1P).
Table 1. Inhibition of Amine Oxidation by Radical Trapping Agents

Percentage of BTA Remaining
Ex. # Trapping Agent 5 Days After H,O; Addition
Trapping Agent Concentration:  0.045M  0.009M  0.005M 0.001M

1A None ( Control) 49% 45% 49% 49%
1B ' TEMPO 87% 77% 61%
1C 4-methoxyphenol 62%
1D propyl 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 2%

1K hydroquinone sulfonic acid, K salt 92%

1L N-acetyl-5-methoxytryptamine 98% 92% 70%
1M 2-methyl-4(5)-nitroimidazole* 90% 67% 60%

IN tris(thydroxymethyl)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%

g uric acid 58%

v ascorbic acid (comparison) 65%
1w 3-hydroxypropionitrile (comparison) 66%

* oxidizable to an N-oxide in the presence of hydrogen peroxide
EXAMPLE2

[0054) This example illustrates the ability of radical trapping agents to inhibit amine
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
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compound remaining on the surface of the silica, which in turn is related to the shelf-life of
the amino component in the presence of oxidizing agent.
[0055] 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 instrumental error of + 5 mV in this system. The phenolic and
nitrogenous radical trapping agents evaluated include 2-hydroxypyridine (at 285 and 950
ppm concentration, Ex. 2A and 2B, respectively), uric acid (504 ppm, Ex. 2C), N-
methylmorpholine-N-oxide (702 ppm, Ex. 2D), 4-hydroxy TEMPO (516 ppm, Ex. 2E), and
acetanilide (676 ppm, Ex. 2F). Compositions containing ascorbic acid (Ex. 2G)or no radical
trapping agent-(Ex. 2H) were also tested for comparison purposes. The formulations of the
CMP compositions evaluated included 0.5% by weight fumed silica, 0.04% by weight of
ferric nitrate nonahydrate, 345 ppm of malonic acid, 180 ppm of poly(2-
methacryloxyethyltrimethylammonium bromide, and 4% by weight of hydrogen peroxide,
in addition to any radical trapping agent that may be present in the formulation. The results
are presented graphically in Fig. 1. As is evident in Fig. 1, the radical trapping agents
significantly decreased the drop in zeta potential over time.

EXAMPLE 3
[0056] This example illustrates the ability of radical trapping agents to stabilize amine-
containing CMP compositions as determined by tungsten removal rates obtained by
polishing tungsten wafers with freshly prepared CMP compositions, and compositions
stored for 3 and 7 days after addition of hydrogen peroxide.
[0057] The compositions utilized were formulated substantially as described in Example
2. A composition without radical trapping agent (Ex. 3A, same formulation as Ex. 2H))
present was compared to compositions including 675 ppm of acetanilide (Ex. 3B) or 500
ppm of TEMPO (Ex. 3C). The wafers were polished on an Ebara FREX 200 mm polisher
under the following operating conditions: IC1000 concentric k-grooved polishing pad on
Suba IV, platen speed of 100 rpm, carrier speed of 55 rpm, sub-carrier pressure of 225
hectopascals (hPa) (3.2 pounds per square inch or "psi"), backside pressure of 225 hPa (3.2
psi), retainer ring pressure of 200 hPa (2.9 psi), slurry flow rate of 150 mL/minute.
[0058] The results are presented graphically in Fig. 2. The data in Fig. 2 indicate that
TEMPO was able to stabilize the CMP compositions for up to 7 days compared to the

control composition, whereas acetanilide stabilized the composition for up to 3 days.
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2. The method of claim 1 wherein the radical trapping agent comprises a
nitrogenous compound selected from the group consisting of an aromatic nitro
compound, a heteroaromatic nitro compound, an aliphatic nitro compound, a nitroso
compound, a nitrogen free radical-type compound, an N-oxide compound, an N-
hydroxyl-imine compound, an acylamino-substituted aromatic compound, an N-acyl-
enamine compound, and a combination of two or more of the foregoing nitrogenous

compounds.

3. The method of claim 1 wherein the radical trapping agent comprises a
hydroxyl-substituted polyunsaturated cyclic compound selected from the group
consisting of a hydroquinone-type compound, a hydroxyl-substituted quinone compound,
a hydroxyl-substituted coumarin compound, a hydroxyl-substituted naphthalene
compound, an alkyloxy-substituted phenol compound, an alkyl-substituted phenol
compound, a hydroxyl-substituted heteroaromatic compound, a sulfonic acid substituted
phenolic compound, a salt thereof, and a combination of two or more of the foregoing

compounds.
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16.  The method of claim 12 wherein the amino compound comprises at least

one primary amine group.

17.  The method of claim 12 wherein the amino compound comprises at least

one quaternary ammonium group.



