1 POLYMERI C | NHI BI TORS FOR ENHANCED PLANARI ZATI ON FI ELD OF THE

| NVENTI ON #@£0d1/ 1w | nventi on pertains to a chem cal - mechat/ge006/012196
polishing systemand a nethod for polishing a substrate using the

same. BACKGROUND OF THE | NVENTI ON [ 00021Conposi tions and mnet hods for
pl anari zing or polishing the surface off a substrate, especially for

cheni cal - mechani AL YMERSDINEIKICMRS FOR ENMEANCED PMANARIAXCTT@N -
Pol i shi ng conpositions (al so known as 8()' i_shi nﬂ} slurries) typically

contain an abrasive material fHighOR INVERTIRNon and are appl i ed
to a surfamelpy qoRtiaenties F_&l@ﬁnsst'draf oﬁaﬁicm-ﬁlébhani%'pbﬁéﬂnrﬁggs li%ﬁ] ﬁﬁta"{g%ﬁ&p

with the polishing conposition. Typical abrasive mate s inclu
silicon di@PoHingayubsitateusiaethespmei num oxi de, zirconi um oxi de, and

tin oxide. The polishing (ﬁggg@%ﬁcﬂﬁ@d%%ﬁirﬁ@ﬂ\%@ﬁd i n conjunction

with a polishing pad (e.g. shi ng or di's Al ternatively,
t he abr asi@82}rat &opwiositiays dnd methalsorEdradzing bopdlisking the shfacgofzad.

[ 0003] Pol i_shi idions.for silicon-based.inter- | dielectric
| ayers ha\si@gtg%g’ne% %Fatﬂslg% ar P?"a&grefﬁ@é‘@gli’%‘ﬁ@ag W&@%&%& g%%’@ttﬁ art.

i ndust ry, PalishitghempbstiomsahlsaRtowk ahsolisiiag slﬁﬁteblyt?%ieillypdﬂniairhﬁwﬂar@s?@
wear of the, si {.i con-based .di,electrics is reasonably wel | understood.

One probl SFHSHEL 1 3P AGUSOPs Plpienandare plipdion Supasrsiontrtng e meiase witha

that thei polkhBlg@ad kdtGrae@Withait pbBshin® RinpY&liodh. MTyPibal AELME materials include
appr oxi mat .9 or higher, depending on factors such as resi dual

ely 3.9 )i ghel . | T a . as |
moi st ur e é@ﬁ%ﬁwd%eraum 8%ides aluppameexidee Fireenive: pddeerditin heidediiguct i ve
| ayers ispakhmalcBhBbdid& % tficiy diH Hlkok; ithl AP diShi ishi
(f requenc§/) at L°’\(c\}/hi1gh 1a cir d‘%{hycan %pgirljg?&e@h%{drhaaﬁe%]?%ég E%clf%%e.,q)ohshmg
devel oped cloth qralhly et lichrativelyathie hasize matealdeay( ) incarpoated b itegpoiistiag s
with I OWeF:aJ esistivity values (e.g., copper), and (2) providing
el ectrical I'solation with insulating materials having | ower
di el ectri ¢0008hst Rolishingedomtpositiohofs isilicorpbaseld txdraectal [ QagervayvettRen
fabricate pl.anar c er.circuilt traces on,a silicon djoxide substrate
is referr Bgmf"%r)[?r fsw‘?lﬁ ev&&‘r?_ﬁ@lﬂe & SpriGeRegior | u%@’c%ﬁ&%%@ﬁnfl Hieghanical
process, hit@reSfpbkshimgtingXvedeofthe bifiéd-bise P UHERAEIEs isTedleiab®) WO uRMrdhod.
conventional dry etch process to formholes and trenches for vertical

and hor i z&We RIobjeEt BB Bigrdlicoa-basyddiglegtiiemaiedals diopgre, is dhag geiraticlogtti an
adhesi on- p§ | ; j |

G 1 us; onhamatishsd AR teiheApploxdralily Sl bdES Bt Modhs puch g5
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barrier | ek i‘es%g*:[/ii[}! va?uegl(gg.%opsplég)f a?n%e(zit &'%%idﬁlé%ﬁ:%&'lscal igolation with insulating
' materials having lower dielectric constants relative to silicon dioxide.
[0004] One way to fabricate planar copper circuit traces on a silicon dioxide substrate is
referred to as the damascene process. In accordance with this process, the silicon dioxide
dielectric surface is patterned by a conventional dry etch process to form holes and trenches
for vertical and horizontal interconnects. The patterned surface is coated with an adhesion-
promoting layer such as titanium or tantalum and/or a diffusion barrier layer such as
titanium nitride or tantalum nitride. The adhesion-promoting layer and/or the diffusion
barrier layer are then over-coated with a copper layer. Chemical-mechanical polishing is
~employed to reduce the thickness of the copper over-layer, as well as the thickness of any

adhesion-promoting layer and/or diffusion batrier layer, until a planar surface that exposes



el evated portions of the silicon dioxide surface is obtained. The

vias and tRnsdies4kpein filled with electrically conductlﬁé@g&ﬁ{u 9%

formng the circult I nterconnects. [0005]Previously, it was I eve
that the renoval rate of the copper and the adhesion- pronoting |ayer
and/ or the diffusion barrier |ayer nusty both greatly exceed the

removal r &Ie@at@d péitibhsCoTRheNi Boon M08 @P@&e 1@%ﬂaﬁ1|3!i NG EHELLL c}?’e‘ﬁ es%rﬁ@ﬁ

when el ev%&)l ortl ons of the silicon dioxide are expose
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over - pol i t: shi fect.in
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silicon di oxi de erosion,

therefore,t can r sult mg gq{ |nga

whtch ar oA P TE s ot Bl cRoRt e R Grise g oF SUching! oficeiin e
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pol i shi ng pelishebpipakatequsly pledifferdntsslislsiogiratdcu Qverpetistang, therefore, can result i in

" Chemi cal (o) cero ase rries"”
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contai n benzo i nhi bitor of copper dissolution
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Pol i shi ng[OIIMFOp@@ﬂumKdF@f'.@@téhfs forlH8Bkcal- Qie@l%nﬁ:ﬁ%ln@lwgbf‘@ogsizglr Haly€ been

nitrate slurrles that contain polyneric surfactants and rplo

et al., "Pisplpseg) Kapangt abn " Chsspien-Mabageal Polishireeefi Grppetas GlycrlBassl i d
Fi | s, 19§§J}mesdtlﬁ§ﬂeﬁ§l§ﬁe hidoERt é}?rxopo%ﬁﬂlt eﬁf Fgg%%#ﬁhﬁg‘s d:%lu 1y that

silica particles, nitric acuil or |um
per oxi de e9nigEnt gslx@mlmn@ebrﬁan@dnm msticlas. Gmmzllnz etral., W\hdnacquMmamcday

copper over ey copR iRl BEHRTRe Jatble A .

not entir éﬂ’%ﬁ)gbsckséwslmrhes basgd pioeished emmmdmnnﬁydrdaﬁadmmmtﬁo acid ¢liad inay

i ndustry Thes ui r.e can . r|z s, . fo " | rst,
there is & I}Iiaélé enfz8 laﬁ?la @f‘é l?g{t Pppfbglﬁ utjog.- &P Ts?l Stabil lization
t hr oughpubf AEHﬁﬂiK@urrﬁ&ﬁ@lﬁhMcalM&hﬁuw PHLPELDFTR bfﬂm(Ldn ﬁr 1%@'6)’

uni form tﬁ @cr 0ss the_substrat Fipally, the net h o

moni m ze PiSelages afeina g irae SRt t@fftﬁé’&t?@ pelymsEie ﬁ%’f"}?taé"?eﬁiﬂd@r% ea@piog

| i t hogr aphi £, defmNSigdy &roéegﬂeI@Mmsm@mﬁ]em%@é%@@fﬁ&\@olﬁpﬁnﬁillbbﬁns have

been devi sed whi ch i ncl ude i nhibitors of copper over i ng

Typi cal | ydiselpsen slupies ghat mlﬁalééﬁ’@ﬁnab@nm @rraﬂg@mawbsmlmcmgldcﬁmpmmdsn
for exanp éﬁrﬁg e t ng
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demands of the semlconductor industry. These requirements can be summarized as follows.




of the invention, as well as additional inventive features, will be

apparent fsandohgig@escri ption of the invention provided har@ins2008d22196
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[ 0010] The i nvention provides a chem cal - nechani cal polishing system
conprising (a) a polishing conponent sel ected fromthe group
consi stin g’lf@if, therepis kinsérl fog highdemaval edtesadicopper torwdtisty cooiihpat dediands.

t her eof , Rt _conpri.sin t l.east. one azol e group,

wher ei n tﬁgéosl@%y? g{é}eglﬁ%&ibg eﬁ%etﬁﬁelbtéc?mgyp YL 1agrosh e frfsia n%PﬁEy’ the
sur f act antCNR estindmusomitinte 16yt Hisking AdleoG60eME1:Ab sRAFNRE RRAkng

am de andlﬁhster g:goups and (c) a liquid carrier. The invention
further pr ovolgbaé’g eWS’P‘#Od of chem cal | y-nechanically polishing a
subst r at e [0MOTPr ITS thig eﬁﬁ)CO?Pé}t@ﬂP lcBflpGkitfonb BAveAeBn Whvidd d3viR] ihélt]&é‘g
system conpr.i.sin %aéeﬁa pol | shi ngr cpnﬁgnent_ sel ected fromthe group
consi st i ngAigioss (gfcﬂ PRFONGPpUing nlyisedw sy inhikitors cowntisernitrogen-containing
thereof, (bhpsundslithesiamiple, GRIMRE hisd HghiBhol . 3

wherein the I;urf.act ant ﬁliribse not pol y%i%%yl?hl&gagz%ﬁgﬁg%%\%\ﬁg%gﬁﬁghe

sur f act antelgEsEclissompengsisisgeh asyhenzairiszaled b2 Gritiaqsde, end baidrtriperid afir

am de and J L.qu ol ef o (] ing the
pol i shi ng epaoﬁ é’e@gﬁu\?@tp?%? ﬁéﬁéﬁ%@lﬁsﬁ%ﬂP%ﬁ{iMﬁ% slhflg%%o%gglﬁ)s\rg’&]g%tcopgﬁét
a porti on bafed metal Silis denmadeontan ipwilatinp filh.eogplising atpelishEgTAktdR), an oxidizing

DESCRI PTI I 1] The invention, provides a .
chemi cal - %&n%ﬁ ??Ef o %%/ | s ﬁlgerl\llld&%% olg §%’P%9%n§ Sﬁ‘ﬁ? F‘gf’izﬂ]ﬁ cgMpYfds Hhergin the
conponent mizging atioax thentiazcae corapduind to ttle batzbirarole Thapduindud Sit&’ﬂrh .81 PadHl
any conpo i.ssol ved, or suspepded therein formthe polishin
conposi ti 8 9%?9?# Agxs ﬁ'isgg’ly-ﬁéﬁ‘ﬂﬁﬁ’ing atandppDRrsicpasRs dayt for ﬁ%Pp_er'gased
i nvent i on nebesiufegPéonsitih@ushyldesgeR pbhogiak i oRldiAnSstppbs, AL bidhinng at
| east one, er Iﬁgé/,e,r . .[0012] The polishing conponent i's selected.
fromthe gﬁ’ﬁ%ﬂ&& 4 _H“tjt teulatep PMRIRFing befigen enppetsng dhexidatian ihébitor,
combi nat i efd &filotlaP§liéss WheRiP@RE oA A nRBAGTE ¥fectdd cﬁﬁ‘m%%'i-&g; bisibithg of
present, the abrasive can be in any suitable form fe. g., abrasive
parti cl es):H ye@otigrale vkydsenybperofiazeld, bmethytbepesitiiazialen b-ryesiy lzenddtoazotean
be in par piguhhed oL A gk 5. hoi b o 2 il Blrgodd!
pol i shing pad can Be ang@ﬁ%&g%ﬁgﬁ 2 ﬁ?‘%g"blﬁfé%’?‘l‘ér%ﬁ%y 1{1)11@ %\‘Mﬂ" %%(%5*1%
known i n eerpenexidation inhibitor is to reduce etching of copper within trenches by hydrogen
peroxide after the copper layers have been planarized.
[0008]  However, despite the improvements achieved in the reduction of dishing and
erosion in the CMP of copper-containing substrates with the use of small molecular weight
heterocyclic copper inhibitors, it is well known that excessive amounts of inhibitors, such as
benzotriazole, result in a reduction of the polishing rate for copper, forcing a tradeoff
between erosion inhibition and attainment of practical polishing rates. Furthermore, the use
of copper corrosion inhibiting compounds, such as triazole compounds, in CMP
compositions has been found to increase the incidence of defects, such as precipitates and
copper stains. Thus, there remains a need in the art for improved polishing systems and
methods for the chemical-mechanical planarization of substrates comprising copper layers.
[0009]  The invention provides such a system and method. These and other advantages
of the invention, as well as additional inventive features, will be apparent from the

description of the invention provided herein.



[ 0013] The abrasive can be any suitable abrasive, for exanple the
abrasive cef bR7Apdsysal or synthetic, and can conprise di Wﬁszg%/tﬁzl%
pol ycrystal |1 ne dianond), garnet, glass, carborundum netal oxide,
carbide, nitride, and the like. The abrasive desirably conprises a
nmetal oxide. Suitable netal oxides incl4de netal oxides selected from
the group consisting of aBREERMSUMNMARYaOF THEINVENTON @, Zirconi a,

ger mani a, esia, .co-f.or rred.dor oduct.s thereof, and conbi nations
Uhereof - MIGRL, o nyegronproxidey 3 phramical-machanisehpelishiniglsysem comerising () a

abr asi ve palithirg @mpoygitcelbdiyd FamahsoRy @dx@igﬁnogoﬁ‘; aﬁéo@i&}?ﬁgg g%cg l%\(l 51‘319?%% and

aver age part{ngl e. 5 diameter) of 200nmto 50
abrasi ve parPPRERQ thesat, 47 aipstesige comprising et ledsyeneaizolB@roup, wheBBGhaim

(e.qg., 10Quﬂﬁménﬁis%@p&%nyﬁl?%&fdlmm}w?ﬁn ﬁ'f%rsﬂﬁ.bc\rfr%at liBeitz RGRded L) the

liquid carrier (i.e., en the abrasive Is a conponent of  FHES Y
pol i shi ng 'RisEEEPE piokpth pendantamitde pidestengwnps, ofid @hn digiideann D
present i Mnveh@nPalhsh L4 Typi cal.l .01. W .% of nore
(e.g., O. 05 Wt . % Q?&%Qgg&%bmr}%geﬁ%f@fﬁ;x emﬁéheaégﬁﬁy P?JLPSWW@ apsﬂ'}{)‘ft@i‘ﬁ’ ng
conposi t i 6AmPHgds(X gppiacting ¥ sulBirdte whith%polistimy sys@fr @gipringi(h) a ﬁlﬂ*ishin%|
e

resent i i.Sshi c sition.. The anpunt of abrasive in t
Bol i shi ng%%%%‘ggﬁe!egﬁh?x%& @lal ci}“‘pvﬁoﬁl‘gtwgto%?&%ga‘g?@dvﬁn.a‘%asﬂ‘ﬁr gd a
'It:) y p} cal Lly Cvmbihat'rwtthﬂmfe@? a]sgrfavttqrﬂ’mélgp@irhg zwildalbt_ dihﬁ!&az@l& sRRP, whithin He
refera t mount of abrasive in the polishing conposition is
0.05 wt. t%%‘%"gac%g‘ 295 P9 d"ﬂﬂ?@%ﬂ‘%@@ﬁ%ﬁm @I.g fusfgctans 8eﬁspr<§vaqm@rise cyclic
[ 0015] The imide gmiupeordesi paidhyt dnfidearReRAdupatd\@) Eleqﬁiﬁ Iaicul?%r, (ii) movi
conpositign, e spec f,|calb% in the |[Tquid carrier of the ;}orfll SHt ng
CONposi t i .POWW Raﬁée B9 thesybstrale @pe ibabrading #tdeqsod partipmgf the
conposi t i eubstrith e ivisRHe\sBbAF8S. erably is colloidally stable. The term

colloid refers to the suspensi on of abrasive particles in the |iquid
carrier. Colloidal staBFTAIRED BESCRIPBIOMOFRIMINVENTEONT t hat

s bonst Ao et c ol Poreyehbr A btk R E Lon Bl REES e o

a 100 nml greriisigadadishing dempenedt, alshniawelt, tnd s tiquid carviagi Tiat IRghid @Frict and

bar b ol ee Dt endeioble o PG Rl G i PG G pyen ot er s

of g/ L) dmicpahmechumb:f?hpcpltshimgmygém?a?h? %@J):xﬁ?pidaséiagﬁzbdl@ﬁﬁ?f&: ;!H_lislﬂﬁ% bihe

grauate N er .(. Interns O 1 VI de yte|n|t|a
P A ailibg by e bRY Poppelar

concentra 4sive conposition ([C] in terns

of g/nml) [0§12]essThdpolishing@at@bnd®isQeBetbd f8m Sonsibli isfing) -
The val ue f@l %&-iTﬁqggngdeg?r%blif iesCt[ ejsgmtﬂrll%%rg]clﬁ C(()al{q%gflé %ﬁa%&ggngnd
pr ef er abl §P% ¥ §9eseveang fesonhjrationioha polishing ped admeabsasiviea df amabrasive is

CONpI | SeSpralent, @RbraARE caik BL & 4 AibIeRERFL 8. MBI RIE nd Shr I

i
pol yvi nyl i ni dazol e and wherein the sur not rrlf)er"‘?% tve can
(F:) y?:I ic i r%r‘é;g 8 ft?s?oé‘ﬁhlbzphd ptferanan bain ragicakitt st ];end grsfermsd in the liquid
Ol yVI nyl itk agQ H rLyed tro E1 an :

pol ymer i zation of ?ﬁ%sn%ﬁsggﬁﬁﬁ?%%%Igoellfzg@f%ga glglﬁw?‘f?gaﬁwn n
group i s bepded di rectly to the imdazole ring, although the

mononor o 4D s (P S0 R B KR Bl st R leemingss o
Furt her, nahgalsusfmicdtiznndteesomptiscdiimpeidye b péhcHanmian it de ans

>

ester groyps, erein pendant refers to the attachment of the am de
and est ergq%F’ Cﬁ%ggr gulg, %8{;@ ﬂ’é‘ﬂ?’éa’f?&ﬁ’b‘giﬁév Btheiles: efhe abrrsivadedimblnd
ester gr aiopprisdse il otide® Gultibld m2e bxids thO18IPRENIBEAS selfctDRRERGRE -
The surfactant can COTTFI’I.Se ei ther am de groups or ester groups

at t ached grg}lptqqgmg&gﬁt;@ UnEng, siepdifania, ceria, zirconia, germania, magnesia, co-formed
products thereof, and combinations thereof. Preferably, the metal oxide is alumina or silica.

The abrasive particles typically have an average particle size (e.g., average particle



[0017] Whi | e not wishing to be bound by any particular theory, it is

bel i eve t h@io 2da¢184dif actant interacts with copper netal prgRseRI068012196
the surface of the substrate via the azole group. The interaction of

the azole groups with copper netal serves to inhibit the rate of
oxi dation by oxidizing agents that may be present in the CVP system
Further, tdifsnqses) e teoSOfhine hPrefeatdy, aheatgtsdipartRied hatd ACARFheA Shrtias

steric barg, 0 al .1 shi of e copper layer by the action of
abr asi ve S[azrktg:f?:?é@t%%@%nﬁ(?'ﬁ'éllg(ginf‘%%&%“rﬁ)ad of the CWP system Thus,

the azol e [Mdlips When thebbrestedistsaspradedih $2 1R%iERENE (1. KShd Qtfras"i’% isa
pr ot ectlv%c)@o(l)yme(r%ﬁtﬁ fI]H] &0018,Th surfactant can be any suitable
sur f act ant PCBMSHT GithgPalishing SSMPeTikon) #w suitgbis giquakef absasiustcan be present in

pol yvi nyl ithe midigidh@cafshsdar @ypiching oy r\&t%B%Breq&?.S, 07095139 AL Te) abrasive
cyclic imd roups, oa bot h, pendant, am de and ester groups. An’ 8787
group is é"”@b j ’r‘?ﬁ%’?%’d faeisshiErompesitpn UMoredyricallyi fid v61% oambrrabedsHRs
and nitrogemba i : i le azol roup.
§eN b bRB inhe pSERlng ng%?ﬁtl&% nrli%fagﬁ]ﬁ%(%osf{é'b}a@&e % %‘ﬁ §P§§‘ﬁ?€g gf

Preferably, the azole group i's ected e group ¢
1, 2, 3- t ri &9Bpesition typieallyrwilinet excepd 2GwbVeemorertiypiazityl veill riob eiaczed €0 wt.%

tetrazol e pendi g an i.azole, alkyl.ated derjvatives

t her eof , z(ien%)?@gjrr‘g}it g)gct%?%ggvt t@é?ﬁ%ﬁagééﬁgﬁgﬂl’?d%ﬁ%e ’é‘rth?]B%h We two
or more peenpesHive i85 WAkt ® X wt.%s atibmbieytéfanbly OnewRBsb tivarewi | | be
chemi cal | de t he surfact.ant nd.the at ] east one renaining
posi tion Orgﬁ tg Ee Sgl %?berag}'%u?flré ‘%%‘Sgﬂ‘gg‘?inttgff ishjng Fompessition A9 e,
hydr ogen epecificelly @ theliduod cationafahe polfshing corapattical Ok s ag@ € 9roup

is preferabl bstituted with hydrogen or an al kyl group. However,
t he azol e%ﬁﬁ%ﬁl B’athe B@“@H‘&ﬁ“ﬂpﬁf 8 #braghie pagireblly|iscalleinally siable. Jhoup

as It hetnanollbiffidtinsgo Y aIRLAS00L Afkive BRI HARY liquThAARCK ik ©
al kyl thio al kyl sul fi n}é\lth,%al kyl'sul fonyl, gr yl'sul tinyl,

.. arylthio,
aryl sul f oﬁf}‘i’lglfvyer&{}ﬁ‘fﬂ s maintepgnce gifhabsuspingiph aueriione. dnyhegmintent of this
phosphor yinvembasahdmslve ip Feot1oi 9T j yatives. ..
t her eof Engglg] in one Vé r%bgkg)i%ﬁ%ﬁa,do%lﬂlgag’u%téggéglt—ﬁa‘ﬂ%%g%érjr%{r%ls\s{%sls F‘C?delggota
one azol el Blirasuiadsylindeseng aliowsd tolstand weagttated ful attiner € 20houvd) eiteei N
t he pol yeg; j i r at i t.her 1ink -R O R
Al t hough ?1%1%3 ar go_neegltq gérrgddgg nt%%gn ﬁ?gﬁgé%gﬁé eangtgmb%]ndﬂﬁgkﬁbe ﬂﬁé‘}m&%gen
ato gs , e. @{ll,nda*_sil[B]nn prsing a€ efna) &}j(tﬁléle padcyitedtiah 8f pariglescialthe/toptso Inga)ﬂheth WO
carbon at : Ltioned. between any. two,. gxygen atomns, such,
that eac hgtjggél}%\éod ncly\l/h (%r?@jnbbcﬂ 3ot %{“%V‘g@@éqe %ﬁ\c"‘%ﬁp‘[‘ﬁ%d’émcleﬁél R
groups mathe berasinbeansiitidn GFCIn 81m6 @€g/nfiXia MRS Bi8n 6f eqii fodd G.eQQLB]ei hers
i ncl ude p@g¥€¢£¥éﬁ£ oxi des jj Ipipr opyl ene oxi des, or polyethyl ene
oxi de- pol ‘ i'd eé)(gzﬁ 'Qﬁ& designblys lass than @eawadite 0 dnend
comrer ci apreferabWais laabian o?e(?‘ﬁl]{d'@l_m uronic(r) famly of surfactants.

Pol yet hyl oxi des, pol ypropyl ene oxi des, and copol yners thereof may
be prepar @gfﬂavi e %’ﬁg"fﬁ’ﬁq ©Eyrses atdgaginne arde euorpevhesdin thersorfestant is not
conpr i si Ngbijey1RAINIR and Riteei mﬂ{%ﬁ f Jﬁﬁqﬁg rislng the
pol yet heplgac%ﬁnl@ybe any sall}i tagl eln {rﬁ%ﬁger u?oe%%il& ca yg\z?\;{(ﬁﬁ%q%édesgr? sor

10, 000 ( ebqih pentlantiagids @OEsted groups. t Rolyvigdid)idazbRiadhdes hentopeliynentdetifeda

sur f act ang,6 el eﬁ%ﬁh . hayi ng_a, pol yet her chain
attached t'%rgr eto i}?ﬁsé?%atgdglrr%ou é%ggtl?tﬁgd ?’85"&8\% ﬁwh%g?%% vinyl group 1s bonded
( CH2CH20) difecH2 oHIR B)irdRR e ring, although the surfactant can comprise copolymers of

vinylimidazoles with other monomers. The surfactant does not comprise cyclic imide

groups. Further, the surfactant does not comprise both pendant amide and ester groups,
wherein pendant refers to the attachment of the amide and ester groups to a polymeric

backbone but wherein the amide and ester groups are not directly a part of the polymeric



wherein Het is a heterocycle selected fromthe group consisting of
1,2, 3-tri a&@ Ro7/lagisd- triazole, pyrazole, indazole, tetraeqh®nos01219
benzi m dazol e, benzotriazole, and al kyl ated derivatives thereof

chem cally bonded to X via a carbon atom of the heterocycle or a
nitrogen atomwhich is part of the hetegocycle; X is (CH2)," wherein
mis an i baekpene. dfhelsuffactbht chi sdhhtise SRS amdd2&ebigld or OierBrQidsSfthcrell Bithe M
and n are %nt egeﬁs (E)r om 0-20 with the proviso thzg%r n’?lggrgd ﬁﬁ%arcehe%g%(me
both 0; RPOPECUEPEXPERE-from t he group consisting of H or Cl-CLO
branched §d7pt r avgid ndt et okl bo Rt P eM cul ith

fromthe gr'g[)u consistin ofgadH, Cl-C1 #&anﬁggﬁglgg%lttlﬁ%%%ee@%al%

al kyl and™%] %g%}n,tel%ﬁ%ﬂw epnper wpts] prasaay pn the gudap Phthesabstmateoyzthe azala
be chemi catduy. ra8 RS adtdnloRreRObKEL il 3bphefl jneehly yia a
cheni cal bo_ng, bet ween a car bon o% '%?% Wg&ég#}?ﬁg&h{lﬁﬂ? setg(ﬁ%’ftyé?%%%‘? P
ring and &Xdaiddty adiringpeantsethpiohapcheresentiaitive, CMP syitam afuitidraheedi ar y
connect i Ng,9RKR SBk ! oup consisting. of from1 to 5
carbon at g?rlg, an. oxyc(ig):@frlléa‘%t(;ioerrwéI Hﬁa‘% tl‘gecy ag%% G %Stfﬁe,rlcet’dﬁ'ﬁ?asrt&&y ﬁ@f’ﬁiﬂmg of the
group, or ceppaydyenbydhhydtiogobaipasivhparedles dnbifr iRipplistel HddyoreRd ORPt sy Etem.

roup is ' d.tp a.ring atomot the heterocyclic group.
P0025) The |HEY VETKAY oA Kol Bla 88 aPba iptet i isare paroR P amerc
( CH2CH20) fi{ftH2CHR10) "R2 can be a honopol yner of ethyl ene oxide in
which Rl | ahonopol yrer of propyl ene_ oxi de or al kyl ene oxide in
whi ch Rl @lgét hﬁ’e 8‘?’?%%{/1’%" Y evtig Sufgcta|cempegng Ailenst pes agplsugpoup
consi st i Nghapfs nbk SIIPVikH1nGAOY ARAGHREIAM SiRid g&esql'ag&dgnﬁis%%sgclﬁqgide

al kenyl, or can _be a copol yner of ethyl ene oxide an ropyl ene oxi de
or al kyl eBQUBLShothsndr pEilide g estienginiipsm dAmazaleeerouptie gSrmerthbaed 0- 20

Sel ect od [y ooris et oBh e Bh@ol Bmd thdy Sog ULl Do can i
chai n al k§iy sifable prngioup.aRigfacablGile azptd graurkiy selectivefram piod gromy canaistife
R e e o A e R R
copol ymer benzgiripnde 3]Mytatethderivetives txoetifad tombinetici tfca@ifa Gen &I ki SE S

t | t havi. I I hai ttach
ther ot o, Sndpardt fydbols TENYS BBy A atisilfnd Oreodsdariig uni
- CH2 CHR( C@hijically\bbadeelito tehserfBotgitpat theatlyugi Gilrbiaidihg @bsiflBh BY the aZh18
nunber of nonomers £9 I’%SLF t he 1Ppgl %agr ylate chain can be any
sui tabl e ﬁﬁ%’%%lﬁfl ?%F At %OW’W R hydrpgemey Vitho qEbay. atom of ¢ Hinstigwd,
or 15 to gro0fl0The dZ8R%AMIp s ?i‘lﬁ’érﬁ@l& SRR IR hydid}Rn SHEA ﬁﬁgllaéri:

conprises_at |east one azole group, havi ng a pol yamne c B%Pt’tached
thereto. PRAVEWdh¢wlegpup ¢am Reanbstiate wish any sitablp Singtienal goupas i thg a

repeat | NndiiiRink oA oficdRandncft BRELENT o SHAMRLS affnd, PO! ¥aM ne

conprises repeat units of p t Hyl'eher m n
pol yet hy| @kdsulimdsallsrlenlfvoyl, bivisaifinybecdudfonylf adyttkiof witropdniias, afifylamino,

Further raaarur phoBroF BndbhoRd Gt AT e A g et

pol yet hyl 9819 PeIm?miernboﬁlﬁﬁblﬁﬁ]ch Mﬁéiﬁﬁﬂ(_ﬂdlpﬁﬁé@&dlieﬁﬁl@he ﬁﬁolﬁgi’_éulﬁ faiﬁ?ﬁga@ht g
conprisin : S n 0 ou aving a polyam ne chaln attacne
Choret o 12y SR riiifed el HpPiehh U2 Potind: i Brpnpyrpeting ol

linkage -R-O-R~—. ‘Although the carbon atoms of the R groups can be bound to two oxygen

6D

atorms, e.g., as in polyacetals or polyketals, typically at least two carbon atoms will be

positioned between any two oxygen atoms, such that each carbon will be bound to one
“oxygen atom. Furthermore, the R groups may be unbranched or branched. Examples of

suitable polyethers include polyethylene oxides and polypropylene oxides, or polyethylene

oxide-polypropylene oxide copolymers, known as poloxamers and commercially available



wherein Het is a heterocycle selected fromthe group consisting of

1,2, 3-tri anad 207414814}- triazole, pyrazole, imdazole, indaaoes2006/012196
tetrazol e, benzimdazol e, and benzotriazole chemcally bonded to X

via a carbon atom of the heterocycle or a nitrogen atomwhich is part
of the heterocycle; X is selected fromYhe group consisting of (CH2)m
wher ei n m3 diedAurppice familnof sprfgctant, Paly@hibte cRidhHoyGHEGHANdxides, aad

di rect |ink; i i r -.20: R3.is H ar, (CH2CH2NHR52)p
wher ei n R% B?Oslﬂgé%i- ?fglﬁa‘ziﬁ% édJ agér@dq Jagltné 3%‘?&‘?’68‘?"% yeightand nﬁﬂgerﬁ)% s an
i nt eger  ofmanoBersaNthpRding sheysilgméraiaihr QI hirBb OGRS ShbigGn@fheH

-Cmb d_straight. chain al kyl |.kenyl , and C3- C10
cycl oal Kyt oo 80w HanR Shisbsy e ol 8 45 G oo, or

pol yam ne 16h@ail A0®i t her directly via a chem cal bond between a carbon

or nitrog om pf the.heterocyclic ring. and a carbon atom of the
poi yani ne‘@%ﬁ n, %wv imantgfas ’%M‘%FWHW@%@@ gravnpaviag a pplygther

from the ghainpttehodthstdtdad aomboli &f théfoBRMaat OMs, a nitrogen atom an
acyl am no group, an am nonet roup, and an am noet hyl group,

hyl| a
wherein the intermediary colﬂ‘ﬁe?gr? 2 CHeCEREMBAI | y bonded to a
ring at omygreh L
g reiEeth€h ﬁé@ﬁ%?élﬂsgelg’ft om %%JWHﬁgﬁﬁgg%.ﬁiazde b2,4-

pol yet hyl enei m nes typica are branc groups
attached tidpzelecpyianals; infazelogeiazateohenzinidazote, palzyeiabgle,emdialkyesdchai n.

fore-am noc o “yRuass Ry it x LA MiboraR s Rt et
enconpassagragematam wilridh rartcifde mcdré@blhy)( 9@ Hy) eReraintol i IDREAGF 1-5,

limted t [ itutj.on ttern or degree. of 9

subst | tut sy O} EBURROL AR B bt e GRERTier agb v e
commer ci alptovisorthaynhardn se nbtisdth DAR'ESs ¥elEctéd o 83 B6S) WnsiBlaNGH BAcaed
substi tut';bon %il of w alie E}gjtgbl g for,incorporation into the
sur f act antEnghediand sirgje Breloriard Yyl epd Re eelertad §omdthe sroup gensising
modi fied byHaddTl) wahed SRCHaRiht cifhirdalkyl HRE BkbAh f tion.
[0028] I n @hgiger gn?od?mnt , a%]}ecsar.? a}(,:t antgmclgjtrlf %g%rqlggwa\%&}g’zol e
groups, a r ede f 1E@rasycle Kan beoshenicaily baredirbE palyvtheieeingiderdirectly
Het' and ketaZhshal BHERRAGRAL! Mrtek beftBskd QT ERE ep&?cl? Oﬁ% SN Of
1,2,3- triazole, 1,2, 4-triazole, pyrazore, 1 mdazole, AUz e,

t et r azol e CarBEhePIR; o shedradyethas ghdiarm yiardnduntetnes didne cainactitetgroupsselected from
chem cal | Qs FH LS+ Ghem I anded to via a
carbon at gﬁtﬁg%s%relglﬁ[g%éer oc;/-A(;‘Fe régsokaﬁg&pnﬁﬁ r%%gr? }# r%g iagﬁtcﬁgx%%rropp,&

t he het er drdrexyaethyligsoupCov@hyrirontyethgl group, ivehesein ihe teeetedniy dorbectihg group
C(=0) z, I i t link: nds an integer from1-20; R6 is

sel ected fT oﬁ%’*&ﬁ%%&od:?gg%%ﬂg% %qofnnoéjtliefhelt‘frO(@Fﬁ UBr anched and strai ght
chai n al kyt022hd, ThaeolyZthischin dsChEE3RNRE the pakiel @irmuR? is a Cl-Cs

L P ST bl v e
is 0 or NRbmopuMafi&iof pRbylehe 3%idPbEMcABR dkidish %%-Rl[ig%&]yl B At Widrein

enbodi nent, . t he sgrfact ant can conprise aQﬁ'oI ynmer conprising three or
nore azol 8 Hriglped femdhe srayp spsistiag obH and CarCooprangpes and siraight chain alkyl
conpri si NgndWIKPEZ 8 EHOI A , ' . [ W
conpri se 50% orlﬁl ess of én%dﬁg%lregg f;% élfesqxz%pdggﬁéﬁ lgep %)g%gg%aﬁgﬁ?n%ﬁ%e
or | ess, BON@EE.OFhdreiss) andanate prtegeey fadrh P-20hvetipibe prowisowhat in eainpark aet

20% or le e, 0. %0t | r 10%or less) o n rs

conpri si ngéﬂég ’o?ng %‘%%33‘@? ls\/\%%r%%ldr?%%%‘e 81:06188??3?3(55 géHﬁEHg;@ggncihgd and

det ermi lne(itr‘dight ehaii eliky Gandeilighy], blaSCﬁCch&oz[mj'larftl)libaﬁﬂoifyméE%n be a random
non- azol e-¢ i.nin noners can be, any suit e

non- azol eg%jg%r’nailtﬁ’glaﬂﬁ%8??@5@?“#?6«5110&’3r" Y8 =§]?Blf gerobea{Gigng B, ABA,
nmononer s ABCl ewdg, qaft yomil@ser, i ddyb cabsl9hed. s, vinyl esters, derivatives
t hereof, and equival ents thereof. ~




[ 0030] The pol ynmer can conprise a pol yester conprising nononers

conpri si Noway 200B@sk140ne di carboxylic acid and at |east ongecdi®006/012196
wherein the at | east one dicarboxylic acid and/or diol conprises -

azol e groups. A polyester in the context of the invention is a
condensati on pol ynmer between di carboxylg ¢ acids and diols conprising

ester groye3] n thenduiwr ot inddg ek RNRCthR SinpiifRe af 1@&%&@&&@%}%@%@
of carbox |IIC acljad r’oua%?a agd hydr oxyl groups. [0031] Any suitable
di car boxy*PRYAEYgeshaiyiafpched Pt Wereln Blegolyeenyfsic dum dsatainsabe rsoeating d

into a pohyiesCe,LCERIEOHNL wiireih % & BNSP t9fcall be
attached to the 2di cgr,bc?gﬁl ivé artgli d orgpli gl t?é}c%%ﬁﬁgﬁlggﬁ'g@%t elrb%f)l‘l;;/T
car bon- caPP8AMEE CeRPBERE Hicthobigetylate chabirad be ait huitabla gumbeion sypimally il
ni t rogens pek t4 NEoR%E!E 1096 510060 i medi at e connecting atons.
Nuner ous net hods (g)i(?s%? fOor %?e’p%%?r%%ngl&@ér boxylic acids and diols
conpri si nff034b| e lgyansiys emkoginesing tiresuir fadtam cbopydes ot lagst dac arolegroigigiving

azole is -1ri.azol e- mdl.ca | i cid. [.0032] The | ymer can

conpri se épélg%glﬁicgégg{o%ﬁ? ?g}eg%&n%ﬁgﬁé}?%e}%tﬁ?&%?%ﬁ%%f pq aegcgi"%’ffne

g! car Boxyrmaiainggrwgt/i@ ami@aléihkagee—Rde iRe,A pneerrﬁédmxalhpAleaﬁf la'p@@félgiﬂéﬂe
i car box id a r di C rises_azole gro . A polyanmide in

t he cont g)%étﬁ%r?s%% Wgeqq H{}lg%?f%%qt@qggm&e'ﬁ@é‘fahl&f%&ﬂwiﬂel%‘gﬁﬁ%é got linear

di car boxybe@usaifds fantatibnafireetve onidasi Mn@dHudSy tHePoBindrRatidd pro&kss

fromthe ¢ n‘ﬁlrf%tl on of carboxyli,c fCI.d roups and am ne groups. _

Sui t abl e &‘?‘E’ e F9agt widy Bfélyl?a%‘ﬁﬁﬂi*es RGNS PdIrEncgingup Sheqphy ey leniming ehain.

forth her gions] [ 0@3gEERed BRIbYMRTent S SARRAH: S6mpriRY %t%ﬂ&e%%meg&%pg

three or nore azole groups. The term "pol yam ne" 1 e conte
the i nvent®'dis § alanaing ghain gdaphedyBlexptasis sepeasaied by thg foramlagen in t he

pol ymer backbone that are not’ deiiwe t\hyd enei m ne nononers and
that have two or nore nitrogen attOrrBS:@%gggwof pol yam nes incl ude

but are n@hereindletétp haserooBlelsederiaddinmihe geup spesisting iofi¢,2,3amdzslpel 2d-ne.
005411 SARShnERROfh TRt b RS SATRILESR RS By
consi st i nghegficatiydoudedrto 2evieadahon afom cfthelrtadcycleamainirddeatatim which is
Lgﬁgrﬁ 2: Isgaﬁ'g gﬁh%l}éét%rgaysc ee;"rX {srsglg(rzrtgg' %r%fn tﬁeo érggpnéong{sgggngp (%ﬁg)mavglqerein m is an
integer of 1-5, NH, C(=O)NH, CH,NH, CH,CH,NH, or a direct link; n is an integer from 1-
20;R*isHor (CHZC]E{ZNIL![RSZ)p wherein R is a C1-C;s branched ‘and straight chain alkyl
* and p is an integer of 1-5; and R* is selected from the group consisting of H, C{-Cg
branched and straight chain alkyl and alkenyl, and C3-Cyo cycloalkyl.
[0026]  The heterocycle can be chemically bonded to the polyamine chain either directly
via a chemical bond between a carbon or nitrogen atom of the heterocyclic ring and a
carbon atom of the polyamine chain, or via an intermediary connecting group selected from
the group consisting of 1 to 5 carbon atoms, a nitrogen atom, an acylamino group, an
aminomethyl group, and an aminoethyl group, wherein the intermediary connecting group is
chemically bonded to a ring atom of the heterocyclic group.
[0027]  Asnoted above, polyethyleneimines typically are branched With aminoethyl
groups attached to secondary nitrogen atoms of the polyethyleneimine chain. The
aminoethyl groups can in turn be further substituted with one or more aminoethyl groups.
Accordingly, the formula (CH,CH,NR?),R* encompasses linear and branched

polyethyleneimines without being limited to any specific substitution pattern or degres of



[ 0035] Conmponent B is absent or is at |east one ethylenically

unsat ur at eqvgraoaeis1Lf the fornul a Het-WCR8=C(R9) (R111), piereons/d18iss
is a heterocycle selected fromthe group consisting of

1,2,3-triazole, 1,2,4-triazole, pyrazole, imdazole, indazole,

tetrazol e, benzi m dazol e, and benzotri azole chemcally bonded to W

via a car bostiatiom Many Higfenat: po19etioleteifiined afdi OB AIARMY 6hothswRar t

of the he%l%rg%cle: Véﬁl,gs gcgé%?n wherein n is an integer of 1-10 or a

direct I|i Mt DB ver/ing drerees Obs@neingaKlaybsiseion: dlbofgrickaraishitablackr and

al kenyl ;  RBgofientidhInta e surdaRandeint hMeﬁt@dr@%@%ofg@lﬁlﬂg& ﬁli%gﬁfPPe further
y yl,

consistin branched and strai ght chain al a

f. H, n
C3- C10 cy O%a?qlgéwflélaﬁeﬁl@acw@ cegymethylption oristhopylatians o’ t hat R8, RO,
and 12. 1 3602800t hlahdin& QROARAAL Ghd SrB086Rn LHRRELEOTRADENN,C AL S

absent or includes an ethylenically unsaturated group or mul a
CH( 1211) =¢gpresentpd by theyormifer ein RH is sel ected from the group

consisting of Cl- Cl0 brancheg t@@éﬂ_%@%ﬁhﬁ c{;ﬁj{@z all cyl and al kenyl,
i AR WA

C3- C10 cycl oal kyI,l and Het - Wwher ei fe as defined above;

R12 and Ry@ergielpthaebderd entindepssleatly sdectaddion the gasupupnsiansi &t of

H Cl1-05 hk h € trai -.chain al kyl . a al kenyl., . phenyl ,
substi t ut gﬁdﬁ B&Dﬁg’éggnghg?%%%%”/1%%581661}1%{2??9%%%16’Eﬁé‘ﬂwd,%z%@:@fﬂ, and
Het - W whebeizotridetle avhereitf Hete ischembédal lp 8o debl o0/ anthie?ed shebiichliyDoltled to Y
al kyl, OR15, or, NR%LGRlI(Z1 Y}he(ei r] R15 jsH or Cl1-05 branched_ and

strai ght K& R o0&Am oL hGRmcYs s O Brgae st vadh if pribpkihe Beferopyqts: X
Cl' - Cm br ano(oey),aRkkreih hais@htintefdion 13, RyC=0N C9Jz, bRk afedt BRI DRn fil&é%&‘ a
5- menber eg&oor 2-'m%rrber ed ring structure. [0037]At Ieast one of B and
C conpri s&9a-Atieribtsected fham fergronpronatine el r%@zﬂa } wenghsdend streight chain
i ncl udes amyl ddal whéi 2¥s Iﬁ,r(@ﬂﬁ@%Nﬁggg %ﬁ@ki&ﬁ@ R 28Y.cL Biahbl‘?e%ioahd Eﬁeﬁ%ﬁ’clchéiﬂ
initiating free radical polynerization. Such initiator fragnents

i ncl ude batkybind mitan iniggered 1t Ype(SKyesthsrein hgsistdefised above, C(=0), or a

t - but yl pe ot e INpEr - [,OXY- 2-

et hyl hexaﬁgﬁyﬁggg ;%It lf)gjr%gﬁe)f? é%&%ﬁﬁéﬁ?%ﬁ?rﬁf'lggﬁ%ﬁﬂei c acid),

di al kyl pef®RPHes If sunther ambddiment; thyd pefcxitden catipeisayppBmex coapadits three

UL cun e o PEDBSTANL 55, AU B UL Sl

hydr oper oxémgniag thdneinstsy Tlypitaldy elicopdletRgr, will ZomBREB0RNES] edsSf Ghbmdmers

Further 1 FOTUHEE POl ERAT-B- S0 <Gi<5ti56 S0 GG D g kreitaahy ne Aaer wil
comprise 20% or less (e.g., 15% or less, or 10% or less) of monomers comprising azole
groups, wherein the proportion of monomers is determined on either a weight basis or a
molar basis. The non-azole-containing monomers can be any suitable non-azole-containing
monomers. Preferred non-azole-containing monomers include acrylates, vinyl alcohols,
vinyl esters, derivatives thereof, and equivalents thereof.
[0030] The polymer can comprise a polyester comprising monomers comprising at least
one dicarboxylic acid and at least one diol, wherein the at least one dicarboxylic acid and/or

- diol comprises azole groups. A polyester in the context of the invention is a condensation

polymer between dicarboxylic acids and diols comprising ester groups in the polymeric
backbone resulting from the combination of carboxylic acid groups and hydroxyl groups.
[0031]  Any suitable dicarboxylic acid or diol comprising azole groups can be
incorporated into a polyester surfactant of the invention. The azole groups can be attached

to the dicarboxylic acid or diol in any manner, either by carbon-carbon or carbon-nitrogen



transfer agent used in controlling the nolecular weight of a free

radi cal powymbi/z@gison. Suitable chain transfer agents ln@bwﬂﬁnbmmnzws
are not limted to alcohols, alkyl and aromatic thiols, alkyl
phosphat es, aryl phosphinic acids, alkyl phosphinic aC|ds
hypophosphi tes, al dehydes, fornates allgyl halides, and aIkyI

ar omat i ¢s bends withsitdgalattne ouith my‘b@’m@%f the Qﬁﬂ@]o@ﬂﬁ&%QH&nﬁedli’t@ boESing
et hyl eni ca Iglyé saturated nononers as_ defined herein. As noted above
0 H%?ﬁ%

at | east 8% UBSFRYS S BXISHAT preparing dicsrherylieacidsirad didegammsising

defined hezotd froufso D eReEtHedRiGab:DE ﬁ(ﬂ&(ﬂﬁaﬁhlﬁ? Az dWisa ¥ ?rﬁx‘ia%t)bé 4)§ .
met hods kgown to produce olefins fromsuitable precdrsors, e. vi a

Wttig re&t 8?115”(9#? al dehydes or ketones, aidel condensat i ons

el i m nati gsof h%bg@ﬁlme@%ﬂjco%ﬂ;rﬁé %é@lgpnﬁ db By Extx§1 %}ng{xorﬁérggagé x{gszﬁm

acetals and ketals, and th es o Sul e compone
conpri si néfag Oﬁ@@@ﬁ@@yﬂm as“»lcgandwpleas odefliamént, whorein thaat ledeotrudicabeyliot

| d d bed He |
Conmun caft B igHoofp sl Bt fps "Rl ok I T BB AInE FERBEAEH
di scl osed C@mﬁem&aﬁon paymat bﬁw?ewlmxy[lﬂﬁlﬂds] dnd ripmdieditcofipkisi ks Uaede groups

et hyl eni cgl | t.ur nono al ly contaj ni

het er ocycFesuylag %tgsg%}ﬁgflﬁéo& (ﬁg?%f) lcl‘:aﬁgr%cl’%’é m&wtg&g% wokSker s

f or conpodeabotlichaidsdompnting mllwgieup?s e besDRY frhGeioup i ncl ude but
i acrylic, rmnorrers (such as (nmeth)aorylic

PRI L) el R D A e o Tgth AL PAT A,

acryl at e, TBe fydrpxyRhPBY In tﬁ@ Bottadk 6f the lrﬁv)éhtlc(d t@f‘é}ﬁ%%ééflp%i}%lers comprlsmg
2- et hyl hexyl acrylate, decyl acrylate, auré (met h) acryl at

i sodecyl H\V@gmﬁ%&m@ﬂmkmz 606 P Tt drsive fremhwlq@mman@nomel s and
hydr oxyet gt hdvaeké L@&BV& Iﬁfrggenaaﬂgn@%{ %15}69 BPPM%ahn(lg@st gélﬁ&é ydt%}eeﬁdt limited

cyclic anhydrides such as nal eic an es such
i taconic m]hw;and@ommnewbmém a@dypermater ahydr opht hal i e anhydrl de;

| ef lerte
01 ST SUPBIES 5 AR SRR, Sl e OB b o 5. g
1- decene) €. ﬁowpen@xt Asig lsslmtedjfretd thd groememsissngcdl cns oahmktaendgrdmﬂs selected

e o) bulaREHER B ERT et R A A i o e o

and ot her theteo§.l esters; VI nyI nmononers such as vinyl chloride,
vi nyl i den Oggi ori and Vi n et hers (such as nethyl vinyl ether,
et hyl vi n@ OHﬂ’PBTJ“}IB s Pt @tlﬁ%trleasbwhyﬁnﬁwly spsRgrateq pgnomer of

i sobutyl WWﬂmLﬁiH@EWCﬁH ROkl feRHg yl
ether, allyl butyl ether, cg(”)%k Mlosiie &ét%}el?b’dyd@é%&d@ééﬁﬁ‘ﬁb

et hyl et h&dnsistieg plobes Bﬂlaﬁﬂle é{Zkf’eﬁr@z@gdqyw@gle imidazole, mdazole tetrazole
vinyl - 2- (&&M@&&@%ﬂ@ﬁé&%{a le SdARLAIRHY H@t@%%takt%%% Vil #f,l%gher;

N-vinyl am des such as viny or mam de an Vi nyl acet am ene;
di vi nyl bbeigrepele meﬁy@a@rmmmhm$ pamf tbdfrmtd:r))a(cb,‘(%m (CHz)nevvheﬂ'dmenum

f the t t t
gcr yl :m gflﬁggel(gﬁ ed %18}1 409nﬁgtrp%{%§%gl %‘I'oobrgrgc? ‘?étt!aégtﬁ%%erabﬁya?@s or
acr Kl am Flelk@nyrl,dsgrmdtRmeyndeamdmﬂly sed&teﬂ"ﬁfohﬁﬁ&?@b@&nmhng of H, C;-Cyo
t t
C compr | sBeuTEReRG FEREE AP SeHb it AR T A ORI e G i o P i
CH( R11) =cfdivizd (a1 R", R°) anki e @ieroRMLf tdinsnba@ RAbihom t he gr oup

consi stin f H Cl1-Cl10 branched and strai ght chain alk and
al kenyl , E‘r?g“lcs EPBPeYRYt Saif RRsent Qirirsladen amtgylpglc@maum}(@r%?w s s

as defi neﬁnlﬁaraeu R' 50 (RIPER €] BiBkH RS iS& c% hednf Hhe B PR

consi sting of Hm(Clk;OS( br ancjned and stlr alig ﬁ{aqhn% E Pt ﬁgny and

substit ut bﬁﬁ@hgq and straight chain alkyl and alkenyl, C3-C10 cycloalkyl, and Het-W wherein
Het and W are as defined above; R'? and R'® are independently selected from the group

consisting of H, C,-Cs branched and straight-chain alkyl and alkenyl, phenyl, substituted



[ 0043] Exanpl es of preferred nonomers for conmponent C not conprising a

het er ocycl i 94 psiyc! ude (meth)acrylic acid, methyl (”Etﬂaﬁﬁzfzﬁbc%ﬁwﬁ
hydr oxy( et h) acryl ate, 2-hydroxyethyl acrylate, 2-hydroxypropy

acrylate, butyl (meth)acrylate, 2-ethyl hexyl (nmeth)acrylate, decyl
(meth)acrylate, lauryl (meth)aerylate, jisodecyl (neth)acrylate,

IN6ERY* 3 3 14
hydr oxyet hsHenyIn€OR) asud/Het- @ wmelmmé@l5m&@wdeﬁgéfém&%¥ér?% i‘”g‘? Hop.

[ 0044] As bo popent can conpri se et erocyc

Many synt @%}lﬁ’goﬁ?ﬁgggigxi wperry l:i‘c);?’ébfaqréjlgkbsfmohmm streigbtieimin akyl, and
conponent whel¢io R Sani ke ihauwehd i ¢e [ e Le, th
Wttig rea tion aof ew@l deh oie%bse???tt}% gg@é{)g%%lggéd(aer{.:dgs.ufu%ﬁﬁ?%&%”‘@’ SNa or
4- car boxal Mﬁ@%‘ R § cHHPRr9dex Prieeomyerasimeletstriugany | phosphor anes

fol | owed o3Tydr oAyisis I rylic acid. esters leads to
azol e- subq{]i:{wt ed_acr ylog% 8?9?3(5 g.%?}”y?’%ggﬁﬁug%@ﬁa?? d%f"ﬁaﬁl%ﬁem-

t ransf or ?@Es virPmpanent A detilides ampiaitiant fagmeneeSfediah RAY WitsHdr! vsefliin
the art. 'Igatﬁ,{g(ﬁgé] embodi nent. the pol yner conprises a
hydr ophi | ic ?)ol ynerrg(qolﬁarcbg%lr%% fjgru f’hg?ﬂafcﬁg@ﬂ%@ﬂ%wl% 18 ngiligniged to
gr oups. Apﬁ?oéi’@?ql‘%@uﬂy@&tdpmlp@bemhty,mmyqferﬁgpgjzggfg’rt_g@ylgﬂ yvinyl

al cohol . R ' | refer 0 olymer formally conprising
hydr oxyet r?mlymrésé%éétte?ﬂﬁ%%af étata @Pﬁg Eé'ify]%f"gm%%;?lﬁ aeld), dialkydperotides (mych as di-
acetate f dbhivipetbxide, diomplyplesxite Anat-birglcuf Iﬁéﬁb&bfﬁj,%ia‘&%ﬁ%n%%ic@%%ﬂgﬁ &
groups, a@gni ?l valldl a%l e 1.2 ange of. nol ecul ar”wer ght's.

secondar y'1 YA 6y G BHNSY pﬁfo"b‘iﬂ%‘ e IPapEdnobydeenerbade<suehiat betlensi t h
"aci d chl ohydieperaxidaaidk-an ' i inSi ups. . yield
azol efunct i onal.i zled ol v??]i?f? g?g%lﬁéo)ims% °§*8P&g§§ﬁ%?%?5%9§ﬁg%§d

chl oride S872BYHRTY 4\ Pabe B2damidingsye acyl derivative such as a ni xed

annyar de [6open CehipoAdale AR ARBANK HFoBGb GRS, LEREhEd Ml chein)

pol yvi nyl al gghol to produce a benzotriazo
al cohol . EFHET ag8¥ #p9ckincantrelling tha ordleonkr waightufe fideaadicMipbfymerization.

chl or of or BHitB IR FPankRr ¥k ARhY) lé;'rt] g%{ﬂof ﬁz%?%ﬂtgigﬁggl\é\gl?}d %L% gr,qa;n%tic

yi el d pol é}g&arl C carbamat e’ esters,

SFbSL i It ut Béply alyhphasphasey, eryd phﬁgl&iphxadfd@,wé{yl Fﬂd@gﬂﬁic%fzidtﬁﬂ{%‘ébm%éhhites,
al cohol ¢ er.ted into acetals by reaction w

sui tabl e gg%i’)gé% g“ﬁf“&%% ar(%‘qui’ﬁééﬁ%yﬂ’é@ky&lﬂ@ﬁ“%épplw tohisng end xyfemes.
functiona t i oRomipo nelyliesak Qal ' .
readily a PRLENL L9 ?;haﬁ o?d e?Snaﬂr%);(}dﬁs l?i Wﬁ%a%@%ﬁ%ﬁzg%@&?gﬁ)ﬁ%l{eﬁRgrem'
addi tion {\‘)o po{]%?é@’ia@ esaﬁtrqrﬁ(ﬁfgiﬁ’f@oﬁ%'l‘ﬁﬁ pagd G gusesntnmise hdttercmgyle bl c

roups codgfined hérginal At I : ' | east a
gart Ioof ?Ee;% rgrlgr,i hﬁ?iﬁoné@%ﬁ%ﬁ%ﬁgg? a‘ﬁ%@“@%@%@?‘%ﬁ‘?‘ i gepduce

al ready b Pioiaele Precugsors, gl yiasWatig reastibnp oh yhishyties ockstics ity
| ot A R R et col i bR B o gmbcetals O

at |l east one azole group can have anS/ fghgcetals
Typi cal | yAd&R@Issandrthe tisnt Exeompes afisnigbiet cotupesdntsostenpaie g Hateesty el rb%})
000

have a r ' r.ore. (e. 2000 or nore, or,

or nor e;n.)ds gﬁfg#egraggﬁyﬂ%ﬁgﬁgﬂa??g%ﬁ %‘H{ég & h}%’rnlyg’ Ao -Eazqle yeiclhisdeseribpdin
group wi | Heitraerslia Covireeidaivnsy{1gi6t (2002) BROARYWent RS-0l slch 25300 OF
less, or JQRA0 BruSeSsdnt 6,774,238,

[0041] Component C includes ethylenically-unsaturated monomers optionally

containing a heterocyclic group as defined herein. Examples of suitable monomers for
component C that do not include a heterocyclic group include but are not limited to
(meth)acrylic monomers (such as (meth)acrylic acid, methyl (meth)acrylate,
hydroxy(meth)acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, butyl
(meth)acrylate, 2-ethylhexyl acrylate, decyl acrylate, lauryl (meth)acrylate, isodecy!



[ 0048] The surfactant conprising at | east one azole group can be

present inyideMisisystem particularly the polishing comRgsidhhizies
thereof, in any suitable anount. For exanple, the polishing

conposition typically conprises 0.005 w.%or nore (e.g., 0.005 w.%
to 5 w.% surfactant based on the weight of the liquid carrier and

any conpor{enthgacdilats,dlydentyetySuspead et KRS .
pol>/i shim;g o %si tion co riy?le ,0.6]%87%’.%.%?§yl%6€%ﬁ%@?%¥%ﬂ%g.C?ﬁlc
W.%to o.a§ g&?‘. %S‘@@F‘? ’518{52%“. y?‘@iﬁ@l}hyﬁ’éde@lww&ae@ni@mﬁydridé bnd dydiohder
conpri ses 4eenye@tishydfopbitiallt Zhidri of t al

Ia;rgr corrpr'ng}? £pophr .a The%gﬁg)lﬁnﬁ g‘?&?‘é?@?ﬁg%ﬁ@l ) Ut?l‘g er WO
2007/ 11481%@6??%@2’66‘%ﬁbt¥ﬂ9@1@@1®@m@ﬁn5 (sugh ssoppbutengi-deeenayhdsca).e
means for sgxdndi shb&gute ] whi i.ncludes an em cal or
physi cal ns‘teyans. I ngg 5&%@52{3&%@%’%@&1 oéet@hr%%?e%f’h%@f v etéw%g'f‘?”&‘ﬁem cal
pol i shi ng M{PEysbrals gnd siwehesnbnicridptiutidienagityh estertsath dsaNe/l abdatd

chem cal ol 7 .system i nvol vin | ectrochem cal
pol i shi ng?mggg%%ﬂra%bélﬁs%t évﬁgg%ée%}n%wmlﬁrﬁﬂl & V%‘Mﬁg}l?ra@eeV@éjh‘iﬂﬂPses
So ?g\r/llt ce i@‘m@? pnCi/‘wn%dl fal:drﬁ femehéwmfthig vmltl ﬁﬂliéﬂ&eét{h%ll(ﬁrix% -eghreﬁ?g%ﬂ vinyl ether,
el ectroni cu%g‘tneﬂ"[% F%g’t zl?)lS%%tlggglg?ﬁﬂéergﬁMe s (é‘iﬁhdisfﬁﬂg‘«f ey ethyl fer,
any sui t ablld boyl eher, aifylateidyl efbel, badilB/] exbslyZing o nétﬁﬂm%xﬁ%ﬁxters such
i norgani ¢, and (;t; a%cyp%{l-cgengou ds, bromates, nitrates, ‘chlorates,
chromates, | o 'gée; PP AR SHeF ardpethonysthgxy vinyt atharel:visyl lafddeess
EDTA sal t sychandin@ifér@ineldd and B Sa@Bntille: ik xides .
(e.g., osmiu %;%1? r onj de) - potggsi G’%h?’gﬁgf%rygﬂ?@eb&%Sﬁi@%% acry(ilamdes,
di chr omat & @? rerglenitfilea i ppeofithaderm Nms#y)” Sdlopedihy afetberderi el aby
Haw ey’ s 4R s edyihegim Ao N j ound cont ai ni a
| east oneﬁggr oX g?ouP (?%stgf@)t&glrlé}%ﬁg%%rgfgﬂ?\%r%gn rgﬁ% %Pageﬁ‘ OB Wf&ef’n
i ts hi gheStPERYarE Hitlles aethacluenirestiobrybanpoyrdsectoslyai ni ng at
| east oneyj oxy ' ot limted tao hydrogen

e (PR B HRSe S Binpreron, Bhyploabapattarsced group

peroxide andits a ' rea hy

per car bongftastorprigdIH® DeCEXIRS), suetip' eskowt fRe1 @ fifip BREAEELEC

i per sul 11 Se PR ngRi Bl in AR B8T HBstiRadbikas prelesbbovbersn

cont ai ni ng“anCePBYenleréin Ri't s ab ghRahe, st wiRReis R 8 sEBGLA BELRIL g

not Iim té-:-oglsit or@o(%r gfldr:f baC| g gl?ec{)sl odat e sal ts, per brom ¢ aci 13

per br omat B EAMEL % 1 Beled andstraight ehpingligtlephenyls and substiseted pheagl. d,

per bor at e[084d]t s, Emﬂ:_lé%ﬁiﬂﬁéfg@é'@ﬁlgﬁcm&?%r %’&’H‘Bf@é{%%?ﬂ{ggﬁlﬁfaer ably is
I y

hydr ogen l%(;;r.oxi ﬁe,. persul fate, or iodate.
(parti cul BFFLYERRetaep inchids gmebasodictaridnimethyldmeth)aoyylerpri ses 0.1 wt. %

to 15 W %videyx@s . 9 e % 1o wt. % or 1 wt.%
to 5 wt.9 yeo;:? glilezt@ﬁgry}é%geé%%H,ygf)oég%tﬁ%doaéw%%év\% b%g%'p r8¥’§l[€?‘f9'l?t%’cflﬁt¥} carri 0er
and any %ﬁt&%@d@%ﬂqg@mmﬁﬂ (wethdassylendiedylt(hethiicrylate, AR (hixeh)dayiaee

for appl yi i i t suhstrate can be_any

Ui t bl ¢ S R KRB RSB Tl B 5 b S isGe amettoschate.
prefer abl[_9()%:4(1)nrprfix@wec;aahsbarv,i]I @mﬁonentapqahyblﬁgrlis% afHefe%cyf@pé %’@hb-a}l\/l.aﬁﬁ: g., a
nor e oxi ti uring.an initial stage of the polishing
and appl ;L #’ﬁ%&% rgegégdr%cf ngk)%oeﬂ?}?aé? g’(bégtb‘t.ea mPNPIRELs of ¢erapIcAC piorediitatly) at
or _dur| nguartibatized stokge Fof enetdlelidWitigfeadti AR LRI AL G IR A0 o
first pot.en |all 4to.thg %econd_ potential during an 1 nternediate staéé
of poli srﬁnh‘{?,zo & +garbozalfishyABlvith (Farbealsexsirsthyhrne frpheny Ipibsriiaranesfotloveed
| nt or medibghodislyener afo ibami dryIRANE drs (B BOLBN L AL AT 1k B
hi gher oxi di zi ngﬁfot,entl al to a second, l[ower oxidizing poten &P
after a PFSEREarif ndmilphirasiamationstwill be readily appagheto aweiofbaiimgy skill in
pot enti alpe Jgor exanple, during the initial stage(s) of the polishing,
a 15



rel atively high oxidizing potential is applied to the substrate to
pronote a hi gh rate of oxidation/ dissolution/rﬁﬂﬂy

t he substrgﬁe V‘Xgﬁy"pol ishing is at a later stage, e.g e 5%06%(12196
approachi ng an underlying barrier |ayer, the applied potential is
reduced to a |l evel producing a substanggally |ower or negligible rate

of oxi dat i[epakpli IR katth@hiveamEal t}%fpotlﬁﬁel%Ufﬁgfigeilta%?dltogﬁiﬁigBXIg(mc?r or

elimnating or substantially re umg%
erosi on. FPRONYmerdURihgr finstoralized Wik g@llpspo"t prefarmt hydrophidit @okybieyor

appl i ed u§bﬁ2ﬂylﬁerq9£l1%)619%&191@1%)%%2102}?{1@& 9@9@8% ?ﬁg 5{;}& a)‘éogtg? 1}6 es a

el ectroni c pot enti ost at
means f or CORPHIng hgrexysiibepentiog byitedspived frgm@obmeematlcml of vir30ad}athe

agont (e, SRR KA BER Bol5IEb Ay P REE B i SHelapl o8 et
enhances pﬁmoi:egitimvudughtat @hMeccﬁthnsiqidsdmyagieuﬂ;ﬂyf%lybﬁiyn@lcdilﬁﬂﬁ&‘nﬁ@ls
carbony! SamRn Rl GIORIEY: B 35BS EEmotiice B ke s YR wole -
or pol yal ﬁmlobd)mh(cm ;gxlyvmtl ia}clobdﬂe BhrykahpleiE 86 LREA or d% @%ibi&leacuve
tannic acid, .an m ne-ofgont ai ni n conpounds (e

armoni a, &M ﬂ%”";%‘ ?ti%u‘:k‘éﬁf‘ﬁﬂ aé’gﬁ@idae pnzotrtarzplc -GS %@TP%E@ reagiad

the |ike) withipelyshgi aeotei 1ok iaenHiriss :
t he type gfl r‘lsllﬁ;gg??ate Iayeé} bei r?g ?enéveﬁniuﬁ&itoﬁglzggg&ng%ﬁlc% I's elo

a subst r af¥THIEHOR 1actiosr mstida dhase mith shioraprmaresteantopinld ptblymhel ati ng
ol | Shi ng® LoehaRapln USSR VIO niee Eh AT HER PG sedabdlir g fom o s
W . % bas @@Smﬂteﬂi@érbmﬂ@mtwf Tﬁlhéydimqyligdotmaof pcdyvmyldlc@hyl @0 fpdiee bé S
have any SopeRiPRRRRERt Loy MR Pt B R Bl SETRRE U “have
a pH of 1_v_armtlon$bsth@efulgztlpneﬂlﬁamrl dfq&@vmyﬂ(ﬂeélﬁﬂ aﬁtgyizolé @ﬁ)up)ﬂbvil‘ﬁﬁ% Redily
conposi ti av re (e.g., or nore). Moire

pr ef er abl ‘?}ﬂ’ t@ﬁe opoglfiogﬁ%h%ry Sg%&tg??’go will have a pHof 4 to 9.

[ 0054] The[0OKE] sy &i mmtto @OBeyic butichats APHLnS géndafic RErb dyR AT dEps
agent. The anti- fo ng a% ent can be any swta | e anti-foam ng

agent . SufUABIEELA? T(Sl?aerﬁzﬁ ey CPWETltiPé leagy 7 paglyod ﬂif»‘dtdﬁim‘?ﬁet@ékho@e
si | i con- basegarasle ofmatemRAirsendhed ai&@&;e&eﬁﬂiehﬁ&iém cn n?é(ﬁe?s antin€

anount of %nti - f oam ng ﬂent present in the particul arly

the pol i sP }‘Pd“‘é%?ﬁ%&’i“ﬁ“é )2 3pelatd, @rdicgrbmlmamdt 0 140 ppna, based on
t he wei gh th

suspendedm\%@z hi n?hé b%%ggnﬁe éirﬁfn aaggh‘sat&gxrﬁ g&?@%@%‘i&@bggﬁl U?tg%ﬁpri ses
a bi oci demo}Ph@alb‘iV@glitdJynl&ﬁlbbéheaaﬂyfa@mttcampnsmg ardeaseonefazoleegx@mﬂ have a

(part1 el BPRERE iRt Sod AGRTHE, 26t 'l SF sl aadhe). tEelstmatin
pr ef er abl s;urfacliﬁntmrrmusﬁh@@t Ipmtrpndaidron wilkhawe b glilecofar Waizht 60000 or

carrier and ent S olved or suspended within. [0056] A
l'i quid cart |€ 5@6)([?3053 1§h¢qs?r18ﬁ% the application of the

sur f act anfop48lhe Ths aﬁfa\fﬁnt comprising at least one azole group can be present in the CMP
system, particularly the polishing composition thereof, in any suitable amount. For
example, the polishing composition typically comprises 0.005 wt.% or more (e.g., 0.005
wit.% to 5 wt.%) surfactant based on the weight of the liquid carrier and any components
dissolved or suspended therein. Preferably, the polishing composition comprises 0.0075
wt.% to 1 wt.% (e.g., 0.01 wt.% to 0.5 wt.%) surfactant.
[0049]  The CMP system optionally further comprises a means of oxidizing dne or more

components of a metal layer comprising copper. The means for oxidizing the metal layer



(when present and suspended in the liquid carrier), and any optional
addi tives (& shoy1f319Xi di zi ng agent and/or a chelating ag hud90dd18196
surface of a suitable substrate to be polished or planarized. The
liquid carrier is typically an aqueous carrier and can be water

al one, can conprise water and a suitabllé water-m scible solvent, or

can be an Cempmsng)mpp&namaialaﬁy Mtaere-niﬁaﬁﬁfobbﬁdfzﬂig\/tﬁ@hx%ta'l RSbUdgichl; Mﬂﬁls S
such as al,rgol & aﬁ?ol I and w Preferably, the aqueous
carrier con)é a3 %Pr K mﬁ?ﬂse S SYBEY thtidaes %WV\W@?GOth’@@W‘]&The
pol i shi ng polifs pief@ibly thethdnk mt%mdizmg thé mBtai JabbiSis hlcﬂéfhﬁéaﬁo%cﬁ dﬁ% e;;%HP'

any conpo enhﬁﬁ |ssol ved or suspended therein) can prepare
sui t abl e oS igKolving elfsirehemyical R%hmgmeﬁembbeths kichisefdr oxidizing

art. The Iﬂﬁlsuséiia&gccﬁgfex‘légssé&dv%fﬁ% pBEnd? HRAY, o‘?enﬂglt((é@ %o

cont i nuous %O neral ly, the polishing osition dan

pr epar ed BY'eR Ahgbstrate é@ﬁmﬁﬁmh@m?hblam‘f(e gnehmtyomxr pkﬁentlo“ﬂae term
'conponentgosgs U redients, (

surf act an{[ . o§| dflg‘?ﬁg&ggké%’%&ﬁ %lgg?)ﬁt &Q}cﬂe\é ?H‘g{sabge% Cg%ﬁlﬂ%?%eﬂ %‘HgB]ie

i ngredi enp%i dizéngggents m@@tlmganlmdohrgam@eagempmnde,h:ednaatbeqgltﬁ@@m S,

etc.). [O r e surfact ant n be dj spersed

The opti oglg?)]a{:egrcahgeﬁ@%pé Lo %C(Q)’nlcri n Ok areT ﬁaétsg gniiira {?Frcf“{f g:%qA Sa&ts and

chel ati ng crag‘@ﬁ), raranarﬂfmfnd ttmsmdtdmdtal axidbsr(e gedsrbnynﬂeyadazﬁiebl%tésh% i's

capable o atin e conpo ent ol i shing

conposi t | Ec)errlé1 ?’Sgwgh‘éqgm%s’io c%\ ﬂb%ﬁl e‘gﬁ?réiﬂ’“fﬂop’éﬁ (ap gefipsd,
with one by Hawte@ sc&nmﬁemem Cﬁem&umlcﬁ&agr) Im@dr@mlhd e&tﬁh&g 'agleaa%ﬂé : peroxy
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m nut e befOrB "310 Hic PP cREgININgap Sleaentia, ltSdnghmticmd@twn @Faiﬁs
bef or e usBxampl B@oﬁﬂdn%ﬁnd%@:oﬁl@hﬂfgtﬁ @ea@ttonégé(ro%&' lgltoﬂﬁ Brﬁ:hfde Tt ard Q6 hmltetd to

pol i shing, conposition also can be prepar the co
at the subydesengeraxide apdiiseddicts ok anyea lmjqumh psﬂwmdg aoqb pa:laarbomues

[ 0059] Theol%%1b§91’o§ﬂie§9m%§ ’b!:ﬂzgﬂ r}%foﬁ&%egér&\éﬁgtd& anﬁ ze b\%&f el | & as a
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portion operiodi dClctq peribdagersalts rpe1bird11ac mﬁdmezhraga@g@m p@r@lﬁloh@ad;ih ReRUldrile @
either, i n_pure inam ure,wth all or a

ng? 4 gnp‘g? If‘? ﬁ”ﬂic’“"&f“& P ff‘t&sal“ pefm&%géiﬂate% é}'thet%h%g PEORT prgerably is
conposi t i hyﬂroéléh@eﬂmidél axpélgulm@@t 1638@ Tad LW @sﬂéﬁ%hﬁi@ﬁiaﬁﬁ’ﬁﬁ%@h@rxﬁ’% and

s conbi ned th the ot her conponents
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[0062]The'CNP systen1is capabl e of planarizing or polishing a
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composition) typically is 40 ppm to 140 ppm, based on the weight of the liquid carrier and
any components dissolved or suspended within.
[0055] The CMP system obtionally further comprises a biocide. The biocide can be any
suitable biocide, for example an isothiazolinone biocide. The amount of biocide used in the

CMP system '(particularly the polishing composition) typically is 1 to 200 ppm, preferably



EXAMPLE 1 [0067] Thi s exanpl e denonstrates the preparation of a
sur fact ant wphgesh pls ?‘g an azol e group, specifically penta( ﬁl‘&ﬂlﬁﬂ&/(}lzl%

gl ycol ) benzotriazol e-5-carboxylate. [0068] To a mxture o
met hanesul fonic acid (190 nL) and al um num oxi de (57.7 g, 0.57 nole)
were added benzotriazol e-5-carboxylic ggid (30.8 g, 0.19) nole) and

pent aet hy|epg o@?g&ogaseégﬁ%eqwel%é %9% ggihﬁodmfﬁgp Q@ﬁ@y‘é‘a@x onehBEdisloikl be

was stirred coo ure was
partiti on@dp@@t%éhmwat er and chloroform and the aqueous | ayer was
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met hanes UlyhRfingscifid sbivet@Onlbde A8hof suéd isttﬂétﬁéﬂod%t}{aﬂél fhddhe (k40 nol e)

- was added_benzotrjazol e-5-carboxylic acid (40.0 25 nol ez and

pent aet hyP@fF‘éa‘@Y FRORAUEOES QITIFT CONSERES QRYagey, mqq%@rqurﬁbly,d@m%gg % red at
90 C for 3139 pbi&ih é%ﬁlg%gnoJ Js'ﬁhmlf%ﬁiroﬁ (Y@Smpﬁaﬁlu bhieeshdgtween

wat er and ch orof orm an aqueous | ayer was further extracted
wi th chl oewhpnnents Fseolveshdsisnengndadghereis) esutheptapsroddy anyiauiteble toghnique,

cgueous, oy PhERLATIBAE K okt Auiaogsetory L AEAN BB ©1

el uent gaypepirbéintd bhateh mrcmpmm»ds px@@es@ Grneadlyathegiolishilghengtosition varebenas

supported bgareyby combmmg%ae components thereof in any order. The term “component™ as
used herein includes individual ingredients (e.g., surfactant, oxidizing agents, etc.) as well
as any combination of ingredients (e.g., surfactant, oxidizing agents, chelating agents, etc.).
[0058]  For example, the surfactant can be dispersed in water. The optional abrasive,
optional oxidizing agent, and optional chelating agent can then be added, and mixed by any
method that is capable of incorporating the components into the polishing composition. The
polishing composition can be prepared prior to use, with one or more components, such as
an optional oxidizing agent, added to the polishing composition just before use (e.g., within
1 minute before use, or within 1 hour before use, or within 7 days before use). The pH can
be adjusted at any suitable time; The polishing composition also can be prepared by mixing
the components at the surface of the substrate during the polishing operation.
[0059]  The polishing composition of the invention can be supplied as a multi-package
system with one or more components of the polishing composition in separate compositions
that are combined prior to use. For example, a first package can comprise all of the
polishing composition except for the optional oxidizing agent and optionally a portion of the
liquid carrier. The oxidizing agent can be placed in a second package either in pure form or
in a mixture with all or a portion of the liquid carrier, e.g., water, for the polishing
composition. The oxidizing agent desirably is provided separately and is combined, e.g., by
the end-user, with the other components of the polishing composition shortly before use

(e.g., 1 week or less prior to use, 1 day or less prior to use, 1 hour or less prior to use, 10



[0071] This exanpl e shows the effect on dishing and erosion in the

pol i shing @f, 205RPREL - cont aining substrate resulting from%%b%lgf%
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conposition in accordance with the invention. [0072]Sim | ar
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forth in the Table. Table: Effect of azol'e-co ing suffactant on
di shi ng aférns¥msi on Pol i shi ng Conposition

[0062]  The CMP system is capable of planarizing or polishing a copper-containing

metal layer of a substrate at a relatively high rate, with desirable planarization efficiency,
uniformity, removal rate, and low defectivity. In particular, the CMP system of the
invention gives rise to substantially lower fine line corrosion, dishing, and pitting of the
copper-containing metal layer of the substrate. Additionally, the CMP system of the
invention gives rise to substantially reduced erosion of silicon oxide in the CMP of
substrates comprising a metal (e.g., copper) and silicon oxide.

[0063]  In accordance with the invention, a substrate can be planarized or polished with
the CMP system described herein by any suitable technique. The polishing method of the
inveption is particularly suited for use in conjunction with a chemical-mechanical polishing
(CMP) apparatus. Typically, the 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



D shing (A) (100 umtrench) D shing (A) (10 pmtrench) Erosion (A)

Phase 1 (sw@zoﬁﬂgggmz (sec) A(control) 600 300 400 83 138 pB1/US2006/012196
(comparative) 450 230

contact with the polishing pad and the polishilngg composition of the invention and then the
polishing pad moving relative to the substrate, so as to abrade at least a portion of the
substrate to polish the substrate.
[0064] A substrate can be planarized or polished with the polishing composition with
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, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures thereof.

[0065]  Desirably, the CMP apparatus further comprises an in 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, U.S. Patent 5,433,651, U.S. Patent 5,609,511, U.S, Patent 5,643,046,
U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent 5,872,633,
U.S. Patent 5,893,796, U.S. Patent 5,949,927, and U.S. Patent 5,964,643. Desirably, the
inspection or monitoring of the progress of the polishing process with respect to a
workpiece being polished enables the determination of the polishing end~point, i.e., the
determination of when to terminate the polishing process with respect to a particular
workpiece.
[0066]  The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE 1

[0067]  This example demonstrates the preparation of a surfactant comprising an azole
group, specifically penta(ethylene glycol) benzotriazole-5-carboxylate.
[0068]  To a mixture of methanesulfonic acid (190 mL) and aluminum oxide (57.7 g,
0.57 mole) were added benzotriazole-5-carboxylic acid (30.8 g, 0.19) mole) and
pentaethylene glycol (45.0 g, 0.19 mole), successively. The mixture was stirred at 80° C for
30 min and then cooled. The mixture was partitioned between water and chloroform, and
the aqueous layer was further extracted with chloroform. The combined organic extracts

were washed with aqueous sodium bicarbonate, dried, and evaporated. Chromatography of



200 78 129 C (inventive) 305 110 65 67 175 [0075]As is apparent from

the resul tyeRb7/iQkiH 1 n the Table, Polishing Conposition ger/us2006/012196
contai ning 100 ppm of penta(ethyl ene glycol)

benzotriazol e- 5- carboxyl ate showed an approxi mately 32% decrease in
di shing on 100 umtrenches, approxi mateby 52% decrease in dishing on

10 um tr edehesducaier SREY X LR $9nEBMOAE REBFHREe LNoRICR! Pikn %av@%lilede as
conpared to Poglishing Conposition B containing benzotriazole.
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di shing on 100 urn trenches, appro@mWZGB% decrease in dishing on
10 umtrenches, and approxi mately 84% decrease in erosion of oxide as
conpar ed {¥60he ddifsxempleciepessiratesiihe preparatioBmfp oifictant cdnpridiestsvo azole

bt er ned hr s chRi el b BinitieBRIAP gRRSh BB i PP Wy hoea

t hrough t f¥970ke gl aamjpbire shinathaosnifass 4did(200 mIdaad nikarimen wkidb (41heg,

I nventiong 4, mole) was added benzotriazole-5-carboxylic acid (40.0 g, 0.25 mole) and
pentaethylene glycol (20.0 g, 0.08 mole). The mixture was stirred at 90° C for 60 min and
then cooled. The mixture was partitioned between water and chloroform, and the aqueous
layer was further extracted with chloroform. The combined organic extracts were washed
with aqueous sodium bicarbonate, dried, and evaporated. Chromatography of the residue
over silica gel using 2% methanol — methylene chloride as eluent gave the title compound
(20.0 g) as an oil. The structure was supported by "H NMR.

EXAMPLE 3
'[007 1] This example shows the effect on dishing and erosion in the polishing of a
copper-containing substrate resulting from addition of a surfactant comprising at least one
azole group to a polishing composition in accordance with the invention.
[0072] Similar substrates comprising copper deposited on a tantalum-coated patterned
silicon oxide substrate were used as the test substrates. The patterns on the substrates
comprised two trench widths, 100 pm and 10 pm. The polishing experiments were
performed in two phases, with the first phase performed at 10.3 kPa (1.5 psi) downforce
pressure of the substrate against the polishing pad for a first duration of time (Phase 1), and
the second phase performed at 6.9 kPa (1 psi) downforce pressure of the substrate against
the polishing pad for a second duration of time (Phase 2). The polishing experiments
involved use of an Applied Materials Mirra polishing tool at a 103 rpm platen speed, a 97
rpm carrier speed, a constant polishing composition flow rate, and use of in-situ
conditioning of a hard polyurethane CMP pad.
{0073]  The substrates were polished with different polishing compositions
(Compositions A, B, and C). Each of Polishing Compositions A-C comprised 1.0 wt.% of
tartaric acid, 0.1 wt.% of polyacrylic acid, 500 ppm of 1,2,4-triazole, 1.9 wt.% of fumed
alumina, 1.0 wt.% of hydrogen peroxide, and 0.3 wt.% of ammonium hydroxide in
deionized water at a pH of 8.1. Polishing Composition B further contained 100 ppm of



21 CLAIMS 1. A chemical - mechani cal polishing system conprising: (a) a
pol i shing GRypRAgNs1sel ected fromthe group consisting of wPRh&di1EBs
pad, an abrasive, and a conbi nation thereof, (b) a surfactant
conprising at |east one azole group having a polyner chain attached
thereto, wherein the surfactant is not zpolyvinylim dazol e and wher ei n

the surf a%mtrldz’eﬁ§arialqioli§l@iﬁ§ Uoﬁ@oﬁbi@d € Gurtif®h &ﬁataﬁﬁéﬂuﬂ% %ﬁﬂ’&@t
am de and gr oups aliquid carrier. 'S

syst em of 31"8&’??‘1”’“%8?& ?’PTP%)laéﬁ (thféﬁ%ucbﬂ@?@ﬂmkel)gr oup | s sel ected
fromthe goeup qu@ﬁlbﬁlﬁﬂgﬂﬂ;e QF thb pllistidd do?ré»%lﬁonsldxghlggta{ %a@ﬁ 8k e two trench
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A (control) 600 300 400 83 138
B (comparative) | 450 230’ 200 78 129
C (inventive) 305 110 65 67 175

[0075] As is apparent from the results set forth in the Table, Polishing Composition C
containing 100 ppm of penta(ethylene glycol) benzotriazole-5-carboxylate showed an
approximately 32% decrease in dishing on 100 pm trenches, approximately 52% decrease
in dishing on 10 pm trenches, and approximately 68% decrease in erosion of oxide as
compared to Polishing Composition B containing benzotriazole. Polishing Composition C
showed an approximately 49% decrease in dishing on 100 pm trenches, approximately 63%
decrease in dishing on 10 pm trenches, and approximately 84% decrease in erosion of oxide
as compared to the control composition, i.e., Composition A. These results demonstrate
that dishing and erosion of copper-containing patterned silicon oxide substrates can be

substantially reduced through the use of a polishing composition in accordance with the

mvention.



(iii) abrading at |east a portion of the substrate to polish the
substrate. 4. The nmethod of claim3, wherein the at |east one
azole group is selected fromthe group consisting of 1,2,3-triazole,
1,2, 4-tri 3027/1pA8A4zol e, i m dazol e, indazole, tetrazol e, PCT/US2006/012196
benzi m dazol e, benzotriazole, alkylated derivatives thereof, and

conmbi nati ons thereof.

21
CLAIMS
1. A chemical-mechanical polishing system comprising:
(a) a polishing component selected from the group consisting of a

polishing pad, an abrasive, and a combination thereof,

(b) a surfactant comprising at least one azole group having a polymer
chain attached thereto, wherein the surfactant is not
polyvinylimidazole and wherein the surfactant does not comprise
cyclic imide groups or both pendant amide and ester groups, and

© a liquid carrier.

2. The polishing system of claim 1, wherein the at least one azole group is
selected from the group consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imidazole,
indazole, tetrazole, benzimidazole, benzotriazole, alkylated derivatives thereof, and

combinations thereof.

3. A method of chemically-mechanically polishing a substrate, comprising:
(i) contacting a substrate with a polishing system comprising:

(a) apolishing component selected from the group consisting of a
polishing pad, an abrasive, and a combination thereof,

(b) asurfactant comprising at least one azole group, wherein the
surfactant is not polyvinylimidazole and wherein the surfactant
does not comprise cyclic imide groups or both of pendant amide
and ester groups, and

(¢) aliquid carrier,

(i) moving the polishing pad relative to the substrate, and
(iii) abrading at least a portion of the substrate to polish the substrate.
4. The method of claim 3, wherein the at least one azole group is selected
from the group consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imidazole, indazole,

tetrazole, benzimidazole, benzotriazole, alkylated derivatives thereof, and combinations

thereof.



