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[ 0001] This invention pertains to a chem cal - nechani cal polishing system and
a nmethod for polishing a substrate using the same. BACKGROUND OF THE

| NVENTI ON [ 0002] Conpositions and methods for planarizing or polishing the
surface of a substrate, especially for chem cal - mechani cal polishing (CW),
are well known in the art. Polishing conpositions (also known as polishing
slurries) typically contain an abrasive lmaterial in an aqueous sol ution and
are applied to a BOLNAMERDY INHIBHOR$HFORNENHANGEER PMANARIZADIONhi ng pad
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circuit traces on a silicon dioxide substrate is referre to as
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barrier layer, until a planar_ surface that exposes
constant is relatively high, being approximately 3.9 or higher, depending on factors such as
residual moisture content. As a result, the capacitance between the conductive layers is also
relatively high, which in turn limits the speed (frequency) at which a circuit can operate.
Strategies being developed to reduce the capacitance include (1) incorporating metals with
lower resistivity values (e.g., copper), and (2) providing electrical isolation 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 barrier layer, until a planar surface that exposes



2 elevated portions of the silicon dioxide surface is obtained. The vias
and trenches remain filled with electrically conductive copper formng the
circuit interconnects. [0005] Previously, it was believed that the renoval
rate of the copper and the adhesion- pronoting |ayer and/or the diffusion
barrier layer nust both greatly exceed the renoval rate of silicon dioxide
so that polishing effectively stops when el evated portions of the silicon
di oxi de are exposed. The ratio of the redoval rate of copper to the renoval
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contain polyneric surfactants and pio et al nitial Study on
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Slurries" (Materials Research Society Symposium Proceedings, 1996) discloses a slurry that
contains glycerol and abrasive alumina particles. Gutmann et al., "Chemical-Mechanical
Polishing of Copper with Oxide and Polymer Interlevel Dielectrics" (Thin Solid Films,
1995), discloses slurries based on either ammonium hydroxide or nitric acid that may
contain benzotriazole (BTA) as an inhibitor of copper dissolution. Luo et al., "Stabilization
of Alumina Slurry for Chemical-Mechanical Polishing of Copper" (Langmuir, 1996),
discloses alumina-ferric nitrate slurries that contain polymeric surfactants and BTA. Carpio
et al., "Initial Study on Copper CMP Slurry Chemistries" (Thin Solid Films, 1995),
discloses slurries that contain either alumina or silica particles, nitric acid or ammonium
hydroxide, with hydrogen peroxide or potassium permanganate as an oxidizer. While
present day chemical-mechanical polishing systems are capable of removing a copper over-
layer from a silicon dioxide substrate, the systems do not entirely satisfy the rigorous

demands of the semiconductor industry. These requirements can be summarized as follows.



3 First, there is a need for high renoval rates of copper to satisfy

t hroughput demands. Secondly, there nmust be excellent topography uniformty
across the substrate. Finally, the CM nmethod nust m nimze |ocal dishing
and erosion effects to satisfy ever increasing |ithographic demands. [0007]
To this end, copper CWVP conpositions have been devi sed which include
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be apparent fromthe description of the invention provided herein. 4
copper oxidation 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.



BRI EF SUMVARY OF THE | NVENTI ON [ 00101 The invention provides a

chem cal - mechani cal polishing systemconprising (a) a polishing conponent
selected fromthe group consisting of a polishing pad, an abrasive, and a
conbi nation thereof, (b) a surfactant conprising at | east one azol e group,
wherein the surfactant is not polyvinylimdazole and wherein the surfactant
does not conprise cyclic imde groups or both pendant am de and ester

groups, and (c) a liquid carrier. The i hvention further provi des a net hod
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in the l;RUId _carrier. The polishing pad _can be any suitabl e polishing pad,
many of wihepplishingipadrrlative totthesubstrate] ang(81) abrdingntdedste peienivé theny sui t abl e
abrasive,é[l-gsrtral ?Bhﬁl&@%uﬁ9&ﬁ§ive can be natural or synthetic, and can
conpri se dianon e.g., polycrystalline dianond), garnet, glass,

car borundum netal oxi deETAHCED GESCRIPTION, ORAHE NVENKEONThe abr asi ve
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substrate containing at least one copper layer.

[0012] The polishing component is selected from the group consisting of a polishing

pad, an abrasive and the combination of a polishing pad and an abrasive. If an abrasive is

present, the abrasive can be in any suitable form (e.g., abrasive particles). The abrasive can

be fixed on the polishing pad and/or can be in particulate form and suspended in the liquid

carrier. The polishing pad can be any suitable polishing pad, many of which are known in

the art.

[0013] The abrasive can be any suitable abrasive, for example the abrasive can be

natural or synthetic, and can comprise diamond (e.g., polycrystalline diamond), garnet,

glass, carborundum, metal oxide, carbide, nitride, and the like. The abrasive desirably

comprises a metal oxide. Suitable metal oxides include metal oxides selected from the

group consisting of alumina, silica, titania, 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



dianeter) of 20 nmto 500 nm Preferably, the abrasive particles have an
average particle size of 70 nmto 300 nm(e.g., 100 nmto 200 nn). [0014]
When the abrasive is suspended in the liquid carrier (i.e., when the
abrasive is a conponent of the polishing conmposition), any suitable anount
of abrasive can be present in the polishing conposition. Typically, 0.01
w.%or nore (e.g., 0.05 wt.%or nore) abrasive wll be present in the
pol i shing conposition. Mre typically, 091 wt.%or nore abrasive wll be
present i dianfe¢erpof 2Ghmrig SO0 npo Hrefecably, Theeataagvnpartéleabavaesinvay erage pheticle
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over ti mewillibe presemtontiexpolishinglsbmpositiornThoamown ofbbrasive én the potislsngler ed

|1 oidally staple if,  when t brasive is pl ' 10 duat ed
Cylinder SHBPGRTOBmel STl SHiag) furbi rir SHiealy Bl s rrssrd Doydh 22

di f f er encge PELWIRRH dxbEdCOWE20)! PadfeRABly theR@IdunEbLsoradivd ahOpblihiagd0 m  of the
graduated cylinder ((%g] internms of g/m) and the concentration of

parti cl es composigon isf). Bowhto tof2 whib, augt mdrepreferabyy Dddeto(tp TWi%- ter ms of g/ i)

di vi ded b initial trati f | es .in _the.abrasi
compost t 1 SR "¢ R SRR SRotiach ik FeiindeobPSif YT o ¢ (g
[T] }/[Q sgec@ﬁ&]l?/ id iR i di€arfbr dfBhe pdllshirgcodfpokitidl! Wheh thegbratikas or equal

to 0.3, and preferably is less than or equal to 0.1. [0016] The surfactant
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i m dazol es wherein the vinyl group is bonded directly to the im dazole

ring, alt fieghon ae abuasivads eansidesad coblnjsiells stablsibIwhenthe etrasivaisinlaned antolees
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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. A
[0016] The surfactant comprises at least one azole group, wherein the surfactant is not
polyvinylimidazole and wherein the surfactant does not comprise cyclic imide groups or
both pendant amide and ester groups. Polyvinylimidazole includes homopolymers derived
from the polymerization of vinyl-substituted imidazoles wherein the vinyl group is bonded
directly to the imidazole 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



pol yneric backbone. [0017] While not wishing to be bound by any particul ar
theory, it is believe that the surfactant interacts with copper netal
present on the surface of the substrate via the azole group. The
interaction of the azole groups with copper netal serves to inhibit the rate
of oxidation by oxidizing agents that may be present in the CMP system
Further, the polyners to which the azole groups are attached act as steric
barriers to overpolishing of the copper®layer by the action of abrasive
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groups are belie eg]fto act also as anchor points for a protective polyneric
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in pol yacetal s or pol ijlzet als, typrcally at |east two carbon atons will be

posi t i onedf e smaolgnl.2iinislassly gorazele imidagele hindarsle, édragoleabdigrmidarelebe bound

to one o en.atom . Furthernor.e he o]V ma unbranched or

br anched. AN a SRS Rl bt hapl IR b IGPEREY Holtes anc

pol ypr opy lgesifps BaveiRso ordhoRPoxioy hedikbledst ddstatiyir Opy besigo®¥illie copol yner s,
known as pol oxaners and commercially available 7 as the Pluronic famly of

sur f act antchempoally betdedde eheowrfgetant, pad therabepstame rempidmg posiign on the azole

group can be substituted with, for example, hydrogen or with a carbon atom of a functional

group. The azole group is preferably substituted with hydrogen or an alkyl group.
However, the azole group can be substituted with any suitable functional group as in the
non-limiting examples of acyl, alkoxyacyl, aminoacyl, thio, alkylthio, arylthio,
alkylsulfinyl, alkylsulfonyl, arylsulfinyl, arylsulfonyl, acylthio, nitro, amino, alkylamino,
arylamino, phosphoryl, phosphonyl, phosphinyl, and ring-fused derivatives thereof.

[0019] In one embodiment, the surfactant comprises at least one azole group having a
polyether chain attached thereto, wherein the polyether chain contains the repeating ether
linkage -R—-O-R—. Although the carbon atoms of the R groups can be bound to two oxygen
atoms, 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



copol yners thereof may be prepared having any nol ecul ar wei ght and nunber of
nononmers conprising the polynmer chain. The nunber of nononers conprising the
pol yet her can be any suitable nunber but typically will be 3 to 10, 000
(e.g., 10 to 5,000, or 15 to 1,000). [0020] An enbodi ment of a surfactant
conprising one azole group having a polyether chain attached thereto is a
conpound of the formula: Het-X- (CH2CH2O) n{CH2CHR O "R2 wherein Het is a
het er ocycl e sel ect ed fromthe group consi/’sting of 1,2,3-triazole, 1,2,4-
triazol e, asyhaPRloraic |fadalafoifesprfa@amtaszlwthMbnz Dmddsapolymropymmdeazmde and

o AL S s SRETLGRay PEOES Gt B BRERET, 2 O

( CH2) m whef8hdindt b&nﬁxnsmg‘ﬂf%q%'l Rér chaf Th@mu%e@@no%@s cSHpEsARhor a

direct link; mand n are |ntegers fromO0-20 with the proviso that mand n
are not badiyedher@an be agyeswebldunrtembuttypigalbupiltbn3 it 0,090 6f.2.H ®to POWCloo
branched aﬁd t ght chain al kyl and al kenyl; and R2 is selected fromthe
group cons i n@ 'of H, Cl-Cl O branched and straight chain al kyl and

al kenyl, g002073- ClAQ ényJdaabeof a shidfdddt cEB@nE'ﬁE%h@ﬁi’(ﬂk grcﬁ@mabﬁlgcaﬁﬂm'é%@ér' y
bonded to the polyether chain either directly via a chem cal "bond between a
carbon or dhatrasgeredsthenioos amhmmméeﬂby&mmlau ng and a carbon atom of the

pol yet her chain, or via an | C oup selected from the
group consisting of froml t '5 gzeﬁﬁé@d&ﬁ (;fﬂﬁg(%g en atom an acyl oxy
group, a NI :hbiétet@&?él@sel@d’tecﬁfrbﬁdﬁ@?ﬁb@bQﬁhmﬁﬁw1 MWBeFigid, 1 {me4-
internmediary connecting group is chemcally bonded to ring at om of the

het er ocycltirlézcé%cnypazopoomla}olfrﬁetrweyé@m?emldaﬂ@lﬁnb@gonr@mle,s@dtaélevlaiydt he parti al

fornul a aho ner.,,of ne oxide in
i oh G R Rl Bpn G X o SR A S R BB T ot o
R is methro naQJ)IKWhlch/\RQIaﬁldfthﬁietérécﬁ@é eCisqCH, J,0Whérbim @NoaPintREbSTSNg Of

H and Cl-Cl O branched and strai ght chain alkyl and al kenyl, or can be a

copol ymer ch(e‘tQ)QL el O kHaeHaRdoms dipset Enle N8 ats lnmgkvlféﬁé 003 with theonomrer s,
wher el n n;% BBl & Jﬁgit eaqgrng ﬂ;cgt B R #2 eY@cﬁ}Q f}orﬁ?tlf%r%?&!rlpzl Sr{sﬂﬂhg %ﬁ&q d(}:l ‘g) O”Ot

both 0, a erern IS se edfromt rou
branched asanched aad ghtigiaithhin a&ilb}i)ﬁhd andnyll éﬁﬁnw is salredtedliﬁroﬁl ﬁﬁecgy@ip)@inktshng The
copol yner can be a random copolyner, alterpati n? copol periodic

copol ymer ,ofgi, &jkcm@pﬂcwﬁb?n(t%m@ﬁht chan alighand allsenyleand Gs; grcé(FILOa%bol ymer, or
cont, onelygay, 2yt B9RALB A5L RO RPS SRl G LSRR SRR
the pol yacyiy hah@n@bmdmdmn»@nm&atm dre@ddenam of the heterocyclic ring and a
carbon atom of the polyether chain, or via an intermediary connecting group selected from
the group consisting of from 1 to 5 carbon atoms, an oxygen atom, an acyloxy group, a
hydroxymethyl group, or a hydroxyethyl group, wherein the intermediary connecting group
is chemically bonded to a ring atom of the heterocyclic group.
[0022] The polyether chain as represented by the partial formula
(CH,CH,0)m(CH,CHR'0),R? can be a homopolymer of ethylene oxide in which R! is H, a
homopolymer of propylene oxide or alkylene oxide in which R' is methyl or alkyl, wherein
R' is selected from the group consisting of H and C;-Cjo branched and straight chain alkyl
and alkenyl,'or can be a copolymer of ethylene oxide and propylene oxide or alkylene oxide
monomers, wherein m and n are integers from 0-20 with the proviso that m and n are not
both 0, and wherein R? is selected from the group consisting of H, C;-C( branched and
straight chain alkyl and alkenyl, and C3-Cj cycloalkyl. The copolymer can be a random
copolymer, alternating copolymer, periodic copolymer, block copolymer (e.g., AB, ABA,

ABC, etc.), graft copolymer, or comb copolymer.



unit -CH2CHR(OOOH) - wherein the Rgroup is typically Hor nethyl. The
nunber of nononers conprising the polyacrylate chain can be any suitable
nunber but typically will be 5 to 10,000 (e.g., 10 to 5,000, or 15 to
1,000). [0024] In another enbodinent, the surfactant conprises at |east one
azol e group having a polyam ne chain attached thereto. In this context,
polyam ne refers to a polyner containing a repeating am ne |inkage

-RNR -R. A preferred exanple of a polya&m ne conprises repeat units of
pol yet hyl el823ti ne In Fygsheraimbpdimeritythe ytfastant compasearak leasttonkianelargroupdwauge of

the formation of reacgtiv econda m nes during,th ol ri zation .process
whi ch f ur theFEdaE Sipinatag i BrraionRgel s 2o hgow A ik RyRrains e fpeating

pol yet hyl egifm 0, CHRI(QOOOH 0% Rireth the Rf BbueH tPHBARI MR ncdhyl 2 The hiAGEAsH
conprising at |east one azole group having a pol'yam ne chain attached

t her et 0 i smprqness epmnprsiby thetolyasrylaie ghaipisan be afyCr@@bizNRBIber Rt trpisaldy wilHet i s

a heterocycleg, s ted from.t r C isting of 1,2,3-triazole, 1,2,4-
triazole, %@fg’z@’@fo (igrgi"olgzt8lse®%i’ ﬁrdgiﬁ)l 1e_§)(ﬂ$'et razol e, benzi m dazol e, and
benzotri azpog4] chenbkhdrentoanfeht! e Xurfictan® c6BPRAR a8 leafd ik azble ghQlpHaaaC! e
or a nitrogen atomwhich is art of the heterocycle; Xis selected fromthe

group consd pelyamingichgigEttpehedtibgreton Inrthiscentext; prlxageine odfers-t6 a pRiymer( =0O) NH,
CH2NH, CH2CH2NH irect link: ni i f 1~ 20: is H
(O D CHoNFE TR retaing Shine e R SR AL oA ETFagd S Ehapdaisi’ hnd
p is an i ndRgsisePlepdat AnitdBflpsideth§lefdihfed. €Oy pidadiy) ﬁgdlseetﬁy@ﬁanﬁ%sd@h&nﬁle@[f H,

Cl-Clo branched and straight chain al kyl and al enyl, and C3-C o
cycl oal ky| becp@e 26 thetiemptéanerigesative secondye asHees diainghoprisagrizaiontsogsss yami ne

of t he. het psh YAk e il s SRR IR RE AL AR RPRaTTenliie SR, T2

an inter ne@o2s]y coanpretdried@nodiiiers of @ slugsttdnt 06 ptisiag 8f el opeAsdlsgidwy of 1 to
5 carbon atonms, a nitrogen atom an acylam no group, an am nonethyl group,

and an ami hyingapolygreine chanaftacheditheretons eprasemtad by esnfeemilang group i s

chem cally bonded to a ring ato f A eygdic group. [0027] As noted

above, pol yethyl enei m nes typi cgi?{/)(ta:@ fegle@ﬁe%ﬁw th am noet hyl groups

attached twh&eiaddad y heteiocpele Beladtodronf the Boup@bysisting efe2 Bitrigzotd1di2)4- The
am noet hyl groups can in turn be further substituted with one or nore

ani noet hy| trigeleypyrazolgs & idarelg) ipdazolte tetiszele) kengioMd@PnREY berptidazolimasses
et St v\ B GO TLBES 4 BRIt BB LA B0, 1
pol yet hyl efet ofithe€Betaroeydv;aX ligdul e tealofifare tigd @bliy carisistihperf \CHE), wihtaéin hdisen
VA ng e s KA O R N or direat itk 16 an integet flom 1~ O
20;R*isHor (CHZCHzNHRsz)p wherein R is a C;-Cs branched and straight chain alkyl
and p is an integer of 1-5; and R* is selected from the group consisting of H, C;-Co
branched and straight chain alkyl and alkenyl, and C;-Cyg 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 rﬁtrogen 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] As noted 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 (CH2CH2NR3),,R4 encompasses linear and branched

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



incorporation into the surfactants of the invention. The pol yethyl enei m nes
can be further nodified by additional reaction, e.g., nethylation or

et hoxyl ation. [0028] In another enbodi nent, the surfactant can conprise two
azol e groups, as represented by the formula: Het'-X- (CH2CHR6Z)"--Y-Herz
wherein Het' and Het2 are independently selected fromthe group consisting
of 1,2,3- triazole, 1,2,4-triazole, pyrazole, imdazole, indazole,

tetrazol e, benzimi dazole, and benzotria2ole wherein Het' is chenically
bonded t o s¥bstitatiddetManwdiffeemt palycthylvaniniedest ave ¥vailabk conmaerbntly at oﬂneoizisé he

het er ocycl r a nitrogen at i.ch | ar.t .of the heterocycl

(CH2) m \méﬁ@%@vrnvrrgl%rr%ﬂﬁréagﬁa%&g an sricm@)lazﬁl ch Bie s ltslreir £t Ilnk n
is an int eg&drporhfi®Mnlo #e;sufffcthits ate{h%qﬁ&e%u&ﬁ 01i"h$ p&tyéth léHelﬁﬁﬁ'és' &hivRGuRherH
G-Co branched and straight chain alkyl and, whén s N, (CHZCHZNR?Z)m

wher ei n Rimpdified b)ladiﬁtlme’émmedn@rgi wethalagbn octthoxrylatmmyl and mis an integer
of 1-5; Y er ei i S def.i ned above =0 , a_ direct Ilink;
and 215 dORRBINR e oy ot e RSB SGHsF O 8 E51P PSanot her
enbodi mente I%Eg:ﬁteﬂ%}fﬁ@tf@ﬂ{ul@an corrprr se a polyner conprising three or nore
azol e gr oups as a honopol ymer or as a copoI%/rrer further conpri sing

non- azol e- cont ai ni ng nononer sHet%(!élﬂiQHR Me-Ypdlether will conprise 50% or

| ess of noD rLisin 0 ups 40% or |ess 0% or
| ag) . ancHirEn ety asre el dndien dealty ReEe Boft e B ion 88 1531506 o
l'ess, or ]tﬁaﬂ@d?é 11 283niaRfe, FOROIR! iAW, ikdaldle 22 RAR e, BeRHRSdar VR AR n the
proportion of nondners is determ ned on either a wei ght basis or a nolar

basi s. Thebenzotriazad¢ whewin Heniinghemierdlydosdedhto %encéHyt gstheabikaly bonded to Y

non- azol e- conta ni Preferred no cont a

el ude. acioR serbgh A ST REREisyele O §iniiech &t §M S PRI HedtiafRRRRF X ano
equi val entjg (@Hﬁﬁ&vﬂ{erelﬁ 9(9?3% ife el 14T, CQGO?ZJQI‘HP{Z 9€a Airb& MRS h &4 arC AR SI NY
nononers conprisin | east one dicarboxylic acid and at | east one diol,

wher ei n t Heomtl-20e RS tis mlmstqsﬂr frem itlgrionp cmsrs@ngnﬁ}bﬁr Gib btanclmmdmlgbtdlaen

O RS e By CAPRBR n eit B B4 6P R s tne P ARAERR 8hein, | e

pol yneric allb}ﬁl%ri@ﬁf‘ﬁ aheﬁtu dri dfd -§;rom (1B nf@ﬁ&leﬂﬂhh@ﬁ's wﬁrréarab@oeyb(ﬁowrd groups
groups. [0031] Any sui tabl e di carboxylic acid or diol

and hydro

conpri si nq}/mbllllﬁ Qﬁ@@psoc%rrNBe Whemmeéﬁr@tm@VIDlmlbd@'lrﬁdl yester surfactant of
t he i nvent ¢ tached to the,dicarbox acid or
ol i 908l naf AERIE HeBRTer e SEEREER EDE B IR PGS ER R e S

Wi th ring ¢aideasolegrouphds élhbih@ﬁ@l@ﬁleﬁf)r ztsrheco@z;ginear f@ﬁhdrr&bmwbmgmbﬁramdl ate

oGl S onmmmnemagomers. Typically. the polymer will comprice 50% or 155 of monomers o O
comprising azole groups (e.g., 40% or less, or 30% or less), and preferably the polymer will
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



azol e groups. A preferred dicarboxylic acid-containing azole is
1,2,3-triazole-4,5- dicarboxlic acid. [0032] The pol ynmer can conprise a

pol yam de conpri si ng nononers conprising at |east one dicarboxylic acid and
at | east one diam ne, wherein the at |east one dicarboxylic acid and/or

di ol conprises azole groups. A polyamde in the context of the invention is
a condensation pol yner between dicarboxglic aci ds and di am nes conpri sing
ani de groups resulting fromthe conbinatd on of carboxylic acid groups and
anm ne gr oupsads Bithtralglcerbods onribg rittogensaafi this azodeypr tlsdugh mtoedigteiopseadtimg be as

Chr ee or | AR ABPEE BlEOLE FRLI arort e A ameke Byt PoieatBTEnes ho®
i nvention gz8frsupsO A pra@afedRidrB®iyEic GORIROnfikIAg afi1é [ORB-tkiRzd18.4, ol yner

backbone that are not derived from ethyl enei m ne nononers and that have two
or nore nidieashdicacshs. Exanpl es of pol yanmines include but are not |inited

to 1, 3-di aghpapropane, .. sperm di ne. and,sperm ne. .[.0034] | n anat her

enbodt mendIV3Fle. po1s e e B f Ul PRTOE bokRerne Tohomgrs Rprfae a
Conponent 1éast SnS @ik fbbLHid dcrMAd AR 18806 difffiesWhér@intthe ahRaflonB@ic@rtRgII@r oups
selected frominitiator fragnents, chain.transfer fragnents, sol vent

f r agment s, acghanddardioleampoises azoleegrewps. 4 pol3amidegnplseantexpof thednwantipndya j s at
| east one et hyl eni cal,l nsaturate noner. of ..the formula .

et - w CrpSep R RO e PR BbERo PR B gishDRe eitisths i errmgr oup
consi sti ngeQfitidg fod-thé t@EBIngtionlo Zoafbdxiyliaaeltl groupy had Binthe grah'd@batzszﬁtablei ndazol e,
tetrazol e, benzi m dazol e, and benzotriazole chem cally bonded to Wvia a

carbon at alitasboxyhie acids campt§iog azeJe SeouRp £33 Bt BihikIein. i s part of the
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R8 is H or -C10 ed "an rai ain a and R10

are i ndepeTiasin Ypsgdmsicbeth fhe eohteRiofGhoinRettvhseferd 0ddimRbr pblyfersGothprigingnched
and straight chain alkyl and al kenyl, C3-ClO c¥cl oal kyl, and C6-CI O aryl;
with the 1piresangs thenpalymer barbongrihatrrenetrdsrined irpmj sthdpagimiemomeys apd ent .

of the foTmirL tg pEmPRiEbast bl HiRRpEF aPih e el AP Reger iR ot
consi st i ngoqf3-HamiHoprépdne ypenaidat, amtlspetmmeght chain al kyl and al kenyl,

C3-C O cycl oal kyl , and Het-Wwherein Het and Ware as defined above; R12
and R13 arl8034deplnenathargmhedisasnidhe polrmeneompiaies chemical campgpents 44B.end cs

o erched Sty iy SIPRACHIH |E s AR | g
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[0035] Component B is absent or is at least one ethylenically unsaturated monomer of
the formula Het-W-CR®=C(R%)(R'°), wherein Het is a heterocycle selected from the group
consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imidazole, indazole, tetrazole,
benzimidazole, and benzotriazole chemically bonded to W via a carbon atom of the
heterocycle or a nitrogen atom which is part of the heterocycle; W is (CH;), wherein n is an
integer of 1-10 or a direct link; R®is H or C;-C;o branched and straight chain alkyl and
alkenyl; R’ and R" are independently selected from the group consisting of H, C;-Cyg
branched and straight chain alkyl and alkenyl, C;3-Cyg cycloalkyl, and Cs-C g aryl; with the
proviso that R® R’, and R' are not H if component C is absent.
[0036] Component C is absent or includes an ethylenically unsaturated group of the
formula CHR'")=C(R'*)(R"), wherein R!! is selected from the group consisting of H, C;-
Cjo branched and straight chain alkyl and alkenyl, C;-C 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



wherein R16 and R17 are independently H, C -C o branched and straight chain
al kyl, CN, or taken together forma 5-nenbered or 6-nenbered ring
structure. [00371 At |east one of B and C conprises a heterocycle as defined
herein. [00381 Conponent A includes any initiator fragnment derived from any
initiator useful in initiating free radical polynerization. Such initiator
fragnments include but are not limted to peroxyesters (such as
t-butylperbenzoate,}-anylperoxybenzoate,lLbutyIperoxy-2- ethylhgganoate,
but yI per aqdeayleCORA", an fiey- W evherejmHeeand Woirdps definetlehoyse vdrdeR (isdkh as di -

t-butyl " di i deand. t - but yl | i dey, . di acyl id
S e Gy e T e R R T L
hydr oper oxiktesin gkt RY se1ifBSendoidly HPE|-0X) Blan@ied ahd bhightordingRyioRNdS) . azo

conpounds (such as azonitriles), azaam dines, and cyclic azaam di nes.
[ 00391 Cortpmdpgetherifom aSrmembengd o5 6 fraembstedhiin@ steyrdurgr oups resul ting from

any chain nsf gr . agent d jh cont.rol | the nol ecul ar wei ght of a free
radi cal polpg ri zatil%l Lone ﬁ%ﬁ‘gc8W8flﬁestarh§£esg?cé’r°?eaa§‘edﬁ$’l geﬁll ﬁ%rleﬁlde but are not
limted tqoedgjoholCeampahditiA piathdes ampinitiatorifiigalent dérved! frdrh appliadi/ss usef in
phosphi ni ¢ acids, al kyl phosphinic acids, hypophosphites, al dehydes,

f or mat es, BitRYNE FHee radical pelmerzatian. ushdritiater Bagmends inchidgdwbarg i@t Liplited & .
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het er ocyclethylBexafifté, ity Ip&rasitite ahd trpayiitoxnaddic hddy vnilhgpéreridedisuch ¥adil et y
of nethods known to produce olefins fromsuitable precursors, e.g., via
Wttig redctutdpgrosideigunylpewxyie audtdybdcunylpegpxidel dinswkpgraxites ,(Suégiaﬁn' nati on
of halide ihd- I i m i f al I ket al s,
and the | EEISBEEHE EBToEt kBt BT R Ror AT ATEA S cufiflc 1
group as Hdfdpeaskiddmnda-utgdhudtepdrokiday, azaedmpdumids &lich @s azonitriles),
1-vinyl-1,2,3-triazole, which is described in Heterocyclic Comrunications,
8(1): 61 (Zeeapidingapngdicyglic pzaamidingsazol es such as are disclosed in U S

Patent 6, 7, 38. i RGl [ -
rononers’ dutinai (HHShd: g FRAISP e el R eMAfSle Shirbhibs Sl Baall bt
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het erocycli ¢ group, i ncl ude but, are not limted to (neth)acryljc nononers
(such as (YBehles aly|tra@S§EP%EntWPWF bptaze Hytale:mgtﬁa@ea}cohﬁiﬁda@x@%@&rﬁ%@? yl at e,
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(et h) acr ydlddhgdesh fatmaiepedliyll halitded, bpdalkyl abmatieswichydtobxenprandxlylenes.

(reth) acryhgid)  eyelic. anhyfl deg such as L el g aniydr] dey anhydr) des
As noted above, at least one of Components B and C must comprise a heterocycle as
defined herein. Component B can be synthesized by a variety of methods known to produce
olefins from suitable precursors, e.g., via Wittig reactions on aldehydes or ketones, aldol
condensations, elimination of halides, acid-catalyzed elimination of alcohols from acetals
and ketals, and the like. Examples of suitable components comprising a heterocyclic group
as defined above include but are not limited to 1-vinyl-1,2,3-triazole, which is described in
Heterocyclic Communications, 8(1):61 (2002), and vinyl benzotriazoles such as are
disclosed in U.S. Patent 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, isodecyl



4-enyl tetrahydrophthalic anhydride; ol efins such as ethyl ene, propylene,
butyl ene, isobutylene, di-isobutylene, and al pha-olefins (such as a

1- butene, 1-octene, and 1l-decene); styrene; substituted styrenes (such as
al pha- nmet hyl styrene, al pha-nethyl styrene, 4- hydroxystyrene, and styrene
sul fonic acid); butadiene; vinyl esters such as vinyl acetate, vinyl
butyrate and other vinyl esters; vinyl nononers such as vinyl chloride,
vinylidene chloride, and vinyl ethers (Buch as nmethyl vinyl ether, ethyl

vi nyl et hgmetlpaaplate, iydrpkyahyldmeth)berylate, andlyydrexypeopyl dmeth)aoplatey; cyeliay |
ether); allyl ether such. as . allyl ether, allyl.ethyl ether, | I yl, butyl
cthor . al I3 dridRE Sigh Smmele Snifirde piftvaeiden Saeh Hs oA emeice anfieotsny |
ethers sucfienydgetihidiopRhaie %H}‘ai‘iklé;ftfléﬁ}iﬁ)éhﬁﬁ e thPERe hraytenEebitgiyet hoxy vi nyl

ether; N-vinyl amdes such as vinylformam de and vi nyl’acef ani de;” stil bene;
di vi nyl bescheitydene deishhatylent,qamdddrda-olef (Gunbtas paebytbmmiltodténe, ankhe-deseepf t he

t "(nmeth)" follawed b her t h | at | ani de,
used t hr oUDHERR: Y AGrLEYS0E Goch &1 PE-eniLigreab el Ee P dfrds, o
respecti VQ{T}bgrox%&y%le,l an’ﬂssti@?@ﬁﬁfo\{ﬁ@écﬁ’c’f); BlitadBAD A6y L:aeiis@ﬁélla ad Piapeikiawe! V.

[0042] Preferréd exanpl es of conponent C conprise an.etgéeenlcally
unsat ur at exdnyrbotysate ehd pHher ¥ioy hesters;ChRMInea(ers ichRs 3inyl whleride,rvimylidese

| ected f he gr. i St | f H.Cl-C .anched and st.raight chai
i ky! - and ity R R b ORe By e eV RISTRS. SERAUREARY: R
is as defigigd v eiler, aad tkobhisi Qinyl Bhar)i eﬂlyffgih@%t(ﬁﬁzhfdsgﬂyl HfelgalHRthyd efkst St i ng

of H, Cl1-C5 branched and straight chain alkyl, phenyl, and substituted
phenyl . [2004BtyEstherphléd ghfcigil ethsr.rand aHpheankaxy etlnd ethsmpetheny vioyheters such

conprising a.heterocyclic,ar i ngl ud thyacrylic,acid,. nethyl.
(ot h) acr sreaimr RS eRy e B fer sl math b BeLiingt 88kr oy T Hides
2- hydr oxy pfuelP¥d viagHotnntide Bt VinylacoBieasalpérmt Qivind BbMenbeMdth)acrylamides;
(meth)acrylate, decyl (neth)acrylate, |auryl { th)acrylate, isodecyl

nme
(ot h) acr s wettigatlomyaich e proohyrasemyt Heth)allondrmusapprispgarm such o

het or boyel 101GF 8RR SRR 0 BEBBIRE = e FATES biBelrpinesu

NDNOMEr S  QksHzefiRey @B twell dsmRsthautyTaRb by methdBSidndined, krespecthepl.es. For exanpl e,
the Wttig reaction of aldehéde-substltuted azoles (e.g., 1imdazole

4- car boxal [8843lde) Puifened |af sepppeneny Cesoanrise ph s hylgmigadly hosawatedigpyowed

by hydrol ysi f t I | ti pop, &aryl | jd.esters Je -

azol e- subs@tﬁﬁﬁﬁupﬁgﬁbe?(}?e?g&,)’ wh%rg@%i & S@filzeic(lif)d. flr(glgcrg’% %r?)up F 3?1S§Sft1(51|gr%gt i ons
will be rgad)-g apadhedbnd graghe chhinalldil aad ykeii) dndi @s-ClhgcRatkyl, Iwher¢ 0451 | n
anot her enbgdi nent,..t he mer conprises a hydrophil.i ymer or

| |
copol yner Riis G@pr‘wabgneg\?&% iivascafined herist, andvbergin RJ& i%s%é’wf Eemrbeigonni | i c
pol ymer Orcong;lgt?% TR /8, BraROl i dnd%traBhEARR atcFObN Y1 Yahd 3LERHRRE pRISES to a

pol ymer forna
[0043] Examples of preferred monomers for component C not comprising a

heterocyclic group include (meth)acrylic acid, methyl (meth)acrylate,
hydroxy(meth)acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl acrylate, butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate, decyl (meth)acrylate, lauryl (meth)acrylate,
isodecyl (meth)acrylate, hydroxyethyl (meth)acrylate, and hydroxypropyl (meth)acrylate.
[0044) As noted above, component C can comprise a heterocyclic group. Many
synthetic methods exist to prepare substituted monomers of component C from suitably
functionalized azoles. For example, the Wittig reaction of aldehyde-substituted azoles (e.g.,
imidazole 4-carboxaldehyde) with (carboalkoxymethylene)triphenylphosphoranes followed
by hydrolysis of the resulting acrylic acid esters leads to azole-substituted acrylates (e.g.,
urocanic acid). Similar transformations will be readily apparent to one of ordinary skill in

the art.



conpri sing hydroxyethyl repeating units derived from polynerization of vinyl
acetate followed by conplete or partial hydrolysis of the acetate groups,
and is available in a range of nolecular weights. The secondary hydroxyl
groups of polyvinyl alcohol can be esterified with acid chlorides or acid
anhydri des conprising azole groups to yield azole- functionalized polyvinyl
al cohol s. For exanple, the acid chloride or other suitable reactive acyl
derivative such as a m xed anhydride of Benzotri azol e- 5- carboxylic acid can
be react ed004§]t h poanphengmbadimasng the polpmdcmepreseberhxdmphdmdzymmtu onal i zed
pol yvi nyl esterifi.cation reaction t.hos
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carbanmate esters. The hydroxyl groups of ponV|n¥ cohol can further be
converted qommsm@éwdr@ywy} rneatingrinip derivadi from pelyamesizatienel vinviasgtatel dehydes.
O her var e f zol e
or oUps W lfpﬁ% @y éor{lgll%& or F?%H?atl b%}%lyjsi?s%tf'tlfenac%%mogrloﬁﬁﬁ EX({l rsaa!v%fi{lﬁl: a!ﬁg?o 0461
I n addi ti ot nidlequddrywaights. The §aaohddry ay@mmrgrsupsg)ﬂ@ndz@m alwhelrmwel | C groups
conprising azoles, the azole group can conprise at least a part of the

pol ymeri ¢ asiEikied math ackhchdaridasios 2¢il aphydsidshemPrsing aFele Zeupe §dx/lelslea@ﬁ le-

nent i oned, r
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| east one RyDderivetivifuchan ameaixed ahydside bﬁbdreotﬂmblecsuéaabomghid caii)bplrwtddy,

t he surfactant corrprl SI ng at | east  one azol e group have a . nol ecul ar
wei ght of Vitlopolgyinkisl tqyprodyesonb womz@le-fwct@e@l@zeérpoml@)l aloohek Hthen v,

e ght o HQ00Y B @?5 Hlac FRT B TR B Qs KRBT (505

The sur f acdagdtihaes,pith siedgo gﬁeld lﬁﬂymemmraﬂmhte egiesldaith icpammssns form t he CWP
system partl cularly the poli

ositio thereof an ui tabl e
anount . Fowubstgigdsp amﬁweesm .ﬂrﬁqgw P P PP WHV\:%W}W&%‘N%M%@&@ 0. 005
W . % or m oﬁvér?edQnto aQ ol )?I P%ct%)nt@itl{’s%bf@azé gfatnﬁﬂé afﬁ@ﬁfr&eg@tﬂ&l&e wei ght of

the liquid carrier an conponents di sso erein.

Pr ef er abl wariatiensfot ihe ffhmglom]mzmsh folf pﬂlycmybﬁlcdﬂﬂ withG2d ke gmﬂps%/ﬂkbe]reaml)%
(e.g., 0.01 wvt.%to 0.5 w urfactant. [00491 The CWP systemoptionally
further chB@F@é@Q&eﬁﬁﬁﬁgmﬁysbiﬂal@? one or nore conponents of a neta

| ayer co $41N9 i
conpri si Egmco perﬁgan nfgﬂ%lsw ta%"{rfe%tr?gfe%r?g hQﬁh ?lez{z}?h%rdhgm %I%f}pﬁ ayer,
whi ch i nclaotigsisingragolekhehe azsdle group leyis cmabrimaﬁﬂast d paraoﬁlldE’psgbmtemmhablehondoes

not |nvolve el ectro pol.i shi referabl t he means for, oxidizing
the netal MAEAMEE Oﬁ%@nﬁ%damemaa. kﬁ%g Q%Htenﬂon . €.g., polyesters and

polyamides comprising 1,2,3-triazole-4,5-dicarboxylic acid.

[0047] The surfactant comprising at least one azole group can have any suitable
molecular weight. Typically, the surfactant comprising at least one azole group will have a
molecular weight of 1000 or more (e.g., 2000 or more, or 5000 or more). Preferably, the
surfactant comprising at least one azole group will have a molecular weight of 100000 or
less (e.g., 50000 or less, or 10000 or less).

[0048] The surfactant 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
wt.% 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.%) sﬁrfactant.

[0049] The CMP system optionally further comprises a means of oxidizing one or more

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



In a CWP systeminvol ving el ectrochem cal polishing, preferably the neans
for oxidizing the substrate conprises a device for applying a tine-varying
potential (e.g., anodic potential) to the substrate conprising the netal

| ayer (e.g., electronic potentiostat). [00501 The chem cal oxidizing agent
can be any suitable oxidizing agent. Suitable oxidizing agents include

i norgani ¢ and organi c per-conpounds, bronmates, nitrates, chlorates,
chromates, iodates, iron and copper salt® (e.g., nitrates, sulfates, EDTA
sal ts, and:omprnsmtoepper caabe aaﬁsmltabMemdmsmmdmmgrthé aietarbiaydeswl(leh cludesm um

t et raoxi de ot as ferricyanid ot assi um di chr omat e, ic acid, and
t_he ! i ke. Jﬂyﬁg?m%ﬁ‘b‘d{]{iﬁcﬁ%e fi %?M%Yﬁtm desaph dipdvscel Qﬂ%@?ﬁ%‘&!ca
Di cti onar yolikRing nﬁ@fman@le F‘%}'d&mlﬁhg lttféaxﬁi&tgﬁlﬁg%r%’ﬁg Homicdl &Halzfnég 2entO )

or a conpound contai niig an el enent oxi dat'ion st at
Exanpl es dh ac(dV(Bcwstdm iswivagrlagoehienied poliseg, pecforaplygthe upeans &irwdelitiog ar e

not limte dr ogen per oxi Jts adducts such as urea hydrogen
e oxi de. A b COBRERE2: deviie R EP B ST LA PO ALy iR ox o,

peracetic ;ﬁﬁér@lagﬁ‘@%e@ubhﬁﬁé c&ﬂﬁﬁfém ﬁl%(?ffét&iehyer gg.?@ﬁﬁt?éﬂl? BbRASPEP2 ) -

di persul fates (S2082 ), and sodi unt peroxid les o conpounds
cont ai ni nd08sd]el e?fbﬂthenuncaltcmdlzglgegent@an haany)sui’abhtceudimmgmgentblStultable not

limted to eriodic acluglg Igerlodat sal ts, erbro aC|d er bromat e
salts, perTHIIBNEASeYs helugsingregne pr orgapic per- %‘PB‘BH einates FBGPate salts,

and per mr&%}%@%hromesomdat@ @&ﬁgﬁwp & gfierap! Hltﬂa§s MYEfeQIEDTRELRK M8
di persul fate, or iodate. The system (particularly the polishing

conposi ti mffatcg)pnacca@dlﬂn andripanpisies n@td owtdesda.o, Qﬁnm‘%ré@uge), p@askiwm . % to 10
w.% 0.5 .% .to 8 wt..% .,.or 1 .%1t0.5 w,. 0 | |2|n

the vei ght'SBIoPHES RO TLFRromale. g 8ig o8y arsEgnatgads $1BEnded
therein. [R0%kHeyo€od8MIseS th@ﬁnc%PBhdﬁoﬁﬁlryB isrmco\ﬁﬁso\aha goﬂ@ﬁﬁﬁg at3bast Ond fﬁﬁox
substrate c¢an be any suitable such device. The nmeans for oxidizing the

substrat e grogf (ef(é-bOy) ovapeinpesndcadiamiog an tlsmeapipl its hlghat dxidstionxtatent i al

, t t f the. .pal.ishi
i appl 2 gt shirpuRBona T atfeist i Aok Datarp jndieBi g febiimBe r " "0
during a &%’sn PERRIHNdRA! At SuchQk ufeadf¥kdeRn fpFox ifagathihafeks ) St
pot enti al to the second potential during an internedi ate stage of

pol i shi ng,organyc perowides sucbuas Ibynzoefblpcrpngemeeaq@bc ecitli ald duestibytyl pheoxide,

internediate sta pi d t ntlal froma fi hi gher
oxi di 21 ng MRsreRaaes (55 bRRDT dat o Bupeidf ERemplesot »

pr edet er m dagthoundsedonddinia ah BRnfent ftits h1 &h&hdﬂi@l{ﬂtaﬁb REEIRRL I btedlot liftBfed to
exanpl e, during the initral stage(s) the polishing, a 15 relatively high

oxi di zi ng peoodistacid pcmcamanltecpemromh@acsdsbmbrametetselt@ orediazicaacids Ipaxchlosdty hi gh
120 1 A B R R R ERBEE IR 2, 1
appl i ed paiyapddedipetokidecdipeRdlfhte, & iodate. The CMP system (particularly the polishing

composition) typically comprises 0.1 wt.% to 15 wt.% (e.g., 0.2 wt.% to 10 wt.%, 0.5 wt.%

to 8 wt.%, or 1 wt.% to 5 wt.%) oxidizing agent, based on the weight of the liquid carrier

and any compounds dissolved or suspended therein.

[0051] The device for applying time-varying potential to the substrate can be any

suitable such device. The means for oxidizing the substrate preferably comprises a device

for applying a first potential (e.g., a more oxidizing potential) during an initial stage of the

polishing and applying a second potential (e.g., a less oxidizing potential) at or during a

later stage of polishing, or a device for changing the first potential to the second potential

during an intermediate stage of polishing, e.g., continuously reducing the potential during

the intermediate stage or rapidly reducing the potential from a first, higher oxidizing

potential to a second, lower oxidizing potential after a predetermined interval at the first,

higher oxidizing potential. For example, during the initial stage(s) of the polishing, a



| evel producing a substantially |lower or negligible rate of

oxi dati on/ di ssol ution/renoval of the substrate, thereby elimnating or
substantially reducing dishing, corrosion, and erosion. The tine-varying

el ectrochem cal potential is preferably applied using a controllably

vari abl e DC power supply, e.g., an electronic potentiostat. U S. Patent

6, 379, 223 further describes a neans for oxidizing a substrate by applying a
potential. [0052] The CMP system optiondldly conprises a chelating agent. The
chel at i ng relgévely high.ogidiziag ppleatialng aged t) thesubstyatstol iratnloee <ledativebl higlddi ti ve

t hat enhances_.the renuoval rate of _t substra | ayer . bei.ng renoved.
Sui t abl e eﬂspmlﬁ@n S5y leezrw%eﬂtﬁe s arenf:‘?h%ﬁ{ﬁfsmng g gty & Sag&r hony|

conpounds (. \ghen #pFIa¥hiRg 8h URAEBAng BAF et BGer {HEGbpIiEH potedtfdl 1s re@ficddqb Yal cohol s
(e.g., ethylene glycol, pyrocatechol, pyrogallol, tannic acid, and the |ike)

and ani nedewebptodicingg sulrtpuvialgdowe .oy negligible mata of axidatorddisstdutieuienwval afohol s,
di-, tri-, an ol yam nes, .and the l]ke The .chqi ce of chel ati ar

conpl exi ndhuERmhrobE faniaRe Phbstay g dite BisiRe: torBomend gorehoved
in the C0q‘h%%in&éf-ya{:f?i'ng%Wc%c}?enﬁk!ﬁ%}o{&ﬁiﬁl Wintdlerhbg atpﬁgéd C%Jghé‘g cGRRARSI i on. The

anount of chelating or conplexing agent used in system
(parti cul amtigble PE povirshpply, ceaposietirany potgptiasédt! Y.$.sPadent 61359,023 Karther

preferably, 1 to 5 w.% based on the ight .of the Liquid carrier and any
Conponent SetirbEsR a0 STTaRRE S ORI PP LIRS PORHEAL 0l  shi ng composi ¢ on
can have gposagui takd €ME s{%%ﬁbIIStﬁQﬂauy cbhiBriRRlal chBialifg a&ANPTRE EhAtindd dgenhave a
pH of 11 or less (e.g., flo or less). Preferably, %e i shing conposition

ol
wi | | have (agpkbmplegingragems) & ane.syitablg cheminadradilitivivthas ephasices thigirgmovdl gate of
pol i shing  composition will hav of to 9. [0054] The CVP.syste
boti onal 1y GPbRaF ghethe pniid, SeRitug ity iy romPldte s PRIRRY Bene
can be anyxgHpleadirborBMtbmpOids 1&g 28EMY1acerbtated bRl tﬂ_@‘likg}?dm 0, adcdhBR! ude,
but are not limted to, silicon-based and acetyl enic diol-based antifoam ng
agents. THeg., atylene ghfcohmyiochgalmilnpyragadlol, tpnmic agid, and thébkedvpd epnem

ticularly.th | i shi iti typically is, 4 tqQ 140
ot on St oesns (., SRTRRR P ek Eh pleobflsofafE dilssar von or
suspended _Pgi}lahﬁﬁbs, AROB8likdherfeMRof if eRR1ARTd Sdkdptexdink ARt wilP BEehd OF tike

an

bi oci de. € biocide can be any suitable biocide, for exanple
i sot hi azoltypeorfeubstuatd ldeer being gmoved inthe gpares diepalisbingiarsubsicate @il thy st em

(Par ool St REL5 PanoATREEH RN RS Th ke AT AR o an
any conponredés (Piris@h theqlolishing REMPEEiv ) itiipiBallyl 9@56¢o 1A Wi. A prbfGablyilap 5i S
used to facilitate the applicatron of the surfactant, the abrasive
wt.%, based on the weight of the liquid carrier and any components dissolved or suspended
within.
[0053] The polishing composition can have any suitable pH. Desirably, the polishing
composition will have a pH of 11 or less (e.g., 10 or less). Preferably, the polishing
composition will have a pH of 2 or more (e.g., 3 or more). More preferably, the polishing
composition will have a pH of 4 to 9.
[0054] The CMP system optionally further comprises an antifoaming agent. The anti-
foaming agent can be any suitable anti-foaming agent. Suitable antifoaming agents include,
but are not limited to, silicon-based and acetylenic diol-based antifoaming agents. The
amount of anti-foaming agent present in the CMP system (particularly the polishing
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 optionally 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



(when present and suspended in the liquid carrier), and any optional
additives (e.g., an oxidizing agent and/or a chelating agent) to the
surface of a suitable substrate to be polished or planarized. The |iquid
carrier is typically an aqueous carrier and can be water al one, can
conprise water and a suitable water-m scible solvent, or can be an enul sion.
Suitable water-m scible solvents include al cohols such as net hanol,
ethanol, and the like. Preferably, the ®qyueous carrier consists of water,
mor e pr ef didabll90 gpinobiszed dnweet weigh{ @b liqaid eapisk ashampycaopqresistdissnlved ot he

i nvention Ei.e. tQ@ liquid carrier and any conponents dissolved or
suspended SPHRSPESIY"@Bn be prepared by any suitable techni que, many of which
are known [9@56]hosg 1gfaid tled 8 ubdtBroThdilitald@e BEPlicEHbMOf G RRERIthntOfhe GBASRE
prepared in a batch or continuous process. nerally, the polishing

conposi t i dwhemprepent apd syspeededay theoladiih rargen) andesyppHenal additeeetg.ian any
order. The _ter.m "conponent"”, as. used. herein dncludes jindividual .ingredi,ents
Ce. g, surridititiapeeniRidioos dating psnn iq theslrfeceigtia stalle sybraliig brdplidiedor

i ngr edi entey plaPalized. SthellRfl BEHrrierdX 'tﬁji@dll@gtn%g_ﬁéﬁt@ cagRebAd b2 @8RE Slon€lchn ) -
[0058] For exanple, the surfactant” can be dispersed in water. The optional
abr asi ve, comprisowaler and alpuiiable waienmiscablel selpentovradan bpangmulgomgdyitabtean t hen

be added, and m x by any. t hod, t.hat .i s capabl e of jnc rating the
corponent Tt Bise e Sty RLYns e AREAUN icsisd Rm%) Sihoal AELBIEL: (Pon can be
prepar ?d FréfefablyQ th&ﬁ‘wemstd&n@émoﬁgist%f Frate®HheYe &‘)E’éfénabﬁylﬂ‘ehbrﬁﬁed WiteQpt i onal
oxi di zing agent, added to the polishing conmposition just before use (e.g.,

within 1 I[85t e Bbe peleshingecomposigionief thelinyentionitied. othe ligyid cagiiengindighyy 7 days
before use). The pH can . be ad] d at. an uitable tine. .Th I 1 shi ng
conpositi oc)ﬂmé’f’g%?téggllﬁsog‘éedporresblg&elggg%{élerrﬁlégi cﬁ‘ﬁ%e ?’ hé a%?i onent ga%i? ?etcﬁglqlslgur face of

the subst mady Fwiticiare k@owaltd Hoseskileeinaht @R. ThePeRhiddhensIsition dad be .
conposi tion of the invention can be supplied as a nulti-package systemwth
one or norEeRRgRIBrRdtah gfcoptiruqys presssn dousblys theipehshing selppestien eavhisosi t i ons

that are SOIpLORG, Bhlhiok S Gnn iR SHBIN S anfoldef S OREK05n BB FOIDT | Se

T
Nng CORPOSI n excep (0] optronal ox1dlzing agent

and opti ongéd Merdinf¢ltid@n@ikidudEingtedtbatsde @alsuifedtant [ dR gt gehRYetagagivegan be
pl aced in a second package either in pure formor in a mxture with all or
a porti on asfny pembingiioriofciagiedionts (8.2q surfpgiant; oxidigngagents othelaing ggents, etc.).

combi ned, 10391 8 Gl OB AT R dlork e Bi NARE TR PRGRF el | Shi g

conposi ti Qipti&ﬁmroklcﬁzib%ﬁgﬁrﬁ, dnd®ptibLal @helatingglt &in the&xsbe dded] aidmiea by knglay or
| ess prior to use, 1 hour or less prior to use, 10 17 mnutes or |ess prior
to use, ormethed thatis capableakingerperating thesewmpogeme inte (his-pedicking somppsitipp.eEhe or

A O e e
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



[ 0060] The invention further provides a nethod for chem cal - nechani cal
polishing of substrates using the polishing systemof the invention. In
particular, the nethod involves (i) contacting a substrate with the

chem cal - mechani cal polishing system described herein, (ii) noving the
polishing pad relative to the substrate, and (iii) abrading at |east a
portion of the substrate to polish the substrate. [0061] Although the CWP
system of the invention is useful for pol%shing any substrate, the CWP
syst em i s miantes otileas ptyonxsexmlorilnnmhm qmdd:sis$>ﬁiorlg) wk). a0tebsro-packaganpithree-ng at
| east one netal Iayer conpr.i 5| er sub ) ‘[late can .he agtsf1 sui tabl e
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a silicon- &ﬁa%gsglmstr%lﬁ% hI'&ﬁem&'alpﬁﬁe&?ah?capﬁﬁfsﬁfx%%{yﬁt%ﬁﬂg bk ﬁdq%ﬁ éwgs a

nmetal |ayer co I sing tant a um tungsten, or

systemis ma\pag)tl'e p@hslphgpad tedatng tothepubstsdte, agd 4iiig opadmgcod heasi aportion nkthal

| ayer of gubst ra ﬁlt el atively high rate, with desirabl e planarization
ef fi ci ency’uost d%oiiﬁ {he UBSEAIS rate, and |ow defectivity. In particul ar,

the CWP s @ﬁ ;P Of Alth8ugH ¥ ENIP QPstéth ¢ the'ihv&htibA iSHREN DL pdtlsh tga‘ﬁ%ﬁbgtl'afbe l'ine

corrosi on hi ng, and pitting of the copper-containing ne l'ayer of the
substrat e. thd\ﬂMR systeal 1s>parthdn@r®l\®eﬁ;l$n é‘mpohshmgof a substratle(n‘nngxrlvmg at legst dne
substantiaIIX reduced .erosion of_silicon oxide in substrates

conpr i si ngPg2hRYHCOPRrigng CeBRiSe e Ahertrale 428 5F 28X ?w@bﬁ[ SPEST C‘P‘ﬁalﬁlﬂgor dance
wi th the iguankd @, ﬁﬁlﬁi&%ﬁ{t&ﬁél?cuﬁaﬂle{b?s LBk Z SnRbndRk S B ﬁﬁr{shMEM§ Cp/P

system descri bed herein by any suitablé techni que. The polishing nethod
t he i nverhagneti¢ heqda} andothefutﬂyermmpelde iy suitgbleiimsudasmigumetal .o mudtalkallay layer

chem cal - mechani ol.i shin CVP par at us. icall the a at us
conpri ses &8 plnﬁtéﬁon&)mtlé{ﬁ lay, er}‘l\edn%yéagglgefgyelr fan Pﬁ)%/g@??ﬁl éi ChBYOUs {%Sﬂ)m ty
that resuldygqd Efaga %E%?: 1@501yﬂqem%mﬁéd GﬂgﬁfﬁHlp%fyrﬁ@té% oAbt Rgh opad in
contact with t en and moving with the platen whenln notion, and a

carrier tHat-x imsvhldsn@laselbsTheanmlatmgjdequirefsﬂabu/ by sdmnnémased”tgetahobudmv”fhng
relative to the surface of the polishing pad. The pollshln t he
subst r at e SUaREde prekeeblp jurthee cglasgﬁqsét@etalglmg COMPEIsHE;tantalym, g‘%ﬁ‘&ét(’fw th the
pol i shi ng pad,and the polishing conmposition of the invention and then the
polishing pad noving relative to the substrate, so as to abrade at |east a
portion of[0062] sThesCMR eystan xdapstie bfiplasariktg ait golishing 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
invention 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



[ 0064] A substrate can be planarized or polished with the polishing
conposition with any suitable polishing pad (e.g., polishing surface).
Sui t abl e polishing pads include, for exanple, woven and non-woven poli shing
pads. Moreover, suitable polishing pads can conprise any suitable pol yner
of varying density, hardness, thickness, conpressibility, ability to
rebound upon conpressi on, and conpressi on nodul us. Suitable polyners

i ncl ude, for exanple, polyvinylchloride, %ol yvinylfluoride, nylon,

f 1 uor ocar hoontact w'nh yieagpdichiag @ad pod fhegiodishing obmpesitydrasfethe pmeyeommd then the

pol yet hyl m de, l.yur et hane pol ysty e, onpr cof or med
product s tl??i‘?]é‘g (vamg%p@fégtqqil@'sg%trat %%t]o a%@giie'aa%a Q{Eg%ﬂg%ﬁppar at us
further C(yﬁggﬁﬁ@ﬁ) &;plshlfhﬁsgugghggl i shing endp0| nt det ectl on system many of
whi ch are known 1 n the art. Techni ques for inspecting and nonitoring the

pol i shi ng [pPetless Abgpbsmaé yai b@pllangizted@r polished withdhepolishingeddngmisgbnfwithm a

surface of the. ce are kno nth rt hods r| bed,
for exanmpl®Y SPHXQ ‘% sh B At (e 8. wg %%Surgl % %@E poé1515.1§§ p%‘éslmdl‘ﬁ %Pat ent
5, 609, 511, exbinple, R%R/@I{‘En(ﬁm&ﬂ@/og ohsh}m§ paﬁ’@ﬁ@l@?e&eﬁ%t&@@polﬁh§rg paas 84t
5,730,642, U Pat ent 5, 838, 447, Pat ent U. S.” Pat ent

5, 893, 796, cotmﬁse Pay sntabl'ﬁ Iﬁ)dﬁn@’ﬂf vaamg dersity, F?&ﬂrdnvss 5h19m56¢3mpEB51bllaE,l y, the
i i ress of the l.i shi ocess with

t f th
espect G4t y TR B o es ne e ar i PGS SRR EREt ¢ he
pol i shi ng 1‘35!@161@%1”@)@aniplee polyv i/ 1cHIGHRE B ?@ﬁl&ﬁﬂloﬁﬁe"m fRofRAMoRat € t he

pol i shing procéss with respect to a parficular workpiece. [0068] The
f ol | owi ng Etgmaionstef polyéster, p¢1|ywyltaw; polyttbei, pokyathiytene palyansifde cpnlywethasioul d

t b trued t _E 0067] Thi
exampl e aGHONFS: BovpRe e an S Profts CErpE R MERIATEPhy an azol e
group, spegoésjcal Désﬂ?ﬁJHI apetivm @ﬁ}ﬁrahyﬁah}r é&{lﬁﬁu a@mlﬁ poliSRin B eXdpoRite.

[0068] To a m xture of methanesulfonic acid d "al um num oxi de
(57.7 g, dl:t@ﬂomyséém,vmare/ @fddbldhbmh)@mmzhﬂmﬂ@ém ﬂg/fqrcnsmctmgaﬂ 8 g,

0.19 | e t I 45 I Th

o xtur o o R iingdG b Rt b S AnE e aiiet Bl R R B L e
partitioneg g &Qﬁ@w@ﬂ&ﬁécewgkmfm@am Satimettdas ﬁﬁl&%ehafb@"exéﬂﬁﬁle jrt her
extracted with chloroform The conbi ned organic extracts were wash ed with

aqueous  sddiSuRutbitch Worek &).S.dtate 5,438 65 éviddo Pateaidd, 6@hd bivdt Sghapriiy.@B,080, t he
oot U OGS P Lo S IS, PR EIE TS A .
by " H NVR UXBMERES §93,796, 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



[ 0069] This exanpl e denonstrates the preparation of a surfactant conprising
two azole groups, specifically penta(ethylene glycol)

bi s(benzotri azol e-5-carboxyl ate). [0070] To a m xture of methanesul fonic
acid (200 nL) and al um num oxide (41.0 g, 0.40 nole) was added
benzotri azol e-5-carboxylic acid (40.0 g, 0.25 nole) and pentaethylene
glycol (20.0 g, 0.08 nole). The m xture was stirred at 90 C for 60 mn and
t hen cool ed. The m xture was partitioned”betmeen wat er and chl orof orm and
t he aqueoube resialpe ovevsdlidaugel heing 6% meibeeal ~wiethyleh¢ ohlofide as elTerg gewerthiened

organi c exfracis were ed wt. ueous sodi um bi car bepate,, dried, and
v anor at e SriiFhGe S0 Eops T, DO HRERE 585 YBRrERbY e R g o6 et hanol
- methyl ene chloride as eluent gave gxamMpPLEe conmpound (20.0 g) as an oil.

The structure was supported by 'H NVR EXAMPLE 3 [0071] This exanpl e shows
the effect[086P]di shhisgxansledesingimatpsithe peepgeatios ioif A guidtctant comppengdwa@aaslai ng
substrate resulting. f hih f C ISl at | east one
azol e gr OLﬁggltlpt)é’ %eﬁgﬁc?gﬁ%ﬁg@g}%%g ig?¥c8§ bﬁsﬁgén%%r?‘lgélﬁé%%{){’ﬁl{&%)é i nvention.

[0072] Si ob7] Sulbystarmix@se 6OMRtHagEsMHoRRPIBRY (208 RISiahe dl@finam! cxide4u e € oat ed
patterned silicon oxide substrate were used as the test substrates. The

patterns dh4Q mele3 s pddaddenzetsigprlp-Searhaxylie peid ¢4H0-Qigd® RS malelengh and 10 m  The

pol i shi ng expeni pent r -t hases. Wi & fir st ase
per f or med péep%i%ly gﬁﬁ ﬁ%’c\éﬁ{z@'opg’ﬁ&%&%go?geeml FEs Sty 1“8?‘4 2% @3‘%{540:’8{ne£‘§gai nst
the pol i shhagcdodedl. fiie mixhire Sfas PaftRionedbaivet Watef Bitb&dorbfornandd tHehrusagond

phase perforned at 6.9 kPaél_ si) downforce pressure of the substrate

agai nst  tlaerpeisifamhos gxseacded vt ahg&f@ﬁa- dbe sembined praanieeex{ippls sveroyashef e
pol i shing g ' - v u f ' i i shing
ool “at 8 ‘THSEsTR  Buh BBl Boe, 38 by o BB Pl N el

pol i shi ng weryiticd gdl @Link20Wnlediatol -an@thydehe@hloride 95 tluentqndithid iy dugnpofund har d
pol yuret hane CMP pad, [0073] The substrates were polished with different

pol i shi ng @B8f£d8s an etks The stspsiers wassHBPotedy kHHMLf . Each of Polishing
Conmpositions A-C conprised 1.0 wt.% EB(AI\FI?LE%” c acid, 0.1 wt.% of

pol yacrylic acid, 500 ppmof 1,2,4-triazole, 1.9 wt.%of funmed alumna, 1.0
w . % of hydomgen Parsexatiple shoors thedeffidct 6h dishiagnamnd erozionyidtiexpalBhing ofdei oni zed
water at a pH of 8.1. Palishing Conposition B further contajined 100 ppm of
20 benzot$oPRFHo8taIRAY swﬂzﬂm@ﬁr:ﬁﬁtl%%ﬁdmt@ﬁ of apuifagiant copwrisingad lepggpm of

t th : =2 = B : - duct of Ex I
I Foorar gt KaTstishEE<hpbaath & RcbRRREMIENE RTINS, o cach of

the two tr[e6Td] wSihihe swasratistoonmprisig cappdrhiepabittd enanastaium-beatghpateinetihe

mddle of stil?c(?)ntorxia ecsrtll éstra%g \(ije;ehuesed as the test substrates. The patterns on the substrates
comprised two trench widths, 100 um and 10 um. 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



hei ght of silicon oxide at the edges of the trenches. Erosion was determ ned
as the difference in height of oxide at the edges of the trenches and the
hei ght of oxide outside of the patterned area of the substrates. The
results are set forth in the Table. Table: Effect of azol e-containing
surfactant on dishing and erosion Polishing D shing (A) Dishing (X) Erosion
Phase 1 Phase 2 Conposition (100 mtrench) (10 mtrench) (A) (sec) (sec) A

control 600 300 400 83 138 B (conparat@e) 450 230 200 78 129 C
(i nventi vbénzaﬁﬁlzdlkﬂarﬁﬂ’cﬁﬁhmg&}:or{uﬁﬁﬁﬁin QA$urtter eppainedhi 0G ppmof penta@tylldne set

forth in t

pent a( et hﬁ{}gﬂggg‘;éy&z? bi gg?ﬁ%‘f(ﬂ Itl(ﬁ‘gF

C...cont a|
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approxi matel y

32% decr effea] n distivigs A otOR: PRIIHBRCBADoSIABAY AthIFA R LicIPAIRGS aRA [ 1
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Conposi ti
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appr oxi rraafffeyen%é% ﬁagﬁﬁﬁ%@lderht
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% d di shin
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edofahe B¥AIRs aRbthe MMk 8flotie bﬂt@ld@ opt rol
hese results denpbnstrate

n 100 m
and

Yo decrease in erosion of oxide
conpamidthg waP@temhnﬂgasGbmdtfﬁarcnconn Belgbtmtalnermniglldaeﬁ’thgtmn@tzee land thRol i shi ng

Raaainan R el O et Gle e

t hat di shing

and erosi Mmﬂemgﬁ)p@a%dmsmbﬁmgs pi%hetr&uht@dressel farthrindhé¢ dableubst r at es can be

substanti al | throu h .t he olis .conposition in

accor dancz tﬁ?g ?l]\‘?ecﬁf’ e B4 acgif\f)ﬂ/%s mgA’nQ Qf’al - mechani cal

pol i shi ngl ByIEh&P COMPIIHEMA: (AR) a] DRhisgiA)g COoNPORSHRE :?"hﬁé‘etﬁd THHake 3 he
?Lg‘;gogons bS] 2 AtdadnP R0 tr%l% S| Ve(%%t GQITDI ngtian e
sur f act :';m (?@tW _pollWWPnyl i mi dazp W and whereildt suBBact ant| d8es not
conpri se | Byeamparatitiede 490 oups or bo?# pendant ani#¥ and |8t er grlddf¥s, and
(c) a liquCdingemtniepr . |305The polishiHy system of| @ ai m 1,67wher eijn7bhe at

| east one azole group is selected fromthe group consisting of
1,2,3-triazole, 1,2,4-triazole, pyrazole, imdazole, indazagle, tetrazol e,

benzi ni dall¥78] " behwisepparse feom éh'%&‘?ﬁ‘&ﬁséét f9athity ghe; Table, Prlishipg Cogngsition C

conbi nat i
surfact an

?&ﬁalhﬂgrl%

CoNnpri ses

pntof p}?&(&ﬁ&l‘eﬁ@gﬁ‘@oﬁ BB MROb1e%-BhrBbAylatWAfE Kb art NE

approximately 32% decrease in dishing on 100 um trenches, approximately 52% decrease

in dishing on 10 um 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 um 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

invention.



one azol e group having a polyether chain attached thereto. 4. The polishing
systemof claiml1l, wherein the surfactant conprises at |east one azole
group having a polyacrylate chain attached thereto. 5. The polishing system
of claim3, wherein the surfactant conprises a conpound of the fornula
Het - X- (CH2CH20) m{ CH2CHR10O) "R2, wherein Het is a heterocycle selected from
the group consisting of 1,2, 3-triazole, 1,2,4- triazole, pyrazole,

i m dazol e, indazole, tetrazole, benzim ddzol e, and benzotriazol e chem cal ly
bonded to X via a carbon atom of the KdtA&lM%ycle or a nitrogen atom which

is part of the heterpcycle; . X is 2).pWherein pois. an integer of 1-5, 0,
(=00 aro, diporeciapi m&?‘l“‘é’&&?‘%lﬁkfngr?wygtﬁ‘&‘ ripristE | Coers from 0. 20

Wi th the proviso thah) Magtisingempetiend dlEctéd froml thé %ro‘ﬁpk@ﬁiiﬁd)gfd’ﬂhmthe group
consi sting of H and Cl-Cl10 branched and straight chain alkyl and al kenyl;

and R2 is selected frompeHehibg pih ap shessive ang aggonppinatipneherepk anched and

strai ght chain al k\)l/sh a%%u%ﬁgﬂtyéon}pg@ﬁg%\?Ieggtoon%%%l%aglr ,wh%{eirI he sﬂfijaét?%ti ng

system of claiml, rein sur conpri ses “at ‘I'eas one azo

group having a pol yam nes aétagjolyvailagidesblé ey whereinthe flr€acpmlt A6 mvg csyipiieom of
claim6, wherein the surfactant conprises a conpound of the formula Het-X-
( CH2CH2NR3) " R4, wher ei n c¥glic ipigle proups aebeth pegdanbagideand sster gowp: 38 gr oup
consisting of 1,2, 3-4(i 2,4 triazole, pyrazole, imdazole, indazole,
tetrazole, benzim da(tzci)l Z‘Zl uﬁ%c%g%z'ot riazole chemcally bonded to X via a

carbon atom of 2 he Hetegiodiskidk8yseémaflaimdgaherimtie anlhstione az¢lagtoupfist he
heterocycle; X is selected fromthe anrqoup consisting of (CH2)mwherein mis

an i nt egerselspted frag thegrowy canpivting ef bxi-triepele-b A triagale. pymzoke imidpzale. n is an
i nteger fr; . [ §0: ' - br anched
and strai dﬁ@@kﬁ%\mgﬁéfk@ﬁnﬂgﬁgaéﬁ |’§) antlln %gkkwﬁgﬁéﬁfvggﬁﬁ%ﬁ%e%aﬁl ected
fromthe gombmnationsihetdofig of H, Cl-Cl0 branched and straight chain alkyl

and al kenyl, and C3-Cl10 c¢ycl oal kyl. 8 .The polishing system of, claiml1,
wherei n the surfacta em@lﬁbmgsswera of ¢l9ifp duidiersin the sUxatant|campneiges.akJeast

(CH2CHREZ) e Yz b1R tefoupMASHif! d'polyether chain attached thereto.

4. The polishing system of claim 1, wherein the surfactant comprises at least
one azole group having a polyacrylate chain attached thereto.
5. The polishing system of claim 3, wherein the surfactant comprises a
compound of the formula Het—X— (CH,CH,0)(CH,CHR'0),R?, wherein
Het is a heterocycle selected from the group consisting of 1,2,3-triazole, 1,2,4-
triazole, pyrazole, imidazole, indazole, tetrazole, benzimidazole, and benzotriazole
chemically bonded to X via a carbon atom of the heterocycle or a nitrogen atom
which is part of the heterocycle;
X is (CHy), wherein p is an integer of 1-5, O, C(=0)0O, CH,0, CH,CH,O, or a
direct link;
m and n are integers from 0-20 with the proviso that m and n are not both 0;
R! is selected from the group consisting of H and C,-C o branched and straight
chain alkyl and alkenyl; and
R? is selected from the group consisting of H, C;-C o branched and straight
chain alkyl and alkenyl, and C;-C, cycloalkyl.
6. The polishing system of claim 1, wherein the surfactant comprises at least
one azole group having a polyamine chain attached thereto.
7. The polishing system of claim 6, wherein the surfactant comprises a

compound of the formula Het-X— (CH,CH,NR?),R*, wherein



Het1 and Het2 are independently selected fromthe group consisting of 1,2, 3-
triazole, 1,2,4-triazole, pyrazole, imdazole, indazole, tetrazole,

benzi m dazol e, and benzotriazole wherein Hetl is chem cally bonded to X,
and wherein Het2 is chemically bonded to Y via a carbon atom of the

het erocycle or a nitrogen atom which is part of the heterocycle; X is

(CH2) mwherein mis an integer of 1-5, Z, C(=0Z2, CH2Z, or a direct link; n
is an integer from1-20; R6 is selected 4y omthe group consisting of H,

C1-C, 0 branched andlesisrahagrocyadhsilectead kyh thmgrouphensidingsfN,2,3-GhcH2 NRZR) m

wherein R7 is a.Cl-C5 branched and. straight chain .al.kyl  and i S, an integer
of 150 v i's (I RNBrBIn TR adndiep o Sl et e . 3pd BB e | i
and Z is 0 or NRemicth®bBhdbdRo X $iaeafin@forh 0 et HeGer8dyRWPoCOMEb g Aemof H and
Cl - C10 branched and straight chain al kyl and al kenyl". 9. The poli shing

syst em of cl ai rwhich isiperteiftha keteroaydleict ant conpri ses a pol ynmer conpri sing
three or nore azol r S. ~10. .The polishj.n mof clai.m 9. wherein the
pol ymer | conpr i ses. X BoRSEes &Pm e tronS e e s Ay e YR o 1 e
di carboxylic ag dirprg=ayNHeast,NeN € P, NH, Wheh QirBetllfik; at | east one

di carboxylic acid and/or diol conprises azole groups. 11. The polishing
system of cl ai m 9, nihen giteger fronsliZPact ant conprises 20% or | ess of nononers

conpri sing azol e graups,. 3@ poli shing system of .cl.ai Q, erein
Che” pot yoot or _comp 408 o (oH ANREP BB s BGLETh e AT sepent Rl
groups. 13. Thels@hhdpiish Bkt P, sd@i m 9, wherein the pol ymer conprises a
pol yam de conpri sing nononers conprising at |east one dicarboxylic acid and

at | east one di amRnés selvsadeiromithegraup cersssting 9é HaiCo ¢ 1o brapchad and stratghtl/ or

di am ne conpri sgs. azol.e greups. .1 he | yshing system of claim 13,
wherein the pol%ami% lag ﬁ‘,’eg@saﬁ%‘ 10 (iygﬁ)glzkgre%, 5-di car boxylic acid

repeating groumss. 15Thelogisiial spdiéh @f ShhaMvlérell Bk Burfactatt @b@biisdshie pol ymer
conprises a polyam ne conpriging three or nore azole groups. 16. The

pol i shi ng copppund of the fermuloHetndr eéCH2€HRB Dot Yrldet .odmseinses chemi cal

comonents A o285 Bk Rl S G0 PR M L IRRBRTPL P00,

fragments, sol ‘atold, 1agaeidzdle, pPzole, imidazole, indazole, tetrazole, benzimidazole, and
benzotriazole wherein Het' is chemically bonded to X, and wherein Het? is

chemically bonded to Y via a carbon atom of the heterocycle or a nitrogen atom

which is part of the heterocycle;

X is (CH)y, wherein m is an integer of 1-5, Z, C(=0)Z, CH,Z, or a direct link;

n is an integer from 1-20;

R® is selected from the group consisting of H, C;-Cjo branched and straight
chain alkyl and, when Z is N, (CH2CH2NR72)m wherein R is a C;-Cs branched and
straight chain alkyl and m is an integer of 1-5;

Y is (CH3)m Wherein m is as defined above, C(=0), or a direct link; and

Z is O or NR!, wherein R! is selected from the group consisting of H and C;-

Cio branched and straight chain alkyl and alkenyl.

9. The polishing system of claim 1, wherein the surfactant comprises a polymer
comprising three or more azole groups.

10.  The polishing system of claim 9, wherein the polymer comprises 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.

11.  The polishing system of claim 9, wherein the surfactant comprises 20% or

less of monomers comprising azole groups.



conbi nations thereof; B is absent or is at |east one ethylenically

unsat urated nononer of the formula Het-WCR8=C(R9)(R10), wherein Het is a
het erocycl e selected fromthe group consisting of 1,2,3-triazole,
1,2,4-triazole, pyrazole, imdazole, indazole, tetrazole, benzim dazole,
and benzotriazole chem cally bonded to Wvia a carbon atom of the

het erocycle or a nitrogen atomwhich is part of the heterocycle; Wis (CH2)"
wherein n is an integer of 1-10 or a didct link; R8 is Hor C -Cl branched
and strai ght chai n dhkypblishing sisteenyf claiRd 1@ rwheRi0 theer polyastbe pemgerds Iy2,3€l ect ed

fromthe grou sisting of. H Cl1-Cl0 branched and straight chain al kyl

and al ken II“,ZO%S‘-P’%%“@%WEF RGM I REAHNEBI®RS aryl ;. with the proviso that if C

is absent then(i8, Réhi Ak i th ng idefgl udes an
188, Rie tp@ chifEL & st ofQhint D, V@Iﬂifi'el t cﬁf‘%ﬁ‘)%: é)(x%rléeg'

ethyl enically unsaturated group of the fornula C =C(R12) (R13), wherein
R11 i s selpelyamiief comprishey mpomamers oompssing gt ledst bine ditarboxpliaamthentd atidast ene ai ght

hai I kyl d al k |, -C 0 . kyl , t -.W wh i n Het d W
ot P K30 ol Y s BBl i P ot ERSPEL e ey ™'
consi sting of i Cl‘rﬁa}épotmﬁa@%fsﬂﬁ%ﬁ %%Taﬂﬁabaymiheasﬁpah&qoqu

phenyl, substituted phenyl, ~ _ t-Wwherein Het and Ware as
defi ned alazele-hheicrboxRlid acid répeating gtoupOR 5, or NRI6Rr 24 wherein R15 isH

or C -C5 branched and strai.ght chaip al kyl . wherein R16 and Rl7 are
Phdependent 1y e cr1es Sl hvstriahbe i 4 BB Pl er GRTPERS aor ¢ aken

t oget her f,8fyAmdheoRFRAAHR or G1dFE BRRE gﬂ,uﬁgng structure, wth the proviso
that at | east one of B and C conprises a heterocycle as defined herein. 17.

The polishing 3¢st efhofpolishangisysem ohdaist B, wheseinphd pelsmgncamprydes nhemichly
unsat ur at ed ﬁéoqqus f th%1 (gor nmul.a CH(R11) =C(R12) (R13), wherein Rl1 is
sel ected fPOHPY /ST%xfB‘ Gn¥heiing of H Ci-C10 branched and straight chain

al kyl and al kenyl ,Aqa%lsae&%m%@g%@whsistm@neoRiln%ré ndoRdSsahesei NR15

is as defined herein, and wherein is selected fromthe group consisting

of H, Cl1-C5 br foohiadiaserdragmants, ghain ¢ansfer dgoydnts, soleant] fragarets abdt i t ut ed
phenyl . 18. Th%orgg{niatslgrilsntgerséxﬁt emof claiml, wherein the polynmer conprises a

B is absent or is at least one ethylenically unsaturated monomer of the formula
Het-W-CR®=C(R*)(R!%), wherein Het is a heterocycle selected from the group
consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imidazole, indazole, tetrazole,
benzimidazole, and benzotriazole chemically bonded to W via a carbon atom of the
heterocycle or a nitrogen atom which is part of the heterocycle;

W is (CH;), wherein n is an integer of 1-10 or a direct link;

RisHor C,-Cjo branched and straight chain alkyl and alkenyl,

R’ and R'® are independently selected from the group consisting of H, C;-Cy
branched and straight chain alkyl and alkenyl, C;-C, cycloalkyl, and C4-C aryl,
with the proviso that if C is absent then R, R’ and R'® are not H, and

C is absent or includes an ethylenically unsaturated group of the formula
CHR')=CR™R"),

wherein R'! is selected from the group consisting of H, C;-C; branched and
straight chain alkyl and alkenyl, C3-C, 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 phenyl, COR",
and Het-W wherein Het and W are as defined above,

wherein R!* is H, alkyl, OR", or NR!®R!7,



hydrophilic pol yner or copolynmer functionalized wth azole groups. 19. The
pol i shing systemof claim 18, wherein the polyner conprises polyvinyl

al cohol functionalized with azole groups. 20. The polishing systemof claim
1, wherein the azole group conprises at |least a part of the polyner
backbone. 21. The polishing systemof claim1l, wherein the polishing system
further conprises an abrasive suspended in the liquid carrier. 22. The

pol i shing systemof claim 21, wherein tBé abrasive is selected fromthe
group consi sting ofvhaklnRias Hoed € ;s lgaichedaml strignebaiaallsi, i ca, titania,
zirconia, co-formed prodycts thereof, and combinations thereof, 23. The

pol i shing syst em oWheredy By and fh eargitpdepprdently Hs iirfgo Slanched awhsiaiehé shaim
abrasive fixed i.shi 4. sThén | shi - Lm 1,
wherein the poﬁggk?r?ggé;%gg?ng%e@?e?ﬁ%%agomrﬁééégﬁg&g@ég%f@%{m%h&%xi di zi ng
agent and a chel at with tlag@otiso 2t atear ohe df Bfand ie¢ungaisey a treetwytleak | vy
polishing a sub;ﬁ@te, .conprising: (i) contacting a substrate with a

pol i shing systé M5F§18i ng: (a) a pol i shing conponent sel ected fromthe

group consistifg of e ng?éﬂi 4 &npéﬂclaiﬁ{‘}é}%&%iﬂ ® co%gkflis@s GBI AL

thereof, (b) a surfactant co r|5|r;§ at [ east one azol e group; erein the
sur f act anunsasurated gpaipyofithey formubisCH(R De@RHM@&'Di n t he surfactant 25 does not

conprise cyclic imgde groyps or both o endant ,am d d. ester oups, and
(c) aliquid car_rg@éfg?fem?) _lﬁff&?%ﬁioéf%t{a%gﬁogw%s%@aqﬁf‘éiag]lr% chgiiand _
substrate, ands&ézi%ht)c_%_lﬁgiragg}l,lrégdg}kehﬁagﬁd @;quor%:%n@fl’ the substrate to polish

t he substrate. e net hod oflscl’al m ) erei'n the at | east one azol e
group i s sel ected whemin RKds GOOR'’ adwwisR ’rigaondefined harein, iaad ol e,

1,2,4-triazole, razol e, ;;i.m dazol g, indazole, .tetr | e, .benzim.dazol e,

benzot 11 azol e, al KYPEEBIRUAY PG Bam BEReaP ComRImEsBSa CoNEr e Rbor - 27.

The met hod of gtlrﬁ%mc%ginM(lﬁ[ﬁ{elﬂyf,laﬁdwsﬁﬁﬁg@ﬁﬂen?pﬁpri ses at |east one azole
C

group havi ng a pofyether aln attached thereto. 28. The nethod of claim 25,
wherei n the sud8act dht pobshing sysenaof ¢leiast, wimeeiazled polygeocpnprases ag a

pol yacryl g«?rogltﬁﬁlc rﬁoﬁ/trrge?%? g(()jpo )rflr?lgreftu?létionalized with azole groups.

19.  The polishing system of claim 18, wherein the polymer comprises polyvinyl
alcohol functionalized with azole groups.

20.  The polishing system of claim 1, wherein the azole group comprises at least
a part of the polymer backbone.

21.  The polishing system of claim 1, wherein the polishing system further
comprises an abrasive suspended in the liquid carrier.

22.  The polishing system of claim 21, wherein the abrasive is selected from the
group consisting of alumina, ceria, germania, magnesia, silica, titania, zirconia, co-formed
products thereof, and combinations thereof.

23. The polishing system of claim 1, wherein the polishing system comprises an
abrasive fixed on a polishing pad.

24.  The polishing system of claim 1, wherein the polishing system further
comprises one or both of an oxidizing agent and a chelating agent.

25. 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) a surfactant comprising at least one azole group, wherein the

surfactant is not polyvinylimidazole and wherein the surfactant



29. The nethod of claim 27, wherein the surfactant conprises a conpound of
the fornmula Het-X- (CH2CH2O n({CH2CHR O " R2, wherein Het is a heterocycle
selected fromthe group consisting of 1,2,3-triazole, 1,2,4- triazole,
pyrazol e, im dazole, indazole, tetrazole, benzim dazole, and benzotriazole
chem cally bonded to X via a carbon atom of the heterocycle or a nitrogen
atom which is part of the heterocycle; Xis (CH )P wherein p is an integer
of 1-5, 0, (=0 O, CH2O, CH2CH2O, or a irect link; mand n are integers
fromO0-20 with the proviso ddmmomtammisa caielec imutle powhs Or botRlof pendset @vided from
the group consisting of H an - C10 branched and straight chain alkyl and
al kenyl; and R2 is sel ected I}q'ec? lgﬁoél a&ap consisting of H Cl-Cl0 branched
and strai ght chain al kyd) ang @ljl@gmék and C3-Cl10 cycl oal kyl. 30. The met hod
of claim 25, wherein the surfact ant conprises at |east one azole group

havi ng a pol yani ne ¢iiai moaingbh pelishing padaelagye totthe swhstrhtsdant ¢l ai m 30,
wh th fact
(CrocHENRS) ", whok B9 n e e &t ofh AR Mo sutlFie b Bp PP R

consi sting of 262, 3The natdEof clair 25, whieted? tHeit 1AVt e Qlz6le gréﬂlﬁi@%@lb@ted
i ndazol e, tetrazol e, benzi m dazol e, and benzotriazole 26 chemni cal Ily bonded
€}

to X via &rosnthegrounconsisting h%l,ﬂéttélﬁadg,cll Bidrazglgipyreggleninsidazale.urdazplei s part

Cher o o B Ggh i8R L LA RIS BB RTIRL oo
l'ink; n ishexofi nteger from1-20; R3 is Hor (CH2CHZNHR52)p wherein R5 is a

Cl1- C5 branched and straight chain alkyl and p is an integer of 1-5; and R4
is selected fram thdhg dc@fr?é@lgt2%gvl@felwhe@Prfeqtmtfpmmﬁéﬁatd%t @@%Fp&h

chai n al k#r ugrh%?/ﬁllg{%ﬁ%ﬂ@th&%%ﬁtt%l%d%&%&al kyl. 32. The nethod of claim 25,
ur

wherein t a conpound of the fornula Hetl-X-

(CH2CHR6Z) n_Y- Bigt 2, ’[Wefiﬁfﬁhdd diedlaimeas) vﬁketeZn thesutfhciemendpiistyatdedsechettofe om
the group consisting of 1,2,3- triazole, 1,2, 4-triazole, pyrazole,

i mi dazol e graupdwyBige palgacrdats|chaingdacheditheisiol e, and benzotriazol e wherein
Het' is chem C%b' y %@%eqhéfo%lalm,%%k% fhe' Sl fActhrt comprises a compound of the

formula Het-X— (CH,CH,0)m(CH,CHR'O),R?, wherein
Het is a heterocycle selected from the group consisting of 1,2,3-triazole, 1,2,4-
triazole, pyrazole, imidazole, indazole, tetrazole, benzimidazole, and benzotriazole
chemically bonded to X via a carbon atom of the heterocycle or a nitrogen atom
which is part of the heterocycle;
X is (CHa), wherein p is an integer of 1-5, O, C(=0)0O, CH,0, CH,CH,0, or a
direct link; L
m and n are integers from 0-20 with the proviso that m and n are not both 0;
R!is selected from the group consisting of H and C,-C( branched and straight
chain alkyl and alkenyl; and
R? is selected from the group consisting of H, C;-C,¢ branched and straight
chain alkyl and alkenyl, and C;-C,( cycloalkyl.
30. The method of claim 25, wherein the surfactant comprises at least one azole
group having a polyamine chain attached thereto.
31.  The method of claim 30, wherein the surfactant comprises a compound of the
formula Het—X— (CH,CH,NR*),R?, wherein
Het is a heterocycle selected from the group consisting of 1,2,3-triazole, 1,2,4-

triazole, pyrazole, imidazole, indazole, tetrazole, benzimidazole, and benzotriazole



chem cally bonded to Y via a carbon atom of the heterocycle or a nitrogen
atom which is part of the heterocycle; Xis (CH2)mwherein mis an integer
of 1-5, Z C(=01Z2, CH2Z, or a direct link; nis an integer from1l-20; R6 is
selected fromthe group consisting of H Cl-C o branched and straight chain
al kyl and, when Z is N, (CH2CH2NR72) m wherein R7 is a C1-C5 branched and
straight chain alkyl and mis an integer, of 1-5; Yis (CH2)mwherein mis as
defined above, C(=0O), or a direct |ink; 2nd Zis O or NR , wherein R is

sel ect ed from tchemigalbypordeddp 5% viag cerbon aiivd oCihe hetepodyickerartiatitragrn demai ght

chai n al kyl and ,al.kenyl.. . .hod of claim25, wherein the surfactant
conprises a po%hrlr%hrﬁpélgr%gr%?eslf%%%f@éée or nore azol e groups. 34. The net hod

of claim 33, wher eXnistsélecte® fiyiethe Gasu dosisting GRICHBS #herelOMis b in¢gerdNDNEr S
conprising at | east one dicar bgﬁg/l ic acid and at | east one diol, wherein

the at |east orfeNl &&rOINIl CELNH, §HhkdhbH, andp deestpinkses azol e groups. 35.

The nmet hod of cl aim. . ' hg. surfactant conprises 20% or | ess of
nononers conpri si nglgg%ing%ggrh%sf. E@’G The net hod of claim 34, wherein the

pol yester conpri seR’1s A,08{CH,@HNHRE,) SwheteiaeR hiox)d,iCs mranchet @apé afraiplt dhadups.
27 37. The nethod of claim 33, wherein the polynmer conprises a polyam de
conpri si ng mon@Hel andp g wiaggr ef l-Pedsk one di carboxylic acid and at | east

one di am ne, whergkn t | £ (C_caci i,am ne
conprises azole gr ;Rubssg.eql%ée% %@%ﬁ% rﬁgﬁcﬁﬁ%ﬁlg;&ﬁ%% %‘é&g?ﬁgyt%@ ngé‘rg\%m de
conprises 1, 2, 3hiihialiadhed akebyldarebCHOx\dycloakkyl.d repeati ng groups. 39. The
nmet hod of claim.33, wherejn the polyner conprises a polyam ne conprisjng
three or nore aZol e Tgedugikod Q&lal?h aﬁ‘él"tel‘ﬁiﬂt@fsuéqg&t?ﬂﬁ CPRIPTiHRER EPHPPHK C&S‘leymer

conpri ses fﬁﬁrﬁﬁl F@{I—nggp%?ﬁﬁﬁ?@%ﬁﬁetwﬂe&h wherein Ais selected fromthe

group consisting of o groups selected frominitiator
fragnents, chain t HedsidrHdtt agimdepsndend) veladted fragnthagsqupardsistingdfi )28+ ons

the. formul a - HEBOANCRE-bIRIPIRESF OB G4 L dedetiedots Se it deledtha
from the group penzotriazole wherein Het' is chemically bonded to X, and wherein Het’ is

chemically bonded to Y via a carbon atom of the heterocycle or a nitrogen atom

which is part of the heterocycle;

X is (CH;)m wherein m is an integer of 1-5, Z, C(=0)Z, CH,Z, or a direct link;

n is an integer from 1-20;

RS is selected from the group consisting of H, C;-Co branched and straight
chain alkyl and, when Z is N, (CHZCHzNR72)m wherein R7 is a C;-Cs branched and
straight chain alkyl and m is an integer of 1-5;

Y is (CH2)m wherein m is as defined above, C(=0), or a direct link; and

Z is O or NR!, wherein R is selected from the group consisting of H and C;-

C)o branched and straight chain alkyl and alkenyl.

33.  The method of claim 25, wherein the surfactant comprises a polymer
comprising three or more azole groups.

34.  The method of claim 33, wherein the polymer comprises 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.

35.  The method of claim 33, wherein the surfactant comprises 20% or less of
monomers comprising azole groups.

36. The method of claim 34, wherein the polyester comprises 1,2,3-triazole-4,5-

dicarboxylic acid repeating groups.



consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imdazole, indazole,
tetrazole, benzim dazole, and benzotriazole chemcally bonded to Wvia a
carbon atom of the heterocycle or a nitrogen atomwhich is part of the

het erocycle; Wis (CH2)" wherein nis an integer of 1-10 or a direct link;
R8 is H or Cl-Cl0 branched and straight chain alkyl and al kenyl; RO and R10
are independently selected fromthe group consisting of H Cl1-Cl0 branched
and straight chain alkyl and al kenyl, C37C10 cycl oal kyl, and C6-Cl10 aryl;

wi th the provi $4.t hdheirhetbod sf dbised3, wheeein RS pdRenemacuanRis®s apelyamideH, and C
is absent or includes an ethyl eni caIII unsat ur at ed g{]ou f the f.ormula

CH( RL1) =C(RMPEFINRIBINOMGES eI Rrisag afj least anedicargoxylisacidandat deast evsdip®ineng of
H, C1-Cl10 -al i - I - cycl oal kyl ,
and T W A APl SO R o BE i oI, €

i ndependent |y s¥8l ect’Be rhetbod bhdamr 81 pviwoeis itlst paiganoide lpm@tiseshl 2, Brtaamhed and

straight-chain al kyl and al kenyl, phenyl, substituted phenyl, COR14 and

Het-Wmher‘Q?‘ﬂ‘cﬁg’P_Xé%a _é"rpéa%%g%@f‘ fed above, wherein R14 is H alkyl, OR',
or NR16R17, Wh?%" N TFRkSnéthodloPElail 3 SRR BRESHI ARE: Sni @b peRaihel kyl, 28
wherein R16 and R17 are | ndependently H, Cl1-C10" branched ang traight chain

al kyl , CN,coomprismgdlret ogeoneazolognoups.5- nenber ed or 6-nenbered ring structure,
with the provisg th at least one_of B and C conprises.a heteracycle as
et fned hor ot na1 " ThsanebSRSEeIBR 2P ariraD e R B iy Fratany

et hyl eni calpipoatgaupabefc; ahedm of the formula CH(RI1)=C(R12)(R13) wherein
R11 is selected fromthe group consisting of H Cl1-Cl0 branched and

strai ght chain al ky issakictail Kremythe gnoup @RsiStite elariecalnkgrk endigenugs selRited i s
COOR15 wherein R15.i.s as.defined, herein nd erein 3 is selected from
Che gt oup. consifSuR iyt BEsmees ham Ao ss TARae N DA R I EhEIs Bilkyl - phenyl
and substit ut eqopibeiiyions fikreofne nmethod of claim 25, wherein the polymer
conprises a hydrophilic polymer or copolymer functionalized with azole
groups. 43. The nethisabssnt of wiafleast ongretryddnically ainpashsptest momomeriof ¢e foohylai ny|

al cohol  funct IIQeQ-a\!V I—éﬁ&dk’RbﬂR@iovlvl?erga%eQ ¥a heterocycle selected from the group

consisting of 1,2,3-triazole, 1,2,4-triazole, pyrazole, imidazole, indazole, tetrazole,

benzimidazole, and benzotriazole chemically bonded to W via a carbon atom of the
heterocycle or a nitrogen atom which is part of the heterocycle;

W is (CH;), wherein n is an integer of 1-10 or a direct link;

R¥isHor C;-Cjp branched and straight chain alkyl and alkenyl,

R’ and R'? are independently selected from the group consisting of H, C;-C1o
branched and straight chain alkyl and alkenyl, C;-C cycloalkyl, and C4-C aryl;
with the proviso that if C is absent then R, R®, and R'? are not H, and

C is absent or includes an ethylenically unsaturated group of the formula
CHR')=CR™R"),

wherein R'! is selected from the group consisting of H, C;-Cy branched and
straight chain alkyl and alkenyl, C3-Cjo 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 phenyl, COR™,
and Het-W wherein Het and W are as defined above,

wherein R is H, alkyl, OR"’, or NR'R"’,

wherein R is H or C;-Cs branched and straight chain alkyl,



44. The nethod of claim 25, wherein the azole group conprises at |east a
part of the polyner backbone. 45. The nethod of claim25, wherein the
polishing systemfurther conprises an abrasive suspended in the liquid
carrier. 46. The nmethod of claim45, wherein the abrasive is selected from
the group consisting of alum na, ceria, germania, nmagnesia, silica,
titania, zirconia, co-formed products thereof, and conbi nati ons thereof.
47. The net hod of claim 25, vvherel n the 3ol i shi ng system conprises an
abrasive fixed onwhersit Rs(‘mnng pat. indgpendinelytbithodiodiranshed andSraigitehsinn t he

Chel ati ng agenaikod s FEREHRGTo B & Aembas af it e Sibe s Pud8tompr i sos
one or both of a meiig ﬂhb%ré@é@ﬂlaﬁd?%a@fbﬂem atd 0QGompYids a Rerodyige £t hod of
claim49, wherein the netallic |ayer conprises copper.

defined herein.

41.  The method of claim 40, wherein C comprises an ethylenically unsaturated

group of the formula CHR'")=C(R'*)(R"),
wherein R'! is selected from the group consisting of H, C-C;o branched and
straight chain alkyl and alkenyl, and C3-C;¢ cycloalkyl,
wherein R'? is COOR"® whereinR" is as defined herein, and
wherein R'? is selected from the group consisting of H, C;-Cs branched and
straight chain alkyl, phenyl, and substituted phenyl.

42.  The method of claim 25, wherein the polymer comprises a hydrophilic
polymer or copolymer functionalized with azole groups.

43.  The method of claim 42, wherein the polymer comprises polyvinyl alcohol
functionalized with azole groups.

44,  The method of claim 25, wherein the azole group comprises at least a part of
the polymer backbone.

45.  The method of claim 25, wherein the polishing system further comprises an
abrasive suspended in the liquid carrier.

46.  The method of claim 45, wherein the abrasive is selected from the group
consisting of alumina, ceria, germania, magnesia, silica, titania, zirconia, co-formed
products thereof, and combinations thereof.

47.  The method of claim 25, wherein the polishing system comprises an abrasive
fixed on a polishing pad. .

48.  The method of claim 25, wherein the polishing system further comprises one
or both of an oxidizing agent and a chelating agent.

49.  The method of claim 25, wherein the substrate comprises one or both of a

metallic layer and an insulating layer.

50.  The method of claim 49, wherein the metallic layer comprises copper.





