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a CMP slarry between the pad and the surface. Typical abrasive materials include silicon
dioxide, cerium- oxide, aluminum oxide, zirconium oxide, and tin oxide.

[0005] U.S. Pat. No. 5,527,423 to Neville, et al., for example, describes a method for
chemically-mechanically polishing a metal layer by contacting the surface of the metal layer
with a polishing slurry comprising high purity fine metal oxide particles suspended in an
aqueous medium. Alternatively, the abrasive material may be incorporated into the
polishing pad. U.S. Pat. No. 5,489,233 to Cook et al. discloses the use of polishing pads
having a surface texture or pattern, and U.S. Pat. No. 5,958,794 to Bruxvoort et al. discloses
a fixed abrasive polishing pad.
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pol i shing pads having a surface texture or pattern,

and U.S. Pat. No. 5,958,794 to Bruxvoort et al.
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[0009] The present invention provides a chemical-mechanical polishing (CMP)
composition comprising an amino compound, a radical-forming oxidizing agent, a radical
trapping agent capable of inhibiting radical-induced oxidation of the amino compound, and
an aqueous catrier therefor. The radical trapping agent comprises a hydroxyl-substituted
polyunsaturated cyclic compound, a nitrogenous compound, or a combination thereof.
Optionally, the composition comprises a metal oxide abrasive (e.g., silica, alumina, titania,
ceria, zirconia, or a combination of two or more of the foregoing abrasives), as well as other
CMP additives.
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zirconia, or a combination two or nore of the

foregoi ng abrasives), as well as other CW

additives.[001 O] In sone enbodi nents, the radica

[0010) L apRi sitn@@aBbdintgents, thetradxgermmmgmgm frck Biglogeneus dommaund
the group consi sti an aronge C

selocthg fioro feCETAeH EOTAG gaﬁﬁa‘t}%“ B aﬁ°m&$53fl PR tic nitro

compS QAP AN hﬁ@hf‘tﬂb%ﬁnpmﬂ'@ Qa4 ilitos@ cinpowgk rﬁilregn free radical-type

radi cal -type conpou oxi.de.co ur )
compR. AR PAARIRBOSBAp N R S F OB, BF apdgmine
substﬁﬁt% defiat éml?[l!m.ﬁild é@N&@%ﬁhaﬁﬁ@%ﬁ@o@ﬁ&Mﬂ@coﬁhﬁa@n of two or
I'natron of two or nore of the foregoing

moremfth@f}]’eﬁvm nidtpseuATsLonroonds] | n ot her enbodi nents,
[001 la he &x?dgxt%glr aioggi‘ﬂpén@g 12988 cal 8a ﬂi'%oéé?fé Y a ﬁy@}%kﬂ-é{ﬂ@dtuted

olyung i C conpoun limting exanple
polytﬁfsatﬁwtéchwoélcfvpmmﬂr Mbsltmttmg@xaw@le}smféatt%hlaM@roxyl-subsﬂtuted

pol y\H{f/Cl | Ce,(f € uq%%&oéﬁﬁ%&%ﬁd&%@fd? g;glh{b%getyﬁé( DEmBOTRRURG T oxy1-

ul hone~"Cco
substtm%ﬂ@&)ﬂcrﬁ:l&ﬁipoﬁmdsa tydamybsibstibeg cundarin compounds, hydroxyl-

hydr ox i tuted al en .
substiifed, 1@%&}3’@%% FPF’QPEE‘E]% ﬁﬁ?(gquc%l ou%splﬁéggl compounds, alkyl _
subst?tluJ(@ﬂl Qst donp RS, hgﬂﬁﬂxﬂ-@ﬁmﬂﬁtdd _heteroa:romatlc compounds, sulfonic

roxyl substituted hetero

r omat | g comou
amd—gm}:p stigred phenolic sopwopnds, st spt%.@rr?g : @ §onf %f two or more of the

foreéo oumg a conbination of two or nore of t he
oreg 0| g conpounds. f[0012] Preferably

th
(0012t Gabiefbith FES A TGS RS SHE OB RES PlgER OB giciang
agengg(elgétéd Hgmatﬂg% Lg)eécﬁlgfsﬁﬂg bF QLIRS Bhipelng PAE], Bl iRdGed beroxide,

er ox hydr ogen peroxi de, persulfate
persﬂfumoomﬂoumh andltha llikd) @)ld aralagen spwgennd hpoladinge. g. |

[OOIég nf% @LOO]'%%{)-SI—FSO% A B RPIRM s Qfl%fa?crofi‘iglp\funary amine group, at

ry am ne group, at | east

least@ie Iﬂﬂrégdﬁg@ﬁrtﬂﬁng&iemru@'cﬂletgmm wtleast opesiupternary [agEaenium group,
one,_ guat er nar

% ﬂ %youp or a conbination two or

or a pPRINgHOR X0 PHFLGP @331? GRUEEOWYA] 1n anot her

[001aﬁ PeCin, alnltot}ﬁar raﬁlﬁﬁﬁ rnlule Fﬁ‘éﬁﬁlhnmtlpn q»vm\déf amettodddr flggmically-

em_cal |Lypec anlca LYy ol i a substr

mechayiemly chﬁb;{qgsaegl {[21 %l? cﬂ%ﬁ{l%{&es s%(g%su?t%%géact?g a surface
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cMP ‘851&1&)851’:183 it Béntact with the surface between the pad and the substrate. The

relative motion is maintained for a period of time sufficient to abrade at least a portion of
the surface. The CMP composition comprises an amino compound, a radical-forming
oxidizing agent, a radical trapping agent capable of inhibiting radical-induced oxidation of
the amino compound, an aqueous carrier therefor, and optionally, a metal oxide abrasive.
The radical trapping agent can be a hydroxyl-substituted polyunsaturated cyclic compound,
a nitrogenous compound, or a combination thereof, which is capable of inhibiting oxidation

of the amine by the radical forming oxidizing agent.
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[0019)! " O4&RAY Lompounds are utilized in the CMP compositions of the invention for a

variety of purposes (e.g., as corrosion inhibitors, dispersants, and the like), which are well
known in the art. The amino compounds present in the CMP compositions of the present
invention include, without limitation, compounds having at least one primary amino group,
compounds having at least one nitrogen-containing heterocyclic group, compounds having
at least one quaternary ammonium group, or compounds having a combination of two or
more of the foregoing groups. Preferably, the amino compound component of the CMP
composition is separate and distinct from the radical trapping agent component, which can

also be an amino-substituted compound.
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and nonionic monomers.

[0024] For example, the quaternary ammonium-substituted monomer can be any
suitable quaternary ammonium-substituted monomer(s) comprising quaternized nitrogen.
The quaternized ammonium groups on the monomer units can be acyclic or can be
incorporated into a ring structure. Examples of quaternary ammonium-substituted
monomers useful in the context of the invention include, but are not limited to
diallyldimethylammonium halides, methacryloyloxyethyltrimethylammonium chloride, and

methacryloyloxyethyldimethylbenzylammonimn chloride.



pol ymer can be a copol yner conprising at |east one
guat ernary ammoni um substituted nononmer and at | east
wWo@p@7nesndNi ¢ nononer, wherein the at | east onBCT/US2007/005592
quat er nary anmoni um substituted nononer conprises
ei ther nore than 50% of the copol yner on a nolar basis
or 50% or |ess of the copolyner on a nolar basis. The
qguat er nary annnniunsubstituteg and noni oni ¢ nononers
can be any suitabl e quaternary ammoni um substituted
and noni oni ¢ nononers. [0024] For exanple, the
[0025])at eThamynimiOmodomst) st ¢xatiipde] danberBy saRiblb@oaidvic monomer(s),
i tuted nononer

. .suitable at.er.nar nmoni uny subs (s) .
incliding; bineg DEEAdP ST AthenPrPEsER. et{?ﬂsnaaé&d& Prop¥tgne oxide, styrene,
epichITORYdHA, QEB IR IR Nadd @iikRRS MRdreskNi t S Can be acyclic or

can be incorporated into a ring structure. Exanples of
[00%fl at erlhsayatermasy mm%wtsubsﬂteg:dm@new@wg g8 bF prepared hreany

] ) : ti . it -

sul.t{tﬁg@ Edel%gllh}q%l@:d % %{ﬁ@%ﬁ[&%&%ﬁ g%% ?é' prdtfu€ed' 8% flek %&15‘3, cationic,
anomEs, 97 cPRdanphiing relmpetieatiost Hesgopohingen cehlbera Wedommdpolymer,

T Sl PG SGIEL Y PR 0TRRL L, A i),

gratheopmlymsyior abib copolyoxsrc Tie quatert(asy aminmeliudi-substitated copolymer
ot. limted.to, et ne, pr.aopyl epe .hyl ene, oxi.de,. L.
cun BB k55 DAL, oA s R S S rescion, i

ordexndl attexthe sembiliter wsdosity Mt dfher Phe sighiapEmatey of the copolymer.

niumsubstituted cqpolyner can be prepared by any .
1002 A GIsE Bt e o BB e e B SOP IRl T also
encqhipdliseLevitribhR@ o6 d c., SRR li‘aviﬁ%‘h@iiéx‘haryoﬁmmonium-
0

condensati on_ pol yneri zati on. The copol ynmer can be a

substitulRd SRl apiopic/Mertional SRS LR HiF BISRIYREFD, Hrichiasdioby[(N-3-
sulf@ﬁﬁg%rb)ﬂ@ﬁnetﬂi&ﬁl‘énﬁw ?’T%E{‘J,I\f-ﬁilﬂethy PEiGine ,3)‘6'1})[(1\1-3-
W

b
grart copol ymer, or ‘co copol yner. The quaterna
sulfeprrp b Uinmeaibaer yionyetiy e gbidimethybammisaivn betadne] nesgiotyineet's thereof,
and B @Kyl ation, acylation, ethoxylation, or other
chemcal reaction, in order to alter the solubility,
[0028] s c 0¥he ypaternapy emauiinyaisobititped pobteer (OF., al®mopolymer or

I, 27]. used herein he. t er m." quat er nar
copdOSHY FRavb 7 Pripdle NBh AT S gl R R PR BT Yo
catiani¢ pobmervitl Haok presight(dvemge nislbsIR WeighybNY000 Daltons or more, as
e RO B o A SO nCE, 218, o ny
othes i etiRdd prbpridve 16 tha padticalic golyima MeimgNithiAh 18 i¥polyoxometalate

a i u et?ine]h pol y[ ( N- 3- . .
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po

uat er nary ammoni um substitute yner (i.e., a
[00 J,mpat@sﬁ@fmg@ compounds useful in the compositions and methods of the present

invention include, without limitation, nitrogen-containing heterocyclic compounds (e.g.,
benzotriazole, substituted benzotriazoles, 1,2,4-triazole, and substituted 1,2,4-triazoles)
primary amine compounds (e.g., diamines such as ethylene diamine, 1,4-bis(3-aminopropyl)
piperazine, 4,7,10-trioxatridecane-1,13-diamine), and the like.

[0030] Preferably, the amino compound is present in the CMP composition of the
invention in an amount in the range of 0.001 to 0.1% by weight, more preferably 0.005 to
0.05% by weight.

[0031] Radical-forming oxidizing agents suitable for use in the CMP compositions and

methods of the present invention include peroxy compounds and halogens. Preferred



copol ynmer) can have any suitable weight average

nmol ecul ar weight. Preferably, the cationic polyner
wowdi/168ae® a wei ght average nol ecul ar wei ght oPCT/PSDO7/005592

Dal tons or nore, as determ ned by gel perneation

chromat ogr aphy, light scattering, Kkinematic viscosity,

or any other nethod appropriate for the particul ar

pol ymer being utilized in the pol yoxonetal ate conpl ex.
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nol ecul ar wei ght distributions of pol yrrers are vvel I
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in aﬁﬁh&ﬁnt (1? ];k% ranB8HPG bHEd TRILRES DY Ifnﬁgag,tm&[g ; 81&%%[]{1% 9,001 molar to

persul fate, —pot assi um nonoper su [
005@@@? sulfate). Preferred hal ogens include iodine.
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0% or, nore _over a five-day storage peri

lmld%ﬂ‘F-N exider 1-42-hydroxamettod)wingraginedVoxidy; agé M-meghylmorpholine-N-

e. -
ox1d%?’glf g arg{cgqgi’tuﬁg g@ggé%ﬁa{f ‘i[ % 2 lg-hxg%g(aéﬂthglﬁrgide a gleimmo substituted
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commpinda.bPeferablyp g&ruwa frezdadiehl-typa pygiicad tagpmigagents|(elge TEMPO,
and the like) have a free radical half-life of at least 0.01 seconds, more preferably at least 1

second, most preferably at least 10 seconds, in aqueous solution at an ambient room
temperature in the range of 20 to 25°C. A preferred nitrogenous radical trapping agent is
acetanilide. As one of ordinary skill in the art will readily understand, individual
nitrogenous radical trapping agents may fall into one or more of the foregoing categories.
[0034] Formation of a complex between the radical trapping agent and one or more
metal ion during the CMP process can lead to undesirable increases in the polishing rate,
and/or can deactivate the radical trapping agent (i.e., reduce its efficiency for inhibiting

amine oxidation). Accordingly, it is preferred that the nitrogenous radical trapping agent



aromatic nitro conpounds (e.g., 3,5-dinitrobenzoic
acid), hetero aromatic nitro conpounds (e.g.,

WQ@2002t1689R5 4-nitro i m dazol e), aliphatic nitro PORPSNTE5592
(e.g., tris(hydroxynethyl) nitronethane), nitroso
conmpounds (e.g., |-nitroso-2-naphthol), nitrogen free
radi cal -type conpounds (e.g., a nitroxide conpound
such as 2, 2, 6, 6- tetranethyl-l-plperldlnyloxy free
radi cal, al so known as TEMPO8 and 4- hydr oxy- TEMPO),
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abrad1 9§y inBRIAE BRica ORI it{ra, Q:ena,gﬁlléﬁgfao&‘)’ a gorﬁﬁﬁﬁhgﬂ bftwo or more of
acid; and salts thereof) al kyl oxy- substituted phenol

the farspigpsasiessy whish rerwelkinaveni the GYRyrt Risfriedunetel oxide
abradiP&¥iatlude colloidal silica, fumed silica, and alumina.

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

embodiments the amount of abrasive is in the rage of 0.1 to 1% by weight.
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salts of any of the foregoing conpounds) and a
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for é:%mhﬁletaﬁﬁmhﬁﬂﬁh@ a@dtatl; @idodi@mIAAbriy, W1 @Blike! MAHNREL pH buffering
nbodi nents the anount of abrasive is in the rage of

matgmils ere wobl bpowaiip the 110089 copper ebfhanplisadens fkmeqmpasition
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[oo4 | oi Idﬁl B%Wsdo&ﬁﬁcﬁltid:ns g\ﬁ/ﬁ@ lnﬁgtﬁlo&kv’agﬁe?t{ieﬂﬁecpbﬂeﬁﬁ suitable

into a ateda C n al l o t
techiique fRany it tounh oo e skillsdjp hear e B cBitposition can

be ;%ﬁeir@dl fl% ea@ﬁto\w%@ﬂuxd&ls PRICEN L Gaidraly, ek 0BT b&hﬁ&lh{)‘n can be
he bottom 50 of the graduated cyl'i nder

prem?ch’ey EPIEIHNS ﬂms)mmee@ teehek many préder- Eéxettpren egomnonen " as
used BErelPRicRRicTindiidhieingatned @k, CatiddNH8des (dnbl thk Dike) as well as any

combination of ingredients (e.g., acids, bases, surfactants, and the like). For example, an
abrasive can be dispersed in water, and the amino compound and radical trapping agent can
be added, and mixed by any method that is capable of incorporating the components into the
CMP composition. Typically, the radical-forming oxidizing agent is not added to the CMP
composition until the composition is ready for use in a CMP process, for example, the
oxidizing agent can be added just prior to initiation of polishing. The pH can be adjusted at

any suitable time.



terms of g/m) divided by the initial concentration of
particles in the abrasive conposition ([C] in terns of
W@200i7)108985 | ess than or equal to 0.5 (i.e., {[BPCFUS2007/005592
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inventipn bsmgtahg sajpgitepolighisg pad (e.g., polishing surface). Suitable polishing pads

include, for example, woven and non-woven polishing pads. Moreover, suitable polishing
pads can comprise any suitable polymer of varying density, hardness, thickness,
compressibility, ability to rebound upon compression, and compression modulus. Suitable
polymers include, for example, polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon,
polycarbonate, polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, coformed products thereof, and mixtures thereof.



range for use. [0044] The invention also provides a
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be coasttudd astii 28§ wid thﬁgﬁ.lg[lg% e Desirably, the CWP
apparatus further conprises an in situ polishing

endpoi nt detection syst dRXAMPLE df V\,hl ch are known in
[oosfhe ahls ex ilﬂl‘éﬁ’%‘teg e 4:1%?19%& (13?%}% 1};1 &%I tf o i0hest SF various

pol i shing process by analyzing
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[0052@r e H@%lﬂ}gaée@f wik baded4'h 418 &Qggr?tala}lrlr?g 9? % ryI v?lglght colloidal
silica, 3 by weight hydrogen peroxide, 1100 ppm benzotriazole (BTA), 0.5% by weight

potassium acetate, and 80 ppm polyethylene glycol. The radical trapping agents evaluated
and the amount of each radical trapping agent added are listed in Table 1. After five days
the BTA level was measured using HPLC on a Waters 2695 with UV detection at 220 nm
using a Waters 996 photo diode array and a gradient solvent profile. The% of BTA
remaining after five days for each of the CMP compositions evaluated is recorded in Table
1.



U S. Patent 5,196,353 to Sandhu et al, U S. Patent
5,433,651 to Lustig et al, U S. Patent 5,949,6927 to
wqang/losaexl U. S. Patent 5,964,643 to Birang et aPCT/US2007/005592
Desirably, the inspection or nonitoring of the
progress of the polishing process with respect to a
wor kpi ece bei ng polished enables the determ nation of
the polishing end-point, i.e., the determ nation of
when to term nate the pO|IShI%g process with respect
to a particular workpiece. [0049] Another aspect of
loossh e prisséns inh Tyt lﬁalcht% BatBRly @9|%fo tﬁé‘ﬁ%ﬁé&’x@anﬁ&ﬂn a control

ot-Ilf nposi ti on 1 ncl ng an am

csmemaoriwat%au& %%Hpé%ﬁ agest ﬁﬁWgS é%rSo(Ezq hé). a&em:pmp"ﬁheon up to 70%
of BTA!8Adifed TR HxafHI&AH WicH fhe! &icg\@ 6’%9@8%38} co{ceg{}atmn was 0.001

am ne oxi dation-inhibiting anount
molagl(%tgppﬁ]@gz}@-@mty{ ﬁ-x@ethowttmmyzlasﬂmﬁldautrepbmg agent; Ex. 11L). At

i e TR T ——"

compaitiqu afts $t days (e gt, utitizingrl - -gitfose-2aaptittiol g thdi’édi‘@hlt trdfping agent,
i.s an_anou

r.aqi pi N ent
Ex WPl 96 SRR AR RERL S BTN e oo
BTAtdxddaCivia \?mmﬁaﬂl@momple’&eﬁﬁlﬁmbﬁfeﬂ mhﬂx‘é%s@of NVReSRY-
of t ter osyre of the am ne conponent

met B8V Fllaine 5EF ot dgnts Forudmeahthobrnibegadigaldranping agent (Ex. 1P).
Tablageuhitiition ofBhBRIOLRIARSH Pylik 20 to

d = foll n\l\natr?ghpxarr%hggl ?ﬁﬁ)&&?%% ﬁESt rate
E he invention but, of course, shoul dPercentage ofBIA Rethaining

X85 in any WW& Agent t s scope. EXAVPaR Affedd5h(), Addition
Thi s _exanplreppink ustenaConcdninatian na, 045M 0.009M 0.005M 0.001M

1A0Xx| dati on-i “ﬁbﬂé F o 5 tectrveneys .Anc- ng& T 3?%% 29%

c)A

T rmg—agent H—t+he—CMP—-coHpos |
igpl uggm 9. ||S\jl<2—1|rt|br e b052] A-trapbing nno t 84 hdddde 61%
lDt o a—sttr+y Uun'i:ﬁ ?‘“‘hl?ﬂoﬁ')% by we nht colloidal kilica. | 62%
veiaht R o oxi de_ 1100 ppm|beR9%tr] azol e

1E TA\ rybbﬁ{miﬁ%bﬁl&}ﬂhfh%ﬁﬁdm um hc8be.| and 80| ppm
1F, -
pal y yvet némathylyl-aydioxyqenarii cal | t r738hi g agent 5
1Gevhi uat ed ahliydiesypyridine _of each] radi cal| T sempi hg
ﬂag{ent hididhlydaoxy-lljdsbadoquindadbl e [I. ATt er| T85% day363€| 3590,
LI BTIA | evel wasAcid®iue 48l usi ng HPLC on a Vatigq% 269849, 63%
Lwith UV det edydmiguiiond20 nm UST N a VAt g7 S7876 phot o
1K di jodehgdrogyindné salfeiadtink safl vent prof il 8920/”1"«“70 of
1L BTA remh@g@y%;g@(;xwmﬁﬁgs f (:‘olul u 9867 uv.-%%/(D 0%
IMCOﬂpOSIQLﬂnQ{Pﬁ, Q{a’;}l_rﬁﬁ.&%c ol ’“‘f’! b',’/ Hf)‘_‘70p {nng
IN TNe d@fignyfroky S h R hTe t A ‘gjbgu > : e

°nn

iorgmained 35 g '15% o' i A DY A
1Q N—hydroxyphthalimide 102%
1R 1-(2-hydroxyethyl)piperazine* 92%
1S imidazole* 86%
1T acetanilide 76% 57% 54%
1U uric acid 58%
1V ascorbic acid (comparison) 65%
1W 3-hydroxypropionitrile (comparison) 66%
* oxidizable to an N-oxide in the presence of hydrogen peroxide
EXAMPLE 2

[0054] This example illustrates the ability of radical trapping agents to inhibit amine
oxidation as determined by measuring the zeta potential of colloidal silica particles present

in the CMP composition. The zeta potential of the silica is related to the amount of amine



of BTA remained in Exanples in which the radica

trapping agent concentration was 0.001 nolar (e.g
waigiongosseacet yl - 5- met hoxytrypt am ne as the radPCHUS2007/005592

trappi ng agent; Ex. IL). At 0.005 nolar concentration

of radical trapping agent, up to 88% of the BTA

remained in the conposition after 5 days (e.g., .

utilizing |I-nitroso-2- naphthql as the radical trapping

agent, Ex. IP). Surprisingly, 3at a 0.009 nol ar

concentration of radical trapping agent, the |evel of

compPundrengaibingonths sﬂi&fﬁcﬁmﬂtﬂé kiYic&, GORLE 18 litn i HRIES ﬁ)dshla Bhelf:life of
- t hoxyt ryptam ne (Ex..

f N
the+£n t%%g’%fmﬂggﬁ mﬁ?‘lﬁ%“?@ﬁgégﬂﬂtrapplng agent

i cal zeﬁ?ﬁff‘é‘ﬂ Cfnt nbd A ba Pl QHuf BB es obtained
by nRsuR s the ﬂVgP SRnlityeafdhe H@TIENANPIDE aZM[aDMZetasmer 3000,

whicHh#s tﬁ’ﬁ@ﬂlﬁh&rﬁﬂléﬂ%ﬁf 4 86AR ﬁu§ H ﬁenohc and
A a8

trappln ents to t am ne OX
NitrQgERQs e @a ‘B@Pmsgﬁntmgvalme&mbhld&(ﬂ-hydrbﬂjrpﬁ{dlne (at 285 and 950

ppm(b%u:&itgi"ﬁlonsﬁk %A?‘ agé‘?hl ?csggcﬁg'r 5/3 elgI%c :!luﬁg (E(M PRI, 1—3§ 2C), N-

conposi t i on. e ze
meﬂyy@mgmé@lmg-l‘{-hmdar(ﬁ%ppmf Ean2Dy; dcijpioxyd TERPO s f@%ﬁﬂ Ex. 2E), and

h I
soetifa A5, A BES, Pl g sl s (B AR o cadica

trappuﬁg egend i(Bk Il pgertalsd @Qt%mfor-rd@ﬁqﬁ&fs@n Q%@&é afhé)fontnnﬁatlons of the
o S

M osE o AR PG h 554 B e dwme! silivad Ditbyoveight of
femtt hmra&aﬂidﬂaﬂ‘ab/@&tdl SUBPpsh MhiBLIE a%g(% Q%giﬁ%}l §1ﬁ8¢9ﬁé’ml ch

s,typical, instrunental error
me %ﬁ‘@%{) thyjlgimsby]ammoniwyg biomidegamd 4% b)gwle@lt ofhﬁgpgﬁgrperomde
ri
in adgislﬁiﬁgg r?]ﬁgg%%igﬂtq%a?ﬂ%‘ é&&x&a%gggé)ﬁg%enﬁ, Bé ?ctrrr{}g he results
are prspited graphimdly ip fiig. 1ExAs B@videiat El}fl E;Dtgﬁ: radlce_xl_l Iéra gmgs ents
r ox
signi gg&%ﬂ”@é&%ﬁ@ﬁlg%g cetg‘)g%?)f%%gl(?éjfét Hﬁ/n Exy 2F).
4 ' i ni i 2G or no

Conposi ti ons cont ai ni ng EX@QNIPLE zcid (Ex.

éadi g3l tra g&ggt were al so tested E?;r ‘
005 s SRy B BEE i cohisaRopos reemv sabilize amie-
contagiwing GINIP IcOﬂ@o@M@hslaé @&emﬁﬁé&'g§ CurdbsRIOrBM oV IS o?/)garﬁ?% by

ilica, 4% b ht of ferric nitrate nonah
polishing twe&fwﬁtérso‘%} 1&[ PIW%@MRJWI}JWS}‘@QRS, and compositions
storedrBirBoGidyT @x9eARY |aE151'tlgﬁtol?¥1 % Qonmide, and 4% by
i ght of hydrogen per oxi a fon to any
(0057 7 dhe CP?’QBE}PRQS w¢ratfommglaﬂ@d spbsi&ﬁrdilyl 4 deh@1bed in Example

2. Af:@xglﬂyilﬁbh Q&Htihé)agl\%d d?a Ll#ﬁingr genq £ES e:ﬂ%ed . r%gqn fa,tlgﬁ i F’é 2H))
presepigest eermapaged t9 emposjticisdnelading G785 aype OPadefardBAS(Ex. 3B) or 500
ppm Mﬁaﬁ"@t&p \é%r) tl'lhe wafeEré'e‘vl\é?eL gol§shed on an Ebara FREX 200 mm polisher
under the following operating conditions: IC1000 concentric k-grooved polishing pad on
Suba IV, platen speed of 100 rpm, carrier speed of 55 rpm, sub-carrier pressure of 225
hectopascals (hPa) (3.2 pounds per square inch or "psi"), backside pressure of 225 hPa (3.2
psi), retainer ring pressure of 200 hPa (2.9 psi), slurry flow rate of 150 mL/minute.

[0058] The results are presented graphically in Fig. 2. The data in Fig. 2 indicate that
TEMPO was able to stabilize the CMP compositions for up to 7 days compared to the

control composition, whereas acetanilide stabilized the composition for up to 3 days.



[0056] This exanple illustrates the ability of radical
trappi ng agents to stabilize am necontaini ng CWP
W@ o09p0esdLs ons as determ ned by tungsten renovaPCT/ESEE7/005592

obt ai ned by polishing tungsten wafers with freshly

prepared CMP conpositions, and conpositions stored for

3 and 7 days after addition of hydrogen peroxide.

[ 0057] The conpositions utilized were formul ated

substantially as described ifid4Exanple 2. A conposition

wi t hout radical trapping agent (Ex. 3A, sane

formulation as Ex. 2H)) pr s conpared to

conposi tions including 67562“Wacet ani | ide (Ex. 3B)

or 1500 pprhehichEMEChirisal pdGiihing (EMBfcetiposiion doatprihad

on an Eba)ra FREX 200 P‘E;Ol I sher under the foll ow ng

operatl EBAIIPP SREPOMY-000 concentric k- grooved

pol i shi r(a RaddarRAl- %ﬂng&ld%ﬁgegbnepeed of 100 rpm

carrier eed of 55 rpm sub-carrier pressure of 225

hect op as(é |a§a@qqpla§‘a;(p3n@a$ﬁ§1g ﬁ@;@bkpeqf 1 ing yagigal-gprduced oxidation
of thenﬁﬁ ))'copﬁgﬁﬁa dfie PAFS Wal ?pﬂ% a%gg’t g2a H§éh)oxyl-subst1tuted

retainer ring pressure o 0" hPa Eg 9 psi) lUrry
polyunsatrratgdecyslic 5Mpoud afmtreger{oee SeinpTied, roeemoe@lmt@n thereof; and

present 2. The data in Fig. 2

i ndi cat e %Eﬁgé%\n/aéﬂg e to stabilize the CVWP

c 0 ﬂp 0Si tThtr@MR)compomtmorVoﬂ@imm t whparie thd mdidabtrepping @pent
comglc‘)l ) anltrogﬁﬁc%ug rc%r&%o%g 3° ggm I de St abl | Igr%gstm% of an aromatic nitro

com(pbem @aieterreﬁxbamtmahtr@ Gbmpbiuny aﬁ@l@)latttmimsuotnpmm a nitroso

compga J; A anggqﬂ ﬁ% 3%,1%15"2 % C%%H ?‘1:3& ‘gi( S%a?reg?und an N-hydroxyl-
imird ARH MR d 2y SARRM B sOfutdd HrbRiatid B8np ST ah N-B6¥CR@mine

oxi dati on of the am no conpound, the radical trapping

compgurd. aadsiopdiingiion crfmowmore @b &g foreseing nitrogenous compounds.
polsyunsagpy @ﬂ/ﬁdc ngé) diGorF SFRMD § wifkrdih ﬁ:ﬁ@&%ﬂﬁy §rapp1n g agent
conmpound, Ination thereof; and (d) aqueous
compaised aehydrnzeyleefmntuzed nuimnswmrﬂedrpE@1q qompmmdcslemcmdlfrom the group
e r |
con%gﬁ{lgocge]anl%lﬁo@giﬂ%rgﬁ tescgﬁ‘%gplg%, Iy n?’?)ﬁ gﬂg%tﬁﬁ%daqumone compound, a
hydmyhismsitingecbéomam ocompound) iaﬂnydrcoctythuhamthteé naphthalene compound,

o oA DA bR R A R R Pl cbpounc, o

hydfoxgi- mﬂistweehetemw@mdmc &ﬁnlbbLﬁML g eultenip eulﬂckubaﬁtuted phenolic
N-h%cgrox g g Sn'pou d an Iam no- s tuted

compPBid Fltd g 2 Pn°ﬁ &%Yd TEgQiRE Gempounds.

conpi nat TKHICNfP &mp@s"m&pbﬁclalfm 1 Rének&ih @O al- formmig oxidizing
ni t rogenous conpounds.. 3. The CWVP conpagsition of claim

agent cQRBFISERAtk [gast oRgoxisdizipg appt sefealgd Iz(f{om the group consisting of a peroxy

compound and a halogen compound.

S. The CMP composition of claim 1 wherein the radical-forming oxidizing
agent comprises hydrogen peroxide.

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

7. The CMP composition of claim 1 wherein the radical-forming oxidizing
agent comprises iodine.

8. The CMP composition of claim 1 wherein the amino compound cbmprises at
least one primary amine group, at least nitrogen-containing heterocyclic group, at least one

quaternary ammonium group, or a combination of two or more of the foregoing.



conprises a hydroxyl-substituted pol yunsaturated

cyclic conpound selected fromthe group consisting of
w@bgodniesyes none-type conmpound, a hydroxyl - subst PETIUSZH07/005592
qui none conpound, a hydroxyl -substituted coumarin
conmpound, a hydroxyl -substituted napht hal ene conpound,
an al kyl oxy-substituted phenol conpound, an
al kyl -substituted phenol conpound, a
hydr oxyl - substituted heteroarldnati c conpound, a -
sul fonic acid substituted phenolic conpound, a salt
t hex eof , TrdnVEP ' ' . f the .
f or eg ai ng c,orrpoungs . ﬂ?ﬁd %éﬁ%%@g%%g ‘{ ‘:'3068 P iriyer comprises

%a@ﬁﬁvﬁadical-forning oxi di zi ng agent conprises

at jpeastrinen®idthgds: . cted,. fromthe. group. .
consi st iag of a ‘%é osgxtgorg%en%%ﬁg kkglr%mé ﬂheaﬁ’lstGLHXId% abrdsive is
sele¢igdfounthe souprpens@vmgodisilivs; limina titatigicerid, MARAERI, Bnd 2

. ' - ] i di zi ng,agent conprises hydrogen

°°mt6§"r§3§‘?§£@%f’£ _[I)({?gé %%?S%S?igt bﬁ%néﬁs' claim 1 wherein

t hd1r adi4 eherhipahimeghanitad ipalisting gENIP) 6AEIREd & ofishing a substrate,
thergﬁthé&”c&%tﬁ lcoggpl{nds. (. The CWP conposition of clarm1

erern Phe P4t TP ?%r mi ng oxi di zi ng agent conpri ses

i odi ne. (8) coftactidrh s@IReVrlaisEBstPdte G APk mg '
CMI@m no corrIE)oEn ° onpri ses at SI e%s'tegé]% dr;%r?hr?ar ‘gc{r%rhr?tgm% aqueous

gFgaRosIHpLt 3%%@6@%@%6@@@5@@1@ ceypbim, a radical-
formiiionidizidg 4@nsta QAR AN HAY gééﬁtt R Hﬁﬁ]ﬂ{b%gg ra%acea?-er\ﬂyced

.dconbi tion of two or nore e foregol ng.
OXIAAHLVLIPE PBHNS ForRpane, andAr pelePUS barriso tsfot; tha rédicd] hepping

" . o _d Lve .Jhe C\P .
agent O8YRpHSIAS %yﬁ%)@}l g?ﬁ%t%ﬁ&ﬁ??&ﬁh&?ﬁra&% %yéng §Qinpgund, a nitrogenous

conposi tron of cl e ne
compAngs Py combinatien thededft ad t he group consi sting of

silica, gal Ant: I [ eria .zirconia, apd )
R b O T i E—
mam_t_qr_n_ng a_cmmiq')lm af Ehﬂ:fﬁdﬂ@”doﬁ:qjﬁsmbhi inl; hgﬁ@c(ﬂﬂ?}hd@irﬁﬁg bbB¥een the pad
Lrat t r ng t t eps
and O e e S e i e P re G0 et Abe et the suriace,
pol2.shi fihe pethahef daina gUaAYFEeI TR @@i&@pﬁégiﬂix%agér@ Bol¥hses a
mtrogé)ngggy t1on (ﬁoqggr[l‘gl nghtgn am no conpound, a ..
A4 E PPBPIRhEFeteiTOMHGe gEim congisHBaOE an aranagsisi nigo compound, a
heteragentatic @b bomPburld) Ah Riiph A fiftdicoMobRE YCHH 0 LARbSAM, a
.. of the am no conpound, and an aqueghs carrier ’
mtr°%?\’e“f’%€f Loal-fiperegmmoand; salNsiide egaprundoapN-bydrgxpl-imine
comﬁ@ﬁﬁd,@@’dcyﬁdf@i%hlﬁlHitﬁQteBQJréiHQt?caééiﬁﬁélﬁ%, ﬁ%{ﬁ-ﬁccylge% ?ﬁjenc(:jdmpound,

a nitrogenous
and a combination of two or more of the foregoing nitrogenous compounds.

am

13. . The method of claim 11 wherein the radical trapping agent comprises a
hydroxyl-substituted polyunsaturated cyclic compound selected from the group consisting
of a hydroquinone-type compound, a hydroxyl-substituted quinone compound, a hydroxyl-
substituted coumarin compound, a hydroxyl-substituted naphthalene compound, an
alkyloxy-substituted phenol compound, an alkyl-substituted phenol compound, a hydroxyl-
substituted heteroaromatic compound, a sulfonic acid substituted phenolic compound, a salt
thereof, and a combination of two or more of the foregoing compounds.

14, The method of claim 11 wherein the radical-forming oxidizing agent
comprises at least one oxidizing agent selected from the group consisting of a peroxy

compound and a halogen compound.



conpound, or a conbination thereof; and (b) causing
relative notion between the polishing pad and the
wGaaistesare whil e maintaining a portion of the EBMPUS2007/005592

conposition in contact with the surface between the

pad and the substrate for a tinme period sufficient to
abrade at |east a portion of the surface. 12. The

nmet hod of claim llwherein the radical trapping agent
conprises a nitrogenous conpdénd selected fromthe

group consisting of an aromatic nitro conmpound, a

hetlér oarTheihbtol of CRif ATRVA}Ein (R rﬂié&-ﬁ@ﬁ%&g@x‘icﬁ%ng agent
cogg)g&%g, a nitroso conpound, a nitrogen free
COMPHHS AT EAHPEDHPBUND, an N-oxi de conpound, an
N- hgdr oXpHe 8B E R m no-substit ut.ed
aronatic c orrpoung?efgﬁﬁﬁlggg‘?&gﬁg%{nﬁ%écag g%rgﬂﬁ&xl figegseent
compRf§iaRarsWtocompoust nore of the foregoing

ni 5 0geR L Qﬂﬁ SIS | t hod of, claim,.

11lwherein ?ﬂ%ﬂgggrca . tlr}% elrﬂaqgeg@fcag%?ﬁ?lpgé‘?dézmg agent
compiigpsdgdine.subst i t ut ed pol yunsaturated cyclic conpound

sehected.fromthe.group. caonsi.sting of a )

hyg?oqu?f%‘&%‘é? oHef g‘&%gbr‘f@’,er%ln RYRiBine cosmesintl compises at least one
primguyi awgine gtomgpound, a hydroxyl substituted counarin

conpoun a_hydroxyl -substituted napht hal ene conpound,

an Er%)‘l Ky %&)}n?ﬁﬁé P? %/lﬂ’t“ééll prhsEon theorporempeand comprises at least one
quatarhiuyl ansiabfifunt ptod@. phenol conpound, a

hy?‘? oxylsubstituted heteroaromatic conpound, a

suff-oni dhgdndhedigSelpinyd bavhsrrim ghe CMPormapnsitiomfisiiet comprises a
metal bgide@braspied a conbi nation of two or nore of the

foregoi ng conpounds. 14. The nmethod of claim 11

whet-ei n Tha&ether efelaitn?Grivhgreix i métaboxige abrasives cleded from
the Rasistif 4.0l Z] agent selected .fromthe group

g%%lrﬁ)l si st i|tsr% gg g{ ngg,eaﬁ%rg%at% P8 Rd H AR gpmbination of two or
morefripofnregdibg atifasiveet hod of claim 11 wherein the

pofimezde alfasivet ho herein t
e o8 ool Bofigle POEfls FhetaMu emepopaEwhich comprises

an anpiad icomipofnd andig rmbaimhﬂﬁgaﬁwihmggg%&ﬂ%&%?&aﬁetﬁ %gﬂﬁbﬁ%@ adding

C und. 17. The pethod of claim
o ther g%ﬁﬁ%‘?‘??%?‘i‘r‘?‘h@“ E&'Pkﬁ %l%tl%gﬂﬂblé@moyggof dridieal traBping agent
compTisingEh Yl dx gt subkiudlb WRE fikRed Efclﬁmoﬂg)o%gggﬂf&%ggnous

conﬁrlsesng%, | east one primary am ne group.
COMPRBEH AT 2o Bt hergREr ei n the ami no conpound
CQBr | SERe ﬂfeﬂloﬁ%?{clém@mﬁ&%ﬁﬂﬁéhcﬁme{pgm rg%ylp comprises a

nitrogenous compound selected from the group consisting of an aromatic nitro compound, a

heteroaromatic nitro compound, an aliphatic nitro compound, a nitroso compound, a
nitrogen free radical-type compound, an N-oxide compound, an N-hydroxyl-imine
compound, an acylamino-substituted aromatic compound, an N-acyl-enamine compound,
and a combination of two or more of the foregoing nitrogenous compounds.

24. The method of claim 22 wherein the radical trapping agent comprises a
hydroxyl-substituted polyunsaturated cyclic compound selected from the group consisting
of a hydroquinone-type compound, a hydroxyl-substituted quinone compound, a hydroxyl-
substituted coumarin compound, a hydroxyl-substituted naphthalene compound, an
alkyloxy-substituted phenol compound, an alkyl-substituted phenol compound, a hydroxyl-
substituted heteroaromatic compound, a sulfonic acid substituted phenolic compound, a salt

thereof, and a combination of two or more of the foregoing compounds.



20. The nethod of claim 11 wherein the CWVP conposition
further conprises a netal oxide abrasive. 21. The
woredonooBded cl ai m 20 wherein the netal oxide abP@FUY®OT/605592
selected fromthe group consisting of silica, alumna,
titania, ceria, zirconia, and a conbination of two or
nore of the foregoing abrasives. 22. A nethod of
enhancing the pot-life ofa CVMP conposition which
conprises an anino conpound 3Ad a radi cal - forning
oxi di zi ng agent, the method conprising adding to the
CI\/E’S CoMTteirhéthéd afciaith PO . grount
. &i di cal trapping aggﬁ%grggﬁﬁp% I(Qg}dai] I%rprh}'nk ogmazmg agent
Omm P s‘t"i“ila’cnécﬁgs@ﬂ selagtagt @latthdgnmpl doasistinpoLfaperoxy
compounidt HAGED or a conbination thereof. 23.
g%e nmet hod %%Bclaﬁn1§§ wherein the radical trapping
agéht cdiprated of elaim 2 erorsn dorpniudtbosPoRtE %dmiah@é@ at least one
1nnnh®%m&h r;%)onslstlng of an aromatic nitro conpound,
heteroaro tic nitro conpound, an aliphatic nitro
ofpoundhe mqﬁhqdr @&dammﬁb ohdctin theWrhing #8Mpbhee comprises at least one
quaté’rﬂ%;,'%%m %{1 ound an N-oxi de conpound, an
roxy conpound an acyl am no- substituted
aromatic conpound an N acyl - enam ne conpound, and a
conbi nation of two or nore of the foregoing
ni t rogenous conpounds. 24. The nethod of claim 22
wherein the radical trapping agent conprises a
hydr oxyl - substituted pol yunsaturated cyclic conpound
sel ected fromthe group consisting of a
hydr oqui none-type conpound, a hydroxyl -substituted
qui none conpound, a hydroxyl substituted coumarin
conmpound, a hydroxyl -substituted napht hal ene conpound,
an al kyl oxy-substituted phenol conpound, an
al kyl -substituted phenol conpound, a
hydr oxyl substituted heteroaromati c conpound, a
sul fonic acid substituted phenolic conpound, a salt
thereof, and a conbination of two or nore of the
f oregoi ng conmpounds. 25. The net hod of claim22 wherein
the radical -form ng oxidizing agent conprises at | east
one oxi di zi ng agent selected fromthe group consisting
of a peroxy conpound and a hal ogen conpound. 26. The
nmet hod of claim 22 wherein the am no conmpound
conprises at | east one primary am ne group. 27. The
met hod of claim 22 wherein the am no conpound
conprises at | east one quaternary anmmoni um group.



