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[ 0003] Pol i hislge ewmpssiions sngbleder polishipplerphdiskecirismatetidt al diel ectric
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noi sture conten - a result, the capacitance between the conductive
layers is sirfeeesofbemipamsiugtonsuphtratosesh intperatad Arquits) Rictlhecosfanep abrasive,

(frequency) at i.ch the circui operate. Strategies being
devel oped %aélo}lse%ggetcﬂré}p8‘%&5@#93%@2& nclude (1) incorporating netals

Wi th | ower[opesi st Palishing\ampesitids.for: siliapped)inteamdtal &plepriovdydisigve been
electrical isolation with insulating naterials hagi ng.l owe .
di el ect ri cPasmsrivdl qerlaped e tl%seg“iqné‘éfﬁordi“gﬂ%é&?‘ %c%ew&ﬁ[ Hdpecterd
constant ngL.grl, oﬁisﬁfr{rx% nd wehrWke i @heatddidte i@ Rhsnhbll YRliGabEytood.

i ncl ude organi-c polyner materials, inorganic and organi c porous

di el ect ri cOnmprebieal with tndiliohrehased distecismprserialse howeyghilt thanac AskEENi ¢
materials, which can. b r [ - : : }
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e e T i
lower resistivity values (e.g., copper), and (2) providing electrical isolation with insulating
materials having lower dielectric constants relative to silicon dioxide. Such low dielectric
constant materials (i.e., "low-k dielectric materials") typically include organic polymer
materials, inorganic and organic porous dielectric materials, and blended or composite
organic and inorganic materials, which can be porous or non-porous. It would be highly
desirable to incorporate low dielectric constant materials into semiconductor structures
while still being able to utilize the conventional chemical-mechanical polishing (CMP)
systems for polishing the surface of the resulting dielectric material during the
semiconductor wafer processing.
[0004] Several chemical-mechanical polishing compositions for substrates containing
low dielectric constant materials are known. For example, U.S. Pat. No. 6,043,155 '
discloses a cerium oxide-based slurry for inorganic and organic insulating films. U.S. Pat.
No. 6,046,112 discloses a polishing composition for polishing low dielectric materials
comprising zirconia abrasive and either tetramethylammonium hydroxide or
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| ow dielectric constant naterials are known. For exanple, U S. Pat.
No. 6, 043, i scloses a cerium oxide-based slurry for | I.G.and
organic i né@ﬁ%@(‘ﬁ‘g“ﬂ lms. U. S. Pat. No. 6,046,112 di scIngéqug)a/m“w
pol i shing conposition for polishing |low dielectric naterials
conprising zirconia abrasive and either tetranethylammoni um hydroxi de

or tetr aﬂ%&ﬁh@fg&ﬂomﬂmﬂ{&z@ed@s.@a@NoP@,tzvo,m di|§>1<?sz9a 395shetosehPeasord

pol i shing conp tion for low dielectric materials conprising

abr asi ve afdloardielrétde miaregakgemprisi o5 Suantl a8 padizngrgentcomonl y used

in chem cal.zechani cal polishing.conpositions to funection. as "
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6, 270, 393 Wifigwtios esdigitrabtas lyeuititg byenGO TR éx2ibipee, &l. SirAanaNo. 8/270,393
inorganic salt, a water-soluble chelating agent, and a surfactant .
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No. 6,313, | L b It hd SrAGvANU S, Pat. No.
b7 asi ve, BTSRRI RO LR R pOuf R, AT, Pat No
opt i onal | y6,313s0p9fdactcaet 2 pdimhing usppesitexd|cpmatitieg sn dtresisupf Agdoxhange on

t he substrate bejng pqglished. U S _.Pat, No. 8,076 disclose

pol 1 Shi ng ‘CBIRBEE) o1 BREtByareh Z14 AT B RORRAPL Phgo by sl Sie sorees
parti cul archamkQRitte @Egtfa@@ﬁéiﬁ% SoliskédS.U.Bubk. NN ed 4Bav € otsclépRpbhigiingon
2001/ 0005009 Al di scl oses polishing conpositions conprisin

. 1g .
sur f act ante®@mpopiEpRidiongcihiayer QP CaRPBHRESUT RS 1) PRECUIZHYUH B HFRNts.
surfactantg, i T i it
Appl i cati oﬁ'SZ%ISDﬁg%dO%%’}g AEP ﬁ%i‘?‘?@?%@g@ggie%’g}u@8‘35%@??%‘%%50%&%0“
conposi t i osonfpoising epi@tands chebeiimg aarontd, batiops) arsptiohydiccarpronginigsuafactants, to

abrasive, an or.gani.c acid, eterocyclic c ou Ldi.zer, and
opt i onal | y2°h? {]?Reésé‘fgaarﬁemsu .'rﬁﬁhkbﬁkﬁegﬁgamlf’%ﬁpgﬁ 1092\?5@?%/ @@%8%%% FclosH
2001/ 00135Q(ied¥s pdiigh PSR 08itIIR EdrQep S aRDbArsdti MG Jotiifl edrersiriglan
constant inorganic polyner |ayers conprising zironica abrasjve and a .
noni oni c, #MisHiF e orgaiE agif.c hegrrowiphenmeroned €p pridizennd opqrghy a surfactant.

pur port edl . i Lze {5k j 14 ng,
Flocoul ati i P LEkaR oAk PRIOEATR SREOMY B9 5y kL 08,
certai n adyialetteigesnstant inbgzaneeobfmen iy rbmpsting Zcinamntabrasive @wvPa ofnibwoy- k
dielectric materials. [0006] WO 01/32794 Al discloses a talum ...
barrier sl W?VC’PGF‘O“@VP[ CORBETE T a%{?flt’o‘?@gghwgp%rgﬁ(ﬂ]& IRV S\%@ﬁﬂ@ﬁ oo ligane
any of a Vﬁﬁﬂrﬁﬁ%ﬁir&f settthf acanhtfon, htiedecHpRAichedl.y. Ha@htBo b@oms7 M t h
the surface of the silica or copper substrate and suppresses

formati on éfcleiel putipriventpgasan Bs uapel nodinpersugrEi mCMEPT Srokdipecaic
di scl oses %at@g%lisshi ng conposition conprising a sorbitan fatty acid
ester and a polyoxyet hyl ene derivative of a sorbitan fatty acid ester
as corrosi @oéinhi BV® ot 8278PA L dRE8s86%anMlurdibsricosesy & GMBeomsrising an

di spersion for. > conpri sing abrasive particles and an a ipat hic
sur f act ant “8&RF AYIAYF %@lh\f%‘ 8‘% R Oa% V&Pe‘&?\?\é‘fr?acﬁgsfﬂitﬁ“%@& Bk Ychas
di scl oses @itRelel safth b FENRRSI dr lcOFpeE QMRS hitDsug SriebsdiTodnbten afxilasi ve
and a surfactant (e.g., anionic, nonionic, cationic, or anphoteric)

that pur popteeiditytesandsopper ataifiiag EPSAAB02 BOUB7ILENE NRHFBRS PYRRASIHOR

devi co i menarae St B 687 PR AR ARRI R B R PG (B8

vari ati on 2cid ester as corrosion inhibitors. EP 1 088 869 Al discloses an aqueous dispersion for
CMP comprising abrasive particles and an amphipathic surfactant having an HLB value of 6
or lower. EP 1 148 538 Al discloses a polishing composition comprising cerium oxide
abrasive and a surfactant (e.g., anionic, nonionic, cationic, or amphoteric) that purportedly
acts as a dispersant.
[0007] One major issue in semiconductor polishing, which has been increasing in

importance as device dimensions shrink below 90 nm is the ability to control the variation
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in line resistance (Rs). The Rs value is a neasure of the device

el ectrical ,pe mpce and can be affected by enhanced he
net al coup?‘g)d{oéﬁ(?({‘gﬁﬁ he erosion and renoval of the | ow kﬁ%@%@@{@%ﬂ&

material. Furthermore, this issue is conplicated by the fact that the
incom ng surface functionality of the lowk dielectric materi al

varies acr gsgelbgstRE ts). a%e REVhIAR fhOMRE Bl db P ¥BiEQFical BBIfSrmance and
typically results in undesired variability during wth

convent i onadn i@Mfestied by eelmnceptremalyl [of thy metel ceepiddayih theerasiearaal! reragiglLiof

of lowk dielectrjc materjal, r ved durin

the R var bt Sedi Bty COBURRrOHE Mo T SiRe B LabE Hhe o
i s an ongoinagmhgedriie fdexnehafy beive MRk dixgeat hatera vhtiatacause thefadat asve
for poli shi nlﬁ lowk dielectric materials. The present .inventi.on

provi des stiehas fiprovad-temeeombsirirdhgesuith Bsuidatitrd ety avane ShHs
of the inveni engﬁla‘f\@MP ﬁ&n@ggtﬁéha%flﬁif td @gﬁ&%k%%vfe@aﬁtawo%ﬁt ofbl ik be

apparent fromthe description of the invention provided herein. BRI EF

DESCRI PTI ONelggtriT iz tDRAWNNGS] loOGoTHP Gan gresthoreducs thy Bprargbility caused by
car bon-doped silic i oxi de (BLACK DI AMOND(r) |lowk dielectric)

r emoval rafoé]é"e‘gb%?g@g% K361 shi ng car bon- doped silicon di oxide

bl anket wafepos] ut iThe@iingh EQERQSetd PRV hdve CMIVemijoeitioncOaNAE effectioe
the rate achieved using a control conposition. [0010]FIG 2 shows a
graph of cHrpehshirglen-isiicieetsn neteiasd dhe PICAKITCRADNID Yijies sy@p fnproved
dielectric oo | I I Sy T - LLi.gon
i oxi de. bl ShESETRr PR P A b b o PR e gond
conposi t i omvettivelfeatiay,evitlibe appaconfamebe d@cifimnrodtie inchiiev povidsd hefem.

S ‘
ST con f oxi de. (BLAGK DITAMBREY RS CR BN Bre BB BAAY TR o7 n T erova
rates achi eoed] i n FPQ! i S1HwWAG driphas cEBERaspedenRen diokide PBLATEXDIEMOND®
pattern waters with a conposition of the invention, conpared to the
rate achi ek dislesiica reemiat whes @eipsdiin PYRIINBRIER-SUMARRIOpdioxife blanket
INVENTEON o e utilizing compositions of the invention, compared to the rate achieved using a
control composition.
[0010] FIG. 2 shows a graph of carbon-doped silicon dioxide (BLACK DIAMOND®
low-k dielectric) removal rates achieved in polishing carbon-doped silicon dioxide blanket
wafers in replicate polishing runs utilizing a composition of the invention, compared to the
rate achieved using a control composition.
[0011] FIG. 3 shows a graph of carbon-doped silicon dioxide (BLACK DIAMOND®
low-k dielectric) pattern removal rates achieved in polishing three carbon-doped silicon
dioxide pattern wafers with a composition of the invention, compared to the rate achieved
using a control composition.

BRIEF SUMMARY OF THE INVENTION
[0012] The present invention provides a chemical-mechanical polishing (CMP)
composition suitable for polishing low-k dielectric materials. The composition comprises a
particulate abrasive material, at least one silicone-free nonionic surfactant, at least one
silicone-containing nonionic surfactant, and an aqueous carrier therefor.
[0013] In some embodiments, the at least one silicone-free nonionic surfactant and the
at least one silicone-containing nonionic surfactant are present in the composition in a

relative silicone-free to silicone-containing surfactant weight ratio of greater than 1. The at
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[ 0012] The present invention provides a chem cal - mechani cal polishing

(CWP) conpesi.ti suitable for polishing |owk dielectrj ials.
The cprrpos&?izg%%g(())ﬁ%ri ses a particul ate abrasive mat eriﬂzﬁq‘fﬂggéo%%gjégt
one silicone-free nonionic surfactant, at |east one

silicone-containing nonionic surfactant, and an aqueous carrier

therefor. [H0334 diNcsiRIBcoBRRMIcHRTidtant bitEthakt lk&aske FR@nsicbheRiRnbhiesic
noni oni ¢ surfactant and the at |east one silicone-containing nonionic

sur f act ant swifeetapirtbe anfaciantstepeh relefrdLi ar¢ pigsanhinghe eqrapqsifondp py aaewsY i1y e
to silicone-co i ni ph P [ gGRt ratio of greater than 1. The
Fanée (git?l% to 16,%0? Eéljts%:eg Q’Hﬁlowpgﬂ 9

at _Ieast on i cone- € ‘noni oni rfactant and the at | east one
si | :c cone- cot 4l ni Mge siindrenire wuvhactdnttart hel the siliactearhsieag onionic
preferably are present in the gonposition_in._an anount i he r.ange.
O o o g LA et Sl g T e

noni oni ¢ syf&actaflkANsteleh®18idniF REET S Bl ' nt
each have a ﬁydr ophial ?}greport?ison Fgﬁgkeaa I pgpdgr{lé?g:&gdgdry'?limg%@%ﬁg@%@
hydr ophi | i conponatioonhaséofedbi lisenhilagtodimn of thef sdrcabe-free nompenis ey fagtapbl yol
group, a polyoxyal kyl ene_gr r i, nat,i -

I'i pophi | i cpfﬁkéf%%{%%"%‘?“sf%ae%&ﬁm il P%%q’%t '?%ﬂr?ﬁ@dl;sogrg’;bggké’h%?&“ be

pr ef er abl ybaaiiet) 15esr, ande-sGB8itityd vk andbamaerifieicyional geup el p.o emedoo Rroup,

noi ety can be branched, || near, ituted with .
functi onal arg%wfws g amigdg %@E’e?nadgg%ﬁ%}siﬁg}éé% Pgé’P\é\A{?ﬁ,Of nesélﬁq_roagpr ©
group, and.dhenihb kEdionid B& fckRORSMIrisEs PQNEInERrRD. T he

si | i cone-contai ning nonionic surfactant conprises a silicone group.
f0015] I n af¥ifler &spugher ashsel, freeswsat inveneert providpy oelictéesl-mechanical

cner <o e ok ) 018, RIS 0k SRl Ty Bk g
| owk di el gtdontatingi afrfadt ofd lokv-adipkiris Matgiapaith apdlishingasidead an tvieous
conposition of the invention, and causing relative notion between the
pol i shing PAH enmepostien efiHstRERBOTWANY GUREE FRAIVAITHOR DRSIEER B pohshitep
Subst rat o For By T B o e ATt o
of the surfatee bétwehethe prd knddthe bubstrate for matnesr feaibd sSOETAN ERbPESTRERT! ON
OF THE | W%grrtrigrgc}lf the surface of the low-k dielectric material.
DETAILED DESCRIPTION OF THE INVENTION
[0016] The present invention provides a CMP composition useful for polishing a low-k
dielectric substrate. The CMP compositions of the invention provide for an even and
consistent removal of low-k dielectric materials, such as carbon-doped silicon oxide relative
to conventional CMP compositions. The CMP compositions contain a particulate abrasive
material, at least one silicone-free nonionic surfactant, at least one silicone-containing
nonionic surfactant, and an aqueous carrier, as described herein.
[0017] Abrasive materials useful in the CMP compositions of the invention include any
abrasive material suitable for use in CMP of semiconductor materials. For example, the
abrasive can be a metal oxide abrasive selected from the group consisting of alumina, silica,
titania, ceria, zirconia, germania, magnesia, co-formed products thereof, or a combination of
two or more of the foregoing abrasives, which are well known in the CMP art. The abrasive
can also be a polymer particle or a coated particle. Typically, the abrasive is selected from
the group consisting of alumina, silica, co-formed products thereof, coated metal oxide
particles, polymer particles, and combinations thereof. Preferably, the abrasive is silica.
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[0016] The present invention provides a CMP conposition useful for
pol i shi ng @0 00 %04$ el ectric substrate. The CW corrpos@qm (9)1)23&%3
i nvention pr ovide™for an even and consistent renoval K
dielectric materials, such as carbon-doped silicon oxide relative to
conventional Cw corrposi tions. The CMP conpositions contain a

articul at ' Jmf ekl
B act ant et T e e e Py 20 LT et e or
an aqueouspacaubiterbrasas, dest pi tedvdgt ef the tC{tﬂ(W@?ghAbf t’azs W@pmtncex pegfasably
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exanpl e, tgmﬁlo@éarpaawelychana bancan ptidt sioxindke Bbgas M)emsei Hotred risrem t he
group consi sti ng, of alum na, silica, titani g ceri a, B%onl a, h

ger mani a, MBEHEN % ne i K9 @S friedribeddrt v Balt scaltenag &?6 AvEse VBIRD B
two or nor r£goi ng abrasives, which are well known in the
Cw? art. heﬂ&gwglgfl{t/}% gtgn al so be a poI ynmer particle or a coated
particle. [Wm:ﬂ] cal Thg abtra”sezeabmmﬂwm sispeit ecthe CME mmmdsélogr ways specifically

consi sting al um na, si -f or med ereof, ¢

et ol oxi e iR age il Adbe GR iR o i hsRE TSk SREpEDp e
Preferabl yCMPQ@m?Qé’lﬁl&l Vi dbsasielpkdFerabl T%ll%lﬁﬁﬁﬁl@smd t©@fs colloid Feers to
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parti cul atte aspensionef abrasiseipahclenia thasliayed cagmert E@Yl@léﬁ aﬂ?a%iyg@fﬁr%‘? thehe
conpositio ferahl y
10 to 15 plg?l{:l%?\% gﬁﬁ%%&%?eis#ﬂgéggﬁiﬁgg{ Cpcg%{tf IC fgﬁ;ﬂé bnrve er aErF 5&%\5&% a
nmean parti@heidat eoliodalletabkrifjevhoh thb&brasmvt G 200d N1 a nde el gradheedbl y

50 nmto 100 run, determned. b ser light s terin echni
whi ch are Piierléﬂé)mo"i'eﬁi ¥ gng pytho t@é%é’]"’?’ ag @éouﬂseéq gdé% Fy"5%s pehien
suspended {8 c4feenttdMon ©OpRASIES inQRe baMHESBRES thd &adlayed dYlihde (EE]U@QMSS of
conponent of the CMP conposition,. Wen the abrasjive is suspended

the CWP cogfpdsinditmronednraner efstavicigsre theremidmi of thopidiaded qbg}lﬂé%ra(bﬁ én
The term col | of f%/rhﬁfdgﬁ?ﬁdtb%/ &B?ﬁét?agg&fcgﬁbﬁgn ?f $£@519§th}?€ DU oBDoliflon

thellqwd carri‘er Ity re s to the mal ntenance of
t hat suspefi§] @nemuarf gtrlins. ledsrthdnhe eqomtaeX s (icf, (EHi-9 THALErEd. Hn, Thanalue of

abr asi ve i ol I oi aII st | e 1 f,when e .abr.asive i
pl aced i nt@ b?@%t&rf{w ’lﬁé‘isé m(? E{é a%&n%])regwéy fsdesgtﬂéar?c?rv\ﬂ‘fi
agi tation fogggja t A%séafhel?euli‘%ﬁ thé ib%exdieﬁtﬁ[r@d’l% 1t WaRRené-Ree nonionic
concentration of particles in the bottom50 m of the graduated

cyl i nder (§uBfactant” tegompasses BIYnia st fackaats dinh e Avtriaglidm 9 00&51‘)9$€é|r@§6trfn
t .he. top 50 rﬂﬁm fenc% %r%l [&%‘é%? ?f th Ldrpagﬁgxt r%l-&]fulé nl"ﬁeet&%” E@gﬂtammg

di vi ded byW concen | on o Icles I'n t rasive
conposi t i oforfdrid surfmcﬁa@u" eBcodfipagdentidniomsic steﬁastahﬂsalmt orcluglg Laalhcpme groBp within

than or eqliarhtbe sbikare it Brdmr e codbeoihomudia opgoy i of

[ 0019] As  ugethRefi&] Rci@ddatitst @ (ﬁﬁ&%ﬂdﬁﬂwﬁic%hﬂ&tan&ﬁW@et &8st one which
'silicone-free nonionic surfactant" enconpasses noni oni ¢ surfactants

that do notnciuded aitliicone gidupoién BadeaiiqibitBrirwrhiticash@n Rt gefs not
structure he sur, o i VT sTNaTs)
noni oni ¢ sEHrol2 Qct a%?eférgﬁggtﬁ%g@ eg&#ggllngﬁgl@%t&% %%?Jalr%(gﬁ{bﬁnp&?n?auge a
silicone gmﬁmevﬁ'tdehiomohlheurfmmtchrmBaﬂyuhe anep @ﬁnnohlaoswrﬁ&mbémmdude 25t0

nmol ecul e. ordln S|t|ons inventio
T Poast B e Pedhesstean et aPe R A Ro Rt il A LR b e
I ncl udes a1§0;£ﬂn90mogfe@weﬂﬂ&&émbdhh@t§ heriGal rabrelivoe: frand siicoheast

one whi ch does not.
containing nonionic surfactant present in the composition is greater than 1 (i.e., there is

more silicone-free surfactant by weight, than silicone-containing surfactant). In other
embodiments, the ratio of silicone-free to silicone-containing nonionic surfactant present in
the composition is selected to be less than 1:1, particularly when the composition is to be
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[0020] Preferably, the CMP conpositions conprise 25 to 10,000 ppm of
at least o e-free nonionic surfactant. Simlar

conposi ti oﬁ@ gégl/dfﬁgﬁgbl y include 25 to 10,000 ppm of at llléé['éU%z%m%
silicone-containing nonionic surfactant, nore preferably 25 to 150
ppm I n some preferred enbodinents, the weight ratio of silicone-free
to sili CO”@SG@@&Ip%hmlﬁlQa E‘Qﬂé@@éﬁéd%ﬂl%@&k%ﬂé sU¥seREe Ahvihda tRIVERMASTd o
is greater than e., there is nore silicone-free surfactant by
wei ght , thaaﬂibfmd@me cont aini ng surfact ant). In other enbodi nents,
the ratio ili to si cont ai ni_n [ act ant
present 1 nRY conpoditrirQoblenisaRai 5 HhEhP ol RRyRilifs RAIAC

par ti cul ar hyfasfagreatiavearpdsiphiliepoitintand bépophsiéchoroon. pﬂiellﬁ'htolpglhapomon
car bon-doped silicon dioxide substrate having a rel abl vel y gh | evel

of carbon BOPFhEACHOLA HFFREsTITREGHER 1A ¥R SR (D8 84 ?W&%&&O%ﬁ&cwe
silicone-c t, hilic
portion ang&g@% g%%@??ééﬂg%ﬁqsg@ @_gr%ga g 9&yla§{¥/%ng w?gﬁgof each

sur f act ant pgyehgemky, p@bﬂvmpyk:esow, p(dylguojde@omupnq eomplymes o myodhyairat e

group, such as sorbita cer and th

ol yoxyal kyransgrai b PR erdi Ry oS Bicat gy e

pol ybut yl engexyThelisbpEoR@biidarcs tl@fsﬂic\ﬂﬁ)e fEe MR IRRRLEAT fBefbtabB compnses a
sel ected from et hyl eneoxy, propyl enegx and butyl eneoxy mJno

uni ts). ThEsCooigracriben Biniety.gHetots anmdkys Bropp Rel 1<rY¥é®SHHFﬁ eyl cgroup, an aryl-
sur f act ant [ h as
Al Kyl Y B R P ot e
al kyl gr ouprandmddinghr, gnbepubsgtded ehbiker. mdfhéumydmabgmub(ﬁﬁgm ety geam,
be br anchedl,1 i near, and. or SUbStlth f‘kg p ﬁq ? 1cctl onal
group (e.g¥® T 84Pe P P 5T RN e P kel S0pPR ”ﬁﬁﬁogéongo S RRY t he

l'i ke). Theoédtﬁ&ﬂghbm@nlsgmac@um edmprhtes §é111¢®@@ﬁm@0ﬂbﬁh@a ﬁ@ydﬁ%tk@ﬂshl@xane
sur f act ant conprises a silicone grou

pol ydi net h?If@iYIaBWérﬁ@bSUéltqda%lt%?nﬁ(e@JQeg’u%?tsi“ﬂlt?fib@n‘é fheilksne (e.g., cetyl
substi t ut eg& fndT%Q%hu&eﬁee[a%%ﬁ]lcmeco%ta difs %l&ﬁ@&rgeams can comprise any

silicone-contal ning nonionic surfactants ca onprise any suitable
conbi nat i osnitablehydubbphbﬂ ofthygraphips gamghs hmcbhnﬂphilm(grcgnpmﬁms exdagrle,glkanpl e,

e e By G ML ER P B R hp svv
TP L7 [UPDRLS: Uittt s  Qospogrnling c or
exanpl es oﬁn(gwm‘dtm]é-@ Eeé Oﬁ@ﬁrf‘dgp@iﬂ@mgfa‘ﬁ%sant s suitable for use in
the CVP corpesf Ul ans. iBhiihD e AnRaR il eeﬁ]%ej ) R HI8AC BLHLRM Cuse in
gl ycol sur ants conprising a tetraa cyne head group and an
oxyet hyl enéet@IP cgmpegtjons loéthe@ses@;tdnv%p@en include acetylenic glycol surfactants

Sur f act an PATEG L e SR AT EHG T B LGRS o SO 18 2 0
Sﬁl yoxyez EYétﬁﬂl@t ? -Kyikcyp et 510%’[@0)@@3‘[6(/:5 crm&&gtwilafﬂee ﬂdvrwif]wl% aGfadtagsiler @n be
ot Ur at ed el FUBNSErSHRGFatice] PolR 4 1B ET ey oB# rEhBalYicer
ol yoxyet e &0FS MR ARAUANLES U AREETE ERHIBE, hich can be saturated
pol yoxyet hyt gngalbt L&ﬁ:lityxlateﬂt dft&irls opainyxyehdipl ehe eabmyle, e h’éil’cone free nonionic

P01 oot hyWERE LTSt AT SR A s Vb HE ORGSRl £ i | ar y,

the sili coPgwg{ﬁ%melsgaﬂy@etﬁw ba &Q@E}wfeﬁé\oﬂ@?‘l e@x&cﬂowyahﬂyﬂmerﬂenolaurate
al kyl phenyl éther "or a pol yoxyet hyl ene al % cycl ohex et her, wher e| n

al kyl is aPosoxathykngyronoptgnatseodpyptaylees $te%§P»tqr§Pfly39X¥Fﬁ@éWr%?r@a cate.
and can be Sﬂ%drf;{‘ﬁx stQﬁéaﬁgm’lorf?@s(ﬁl?fa@ént%aQ Qé b 95(1¥9>E}Qm}’%@ alkylphenyl ether

or a polyoxyethylene alkylcyclohexyl ether, wherein alkyl is a C4-Csp alkyl, can be saturated
or partially unsaturated, and can be optionally branched, such as a polyoxyethylene

6



octyl phenyl ether (octyl phenol ethoxylate) or a pol yoxyethyl ene
nonylpheny{(ﬁ%&ﬁk&{gonylphnol et hoxyl ate). [0024]The:m§¢f%%%%wégﬁg

noni oni ¢ surfac al so can be a sorbitan al kyl acid es
pol yoxyet hyl enesorbitan al kyl acid ester, wherein the al kyl group
conprises a C5-C30 al kyl, which can be saturated or partially

unsat ur at egh,15ina F&HerQ@ct?BHér@[‘é\h&%li?é)%‘? & R ox eyl &% 3ORY1Bhenly N&her
anphi philic nonlonlc surtactant can be sorbitan nonol aurate, sorbitan

nDnooIeate&wsﬁpmuﬁamonﬁﬁébalnltate sorbitan nonostearate, sorbitan

sesqui ol ea[:(]ﬁyq] t g (;[nre!f%eeat emc%%rffc?anp%lgggantbre' as%o?oq{agta Il?czcli,] &%rlor gs

a pol yoxye enesor% an nonol aur a et hyl enesor
nmonopal m t gilgxypidl sy elitay biRpesat dsiet,arhenin ﬂﬁ:taﬂ@lt gﬁoﬁp comprises a Cg-Csp alkyl,

pol yoxyet hyl enesorbitan tri stearate, polyoxyethyl enesorbitan
monool eat et lﬁP)F%)b@Fyséf“ﬁ%}F%Wé%a&iaglytuéWt‘F?ﬁe‘&la@%ﬁ@“ begptionally branched. For

pol yoxyet hééJaf 2?@5 Qfeté'rﬁpﬂ{bhﬁH%tl{oﬁ%hﬁ:%hﬁactz[r@ QAPdHoefiRh hRFoRlitak S SNBitdr ee

noni oni ¢ surfactants include polyoxyet hyl enesorbitan al kyl' acid
esters (e. gonoo@@tgmmdwb@p@mtabq, sahitanpnologigrrateesorbitan sesquioleate, sorbitan

e o g S TR AT LA RN RN RU DML REBIA AR,

pol yoxyet hydl ?ﬁ@éth&&n@orblﬂaﬁﬁBﬁb&dlﬂntﬁbLﬁo@@k%hﬁeneEhbﬂﬁrIF?Gmds&lﬁfa)a,
acetylenic diol based surfactants (e. YNCL(r) surfactants, Air

Product s) , PAFRKYEBYCaEFOBIiRY ImséetaF?é%(W%(P@éethyl’fél?%qﬂ?ﬁi‘l“é?qns?obﬁt@f erred
| f h |
silicone- C@&%Qﬁg%g%s%rtﬁﬁdﬁ ftl?tﬁ%éﬁ@%?%dl% e leH&BWnQ}??e'&leeﬁE. oxyl ates

such as | a 40 nol e "et hox d of nonyl phenol, avail able
from BASF [062§or aP'redmed[sﬂazﬁe} ﬁlomndmmiut sunfyctentampluas pofyoxysdthyddsiesorbitan
s'I'cone-c ta n on factan nc f

Cloplol ymer S I %ﬁdo I yﬂi%e éeng%%%?a?} &onoiaélra?e po@%xye%yl%regor{ntan

pol ydi met hﬂlbﬁdﬂaﬁ%@[ﬂ@ pb@byy&}ﬁﬁeﬂemblwl sﬂgﬂuniDéay’eQXﬂ@}ﬁdlyd@l&y&h%rtﬁﬁaﬁl ns,
pol yoxyet hyl ene_/ pol yoxypropyl ene cop e chains

pol yoxyet h Oéﬁ@)éﬁﬁﬂﬁ@ﬂ?é@ﬁ@ﬁéﬁ%ﬂ@ﬁ%éﬁ%néﬁﬁ%h§@§%ﬁ€ﬁéSngymwéﬁHWHQE
the S '-V\ETQeBﬂ&de 181fba§éd ?ﬁ@t@nt??@% SURY DL SKfaed att srRvak), &kl €;-cy,

from OSi Specialties. er suita i cone-cont al ni ng noni oni ¢
sur f act ant skylrtiougatedi Hmtlhmlaldylarefﬁ@p(b menea&monwh@mfa«(t@tgmcludet hyl

Caprvl i ottty Res i ot AL ROTEENPEL 1 G0 ARPRIAE G noiMtBei?

d|nethlconaqggﬂ@hﬁg{gAsFbbgmdﬁmﬁth|cone copolyols and the i ke,
whi ch are al so available from OSi Specialties. %%8027 ] The relative
anount s of [0926]i comtent]; @%%W@W%&%M%M@Wﬁ IHER POHPRC SHFCEASant s

ai ven substE L g B o R i Fae.

pr oper t i espafditdeehytsilosane pblyatees ibelitigg poib'omédlenF@lde ehmmﬁp pelyoxstethylenhé

low-k diel eclglg)!y%rolp?%ne copsoly%lecn%rs?c%%h% P or pgllyJ))i(y%&ylegle A poelyethylene
copolymeric side chains), such as the SILWET® brand of silicone-based nonionic
surfactants available from OSi Specialties. Other suitable silicone-containing nonionic
surfactants include dimethicone copolyol alkyl ethers (e.g., methyl ether or ethyl ether),
alkylmethicone dimethicone copolyols, such as caprylylmethicone dimethicone copolyols,
and cetylmethicone dimethicone copolyols), bis-dimethicone copolyols, and the like, which
are also available from OSi Specialties.
[0027] The relative amounts of silicone-free and silicone-containing nonionic
surfactants selected for use in the CMP compositions of the invention to polish a given
substrate can be optimized, in part, based on the surface properties of the of substrate being

polished. For example, when the low-k dielectric layer is a carbon doped silicon dioxide
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material, the optinum amount of silicone-free surfactant relative to
silicone-cqQnt surfactant depends on the |evel of

Typi cal 8& ﬁ@&&@& silicon dioxide (CDO |owk diel ec}f(ﬁ/‘?&ﬂiggogfq%l S
have a forrml a of SiwCxQ0yl-1, where x is approximtely (0.10-0.25)y.

When x is equal to zero, the material is the sane as an undoped

silicon di gxide YHetanWﬂhﬁahn&uB?oisdﬂhdoﬁQB’é‘e Mr?a@taﬂﬁ@laﬁ% © SbhassARhS g
have little to no interaction. Wien the silicon di oxi de materi al |s

modi fi ed Mur&c@ng@pﬁmﬁswd@bvqhof earborxdap)ng. thypicgluatlppedoppd gilieon dioxide
bst r at
bound ot hearyont BEEER e Yl PR S ReHT Shwddr i Bt

doped sili c@M-0R2e)i Weimtiesdual t6 zeio] the agaiabik piic safhe @l at hhﬁioped silicon

silicone-free nonl onic surfactants onto the surface. At |ow | evel s of
carbon dopPiRgidetid Vdﬁ?h fha siliegier Geegroniomic sugfarants payedigle to no interaction. When

si |1 cone- cantalcBh 0o U AGLAN IR uAdlAL edudorenacs). kouais oupr

| ess. As t evel oping in e opti'mumratio of
silicone- fsuhstratobsciolmesmce&asmgltydlydmpgotsurwadt acpitwwia@!g ioﬁmrb@as@to theory, it is

one_or mor X BXOID! R " KaRe e o HE B e B R ko

sem conduc@orpsidh bage sﬂﬁulcdaﬁaeSn@lm S faSHYH OME Mite) surfedd. dmmwevageﬂt S

suitable for use in the CVP conpositions and net hods of the present

i nvention pﬁé@ruwmwhewaaﬂwm TRi1e af Sikenenias Bydiroperoirgme sbfef%%%ﬂt gy &c
salts (e. gﬁ%uﬁm Sd*flhfzs@t &s tfﬁmﬁb%@n%gﬁ‘éllﬂéfi‘&a@es the optimum
pot assi um nonoper su fat e, pot assi um di persul peri odat e

salts (e. grqtlopﬁslasmetﬁnepeBlll@d&i—@)lta1r83$ $lsfactla$rra@»f1pcram a conbi nation

or esont i nlORD corBCMT AR GAS et e PP ay CeooE L P SeToha o

nmore sel erﬁdm[@t@Eﬂltl(@ gQfo &@d&@@@&hﬁsﬂn@xﬁt ow{e%émwonwcﬁﬁ%@ﬁfadenmich @s a metal
sem conductor wafer, as is well known in the sem conductor CMP art

[0029] The W%%o@ﬁdﬂ%ag@ﬂtsﬁw@bierfvémembe&é\ﬁl’ EPTBROHP 6“‘5“*397‘0‘15 of
el ude suiyabl.e AERNLS -0haONRRN: FRILioADEG AN LNE pBRLEI BlS (o

comonl y incl mpositions, suc corrosi
di spersant smrrmnmﬁombmqpermtﬁté,wmgomge rdt;srsukfaiamo&mmg mgentsylfate, and

ant|OX|dants bi oci des,. and t like, all of whic ae I 0 in
The OVP ar PSUSOUSBPPRCISHEr B ioddecHshnBHeES i R ehe) CURORFYT eré“Sa

further copphbiafich 06 bﬂﬂbre&ﬂﬂ&%re@&n% bicagitle tlﬁ@oﬂdlzmgﬁigent is present in
i sot hi azol i none conposition such as KATHONO bi oci de, available from

Rohm and HA&SPmPpODBLIN PREMYiew s i i ditizeans obaoanselestfdaptiallic ol vent |
her eof - o L e e e B PSR o
wat er . V\Dséiﬂﬁﬁidm@@ﬁfﬂ]gﬁtﬁﬂ US2007/ 023479
[0029] The CMP compositions of the invention can also optionally include suitable
amounts of one or more other additive materials commonly included in CMP compositions,
such as corrosion inhibitors, dispersants, viscosity modifying agents, complexing agents,
antioxidants, biocides, and the like, all of which are well known in the CMP art.
[0030] In preferred embodiments, the CMP compositions further comprise a biocidal
amount of a biocide (e.g., an isothiazolinone composition such as KATHON® biocide,
available from Rohm and Haas).
[0031] The aqueous carrier can be any aqueous solvent, e.g., water, aqueous methanol,

aqueous ethanol, a combination thereof, and the like. Preferably, the aqueous carrier is

deionized water.



[ 0032] The CWP conpositions of the invention preferably have a pHin

the range of 5 to 10, nore preferably 8 to 9.5. The CVP itions
can opti ond"%6kd? i se one or nore pH buffering nmat eri%ﬁﬁ&%@gu%

exanpl e, an acid such as hydrochloric acid, acetic acid, and the
i ke, a base such as ammoni a, sodi um hydroxi de, and the like, or a

conbi nati o ere - NSk} i L

be pr opar ' ang TGPk ARr Y pLoho R TRARbh BRRrily bR Y B SR ory
t hose ski | {oeld, nbretfrefembly. 8 6195, O @dRpaspdsitens canoptienghe@arede bne &
bat ch or continuo rocess nerally, the C si.tion can be
pr epar ed b?of?&rffﬂ?‘#?ﬁﬁggméer &frrf%ﬁé?ﬁl@e’ aﬂé‘?lg@l‘c%hﬁﬁ%?ﬂ%?c.ld’fﬁgmta&dm
" conponent ;pdage HEEd bhARI8tHad AGhsHL Sodielihvi@urlk, dnd giectlice b Scdngbigation

abrasives, surfactants, and the |like) as well as any conbi nation of
i ngr edi ent ierePbr exanpl e, an abrasive can be dispersed in water, and

e omnbrl COTROBRN nfATABR: AUHE RO oM ASflbYe AR A | Dt

i s capabl e of™'i ncorporatin he conmponents I nto nposi tion.
Typi cal |y, tealmiqxi shazy ofgvlagient knoke to thodelskitled in ths amoTha@iBUcanpositien GvP

conposition until_ the conposition is re far use. i a CVP process,
for exanpl & erIP?ée%?ia&aE‘i?‘ﬁé C%@H?u%ﬂceﬁ%a@%’ﬁ@ﬁy’j tﬁgﬁl\ﬁ?oﬁmﬁ%‘o can be
initiati O”a‘éfg)ar&%} ShHilEing TReoRIfos @Mk G eadh BSf GdetTHRMS Wotrpbher't dse.

[ 0034] The conpositions of the present invention also can be

provi ded assed hewindeeitidestiedividhal dreredienthieendbrsives befagiantss anf Wp tike)an well
appropriate amount. of. aqueou I a. ., r ks . I
e e N A R R A S
vari ous cofpengittst dosReest darobe didssahd edkddbyagy eet®dsiodt vserapatlaof

anounts such that, upon dilution of the concentrate with an,. .
appr opr | at SCARBHNE B AR 861 TRAMY SRR O ORGALY o (g agent,

pol i shing ¢AEPESIAlARnWaklied (R @S®RbmbSsifidHeunEMRe COMBOSidH ©Redd f@Nise in
amount within the appropriate range for use. [0035]The invention also

provi des aafd{hpucess, fohexinpid, the-orisiziamaigsal dap bpagdes hishgrier to initiation of
sem conduct or . substrat.e. The.. .ses (1) contacting a
surface of p(élsgﬂll%'sﬁlgf’e R P%g%‘q%%‘rﬁ(‘%gﬂf%g&%‘g 1‘?Igehd a CMP conposition of
t he invent {@B4ps dasOMbeshpsit@hnof thaprefant Jnvemiohniotchebpplovsihd aga pad
relative to the surface of the substrate with the poli shi

conposi t i 0APIPHENLBERER H‘,te"ldﬁ%f'oekt?fs‘]élﬁ?adﬂihﬁﬁ agrlnropxéadigﬁmgurg@?gﬂ%eﬁ uH¥ Y RE
surface to(@pl &b bie: SISt hahe ol GAMAITHE EAEMPRIRoASIiOf cditentpresant
invention can be used to polish any suitable substrate, and is

especi al | yinsgat the aopugpeinpoherigdispssst oatissoved ip RAUSPpHSol it fa amounts such

dielectric thg%tuggrix gillustfonsolfl ghré Biech r&%%v%h%%%ﬁ&o&iialté £QBuR%E Qcﬁi%ous solvent, each
component of the polishing composition will be present in the CMP composition in an
amount within the appropriate range for use.
[0035] The invention also provides a method of chemically-mechanically polishing a
semiconductor substrate. The method comprises (i) contacting a surface of a substrate with
a polishing pad and a CMP composition of the invention as described herein, and (i)
moving the polishing pad relative to the surface of the substrate with the polishing
composition therebetween, thereby abrading at least a portion of the surface to polish the
substrate. )
[0036) The CMP methods of the present invention can be used to polish any suitable
substrate, and is especially useful for polishing substrates comprising low-k dielectric

materials, such as carbon-doped silicon oxides.



WO 2008/ 060419PCT/ US2007/ 023479 [ 0037] The CMP net hods of the present
invention gre particularly suited for use in conjunction wth )
chenical-ngéhgﬁ%%gﬂgpolishing apparatus. Typically, thé“éﬂﬁ”%ﬂ@&?&ius
conprises a platen, which, when in use, is in notion and has a
velocity that results fromorbital, linear, and/or circular notion, a

pol i shing paghi n_ GONERR!mUbbdL die. BLALAR, AN, TRYLAGEA Alidel @othe

pl at en whe 1on, and a carrier that a substrate to be
pol i shed byonponti@ctiting ciaama catowéchgnica palishing appartthe BymdallgethofCMhepparatus

olishin ad.. The polishing . of .the substrate take l.ace b h
D Ubstrate Biiteh HRgH THClD SHER Lt 5 & i DALSTar Rt Ry ST i B
conposi ti oppfl, iar, laRYENGiiAn: ok, ReHR1IERYS fd ih BentReMWishd@laRAenEMbving

substrate relative to one another, so as to abrade at |east a portion
of the subwtatise ® thepptshivdenihmogebsn¢ acarie]thodgldaasulisieiede be pelishekby

pl anari zed o ol ished . with. a Ltion. of t I L i.ng
Py oui  abriaglits Rt AG ke Re 57 e STRER g PRl TRYFL R o8
pol i shi ng adeisatd AREUARe biyake QXara BeinyWy@a haoshtao Wi tWowesvlipiohg gid od a
pads. Moregver, suitable polishing pads can conprise any suitable
pol yner of CH&rspP wa@hgftb@;ﬂVﬁ%ff%ﬁ@%éhentnrﬂve}sﬁE%g,11813&51&;9?%@%4 Biopraigelative

abi ity to,RbeRrUROR & WRALS 3429 podidh GUPRBSPHOR JoNSHHNE Substrate.
Suitabl e polyners include, for exanple, polyvinylchloride,

pol yvi nyl f [0088]i deA supstete cahlbg ptaoengedonpolpbed wih b&MAR eompasitipast &ic,
pol yacryl at e ol yet her ., .pol .hyl ene, . pol ] yaI: .
poIystyrengyﬁggpy%W%69¥%ﬁggkﬁgﬁg%ﬁggﬁé?'dﬂ%ﬁgh Egﬁ§%¥,§%§éﬁﬁgggﬂﬁ%%ms
t her eof [ OR3RHHEsH dxamble, whid L¥RorppaEmbAShiby bhdie Maodnet,isseshlapolishing
situ polishing endpoint detection system., many of which are known in
the art. TRRRMLHEPTIEAY HEBRIE PP BN BN {SPIthGITRESS pBITEtEng
Process byccﬁtﬂ%&s\é%‘im% Al18P1o @b RlRSHn ERfIrak]ANardi@bh@Fds&6h ToBB@ Suitable

surface of wor kpi ece” are known in tﬁe art. such methods are
descri bed, pdlpmerexmiysleetor exaniplS poRainglvhlosdd, 961y38G1 fluorigamgtan, Buorggarbon,

us. P 5 433 651.to L .S, P 49. 92 ,
and U s, - Par gt aegor Rt e Bhvalenag i hRRY. BoRdRiRShuktedRS;

noni t or i ngp&¥stirbee, Fb@ﬁfo@?ﬁn@fcofohﬁecgﬁbﬁm thged arlaaktwed heleeSpect to a
wor kpi ece %el ng polished enabl es the determ nation of the g‘,ol i shi n?
end- poi nt , [003Y” "~ Disirahbt Sk MBrepeasatB e toperses PRk &P RINB 6RIPSHT ng

05553 % IbASE Rt IS B R o ORI T g
be const r uednigsingrihapnlisivay prdceistbyrgalytisg Bgv peothExalPlich klpgedfipmhi s
exanpl e CONRALE St t%or %%ggetlcing&rsl il?!hetag.e SL&VI%&%jJé)snaret gesgrilg:e%p}‘orr %)lcample, in
U.S. Patent 5,196,353 to Sandhu et al., U.S. Patent 5,433,651 to Lustig et al., U.S. Patent
5,949,927 to Tang, and U.S. Patent 5,964,643 to?Birang et al. Desirably, the inspection or
monitoring of the progress of the polishing process with respect to a workpiece being
polished enables the determination of the polishing end-point, i.e., the determination of
when to terminate the polishing process with respect to a particular workpiece.
[0040] The following examples further illustrate the invention but, of course, should not
be construed as in any way limiting its scope. |
EXAMPLE 1
[0041] This example compares CMP compositions of the invention to a control
composition lacking the silicone-containing surfactant for polishing a carbon-doped silicone

oxide surface utilizing a bench-top polisher.
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conposition |acking the silicone-containing surfactant for polishing

a carbon-dgpe il jcone oxide surface utilizing a bench-top polisher
WO 2008/ 068%1233?% 12007/ 023479 [ 0042] Bl anket wafers (2U0" el AUCE

car bon-doped silicon dioxide) were polished with six CVMP conpositions
of the invention. Each conposition included 13 percent by weight of

col | oi dal iqol ]c ﬁg}&@t@g@f% Hol Mo AGRERG di %ywl%mo%hedwuh six

benzotri az ppm o NP- 40, 1 percent weli
hydr ogen p€hﬁkummxmmmds@Bhppwmﬁﬁm)E@ﬁu@ﬁ@oppnm@@k#k@iBp@s&ﬁbE@h@hUﬁ

sur factant. oSi ti 1-1) i.ncluded 75 m_of T(r

G et i coneo SRR STubia Strairit Faeieo! SR Raftgfbsmittgrole, 300 port Bt
propyl eneowozgogmsmo i %@C@@by%lgﬁt sharye bzﬂ?e)roiléé()and @wﬁfui)lo@ D00 ppm
(1-2) included 200 SI LVET(r) 7001

i ncl uded 78xpphs @fw@e@v@f@n} Fompositiondil rh tsivdeh & EPJ‘B@If §&Wﬁ§®i Wyl &
chai nsy (1 S SREXLRTAA R s 00R0H ETRIIIBE SRS st Pal bhpt e g g T
(2x) . Conposlytlisaie omms))(lxhdlamt@dm@ﬁ(]p?.))rmdﬁdﬁﬁl ZD’(/}E]?@ ASIOWET® 7001 (2x).
Compos 1 onoE 8 et 00 PBH-OT - CFLREFP T SB0 (S P B Ay Th
control conyesidioT eihyehegdo %ﬁ)p?l%ﬁ&ﬁ?tgrcﬁ s M‘ﬁts%‘lyo‘l)gld@ i) ciad).

silica, 5000 ppm of potassium acetate, dﬁgﬁ]Of benzotrlazole 200

pg(r)n of |h coNomersirem(3)2) isdercd 2@ pp SHWR@@ 0 &4%). h%még%ﬁiprp(érldkn%ed
441 T
[ 1 The g@[;;r% 3f %&E@@I ’)6%)6 ggdlﬂgthﬁoqgg%oiy%ﬁ G n%pc%t{y(g hﬁ&he 0?‘]‘@' r a t e

speed of 1 m a carrier
of 150 nl/ phaiys) USd). n@oapEKﬂLdnT(Em m)chpkaﬂ Bempmg ob&ﬂWEﬂ?@iﬂéé@)[H)f rom

Rodel ) . rbon- doped oxi de al t ined with
Conposi t i o‘fPOﬁ?le sh%%w%rlﬁolﬁoawggan RSB oo e%eegg FBligarshde PR
CVP conpos b @R got@dsitla Ecet44Y @004 fiin 8f BRLSAG0%, doshFakE YCHRBER 1), and
renoval rate conpared to the control conposition. EXAMPLE 2

[ 0045] Thi s esaapibe veoshd af ByiregegipProgsitposi ti on of the invention to a
contr ol [0044] The wafers were polished at a down-force of 1.5 psi, a platen speed of 106 rpm,

a carrier speed of 120 rpm, and a slurry flow rate of 150 mL/min, using a POLITEX®
polishing pad (available from Rodel). The carbon-doped oxide (CDO) removal rates
obtained with each composition are shown in Figure 1. The data in Figure 1 show that the
CMP compositions of the invention afforded a desirably lower CDO removal rate compared
to the control composition.

EXAMPLE 2
[0045] This example compares a CMP composition of the invention to a control
composition lacking the silicone-containing surfactant for polishing a carbon-doped silicone
oxide surface utilizing a bench-top polisher.
[0046] Blanket wafers (200 mm carbon-doped silicon dioxide, BLACK DIAMOND®
low-k dielectric coated wafers from Applied Materials; "BD") were polished with CMP
Composition (1-1) of the invention. The control composition was the same as in Example
1. The wafers were polished on a Mirra polisher with four heads, at a down-force of 1.5 psi,
a platen speed of 103 rpm, a carrier speed of 97 rpm, and a slurry flow rate of 150 mL/min,
using a POLITEX® polishing pad. The BD removal rates obtained for three different

wafers are shown in Figure 2. The data indicate an unexpected and highly significant
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conposition |acking the silicone-containing surfactant for polishing
a carbon-dgped siljcone oxide surface utilizing a bench-t

pol i sher. ﬁgﬁﬂgigpg ket wafers (200 mm car bon- doped S||€9§§%8&V@%F&%
BLACK DIAN[»[Xr) | ow-k dielectric coated wafers from Applied
Materials; "BD') were polished with CW Conposition (1-1) of the

i nvention. . hng oﬁgﬁwafé'r t&%}%%& QB tawﬁéadtvfaﬁaﬁﬁt@%ﬁﬁe bombamRl 2 e The
waf ers were po I's on a Mrra polisher wth four heads, at a

down- f or ceingéntibnScopgiareddo fleavemolspeed of 103 rpm a carrier speed of

ool | ot ng. DEATI® Tt Bisor Bttt ad el Rul ol MR e G ar af brepared

waf ers ar eppfamiednNinkl) GiekEpdishddheitidale Cashosaibs (BM) sMexpeeieg. and
hi ghly significant reduction of wafer-to-wafer and head-to-head

vari abi | i t fomparisph e ag BRpoWi the et canpesitiny shExamiple bomprarcadtstier Rafem
control . f

554 pat  er g ars s EBRh S Figtie B P Sl A B e v
Conposi ti omreq ﬂeait)l 0af xhes um\kmatrh@murewmnﬂdlﬁmenwia&tmaﬁm the walfiee from

control co sition of EX he results for tternr val
are are. SHOWR ' 2R GHE 8 5 Ortial BatOERAT B Tal T ARE e e SR 2P
in the fielghrapQanaearn @wd-RRe%f 05231, 9 FlakdnnBeedrBaGYFRE, Adaribr Bgeed of 97
different |ocations on the wafer fromcenter to edge u5|ng an F5

opti cal ne@guua@dréﬁvnsﬂgwﬁﬁe of kel mhfrainsusis P Yo TES{R Holihing Do
pol i sher, J%@m T &% QT %u'r?iigﬁdwt ik & sﬁi%g?%tgé ﬁéu&,%wée

carrier spee 97 rpm an urry om/r usi ng
a POLI TEX8 podurstsingy paldiesifd048WEhpatdat mmonal Fitegruthet tBe sdnonyl tdvatositioe.
conpositions of the invention provide surprisingly and desirably

| ower pattern renoval rates that the control conposition. CLAIM
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1. A chem cal - nechani cal polishing (CW) conposition for polishing a
low k dielectric material, the conposition conprising: (a) a
particul ate abrasive material; (b) at |east one silicone-free
noni oni ¢ surfactant conprising a hydrophilic portion and a lipophilic
portion, wherein the hydrophilic paLAIMSconprises a polyol;

(c) at |east one silicone-containing nonionic surfactant conprising a
hydrophilic portion and a_|lipophilic_ portion; an

d d) an
aqueous earlidr théygrgrcal-mephaniqalpoli FPde§MH)(?ﬁn’@PSiE1’%f%%QI)i%%¥OW‘

the particyliatfic akkaal v dRiRLitih compidi§sent in the conposition in an
amount in the range of about 0.5 to about 20 percent by weight. 3. The

GWP conposi ti ¢ agfarteduddterabrasshemetenalt he parti cul ate abrasive materi al
conprises siliga. .4 The CMP canposition of claim1 .wherein the at.
east one sili oeﬁé?afStr Qe sificone R A3 hiohi2 SuFactsht comprising a Euyérophlnc portion
and a lipophilic portion, wherein the hydrophilic portion comprises a polyol;

(c) at least one silicone-containing nonionic surfactant comprising a hydrophilic
portion and a lipophilic portion; and

(d) an aqueous carrier therefor.

2. The CMP composition of claim 1 wherein the particulate abrasive material
is present in the composition in an amount in the range of about 0.5 to about 20 percent

by weight.

3. The GMP composition of claim 1 wherein the particulate abrasive material

comprises silica.

4. The CMP composition of claim 1 wherein the at least one silicone-free
nonionic surfactant and the at least one silicone-containing nonionic surfactant are both

present in the composition at concentrations in the range of about 25 to about 10,000

5. The CMP composition of claim 1 wherein the at least one silicone-free
nonionic surfactant and the at least one silicone-containing nonionic surfactant are
present in the composition in a respective silicon-free surfactant-to-silicon-containing

surfactant concentration ratio of about 1:1 or greater.

6. The CMP composition of claim 1 wherein the polyol is selected from the

group consisting of a polyglycerol, a carbohydrate, and a combination thereof.

7. The CMP composition of claim 1 wherein the hydrophilic portion of the at

least one silicone-free nonionic surfactant comprises a C; to C; polyoxyalkylene group.
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noni oni ¢ surfactant and the at |east one silicone-containing nonionic
surfactant are both present in the conposition at concentrations in
the range of about 25 to about 10,000 PPIn. 5. The CWMP conposition of
claiml wherein the at | east one silicone-free nonionic surfactant
and the at |east omaeIMPeom@ositod af tlaing 7Noiireinitke SYES @ balfbxyallGlene
present in the copposition in a respective silicon-free
surfactaﬁ¥QWb§§PPP§6W“@%WF§FWWhg surfactant concentration ratio of
about 1:1 or greater. 6.The CW conp05|t|on of claim1l wherein the

ol yol is sel cted Si S n of .a cer ol
gar%ohydrate and gaﬁgﬁ%#ﬁgP 8%“¥h%f §MEW§IEBH%E%¥P?BHC%ﬂ“’m
claim1l vibgt @ﬁd"sﬂ‘id’(bﬁe-%ég bORBhik isGriRSmE b&ﬂplﬁ)@fes b @?tcﬁ@w h?d’fﬁ&ar&ﬁ?mmety

silicone-free nonionic surfactant conprises a C
pol yoxyal kyl ene group. 8. The CWP conp03|t|on of claim?7

wherein the CZOI O @31&: M%@Jdﬁﬂﬂoﬁﬂﬁ @higupP WherainP@k YOxeChyhy@Rarbon
group. . CWVP conposition of claiml wherein the |ipophilic
portion d’flOIFWeCOHH’“Pféa?é feaghenedvdracarpan Mgy seiestehremsthe gEup gqpsisting of

conpri ses;a A ér@hpC%Q alﬂ%qi rsQ&%ﬁRéan&chﬁ)h}é an aryl subjsgtute-ﬁhﬁk%mg) and an

conposition of claim9 wherein the 0 "hydr ocar bon
conpri sesrdtgrowast one hydrocar bon noi ety selected fromthe group
consi sting of an al kyl group, an al kyl-substituted aryl group, an

aryl - substltuted al kyl group, and an aryl group.
The CMP composition of claim’l wherein the hydrophilic portion of the at

least one silicone-containing nonionic surfactant comprises a polyol.

12.  The CMP composition of claim 11 wherein the polyol is selected from the

group consisting of a polyglycerol, a carbohydrate, and a combination thereof.

13.  The CMP composition of claim 1 wherein the hydrophilic portion of the at

least one silicone-containing nonionic surfactant comprises a C, to C; polyoxyalkylene

group.

14. The CMP composition of claim 13 wherein the C, to C; polyoxyalkylene
group is a polyoxyethylene group.

15. The CMP composition of claim 1 wherein the lipophilic portion of the at

least one silicone-containing nonionic surfactant comprises a silicone group.

16.  The CMP composition of claim 15 wherein silicone group comprises a

polydimethylsioxane group.

17. The CMP composition of claim 1 further comprising at least one oxidizing

agent.
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11. The CWP conposition of claim1l wherein the hydrophilic portion of
the at | east one silicone-containing nonionic surfactant conprises a
pol yol . 12. The CWP conposition of claim 11l wherein the polyol
is selected fromthe group consisting of a polyglycerol, a

car bohydr at e, 18nd @he @NIP ratripositibher efim 1 wherein3 the Thtele4sMBn Csdligoasfite on
of claim1l wherein the hydrophilic portion of the at |east one
siIiconeI@BWP§FHﬁW§m“ﬁ8WPBﬁF€n§ﬁﬂ?@%@£ﬁ¥oﬁéﬁ%rises a C2to C3

pol yoxyal kyl ene group. 14. The CWMP conposition of claim13
wherein the C2 to C3 pol¥oxyalkyjene group is a.polyox%?thyleng

gr oup. 18. THEe CNRP cenmrwsition oef elping | lavierkinniter ef feasthene silicone-

| i pophi li j.on. I one _silicone-contai ni ng noni oni c
surf act ar(ft(:3 ntglglgr%n?)g leogﬁCasrutls]fi(;;‘l ftlg%t§r?§1%§%eosuap(ﬁme€hlcone f[(éj.ocfyﬂ%'e CMP conposi tion
of claim 15 wherein silicone group conprises a pol ydi net hyl si oxane

group. 17. The CWP conposition of claim1l further conprising at
| east one oxidi zi ng agent. 18. The CWP conposition of claiml

wherein the at |east on silicone-free nonionic surfactant conprises a
nonyl phenol et hoxyl at e. 19. The CWP conposition of claiml

wherein the at | east one silicone-containing nonionic surfactant
conpri ses a dinethicone copol yol
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