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WA RESOSNMENTI ON [ 0001] This invention rel ates tRPCT/US2007/023479
pol i shing conpositions and nethods for polishing a
substrate using the sane. Mdre particularly, this
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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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1 WD 2008/ 060419 PCT/ US2007/ 023479 tetrabutyl anmoni um
hydroxide. U S. Pat. No. 6,270,395 discloses a

w@eios®bli4ny conposition for |ow dielectric matRCT/EER07/023479
conpri sing abrasive and an oxidi zi ng agent. [0005]
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pol i shing conpositions to function as dispersants or

tetfabuty tamraomniing la/gmm@ FSr PaixNop$,270,89Slis@ases am@hshmg composition

fordp s e e e 1R v it ap CAiY bbbl at ng

[00?5]ant SRR taRtsSHE EGREBALy WiBd ﬁfblféHﬁéh@Jiﬁe%ﬁﬁMcﬁ‘f)bﬁs}ﬁﬁg @omposmons
| spersant for the abra3| ve. Pat . 313, 039
to ﬂmstmcbm&erhs;mrqantsucsh]ongﬂmtmgxmnns: B ar wmple; di. SgPanNo 6 ,270,393

rasi v dr oxyl am n ound, an oxidi
dlsa\géqﬂan ﬁéa‘;lv&ﬁ[ll%/ Rp%n%ﬁp oFgagyc $Bilr ?)gﬁfeé aglyble chelating
t I
agéﬂt a%g%eg\%tﬁfg \L@Ef? pu%ﬂ&%? %th ab Ié‘ %ft ggxte tge ggﬂalﬁ‘lgel HgS Pat. No.
6 MBJ@BQﬁlsblo@ma jbmirshngtcmtnplosiyien cmmmgrm alsrasgige, an hydroxylamine
surfactants, artl(?ul ar anionic surfactants

coIppiids ﬁ‘éamﬁ‘aﬁ“é%ﬁgeﬁ\b pnd eRH{InGHY 26bF a0 6o Gy AT Sabe surface
chiﬁgé })ﬁ‘ H{e%ﬁb&f’ﬂ@%cihé bORed COMPPaf | 6%‘48‘:096 WRRices polishing

ng anioni c; cationic, anphol and noni oni c
compoditmtsegot metal myexa@MPamnq:rspgrssrfaqamg,sntpartlcunaSamomc surfactants.

ubl i shed Pat ent Appli 8828 Al .discl oses

U Pl drputng 0HoBs OB darloses ppfisnitgomsosttons
r
cohbhE iR %#*2‘?% iSO lighE oI AR AR MehioD surfuctants o
actas disppisirgegehty. &.S.RubdisiiedRatent WpflicaBon|208 het0F828eAt discloses an
Application 2001/0013507 Al discl. osf?s a_net hod of,
aquﬁ BAISHNE GuPagitiondek sappercadREifr IMdIofsng cpapyias an
abrlagﬁ(/gra?‘l StRARE LSk @h&élﬁ@ﬁ:‘hﬁ oABOAH, Y o?ﬂ@zeﬁ ang %‘Rﬁ&ﬁeﬁly a surfactant.
ionic, cationic, or anphotéric surfactant,

U. $)LqudllsheEldPayerﬁ@t@htalumti)@bil/lOOtE(ﬂh‘lel dmsd:lbsdsmngethsd of polishing low

dleil;cgllcnc?n)t&ltség[{ fnkégg%@ M%—ﬂ;ﬁ%g@@&gg&? np%gz{sg\}eoarr]ld a nonionic,

S |
o eI Bl b ARGy potsing
sluﬁinIgbmSteﬁ:ttang alaicahlumxband devonsgpositioy. 1J0S. Fahat Nonﬁ,|97$,7ﬁ@

organi c. additi.ve, which can be any of
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havi ng an HLB val ue of 5@?
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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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i nportance as devi ce di nensions shrink below 90 nmis
the ability to control the variation 2 W) 2008/060419
WEMBBRDO7/ 023479 in line resistance (Rs). TPET/BS2007/023479
value is a nmeasure of the device electrical
performance and can be affected by enhanced renoval
of the netal coupled with the erosion and renoval of
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can B ERTGTHY 5 2Bl RO KSR BRI il e e dagmoval of
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Wil b ailena RS %ﬂ‘eﬁng%@?%ﬁ“‘?{“ e SRR o low &
dietentmpomiateriahentovad derigg €MPRecni greatlyfreducpdhé B vargpbilawckused by
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[061&? The present invention prov1des 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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at | east one silicone-containing nonionic surfactant
are present in the conpositionin a relative
wa@losoenes free to silicone-containing surfact aprtT/ve10011023479
ratio of greater than 1. The at 3 WD 2008/ 060419
PCT/ US2007/ 023479 | east one silicone-free nonionic
surfactant and the at | east one silicone-containing o
leasbmecmh@nesfmefr@@toam surfaetagiandbe afrieast emﬁhmr@f@nmlyg nonionic
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of FRPO R En Ok hEB et aBHal Gia AL Ted e aqueous
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conposi tions of the invention include any abrasive
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eri For ex npl e, .the rasi ve .can a netal.
108 Ge. Bbiaisk oS ReBH % 6 o gPBTHO R fvAEH G nclude any
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magnesi a, co-forned products thereof, or a conbinati
abofive tcambo r mmtal @xolfe ablesivieselectod lﬁt@rraﬁm gﬂiupe@nsmﬂmg:d)f awmeina, silica,

wel | known i.n the CMP art.. The_.abr
titania, ceria, zirconia, germania, magnesia, co-forme 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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can al so be a polyner particle or a coated particle.
Typically, the abrasive is selected from the group
w@omsieing of alumna, silica, co-formed prodRCr/ES2007/023479
t hereof, coated netal oxide particles, polynmer
particles, and conbinations thereof. Preferably, the
abrasive is silica. 4 WD 2008/ 060419 PCT/ US2007/ 023479
Thd MM Mmpasigias iof teriavaition hgpicailyesotrpoise Oy fib @llpescent by weight of a
conprise 0.1 to 20 percent by weight of a particulate
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! byt 181015 BertontB§W&BAt, Bhe abrasi
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f . : . t] ' ' :
oAU cop o PO ARSI B gRRLL L AR T i

termb o@4/hl) didiiddddscthéinitidl @ ohdentratidn efpaeuiéy iattheabradive composition
articles in the abrasive conposition gﬁiﬂ in terns
([Cafin tgrms pf ganl) sdessthanrorsqualda &l €6 (B ~((ITDEC] £9-B). The value of
/ < ) . | . -
(o T e S 6T P 02 LML e @it o 01
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t he appended clains, the term"silicone-free nonionic

suréagtani ceNEAMPasSAT BOReRIs sW fartantothpicdosnat ingduders sligangtbagesd moiety
.not i nel ud i | - i it »
i SBHLE, P SEPE RS PRAEE, Mt 4fpg comaiin

nohi8hidNsuFhdthrt O Bicop@abik AbMignicROFhOMLS tHatnk At antlicone group within
enconpasses noni oni c_surfactants that include a .
thegshemécsheirupiusaof Wetshr factantaolesideri Aggordinglye ther(@MBfcoppesitions of

o IELTEH i SEBEHEIFbYs PELSLE, EORER Ot

inch@iek @Rilicosdlgloap wamisits thegnical dtrudt@@sindoddeashiorwhich does not.
i ncludes a silicone group within its chem c

|

[0020} ¢ tRreferabdy dhey e MEeospasHionGRPIBPIigFs!o rl@tQO% PPoDRIRt least one
b of _ & . |

s E5 5L AR U5 o GRR LOT BRI SRRy AR 25

10,900 ppmitodmt leastionik [sAicbie-cdhinioiyoanjosicfactants motepefaibly 25 to

i nclude 25 to_ 10,000 ppm of at | east one._. .
15@ ppic dm sorae prehirFRdrignhodimens dheweighicitn of siligpne-free to silicone-

of € . . f : :
1 (i.e., th
coB LB ABNHR o SRR L RO LA | .
mos¢ silic@eefree 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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cont ai ni ng nonionic surfactant present in the
conposition is greater than 1 (i.e., there is nore
w@RriBoenes free surfactant by wei ght, than PCT/US2007/023479
silicone-containing surfactant). In other
enbodi nents, the ratio of silicone-free to
silicone-containing nonionic surfactant present in
us¢chfor polighoig 4 carhon-dopad| stlatop dliaxaddsbbizate hahing a telatjvely high level of
articularly when the conposition is to be 5 WO
Cal% BEPPIBB419 PCT/ US2007/ 023479 used for pol i shing a
[06’2‘31? bo nTﬁjé)Qﬁgon%' ﬁéecrﬁﬂldilﬁ@ﬁﬁrﬁgtaﬁymt tﬁé‘ﬁlﬁc&%\lédﬁgalﬁm% nonionic
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ave a
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susitesST o5 1ot adrI GO I 1B6c TG B RCAPYY MO 6t be
bragﬂ@igci Kb arS HRE4, squgtﬁ?te@W h dhe QY otrﬁgmleflilléa?l gl_slgh'lg%y U uh@Ster group,

grolp, an aryl group, an
anlegtdr geap panamide @toups amd the like). &rteHgdphilicpestion @hihe S]l'lcone-
substituted with one or nore functional group (e
CORAINEG RANIQGHE, gﬁfactagﬁ C@flwés,es @,sglgﬁne SRUBAUeR agp gg]p{dlnaqq]aylsﬂoxane
a f&tl(i}? ﬁ(}/lkﬁl)ostltﬁtbﬁ siiid3pP ' get étf?ﬁ]t ahd'heSiik! cOne-
¢ ni ng noni oni c fac conprises a silicone
[0G22pup, Thasiicars- faeepmld)sdlcbﬁé bgﬂtsmirxgm&),mc Silrfaatams can comprise any

al kyl - substltuted S|I|cone cetyl substituted)
Smaqbée earabIpirg offhydroppiliprggouns %néglﬁephl}l@ groyipg For example; the

t

su&éétéxﬁ?%t &g{ﬁgﬁg ghﬁ%ﬁgﬁlﬁ‘ygﬁb%gﬁm% ol O%hc%ﬁ{bgnag?g &ﬁﬁm}{e C]ﬁ)%phlhc
grdUpDOJDilfll sohre egibodifients;@an exapideanultipke (e.gy chﬁcnﬁ@tﬁ) lsydeaphilic groups

conprise only one h¥drophlllc grodp in conbi nation
andor mugipde (6 Hohpr MPES) ligpphilic 2WuPs-n sone enbodi rrent s,

C o]

[O(fﬁ%zu ONBﬁ hi gﬁuﬁ%‘H ‘ll%l c‘ef% lg:OIgl? ?reg Bgl:ﬁgfrlrlgzsg{}'}ffil pop fe for use in
th@@MPp&mI{o@%ai ofNbia présemittinveption amghidesicetylenid glgar eufffmmts

nonioni ¢ surfactants suitable for u e in .the CW
Co@aﬁﬁag Pﬁ?t&ag(y&ecylpreheﬁfd&@manid@g%w % epﬁ@plﬁ%up, such as 2,4,7,9-

G n r

ATy Yol PURSORLEDS R OIS Rlhic st o c b

selgdsteau fronstie grap Andistingdof pobtoxgethyleyé alkyldalgrs EHdﬂfp(?lde)@lthylene
hoxyl ate. The siljcone-free noniaoni¢c surfactant als

allwbﬁmé é3t6§eWB%rP§’thF Al greup gerppRises @rfer Gwiatgyl.grhich can be saturated

or g{ﬂjt Xﬁ% Xl%ag}fllt% nﬂllgé\#]tlo%taﬁg Bfﬁﬁl@ﬂgll %:r ¥R, E htm‘, gl'i]lgone free nonionic

acl ‘ers erel p conpri ses

sux%ﬁﬁ Qabky bolyskyethyletiabigl st paltyeﬂyetlwler[baretyl atHtey,
unsaturated, and is gptionally branched. For exanple
polyayahylpreHearyk %léernmwweelyleéle lex ERRE pela/ﬁxwéhﬂene moholaurate,

pogftakg@%ﬁ@ﬁ%kﬁ&@eaﬁé‘fﬁéﬁy&&%Szlzen@ AHANE LRY 158y tifidle monooleate.

Similarly, the silicone-free nonionic surfactant can be a polyoxyethylene 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



pol yoxyet hyl ene stearyl ether, pol yoxyethyl ene ol eyl
et her, pol yoxyet hyl ene nonol aurate, pol yoxyethyl ene
wOoRwensEar at e, pol yoxyet hyl ene di stearate, or PCT/US2007/023479
pol yoxyet hyl ene nonool eate. Simlarly, the
silicone-free nonionic surfactant can be a
pol yoxyet hyl ene al kyl phenyl ether or a
octplphy@d;edtehﬁdo@yiphaiokytlhoyxihtehe)@polmmmylamelloeylph@ﬂylkyther
gpéf C30.al kyl, can be saturated or partially
(nom@ theyaehnd can be optional |y branched, such as a
[00991 yo té?]{(éo%@ G ) oﬁ&%{'ﬁﬁ%ﬂa?sop &E/bgg?sggﬂag%%Y Qcid ester or a
octyl phe et her (octyl phenol ethoxylate) or a
polpokydhgﬂﬁtebgﬂbﬁmealﬂtykadl(pMﬂyWhethﬁhe alkybgrphiphomprises a Cg-Cso alkyl,
hoxyl at e 00241 The silicone-fr
Ehropn e apireio by re Bumsumh P At AP REY apsiedo For

exzﬁ'ihplp ocbi ;’/{1‘1}5&1&)1%{ c%ﬁﬁﬁ{cbé&ﬁ&aﬁ‘tl o Ibe %Gfb‘ijtaﬁ ﬁio%Blaui’ﬂi‘@ s6#bitan

oup conprises a Cb- whi ch can
molneolsatt Lwoathietk mongpahitad, Isyrbutals atomosib&ralt,e mnbitanaa&smeoleate sorbitan

pti onal | y br anched. Fo exa hili
il SRR le LD 2 21798 SqOTIo Sy FETEI A Ao Taurat,
an
PO e A L Ab P p PO SRR T Bon SRR,
polydk yetiedéressorbitars aistdatae ;iotyo&yethylanﬁprtatanvv&iﬂoobatea
pol yoxyet hyl enesor bi t an npnol aur at e

polyexmgﬁswbgh%m?ﬁt? SR PRBRGYNFesprbitan tetraoleate.

[0028 yox}yr@feﬁﬁé}i Siicaid- E’bé AGhi BB Qe M ficlude polyoxyethylenesorbitan
pol yoxyet enesorbitan tristearate,

alkpbiyid egters |0§'/ b epelyox it denesarbitan e@helaurate, polyoxyethylenesorbitan
pol yoxyet hyl enesorbitan. tri ol eat e,

mOoyeP3JENg mﬂwﬁ@%ﬁl%}e&fhltﬁ%ﬁwp@s&eear{d[Wye@wl@n&w@&n
T T e
acqnyabmowﬂﬁ)bsddesnﬁ"samlns {ag, SURGYANOBE®anrfactants, A1r Products) and Cs-Csy

pol yoxyet hy| enesor bi tan npnopal mtate,
alkpﬂbﬁ%@:’%ﬁ%‘?h v wHedglypietsr egéélbfﬂp% Iffé‘é@%nm‘é‘ﬁ&“rfa"tants include

t
no O BRI E02 R B CONCI eRe Pl BB ot onyiphen
avdthbledrdtn BASTCorpotiehy| eni ¢ di ol based surfactants

Q(%g. g.,. . SURFYNOL(r) surfactants, Ar Products), and
(0261 @Wo%ilwan%?wsa suitabiesgilicQngrooprajpg Bewippig gurfactants

PSR RIS SoMURLRE BN B Bl -,
polydingcteylbitosphepelgmefs incinging |pel3@lxyethﬂ\im d;ld:bbl&mﬁg polyBaRfhylene /
Cor poration. [00261 Non-limtin | es of swtable

POlyYPKYREBPMERE PRI HIGHS Siﬁ?lﬂhéWﬁxPrsHQ? bf@tahl@ge andpqlygfaylene
co;%l%ﬂ%nco 1d9 %ﬁzrutls) CRRR Ia%’ {ngsﬁL AR :b ggg)rf] gfl 52 J):tr)r%rgg Honionic
surlferwimwlwagalpie Ifyomx @St Byéomitaaess iQthercdnétalis slhpoﬂleymzahimglmnamc

pol yoxypr.opyl] ene copol rjic side chain
sur&ﬂt%%ku% diwehisaiee aPpet E@V%ﬁé@rs zf‘o%omﬁwf pheEgrghy! ether)
t N
SR B AR S TS Bl DA RS
andtergimeshicdreehdimethiddne oopelgas), bisrdimgthimmne oopalyols, and the like, which

surfact ants ingclude di methi cone copol yol al kyl ethers
arealsoiavailphle Fnétsh PECHIticSt hyl et her), ~al kyl net hi cone

[O(gwggt m&%ﬁt&pe oiﬁ%}s ngIﬁH&ﬁ RS AR IYKE TBARINGR Y¥onionic

cone copo
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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and cetyl met hi cone di net hi cone copol yol s),
bi s-di net hi cone copol yols, and the like, which are
wW@abk®e/oen4zd | abl e from OSi Specialties. [00271 TPET/US2007/023479
relati ve amounts of silicone-free and
silicone-containing nonionic surfactants selected for
use in the CVP conpositions of the invention to polish
maaergal,\xbﬁ optsmmtanziugt cﬁsnhmeffmeu sifacsant relatipaiotsiligoaswantoming
rface erti of .substrate
suifiifod faedhag oR SRR E e OTRE PoCR P Pl dieap gjovide
(CD?_?_%\QQJ cﬁ@l@ctﬁ@ Redersdld hARn Mirdnh de Si{, V0,12 0NREE8.A4 dFbroximately
/ US2007/ 023479 material, the optl num amount o
(0. §040t2§()y1ethreg 1ssqqufahtotzam theeh@t@ma,les thg same as an undoped silicon
surfactant d S the l.ev
GG FHHOBE Aoy R B Os B TBpt e PRI Godnsictian. When
thd A diSNya nidke! ﬁgtrﬁacﬁféetvﬁﬁl aRid@YGsAi £ Ok o Qhirface of th
SI WCX O1 vvhereax 'S alpr oXI e 0?% wh@ l(%)C)Sa(llo 0.25)y e. {N%%eno ©
substiate legomks hmrezsmgl,y }tykimplhabler V%ﬂula ®t Mhﬁms@md)edmuad to theory, it is

nd ped silico W t Ilcon [ee
bl G h b SRtk Bt G b dopP LS or b B TS
add5ton dfRe &ﬂlkb&oﬂeéjﬁ&fférg@ suPBcBints¥dntd ﬁle@'ﬁﬁhéé e&it lWleels of
organic groups (i.e., x>0, the surface of
carbab slbplagethb epomes ahg péahcqrgtfyeehy drlmph@bmttamiﬂg suefactent may be
W S ound to t i eved that
R A P RD BN o o RS B 3bof CoBRE gy SRaRg the optimum
ratmfesﬂ'l(%lné ﬁ% Y SificoRtaiathing Budhcrdi gl ihbrempe- 1 ee
noni oni ¢ surfactants onto The surfac At low |l evels
[0628]  caThoGMibginmmpsitione obih |1mmt1mat>ptmnaﬂy sai inchide ohe eemore

t0.silicone-contaj n|n sur f act st ed
X ARGABH (el e CpEaen gl o seim Eomoctsr sheffisofich as a meta
I I
cofiBBALHY. | HEURARETents UMK IR inthE CRIPLoribdsifan %f‘% B58Bjods of

cone-contal ning surfactant may I ncrease.
theTprese@MRventipoiscinde veithwiut timtaiion/keydrogan pepixides abisylfatasalts (e.g.,

i ncl,.ude one or_.nore oxidizin ent to ox di ze
AU SRAPPeTgL: Ifgth B R e BP@%%%}% miQroRersufafe, and
po&@gl dl%gﬁ fhﬁ%ﬁ&tod@é'sgl'tsz$$g r@@%ﬁg? X o) ‘?»al‘ctsotﬁexléﬁf'3 and a

osi t1ons thé present
comb\tmtlbm ofitwonax rucke, of thet foeagbirlgi Ar¢fatabby tHeykidigieg agent is present in

per oxi de, .persul f at e alts

thef GEASBHISH IR aF BmoRRRIATITA A é@fd% |0flaf>fem°tfo%e?§quuﬂttalhc or
serHRBQ@Lg:‘t(ﬁ'%étgﬁttzﬁ 5;‘)r@s@ﬁt 1nﬁﬁ’é &?fﬁbdﬁ@ugﬂop%ﬁf 53t QLi known in the

periodate s pot assi um per 1 odat e)
semtmendm:ttqr(éM@aat corrbl nati on of two or nore of the

eg ef er ab) he oxi di zi ng ,agent i sen
10428 &P B caiohs oL b isniien cav s eesmianaly Mt epigable
arn%'ﬂﬁts%!ic oﬁ@f)xemﬁleé &ﬁér‘%ﬁdﬁiﬁr Adrdrfal OF mﬁ&wy%‘ﬁ’dé%tlﬁ CMP compositions,

material present in seni conduct or waf er,
suc/tedsl cokmsmn mhbitdre, dlsmmantenvdsmsmy nﬁﬂﬁymgtagerﬁt@,&bﬁiple‘ﬁdm% agents,

osi.tions of . i n oncnalso t i.onal |
an 1%11%% Kfidesnd tﬁ%lh% 1§?8‘§‘ f@t?ée el ippwn dp Mg CMP art.”
[0 e It Hﬁ)r%ﬁ@& 'eﬁ'béﬁﬁ%&?ﬁiehMP %Bﬁ&?ﬁﬂ}lﬁtﬁ fg{?{ger comprise a biocidal

ositions, such as corrosion
amobusperastaocide (a/g saosothjazoldinkcomyposijemsisch as KAT HOIN®) biocide,

a ts, .antiox s, biocides, and the |like, all of
avmfﬁ%@rﬁ%lpé‘%e} i‘ndxlgﬁkﬁt in the COWP art.
[0031] The aqueous carrier can be any aqueous solvent, €.g., water, aqueous methanol,
aqueous ethanol, a combination thereof, and the like. Preferably, the aqueous carrier is

deionized water.



[0030] In preferred enbodi nents, the CMP conpositions
further conprise a biocidal anount of a biocide

W@ 2008/06048N i sot hi azol i none conposition such asPCT/US2007/023479
KATHON(r) biocide, available from Rohm and Haas).
[0031] The aqueous carrier can be any aqueous sol vent,
e.g., water, aqueous nethanol, aqueous ethanol, a

[003aibi nBltd OMPt dvarpesitionanfithe ievehiideprefirgfly havd ypHtim éhe range of 5

aqueous carrjer. is ei onj.zed water. 8 2008/ 060419
to Pimrass pesoibhlins’s | HonBH I untuecss rbaionaihe canbiiane or
md{gi‘ﬁrﬁu'fféﬂn B%fte@fa Oleyt RaNBleBaPitid SudnR hyaREBIAE aeid, Atic acid,
, hore preferably 8 to 9.5. The CWP Conpositions can
and fieilikead basesactpas semomnie, sodiunmbydroyike anfiftlee likey or a combination

materials, for exanple, an acid such as hydrochloric
thegeqfy, acetic acid, and the like, a base such as

Oy B 5P (FRRIORX (s INRRbR B Tendla By anmysuifable
techhiguée,mant o forhiclnarelk@opnep drose slillecimyths aitt Abé EMP composition can
t echni que, ny of which are own to. .t skilled in
be prrpazgdyn aJPﬁg%CK/POI&tHWBB%P’i"F%%%- @?ﬁeral% e E@f&w%lwn can be
P o B B o g, component” as
us&igpein endlsdes nadieidfialiingradignto (elgr, abratiees, sunfiactanteypod thetlike) as well
as used herejn includes indivi duaL i ngredjents ge g.,
as gy eenRiBationefringredisns s Foreranmple apj @fwsga@é? dispe edal%waters and
c . . . . s .
QRO OB SRR o KR, R et
incoaFaR ﬁtn%rbtlhs c@x?poxtmsaiddﬁﬂe CMEiccmﬁpm@tidw Tpycatte} doekidibailg agent,
is capable o i ncorparating the co nents into.the .
whenmtiligsrh ésnatidded toyhs CMH %Rmpé’ﬁlt@?i“&mzjﬁ%ﬁ gomgesition isfpady for use in
Ll ' 40 it i do s
 GHE RS, Sl BRI ABE AEA A, BORRRE bt Bt hiation of
pofisting XEingpp & cart beadjusted ati ang sawehid timan be added j ust
rior to initiation,of ol i shing. The pH cap be .
(0034 ust Bae GMFaspmrasitiog pelheprmen{ iesip Hife canpe provided as a
: . .
cof AR AL AT RlerB® (PUARRRL L INER W hAOPTE AR H3ggeous solvent
(e.gdi, Wategpridrith use) Tappclop erabediment, tite CVPagmposisios obneentrate can
. (e.g., water) prior to use. In such an enbodinent, the
m%m:v (Be NFRSIPBIROBEIE disPeaR0eT iSO IV # AIEOHSROINER} nAFRounts such

that %ﬁ%ﬂtign gF 121%%5?%%?9& vm}rc'ﬁlgiﬂ\f)?@pria& ﬁ?&?ﬁg? afiRbl{€Mivent, each

I’'n"amounts su , upon utron o
comPBnEin bf thegoliktiing asmpgxiti cxpwil Biecprageatiint the CMRR| b@opissition in an
sol vent, each conponent of the polishing conmposition
amgupi wikingheappiepiate fapge &VmS@onposition in an  anount
it hin opLi . r . ) : C .
[O(IYSnS:]/en i ]I%%ﬁlg?lgg)rnpa?%& V;?r g‘gggygn%%'{?g é’f gggmcgﬁ)}oﬁé]:haﬁ@ally polishing a

seaivenileadd snbsead abhemkihyd pompses i) cantastary camflioe bbHa substrate with
substrate. The nmethod conprises (i) contacti

a polisnpg gagindpa GHH eampesitignef theinyentioss dgs ad gﬁ@ina agdBi)
mcg\{?l;fgjf?é IbliSin@had RfativBYE e sQta @S RS GlbsRAE Wi thE Polishitb
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.



novi ng the polishing pad relative to the surface of
the substrate with the polishing conposition
wao h@sebEtaeen, thereby abrading at | east a pore@DOSWN7/023479
the surface to polish the substrate. [0036] The CWP
met hods of the present invention can be used to polish
any suitable substrate, and is especially useful for
[0033] i sHTegCRiPaéthadsasf th@mesam imgntiawvark paitebhkaclyrsiided for use in

materi al.s, such r bo ed S|I|con xi.des. 9
R P U A ing emaﬁ Uty SR apparatus
corﬁér&ég% &S Sitlich, WHRRGA B¢, &if nﬂ)(ﬁforn' %]Velﬁ&'i't){ &t feQéits from

oﬁ unct’ion with’ a chen1c ani cd

orltmal Ilmhamgldzi@parcatam motibypd malishmg piahm éf;M?aca pytrtae phxten and moving
npri ses pl aten, which

rel@tﬁ/& tﬁé‘i@ r&at\% N@@nwmﬁa& qnéélﬂafrserﬁbaé #Sldé ﬁbpb%qate tp.h%@g}lshed by
co i M ERIIRAIC b R BOARE df, 9PLB e o

subsiete thites Plice OF thedubs@ate Beihg Plactd i contdcdwith tﬁm;htﬂishﬁltg@ad and a
to be polished by contacting and novi ngq relative to

CMlh eorgpesitieoidhe triyenties 4@Hhﬁgmewg therrolisBing Pad apd sifbsirpts relative
té)gl%} ta%lﬁf%ber&llea%% Ya B&%ogld 5 "sgb&: fo:;l%hgllégﬁt%Qg%&te

[0038] t heA istibsgriate can balpdhnhhm orpolisigedt wigh @@MBbd)mgoqm @ﬂtﬂe

. Substrate relative tqo one another, so as to_abrade a

inviealiat uAngF SUBALIs Poliffing Paskiertatrolisking sirfans). Sutable polishing pads

1nc o% %(%Swﬂe [ Q03 %\ﬁgﬁ noHRydVe tpgh&ﬁl?g ?ﬁdes p M‘&QM% es‘i!utglgle polishing

conposli I on I nven

padbﬁiaﬁ @GompPYisSaryt s&ﬂilh‘@le polyinsdhiofi garyg deasiy, haﬂ@kﬂsSMdl@ess
surface). Suitable polishing pads include, for

cor@R@ﬁ%blélty,ﬂb\}léhwarﬁhom@empﬁéwp@rﬁnﬁgorﬁlﬁ%sww@é{}@r Suitable

%&‘Hel’sanlgllr:l%g Va?){}a;xrﬁg &)Bﬁg/ﬁ &r%gﬁ&é’é%y?ﬂ“?ég , Fluorocarbon,

poyOADOIRES ipol yebtey, ,poe,kabﬁyletw, pbq/eﬂeb qmnyttmm pawne&sp@purethane
and conpressi on nodulus. Suitable ol yners |nclude

polry@twre@ﬁamimopqdémy \wqunéqh pdpete the&ﬂfyandnmxmr%ﬁhmé

[Odgéh 3261?@ 1r§ﬁfé/oﬁ% (,If%ig taﬁgzprg ye?ﬁ@/f’é risel %hy :?z} n#;oc}lshmg endpoint

deteétionyefeia Reiny of alhy@lt M€ Eﬁtﬁwn pothy aﬁow&rﬁﬁ@es mﬂﬁmedng and
products thereof, and m xtures thereof. [003
mopisripgfeypolishiag mwe%spbdévnawg@gflwht predtherg aﬁl@b@ﬂ&ﬁted from a

sur% cte lﬂ)ﬁ B%l \ng’%hﬁge S,!}Ci&g by tl%ea&t.ere%dﬁzﬁ M etots pé AR e L 1é‘or neé(ample, in

are e ar chni ques or i'nspecti

U. S.I’Iditerﬂﬁﬁj’lQB 358 m:gsmtmaumhl SN SNPatpritSC4336 Mo dnddigy e alg U.S. Patent
ht or other radiation reflected froma surface of

5 %ﬂ 20 kg @rd B-e Hafeah,90h0th ko Birang etgé hDesirabby shedngpection or

0 P 9
B8, BEfe gl ST Ryich e ropss Rty 129 pycg peing
polish®d efféfl&the doteAdiRadeh/oftthe pelihingednd-pdird, i.2athe détermination of
5,964,643 to Birang et al. Desirably, the |nspect|on

whep to Wemrta@rthﬁ golishingaropsss yitBgespsst to ddapisiias yaskpiece.
[Otﬁ'b CESPhe lgg[r%s&gﬁl le :5?1(1)1%1 \(e?lhrsﬁ‘é%cfﬁ? fﬁ% ﬁg)n e ddfscgﬁgf:, should not

bI es t erm po |ng end- pol nt’,

be bolfsrr,uedl Beind@ilyevdyi livaiting fits g€opewnen to term nate the
pol i shing process with re%gect to a particul ar
wor kpi ece. PLE 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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[0040] The follow ng exanples further illustrate the
i nvention but, of course, should not be construed as
WO pooatoyod4rmy | imiting its scope. EXAVPLE 1 [ 004RGT/Uk1087/023479
exanpl e conpares CWVP conpositions of the invention to
a control conposition |acking the silicone-containing
surfactant for polishing a carbon-doped silicone
[0642] de Blanketoeafertsi(20&innycabdredated tsdjsop didxsdeg were golied with six
08/ 060419 PCT/ US2007/ Q23479 0042 t wafers .
Cl\@@emﬁﬂ%amf e (et rompisaiepe el Shpi Sl eieht of

col’MnHQl sfhich, 5 n(ﬁfPHpﬁ h§shﬁﬁ‘ Sce?fte tl'?‘)@o 'pBHle(gtHeﬁibmgﬁﬁ@ 200 ppm of

nmposition | percent by we
ICC)N(DIG@(M? 48,1l para:nt BQMIghbnf bydrpgangssoude, ané 7 appm (18P6r 200 ppm

AYETegHicoR “Ei. GpnmgeRab LR persFhit: PEmat PH- HRE 7001 (o

dlrﬁétﬁ?coﬁé c&%@ycﬁ ﬂ’ig'lfmg 2540/6 raBlo 8f EthPRAGXKSUS E%ﬁ[ﬁ%@go%&)u}zs ain its

Conmposition (1-1) included 75 ppm of "SI
poblioheitibckony (Eo)p dlonapostiemi(he) anchdle8 @00 ppincofHFILWET® 7001 (2x).

AT SRS LR L b
UGy At ROl L )

Coifosidiond 2420 iedudet 290 @pEmf)SILWEiII@ A92@(Expx Composifisn (31 1 ) included

7 5:pfn>e1 @é)@ﬁ%ﬁ@deﬁg 2? 51%?@%9}@@)019?122 a(%%é 1'30 zf&&yb%lﬁwai@) side
chéil'r)l??é(%lﬁj r@&ﬂiﬁ‘&s‘i’no 7@ g@ﬁalﬁéed%e}jﬁ’ﬁ% 6%1‘%@&@%0(& 8% de

I'cone copo aving p yl ene oxi
[0@434i ns)ThelcwntrolGompositibh aiel(ddd 2B pervehtunedeigOofmpitomhl silica, 5000
SI LVWET(r) 7600 (2x [0043] The conir ol itiog
PPIHRA m)aeéawmaqs@ﬁeeéf%% gaﬁptr&m@ofg-@%maap "ONGL® NP-40), and

ate, 1000 ppm of
1‘%2‘%95???“?ng °ﬂ9§z°3‘3§"’pb“a‘9§&{'cma(r) NP-40), and 1
[0@RM] cenThdwafves whie polisheddit agewnfercexif des. psﬁ @Gsldten Sieed of 106 rpm,
wafers were polished at a_down-faqrce of

a caTir epeedddd wm, ol ariswir.‘f/ figwagteroft dpO %é%p wngz*d’&plﬂﬁEm
ro G ks RSl 0l SN AR e rgmong s

obta&uddovnﬂdethd:ompbsieoﬁ GiisGhoweaimVagure bt Else davbiraFigers Msiolw that the

ach conpositjon, are,sho in Figure 1. The data in
CMP ggm@og 1R the v entm afggﬁﬁdc%%gglplyll%\ﬁgr (E@Otrﬁ@oval rate compared

ed a desirably |Iower CDO renoval rate
totk:ﬂgn%g{rrgg&n?%mﬁ?g control conposition. EXAMPLE 2 [0045]

Thi s exanpl e conpares a QBRAMPIIO3i tion of the
invention to a control conposition |acking t

[0845]; cofkis estimplesprgase p (AP spmpeadtionef the mVﬁgtl%p to a control
CO@?I’]CE&E gagﬁgl Iﬂl’?és 1&91%% B%ﬁlﬁgf {afﬂ??or tglrll‘é}h%%ggalﬂon -doped silicone
oxershefaecailihgsa bembno;dp@hsihehe BLACK DI AMOND( r )

[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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|l ow-k dielectric coated wafers from Applied Material s;
"BD') were polished with CVMP Conposition (1-1) of the
WO pwensi4on. The control conposition was the saPET/ES200T023479
Exanple 1. The wafers were polished on a Mrra
pol i sher with four heads, at a down-force of 1.5 psi,
a platen speed of 103 rpm a carrier speed of 97 rpm

redantiormo S afer-yo-wafewandibeadeth-htad variabrlity for the comypesition of the
POLI TEX r% Hollshlng?fad. The BD renoval rates

invsption. GaRPRISH 1@ hesaniPk f erent wafers are shown in

l7gur BiORA ¥ d
O 5 T it
by Senhateth,dnc. a)fwevm;ﬁcérshd:(bwmhm &othpositidn (b1 heﬁthe 1nvention

bility f t th
Ogg%%%%wg% Fage ¢ %ﬁqrﬁ&'f‘?é’rfl'wit% PPl b Lforestls for patten
ren%(vaa PRt hl%rého@ﬁ‘:ljﬁ P{%ﬂ zﬁteﬁ?&%o@m raWas%wuﬁftéH in the field
waf ers prepare Senatec I nc were polished with
are@lﬁl@at@@[ﬁﬁ)&l(mbﬂm(lme,h)wa‘shrdll’ae nlnn\deﬁﬁ¢remdocatlﬁn$mmthesmfer from

was made to the_control conposition Ex le 1. The
centgrdgiege pons pat? aptical | meAArEnent Y ey gljhgwe%r}g WﬁrWﬂGF%d ona
lel'ia gl-ggﬁle?a‘{tta%)@mri%g@%\éoq % istl & Yfaen n?e%eﬁ‘élf 1bs mgprh M &J?ﬁer speed of 97

area near 0.25p I ne, asur ed
rpm,i and adsldreflewtrate@ 450 arisman using RO IHTEXN® m)hstmg}md to

V\Bﬁéﬁﬁ . cga lpﬁi&jl ﬁL% m%}%st :t‘lpegc%qsg%gg gfr{gp Txgv%ntion provide
Caﬂ\?n&ﬂﬁgﬁéﬁge%{ﬁ 9€§Jwer atPérﬁ“i‘&HO\%ﬂ’ BRel tﬁst tﬁ@@oﬂtmoﬁposmon

I er slurry flow rate of
150 mL/mn, using a PCLITEX(r) pollshlng pad. [00481
The data in Figure 3 show that the conpositions of the
i nvention provide surprisingly and desirably | ower
pattern renoval rates that the control conposition.
12 WO 2008/ 060419 PCT/ US2007/023479 CLAIMS 1. A
chem cal - nechani cal polishing (CWP) conposition for
polishing a lowk dielectric material, the
conposition conprising: (a) a particul ate abrasive
material; (b) at |east one silicone-free nonionic
surfactant conprising a hydrophilic portion and a
i pophilic portion; (c) at |east one
silicone-containing nonionic surfactant conprising a
hydrophilic portion and a lipophilic portion; and (d)
an aqueous carrier therefor. 2. The CWP conposition of
claim1l wherein the particul ate abrasive material is
present in the conposition in an anount in the range
of 0.5 to 20 percent by weight. 3. The CWVP conposition
of claim1l wherein the particul ate abrasive nmateri al
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conprises silica. 4. The CMP conposition of claim1l

wherein the at | east one silicone-free nonionic
waeBae4ant and the at | east one silicone-cont BETUSZP07/023479

noni oni ¢ surfactant are both present in the

conposition at concentrations in the range of 25 to

10,000 ppm 5. The CMP conposition of claim1l wherein

the at | east one silicone-CL&dMSnoni oni ¢ surfactant

and .the at | east one sil.icone-contalning nonionic,. .

Sur flact ant CHERECREEARICalRg i HaE {oMBo S Pei{og Polishing a low-k
dl‘gur ¥ a@%{:ﬁt% L ?l%)é-dso ?ﬁ%g%%ﬁ?grﬁp gi&ﬁ?:ng sur f act ant

concent r §4)i apantiatliate abfasiveImaterigy eater. 6. The CWP

conpositian of cl ai rrlfl wherei n.the hydrophilic. or%\i(ﬁ_n -

of the afb) pE5RY oBHliEone TR RO UGS BGIaBhF MRS R& R Pydrpphulic

& hiS8S08hitelYRlon: 7- The CMP conposition of claimé6
po erePn ?ﬁg 1polpéooni’s selected fromthe group

consi sti g afleast pod siliComeearontaining cewibmb porfadtant cam@rising a
onpi nation thereof, 8. The conposition of claim1l
hy&ﬂ”‘?gﬁé‘fcrﬁ’ofq?é‘ @rlmhlﬁccpoﬁm%{ﬁ of the at |east one

ol yoxyal by L adRBle Brfe syl A OO ot on o

cl ai2|m 8 \ithe WB compoiorn ofl %ﬁnﬁ_ﬁh&%ﬁﬁﬂhkphﬂhgla_tegﬁhba?vd material is

a pal yoxyet hy] ene group. . e conposi tion of |
PrespiiAhe QURACKILIoN AR AT RMBBHAN Fhecraw%%%t 0 pereeny py weight.

208 to C3b AYRPARRPAER AOTURCH ngii BE pAuARTAS Romateria

compripgsilidaon of claim 10 wherein the C6 to C30
hydr ocar bon nmoiety caqonpri ses at | east one hydrocarbon
noi 8ty sdihe&iMB cp%%ltl%Oéfrlaubl WHRSITSIhE Ahleaft ong silipgnepfee
J / . 10,
w8 AB0ALR FETLLFIOET LT bl PO B e

pre3bmtyih tigr @uposiod aatorrepratiogs authe rdnge of B8 tdCMR000 ppm.
conposition of claim1 wherein_ the hy&r oPhi lic portion
of Phe atlhe|(Q4Bcompasiion plcdpia Ewhemithihg gt lsastioge sidicone-free
¢ o . . .
o SRS PRE ob HEU  SORES resen
in he@ompositisn &t 4 rgpeativa sitiobiy-fley s@farkant-go-siichobyrttaiatrg, surfactant
and a_conbi nation thereof. 14. The CMP conposition of
copqeniration saHaPEL 1 QrigEeatsidr ophi | i ¢ portion of the at

| eagt on i - cont aj ni Wolall : :
Least, 0PSRN [ORLAN 65 BB BBbnpor e
lea€i\ineailigoasifice @onohicausthomittontpeises apdlhel. C2 to C3
poI%oxyaIkerne group is_a polyoxyethyl ene group. 16.
The 7oVP d8R54P coBRoBHoRpEAl#MO Wheie) te PRbYOl iSgslsried iftom the
gr&?)rctohgigtirfg oftatfolﬁlycerol, a carbohydrate, and a combination thereof.
8. 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.
9. The CMP composition of claim 8 wherein the C; to C; polyoxyalkylene
group is a polyoxyethylene group.
10.  The CMP composition of claim 1 wherein the lipophilic portion of the at
least one silicone-free nonionic surfactant comprises a Cg to C;p hydrocarbon moiety.
11. The CMP composition of claim 10 wherein the Cq to C39 hydrocarbon

moiety comprises at least one hydrocarbon moiety selected from the group consisting of an
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| east one silicone-containing nonionic surfactant
conprises a silicone group. 17. The CWP conposition of

W@ @BnvWwd wherein silicone group conprises a PCT/US2007/023479
pol ydi et hyl si | oxane group. 18. The CMP conposition of
claiml further conprising at |east one oxidizing
agent. 19. The CWP conposition of claim1l wherein the

alkglk groemsin abiryl-siibstitated afyt gwup norirphsubststutedzadityd group, and an aryl
conprl ses a nonyl phenol ethoxylate. 20. The CWP

E%Brmosi tion of claim1 wherein the at |east one
si | jgoneTgoChap Uérﬁﬂosnmf‘?ﬂ‘dlﬁl ﬂ&h&@ﬁhﬁ@h ﬁlﬁ[lb PE&ioA of the at
di met hi cone copol yol. 21. A chem cal - rrec?"lanl cal

leagt@ine sHicnge- (:@Nﬁi)nngatohunhm‘ orfapahi @mpryesa pml\paok

diel ctrj trate, .the thdco t.he ste
%e ) Eﬁﬁiﬁ/ﬁf P%p%l%qféi'agmok %hgen@éfe goleaﬁfd?qteff ff'vam the
t and

gmﬂﬂ C%éb% F ailial focteR %%%ﬁ“’hydﬁ%é%wéa‘&g*n“’%’é!“%’? b

conmp4.i si ge eMbesthpasiticat ¢ cMnmalsWhaemHhehychrbphlht pbematof the at

one sjJicone-free nonionic.surfactant c risi a
leagfyge SITPS-EOPBRNEGIOMIANF HriaFBBHIPIATECHY &e”?%{%g palyoyialioene
groﬁg.e silicone-containing nonionic surfactant

conprising a hydrophilic portion and a |ipophilic
por 15.0n, Tha CMhcanpesition afataimeld whdreindfie€; toa@dpqlipdxyalkylene

causing rel ative notion between the polishing pad and
ZToURes %B‘%‘é?’f‘ﬁt Wﬁgrgup mai ntai ning a portion of the CWP
conpgsi t
oS RSN, b Al bty SRR LBSHRERr o e

leaahmadﬂlcahe bmaahlr@ rpaidnicosurfattahhenguistas ailiofne greup.
S ubs,t].r al %he %MP composition of claim 16 wherein silicone group comprises a
polydimethylsiloxane group.
18.  The CMP composition of claim 1 further comprising at least one oxidizing
agent.
19.  The CMP composition of claim 1 wherein the at least on silicone-free
nonionic surfactant comprises a nonylphenol ethoxylate.
20. The CMP composition of claim 1 wherein the at least one silicone-containing
nonionic surfactant comprises a dimethicone copolyol.
21. A chemical-mechanical polishing (CMP) method for polishing a low-k
dielectric substrate, the method comprising the steps of:
(a) contacting a surface of a substrate comprising a low-k dielectric material
with a polishing pad and an aqueous CMP composition, the CMP composition comprising a
particulate abrasive material, at least one silicone-free nonionic surfactant comprising a
hydrophilic portion and a lipophilic portion, at least one silicone-containing nonionic
surfactant comprising a hydrophilic portion and a lipophilic portion, and an aqueous carrier
therefor; and
(b) causing relative motion between the polishing pad and the substrate while
maintaining a portion of the CMP composition in contact with the surface between the pad
and the substrate for a time period sufficient to abrade at least a portion of the surface of the

substrate.
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