; e3et R*6HT HWO 01/ 14496 PCT/1JS00/ 23052 5 COVPOSI TIONS FOR | NSULATOR AND
METAL CMP AND METHODS RELATI NG THERETO This application clainms the benefit
of U.S. Pro\® 8t Application Serial Nunber 60/150, 443 PGT/UHH023980 st 24,
1999 and U. S. Provisional Application filed 10 8/ 11 /00. BACKGROUND OF THE
| NVENTI ON 15 Field of the invention The present invention relates to the
polishing and planarization of integrated circuit surfaces, particularly
those conprising silicon dioxide films (TECS, thernmal oxide or BPSG, |owK
ILD films, Sili coMPOSITIONSTHORENSURAFOR ANDMETAL M) ANDAMENHODSXt ur es of
these. 20 Discussion of Related RELAGENGITHERETOabling technol ogy used in
the sem conductor industry to renove/planarize various thin filnms fromthe
surface of sem condrhitapplicstitbtaingsttiesbeokfik 0ff1§)S.tPnevisjpna) dpplicatoon Sefiall C. Var i ous

t ypes of abr asNumberl66/V£0,418 diled Aoguwit 2411998 US5PravidomgloAnpdi¢atiogfiledd, typically
made of polineg/l@berials, is another inportant part in the CWP process.
Particles of silicon dioxide, netal oxide (alummna) ceria, titanic and
ziconia etc.) or a m xture BACKGROUNR OF BHE INYENTION used as t he abrasive
in CW slurries. 30 Achieving IC wafer planarization w th snoot h,
scratch-free and | ow defect surfaces is greatly challenged by the presence
of abr asi veéSpafFieldefdae igyentione i croasperities of the pol ymer pads. A CWP
slurry which i s notTheprgstihwntioaréatsab o pMishihg 8 plkisti-Rion 6f iadegrtes and

resi dues on the, li shed surfaces. The, scr.at ches lt fromthe trace
racks of the BEPLFPES REieR fag sumroRe iinte PRt iR RS fhomioyeq 35
mat eri al s), whbzxide dr BRSG) bweli D filads, siligommityidecfiimeg nfetablitng (ipesyaidded sl urri es and

the re depositj| &f f‘t'hg‘%' renoved materials (nmetal oxide in the case of

metal CWP and S118nol or silicates in the case of silicon oxide CWP.) The

dense scrat26hing texture will heavily contribute to the higher |evel of
roughness on t pa.N&bsbs RUstERAPS. It has WO 011 14496 PCT/ US00~2305Z been
observed that the slurry coating and re-deposition of residue wll

preferential |y occ$™§ i§ap mabling fhnology pasd iy thesemiconductop indpsiyta, s | f eat ur es
and i nt er conne ghro@pldnkiR Saridds AinGs e the surface of bemicdfdactonmbdidtes S hi gh and t he
resi due can be, readily . acco dated. USP 5 704, 987 address he probl em of
renovi ng resi dﬂ%w‘gﬂfﬁ%ﬂ‘;ﬁ“ﬁ%@?ﬁ’%@“ﬁd’ﬂ’&?%‘?&"?%V%'?%Pﬁ us‘s“ﬁfﬁ"g@g{ after
cheni cal - m2Shaffhamlishing pads hipieglly niado piysiydher mat@iak\iparotheimpdraatarign oper at i on.
The first step,ysem 2uhaShanddeaHSn Skt R Rl AnRRHO0HE, dlay Ter i c
surfactant; the second step uses purified water.

and ziconia etc.) or a mixture of the like are typically used as the abrasive in CMP

slurries.

30 Achieving IC wafer planarization with smooth, scratch-free and low defect
surfaces is greatly challenged by the presence of abrasive particles and the micro-
asperities of the polymer pads. A CMP slurry which is not properly formulated will
generate scratches and residues on the polished surfaces. The scratches may result
from the trace tracks of the particles (slurry abrasives and residue from removed

35  materials), while the residue coating may come from the gelied slurries and the re-
deposition of the removed materials (metal oxide in the case of metal CMP and
silanol or silicates in the case of silicon oxide CMP.) The dense scratching texture

will heavily contribute to the higher level of roughness on the wafer surfaces. It has
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10 USP 5, 783,489 discusses the use of surfactants, stabilizers, or

di spersing agents to pronote stabilization of a polishing slurry including
oxi di zi ng apeowm4mgai nst settling, flocculation and deconpegibdesos2
Surfactants may be anionic, cationic, nonionic, or anphoteric. It was found
that the addition of a surfactant nmay be useful to inprove the

w t hi n-waf er-non-uni formty (WIWNU) of the wafers, thereby 15 inproving the

surface of th%&ﬁb@h@%{h@ﬁ%&@m&ﬁ%@f& ﬁ&t&resﬁh@wmrp?e?&&tmu nvention
provi des conpounds that can be use slurries to orevent scrat chi ng,

M ni m ze surf aRSEITABIE drRsepattern preascasperiplhugmall fgtpss ApA ipterconBpgtiglings My ri es or

resi due on t heartacwhat e siefitd aegpis hifhendaharssidua bante Rgadily Wdsommoddt&d i n this 20
patent work effectively with abrasive particles including but not Iimted

to, silicon dioxide, netal oxides and any other inorganic oxides, and
m xt ures of5the |i KISP 5704987 dddrlésisésﬂhdﬁ'olilé’ﬂ cEreimvngtdslchml siirrykpagticfeect i vel y on

CWVP processes fdgr?%heet Waf{fceaﬁ nrca _mwgal}lca[]?oh\m t h tqrﬁg fi,sls%” i nes of

silicon dioxidt ) %ilicon
nitride and rre&twlc@mwpmﬂldn Jbe ﬁnsbstegumsa bésictalpeeohs qolgnonzbsasummm OF THE

| NVENTI ON A co%?,yﬁggu ct;_ngﬂgsg%h(g Eﬁréd%va{éﬁef ul for the polishing of a
e

sem conduct or r substrate conp ISI g an organi c polyner having a
backbone 30 conprised of at |east 16 carbon atoms, the polyner having a

plurality e noietiysp swss hssafidishs thé ubedr SuHabt@Rs s@mze&smmp&ﬂﬁg sem conduct or
waf er surface. PCT/ USOO/23052 Ano r.conmpositiqQn is provided

e
which is usef (AEHYP pf"t‘f’@teﬁfﬂg? izaipryof a pplishing siygry. o H‘&‘&%F‘W&?" SAEHSE r at e
conprising a ssemfng,oﬂoaﬁnanhaa,ﬂdrdgoomp@mbhosurﬁbtmmmh;a&hbﬁma cavipijoy i sed of at

| east 16 carbon at.ons. Yet an | jshing. co on s vi ded for
the chemical nEeRERiCCATP po s |ng°"8ﬁ&§{et§?%dgg’ U w&f‘f’e’i’%y'ﬁgveﬂ’ﬁg a netal
circuit corrpritgenprmtlaqmbmmfemomdmﬂitmnwﬁmmmem{mfthambder 5.0 and
conpri ses |y, L Ge 86had: AV And iR 1396 nol ecul ar wei ght of
about 20,0 58 &%{%%8‘5 or (nga‘elﬁﬁgxo hi gﬁéan% 18°gt‘lgow nunber aver age

nol ecul ar wei ght polyacrylic acids. A further aspect of this invention is

the method of poli $hi BeeR invEiliof MOFLS EipoliRk Blat G BSEeRh OMMOEH&H t he
substrate is pressed ai nst a oI i shin p%& t.he substraiie and the pad are
Yiksia g bef

noved rel ati vePrEET Piggmize-shrace ray imipgtsgameioheelledk applied 15 to
the pad duri ngﬂdﬂ?&opﬁhd&hhﬂ@]@p@hﬁ:ffﬁ&s mmbeheﬁﬁﬂalcﬁahpmmmwmhﬁl on

conpri sing,an organi c Vi. N ris f at | east 16
car bon at oﬁ@ a;fg Vﬁoélfﬁf%fvxlﬁwp hla'asévcgf‘%flgﬁlf' m&febuﬁﬂﬁwt%ﬁ 'ﬁﬁ' affinity to
su_rfa_ce gr oypsdlmdc,tdml s:adnsamhadluomarnr_nom_hemxxﬂmrdnammcturﬁbfmﬂﬂcaﬂm her aspect of
this inventi Onsh.lrﬁmtopﬁns%mlggwgri( e&&li\}c%mn'mlaproccsses for sheet wafers, pattern

wafers with the films/lines of silicon dioxide (TEOS, BPSG, thermal oxide), low K

polymers, silicon nitride and metals, as well as mixtures of the like.

25
SUMMARY OF THE INVENTION

A composition is provided which is useful for the polishing of a
semiconductor wafer substrate comprising an organic polymer having a backbone
30 comprised of at least 16 carbon atoms, the polymer having a plurality of moieties with

affinity to surface groups on the semiconductor wafer surface.



sem conductor wafer substrate, wherein the substrate is pressed agai nst a
polishing pad, the substrate and the pad are noved relative to each ot'her,
and a pol i SHPAY1¥¥position is applied to the pad during PEEFUBSIBGSRI ng
operation, the polishing conposition conprising a surfactant having a
carbon chai n backbone conprised of at 253|east 16 carbon atons. The
conpositions of this invention nmay optionally further conprise one or nore
of the follow ng: subm cron abrasive particles a di spersing agent, an
oxi di zi ng agent, and a conpl exi ng agent. WO 011 14496 PCT/ US00/ Z305Z
DESCRI PTI ON OF THE M@%lemmmwémw@wm@hmwed | C waf er

surfaces by prebRtmbidd wakr AUsRAIEREHpriNG b 36 FaRk hafifg AAlb¥ABaE Can _
significantly elimnate scratching and redeposition of residue. The coating

| ayer, however Pachonsicompsised oL akdeast W sAMaRate®s t he wafer surfaces, and be
readily swept away by abrasion during CWP process so that the materials

H1 S0 be 1 eadil'y i nSBABS PO SRR SOV BR i SBE VAN the
post - CVP cl eanlpnkyshpgomwemiuctcbrtwafwsshabegmmctalscomeoms&hahqttebw addition of a
type of SU”ac%a%os%nﬁav&%%ﬁ%iurﬂa]s&’m lﬂ:f(g%estp&?ac&}@ac]&)h %iﬁgﬁ“es can

effectively serve t es outl |ne additive has a

carbon chain I@H@Mag?@aﬂﬁlﬁuiahmsfab&wmﬂeoo% mqomalmdssﬂnmwd have a

hydr ophobi Cloen%\&malaﬂhﬂﬁn%ulér%’g%t,AM)Iaé]yB&aadQG or have ethyl ene oxide

chains (OCN2CH2)n with n > 8, or the m'xture of both. The other end of the

surfactant conprises functional hydroph| lic noieties attached to the

hydr ophobi ¢ chai n descri bed above. 15 These nvieties have affinity to

surface groups (i . eA furtheragpectof thisiikventin &, theonetiog of plishing 2 seicoatwtor f i | s or

| i nes) contain f are
S QibWRteS hnedt &é‘&%&:bate@&é&ed aHﬁ&HBfIﬁ?tL E‘p’a’l&' éﬁg X%’sF}E,

commonl y pol ar nol etles, such not Irmte et her,
am ne oxi de) phekBnpadaranqveirelativgigmelkotrs, and & palishing cowmswew@pplm koxy,

sul phonyl) sul mﬁ&ﬁadamﬁagahmmg@%emﬂsaehmimmg&onﬁpwumoaprn lan Mol ecul ar
wei ght organi c poly cﬁ)@ﬁlﬁrg cont ai ni n a caroﬁzon backbone W|th functi onal

moi eti es ext endf&iy gBQ&%B?m Bhleast; 1/FaIPONALMS 8.5 i nt er act
strongly with tpblgzmmfaﬁxﬁg asplﬁrﬁlaﬁ&ﬁﬁﬁmaﬁmﬂﬂﬂﬁﬁtpwﬁﬁaoagmﬂtoﬁnkl ve | ayer. The
mechani sm of int era Pﬁr en the functional noieties and the hydroxyl
surface is rmstse"P'f"R S“'ge not limted to, that observed in the

hydr ogen bondi ng of polar species (such as the interaction of hydroxyl
groups). The 25 polynmer conpound is further defined as a high nolecul ar

wei ght orgagi ¢ nmat e'thQhothéi‘ﬁébbdﬂGftﬁ:sﬂﬁ%x@rﬁxs%n@@b&&f‘%lﬁs&ﬁééOn of at least S
(i.e., 5 repeati n% rmnorre unlte%%r nor e pref erabl #érmre an 10, and nost
preferably greSfPr “r‘f??ﬁw s ae. wiFTsig the sbstrpfe 15 REeRsO R R PRRREME | yver  shoul d
have a carbon @Eﬂitl’ﬁsﬁlﬂmgéinddfep&bawhm?eﬁr@!twgmea:hemer dride pplishinger conpound
corrprlses aplural fl s avi fiinity.ta suface 30 groups
(i.e., silanol, "s’,p"f'%cl)%a{?\a pp%t eﬁadIJ]miméfnﬁ?sqm Xtm’the °l €S etc. ) cont ai ned
on waf er surfac@@OSlffd!mmPW@pwfaata&t P@Yimmmlapnph;hmhacmee‘»bmmﬁd ofach as, but

not limtedysto EM' ther am ne oxi de, phosphi ne oxi de, sul phoxi de,
car boxy, c;br bo?ny{mgl 14496 PCT/ 1 TSOOIl 13052 5

The compositions of this invention may optionally further comprise one or
more of the following: submicron abrasive particles, a dispersing agent, an oxidizing
agent, and a complexing agent.

30



al koxy, sul phonyl, sul phate and phosphonyl. The ratio of the nunmber of the
waf er surface affinity functional groups to the nunber of carbons in the
backbone cW&M14486|1 | be between 1:1 to 1:200, preferably tcrusod2%s2 0 50,
and nost preferably from1l:1 to 1:10. It is also observed that bl ock
co-polymers of the above defined pol yneus have 5 the same functions for the
above nentioned applications. Exanples of this type of nolecule include,

but not linmited to, pol pPESCRETIONORTHE PREFERRELY EMBODIMENTS:, pol ynet hyl
nmet hacryl ate, poly-fornmal dehyde, poly-ethyl ene oxide, poly-ethylene glycol,
pol y-net hacrylic acid, polyacrylic acid and the m xture of the like. 10 The
slurries of this i Goatngiobpplishes IO péferonethdeybyqoefigerntisity adsothed pafastantt or Aqueous

CWP slurries ¢ | ' . =1 | 21 ze. of these

par t ol o5 13 | UG aa P hE AR E RGN B RRETE | 20T (e
resul tant s8rf emstingdayst, heweveri shouléhbe wisklz bonded fodlretwabr ssfacesghdbareadile, t he

pol i shing reno tm;,gfagmﬁmgm cé@?otﬁﬂ'iﬁe?&?eriﬂy%\t’a?g@\yﬂldet eriorate.

Di spersants can be included in the slurry fornulation 15 revent this
aggl omer at i on Wt bavignificansly reguced; Thessatingylaypra phopldplso begpadieringed ofib, cati oni c,
or noni oni c. Thewsa! &@uémsaﬁt;ohmu&rpaa@wél&aﬂgﬁmscﬁqm@@&non many factors
I ncl udi ng the ,urfae%e c}rﬂar cteh{ﬂstics of the abrasjve particles and the

i oni ¢ nature ofiSPyFERddhA F?f‘?dft{S’F BYpg b urfaeaptor & PR paymegrintp e CME; |\ f act ant s

i ncl ude sodounslbreiesrcyh effectiveifberye thegiuyposes birtlimddlaydve piowiding thendaitbehada. Am no
2l conol s 31 8 2kdn el il P REIOR. % hOREhY iop el Ay iEonn X1 81 21 N0

agent may al so be pre sitions o present I nvention.
Exanpl es of coendwontainingiCxt2nyl wigent sl6oorédave ethylateaside tleaia (REH2(HR)ror at es,

perchlorates, gyl pL h,to?ﬁxgnﬁ:uélrgbﬁ;o%zi"glﬁ%mag%gﬁlrfa%{%mpq@’ ozonat ed

wat er, and 25 oxygenated water. zing agents can be_used in slurries
for CM of aboufungiopy! hydrephilia meigties Fuachad taube Bydrophebiarhsin dessribehabovear e used at
concent r at i 9nsTREe k@i haldattifity 30 Qivthce EPOuPY (i WEkigiY, sildhne] G UgdrBxyiliSedd pr ef er red
oxi di zi ng agent. At\_n m?_t al oxjde or other pﬁl i shi ng%)abr asi ve (such as
al umina, ceri am3) ﬁhgscﬂ’ii ines) ogpfained qnowgfer pyrtages; Thesq,fupqtignal end GIYPSA™®  or di anond)
may be used i Nedni@nly pblar thadie) fuch B, ButinbMiifed Nhydrox N, lathihé 856d>CT/ US00123052
One particul arl sef ul l.i shing co sition of this invention for the
chemical nec haﬁ%ﬁp © 98f% g“?ﬁhﬂ’ﬁd°ofagté°é¥n'r%§ﬂ?}'ﬁj€ﬁ(8’fy’ Mthg?yi' S lgt\’f?"na&d a netal and in
particular a cppshenyieTielpolymerauay be 2 biglampleduizaBeight ogaricpadymeonposi ti on t hat
conprises 3 agueEaHs CABRARELR Wl TR PPl orrt b RRnE O TP | SES

The functional moieties interact strongly with the wafer surface so as to provide a

protective layer. The mechanism of interaction between the functional moieties and

the hydroxy) surface is most likely, though not limited to, that observed in the

hydrogen bonding of polar species (such as the interaction of hydroxy! groups). The

25  polymer compound is further defined as a high molecular weight organic material,

having a degree of polymerization of at least 5 (i.e., 5 repeating monomeric units),

more preferably more than 10, and most preferably greater than 50. The carbon chain

backbone of the polymer should have a carbon chain length of about 16 or greater.

The polymer compound comprises a plurality of moieties having affinity to surface

30 groups (i.e., silanol, siloxane, hydroxylized metal films or lines etc.) contained on
wafer surfaces. These groups are commonly polar moieties, such as, but not limited

to, hydroxyl, ether, amine oxide, phosphine oxide, sulphoxide, carboxy, carbonyl,



pol yacrylic acid having a nunber average nol ecul ar weight of about 20, 000
150, 000, or blends of high and | ow nunber average nol ecul ar wei ght

pol yacryl i VA8V up to 3.0% by wei ght of abrasive parti BFEYS00R3IEL, by

wei ght of an oxidi zer, preferably hydrogen peroxide, 10 50-5,000 ppm (parts
per mllion by wei ght) of an inhibitor, &and up to 3.0% by weight of a

conpl exi ng agent, preferably) malic acid. A preferred polyacrylic acid

pol i shi ng conpogkoky, euipleoyl} salphae andiphesphonglf Thevatiosof tiamumbe of thesufd | ¢ pol ynmer s

aver age. ot ecul At At il Bl i Bt BRHEE b RMR, TUT0 or age
mol ecul ar wei grmalbvlbytmqn ldftOéQQQJlPrcmlml 1 @59mdmﬂpremlyvﬁmghl ratio of

| ow nol ecul ar weih ity lpakyan%wa‘d%ahmg&cmabmui Hthe ¥8o3 BLeinBPYNHREs Have ADOUL 10: 1
to 1:10. 20 This poI% crylic acid polishin nposition 1S an agueous

conposi ti on havhsgma B‘Ff%“fm’ifhﬂtbi“%“@“map@g@f@saEW“PEE)Bﬁ}F’S wpgefs. 2, and nore
preferab:cy 2t Sn@e(cj:ﬁeml:lhdeh&&n&ﬂiﬂﬁtecf@%\]Exﬁ}filcoﬂolpﬁ'dl)o\fmﬁpyﬁoﬁ’dbﬂe9& pve (r]I esrl ts
in significan n 0 e Co em conduct or
subst pat o 95 THIDYEOHESBRYR P btk s e R ol VBRI 05 1056 by
wei ght, based qulytrnthauyeliocgoid, olyatripiic acidrpdthe nixtufe of te hp@l yacrylic acid or a

bl end or m xture of polyacrylic acids at |east one having a relatively high
nunber average nol ecul ar wei ght and the other or others having a relatively
| ow nunber Hverage T sbiniss af thingivgition maOoplitrallyeempese aglispersagle Awptoseul ar wei ght

of the pol yacr ynNg sidfibshohtsin Sk dl BELivOYarddes T8l Me%hlc@w
chr omat ogr aphy) . WO 011 14496 PCT/ USOQ 23052 7 The polyacrylic acid used

in the pol yacr ympatagide the pofoperaraafghs sy a%awa\‘@ﬁﬁ’éﬁ’e resybanptiEassiEity| ar  wei ght
of about 20, 00Qf thd &Pasf nl@&aggémtaﬁ%@ﬁggmd@ﬁwmaﬁgamtﬁéef erably
25,000 - 40,000. If a. blen m}ypure of two acr?%lc aC|ds is used, a
| ow nunber aversitHse MBI Ty ?“’ % isSRESTS AR ?ﬁ‘@idﬁ%‘“ébe e SQWAtioRe | ght of
about 20, 0005 - td.ﬂl@\{eﬁﬁﬂs sgeibmperadéncif abragivearticles) Dispéanfi@eh beniogied. The hi gh
nunber aver age | 1 ol t 200,000 -
1, 500, 000, pr efcgtr'oz?%aocf 'h‘_‘g@f g%ﬁgl%gﬁ%ﬁﬁog%ﬁ's %’m%':‘,@h’%"“t“ |o%gf? &?rf’le | ow

mol ecul ar wei gmcllpmgyu@wfpm wharaemtlgwfyxmasnvsparhdmhngﬂne imiceguleaf wei ght

pol ymer is abo%c ()sﬂn@xy%orﬁn@latimlgomé&alpﬁlgfoﬂo%k adkanits fngr %:lml@ﬂgryﬂo re

preferably 2:1 : artic %/ preferred conpiises a
pol yacrylic polsy'fﬁ*:-‘ls %&FMFQ’YE&“F’E?W drosdehaliarealgusad ajei ght of about

30, 000 and g pqls)zg@%tgmsq;nﬁgglfd{m_haw ng a hi gh nunber average nol ecul ar
wei ght of about 250,000 in a 1:1 weight 15 ratio. It is possible to use
addi ti onal | ow nol ecul ar wei ght polyacrylic acids in the blend such as

pol yacrylic acids hzswimgzifgnmmwalmrptheemﬂoanomhghpmaﬁt 1, 000 5, 000.
20 It is possihle to ek | ecul ar ht cr lic acid

pol yners (ol ec"lljvlene{'r(mV\Eué{?lg% Ofgm 66%5“53?“'0%%3 nk%eﬁ?f)rp%l yacrylic acid
pol ymer s i n t hepsrhigrates, shloritey, &ytvhqiesspetsutwh@%anmawesad@nmﬂm agdidi ti ve, by

properly adii'ls tc}xﬂgmﬂag leat%P i (diizing agents can be used in slurries for CMP at concentrations
of about 0.01% to about 7% by weight. Generally they are used at concentrations of

about 1% to about 7% by weight. An iodate is a preferred oxidizing agent.

Any metal oxide or other polishing abrasive (such as alumina, ceria, zirconia,
30  silica, titania, barium carbonate, or diamond) may be used in the slurries of this

invention.



conditions and ot her conponents of the conposition. Also, it may be
pbssiblé to use 25 these high nol ecul ar wei ght or crosslinked polyacrylic
acids in pmarmnedsst he af orenmentioned single polyacrylic aptflySdontdie bl end
of polyacrylic acids. It is possible to use polynmers of the acrylic group
such as copolynmers of acrylic acid, polynethacrylic acid) copol yners of
nmet hacrylic acid, polyacrylam des, 30 acryl am de copol yners,

pol ymet hacryl am desgne BBkl Ty m%&m Q&hﬁe&mpwﬁan%fmqn@m}eﬁrfdr%v of other
copol ynmers of the above and tal n an accept abl e polish |ng conposi tion.

WO 01! | 4496 chbemwewms@vp&lsb@gohemxc@d%@ﬁﬂ&rséﬂﬂwagmﬂmaﬁ Myacrylic acid

pol yners that pdrfculai @ dp@erantedbtit .s&fb@tymgra&de@haoﬁnmﬂﬁatd&ﬁﬂrﬁ@!@abl e by ot her
nmeans that can be used in this i éeg’; gfor t he. polishing conposition. An

exanpl e of sucPuEPus Eompgstion hgping & PH ofyinder o fand &amArises ol yacryli ¢ aci d
cont ai ni ng segment olyherylislayid Having sxfumbe @vendpe friplecular gight@fisiopl 20000) - The

I i [ i t 3. 0% b i ght of
Bor deive par 1 o0 BB HOLRR e n R P Rne R PHE SRRV oos not

contain such padidsj cl es. 10 The pol yacrylic acid polishing conposition

cont ai ns about 1- 15,# pyoy%g %mo%b%s% 1¥lw 5-10% by wei ght, of an
ch as

oxi di zi ng agent su er ox i odat es such as potassi um
i odate, nitrates sch‘Va@/mefrwnmﬂmmefermhxﬂmgmneﬂmde anmoni um nitrate,

m xt ures ofjpammoni WSrUObbﬁlh%)aﬁggerﬁﬁﬁéanwgﬁﬁ@fa%unlﬂﬁtﬁpgﬁlﬁt es such 15 as
anmpni um car bonat e ersul fates such as ammoni um and sodi.um sul fate and

perchl orates. Hydr d’@é‘h3 Bérbéfk‘ie’&@ of & cqsmpieping P prfershyumalic agid: about 9% by
wei ght. The pol yacrylic acid conposition contains up to 3.0% and

referably, 0.11.0%of_.a n nt ar aci d

(F:)ont ai ni n)g; two or r‘%?rgfe‘%i P@&Fﬁﬁé%‘ﬁ?‘gg@?ﬁ?ﬁo%%ﬁmﬁv&ﬂ% Bfr: !s Zs

di scl osed in Bmx!ecpallymrhc pelymas ofldJovPablequtar Beigid polRdsdylic acsdmﬂlynﬁeb 21, 1995
whi ch is h%ebﬁap&:@‘é%xﬂ%ﬁ&&&e led Tr% bolf%'oﬁé“m é&gﬂkf agent s

include straig halr n nono--an car gé I'c aci ds salts such
mal i ¢ aci d andnymebepaversge melecular Weightipdlyier, b@‘ﬁﬂ@‘h@@t-elsWOé’PQlc"Bmv@gﬁci d and

gl uconates, ci Fa&,bef@&mleam“eigwpatyﬁ&mneﬁ%k&laa%,gh@aslmmd fpates, formc
acid and for mat es, actl c 25 acid'and | actates. Pol yhydroxyben20| c acid and

acid salts, phi%kiikl%cid and acid salts al so can be used. The pol yacrylic
acid conposition also contains about 50-5,000 ppm (parts per mllion by

wei ght) of n i nhi r.such a benzotriaw e

(tolyltrza e) or %Hﬁ’}y@gylfcﬁé‘%g ﬁf’é‘é’f"pﬁsﬂt@“ﬁrﬁéﬁg‘%e?‘&fmwwg'? haviggi bi t or s
that can be usegHaf enddr31yshd preféaebiyviibtit 3 8.2 hnd\ndre drefetablg 2288 .81 Aasl e~
1-ylmethyl ) f ot B&M o%gd thg’t’a p?'l of 5.0 and above results in significant reduction in polishing of

the copper in the semiconductor substrate

25 This polyacrylic acid composition contains about 0.05-1.0% by weight,
based on the weight of the composition, of polyacrylic acid or a blend or
mixture of polyacrylic acids at least one having a relatively high number
average molecular weight and the other or others having a relatively low
number average molecular weight.

30
The number average molecular weight of the polyacrylic acid is determined by

GPC (gel permeation chromatography).



di met hyl pyrawl e, indazol e, 4-bronopyrazol e, 3-am no-5-phenyl pyrazol e,

3-am no-4 WO 01/ 14496 PCT/ USOOr 13052 9 pyraw ecarbonitril e,

1- et hyi m ¥xB1&49% | ndol i n QTS and the |ike. The pol yacr yl PCI/Egod/RB0S2
conposition may contain pH buffers such as am nes, and may contain
surfactants, defloccu lants, viscosity nodifiers, wetting agents, cleaning
5 agents and the |like. The followi ng are typical polishing pads that can be
used with the novel polishing conposition and with the polyacrylic acid

Gestrtbed i n Rober tht YR Beflne By EANQUBLRIaT s BikOS P20
cont ai ni ng poI@‘Sﬁgfhfgdva‘lﬂtW%@ésfﬂbelﬁépﬁ%dlﬁoﬁowﬂ@tly%§L000J87I51§9Qamd 6, 022, 264

i ssued Feb. 8, aggﬁfaaeﬁtis 0065 46,0002 9 d men%%xﬁ.te atw&b%nﬁa;mt.déﬁw 233
i ssued Feb. 6, 1996, polymer inpregnated fiber matrices typified by pads

sol d by Rod@l,Ushé. Iow EbFT ayfrage a’ﬁ&fﬂﬁt@mhawﬂ%"ﬁ'@“&r%ﬂ’ﬁﬁr sheet
cont ai ni Ng VoI £ho6t2BMO6 — &6, @O afdiprbférabl 26,000U- 4,000 kGiséd0 IThOKigh nuedEPOr at i on of

hol low filler materi Is 15 under the
trade names PAYfPEYS R@'li“’é‘“ﬁthé%dﬁ}"cbléﬁg'”g‘f %g?‘%g‘i"@ éog Oé(gnt ai ning solid
particles addephﬁmbliu 115,080 — 300,000 Tieeyweipht ratinefitheylove moitcalanweight d spaces,
effectod either r.o 1jon f | lTow filler
materi al s (typ?ocya iflcnaﬁgid%&g%lt%g%&gk alﬁ%ﬁtw‘g‘*‘%‘gﬁ‘gq{%é‘“??é e] Mm&s ~, and
conposi t e padsprefoably 41l ite lj4.¢hd moreprefrablyl 2alterd2. of material s 20 whose out er
substrate contacting surface consists of a pad selected fromone of the
above. In the exanpl es presented bel ow, we denpnstrate the reduction of

waf er surface t ensiQBRPaTERularly presed blend coreprises 8 pPiyecryis PRIy HeVingdove nent i oned

addi tives in tR& ndhbed hvtfagé ASleculaX RERt 66abGit 30060 SidafpalRrlio paRRE@SS | Nprovenent
and prevention of s

u rede 0si, t parts and
per cent ages ar &Y 85“&%‘%/%“5‘3%"1'&01%[8 Wé%%ﬁ%ﬂ‘%\‘g&aﬁt%iagwélﬂet erm ned by
gel perneatlis onraddir omat ogr aphy unl ess ot herw se indicated. 30 Exanple 1:
Waf er surface tension reduction by additives in slurries WO 011 14496
PCT/ US001 23052 10 A Cruise K-12 Tensioneter was used to determ ne surface
tensi on. For surf adtds passitl¢ onsanadditionablewmolecular weightepelyparylica¢idgimthes| ung i s
measured and rgeRERYs Mﬁt&ﬁémdemvutgmnqmﬁaw& Akl RS BFh sdoganed vi a
torch nethod, are measured’to determ ne their thickness® and wi dths, and
then placed i n®>®%]| ean area far future use. 5 The instrument is tur ned on
and the babance is zeroed. Wafers, are attached to t he bal ance via a cl asp
hol der, and 80 ml of. sl o is a%m the rll atcae ﬁa | e cont ai ner.
During experi ment ati ' OFPSSIPHE UMD ‘é{?rﬁ'@ YF‘H°§8‘ BT t he wafer is
i mrer sed i n t henoetwigriveightever 1¢500,600) degrosslinkddpelydayli agie pelyradr=id tHese t he
instrunment is I - di ced by the
wafer as it peﬁ %ﬁgcgﬁs]&tghl%?ggns%? é\%ﬁemgkwgﬁgh%agﬁ%@ﬁﬁ%ﬁ)%%ﬁvne surface
tensi on) the seanditiens andeathsi eompengith of tregompisision pAlse dt may hepgstible o useet hod i s

sel ected, ggd aa@ntgﬁnaaéuamgﬁaaasauﬁatp%rye&ynm(aadanpﬂstuo@heess and width of
t he vvafer density of the slurry; and i mversion
aforementioned single polyacrylic acid or the blend of polyacry c act s.

It is possible to use polymers of the acrylic group such as copolymers of
acrylic acid, polymethacrylic acid, copolymers of methacrylic acid, polyacrylamides,
30  acrylamide copolymers, polymethacrylamides, methacrylamide copolymers and a
variety of other copolymers of the above and obtain an acceptable polishing

composition.



instrument is started and surface tension is calculated. 15 As seen in
Table 1, the addition of PVP (Pol yvinyl pyrrolidone) into the slurry reduces
t he surfacwobengseon on both TECS and BPSG waf er surfaces,pomeosrssiosng t hat
the PVP adsorbed on the surface and forned a protection |ayer along the
surfaces. Table 1: Efferx of additives en surfacc tension of wafers

Sol utionSurface Tension on TECS (Dynel cm Surface Tensi on on BPSG
(dyne/cm)D. |. Water at 25C54. 368Sanple A without PVP54.356Sanpl e B: Sanple

A+ 0.2 W% PVP41. 544 . Ex le 2: Wafer surface.roughness.reducti on AFM
i rages were taken 0 so\/\lﬁgg?sg%@ooﬁ%%o%%gc % on.maithﬁ&d?@%‘gﬁ%& fist rument s
Di mensi on 500(hsteddegredeablese degraleshicchyothichrecansthatcan beAisediGn thisli@emtioscan si ze was

chosen. RMS (r AN P-V. WO
01/ 14406 Peri Uy SRR ARt Ry SURGE PR, SEBNIHE Adliihdeadts, Y G
and edge pol nteehyasylicreidsertaningwsgraents sfplvecrylse aymtipl Foyangacyyigted 1. AFM | mages
SAMPLEB . ve . r ~:riiiw~~e ~ .~ hr, Wn 1.11f It ~..~a .~ ~ . s
RMS = 0.1912 nm: P,V :}. 49{i1m .1 rr.~s~n..anwwV| ~E~. e te~n. . . i. n~G-—~m.
ire rt .rms.. RVSTherpiyperxlic g5id,polishing/composition a7 oeutainyp g3 0% by Wgighte 1, t he
addi tion of P\§Pabragiveddftidled fifcribedl dbaCPrefordBIf \BS@mBbds@ioh Bdes Ad critain SCr at ches
were el imnat esgchb}}gn%g&gi tion of PVP.

10
The polyacrylic acid polishing composition contains about 1-15% by weight,
preferably, 5-10% by weight, of an oxidizing agent such as hydrogen peroxide,
iodates such as potassium iodate, nitrates such as cesium nitrate, barium nitrate,
ammonium nitrate, mixtures of ammonium nitrate and cesium nitrate, carbonates such
15  as ammonium carbonate, persulfates such as ammonium and sodium sulfate and

perchlorates. Hydrogen peroxide is preferred in amounts of about 9% by weight.

The polyacrylic acid composition contains up to 3.0% and preferably, 0.1-

1.0% of a complexing agent such as carboxylic acids containing two or more

20  carboxylate groups with hydroxy groups as disclosed in Brancaleoni et al US Patent
5,391,258 issued Feb. 21, 1995 which is hereby incorporated by reference. Typical
complexing agents include straight chain mono-and dicarboxylic acids and their salts
such malic acid and malates, tartaric acid and tartarates, gluconic acid and gluconates,
citric acid and citrates, malonic acid and malonates, formic acid and formates, lactic

25  acid and lactates. Polyhydroxybenzoic acid and acid salts, phthalic acid and acid salts
also can be used.

The polyacrylic acid composition also contains about 50-5,000 ppm (parts per
million by weight) of an inhibitor such as BTA (benzotriazole) and TTA
30 (tolyltriazole) or mixtures thereof that are preferred. Other inhibitors that can be used
are 1-hydroxybenzotriazole, N-(1H-benzotriazole-1-ylmethyl)formamide, 3,5-
dimethylpyrazole, indazole, 4-bromopyrazole, 3-amino-5-phenylpyrazole, 3-amino-4-



10 Exanple 3: Prevention of slurry/residue re-deposition To illustrate the
effects of PVP on extrene surface roughening and slurry residue )

re- deposi t WOPV1486 under condi ti oned OXP- 3000 was used in 2CIVUSMI02abl e and
15 platen speed process. Sanple A without PVP was used as the polishing
slurry under the given conditions. Thisowas followed by Sanple B with PVP.
TECS sheet wafers were polished, buffed with DI Water, cleaned with an
ammoni um hydr opyraielecaeionitrile) h-nethyintidagyid, dmiksliABS a4A ¢hedike. ubber, and revi ewed
under a Leica defect review optical mcroscope. The Leica was set at Sx
obj ective, which translates to a 143x total screen 20 magnification.
Nonmar ski pri sm nodae peyacrylicagidtcompasitiommay contain pHdufferogich as amiy@s,@d 14496 12
Figure 2. Leic 1 . “gﬁﬁn o< FloQlite 2, slurry
deposition or g%ﬁ@‘%fﬁ“ﬁgﬁﬁgyééiﬁgﬁ%ﬁgﬁaﬁ e Igﬁé%%,g% addi ng PVP
into the pofi s?ﬁ%if@l“?fg*?-es, i ndi cating that the PVP coating 10 | ayer on
the wafer prevented slurries or debris fromdirectly depositing on wafer
surface. Eianple 4;_ Prevention of s|urry/residue re-deposition 15 Several
pol yners and surf adPél ﬁ@“%’%‘yﬂ%”éadlsﬁnﬁW%mﬁ%ﬁﬂ"é&i‘ﬂm\mﬁ%’wsI urry/ resi due
redeposi ti on vgasishiigasnigosklorddnd iwith kb pBIPARY1id acid dompesition of this lirfverdign 46 f ound t hat

t he pol yners and surfactants i C revent_the re- 0Si t] f

slurry/resi duePd ssfm'ﬁ?i@%é? S'dﬁ%\%s g@%&ﬁﬁﬁeﬁ?&?ﬁ%ﬁ‘%%@&s@g%ﬁgut 16. W
cannot gende al ispedsixy. & AROO, mald$ containing pOlishing AP @ UBCDCHA0S2I U pol ymers and
surfactants cophai §dRDeh R&ied HRCE 17803 badlBlsSitef L LPReFgpove will be

ef ferxive. The nol écul es nmust bé Iarge enough to %orma I'l mthick enough

to be a preventd¥i2ddistugd Fabed,d P polymes mntegaateddiberapairides typified by padsr t he

fol I owi ng sl urdol/vyRAGR K. ﬁrid@ﬂhét?a%ﬁamemﬁmgfrﬁmgﬁﬁ%h&@wnﬁﬁ on a
St r sbaugh 6DS- SP. EOl |q%g‘§r under the follow ng conditions. IL, D1300

pol i shing sl urY&A SRS Dy in i PRJHRien on ipgorporatign of pellowdillenaterigls o g wi t h 0. 2%
by wei ght of tdicaltyrdadssbidny Rodel, Dl yrider thexrhdé fameeSPOLIPEX AND IC1010),

pads of polymer sheets containing solid particles added as filers, which may

optionally contain void spaces, effected either by in situ production or by
incorporation of hollow filler materials (typically pads sold by Rodel Inc. under the
trade names MH), and composite pads consisting of multiple layers of materials

20  whose outer substrate contacting surface consists of a pad selected from one of the

above.

In the examples presented below, we demonstrate the reduction of wafer
surface tension resulting from the adsorption of the above mentioned additives in the
25  slurries. Examples of the surface roughness improvement and prevention of
slurry/residue redeposit are also given. All parts and percentages are on a weight
basis and molecular weights are determined by gel permeation chromatography unless

otherwise indicated.

30

Example 1: Wafer surface tension reduction by additives in shurries



Table 2. Effect of carbon chain | ength. Additive Manufacturer Type

Pol yvi nyl pyrrolidon Sigma/ Al dric Polymer a (Mw-A 0,000) h Polyvinylal cohol
Ai r Producwe obpdsygrer ( Mw40, 000) Anphoterge KJ-2 Lonza Afdiaisessies:BR J- 58
Zorryl FSP 1 Cl Surfactants Dupont Surfactant Nonionic Surfactant Anionic
Surfactant Approximate Carbon Chain Length 180 1600+ 9-15 56 4-16

Slurry/residue redeposition/ coating on wafer No No Yes No Yes | S Table 2
shows that the carQRo D> RN, Q| L emih r r the
additive to be effgc \?/sgailtn preventi ng s"{g%r?oyt;?#ey gusg&?ogdggfggltlcgn It has

al so been fouﬁé‘chhémﬁmlmeaw@%oﬁw density af the shumyi ie ureasured anfl freqordedie  when

used with a paligli ag ﬂ%dsq‘é\ﬁrE uecaorrseénatdneéﬁédywmmh b C e ShidhradStoan OXP3000
pad avail abl e $om_ Rodel, I'n WO 01/ 14496 14 Exanple 5

Pol yacrylic a %‘hlhﬁb“%ﬁﬂ%g’ldf}F’oar‘i@ %nhs&bwmam frfliuBLes pol i shi ng
Conposi ti ors 1 e SnsiHufd@liserlmey o bRNGkE mgaﬁceg@w?&ﬂ thavai Glré xwicheg (e RSt i t uents;

0.22 parts nal d, 3009 t 9.0 part
nyar oben per o BERTH A iR Bp o Tl Suroe piEdo HE SPREPI RBEE | on And

the pH was ad Jmmﬁd tlb.m':ig Expefivamation, Offe paviplescopainyrawillyrise angicthel whavisng a

purber 2V SOSuRELEHIR! WRLATH ol 380,098 801 oo sRlekaceY o, 201
down

pol i shing mac hnlndatwhbascd;eld “a!ahtechffdréneesfmwi@mémgy the vaiifer ia itspendrales the
force, 100;¢ Pro. iRt SRR TNekerfind RifDERAHP BR SuffRe dfior SHRRARSE the

second
opened, the plate method is selected, and sample parameters are entered. (e.g.

Thickness, and width of the wafer, density of the slurry, and immersion depth.) The
instrument is started and surface tension is calculated.

15 As seen in Table 1, the addition of PVP (Polyvinylpyrrolidone) into the slurry
reduces the surface tension on both TEOS and BPSG wafer surfaces, indicating that

the PVP adsorbed on the surface and formed a protection layer along the surfaces.

Table 1: Effect of additives on surface tension of wafers

Solution Surface Tension on TEOS | Surface Tension on BPSG
(Dyne/cm) (dyne/cm)

D. 1. Water at 25C 54.3 68

Sample A without PVP 543 56

Sample B: Sample A + 0.2 | 41.5 44

wt% PVP

20
Example 2: Wafer surface roughness reduction
AFM images were taken of wafers from samples A & B. A Digital
25  Instruments Dimension 5000 AFM was used to image the wafers. A 10 x 10um scan

size was chosen. RMS (root mean square) roughness was measured as well as P-V




stage of polishing was 5 psi down force, 100 rpm pl aten speed) 25 rpm head
speed for 40 seconds; and the third stage of polishing was 2 psi down
force, 100 WO/t en 15 speed and 90 rpm head speed for PEOUSWER308ds. The
pad used was a Metals 26 pad nade by Rodel Inc. and described in US Patent
6, 022, 268. The pad was preconditioned fodd 30 mnutes with a 100 grit

di am)nd di sk (manuf act ured Abr asi ves Technol ogy, Inc.) and conditioned
for 20 seconds (mkmeﬁwb&rlﬂgm"ﬁ@f‘edw%f@@ arploedgé pointe on theaalers werel | shed i s
a silicon waferg, jng a silicone dioxide |ayer with copper trenches or

| ines each having a width of 10 um 25 umand 100 um and a thin copper

| ayer is deposited on top of the wafer. After polishing the dishing of each
of the lines was neasured at the center, 25 middle and edge of the line and
an average was detenm ned. Becaus | i ng conposition has high
copper to barrier selectivity, th 'gE’SEpeﬁ?F E‘?‘F\S?fal essentially stops when
the barrier is reac Therefore the di shi ngavaksges reported in the
follow ng Table *barrter thi

€sul t[8""as shown bel ow
in Table 1 are cept bI .30 I,i shing Conposition 2
was prepared whi

‘cal go Conp pt tge follow ng
m xture of poly ‘yvas ed: O. A44968MPRECTNS00/ 230s2 15
Pol yacrylic Aci

MW 30, 000. Pol i shi ng
was carried out 8 gRck-shamn i n Tabl e
1 bel ow. An aqu ed~=nhieh wWa's
identical to 5 texcept the f. wre of poI yacryl iC
aci ds was used: O. 09% Pol%‘acr‘gl ic Acid MW 750, 000 + 0.09% Pol yacrylic Acid
MV 30, 000. Pol i shing was P&FFPEA Ot 4S above and PMRE>PlaB ity 44re
acceptabl e and shown in Table 1 bel ow. An aqueous polishing Conposition 4
was prepared which was identical to 10 Conposition 1 except the follow ng
pol yacrylic acid weds shewe:in figurgds the|agdditien, ofi RVEAEmpioveMIB Guiere roebhess hi ng was
earned out as aRPHKGNN)EcrhidRs WES bintisatdby adfiSRRE PP € and shown in Table 1
bel ow. An a%ueous polishing Conposition 5 was prepared identical to
Conposi ti on¥1 15 except all of the benzotriaw e was replaced with
tolyltriazol e. FRampleBt NBreveasonGAslumesiduewé-depositiph t he foll owi ng conditions: 5
psi. down force, 100 rpm platen speed and 90 rpm head speed for 60 seconds;
the second stage of polishing was 5 psi down force, 100 rpm pl aten speed,
25 rpm head speed f B ilBgragetborffects ofnBVE lve exinnedsusfh@gougheningnbrndsthimg vvas 2

psi down force e_ { =107 0 o) f
seconds. The potfs fn? rgé'ﬁtaﬁgn%?g&g& %F%%%%Qﬁo%%{%ﬁﬂT%fe 1 beI oW.
WO 011 144961516 P*PJL?BL Rl 236HRu Yﬁ)w yspops the palisiimpslyrsoudego MV

Pol yacrylic Acii givef) c%%&omQ%WIE\@dMQMﬂe% Ptk BVP.oTESS 483 vl 25 um
line 100 umline Ave. % Ave. 493 Ave
were polished, buffed with DI Water, cleaned wnh an ammonium hydroxide solution

on an OnTrak DSS-200 scrubber, and reviewed under a Leica defect review optical
microscope. The Leica was set at 5x objective, which translates to a 143x total screen

20  magnification. Normarski prism mode was used to enhance contrast.

25



Conposition 2 (0.09% 1, 250, 000 MV Pol yacrylic Acid + 0.09% 30,000 MV

Pol yacrylic Acid) 10 1 Gumline 25 umline 100 umline Ave. 316 Ave. 383
Ave. 637 Covipagisggson 3 (0. 09% 750, 000 MV Pol yacry(ic Aci dpetRsédd3ess0, 000 MV
Pol yacrylic Acid) 15 IOumline 25 umline 100 umline Ave. 416 Ave. 441

Ave. 940 Conmposition 4 (0.18% 30,000 MV RPol yacrylic Acid) 20 | Oumline 25
umline 100 umline Ave. 469 Ave. 715 Ave. 1007 Conposition S (ld~tical to
Conposition 1 except tolyltriaw e was substituted for benzotriazole) 25
|Oumline 25 umline 100 umline Ave. 354 Ave. 503 Ave. 757 EXAMPLE 8

( COMPARATI VE EXAMPLE) 30 The foll owi ng polishing conpositions containing
polyacrylic acid illustrate conpositions that do not provi de adequate
polishing results: WO 011 144 /gSOO 3052.17 Coruosition 6 The
conposition is identical to Coﬁ%ﬂ?’ SERPI™ hat 0. 18% pol yacrylic
acid having a it NS i el ght of 1,800 was substituted for
the 5 polyacryﬁﬁ posi tion 1. Pol i shing was done in
an identical tion 1 except the third stage of
pol i shi ng was Pol i shi ng was i nadequate since

t here was no rﬁ waf er. 10 Conposition 7 The
conposition |sﬁg.' dn}l except that 0.18% pol yacrylic
acid having a B [
for the polyac

S
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(72}
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o
(72}
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c
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a

an identical 1 ff‘_yg *? : ”mmosition 1. The results were as
fol lows: |0um g8 S RE TS | 581. The dishing value for the
100 um i nesi s CEFsmaE P #:]20 Conposition 8 The conposition is

identical to
Pol i shi ng was
Pol i shi ng was
waf er .

he pH was adjusted to 5.5.
¥ as used with Conposition |
no renoval of copper fromthe

\JAMPLL i3
% e

As seen in Figure 2, slurry deposition or polishing debris re-deposition was

eliminated by adding PVP into the polishing slurries, indicating that the PVP coating

10 layer on the wafer prevented slurries or debris from directly depositing on wafer
surface.

Example 4: Prevention of slurry/residue re-deposition

15 Several polymers and surfactants were used in this Example in which
slurry/residue re-deposition was measured as in Example 3. It was surprisingly found
that the polymers and surfactants which prevent the re-deposition of slurry/residue

must have a carbon chain length of at least about 16. We cannot generally say that all



25 WO 011 14496 18 CLAI M5 PCT/ Cf SO0/ 23052 1. A conposition useful for the
pol i shing of inte%rated circuit surfaces conprising an organi c pol yner
having a b A¥%conpri sed of at |east 16 5 carbon at onsPCEES2352 yner
having a plurality of noieties with affinity to surface groups on said
sem conductor wafer surface. 2. A conpo%ition according to claim1l wherein
said noieties consist of one or nore of the follow ng groups: hydroxyl,
ether, ami ne oRr¢lyesrs pidcurtasts cotaipiog dlee, funqtionsh owietis megtipnprbahyve wéll bony | |

al koxy, sul phoggtksiveS WP hdieBulesaRf BORERRAR 10 frm A MANRAS dob@ todfeGPOr di Ng O
claiml1 wherein said organic polynmer 1s fromthe group consisting of

pol y-vi nyl al cB‘ﬁYPP‘F“X‘}d‘Pg??)PW‘I%WF‘BWPER‘}W@-, poly 15 nethyl nethacryl ate,

pol y-f or mal dehyde) pol y-ethyl ene oxi de, polyethylene glycol, and

pol y-net hacrylic agid, 4, A conposition usefu or the polishing of

i ntegrated &ircui t%l§DFrFJ@5’¥“’§5ﬂEV?’§{eﬁ‘ﬁ'“8" éeﬁtﬁ’ft%({’sam‘}e’ﬁa qePlished 0fon chai n
backbone conpr sssbahghfeDatSPAdlisherasiierkbe oRdVIGY coaditums.. 111360 podishedshefy pol i shi ng
a sem conduct or fer. substrate, . wherein said substr, is.pre d agai nst
a polishing paﬁ‘fa\‘/@)éel gmgu °sdflr 3‘?% 13%"8‘%%2‘?“3 “baéd'sar‘é" rrtlpvzg"ld%?'e éetq’l \?ﬁﬁfeo each

ot her, and a psirfagint agpabyopalitivi.on is applied to 25 said pad during the
pol i shing operation, said polishing conposition conprising an organic

pol ymer havi ng a backbone conprised of at |east 16 carbon atons, said

pol yner hayPng a plurality of moieties with affinity to surface groups on
sai d sem conductor wafer substrate. WO 011 14496 PCT/ US002305Z 19 6. An
aqueous poli shing sition_fqor chem cal nechanical polishing of

sem conduct or substcl}%gggsqulﬁ‘@f’%’%ﬁ" qum[]]ﬁ@gr 5.0 that conprises polyacrylic
acid having a nunber average nol ecul ar wei ght of about 20,000 -150,000, 5

up to about , 3..0% by weig @ sed t he weight of.the cogposition of
abr asi ve pa‘??q'p s, 1- 15%/%“8 gt\%gf gﬁrnlype based on‘&qpﬁoé‘%ei ght gigfmlf 'gueré’

conposi tion, of an oxidizing Carbon Chain  deposition/
Length coating on wafer
Polyvinylpyrrolidon ~ Sigma/Aldric ~ Polymer 180 No
e (Mw~10,000) h
Polyvinylalcohol Air Products  Polymer 1600+ No
(Mw~40,000)
Amphoterge KJ-2 Lonza Amphoteric 9-15 Yes
Surfactant
BRIJ-58 ICI Nonionic 56 No
Surfactants Surfactant
Zonyl FSP Dupont Anionic 4-16 Yes
Surfactant
15 Table 2 shows that the carbon chain length must be about 16 or greater for the

additive to be effective in preventing slurry/residue redeposition. It has also been
found that suitable additives are particularly effective when used with a polishing pad
with a relatively hard surface such as an OXP3000 pad available from Rodel, Inc.,
Newark, DE.



agent, 50-5000 parts per mllion by weight of an inhibitor, and 10 up to
3.0% by wei ght, based on the weight of the conposition, of a conplexing
agent. 7. Wmommguwsous polishing conposition of claim6 hapchgssmnapgd,0f about
2.8 4.2 and in which the polyacrylic acid has a nunber average nol ecul ar 15
wei ght of about 25, 000-75,000 and is pres? in the conposition in an anount
of about 0.05 -1.0% by wei ght, based on 'the weight of the conposition. 8.
An aqueous polishing conposition for chem cal nechanical polishing of 20
sem conductor substrates having a pH under 5.0 that conprises a bhd of at

| east two pol yEssnple§ Buiyadyliowret mlishingrempesitignacr yl i ¢ aci d has a | ow nunber
aver age nol ecul ar wei ght of about 20,000 -100,000 and a second pol yacrylic
acid has a high nunber average nol ecul ar wei ght of about 200, 000

-1, 500, 000; wher ei rAndqeeoiepalishing Ganipositish 1tvre plepared-hyrbisading@estheethage nol ecul ar
vei ght ol Y3CT wibfing Clnitkens! D92 BhrnallLBRE S0B Y ABHR DR AH ar vei ght

pol yacrylic acid 1 s about @’ML&'@'{Q to” about 0% wei ght, based
on the wei ght SMW’Go%?)EK'iSW‘B?B%P“ vatepiaprqvide é%O pagts afahf% by wei ght,
basted on thel r@&mlt:&fanahﬁplél@gﬁp@cﬁbsiddﬁmltheaﬂoQiSerlpalsl&rﬁQagi/&JWE 50ht5000
parts per mllion of an jnhi 0 ig

based on the mén“@‘ﬁ‘i %’80‘56%899{”6%? 815’ doa‘\r%ﬁ“@gﬁy&% %%@tﬁo/ 23052 20
conpl exi ng agea'rnuml&rav&ragemblecﬁilaaﬁve@ﬁlofmong/eﬂamm conduct or wafer substrate,
wherein saig substrate is pressod agai nst a polishing pad, said substrate

and said pad are 5 noved relative to each other, and a poli shing
conposi tion is applA Mirapolishing thaghing waswsedupdertiies fpliowingiepnvgrionprpat i on, sai d

pol | Shi ng COMD a5l &R0 160 hink Pedl a0 i %@G%&M%}E@se@mﬁ@'&ggﬁoﬁha'n

backbone conprise I east carb ato od of

pol i shing a supthegrspelishipg wasi nsidodn daresy 108pra platen prsed. 37 e hepdespesd &5s  of (a)
brovi ding a_pol sk sl INAY s o pitdihSlHsNGsiéivh R56 100%m Bkl ng sai d

wafer in a carrier such that esurfaceo 1?352? |S|n ntact with
the polishilig wﬁ%@omh?ﬁjpm% secofdgy E’!frPP oth pressure
on the surfacenﬁ&eﬁyMM&fceindalesdnuseehﬂnsmtaozaczss mmpad)mmé-ween t he surface

of the wafer and the shin and (.d ro |d| he Jajueous
polishing liqui %Pdglf’ cl a|3lr%1 Utegwéstﬁa %ﬂd' al’(li(dlls}l’(l "%m i\écere@%f V\%aene‘? he surface

of the wafer afechhdiegyplot.) idicomlitiouedffor@@ secaiis between Pohshmg of wafers.

20 The test wafers polished is a silicon wafer having a silicone dioxide layer with
copper trenches or lines each having a width of 10 um, 25 um and 100 um and a thin
copper layer is deposited on top of the wafer.

After polishing the dishing of each of the lines was measured at the center,
25 middle and edge of the line and an average was determined. Because the polishing
composition has high copper to barrier selectivity, the copper removal essentially
stops when the barrier is reached. Therefore the dishing values reported in the
following Table I include the barrier thickness. The results as shown below in Table
1 are considered acceptable.
30
An aqueous polishing Composition 2 was prepared which was identical to
Composition 1 except the following mixture of polyacrylic acids was used: 0.09%



25 WO 0l /14496 PCTNSO00/ 130sZ 21 AMENDED CLAI M5 (received by the

I nternational Bureau on 31 January 2001 (31.01.01 ); original clains 1-10
repl aced byYA®RH4aims 1-7 (3 pages)] 1. An aqueous pol i SREPGSWEMSDSI tion
for chem cal nechanical polishing $ of sem conductor substrates having a pH
under ~.0 that conprises a blend of at heast two polyacrylic acids) wherein
one polyacrylic acid has a | ow nunber average raol ecul ar wei ~t of about

20, 000 - 100, 00Bolgaeeylia Asid DM, ZQ@H)WJaODWoiPGIymjldAhﬂM\HBb,b@;h Polishbgr aver age

nmol ecul ar wei ght_ of 500, 0 rei.n.t ight ratio of
t he | ow nunber wisoca%“vegrg%% abr‘r’g ag'c r?SUIiLS maﬁ(fcppglﬁa/%cs‘rﬁ b?l d%@gt he hi gh
nunber aver age nnlecular wei ght pol yacrylic acid is about 10:1 to 1:10, up
to about 3.0% by V\qmggo p‘%ﬁ n&; |“qp FedtWARK Lon of abrasive
particles) 1-15 % by H as?&mh £ E‘% R\?& 9’9 r’Qlﬁ&a?)tsmlon of an
oxi di zing 15 aﬁ@ﬂﬂos:tls'elsiemthp&“@sm@@txtwoﬂppiywlsym medo 0% i nhi bi t or,
and ;Jp to 3. O%’anc)éﬁbﬁha)mbaﬂﬂ!boqmd h?’dlﬁb@mAéﬂMW@tmnmfﬁhﬁ%% ofl a

conpl exi ng agent ou ol i shi ositjon Q aimlin

whi ch the bl en‘EP"d‘ﬂr?gf @P?P"Bf‘"dlnbjﬁf‘*‘ﬁgﬁ %&%‘i‘?ﬂ‘ﬂb@%&i&\ﬂ QFéPﬂc"tﬁne pol yacrylie

acid has a | ow nunber average nol ecul ar weir"ht of about 20, 00(1- 40, 000
and a second polya lic nunber e cul ar wei ght of
about 200, 000 , - b “S’f\’/‘v’hg'#“é?ﬁ"‘f’?fg'°agl“awfmﬁﬂé? ﬁfvgstlﬂegp?agw nunber

aver age 25 1fiol éwaioamomlewrgmthpﬁwﬂlyxanggdlyauymceﬂquSe&eO g Polysgryier aver age

mol ecul ar vei gREldW‘éé‘ﬁ lﬂoﬁshﬁg&vgsléﬁ%vﬁgﬂqg Z}J'vg‘antd(?h rwhléa;‘ea fable USOUS

pol i shing conposition of clal Ich the oxidizing ageht Consi sts of
hydr ogen per ox#rdehowngn RNDRIGWSHEET (ARTI CLE 19) WD 01/ 14496

PCTI USCQ' Z3052 22 4. The aqueous polishing conmposition of claim1 in which
the inhibinmr is fromthe gr oglﬁlgof benzottiazol e) tolylcnazole or m xtures

thereof. 5. The aqu¥deeoporolidis Ggmpsiions ves lB’FP“E?I“ idepticplto GomResitign oh t he
eonpl exi ag 1ageéadcept all 6f tiiecbefpottiyioleGvas fepld cdd avith iy lwibzolee ®BlishihyWastar® Xyl soups

out under the following conditions: 5 psi. down force, 100 rpm platen speed and 90

rpm head speed for 60 seconds; the second stage of polishing was $ psi down force,

100 rpm platen speed, 25 rpm head speed for 60 seconds; and the third stage of

polishing was 2 psi down force, 100 rpm platen speed and 90 rpm head speed for 115
20 seconds. The polishing results are acceptable and shown in Table 1 below.



and a hydroxyl group. 6. 'fhe aqueous polishing conposition of claiml
having a pH of 2.8 to 4.2 in which the blend consists of two polyacrylic
aci ds, whemed o/ t O pol vacrylic acid has a | ow nunbs a\seq‘@gﬁ,,zgpgzecul ar
melght of about 20,000 - ~ 40,000 sad a second polyacrylic acid has a hi gh
nunber average nol ecul ar wei ght of about, 200,000 -- 300, 000; wherein the
wei ght ratio of the | ow nunber average nol ecul ar wei ght polyacrylic acid to
t he hi gh nunber average nol ecul ar wei ght polyacrylic acid is about 4:1 to
1:4, the 1 S oxidizing agent consists of hydrogen peroxide, the inhibitor
is fromthe group of benzotria~ole, tBABLEdi azolc or any m xtures thereof
and the conpl exphaghsigget is a carboxylic acid having two carboxyl groups
and a hydroxyl gloup. MENDED SHEET_&ARTICLE 19 WO 01/ 14496
PCTNS001~305Z #3197 258, 0 MY Bolyeryiie Arid ti0§ %3009 M Bolyskrylic 46idi eonduct or
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pol i shi ng surfg (b) holdln% said wafer in a carrier such that the
surface of the vﬁa?%]r isin 433t with thE ?ﬁ'él i shing surface: (c) noving
said carrier to provi de both pressure on the surface of the wafer and
relative | ater nn@ogy bet ween the surface of. the wafer and the polishing
surface; and 18% vi ding the aqueous polishing conposition of claiml
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A compog{ tion useful for the polishing of integrated circuit surfaces
comprising an organic polymer having a backbone comprised of at least 16
5 carbon atoms, said polymer having a plurality of moieties with affinity to

surface groups on said semiconductor wafer surface.

2. A composition according to claim 1 wherein said moieties consist of one
or more of the following groups: hydroxyl, ether, amine oxide, phosphine
10 oxide, sulphoxide, carboxy, carbonyl, alkoxy, sulphonyl, sulphate, and
phosphonyl.

3. A composition according to claim 1 wherein said organic polymer is from
the group consisting of poly-vinyl alcohol, poly-vinylpyrrolidone, poly-
15 methyl methacrylate, poly-formaldehyde, poly-ethylene oxide, poly-
ethylene glycol, and poly-methacrylic acid.

4. A composition useful for the polishing of integrated circuit surfaces
comprising a surfactant having a carbon chain backbone comprised of at

20 least 16 carbon atoms.

5. A method of polishing a semiconductor wafer substrate, wherein said
substrate is pressed against a polishing pad, said substrate and said pad are
moved relative to each other, and a polishing composition is applied to

25 said pad during the polishing operation, said polishing composition
comprising an organic polymer having a backbone comprised of at least 16
carbon atoms, said polymer having a plurality of moieties with affinity to

surface groups on said semiconductor wafer substrate.
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7. The aqueous polishing composition of claim 6 having a pH of about 2.8 —

4.2 and in which the polyacrylic acid bas a number average molecular

15 weight of about 25,000 —75,000 and is present in the composition in an
amount of about 0.05 —1.0% by weight, based on the weight of the
composition.

8. An aqueous polishing composition for chemical mechanical polishing of

20 semiconductor substrates having a pH under 5.0 that comprises

a blend of at least two polyacrylic acids wherein one polyacrylic acid has a

low number average molecular weight of about 20,000 — 100,000 and a

second polyacrylic acid has a high number average molecular weight of

about 200,000 — 1,500,000; wherein the weight ratio of the low number
25 average molecular weight polyacrylic acid 1o the high number average

molecular weight polyacrylic acid is about 10:1 to 1:10,

up to about 3.0% by weight, based on the weight of the composition of

abrasive particles,

1-15 % by weight, based on the weight of the composition, of an oxidizing
30 agent,

50-5000 parts per million by weight of an inhibitor, and

up to 3.0% by weight, based on the weight of the composition of a
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(d) providing the aqueous polishing liquid of claim 6 or claim 8 at an
interface between the surface of the wafer and the polishing surface.
20
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a blend of at least two polyacryhc acids, whercin one polyacrylic acid has
a low number average molccular weight of about 20,000 - 100,000 and a
second polyacrylic acid has a high number average molecular weight of
about 200,000 -~ 1,500,000; wherein the weight ratio of the low number

10 average molecular weight polyacrylic acid to the high number average
molecular weight polyaerylic acid is about 10:1 to 1:10,
up to about 3.0% by weight, based on the weight of the composition of
abrasive particles,
1-15 % by weight, based on the weight of the composition, of an oxidizing

15 agent,
50-5000 parts per million by weight of an inhibitor, and
up to 3.0% by weight, based on the weight of thc composition of 2

complexing agent.

20 2. The aqueous polishing composition of claim 1 in which the blend
consists of two polyacrylic acids, wherein one polyacrylic acid has a low
number average molecular weight of about 20,000 — 40,000 and a second
polyacrylic acid has a high number average molecular weight of about
200,000 -- 300,000; wherein the weight rano of the low number average

25 molecular weight polyacrylic acid to the high number average molecular
weight polyacrylic acid is about 4:1 to 1:4

3. The agueous polishing composition of claim 1 in which the oxidizing

agent consists of hydrogen peroxide.

AMENDED SHEET (ARTICLE 19)
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4. The agueous poiishing composition of claim 1 in which the inhibiror is
from the group of benzotriazole, tolyltriazole or mixtures thereof.

5. The aqueous polishing composition of claim | in which the
5 complexing agent is a carboxylic acid having at lcast two carboxyl groups

and a hydroxyl group.

6. The agueous polishing composition of claim ! having a pH of 2.8 to
4.2 in which the blend consists of two polyacrylic acids, wherein one

10 polyacrylic acid has a low number average molccular weight of about
20,000 -- 40,000 and a second polyacrylic acid has a high number average
molecular weight of about 200,000 -- 300,000; wherein the weight ratio of
the low number average molecular weight polyacrylic actd to the high
number average molectlar weight polyacrylic acid is about 4:1 to 1:4, the

15 oxidizing agent consists of hydrogen peroxide, the inhibitor is from the
group of benzotriazole, tolyltriazolc or any mixtures thercof and the

complexing agent is a carboxylic acid having two carboxyl groups and a
hydroxyi group.

AMENDED SHEET (ARTICLE 19)



& ()-@F 10% ?! & ()- F10% & ()- F 910% ?! & ()- Nornmal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Headi ng M eoindaddeadi ng 83] c" "Heading 93] c"A "Default Pachysmpbost-ont G@
(/ 7?HGMSUZbgykouc| X - <dJRX*nxZ9MD * AU&

#woe(* +6. 12e6[ 8: C<6>3ABoEZHgJ{ NOPYPPQUR8VRVXZ[ ?\ ] _vbehj kl nGpr s

uwxz} dP3g6Ti mes New RonmanAri al Courier New'h Root EntryWrdDocunent

" #$9& () *+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~

7. A method of polishing a surface of a semiconductor wafer comprising
the steps of:
(a) providing a polishing pad having a polishing surface;
5 (b) holding said wafer in a carrier such that the surface of the wafer is in

contact with the polishing surface;
(¢) moving said carmier to provide both pressurc on the surface of the
wafer and relative latcral motion betwecn the surfacc of the wafer and the
polishing surface; and

10 (d) providing the aqueous polishing composition of claim 1 at an mterface

between the surface of the wafer and the polishing surface.
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