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| MPROVED CHEM CAL MECHANI CAL PCLI SHI NG SLURRI ES FOR NETA%IgTU'Eg l'i cation
clains the benefit of US Provi'sional Application Serial . 060/ , 326
filed July 3, 1999. Field of the Invention. 10 The present invention

rel ates gewanatisy to chem cal - mechani cal polishing sl urripes/bowi7omt al |
preferably for use in sem conductor device planarization, nenory disk
polishing, (nmetal containing) optics polishing, and the |ike. Mre
particularly, the slurries of the present invention are preferably designed
to have a low static etch rate and are preferably netastable due to
reversible formation of certain types of agglonerates. is Discussion O the
Prior Art. MapypROVED GEMRCAL MECEANEA: o1 fIghE BN R ES ¥R g, and form
hard, dense sédinment, and IS problemls We o USSE0 0°S. s, 527,423
to Nevilie, et al. (hereafter, "Neville"), which is hereby incorporated
into this speci Thisapnlicatiohylaime therbereficofA08 Hiveisideal ibplivatipaiSendi Naddr esses thi s
probl em by 942326 filbdJubl N P3P. conpri se "a force sufficient to repel and
overconme the van der Waals forces between the particles,"(a fundanental

el ement of all the Neville clai te. the solution provided in the
Neville patent has had little iﬁlﬂid@heq%ve%tm'al success. 2s Applicant has
found aimovel sdhepiesntibentigepreoisnemihab chinscaNewéhahie! palisieng sturdasdor

sur pri si ngl i i . . “a force sufficient,.to el and
ver cone. ¢ ke 3O g 15 h MEn@RSENG el pifa AT il 0Bk Bb (HERC
present i nwentaingg) omiceopnlisiings anitthedliky. Mord peetidnipeyg hliersiysries bf te prictehte.
Applicant's. invent]on.t s.nmetal. slurry t.echnol o to ch _higher 30

per f or mance ™ BV %rgfﬁra\?\ﬁ% St gé f’iihé“(’:eual;l g‘é'&mglﬁggareageca%%{ %’é_af“'?eﬁa yhn[éet‘rﬁ‘:ea\g{gl | e

pat ent . 2dug toeverzible Brivicd bf G212 4ypRCTT dediSOErats. 046 SUMVARY OF THE | NVENTI ON
The pr eggnt invention is directed to a chem cal nechanical polishing slurry
for polishing netal |ayers, conprising netal oxide particles dispersible in
an aqueous medi um The 5 parti dbigsssivanv@S the Briok fAstce ar ea rangi ng from about

40 m2 /g to abo 430 nd. an regate.size distribution | ess than
Sbout 10, i or on Var iertin shtties SO 1 e RSl s s A% Sy on. The
sl urries of anihigs proslae itwdllaisewtad UL 5,527 4230 dgglls sril. dheaafiaf “Mdvilley, | N excess
of 0.75 mcrans. (and.in certain other.enbqdi nents, aggl omerates greater
than 1 ni cr‘aﬁa‘alﬁgeri.yéﬁomoﬁﬁmgﬂlgﬁ’.th]slsﬁecéﬂcﬁ'i‘%‘fobé’r’%ﬁ“"gnbodi ment of the present

inventi @n, the agglonerates will 1o not cause unacceptabl e polishing
defects and will eral ly de-agglonerate with sinple agitation. \Wereas
slurries in accgp‘gglﬁg e%t%'hadﬁl'é@ﬁg?ﬁhg PEYY m"@’%“‘ﬁ?@'&%ﬁ? "'Z‘;a,ﬁ“f%e slurries
o; tﬂe pr esamcie@nmeeﬁe@@ﬂoaérammpe\'jhﬁeédwwabic?s&tvadaﬁﬁféggrlﬁ’amw, the sl :Jrri es
of the presgnt invention exhibit a type of netastabilify. en a slurr
i s agi tgt edgp‘ﬁf’f’ﬁmﬁle ellﬁ’ﬂef“o?flﬁﬁ Hﬁ%‘gé‘ﬁ%‘f'ﬂ‘ﬁ?’)' ﬁﬁé’ﬁtepﬁhﬁ “’5?1"0?”5%‘{'?“/"1’3%@& e slur ?/y
(i.e., sl urpdienshdshadele) ithay @Eminkehl shbigssNevi | | e patent) will tend to stay
uni formy dispersed. Perhaps a very thin line of decantant m ght form at
the very“top of the slurry after several days or so, but fundanentally the
piarti cl es gene; &lﬂpﬂcgﬁﬂ’ﬁfdﬂﬂd/@ﬁdvc]@?]ﬁﬂﬁﬁﬁ@ﬁ ﬁﬁm@mmevmﬁ pbtag;sgnccl)aO%hof tEe
slurry, even after being gt rest for_nore_than t eks. t he ot her
hand. "t he. nETRSPER Tregyites e absegse of 1 oFsP S&Hgient RSB e Gerg e AT at el y
start to falMaalofbicedbetwitmRiattRRs" \WMIRAcedthe pRBdnt inVoABbLLB Ltité cohttddy 1 tie f ew hours
(of being at rest% a_llar&%i,ne of, decantant will tend to format the top
of the sl ur {gehing phiNeyills.o ARpliant’s imyentign, jakes rgtal slumy fechnglogyigamuch higher, or or e
of the shur ptfoprikincd Bled thadivhdt id d06ksddund BesbRRa rfle NBvillehBteOt tom two 25 thirds
of the slurry, and after being at rest for nore than two weeks, the
slurries of the present .invention wll generally have over 80% of the

slurry particles located in the bottomhalf of the slurry. The slurries of
t he present invention are NOT unstable, but rather, a type of




30 netastable, wherein the particles will agglonerate and Eaaé @ﬁ? %
suspensi on when the slurry is at rest, but then, wll inme t J{;ZIJ

de- aggl onerate and redi sperse with sinple agitation. In conparison,

unst abl e Waummegiagi | | NOT readily de-aggl onerate and re- dlmmsammgt h s| npl e
2 9 CCT 2003 WO 01102134 PCTI USO0I 17046 agitation, because unstable
slurries will formstage 2 agglonerates (stage 1 and stage 2 aggl oneration
is further defined bel ow). Agglonerates have generally been consi dered

undesirabl e for polishing. HOWOWEARY @@‘Wﬁﬂ? Noccurs in two stages, and
Appl i cant has discovered that only e oneration causes the

pr edoni nant undd¥§ PrawnidnEntioads @fe&tﬁ@)FP a:%emcelanecmeﬁ@mrsbag sipoy fos hi ng
per f or manc exolishig nERdl ﬁt?ér@taoxﬁ%r% IfekaP Sxi@d a‘tgb?\g[s Ht’sﬁé m:iamﬁ' %(cﬁl@ods%d}mm

generally not_formsta ggloner at es rat her substant i al | y only
for m st aye Partiglgyhaype sefase areq Jangingsiragm é@@t@lag’gth)MHmﬁm /gtam I

aggl oner at ;hﬁﬁﬂég;lté he&@ﬂﬂuﬁorﬁgss%glamg%mmﬁh tahne%zlx %L’e atg g") l(e)f(_r)r(a %’[ gge 1

vi gorous shaking of the slurry for about b5 ’secon
aggl oner at |thoﬁ‘v@lcwesThﬁfétlw&p@cbsmmembemlﬂeﬂndaggbgﬁateebfspnes marily by

van der VAakedQ5QeS mictofd@ndin 2GH (tg{)cgger @'1&'\ St a ?o%u{aﬁesf LeSter 1 apmlcron

aggl onerati on, wherein the parti usé over causi ng
the parti clagd 123 mgsons}: |1nﬁrprdf8}rehembbdaro@eoﬁb¢ prasht mnmmhdaggldmatesfvmt ces, but

rat her % ond i n en the 15
particl gﬂ ﬂ%ﬁiﬂugét&%?c?%tgﬂ%?ﬁ }hrygqﬁ resen %“P’ SR RESST s"é"lﬁgﬂm%t Ppropriate

amount of (agi@tienspeci es and/ or ot her adj uvants whi ch dimnish or otherw se
prevent stage 2 agglonmeration. The ionic species used in the present
invention are adjusted to dimnish, inhibit or otherw se disrupt any charge
| ayer around ead¥hesaydirgésdn jonordimee BrituNwlte d%ot‘coﬂoadmtphtebletime slamieostithe 20

speci es i n fhe,aquan ére fj"‘ch g& atllM ¥, thgﬁfurrga?étﬂ%m S0 i Nendlner w se

di srupt an 03| tive arge yer around presentiivgniole cati oni c
speciesiin "eﬂat}meoﬂsetmmmwehla siuny @ragitdtedintd la uniftirtidisp&kion thef plagdwi se

di srupt any, r | ar ou article, This disruption
of any charé g&ﬂgg’n@gr%f@g,%%g S‘%g‘"'r% Rdageg gﬂh@%ﬁﬁ?ﬁ?‘?‘@‘?‘ﬂﬁﬂ gty o5
di m ni shes lelfelmbr@spmed Perhepsd \@r)dhmlim m‘elecnnpatrrmghtlfﬁ-ﬁmtﬁidszhydcbﬁﬂﬂﬁms hed

| ect t at St bl ticl
Co move suft T2 aRr RS & B okt eyt Aasmly o BRI VRARE bond

bet ween t heh:pagltout:dtm %%mfﬁhylun'y,eaﬁn afigr hﬁr@gﬁrekt faggdraﬂm BHcBGecksSt age 1
aggl omaF(ati on may al so involve hydrogen bondi ng between particles. A
critical feature of the present invention is the absence of a force

sufficient to r©pdhe calnedhardethe:memstﬁbﬂheshﬁﬂas\oame@&genvmadnﬁoﬁwmmemay\een t he

partlcles re the Iurr| ent |nvent|on w Il (when
rest) resg]gt Ptyf“thf"é‘f‘r’#%gtpﬁ'gé’“ G EET%’P&@Y%‘W %‘ét#'t’t“ah VelBg atigiti 4 yv) fal

out of susﬁagslmwfdmaﬂarﬁ“ﬁ]ﬁincﬂﬁm&m\m}ﬁld;ﬂﬁ‘ll&éhlm M@k Lédé Goribeind 419

aggl oner at i C are a e to mye S Iy cl ose to one anot her

to induce vgsgy %%'ﬁu% F&FB onds ° é& “%%*’é‘éc dg’ioig ockied BahehoEPBEVG oget her .

Wil e tke oh:rdsmdfthe smmahdmeﬁemgmywsmf mbry: thed BwelREKYAR sarfiRE @S pre&ngecond

stage of a gtm h a,irlt 8@ 5 This s con . Stage invol ves

bri dgi ng be ween 1 %“ﬁ%’f a@?%vser Plﬂ‘éfﬂ i ghechrttora it ¢fithsy i um

reacti ons bétmeen the particle surface and the aqueous medi um sur r oundi ng

the particles. The surface of the particle will tend to dissolve into the
aqueous nedium then precipitate onto the particles}. Wen the precipitate

bri dges bet \AeenThmﬂurriesrdft}elp&sent inh@th&bate ORI, Yudiash Hgpd dre particl es
t oget he t.his Ofres ner ati qn.
9 b merasta% erein a'n g’ttcles mﬁl ggg? merate and fall out of suspension when the slurry is

at rest, but then, will immediately de-agglomerate and redisperse with simple agitation. In

comparison, an unstable slurry will NOT readily de-agglomerate and re-disperse with simple



to For exanple, although alpha alumina is generally inert éi E , [h nds to
resi st dissolving) in an agueous nedi um conventional al pﬁ 8 an has
about 1 weight 'percent (or nore) of gamra al um na. The ganma alumna is
far | ess VA3 an aqueous nmedium and will typically (PEVEPYIIEN)

di ssolve, creating AlOz- in a basic nediumand Al'3 in an acidic nedium In
ei ther 15 ca he react.ion i.s reversjble and the iong which,dissolve from
the parti cla%&\?\'nbrf’}becra (p dlgpobéelﬁ}mﬂiﬁ@ﬂﬁé}ﬁ?glaﬁﬁgaﬁwefﬁséfi%eﬁ WYY 7an der \aal

f orces bi asgglowergionid fotiles défngkbdey), this re-depositing (of the dissolved

al um na back onto.the rticles) can cayse, bridgi ng between the two
particles. 20 |%%%"e‘&e;fa‘g§‘a&‘i ERER g™ o ?"éq‘f"(g?si’f?gﬂﬁ,%r{’ﬁghl[‘ PEEt cl es tend
to ISI ow y faggﬁt_nélrlﬂlg:gfob&ts ihm@stiﬁges,}aﬂ@hgpﬂchlgihﬁhhdmsﬁ:aed@h‘d@61;119 ktg@a’l t he 4

aggl onerates will.be so rigi . fused .t pgef her that a har nse. . sedi nent
(07 orace Stafteruindsapeupt felontpanbirieupbl 53 umty ShabureiglsHepthbg cannor
be faf fecti \pen}ﬁ;mﬁf hmﬁ&me ndawmbinersmridsmhle lpfh@.érﬂinmaiﬁoxpﬁmtgﬁﬁdrm notRi@edgey t he
application o i energy,..e.qg., mlling or high shear m xing. 25

Appl i cant s 3BHQRer %8‘6‘\7@“%6“‘(‘ ﬂ"i’?ta’ﬁ}"i‘mf/m’tl’flf%“ B‘PFd'g‘?gﬁlij@F%gQ“l%“’étg@q%rrer ation)
i's harnful sggg@ohéitted)dlapshigaBneids WIMRAGE debedorm@itavits 5Pl agi@l (egant has
further discovered tha if such bridging is inhibitied or wholly prevented,

dr amat i cal I'WEOFs shgkiag olibe TRy fRpehout 3 SeoRshershn occur, even if the
particl @ undergo stage 1 agglonerating (i.e., aggloneration substantially

30 free of bridgi ng) due to van der \\al forces between particles. This is
pref erably done>B§ Tatgn inplvesaggleneratpd paridgles peld gepiberarmmatii &y ¥8si r ed

state, €. .der Waal@§tbdsMBlagé D BdlonSehdt B ednbecur afterDtd@eT aglidniekapiol\ O HerkinQizel 34

PCT/ US00/ 17046, W.t hout bri dgi n%, agglonerated particles will readily

de- aggl omerPSEtEleRhemiusg tRpsiar oYy Himss GABTING thewRasiistes to beprimerly hgld fosptheralet are
extrenmely Wgakn daMBdPBIcYs, biR@ath@ @t foP 5iRES- Wi R e by) BSidRg teRlcve@e two
separate bodies of matter. Wthout bridging, these van der Waal forces (and

any hydidgeirtistidl eghees RbbRPieat BntionfospyiseanerRaRiaaameyB i 66, and any
aggl oner at !s?&iesﬁnwoﬂéeacﬁamehaichh&ml dr StheRke pRAEHt QRS PidoRihetibdIOUt
bridging will generally cause a slurry to forma fluffy "cloud" or |ayer
toward the bottomof a slurry container, once |eft undisturbed for a period
of time. Wth ofhyiofic HelRd usd@inttRd dr&Bnt ibveRtionlaRUdiudkd RAGHREE idibgor r eadi |y
breaks apart and re-di'sperses in the nmedium _T{pl cal |y, vigorous_ shaking of
t he cont ai ntheryisg disraptany eharge dayer areund eqcinparticlp indhesturpt J%r egmplerbrenBicseconds,
yet nor gy Pr SE&LaDihY adu8Ss nielRfh Wil ﬁté&?%ﬂ%ﬁﬂi&s@f}%@éﬁﬁs&r@rﬁm By&loSitiady ¥ i n

| ess than 5 seconds) w || de-agglonmerate the slurries of 'the present

i nventi on atharsedlays atoned auy pertielf,@nd the cationic spesies/indhegugogemediymm WH igtpractaqueous
medi um A fyl BdiniSl dr biteAliseRApH I n0fatil i8S B aloBy Py pRRcik.S t he

i nhibition or ’pren%/entri on olﬁ‘e s'lfht(!ljgéerﬁ’Zn éaagt]lg o?rerggt Flg‘%lr a¥t e?lpstgge 1

aggl oneration. This is acconplished by the incorporation of 15 appropriate
i oni ¢ speci es omgkﬁ%ti&mﬂxmﬁ@ev@e%dn@Qaci?gém Jbalb&aﬁ RGeRbyes brge 1

aggl onerated particles I nto stage aggl onerated particles. In a preferred
ermbodi néht , disinighes elkctastptio repnlsion brtween pamtibles SusH dimnishedielpatrgstptiorrepudsioss with a
sur fact ant ALl UGheGiyohi bEpRS o bartifed D I RRLidfek &5 1 nto a
slurry syst_errsl 20 Alternatively, thelsetj.srt?aggagsﬂ?@%r.ﬁ%g#gg ectrct)lﬁ/te can be
i ncor por at edusaa yan dee Waals bend |betaveerf the partidies. therelni cxdating staze ! iaggomqsdesat ed i nto
the slurry gyst £ iSHhdyAgh ARb SGkL, Wiyl L1 end to
remain in c?‘o%ete S%Ity to the gﬁg‘g{f%e%gﬁd%g:bes, n%a}e{{rc%%qusétng%a?cal |y

hi nderi ng t fatuysef the present inveskiorcis Hiermgsened dfia dirermuligient to sapeltapd ovpecommditcher t o
enabl e i d %%1%&%%%9%@&%1@4 hn?cﬂheréf&e%ssh}?ﬁe%'&%g ?QEénﬁM&h&n
di scovered that stage 1 agglonerati on can occur even n the presence of
surfact ant wil (pbénat rest) readityforn dage tl agglsueritecand Gartiafiporpeholly)dblbart ofind t hat t he
presence of suts;gbﬁsi rfactant or polyelectrolyte wll keep the particles
sufficiently apart to inhibit or prevent stage 2 aggloneration. Stage 2
aggl oneration can al so be inhibited by the use of conpl exi ng agents which
30 inhibit deposition or sedinentation fromthe agueous nmedi umonto the
aggl onerated particles. Useful conplexing agents include appropriate

chel ati ng conpounds, ordinary skill and experinentation nmay be necessary in
choosi ng appropriate chel ating agents, dependi ng upon




2 9 OCT 2003 WD 01/02134 PCT/ US00/ 17046 the type of potent] ﬁ%ﬂ ntation
or deposition for any particular slurry system Generall&é;ﬁka i Wwater
sol ubl e, pol ar organi ¢ conpounds having one or nore (preferably two or
nore) Lewwe ogelisk noi eti es can be advant ageous as conpl exp@fus@andss i N
accordance with the present invention. Preferred conpl exi ng agents include
mul tifunctional acid or acid 5 hydroxi de, water soluble organi c conpounds,
such as, citric acid. Stage 2 aggloneration can also be inhibited by

nodi fying the S]@tlrhﬁ?'aéﬂl&tﬂ[erﬁfo;l fefeRb hl@laBlp td rq?\"eggﬁiciga Hols@oonk TholafroS! Urry
(material in the s urrz; which Is capable o eposition or sedrnmentation).
Possi bl e nidideivamger Yngls ands; and thesebopes tiasdhe pagtizics trgethere Wil ghe particle o
nmodi fi cati QR uikdini WAl £ [ t i ke.. Ordinar kill and
experi ment g?jbgh&%%tﬁsﬁggggsary f%’%g%glts %rg ?nﬂn%etohgggg)ggfagﬁ? fagtt%%r%cél?'fi cati on,
dependi g (pbsecostaga mvplyes baidgisg batwsendhegtadivies eBridpingecuBodvetd bat i on is a

met hod t hat afif ulggeal:'lio%gb&ﬁe&%ﬂ%ﬂc&%m%tapf{he g(?)%x'ﬁl%%eerdagnes ggnﬁinSE age 1S 1
aggl oner at 6% stage 1 agglonerates are aggl onerat es I'ch are hel'd together
primarily ogtigeshyThe/surfackest thigakticleovill emd toadigolye e the aqigdua gediom, thérge 2

aggl oner at r . |, oner at es ich.are. hel d together
by Van der %&géﬁ&?or%ﬁjg %gﬂgggfs‘gﬁ%@hﬁr?“é"gﬂg%&}’ @&?\hév A f/p?ﬂ‘gﬁsk}hﬁﬁl’y

convent i onabvalehivbosdieg Uy pateiesf togetiter,alis Wicbhesbrapal agylorsdraige. 1 aggl oner at es
but not,stage 2 aggl omerates. Any aggl oneration of the present invention
(due to the slurry 20 being at rest for a period of tine, e.g., 2 hours or
nmore) is princifalekampit altheugh Fahg klomen i deastallyhiendis., teilve tagg dimihaige d
particles: { t inventi.on,are de:aqgl rated by sonifjcation.

P 5ol onera eSS el 8h G RIS TH Pt Eeeh oy  on

bef or e ‘and gafhmealugioai Theatning alumbd tisfir lsws ireftiical dqaduns bds hevill plcaliybut | on
shoul d shif her e show n mal l.er. particles.s.Thereafter, the slurry
(when at ré%ﬁréﬂt\;l\ﬁﬂ% ‘éeha'% %ﬂ%l g%rllc mggbg?l%'%f‘@fné@g}ﬁ » W@&dﬁ‘%f‘r@r 3’? e The st age
1 aggl orer atseshofeadtioe ispevessibietani rhe dovis which disehe tiehi the papiidt wili 8bdepodits 1 nt ended
to mean th%gc togotﬁégag%]%%aggl onerates will resist stage 2 aggl oneration for

a period of a eas hths. Preferably, less than | S percent (by
vol une) of the stage 1 agglonerates will becone 30 stage 2 aggl onerates

when at rest fog,3 nont re. preferab | ess than, 10 percent, yet nore
preferably | ess than. ert&g?%g’ﬁ‘ie?b 'iworPBF’«SJ%'i"é‘ftE‘?ra%ﬂS&e‘?eé’g meofi"® percent and
yet nore  disavedahmaa®ack\Witdihé pi2ilcled) R TidsSothg Bdefy tBE SVoddattilet. €SS than 1
percentzof ;tl‘%e?‘%t ?i%s@ll a (?I gmsr.atﬁ% will . ecgné sta[g’e 2 aggl Qr‘:erat es when
B T est 2 oS By BRGMIR AP et i 1w petichs (e e Sipudet s dBaB ¢ of

pr o?/i di ng strglgeigil nagy | RESinas, itl&!’hgélwﬁérbl&?mill%f: gtprg@eayﬂséagoﬁ@glﬂm% hard

aggl oner ati on) provi a superior t pol i shing stony relative to
slurries hac@?%l Wb&iga%e%%g@pgﬁpgﬁﬁg%mﬁa&ﬁa agglomesergenally faoder  Waal s
forces bet weefectivay theltchidows fito teiforigidDpaRitles, AHHORRhSpPlicat i@ WTRighAPP! | cant s
have found t hat aggl.lﬁrrerrﬁgbol? i s.not the problem but rather bridging

(e.g., the FBFnier TR JHBHLE sediment) is what harms slurry
performance. Not only can agglonmerating slurries function well as a netal
st em whi ch enabl es  particle

polishing slurr but indeed, a slurry syste ¢ ,
aggl oner ati on V\%PFH’BHFS }fﬁeﬁf"i"aﬁf%gatl‘?aé’)ﬁﬂ%%ﬁg\% (rge £ deglemsprtiont A piubr ovi de
i nproved pab i poliging eérfopniae 68 madalkhirg UARplickntihes firkifer BRAVERA fhak iPduckTet al
| ayers as qjart. of intlu]?)e an_lf cture of sem conductor devices. '
ridging is inhibited or wholly prevented, dramatically improved polishing performance can
occur, even if the particles undergo stage 1 agglomerating (i.e., agglomeration substantially
30 free of bridging) due to van der Waal forces between particles. This is preferably done by

adjusting the shurry chemistry to obtain the desired state, e.g., an optimal jonic strength,



Applicants have found that inproved planarization |ength apd dim nished
dishing is possible with polishing slurries having stage ﬁggﬂcanﬁﬂﬁat es. It
is believed that stage 1 15 agglonerates will tend to settle into

i ndent at iwd91/402134 he substrate being polished, but will rggfikosiro46

de-aggl onerate or otherw se wear (w thout scratching) during the polishing
operation, thereby protecting the indentation fromfurther polishing

erosi on by pr evWithauhbyidging, agelbinetfed gartipies will ireanilyf decagglemntrete iwith) nfidimal t hen

. . e . £ thi q havi ;
11 2251 gl ARSANG bSO B b\ S AERR PSRy
di m ni shedcagresighietwee) tveo shaaatg bodied inttyera Miithinat briliging) ehete vah dar. WA fosies

pol i shi ng, | oner at.es are .easil.y washed away, parti.cularly
Bhen'tho"; GhEEn3haTEeh AR RIBLALRS s RkRnaR ol oL Y iy

re- nor mal i Baotdetrinsinattorpobishingi Aggihmergdonosittoicoridging witll gegerally bakebsturpki ng t he
particles atj bl i.th bei | ocated Wi thin.the indentatiop. Hence
25 the sl u#o(reflglg%gg tﬁiém%)roersQ’F{BOYV?W@%tqoﬁﬂmﬁf%w@e‘“’g?%reo'fe JrEFEPE es t hat
readi |y fi Kdraipedbelruf eitnk.0With whig miriBaliafitaicly, ARt A& 00 Seglomerhees s@difileats € readil y
removed fromth Lished surface when it is adyantageous.to_do so. This
type of se?%a(r:ttain@é'(ﬁ"pﬂslesn“éthﬁﬁﬁd]ﬂﬁ’f i%f’aﬁlé’ Vé&""?”ﬁ%&f’?'gﬁgo“fag‘%@ gssuni que and
al | ows supéhan @ minpleamars pFefériiiniepahdn0ise@ndy @t nd PreYBIPREA) tha¥8 B AcofidsUr I'i €s.

30 Sta 1 rticle | aner at es_ gener.al ly haye dim ni shed el ectrostatic

| ayers ?l%analpsyﬁ%:'ﬂorﬁ Xfe?éig%lye’gﬁf%hﬂ’ 3 %"?ﬂ%@\ﬁ’ ‘h de-pERaMAALI OISR PEPehet t er

i nt er act i nipvanitivhardvause diefpatieles Ramifsinlydigpbrsawihih the AipRgusshdanid. at e.
Furthernore, the ionic species which inhibit or destroy electrostatic Z 9
OCT 20~~ WD 01/02134 PCT/ US00/ 17046 | ayers (around the particles) are

preferably sel et tietlertditigil Ruinfbesf eHelpodserd dviiftidh RInAMBINNAY Pfevertion of@EP! €, an
i onic spec'ges can be %%es(ds tq bL{ffer,pH provide a corrtgl exi ng agent to ot her
ions in sudBeriUPaHOR; A Brer ! storageian: iThisys accamplished by By inRIp&atosof i vi t v
(certaim i eplirepraraaiicspedidYr pheradfbandOstithiREbihe fisiiglbf G681 agomdnadd Ot her
portions of .tle .surfacg \%'II E%hi bit a higher renoval rate). lonic species
such as acPYuclesyjufe ase Sagejomeraied particks. ng agent's, surfactants, el ectrol ytes,
and the like are all well known, and indeed, such ionic species are,
broadl y speaki ng, kno for_chem cal nechanjcal polishing. However, it has
been surprisi nglﬁ? p&‘ir}?\é@ BT, Stassh agelomeration i intebiet byroaimg dgiblesvit onj ¢
speci es | s akitacaste gelydistidlyR ppof toSitorpar glméyarﬁaesmtoamﬁfs&m? agueous
medi um has suffjciently ionic strength), polishing periormnce of the
slurry @an %‘“f“ﬁ’ﬁf? SRR QhRYsiese s Fan ke nsorpprateg iopg thepartistes afispteant i al | y

i nhi bi t ed. phficiés 4 Bécepdrael RRDRMUFR W sterh. MeheShMiciaft ﬁldiopweléc@ag@ Qafentrati on
is greater than 0.00l nolar, nore preferably greater than 0.01 nolar, yet

mor e pr ef efABFYreRRR 4 dise PIREINTY tohe slymyparticlss therphyrsteripalls piaderibe thegr eat er t han

0.1 15 nol pirticlfori@nfinguBbRitdldke B8 kRihet RARIADRIERD ostdRbar and yet nore
preferably greater than about 0.5 nolar. In a preferred empbodi nent, the
total ion AEHRURHRIICRL lt(]j‘?ﬁti"%“%‘ﬂg’émglég’§°°(vﬂ‘aﬁ'ﬁhﬁt ¥ASF 4 peglorparatiop eufaseualshap | ess
than 1 50! @fthe pdscAcarSirRERAG: BORAIIrERER Ly thb E\ﬁﬁ:@éﬁ‘ﬁﬁ PR aRPfhbelthd esoal SO

have a maxi num zeta potential greater than about plus or mnus 0.1

mi | 1 vol t s Presensofdln rupfptanherdollesieobitsvyillkaen thnpastisics syfficiently anertd¢ inhidis t han

0. 001 nol abr prétknldse 2lapilbh&aionf the present invention are particularly well
suited for polishing operations having high polishing surface speeds. For
exanpl e, many newer polishing machines are polishing at increasingly higher
revol utions pergethoiom e § ﬁm” i QN are
particul arly wel Igé_s_ui tgd%ﬁ%ﬁgﬁd ﬁ%ﬂr@%g%tc}i& B%Io?é I'ng Fg%%%ﬂrmgt ary

pol i shi¥g E%lbw@w@mgwéa@r@mﬂtwa fFomaiee aqpepus gedivm ento theaggldB@atedpartiakd/ or
greater thageml : Leg. - [ [ re also well
suited for p%fﬁiqgﬁ?ﬁ?gd?%ﬁgg}téﬂrlﬁa?b%gﬁ %%htg &%@ﬁﬁ%}.ﬁ%ﬁ%s&m& (gl ectrics,
such as pof¥ggmentation may be negesgpaninehoosing kprtorekischelitiog agestacdepading opdnl uor o

pol ymers or copol yners. 2 9 OCT 2p0 wo oi/ozis4 PCT/US00/ 17046
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In a preferred enbodi nent, any stage 1 aggl onerate transg&rmtoﬁ o the
polishing interface or region will de-agglonerate or oth ] r, rather
than scratch or otherw se cause defects on the surface being polished. In
anot her ewbagpsrent of the present invention, the ionic spegpgidireds the
slurry is adjusted after the polishing operation, thereby restoring (or
increasing) the electrostatic |ayers around each particle. This in turn

wi | | gener &eltypeeipaieniialsedipentatiop loe deposititrefonaty @asiadin siprmy Ispsterme dGeoeralyt her wi se

renoved frglgga, %ng R:H.c@m d r ) ' Lon articularly
advant ageous or’“?urre %a?‘?#co{r%gﬁ Cg%‘ﬁ%ugﬁﬁﬁgn%gﬁgé;érrtlr}og%/@get%&ehﬁeﬁlof)y have nore
potenti al #lorgdefis peid maghesZambrpdvantazets enconiiipxing lagantsi ieaccardanch witithe s ent
invention gonmpr | : i ich noet.anly...nhibit .or prevent stage 2
aggl oner at i?’on, 3%“15?9%,%%%&3@3?%%?%3{;@[ %rﬁ%{lé@g?gm%lﬁ(éﬁ%c [ surface being
15 pol i shedydrexidpawetersobbltorgniveompouadss kuch a4, eitrifacidess t han 50 Angstrons per
m nute, nore preferably | ess than 40 Angstrons per mnute, yet nore
preferably | ess than 30 Angstrons per minute, yet nore preferably | ess than
20 Angstrons pe¥tage Jagelemeamnton/mh ak®beinkibiet dy atollifyileabssolubility cEOpobengiait r ons per
mnute (up.t.9.and |ncludin Angst.r.ons per m.nute).. 20 .The.polishing
conposi ti or‘fgl&)%?g i a%am%? 'glgiéen%‘r&{\%%wlén hing gﬁ%gmgl} ’53?‘%‘88 Bfgfl@%mp ®Tduring the
pol i shi ng ocpdnatation. Pbésibirmslifedicths man pcladgyH insdificagor) pafpatatuen, the pol i shing

fluid cagn be ,ntroduced inio | i shing.interface.anqd then sone or all of

the parti clediigdtionjonic Sn'ie?%% W@gigga%ﬁ? Sn‘fttﬁ'gmﬁoh"é?ﬁ% 'iﬁ‘i‘g@’fﬂﬁﬁ'@@“ﬂ?“ f84ns of

particl e r dkeassarytodatamine thesihprogriapadodifications depamiig, upan the parghilaglupad t ype

substrate o) rgcfeictn(? particles is described in U S 5,692,950 to

Rut her f or d, atoal. (which is hereby incorporated into this specification

by reference), and in the use of such a polishing substrate during

polishing, the polishing subs te will,rel ease rticles, into the

pol i shing inter %Ilc':ﬁecat\'/ﬁqilsg%méﬁ%‘%&%c?ﬁ? B 478d 1@ dgtSTIRIEG Vhrgher pEgogerales atesiRes o i shi ng

becoms 8. Ny AL able por LSk Q. LTy - Whoreby L he. St cyw L b Eapabl & of
i shi MEry, u

form ng s?}é’gﬁaﬂgﬂg"gﬂ% %F&%W%PM °%§5‘t¥§12§ﬁ%{1?'§?m§§)&la%"r%°ﬁﬁmﬁs %t age 2

aggl oner at egglomerdieOwkiilar2Ril IOGtRE bP VB der RG] 192054nd 8R4 By BRER). DESCRI PTI ON OF

THE DRAWN(§ FIIE l.is a oteé]tial ener%l% c_urv§l|, il|lustrating the

i nteracti on”Gf2 &PT"BF’E&?“"B@PP JPRENGTEY SQREALGR Wik break pp stpgs | qeplemergies 5 5

potenti al einefodytagelll agglomietates S Aivpdgiplothetatiéh dfikeiraeitiiniBntRh (ihd @b dlady parti cl es

9f the present invention. FIG 3 is a potenti al

in a nmetastabl e slg[{rry ,on, .

ener gy &lir ET8 A TP 9 A Resiof pEEME. § 6y ZHONEST S19Te) 5 PEBFPAy $age LpgplomEREAn. i n 4 t O
stabl e sl urHencs thelaggl@hdratedpdriittes BF he preddnt inhtidd @e NedgolohRraRatbpnt . FIG 4a is
a particle Siiée i ﬁ%er_i bgti on for a sl urag}gof the%ﬁ)resent i_nvention which

has been atS°PBEHOT, fir-spglomerstion.can be mersured By ikigea particie size distrbution befprg 5 o
particl e siaa@afbrsdnifichtitnl Qftef DhifitddBn, Thbide\istrbBiinl shoidshifl] tfeleby d@wimpher ei n t he
stage 1 aggl oper at.es t}%ve been sg’glé[ag | omerated due to saonification. FIG 5a
is a TEM mSB}aE%Pﬁ“ﬁﬂesof ereafise the sligry( festg will towsl tpprse agan (stagg DTEM

m crogr aph sRflosérage 2 aggl onmeration. FIG 6 is a graph which plots percent
settling over tinme of a slurry in accordance with the present invention and
provi des a conparison with a stable slurry. z5 DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The presgdplk iiapMefdhtedofitie féstR Glvettioh aredt60 S Sable RRERAN B2
polishing slurry conprising ceram c particles dispersible in an agueous

medi um TheMPBa e Ep %%geo‘fagsg@erﬁ%wﬁﬁm Fogsr aealampratien far asperipdiekat red r angi ng
from about AéhtH¥R Pleferdbly, REGRN 14 PreBR (Hydolufi) HILY £481Y %g%%rﬁe‘?atéyvﬁf] bdcBrit i On | ess

t han about LO nicron, a nean ag%rsegate di aneter ['ess than about 0.4 mcron
and ar e 330 Lagp< peglemeattesvhea oigrd 10513 mpnghsyaase prgferablyilespthan P pesgset yaind over come

the van de rm&@ﬁx‘eﬁnfb@ﬁ&@ﬁmm 5 percent, yet more preferably less than 2 percent and yet more



between the particles. At rest, the slurries of the presegéoblﬁzention wi ||
readily formstage 1 aggl onerates of a size greater than 2083

m crons, and in other enbodi nents, the stage 1 10 s ~cr ~~a3 WD 01/02134
PCT1USOD/ g @fif21300! onerates are greater than about 1 m cpﬁpmsmqoﬁorreti mes
greater than 1.25 microns; however, all the slurries of the present
invention wll resist formation of stage 2 agglonerates. In the art of
chem cal rrpcﬁ:aablydak thaw | pgbanngf tbd vagei leggibmerates el lecdnidakdge Ahgdiemesaes conduct or
devi ces angl nat es?t‘or%%@n substrates, slurry particle behavior is generally
i nfluenced 16 {8’ 8% ™ol ecul ar | evel force interactions. These force
interactions ar éppimmt:{lﬂwe fodtuc et partidtles cappisie afprenidingxadga iaggl@serationat ed in
particle s hy. ric fields, of nejighboring.no]ecules or due
o Lhe. | ne Lol 5 ek et lamebafonPriviee yrubeT BHS Rl R SEY A ns
around tshe tcmm-hesi havihga e seffitian &e&péllaﬁf @fewome €V 8dr Wkals tfdHEes @etW@¢nOr

cat egorl es esom. i nteractions rm ent_dipole to permnent

di pol e" f@?ﬁ%’?ﬁ%ﬁ§ d‘i“c’tlﬂéa%erf‘tﬁt ’g&‘i" ve: fﬁ%‘ﬁﬁ%@%ﬁﬂ ISERE to

i nduced d| pod the prblilérﬁrbacﬂat}ﬁﬂﬁ'sdgﬁ@@ £, thé RAENIIN bfiield, A6dst Sdfnedd) & whanduced

di pole to :hnduced di pol e" égt erﬁct ons. The three are known collectively as

the van der™RASFEY REOFRRNES- qtiop §a’h‘f?§ﬁ’me‘<’i’§m%51%f5cf?mflﬁ?8€bﬁﬁat“i‘?é"lbehaw or of

slurry par fpblﬁshﬁg slurpy bt 1ﬁ‘d¢écﬁl21|shirryﬂ/b3ts&nﬁ&ﬁ@%§blés(bmﬁlelh b@ilghdratioh }fthit t y.  Van der
attractlve and will begin to have S|gn|f|cant

Waal force§ }% nerg}l %

i nfl uentPe SH ? pgen bound o surpripae bEﬁ’PY‘F‘&F’E’é‘“’ﬁ%Q@‘ﬂP"Eﬁ RiFformances pytittlagly 2 t o
about 10 namaerpalemg &Timeti Bye?asaR o e mad@hdndt bORmicBRAttoPdevRENEr fOrces upon
the slurry will generally cause the slurry particles to nove within the
aqueous medi um such as by Brownian notion. At greater distances however,
the van der \ahpglisdnefveafotnddhdl @hgbied phiriafidénzinGad HinkhiPdittinglie behavi or.
Hence, if the artlchs%s can, be prevented fromnpving sufficiently close to

one anot hePOsSPaythpatishipg slugris having stage 1 ggaiqmeratgs. His/believgd thatstagstl | nf | uence

upon the papilinfidr@ss Wil tha uSRetleh@F i ARIBIn AR SLgRk Beihe fdiEH8ut &l refi;rred
to as parti clﬁ ggl oneration). Particles can be bhiased apart a di stance
suffici ent 49 XT‘%Z‘?% lomeratson othernvispavear (wisheut scrpehingd dyringitee nolishing operation,

i nsi gni fi camdebyphRicERd thy inBdhtatibn fr6h Ririher ﬁvllﬂﬁ%re?&ﬁﬁ b9g b&nﬁ?ﬂhé Sis\sy Whi ch
occurs when angther non-interacting naterial conmes between t e partl cl es

and pr eventogerﬁq‘fﬁ'%%‘?ﬂmg@F“é@e?W?ﬁ‘i‘sﬁﬁ)ﬂihﬁg’d%ﬁ‘lﬂpm ently close to one
anot her; and/or 2. electrostatic repul sion between the particles, which

occurs when the particles each carry an identical char and since |like
char ges® epel oR#! ehilt #ivantagsonsibelyior ﬁféﬁ’chp%wm"é'l'tét&ﬂﬁ)d%‘teg%‘ieét‘tb?aﬁ“g@ on the
two parti cltﬁ@aclaof(m-% dBnifikhEa 2803t Y¥Pa Qe Q2ik Adhy BGTABO LA 4 A sl oig@gs e t he
particles to repel from one another, such anh identical el ectrosta 1 ¢ charge
on the two thiastaged aselomgrates apersily wasked guny. Pattiadarly svher the fonfrstrenggined tignot her .

Therefore, ageobdi@edifit BRhdmadd t@'fﬂere@_{' reﬁloﬂﬁfmz@ﬁle elb & BiAhEret 04 ﬁl@é arfflbCh i as
particles away from another ("same charge” el ectrostatlc I nt ractlons and

steric hi ndbsreyeusking the particlesiess porapatible with beinginsagad vmhalsthq:raciemamres!-lqrm\/ar d each
other (yan tﬂeesnurMmeamfp%&@ﬁ.),emﬁm%ﬁdmgt@ g@&&&&&ﬁar ﬂﬁn&eﬂé{q ged in
terms of the potential ener the 1n tin art es as a function of
t he di st ancghes Eptadsaniageous sozeed mgqaﬁ@germoveé ﬁamdtle@omhpdnsﬁa@t@en Kise

possi bl e t yiagstaabons ko 5, Tﬂﬁ%agrgegctmﬂnngm E}ﬁjﬁgdf\ﬁﬁet{)ﬂ%% 8y and
attractive potential energy as a function of distance between

particl es. nigueandilews wesior Pngrization polising everconyantorabétanlatriesner gy is 0, the
particles ate not experiencing any repul sive energy or any attractlve
energy. As the interaction energy becones nore positive (i.e., nmoving up

t he ver 8l cal axBStpe 1 payecls agglometates gensraliyjyave dimingsheseadectrSitatic layer(s) andesycht he

t t
| nor eases. RSEE RS b B Mo RAE I Ll OB BCUAR SRR o 1 e

are cal cul at@@shmggglpsngtp Fusthermore, the ionic species which inhibit or destroy electrostatic -




provi de an overall potential energy for the slurry system _This overal
potential energy is shown by a solid line as a function of & dH?hdeh

di stance between slurry particles. In each 20 figure, the horizontal axis
ext ends two®1/02184 ance between particles where van der Waglthgiwessst i r st
becone significant At particle separation distances that indicate a net
repul sive ener bet ween particles, the line is above the horizomal axis

(the fi ut hisyeryt Edthhéarﬁ@i?fi) argprafirabiy selected peproyidstear pelishing edyentasien.Fazner gy) ,
and si MM | ablahplel B! dbGlsat GARER R e bARGES ALl e B Gndt ! _
attractive energy bet ween particles, th ine s above orizontal axis
(the furt h&sugppeploa (kb reedeperitiond and{pr ;zml@ selediyity) (cergtireionit ygecias mayact i ve
energy). | {e@gﬁmg ar&rfg deIW B of @B t r t hat
each slurr g"’ syst emnvm& e rrptt toohegg(irts(%nsic’%thb %‘&Qs f‘ﬁlée)ﬁn%@ i %E‘n%’?aq

avai | abbe. ra@éner ally speaking, this neans that the separati on di stance of
the particles will tend to concentrate where the solid line indicates a 30
trough. If enough energy is inserted into the systemto allow the particles
t o overcone an leriesngyiesnupipasanids, bases saltsnemplexiog gdentsparfadtantseeletivstymaces wil |

t hen tend t t.r ough unI ntil further
energy is %“(r;iht ir}% % H?%e?gﬁ(ﬁ%lg%g}lg GH% Ch lom %e l%saﬁ%riof‘g¥€e§ﬁﬂng’ "8 ~~T 206
WO 01/ 021 Sﬂ:)rI@hﬁﬁMaBDGﬁhaﬂ@hﬁﬂiblang( Hnmwert inbaspaleemrpemglgyisdawm thatGvhiemso t he

prior tpou f0E nt. trough) e are two
i npor t ant g@’rr é‘igi%ieg se f\égrn%tes oi es%’i'}ﬁ Oacthri%egsm 19 ﬁBi’ 5@’?%%‘%'5!’ W;?rﬁiﬂ'gé‘q‘f—w&%r es (I 5
3). The fi neéivindah &uﬂ’awm@ ipme ktedgthx, adlishing pa Poraicd dsiahmmoaﬁ&ﬁﬁmécﬂti on

aggl onor at P FEE DT dioBRg bRl A iyt i i f SHsingie e ¢ nan

(a), until slarry’eteal 1dnicm¢ntrasiomtgreaﬁoma:pﬁmmose& mﬁretpi’ﬂfﬁaﬂiy‘igteaﬁritl&ﬂ 0.0thi s | ower

limt is n i S fied on t ure The second
i mpor t ant g}art Jrgg%ge?aggz %i‘i“eai €t ﬂg § y‘e?'i%’mp ‘Hﬁalil agr 3}'3&9 particle
separ atison nuﬂmtmmcve preferdblygreast dge aiﬂauagg kro e smityeDmordiplelferdbBirdater ChapCCUT .

di'st ances AREhOT B ErUTNA T B SEPF T £ 1 RboreBBRtBLs BB BF X s

i nvention, rrtolrt,Sndre)pveferablyrhasi thius1 molar. |1ma(pr-dfmﬁ eﬁﬁtdinhéiit mtmdtadeﬂﬁé pari@gkson t he
Fi gures. 15 L okin ow to Fiqure 1 ar nd.fo concentrate at
particle sEEAPAF R H%X‘H'"g'tzﬁtﬁgggeﬁtﬁggrgg?régﬂ af’%’m{tll? sP’i'B’BE;"‘n f QRilvAtts IR an || ystr at ed
at "(c)") efuchiranaliumieying ol todchitatipdfidsSihen GOPIahaldrl on, stage 2

aggl oneration wil foccur. Such a systemis clearly unst abl e, and slurries in

accordahce with Figure I will readily fall out of suspens'ron and over tine
will exhi bi t a Tiarsmnzza@oﬂméiaes@eﬁimmarefm@aump“@n Snb®fop boliskihes i1l ustrated

by Figure 1 generall Ittt if an el ectrostatic repul sion or

steric hind@ Eﬁv ﬁh}gﬁ Sl““%ﬂﬁigﬁerﬁgfegfi !‘Vfﬁe gL RS g MaEnises ¢ hi s

Figure ill l&&tﬂoﬁﬂhﬁ@ at h&eﬂiﬁgl&&tgaéﬂr&oﬁiibhﬁsrpeﬂ&mﬁkfe &H&e@l’uﬂ&@ﬂfthé préRnd | on.

Particles wll.tend to cglw te at a particle separation_distance
Hgh

i ndi cat ed ATeftka a'f@“i“f“b‘ ’fe ifc"' such high jpeed pplisfing {e-&retarypolishig g particle
separ at2son sﬁhe&stg’tmmaa 100 Bhe preter thih 150 @prs Mifdl® BeadPBaiise the slurries ofthe
pr esent |n\éﬁ€ n do not have forces sufficient to overcone van der Waal
forces and “there is no significant energy' barrier to prevent the
particles from havi ng a particle separation distance of (c). At this

particle separ di st:@nce st age 2 aggl oneration can occur, but not
stage 1 aggl one “6‘ 50 FPW@?“WBY%‘“"%? %s‘i Welkspigeddpranolishing ielgsiiky be

necessary f(glica)) akRARLIoWIEdiHekrics Ghéh 45 PPRGA R dr Gfg%ﬁlélmﬁ( didlend9ahanerate the
slurry)., t he other hand, overwhel m ng energy woul d be necessary to cause

t he par% °r§é’B]éﬂ“§’t"‘i°b?PPBb’§'Fr§nce to be sufficiently snal | to allow for
stage 2 aggl oneration. This high energy barrier 13




2 9 OCT 2003 WD 01102134 PCT/ US00/ 17046 (hunp) which prevents, stage 2
aggl oneration is due to steric interactions which inhibit r&ﬁEIZB%B from
noving cl osely together, e.g., coating the particles with a surfactant

and/ or elwotot/od1g4d e. Moving now to Figure 3, this Figure ptrusinabes a
stable slurry system such as is taught in the Neville patent. In such a
system there is a force sufficient to inhibit van der Waal attraction and
hence, the par tip 8 pefegedembodingnt, anysttagn d egslpintrate eragsportedowrabapalistieg at " (c) "
wher e nei t ARERSIGRABI0N wiPlc ARl AUMANE ALE Uiné Hin QGG o SHRERRT T €T Lo
aggl oneration for the stabl® slurries 1lTustrated 1n Figure 'S typically
el ect r ost afduee Jedgiglon thgsurfase hrirgrpolishedi cl es. 10 The surface area of the
particles can be nmeasured by the nitrogen adsorption nethod of S. Brunauer,
P. H Emret, and I. Teller, J. Am Chem cal Society, Volune 60, Page 309
(1938) and conripaopher erlendineenit ofhegwesBi Tyventjqnj tha fonig strengtas terstiydbout 40 nP

/g to abouj,:430 it .1 C comprise be n.0.5%.and 55%
ofthe slurry. %eﬁen&f’%bo on :gt(ﬁ%rat%” glggc?)g%gtg?n%of lé“s:rle%;r"fgi%‘g%?ﬁlré’&t?tlcrl??’érsabr asi on
of the net alounshdachepapiniet Thisdsturni will generally casathé patitlésan bomork besilpaedned | e
conpositio . r fc | l.ini.ty and the crystalline phase, e.g.
ganma or a pﬁ%%g?%%oﬁ%%g&%ﬁéhg}}e eSlrlr&f%‘ achi eve the desired selectivity and
polishing rate, it has been found that the opti num surface area and | oadi ng
| evel w.ll var i ng.. n bch fine netal _oxide particles are chosen
for a \;I)Ylgrti cul g?%%%?@ﬁ?’%‘&%ﬁﬁ?%‘f‘“@é d‘\;awgfaﬁeoélg ?c{r Iﬁ‘g’wgé’ﬁﬁ"glgs’ §poeSgned

cryst al | i npargiclesrpengpiiln beveadcrdpotensinitsites feisstagk 2 agglemeaivadi ment when a hi gh
degree of selectivity is desired, solid | oadings of less than 12% by wei ght
for alum na particles having surface areas ranging fromabout 70 nz /g to
about 170 nZ / dltieslupieebéthe prekentAbvehtimmomptivelcamstitudiite @bich ot @nly inbibd of han 70 nP

/g, sofid I ngs, of 25 | ess than 7% i.s.preferred for alumpa particles.
Simlarly \b\ﬁg%& %%eoz%g%lé %rgtt'?"\’/?‘ftﬁé?’? edsélglscf'egt&?bef"g“ fobe perahsurdce red that
when t his f polishatied bive @siatemgalretdhedte of Isssfhansd Angdtiofma peranlih® GRragrefaably angi ng
bet ween 40, nz. / d 250 n? /g should b resent ip.a range from about 0.5%
to about zEf%‘Baﬁp“\?e%‘?‘&ﬁf".mﬁf e gt 3%68@%@#&853&%@?8@#%&%?3@&% t he
present i nygmioroprefarably tehs thar d0gtnggtnistper MitdteRAY for ABreaICRIAGRES thin20
distributiqgn of |less .than aboyt 1.0 micron in order to avoid scratching,
pit marks, %85%8%13%{%"“5‘?@8?0 %‘ﬁﬂ'i‘cg\‘cd,@giralrﬁ%?tfoé‘?ﬁ'aﬂ’g“tﬂhri ng the polishing. By
way of exanple, 14 2 0 OCT 2003 w0 01102134 PCT/US00/ 17046 FIGS. 4 and 5
illust rz%te part,j(,)lf?l e.size distributions for netal oxide particles of the
present®i nvent i off POYTIRE EPTAPCRHNT L the L ventign panibe Freated baore peduring ut i on f or
a sl urry atherpekshing @pershelfichard duri@UIpslishRB Spdratihm/ Be PolSHMiccaRBE L i Cl € size

distribution ofthe slurry illustrated in Figure 4, but after | ow energy
soni ficati Woglffgd F&W‘Pﬁ’é‘s‘é@éﬂ? %Wa‘]éﬁpé’rs@wg of the pprtigles g8 beigireducedht t o break

S apart t héntd it poldhiig nfgfadediRiedts 5 pRfididRleie HSMA U polidhitBPhd. Ardr cxbliPiedpgr €gat e
size of the 1%ﬁrtlc es refi;rs to. the neasurenent of the branched, three .

. . nment of
di mensi onaPOEhAE PRY tre sHbsaty copRriSing particies f daseribed ndlis 5098250 todtuthsiodpher es) .

|t shoudsd leeal.R@hiellishtraby itdokgoeuidiint8 thiSspeQfidatsh gf’ge%g{l({%?, g{:de)in El’?ﬁltsée ‘?gﬁcglngeabl y

"particle,” "prjmar artjcle’ and "aggegate '

such refer @RB@%"% S‘f'%"ﬁﬁ%‘ﬂﬂ“&% E‘ﬁ’éfﬂ’éﬁ’ He e isEE supstrate Millagleasp pagticlaspipto thes t ypical | y
meant by t pelishiag fcraeichlaBo Sbrtdns o polishihe iRl A5RR pBYAInA A8 FRIIBHE di mensi on
of the "aggegate $3rt|cle or agtg_regates' and not the "prinmary particles.”
Ther ef or e, Q‘E'g&b"f‘:ﬁ rdagae, Wik the preseht myration s theyrbesamea meastable palishipg futes and

primary pafshtiebyersie simesH 88 tdpaile $Forhli2SBies Khididifkrdt HilkSutdlilstantlsd One met hod
of determ ni_ng the aggregate size distri gutl on in the present iInvention was

by tranm®ni JMmaLpnafsass ARelRimgRtsscopy (TEM. In this nethod, the netal oxide
particle sanple is



dispersed in a liquid nmediumuntil the aggl onerates have gggnog Ve B ed to
aggregates. Its concentration is then adjusted until disc e EJ@ gates
are shown on the TEM grid. Multiple 20 fields on the grid are then inmged
usi ng an wowgezanal ysi s system nmanufactured by Kontron | pgtisemrrids
(Everett, Mass.) and stored on a video tape until Beater than 1000
aggregates are imaged and stored. The stored inmages are in turn fed into an
i mge anal ysis conputer with a flane-grabber board for fiarther processing,
i.e. cleani § BRSTHES i background and nornalizing the

i mge. Ind?%?%ﬂg g%gg?gggﬁgs In ?ﬁghﬁggary field are neasured for a nunber
25 of particl e i&6r hrsatpotestial preegy cangs ibustraiingshezinteragi&inog clioaalpattigehiniagues such
as that de%ﬁ&&ﬂﬁﬂm&ﬂ ASTM D3849-89. Measurenents nay be recalled
individually or 1n"the formof statistical or histogramdistributions. In
order frr the polishing slurry of the present invention to be an effective

| t ti 30 J: I ¥ dt. 1., | that.th
2007 coat s of (h- SAATERE SRl A ESacgnd Fa R it Rickt8e ang

i medi at el ynetistalgblonmpeoiabeprosagrinvetidns| urry i s agitated. Al though the
slurries ofthe present invention will conprise aggregates that will tend to
re-agglonerate and t5 2 9 ~eT ~~a~ WD 01/02134 PCT/ US0O0/ 17046 settle out,
t he aggl onmer at eBIGwA fisla potentie xqeegyi @nescilistibtiigaln in@tactioni of golo@ial@rtigles nial |  not

forma hard,,dense. sedi t).. an 1], readily re-disperse with sinple
stirring. F%Hﬁsﬁ?%?§#¥%gﬁgﬁ%%ﬁfﬁg%¥$°¥ﬂ@géﬁ§Wegates will aggl omerate

w thout significant bridging for at |east a three nonth period oftinme. The
ceram c particl f.the present Jnvepntion, in additi.on to haying an '
aggregat e size lgllff'slgt3 TP BETTOR S ‘%t"ff%lg? of 2 gluiry 8&571‘,’“?‘?5%"65??“&{]%%5‘@% or mean
aggr egat e deametestrand had fesed tlagn! adglutierals4 m cron, and the particles of the
present invention DO NOT have a force su8icient to repel and overcone the
van der Waal s amactive forces between the particles. The nean to aggregate
di-anet ers r ef er SFiX0 4b ka paiee agedigtbitisn fe e shiph alchtoRl nllgnBl Weradh@® usi ng TEM

i mage anal ysis, i.e. based on the cross-sectional ,area of the aggregate. By
force is m?%ﬁ? ! ?%T“eé%sﬁ'@w t}e%‘sﬁéﬂ?ﬂ%gﬁ’@teﬂ PHACPHEPCAHN- t he hydration force of
the ceramic particles nmust NOT be sufficient to repel and overcone the van
der Waals attr jve f es. between th rticles. Is In a preferred

embodi nent , thgﬁfﬁie aaﬁaﬁé d’é'“a&ﬁal\i"\f%fﬂ@ge \ﬁf&ﬁ’“ﬁmj“'a mean aggregate size
distribution less than 0.3 mcron and al so have a maxanum zeta potenti al
Beat er than 0.%{)9r viliyolts. ZeLa otential (.zeta.) is the potential

di ffereffce, nea SHE@ TG ,°B§ﬁ%@@ﬁ@PW€m§Wear pl ane and the bulls
ofthe liquid beyond the limts ofthe electrical double |ayer. For a given
ceramc (e.g., tal oxide) .particle conposition, the isoelectric point is
defined as the %i Wa%raﬂ%mft'ﬂ% PJQLs BETOSH SEHing Qyeritimne pEq gurryna aggqedapng with

i ncreased ahe slegitaagtbnan@yrotil @M coRparis&PREIELkdtiGIRgl Nt, the surface charge
is increased negatively or positively, respectively. As the pH continues to
i ncrease or decrease, the surface charge will reach an asynptote, the
asynpt ok lETILERDHSCRIPTIONSSF THE INRENTIORN zeta potential. It should be
noted that the %gghnunxzeta pot.ential and isoelectric point are functions

of the metal oxlPEPESHIREIHandHdiserfad e cheppical reghanieal polishing dyey 9BIPETRE al can

be ef f ect ecteldhid famicRSl@ikdels® iR hn SRBSus hﬁdﬁﬂﬂﬁlﬁ%ﬁ%ﬂs%f‘?ﬁé}dré&@%t ifvefitioR hAVR' €
conpl ete di scussion of zeta Eotentgals, pl ease, see R J. Hunter, Zeta

Potential iFTERfRRER FAngRe EAMaOqUAL el © abous 420 /gy an agpeeattislistditiomot ent i al

cannot be neasaRebclt 1.66hdroh, a ikt £BlfaP@hARMIRL thefibolied ARickiRaaeLEd by a
vari ety of known techni gues, such as el ectrophoresis, electrokinetic sonic

. . g .
anpl i t udk, subrentiplydeyoictefia forse wilicirns repsiand ayerrpmeithervas deri Waalsifereest i on
potential . dehvekiihe PABARN tA rQY BRttsluRis of MEprE&hEnRARRill Péadifgﬁr&ﬂ{sﬁagg 110 was
determ ned by neasurenent ofthe electrokinetic 16 z s acr 200 WD 01/ 02134
PCT/ U500/ 17888lemerates ef aivg lerentgridan abopid- 1Sieicreey and inmBergobodimenss, theiviaeg |
(avai l able from Matec Applied Sciences, Inc., Hopkington, Mass.). In
anot her enbodi nent, an oxi di zi ng conponent may be added to the polishing
slurry to oxidize the nmetal layer to its correspondi ng oxide. For exanple,
in the present invention, an oxidizing conponent is used to oxidize a netal
| ayer to its correspondi ng oxide, such as tungsten to tungsten oxide. The
| ayer is nechanically polished to renove the tungsten oxide fromthe |ayer.
Al t hough a wi de range of oxidizing conponents may be used, preferred
conponents include oxidizing netal saps, oxidizing netal conplexes, iron
salts such as nitrates, sulfates, EDTA citrates, potassiumferricyanide
and the hlce, alum numsalts, sodiumsalts, potassiumsalts, amoni um
salts, quaternary amoni um salts, phosphonium salts, peroxides, chlorates,

o o, o o, o,y o " Y




rapi d oxidation of the metal |ayer while bal ancing the me@ifafiiJapiiand
chem cal polishing 75 conponents ofthe slurry. In addition, it has further
been di scovered that a critical relationship exists between the
concent r awap1/02f38 he oxi di zi ng conponent and the col | oi dalpcgiumbii7odey of t he
polishing slurry. As such, oxidizing conponents are typically present in
the slurry from about 0.5%to 15% by weight, and preferably in a range

bet ween | GESIPIRrates 35 erterghan abos 1 micrap.ciad sqrestifgy grater thand 26 asworshe | oni ¢
strength ofhome® Iallﬂl@'s]ﬂﬁlﬁbﬂﬁé preseft ﬂf%ﬁ@iﬁ%ll?&tms@ﬂﬁﬂarti’o}{ E%5tag? 9 Gébidherares.
surfactants, polymeric stabilizers or other surface actrve spersing
agents, can be used. Many-exanples of suitable surfactans for use in the
present inventi pihddfo cl opedi a
of Chem cal Technol o ﬂh%?%ia@%g&tm:l ﬂ(;)!alrllp&igﬁ égrglpé 1§r %Slél"(/ébr%@ %I%%OHH]II%%B)
Sislet & wagces EM@%&B@@F@SWCS&EWWMEhMMA@mfyﬁﬁu(@tﬁmaumhc

Publ i shi ng 46 4 % ure,
i ncl udi ng formgli‘gl%legei% hie eor?gls:ﬂllzés'él éﬁ%flﬂgjr%{ Eg%efjder{gerﬁl? %rt h Ameri can
and | nt er nReTmFREE pEites @ﬁatqd\m mldheomlmsxbmhe@ﬂeptrif rﬁeldd\dfnagﬂﬂior@l ng Co., 199l

); Ash, TheJRnEeRIGd:HAC Chem cal Publ i shi ng Co.
I nc. 1989) Ash, What OEve%%%em czfl e‘? %ﬁidéﬁgogﬁpé) m\gﬁ ?meflami?no% 'ﬂ%out .

Enul si fi er sheaweleingt t | ng Agents, Volunme | (Chem cal Publishing 30 Co., | nc.
1988); fadros, Surfactants (Acaderri c Press, 1984); Napper, Polyneric

Stabilization of Colloidal D spersion (Academ c Press, 1983); and Rosen,
Surfactants & | hiress forees fé!brfdbrreqmosi%nﬁi;hrezmmoedategodm (1) deesowVihteyct&nSoas, 1989),

all of whi efer@hfnd AGH b 003 WO 01/ 02134
PCT/ US00/ 17%’46 r gfdg'%entggFI ﬂfaﬁ]grgﬁgjrogen%ép crtrlgrﬁsf 2. éeljsvu%né_%’ e BHTRE ng of a
copol ymer @fpojsdd ipdiase dipgle” lsiera@wan;eandﬁqunddnyme;aahdn@ydee'ineuce& Blﬁdile was found to

be suitabl e e t ve_used h as a
sur f act ant %dlulr:léat gﬁp?@éaecﬁ{”gl r.{@en oﬁeq(sn F(g%%éveigﬂ? PF (Y,"i‘"éﬁf S achi eve

ef fecti e dnterpjtionssand piay o major wre cuﬁthmlmhsthrolfylumylphrmds,l patticplayodithyrespadty
dependi ng Q@ﬁéllgﬁaﬂ?afyﬁl cul ar surfactant selected and the nature ofthe
surface of the ta Xi de particle. For exanple, if not enough of a
sel ected surfactant is used, it will have little or no effect on

stabilization. t hand fthe surfactan result in
- undesi rabl e foam n%epgvr?%/fhrge ¢ enérf’lfi;?'t %6%}]\'%“3 Blitte §Ave ﬂ%“'é{’a’i’té‘gfl‘fﬁc?
addi ti ves lonipartiel€s, mﬂaqﬂmhsmSMuhﬁthgeﬁﬁu akly atloat 1Y sEIMterd 6 ofe I aNQE
bet ween,ab o 10%Db Furth nore, the additive may be
added di reg#‘%t?/eg’t g‘g%(o ey 8%0 "% H’eﬁlﬂf%wf{ﬁ? welbearsethsplihe netal oxi de
particl e utphtticles mgylolvelmunﬂeahtmomum Ruchiat BEBrodAREmoliie AdgRies of additive

is adjuste |eve t he concentr tlon i.n the pollshlng slurry.
15 The et SFtase SOVEES e dm A e refr s emere e eT B s BIgeebary

preci pi t at étnexl ﬁﬂwmasxpleidaﬁbdpmvﬁted asmaﬁoviﬂgrmﬂma{tyahms oA hothEE fHen abI y are
funmed sili G duction of funed silicas and

d al um nas 0
al um nas |s%§ %Yafi oeuh H?téﬁvepﬁ“% QE%?CSHWWBPWSF%@W PRIbIOEMe  of
sui t abl % f eegdthtobérealepriared el pardicls bdidh@ratib) r achl ori de or al um num
chloride, in a flane of hydrogen and oxygen. Mhen particles ofroughly
spherical shapes are fornmed in the 20 conbustion process, the diameters of

which are vari eRarfidisoarghe bisalpas a futaARREHEESt tolMA&ehd Rh IS WaRPRREES of funed
silica or %e to as primary particles, fuse with

i cal I ref err
one anot her tﬁ“ﬁcﬂﬁﬁ%@ﬂsﬁ’é‘g& panh SYPALY byp 1esigsic hindegarcs ef the,prrtinles, whicht or m

branched, toheueswigh amisdr ﬁﬁt@htefhhﬁigﬁndtériﬁﬁcoﬁﬁgﬁe@ﬂ@hﬁﬁ parlidRs @ pffetiBfESSary to
br eak a:%greg%t es. i S _cansi and often consi dered |rreverS| bl e. During

cool i ngand=F8Fy E mAYeE ‘ea fane gppisr-Bd/pr 2t dirstrogatic gggplsibs i on t hat may

result in memﬁmvtﬁabhlmaﬂghﬁémﬁupahﬁleé %Hb&%%ﬁ&h@ai charsl 36E 1 )
aggl onerat e reci |tat ed netal oxide eJ;;;grtl ¢l'es may be manuf act ur ed

he
utilizing 3’8?‘?\)%?? AfeP é’(‘,’ﬁi‘ﬂc’lfﬁéé“ﬁﬁﬂ idgnticakelesirosiatic 9*'3F39rql?é|tf tyg purtieles
coagul ation ofthe desired particles froman 30 aqueous mnedi um under the
i nfluence of high sak concentrations, acids or other coagul ants. The
particles are filtered, washed, dried gnd separated fromresidues of other
reacti on products by conventional techniques known to those skilled in the
art. to




2 9 CCf 2003 WO 01/021 34 PCT/US00117046 In a pref erredv\gp‘oﬁﬁﬁ-gﬂmg once
produced, the netal oxide is slowy added to deioni zed rma
col | oi dal dispersion. The slurry is conpleted by subjecting the dispersion
to hi gh sWeatnixi ng usi ng conventional techni ques. The pUrekiongosl urry is
adjusted 5 away fromthe isoelectric point to maxi mze colloidal stability.
The polishing slurry ofthe present invention may be used as a one package
syst em (mewdl cawmr@a@iak% joaknred frem gnostiothex: sur) at siapsAlElkctrostatic desgerondhe i n a
stabl e AqUEAH St I e first package consists
of t he netal oxi gge partP%It%i%ﬁgg?{égﬁﬁ%%g%}guﬁseprredl um and t he second
package consists of oxidizing component) with any standard polishing

equi prent appr Offetehe if G rebiifaldle HUtAS BGEhE eI Shith plal ¥l lmi® vl er .

The two package systém can e use en an oxiarzi ng onent. ayecorrposes
or hydrél yfew amthqu(léarper@@@n’ééemst@mmtamcmmemlsteux hnléerqmae interdcdenspandr ti me.
In the two be added_.to the
slurry j us{&%??%@ﬁ o poll h| ngd Qa?h %'Je(o%o I sﬁﬁﬁ%rcs?? yse8?‘P% m%ﬁoésent

i nvention hbadeheryred muerchs ufthé pdtential @B@ynﬂhﬂgteﬁcfu@ﬁﬁﬂ&spﬁﬁ:ﬁdnmgfth@ met al
| ayers at ghing rates while mnimzing surface inperfections
and def ect gg%%gqa%?m% 'h illustrations ofthe polishing slurry ofthe
present invention foll ow 20 Al though the netal oxide particles have been
directeg to al lfIC nder.st ood that the teaching
ner o1 n Have app BRda: 7Aey PraRimet bosiBe HBFSH SRy depsiiie penel aA oe
germani a, cepulsiag artd&aracmrea:ottnteﬂ end'g'yim a filnatidnhu dislfice befwen depaticiaxime

particles at:) lize ish qgther surfaces such as copper,
Pt mum, a e eshirguted Sohel eileied hedl e A Aol 3535t SHFAT Y ani um
nlh tri de andepalsivogrergyfot attyaamaon#etmérggtmm aﬁcrdctzoﬂ @eﬁg&ib&dﬁﬁé%&ﬁ@ﬁﬁh@od L hat
the present. invention N tot e.partic r.e i ments shown
and Besori Bist MRS Peiep e o' b ioPHs ki B s Tt PO PEHE iy e
made vvitshouhergetpwzﬁesngra‘ﬂegmvé,haemmﬁee@a@y&meﬁgezg. ofthe invention. 19 2 9
OCT 2003 WO 01102134 PCT/ USOOI 17046 What |Is Clained Is: 1. A nmethod for
\(/:\Hgn‘ihcal - mechani ;S:Lh pglLi shgg‘ﬁ; nmet a!lﬁﬂ!i ayer t;L a sufﬂst ralitﬂ;, . tgée mét .hoﬂ.

i ch conpri sesin fpinephe attra@ive pdaepulbive GoRnt@DEndtgles lareRIGHAB ©@ethdd @ | ShI Ng
slurry conpri sj ng arntl @ﬂ di s e%ﬁ ﬁl e in an_aqueous nedium said aqueous
medi um hav PRy 28 PYT3 Polsp e’?eﬁ’g ¢ TRt THiS el PRIGEUA SNesgydy  of | ess

t han about sﬂcﬁwmgs;bmms ammnmonumparawndlsﬁhwb@weaaﬂﬁmc.&aﬁmebalﬁleaal a surface
about 40 n? t 0. about 430 nz/g, .an ag te size

area rapgi gig gnﬂ . g
di stri bth i R PLLENTRAYRl AR Erienihiop distappe begiyeen Ha‘ﬂ‘fel%?ﬁ"’]?&g‘iaé %Tt f°§’ﬁ‘bt er |ess
t han about fist Becdin Eigificamd A3 pinticle k@muommumamdmeaaa%ﬁuwfa eftkgyl €ast one
i oni c speci.es which is, suffi |en r{t)aivent a force suffl cient to repel

and over comE™eRLPaticls, e nois A %V"‘ft EXilhs futher ahove the herizontghtxiei n' sai d

slurry par tthedreser areeep%tslve eficPgyl),Qndl bdnﬂarfyogt Fﬂmﬁé]? l;e(jaﬁfﬁtgi-éht(ﬁﬁ;lmgés tg;t tﬁﬁkﬂé at rd1a250b )75
e Stage aggl oner at es an

m crons and said ag %t es bei nﬁﬁtab

cheni cal né‘EtI‘?zS‘m"E%ﬁ PR Gaiclps m‘f‘é?‘?—?r"eﬁ’ﬁ arizogta] axisthe Srder bewsst r at e
wth sard &hdﬂofiyontgamf\tm%m@ﬂthbatt,aaﬁ@e@a@ye wth Caim1l wherein the sl urry
particles have a di mnished 20 electrostatic |layer due to the ionic species
in the slurry, said ionic species being present in an anount greater than

about 0. 001 nol Bfinterpretify FRArBOU3,iifis &%ﬂéﬁ%ﬁeﬁ&ﬁd}hgeﬁdw&y Kl the
i onic speC|es conpr.1 $es surfactant an el ectrol yte or conbi nations

t her eof . 25HamPLA pXif Mdke Pwesaew&mww? hGenerallyspealting thisapeapoigthesi ng t he

step of | 0Wepakdiin tiltenck 06 patidi@RER Rndlo BRniRltdHviieYe h€ BHd RhdWEldi@Restahe pol i shed
surface after polishing, and thereby inducing an increased electrostatic

| ayer afburftPughdf propeh pmgy is neppd g thegysarcioslow ti partisleys oveeaneagsi er t o
clean. 30 Znerdy ARipiAd finda RACHR Maictistinds @nmémedm?wfc&ta@%esuwe slurry
IS agltated to create a uniformdispersion of particle then placed at
rest, partiothestrangy wirss orupdlfurger epergy isdntradieed info the system to get the Partlcie

12



~ g ~~T 2603 WO 01/02134 micron will occur within 2 hours &g@tl%gél7o46
6. A nethod in accordance with Claiml, wherein said sl urrg/

static etch rate of the nmetal of |ess than 50 Angstrons per m nute.

met hod i nWQdIB21dance with Caiml, wherein said slurry provivdes!7edsst atl c
etch rate of the nmetal of |ess 'than 40 Angstrons per minute. 8. A nethod in
accordance ghal m1, erein said slurry provides a static etch rate
ofthe 10 n8¥ Iowfff q I eiepgy g a%’@‘é’tﬂi“?ﬂfﬁ’r H@‘l‘ghrfPWﬁ}F"éW‘S@‘"OW tora it n
accordancetraiighln Cl aim 1, wherein said slurry provides a static etch rate of
the netal of |ess than 20 Angstrons per mnute. 15 10. A nethod in
accordance with Claiml, wherein said slurry provides a static etch rate of

the netal of Ieﬁﬁ:retdﬁamohﬂlp&msﬁmepﬁémmd%%&s inbikated o Bl dhesribRefGcOr dance
with Caim| §re n the particles conprise alumna and titania. 20 12.

The met Rod 3bf THY Hrsts distanes marked @) vhisk s the paticinspaation disianen iprvhigh #agsot ent i al
greater thangahashtioh-vill Bgid th\6efas - SukB ageldiferiiih Wm&fzasﬁg@'téﬁh fo &£l N said

slurry further conprises an oxidi zi ng conponent The nethod ofclairn
10 wher ei n S@%lleadlﬁificaﬁ G- aeitp drvehlimil & mes| der updsesorfthisievegticuhisdorsi st i ng
of i ron saliinfiis RNAPoRMTAER ot i&AHiddPn3R HiguresPOt @Ssi um sal ts, amoni um
salts, quaternary ammoni um sahs, phosphortuum salts, peroxi des chl or at es,
perchl or at es, permanganat es, persulfat es and m xtures thereof. 30 15. The
met hod @f cl ai muk ctant or an
el ectrolyte. 21 %M&n%g%élkw?%nﬁlﬁﬁﬁé &h%ﬁém\?\)@%‘glg the slurry
conpri ses &cragHondistance %‘@1@@!@6@12Pg&hﬂlqrﬁ@ngmlb@ﬁmé@n@ustﬁunlg(s@ge Foni oni ¢
sur f act ant ggiethratibh i X

surfactants and m xt ulfgglfeiﬁhg?g%namG&Ha‘?%glémﬁéﬁg&? (? ﬂgﬁlb%mﬁ[éﬂf"gfsn sai d
sur f act ant Mek Fos purppses of this favertiien.ghislopeciimisis oot imgortant apil Ilsowaidesi;ﬁedmx:l udi ng

or gano- si | ggfRses. Pol yoxyal kyl ene ethers, and m xtures and copol yners
thereof. 18. A chemi cal - nechani cal polishing slurry for polishing a netal

| ayer cBnprising: particles uniformy dispersed in an aqueous nedi um havi ng
a surface area o f aggregat e
size distribut |l(r3n I e?gwtt%glgﬁ[gg%&m%gme&tB%m%Qﬁl%eéggﬂag%gar t2‘-‘9’d| anet er

| ess than &istnee inlicptediag the troughd whicly isiiltisterftedeat @) ") of the curve, and at this particle

separation, stage 2 agglomeration will occur. Such a system is clearly unstable, and slurries in

accordance with Figure 1 will readily fall out of suspension and over time will exhibit a hard
20 dense sediment. The non-stable slurries illustrated by Figure 1 generally have little, if any,

electrostatic repulsion or steric hinderance to inhibit agglomeration.

Moving now to Figure 2, this Figure illustrates the metastable slurries of the present

invention. Particles will tend to concentrate at a particle separation distance indicated at the

25 trough (which is illustrated at “(c)”). This particle séparation distance is preferred by the
system, because the slurries of the present invention do not have forces sufficient to overcome
van der Waal forces and hence there is no significant energy barrier to prevent the particles
from having a particle separation distance of (¢). At this particle separation distance, stage 2
agglomeration can occur, but not stage 1 agglomeration. Furthermore, very little energy

30 would be necessary to increase the particle separation distance (de-agglomerate the slurry).
On the other hand, overwhelming energy would be necessary to cause the particle separation

distance to be sufficiently small to allow for stage 2 agglomeration. This high energy barrier

13



sufficient to repel and overcone the van der Waals for ceg q)?cﬂegmat he
particles, wherein said slurry particles are able to readi o] stage 1
aggl onerates of greater than 1 mcron. 19. A slurry in accordance with
Claim 18 Wﬂé‘i@%lﬁ"gsai d particles are present in a range bBEWEEMN/I1ZMEUt 0.5%
and 55% by weight. 20. A slurry in accordance with C aim 18, wherein said
particles . | ess t.han .about .70 nP/.g and. are.present in
said slur r{/}@ﬁﬁj ‘ghir rﬁégvgl(Et gg%e%%ﬁmaﬁ&ﬁ lsfb%otf{fnf/\feglteéﬁ%ﬁa“ﬁvff‘:h/&ﬁ"g’fturry in

accor danc epafidids fiohmanoving@lostierogethersap.deqating the patclds ante aauraraftadoar ea rangi ng
bet ween abglkﬁmépe n2/g to about 170 ne/g and are present within said slurry
in a range Tess than about 15% by weight. 22. A slurry in accordance with
Clainms 20 or 21 wherein said particle is an aluxnina, silica, titania or

m xtures thereqf, .22 29. 0 23.. A slurry in accordance.with C aim 18
wher ei n§sai d p;}fl TEY IR A S%E’ &r‘és%slg‘ﬁﬁ%}lﬁsértatis Bg?%ﬁhi‘rglsyﬁ%é? StHE about
1.0 m || i viplthesNevalé paténts Insuclya systemg theredaniofee dhffiklerCloahtibid@in wkewsil N sai d
slurry furttt[lert. corm%i setrsq an .eil ectrolriﬁ.e, a @urfact ant _or a_m.xture thereof.
25. A sl ur FY2FR" AECHEPEANE B FPEENSHISIE o e iend o emeentpigat YO SREFT ses a

sur f act ant ndthbracize 8l nbrseige 2 bgglanhicpation@aGdetd iThY baficr i SuRioaRtGiomfar fraCt ant s,
anionic surfactants. cationic surfactants, anphoteric surfactants and

m xt ures tﬁgﬁee%‘frf'e%@’.m e%‘flgl 1EHF 'ﬁty&f’ﬁlg’regf&ﬁ‘éséatwffpﬂls'@? bgtwreprgartigeer ei n t he
slurry particles consist essentially of alumna. 27. A slurry in accordance

with C aim18, erein the slurry particles consist essentially of silica.
28. Aslurry in é‘é’gﬁpﬁgﬁ%%ﬂ% RAF{ICEs SRmHRe faasupgdlchy dheitragen adsefpiigp msthadiof| es

conpri se t B! Bidhsme) P. i Bttt &fd O Tellér! BRANA CasficA SBdidY, Moluimé 60f Pagé 3deast one
ot her ceran? g particle ngﬁﬁ sl grry in accordance with.,Claim 18, wherein
the sl urryCobare spamqnbyseeprediq as BE Trupically smass from 2hauti40 gh /5 @kout 480 A sl urry

i n accor dant . Thd farticleaingy donprivd iRiveden 0384 81 SEPDF &le WlnfrY dépendile dnd for 24
hours, a particle si.ze dis %%b tion ?nalysis,based upon vol une percent ages
wi || show 4550 Y POFRERAPIGRS (LRP BRSS! the aetahpxide paptiglep, ingurn, rdungtion of .
Lo OBTE b O b R0 e G TS ha R @xLexe
_ : ~4@ 1qc ( r ~: 7 e
28< dl ijGaga frea%%@%ﬂ R ExRghyere thrleswed splectiviyaud palsiig@@t fasbern0 @a 8

PWE6 295 55350 ARRRaih suril Bt an kgt MO i uroR wAiRR S | 1 [0
(0] 7070
y metal oxide particles are chosen for a particular polishing slurry, as well as the degree of

20  crystallinity and phase of the particles.

In one embodiment when a high degree of selectivity is desired, solid loadings of less
than 12% by weight for alumina particles having surface areas ranging from about 70 m’ /g to
about 170 m” /g is preferred. At lower surface areas, ie. less than 70 m’ /g, solid loadings of

25 less than 7% is preferred for alumina particles. Similarly when a low selectivity is desired, it
has been discovered that when the fine metal oxide particle is fumed silica, surface areas
ranging between 40 m’ /g and 250 m? /g should be present in a range from about 0.5% to
about 20% by weight.

30 The ceramic (metal oxide) particles of the present invention are of a high purity and

have an aggregate size distribution of less than about 1.0 micron in order to avoid scratching,

pit marks, divots and other surface imperfections during the polishing, By way of example,
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5 apart the (stage 1) agglomerates of the present invention.

The aggregate size of the particles refers to the measurement of the branched, three
dimensional chains of fused primary particles (individual molten spheres). It should be noted
that although it is common to refer to the terms "particle,” "primary particle” and "aggregate

10 particle” interchangeably, such reference is inaccurate and misleading. For example, what is
typically meant by the term “"particle size" is in fact the average maximum dimension of the
"aggregate particle or aggregates” and not the "primary particles." Therefore, careful

appreciation and differentiation of aggregaies and primary particles is essential to those skilled
in the art.

15

One method of determining the aggregate size distribution in the present invention was
by transmission electron microscopy (TEM). In this method, the metal oxide particle sample is
dispersed in a liquid medium until the agglomerates have been reversed to aggregates. Its
concentration is then adjusted until discrete aggregates are shown on the TEM grid. Multiple

20  fields on the grid are then imaged using an image analysis system manufactured by Kontron
Instruments (Everett, Mass.) and stored on a video tape until greater than 1000 aggregates are
imaged and stored. The stored images are in turn fed into an image analysis computer with a
frame-grabber board for further processing, i.e. cleaning up aberrations, adjusting background
and normalizing the image. Individual aggregates in the binary field are measured for a number

25 of particle parameters, i.e. aggregate size, using known techniques such as that described in
ASTM D3849-89. Measurements may be recalled individually or in the form of statistical or
histogram distributions.

In order for the polishing slurry of the present invention to be an effective alternative
30 to conventional slurries, it is important that the aggregates of the particles agglomerate when
the shurry is at rest and immediately de-agglomerate when the slurry is agitated. Although the

slurries of the present invention will comprise aggregates that will tend to re-agglomerate and

15
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The ceramic particles of the present invention, in addition to having an aggregate size
distribution less that 1.0 micron, have an average or mean aggregate diameter of less than
about 0.4 micron, and the particles of the present invention DO NOT have a force sufficient to
repel and overcome the van der Waals attractive forces between the particles. The mean
aggregate diameter refers to the average equivalent spherical diameter when using TEM image
analysis, i.e. based on the cross-sectional area of the aggregate. By force is meant that either
the surface potential or the hydration force of the ceramic particles must NOT be sufficient to

repel and overcome the van der Waals attractive forces between the particles.

In a preferred embodiment, the metal oxide particles will have a mean aggregate size
distribution less than 0.3 micron and also have 2 maximum zeta potential greater than + 0.10
millivolts. Zeta potential (.zeta.) is the potential difference, measured in a liquid, between the
shear plane and the bulk of the liquid beyond the limits of the electrical double layer. Fora
given ceramic (e.g., metal oxide) particle composition, the isoelectric point is defined as the
pH at which zeta potential is zero. As the pH is increased or decreased away from the
isoelectric point, the surface charge is increased negatively or positively, respectively. As the
PH continues to increase or decrease, the surface charge will reach an asymptote, the
asymptote being referred to as the maximum zeta potential. 1t should be noted that the
maximum zeta potential and isoelectric point are functions of the metal oxide composition and
that the maximum zeta potential can be effected by tﬁe addition of salts to the aqueous
medium. For a more complete discussion of zeta potentials, please see R. J. Hunter, Zeta

Potential in Colloid Science {Academic Press 1981).

Although zeta potential cannot be measured directly, the zeta potential can be
measured by a variety of known techniques, such as electrophoresis, electrokinetic sonic
amplitude, and analytical techniques including ultrasonic vibration potential. In the present

invention, the zeta potential referred to was determined by measurement of the electrokinetic
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example McCutcheon's Emulsifiers & Detergents, North American and International Edition
{(McCutcheon Division, The MC Publishing Co., 1991); Ash, The Condensed Encyclopedia of
Surfactants (Chemical Publishing Co., Inc. 1989); Ash, What Every Chemical Technologist
Wants to Know About . . . Emulsifiers and Wetting Agents, Volume I (Chemical Publishing
30 Co., Inc. 1988); Tadros, Surfactants (Academic Press, 1984); Napper, Polymeric Stabilization
of Colloidal Dispersion (Academic Press, 1983); and Rosen, Surfactants & Interfacial
Phenomena, 2nd edition (John Wiley & Sons, 1989), all of which are incorporated herein by
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In general, the amount of an additive used, such as a surfactant, in the present
5  invention should be sufficient to achieve effective steric stabilization of the slurry and will

typically vary depending on the particular surfactant selected and the nature of the surface of
the mgta] oxide particle. For example, if not enough of a selected surfactant is used, it will
have little or no effect on stabilization. On the other hand, too much of the surfactant may
result in undesirable foaming and/or flocculation in the slurry. As a result, additives like

10 surfactants should generally be present in a range between about 0.001% and 10% by weight.
Furthermore, the additive may be added directly to the shurry or treated onto the surface of the
metal oxide particle utilizing known techniques. In either case, the amount of additive is |

adjusted to achieve the desired concentration in the polishing slurry.

15 The metal oxide particles of the present invention are typically precipitated aluminas,
fiumed silicas or fumed aluminas and preferably are famed silicas or fumed aluminas. The
production of fumed silicas and aluminas is a well-documented process which involves the
hydrolysis of suitable feedstock vapor, such as silicon tetrachloride or aluminum chloride, in a
flame of hydrogen and oxygen. Molten particles of roughly spherical shapes are formed in the

20  combustion process, the diameters of which are varied through process parameters. These
molten spheres of fumed silica or alumina, typically referred to as primary particles, fuse with
one another by undergoing collisions at their contact points to form branched, three
dimensional chain-like aggregates. The force necessary to break aggregates is considerable and
often considered irreversible. During cooling and collecting, the aggregates undergo further

25 collision that may result in some mechanical entanglement to form (preferably stage 1)

agglomerates.

The precipitated metal oxide particles may be manufactured utilizing conventional
techniques and are typically formed by the coagulation of the desired particles from an
30 aqueous medium under the influence of high sait concentrations, acids or other coagulants.
The particles are filtered, washed, dried and separated from residues of other reaction

products by conventional techniques known to those skilled in the art.
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20 Although the metal oxide particles have been directed to aluminas and silicas, it is
understood that the teachings herein have applicability to other fine metal oxide particles such
as germania, ceria, titania and the like. Furthermore, the metal oxide particles may be utilized
to polish other metal surfaces such as copper, aluminum and titanium, as well as underlayers
such as titanium, titaninm nitride and alloys of titanium/tungsten.

25

It is further understood that the present invention is not limited to the particular
embodiments shown and described herein, but that various changes and modifications may be

made without departing from the scope and spirit of the invention.
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layer of less than about 75 Angstroms per minute, said slurry particles having a surface area

ranging from about 40 m%/g to about 430 m’/g, an aggregate size distribution less than about
10 1.0 micron, a mean aggregate diameter less than about 0.4 micron and said slurry comprising
an amount of at least one ionic species which is sufficient to prevent a force sufficient to repel
and overcome the van der Waals forces between the particles, wherein said shurry particles are
able to readily form agglomerates of greater than 0.75 microns and said agglomerates being
stable stage 1 agglomerates; and
15

b) chemical mechanical polishing a metal layer on a semiconductor substrate with said

shurry.

2. A method in accordance with Claim 1 wherein the slurry particles have a diminished
20 electrostatic layer due to the ionic species in the slurry, said ionic species being present in an

amount greater than about 0.001 molar.

3. A method in accordance with Claim 2, wherein the ionic species comprises a surfactant, an

electrolyte or combinations thereof,

25
4. A method in accordance with claim 1 further comprising the step of lowering the jonic
strength of any slurry remaining on the polished surface after polishing, and thereby inducing
an increased electrostatic layer around the particles, and making the polished substrate easier
to clean.

30

5. A method in accordance with claim 1, wherein once the slurry is agitated to create a

uniform dispersion of particles, then placed at rest, particle agglomeration of greater than 1

20
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9. A method in accordance with Claim 1, wherein said slurry provides a static etch rate of the

metal of less than 20 Angstroms per minute.

15 10. A method in accordance with Claim [, wherein said slurry provides a static etch rate of the

metal of less than 10 Angstroms per minute.

11. A method in accordance with Claim 1, wherein the particles comprise alumina and
titania.

20
12. The method of claim 1 wherein said particles have a maximum zeta potential greater than

about + 1.0 millivolts.

13. The method of claim 1 wherein said shurry further comprises an oxidizing component.

14. The method of claim 10 wherein said oxidizing component is selected from the group
consisting of: iron salts, aluminum salts, sodium salts, potassium salts, ammonium salts,
quaternary ammonium salts, phosphonium salts, peroxides, chlorates, perchlorates,
permanganates, persulfates and mixtures thereof.

30

15. The method of claim 1 wherein said slurry further comprises a surfactant or an electrolyte.
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particles uniformly dispersed in an aqueous medium having a surface area ranging from

about 40 m?/g to about 430 m’/g, an aggregate size distribution less than about 1.0
micron, a mean aggregate diameter less than about 0.4 micron and devoid of a force
sufficient to repel and overcome the van der Waals forces between the particles, wherein

sald slurry particles are able to readily form stage 1 agglomerates of greater than 1

micromn.

19. A slurry in accordance with Claim 18 wherein said particles are present in a range between
about 0.5% and 55% by weight.

20. A shurry in accordance with Claim 18, wherein said particles have a surface area less than

about 70 m2/g and are present in said slurry in a range less than about 10% by weight.
21. A slurry in accordance with claim 18 wherein said particles have a surface area ranging
between about 70 m%/g to about 170 m%g and are present within said shurry in a range less than

about 15% by weight.

22. A slurry in accordance with Claims 20 or 21 wherein said particle is an alumina, silica, titania

or mixtures thereof.
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26. A slurry in accordance with Claim 18, wherein the slurry particles consist essentially of

alumina.

- 27. A slurry in accordance with Claim 18, wherein the slurry particles consist essentially of

- silica.

28. A slurry in accordance with Claim 18, wherein the slurry particles comprise titania or

- mixtures of titania and a plurality of at least one other ceramic particle.

29. A slurry in accordance with Claim 18, wherein the shurry comprises less than 100 part per

miHion iron ions,

30. A slurry in accordance with Claim 18, wherein after the shurry is at rest for 24 hours, a

particle size distribution analysis based upon volume percentages will show a multi-modal
distribution,
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