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oI|S|n yer Co g, part S
di spersed in an qﬁg egten (! é’mSTaEF tﬂ’éerat“% i‘a@t ‘feﬁsesg{h@ert?’o
aggl oner at eand,hlﬁmprblslanﬁlwmird)scussedat Usess2p4n3 w\NIehlld;let -ah Qigdraanat @it h si npl e
stirring. Su stable Iurr ve, been found to be particularly
advant ageou‘gﬁab yé?“%ﬁ?ﬁ?tﬁé“’s%ﬁ‘i’f"imd‘fﬂmi Krege pol i shing of netal
| ayers aworing the manuf acture of sem conductor devices. 2 3 QGI 2003 WO
01102134 PCT/ US 7046 | CHANI L PCOLI.SH NG SLURRI ES FOR
METAL This appli 5 kel oi Qﬂtegr%\/ Bé’ﬁ‘g’fALbyg'E ‘EE»‘}’PFW%‘F@H% ?ﬁfﬁq i cation
Serial No. affickfdttoddRl afnﬂloedcohdtljeﬁndéﬂﬂ&ls forces between the particles,”(a

fundamental ¢lement of all the Neville claims). To date, the solution provided in the Neville

patent has had little, if any, commercial success.

Applicant has found a novel solution to the problem of the Neville patent, and
surprisingly, it requires the absence of “a force sufficient to repel and overcome the van der
Waals forces between the particles”. Hence, the present invention is quite contrary to the
teachings of Neville. Applicant’s invention takes metal slurry technology to a much higher

30  performance level than what is discussed and described in the Neville patent.



Field of the Invention. 10 The present invention relates ¢ gr@é_l_y ﬁ)
chem cal - nmechani cal polishing slurries for netal, preferablei/1 f in

sem conduct or device planarization, nenory disk polishing, (netal

cont ai ni Ny wfeei3g¢s polishing, and the |ike. Mre parti culpgrosooifosms sl urries
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 agglonmerates. is Discussion O the Prior Art. Many prior art
slurries tend to aggl oner at esoMeAARY B AN BRN d, dense sedinment, and
this problemis _well discussed in U S s, 527,423 to Neville, et al.
(hereafter, "Nevhq present invgafiqays directed Feshshemisalonqsbamisslodlishing slutrinfos

speci 11 cal iisng riekdi 8160 ¢6malinE Al bitid d-FiRRUERL AL o 3585 WllsfirPTRD! €M DY
having the slurry conprise "a force sufficient'to repe and ‘overcone the
van der Wadiegickphaves sylcomerrangies frum eloyt 45m* fg2o shonoBferivalnddnerent of al |
the Nevill eglegdidBle dishfbubd €ss il Gboi2h BihiBln %rrﬁ)eﬂl)%%ge hid {aﬁxgtell\le Y he patent
has had littlTe if any, commercial success. 2s |(§anf:1 as tound a novel
sol uti on t @bPHE-4pistehehaslurti¢se! Mo widséne inverttiom will famuagglomprates bfigdeyin i t
requires t SIS Mithas @nd i : LG o_[r | .and _overcone the van
der \Wal s Fg‘r:eg%s bet \/\l/e‘::p(:a)rrllS @?}iﬂg‘g—%ﬁdﬁ egﬁwﬁgngsé?ggﬁ %%mﬁers <At ‘(?’f‘“ng'é‘%?f‘i“on IS
qui t e cont rad y-2¢ aiarens). tle aervifamgd ewbodidesni b the prégepl ineatin, the hyplentbitamwill akes

met al - shyir rpds LRENRAL LN D g{ﬁg iﬁhgr 0 _performance | evel than what is
di scussed and Qescricblse% %é\bltgh v'{g e %lfié%errl yde agfioéneﬁa?w’jz?lb%rﬁpl?/\o 01/ 02134
PCT/ 1 JS00/ ¥at®nSUMVARY OF THE | NVENTI ON The present invention is directed
to a chem cal nmechanical polishing slurry for polishing netal |ayers,

conprising metal oxide particles dispersible in an aqueous nedium The 5
particles have dhsiers durdesdr eraondanagivitly Nevitknaratrolididal) statle™] the tlorrabefite 430 NP

/g, and an aggrheqat j L&l [@ng.ess . than. about LO mcron, a nmean
aggr egat e &?%n_ét er g?g%ltg h&alhﬁ%%og%&%&n ﬂr?l%g? g .Sﬁﬁ:ﬁ%(’gtbjiﬁr?ﬁegtém&?“qnhe present
i nvent i é&n vixhibit & bperoErggistabilitya tVen o lugy Begitdtel ists aasiforafdisPersion, e pled (and in

certain ot ' lonerates great han 1,.cron and 1. 25

m crons). Ihd(r?l?eg"3 g?tgﬂéer i g’d& &nbodr e n(fcgl}(‘)i%1 e %”é‘ﬁgi}‘*g‘ieé{l!? P"f‘ﬁ\]t)e‘ﬁl' fe(?ﬁ,“’ He

agg| on}alr at agllfml)r di&@mtped@ﬁHM?mmbTMerWt dﬁfvle@tté‘p ek Wi | |
general ly de- [ Wi i e _agi f.atian. ereas slurrjes in

accor dance ?\ln"?%ﬂ%ﬁew ia[qga are™ %%Iﬂfr}@?’aeéf%hftpﬁgi&?'g,m?ﬂ repain pelkdispeed e
present i nubughont zileast 90% of telsioy,dedn aftesteiiglactest fhiahdiethan tiowekar ri es of the
presentéd nvention 15 exhibit a type of netastability. Wien a slurry is

agitated into a uniformdispersion, then placed at rest, a stable slurry
(i.e., slurriesOnfheatieo hahentbemethadtible sheridse bk pRsepeinedmtion Willlithmédwidy t 0 St ay

uni formy dj ’ er haps very thin |ine.of decantgnt m ght form at
the very t%ﬁ @ﬁ’glt %ﬁﬁ?”??%f@@ gté' e %I‘cah'avg‘“b"rfeg’ oury (pf beig i 558 al |y t he
particl es deeelimlof yecamarmiwill taed to fatinap i sQLbftthv siingh Withinall hbeR el bR Of t he

slurry, ev fter. bei at re for nore than weeks, 2Q On the other
nand. i ho. norhet Bisndf i ofiek S e ity irtidis il fond S RsHedintie tore vt of
start tes f ahifdsofithe sllirrg aadafies beny anbenfopinore @h twd Wiiks,akd YuridsoRiLB pRssheW hour s

f bei t Yo A | Li ng of tant will tend to f t the t
of the. oi ur PP efenll Wi pi? Fop oL BF i lopned @ e eom BeBtior mor o

of the sl urshyryparticles will tend to be |ocated in the bottomtwo 25 thirds
of the slurry, and after being at rest for nore than two weeks, the
slurries of the present invention will generally have over 80% of the

slurry particl eShé shaiésed thiepreséne inbentibwire N T un@fibld, BE: réthat! 4 yjpe Jne sl urries of
the pre but rather, a type of 30

nt_inyention.ale unst abl e, L ]
net ast ag(fe ,m‘)\ﬂ‘f@% Wﬁ)et'ﬂ'é{hﬁ 8‘5\'!{?1;'{‘(’?1 a%%i?qnfeméw‘fi ebetsusprrsion avhpn e slury s
suspensi on ankesn bilthigenswill iritediatel Pde-dg8Bineraflahd felBfbrse With simlp ¥Rt SlnY
de- aggl onerate and re%@Pe[é]se th sinple aglltatl on. | n conparison, an
unst abl e sIGPPESRR PR kST %W%QE!E&%%@& aperaty aed rewlisperagyiithssimplg t h si npl e
2 9 CCT 2003



WO 011 02134 PCTI US00I 17046 agitati on, because unstable slgrri Ei ﬁﬂbl form
stage 2 agglonerates (stage 1 and stage 2 aggl oneration i 9 OLdn defi ned
bel ow). Aggl onerates have generally been consi dered undesirable for
pol i shi ngWOH0M¥Er , aggl oneration occurs in tw stages, BAEHUMIT4Eant has
di scovered that only stage 2 5 aggl onerati on causes the predom nant

undesirabl e effects upo hem.cal. chani cal ,pol i shing . performance. The

met ast abl e % Fd?r}’;%%cgusgfu n?%bge SE‘FTéessevﬂ{l %l%ﬁ\?%ﬁ? ?ﬁ?k{%cﬁtesgg?\%rlflnfl P56t form st age
2 aggl oner aggsneriioh ivfatiee defined beksybst antial ly only form stage |

aggl onerates. Upli ke stage 2 aggl.onerates, . stage,.l_.aggl anerates wl |

readi |y de-agg| %%%?%eﬂﬁf%egf t@eréﬁqnﬁlg?r?‘})wdf%?@? for 8@5‘3’% OEREKi ng of the
slurry for safiotirthondeanyit sSwostade§28d AppiRarbhadiscdveidhd 6By athde® | nvol ves

aggl onerated particles held together primaLily by van der, Waal forces.

S 900> DogtemER set el TRl gl AR T BB BE  : he
particl es tpsstnhntse Thogethdiidie shivds of theBreséRiSenfign (illgeRpdlly n6l fi5n dtxe e
primarily held togehher not. %van der \Waal forces, but rather coval ent (or
si mi | ar - t y FESIAPEGATS RE s b strstan e enietonm piage Lsgelomprates| HRke 146 &) urrj es of
t he presentagglomenied, g DIFRbinfExted IVIBRAIID G- a2dI@nRarD Witk sidble bafilien @RECI €S

and/ or other adjuvants_which dimnish or otherwi se prevent stage 2

aggl oner at i"éﬁ?.m“!T E‘F’%ﬂft&e BB OYL WSS PHESShr esent i nvention are adj ust ed
to dimgpj sh, inhibit or otherw se disrupt any charge |ayer around each

particle in the_slurr For. exanpl e, the anionic 20 species in the aqueous
medi um wi || i nt 8RR agglomsratign iryelyespeglemesptadpagticks helf iqegtber paimprili 8X ¥4 vel y

charged | ay®f wasigerod. 8ye Pagddnirion aditbcban&atdzon dggnmioﬁ,suﬂeﬂmtthbe_ agueous
mediumwi || interact with, dimnish or otherw se disrupt any negatively

char ged | ayR8rticlks thgmbpssingethes pYsr dme, caysineshepagticles 9 brprigrnlyhigld iigsthereiot ayer

around eacpyivasd ddr WaR1 o1bS b Hithedcb¥aldnE(¥P ¥ifRarQypedih@hdrky) bodiiz vehRed thost at i ¢
repul si on between_particles. Such, di mnished el ectrostatic repul sion

de- st ab™ | ZREEctReTREshFHS; obtha PiesrabERstieThROmPEpe AN @APRISPHals AROYE EBRAT| i ent | y
cl ose to ongedRahdistotiled adiiVaits GhRh YA oifieRlis pRARH shE! YRRPnkRRoar ticl es,
thereby creating stage | agglonerates. Stage 1 aggl oneration may al so
i nvol ve hydrogen bonding between particles. A critical feature of the
present inventi qfe jofic 5RBieARIERGR Rsedt ihvehtiod arttilfubted & Mimihih, i@Bflor and
overconme the 30 van der \Waals forces between the particles, and therefore
t he sl urri edheswise digrupsiany ehatee layeraveund gachiprticle irbhshuty. Fersespmpladby anjenicor m
stage 1,@90d0uimNiRihe SqRME melRFr ift nkfacd Witk iRhibidh orf MekwiitisrQt adpoRBRR) ON. 2
o OCT 2803 B0 0] o s PO Gy Tybus ik it or er atsirggr_n, R R o5 are
abl e to novebarged kyss propnd any partidle andthe pasionls sreisy intthy aurpurwedjom willdatergga| s
bonds, and §#e3fRAH Selivas di bbbV R & bronliny patifle particle are
bi ased togethér by van der V\ggjl%g (?r%es??% secogﬁarso%]agenlygf laggl oneration
can then occur. 5 This second stage involves bridging between the
particles. Bri dehRUABA o aflthalel Iy OSrdl bdch BAitiNbaR TR BT RELMEEN L he
particle surface and the aqueous nedi um surrounding the "particles. The
sur f ace 25f diminishesrelertestatifapplsionbriveen paitisle | Sush dimigshedelectrgstatiorepuisiosi um t hen
pr eci pi t at eg izt Mifylang bBSks mYPEHcRE ek | fhdsRuppioeen two
particles, thereby covalently IEsondl ng t.shemgg‘fsﬁhgkq@c?ogg{edt(ﬂer, tﬁlios becones
stage 2 aggindieea e den Wapls band betmicemtbe partickist therehytereating staga | @agloraerates. general | y
inert (i.e.g tohBrafiSShatad SRk ¥ ' edi,um. conventi onal
al pha al um ngé as gh‘ortjltl 1 ‘tillg_ht 'pe#c ?B%g?]gr?me %‘“%gm‘%{ aﬁm’ na. The
gamma al um fatutesf the present ivéntien is thembsencexfia doerssuffisignttorepeldndpvercomg tliecal | y
(reversiply el I - ] i C i c 31N an
acidic r?gdi %Jarrrlfyel n eﬁl/@ﬁgér:ﬁe%g&légg géltl Séaédgg%%f?%ﬁﬁﬁ Séﬂr?ece!\?g% ?%%g%n%m% e ions
whi ch di ssowilldwhenatrrest) ecagibyrfoincitage Wiagglomerateeqnd partisipaiwioliy)dait dneopar ti cl e( s) .
When van degusé/éﬁgu) forces bias two particles together, this re-depositing
(of the disso ved al umi na back onto the particles) can cause bridging
between the two particles. 20 Indeed; by dissolving and re-form ng, the two
particles tend to slowy fuse together into a

3



single rigid mass. Over tinme, the agglonerates wll be S&a‘ii '.fllﬁéused
together that a hard dense. sedinent (of stage 2 aggl one e@ i2803 or ned.

Stage 2 aggl onmerates generally cannot be effectively broken down into their
ori gi nal wenim®xies, except by the application of high enpefiysssazdéeé, Ml ling
or high shear m xing. 25 Applicants have, di scovered that only this bridging
(stage 2 aggloneration) is harnful to the polishing performance of a netal
slung. Applicant has further discovered that if such bri dgi ng is inhibitied
or whol l'y prevepif agﬂft@é?ﬁfohcﬁhlc)és hHEQBIQYc?ﬁO\%%hﬁiﬁLgﬁtPg: (B?{o ofé %ﬂf’f ocan occur,
even if the particles undergo stag oner at mﬁ' oneration
subst ant i al“!d9°°3’9n for ¥nalg ponsis; ang ﬂwg-) boéidﬂeblitscshﬁmmm togitherl Wl@lr: ﬂesparb!elt ween
part i cl €S, artbiafod SpoftePhyPhat AbyWHAGrcR ry to
obt ai n theardesal red stat }g\r .r -y N yamw&%%f%é%ﬁ gan%ﬁ%&] 2(1113
VO 011 0213Fhpgrondstas ivoke bvﬂgmbﬂtw@mt@gmng;es a@gﬂgmmatrsaﬂlepaﬂlel cles will
readi |y deagahQae | ndee van forces
are ext rem{;‘?lgl mﬂeakéa@ttgj?laﬁééﬁrpey%ﬂ&e %%orce%ueovﬁ'ﬂnegﬁugasﬁme% s%yr\get ween two
separ at e b@@l’hd@ dihe mfaceewfthd/}iattiwbuﬁill mnd cbgdmglve mtoe;heaqneamsdeﬂmmaén forces (and

any hydrog t i ver.co and any
200l oner at PasPraebRO R BRER. Moo kiR BES S8R e BETUR U ehout

bri dgi ng wicbvalegdnendihg the patisles tagaiien thiybdcomésarage aagglmﬁffratmn.cl oud" or |ayer
toward jjhe bottom of a slurry container, once |eft undisturbed for a period
of time. Wth only mnimal agitation, the cloud of agglonerates readily
breaks apart anﬂ)rlemndﬂspiﬁnosmiphaathmaMhumyi&fwﬂ € abidy fo Msig diseldngg haki ng of
vet more prodsdiops iRl R E bR RS T G bt g e ol y i 1
| ess t han @ammmdmdma Welgamdﬂ-ahggiaaﬂ’mﬂm‘s@etth&rﬂdqwmm msdigrh addvelll ppRalBNt

i nvention SE e r.i es Lo uni f.ormy, di.sperse within the aqueous
nmedium A ?’%9?%@%5 d%rstil’%’ (G:Ig%m%e g basic u%?'gyspé!ntm W%Hﬂ’egwmi 3“ FHE
i nhi bi t 15on cae, the wewtiot isoevesibleshd ge ichs agigh diswih fiotithe By will Fa@Posl:

aggl oner at i conplished by the incorporation of 15 appropriate
i onic spechcsk'a(')lF)q51 “‘?""eggj uvants which inhibit the fusing of stage 1

aggl onerated particles into stage 2 aggl onerated particles. In a preferred
enbodi nent, stagg 2 rat| S|nh bjte coatin par icles with a
surfactant or p0 eragg%r‘gﬁ fokees 13% opgrte %‘i?lg?}g‘?ra%isﬁ etpﬂﬁtg"ﬁé?’it tles into a
slurry systdissolved @lutira®adkainto/thé yamdldspcaaumsasﬁ@mg betvedthy®logafticeb.yt € can be
i ncor po atei icles after t ticles are incorporated into

onto.th
e st urty e8P bRakep b3t 1iing ety B BROMI SO P APE BERATRDand 1o
remain in clogs eigimoxd. Oveytire) thehgglomeraeywil Bt bd 4@ fusddsseaty thal Satc al | y
hi nderi ng E{Jﬁ adrtl c%ogs fr.om com ng si%ffl ciently close to one another to
enabl e bri §?Sﬁg“' gponktol fage > agglomeraler) s fopned. Stage 2 aealomsrates gepsralk cargety
di scover ed bebfictiedhtigekeh dogf nbNBEinriganal fatlesGaibpt BMB appfalith dfRnPr esence of
sur f act ant QI pol yellgllgt r,ﬁg)éte at.the surface of the particles, and that the
presence of "t he “SufTt SheaBig) ectrol yte will keep the particles
sufficiently apart to inhibit or prevent stage 2 aggl oneration. Stage 2
aggl oneration can ial SQ]B?e |nh g .the use of conpl exj.ng agents which
30 i nhi bit depoSPRICHYS %&"f‘ ‘F{S‘ﬁﬁﬂ%ﬁ%ﬁ%&&%ﬂ%ﬂ%ﬂ]l&mﬁ%o the -
aggl oner at ad tua@bﬁshﬁg péerforalé ufa HAMRlAH%| APpIRGR RhSfuhts biddRerdPRAGPHLIAL ©

chel ati ng un or di skill and experinentation may be necessary in
choosing a 'H@?ﬁ ?3{@“3'9{%6‘%‘@%9@%@8@%%@ pRjishing peplognaggercan 003 WO
01/ 02134 PG'EédrlSQQA 1&&1@&@1&1&&@1&@@5@& 1RREIeRErh g (@%Qﬁﬂér@ﬁdm@ﬁbsﬁﬁnﬂ pOSI tion
for any (gar ﬁ‘a@ rry system GCenerally speaking, water soluble, polar

or gani c ug &P vRdeoWaal firess peswesn pariplesy ?W@dsmfewblvéwwéw s acid

noi et i es caiajua@xgaﬁévsﬁnﬂtyam?t@ﬁbtﬁiﬁmald@s?ﬁhm&at@g@taﬁo A fonRk e wth the
present invention. Preferred conplexing agents include nultifunctional acid

or acid 5 hydroxide, water sol uble organic conpounds, such as, citric acid.




St age 2 aggl oneration can also be inhibited by nodifying the solubility
of "potential bridging" nmaterials in the slurry (material i At BSTSEﬂﬁﬁry
whi ch is capabl e of deposition or sedinentation). Possible nodifications
may incl ueeopbispdi fication, tenperature io nodificati onpe/@Bdedrdsk engt h
nodi fication and the |ike. O’dl nary skill and experimentation nay be
necessary to determ ne the appropriate nodification, depending upon the
particul ar sl urWighost/kridging.sgklemtrard paﬁc[bs‘\iriimﬁdyrﬂei-agglmnmhmﬂ niidkasl can be

dtod t t t 1
uscel 0, SeLBETOE ek S IELAL S50 AR Te SRR R (1005,
der Waal f eancaist bee-vegn twosepdyate dqiiers@)f‘nmters WWitheutdridgjog, Greerah da Wal bges 2

aggl oner at ch hel d et her Van. der \aal
forces and%fl Qﬁflgé‘}%g “%?gw "‘e" rpgﬂ%lcés)sab fyr?gerﬁod’?f\’/ﬂ'rﬁltaf‘b?%lbmefab'&? ener gy
soni ficati Gmoweltrimetutaewpolqugt Agglorheratigl aithetntebirid ginduill gatrally tagea durry

aggl oner at 0 ti Qn of, .t I nventi on ue to the slurry
20 being a? res?#@?giouéngorr ?a S‘F’arfi tfﬁrel’mgmﬁ% Qﬂ?ﬁ’ﬂ??"ro?mﬁ&ﬁ%é)“d’?tgr e
princi pal | ﬁ)rstpetgﬂ dftlmggWilh‘en]ainuﬁlﬂal alleific g thd ditid 2 e eRiRIa0d: @AdParéake | es of the

b moasur o RS SRR R APREANE. ShBi Il R ok BR o Ol PR B or

sonificati thanaﬁtﬁmxe:r(nﬁtﬁpré&relﬂy leﬁ!;ﬁhantjl)&e@hds?ydﬂ ot ﬂrﬁbﬁbl@ﬁss&ﬁ@ubdeosh&sft
thereby sho smal | er ticles. fter, the urr (when at rest)
will teRd ?V&YS%IEI%EQ ?r?%’l)plg Eeéﬁgtga 5 38"‘2'@ Efibﬁ%’k‘&teéate @“@F%‘ﬁéhefreéﬁfﬁl oner at es
of the pr eswation mmﬁsem paﬁelestoainlf@-ml)adlﬂ;eﬁéazhhistﬂesqdeaﬁs&t%aﬁﬂttO mean t hat
the stage 1 agglonerates will resist stage 2 aggloneration for a period of
at least 3 nonths. Preferably, less than | S percent (by volune) of the

stage 1 aggl OITeA flirghsr onititdl felBRTEhe Pos&t aFentidn AT ﬁiiﬁﬁ(ﬂt&ﬁ%ﬁ%ﬁiﬂﬂ tsdoest for 3
nont hs, r ef erabl npre preferably | ess than

Ies cent,
5 per cent B S RN gl”?&”@%’?‘ﬁ“h 5% "ﬁ@“&’gﬁ‘f’d Be Perrporgtion of 2 g OCT
2003 W0s01 hﬂﬁdp?tatemd dﬁ&ﬁ@loﬂt@éz&dpﬁrﬂﬁmﬁm ihibiEES fubiRDor stagP € hEfiterRdd t he st age

1 aggl onerate stage 2 aggl onerates when at rest for 3 nonths.
Appl i cant sP WH@? 1’?‘86%56’1??5;?’ eglpéﬁt’é@ capabl e of providing stage 1

aggl oneration (w thout also causing stage 2 aggloneration) provide a

superior nmetal polishin tony relative to slurries having a force
sufficient to rlgﬁé’F‘%ﬁﬁé %96@%%‘@%% e 28elgmemtion winbibiteq by copingpartiglecwith he

particles, agurfictanth® pbi9dlect8BHePRBY BliRorpolM ﬁheﬁgg&gsq&aaglmbﬁ%gteﬁlound t hat
aggloneratl nis h%the robIe but r at b“teg .g., the fornmation
of hard® déYiEBEaEY; HeHipcig o ﬁfé?lﬂﬁ cay *tﬁrmcyrpﬁe 6ﬁtﬁéttdeﬂlchatﬂ%ﬁtey can

aggl oner at pargcled dié mbdRSorkrb o tRy SN shst @S ﬁlerb‘ﬁ]tff&tan%wo?mmbcﬁ&% L but
i ndeed, a sl lall’l’y system whi ch enabl es particle aggloneration without 10

bri dgi ng hi& ffb’é?i‘a‘f‘&ﬁll‘?:fe?’fﬁ?xw&ﬂhéFlH@YEarW%vﬁ’?febYsFPﬂP@Véﬁd%@gF@hl ng

per f or ManC gartiglay frone ety MficntlyRRsPR! dns Boltkr &f enBd Bdgh@¥Ekipeas part of the
manuf act ur egﬂ% sem conduct or devi ces. Applicants have found that inproved
pl anar i zat PERIISERIgRH Itharcheen Semrisaslx disenvers gt stage ) ggalomsraionfartpcpusievashi ng
slurries hm&h@ﬂeﬁhms&fa&ﬂﬂloepaye@éc%lm at the SurlEd df‘%ﬁ/ﬁﬂnfcﬂéﬂamﬁﬁﬁg 115

agglonerates wll tend to settle into indentations in th substrate bei ng
pol i shed, BIFeengs ofjthe sugfrtant orpolyslsgrobmewillkeepshe m@sw@eﬂmmart(tmmut

scrat chi ngbrﬂgfdnpgaggbggg%érﬁmnng operation, thereby protecting the

i ndentation fromfurthér polishing erosion by preventing the polishing
operation fromentering (and then increasing) the indentation. 20 Part of

t hi s advant ageogtgedyeliaminehtidnhn t “gﬂﬁ‘?" gved to be
due to the | ack o% (or a dllm ni gl%de%élgﬁ%ﬂﬁﬂ?&@%&&% rgegg r?%ﬁ%y around t he
parti cl¥s. nkbitdeposisipn enedimentatioa frgmet@eeaqmwggm@m petp 8 agglomesatsd paytiakas hed

away, part igGss umis changed
to t hereby réeﬂl%glp}‘rrlgl i zee{'tpg‘dle&yyghogﬁi‘??%&cg?g%éﬁgﬁg e pléfri?l?ézl es, thereby
maki ng t he SERFMERALEE map bencgespanninichiasing pppnopvieicsbeldtiog ageatd, depending updme

i ndentation. Hence 25 the slurries of the present invention provide stage 1
aggl onerates that readily fill indentations when is it advantageous to do
so and are readily renoved fromthe po}ished surface when it is

advant ageous to do so. This type of selective filling and unfitting of
indentations is very unique and allows superior planarization polishing
over conventional nmetal slurries. 30 Stage 1 particle aggl onerates

general ly have dim nished electrostatic |ayers) and such particles tend to
provi de inproved polishing by better interacting with the surface chem stry
of a polishing substrate. Furthernore, the ionic species which inhibit or
destroy electrostatic .



Z 9 OCT 20~~ WD 01/02134 PCT/ US00/ 17046 | ayers (around tg% %gtfzﬁges) are
preferably selected to provide other polishing advant ages. 1 npl e, an
i oni c species can be used to buffer pH, provide a conpl exi ng agent to ot her
ions in swepewaspn (inhibit re-deposition), and/or provi gersesRQidVity
(certain ionic species may protect portions of a surface, so that other
portions of the surface will exhibit a higher renoval rate). lonic species
such as ac Fwe@&féwlabﬂml@tal@owpﬂmsw fagmnperticdarsiuay systets Geaéralbt r ol yt es,
and the |i ch are,
broadl y spggekl ng%ﬁ?ﬁlefgéri C lﬁg’ﬂp‘wﬂg‘ham *&' oggﬁgef&&%ﬁgj\%%\r/er it has
been sur pr imora geyis aéid moighesean bd'ﬁdt!amdgewsaﬂcmlaplsI&glqmsmaaceoﬂdwewmme| oni ¢
species is re the agueous

medi um has aegésnﬁﬁgéﬁgﬁgnlt %QT%I’?I giesqﬁgé%gtt &H?"r?aalﬁgg 5?‘°rlfd}e11nce of the
slurry dan hmtomdwpwetvemmh@rganmommm[mechad eltﬂuracalgl ng can be substantially
inhibited. In a preferred enbodi nent, the slurry's total ion concentration
is greater than 0.00l nolar, nore preferably greater than 0.01 nolar, yet
nor e pref er abl yStggeckagelometation €in@Bo beinkibited by elodifitieahegsobibilityedifpotaisiat er t han
0.1 15 nol g (5] ef er abl reater than abou ar _and yet nore
preferably é‘rl%%lg[ Eﬂam%ﬁlglﬁﬂg ] a(% "%D %r Sl ngc g 8?1’8@? 8%5@%160&%nt t he
total ion celoantipat iPossluaencallfs:axdneaﬁy inblade (21 modifdation)ehgefatuesf er abl y | ess

than 1 | a eerr drren LLh tal .oxide particles also

nave a No iR BEHERDF oRRREs B e uls” Do (i SRRt iy

mllivolts bleneeassalaqummmmpﬁmappmm meifiation) GepetdigApbi thie paticutdr skegs t han

0. 001 nol ar %:OseTht slurries of the present invention are particularly well

suited for ﬁsoel h g operations having high polishing surface speeds. For

exanpl e, many newer polishing machines are polishing at increasingly higher

revol uti ons per ri e of the sent . invention are

particularly webt mﬁ}mc{”ésda ?%P ‘J;tg%tﬁa'h élgﬁmb%fﬂe °F gEelomeraies ate Stage |,

pol i shi my 2A5ggipmeadss @tagat eggidlﬁemﬁesh%ggbﬂibragﬁ adickére hélafogdthél pripaniigosly or

greater th n The slu es . of th resent nvent i n are also well

suited for Po apg?{lvg%@fcgf & ppiggc'lgerég‘) P %@f ﬂ%’F‘W%@‘@Wﬁ%‘WG’@F@E’FH cs,

sulch as poragglsmmbmﬁchmhmggah@ b}/WhHer@Vﬁlﬁ&EHrﬂ%Iég”BjdESrigo?ﬁ) 806fl uoro

pol yners or_,co 0z|s4 P U 17046 In a

preferred e 8%&1%%'?‘“8 5y e‘gt"ﬁ?}ﬂ e'é%al SBH’E?HQP%Wf“rbé‘??E ypteged asEpeRis

pol i shi ng matmtata@ez RelomeGtedNANY ghloﬂﬁraﬁ&%f@ﬁﬁir&éﬁ ifVentRh (@i @esiwear . rat her
fects on the surface being polished. In

than scratch, or otherw se cause

anot her 2briFSE AT %P Pegigd "B’P@gﬁﬁ 7 BV AT mere) ‘StHﬁ‘@"‘Pat')‘thEg‘*sltargé’g@?‘l‘}“%‘f t he
slurry is agints tiedggérhedited Retidhs bf B pRENDRAMASH HOde- 5@%@%!@“ oring (or
i ncreasi ng) the el trogtatlc Iaéers ar ound eachag{)artlcle his in turn

wi || gener aPpifjeation, Jle-aeglomeration ¢an be megsursd by igkiag a iflgsize| disgriPEEO T8t her wi se
removed fr o bife s@ﬁﬁcmm«sqkﬂswoﬁme@m ttRe sERQUisRILBER ThodldWAR tHeRBy idwRgr ticul arly
advant ageous {1}‘8 drg article since fupmed particles generally have nore
pot enti al P’I“'B‘?esst g’@‘ é‘@fg‘?“é‘?fé?’%‘?’ﬁabf?“)we%dltﬁPPﬁeéga%meﬁb) pr esent
inventi g c@gméa@. constituents which not only inhibit or prevent stage 2
aggl oneration, but also, are sufficiently benign to the netal surface being
15 polished to have a static netal etch rate of | ess than 50 Angstrons per

mnute, nore pr eﬁ@s&@@|1)égél&ﬁ&at&i&ﬁhe@es&ﬁ%%ﬁﬂé%re&%le MinB b Ble is Yfdnddib ©
preferably | ess than 30 Anlgstroms mnute, yet nore preferably |less than

20 Angst r orfReephat the staged agglgmerates Wﬁlrréglsbﬁté&eé-’r%pyﬂeqﬂ%’sfo’t sepriod of e Br oms  per
mnute (Uup héntidSroffabhy s 18and 5ABGSH: t@%nuﬁe}bome%ge) ag%&nem@s Wthdcait N9

conpositions of the present invention can be created fore or during the
pol i shi AY ofAsF éf’g%?{“eﬁft?s wiea gk redh [ Frmantsemase preBrablydesp e HE peannt, ydie pol i shi ng
fluid can bgork BlefRBNqRE: e [ g@p@ or all of
the particles gltaen blgql nth?lg%gégegp?ﬁtn??% fe%g ?egsil ng 1 nt erdfagget means of
particle release froma polishing pad. For exanple, a polishing pad type
substrate conprising particles is described in U S. 5,692,950 to

Rut herford, 25 et al. (which is hereby incorporated into this specification
by reference), and in the use of such g polishing substrate during
polishing, the polishing substrate will release particles, into the
polishing interface which also contains a polishing fluid. As the polishing
fluid and particles mx (in accordance with the present invention), they
beconme a netastable polishing slurry, whereby the slurry will be capable of
formng stage 1 aggl onerates w thout substantial 3o formation of stage 2
aggl oner at es.
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FIG 1 is a potential energy curve, illustrating the int C 2063
colloidal particles in an unstable slurry. FIG 2 is a potential energy
curve, ilwgsi/sAasd ng the interaction of colloidal particl gsriRecdrenet ast abl e
slurry of the present invention. FIG 3 is a potential energy curve,
illustrating the interaction of colloidal particles in atO stable slurry
as taught prefrdbly lgss tham 1 pertenodf thhsaged\agblbmenpat @iil becdnieGtagd 2 agglomerpes t i cl e

si ze di S”iwﬂ&\t(ait?e@ttfpﬁ a éurry of the present invention which has been at
rest and has Formead sfnage'l agglonerates. is FIG 4b is a particle size

di stribution foApplieantshane foynd diatntatticles chpabile &ff froviding sdpen apglorhdiationt age 1

aggl oner at es..have been de- | onerat ed due to sonification..FIG5a is a TEM
209 oar aon Catof o ¥5iEihg SEaE Akebar o utyide a SOl tretal Tl sty (Rl of

st age 2 sagyl srBesdiavinga folde Guffifiert o @pg bapdverdoine theph0lis WiRk GRbds beedd | Ng over
time of a slurry. in agcorda ith the, present igven&ion andt rovi des a

) ce
conpari son 'pﬁxlﬁs’ §€a ?gotsagé}prpg;a ¢, 5¢ Rlipat S FIRERBRAmeraijen S\NVENTI ON
The pr esentot thygoblimrbui ﬁtllﬂi‘ Hrﬁghgcb.g.ghail‘oﬁﬁﬁﬁh Gﬁlhardlﬂﬁﬁéiﬁﬂdmgt) mlaﬂasﬂi ng slurry
conpri sing,ceramc rtic i spersible in an aqueous nedium The
particles 8%%@%?@@%@%%%‘6’8? ?%@‘@eﬁt@%a?r&?gmﬁl%w%ﬁﬁ@i”ﬁ&lf rom about
40 n2 /g t @olshiag tlurfg ButlTidietd 2 sRfty 88GHAYE NS Qatics bididtrddon witB&s t han about
LO m cron, ba nean Eeggreg(gte dianeter | ess than about 0.4 mcron and are 30
subst ant’i al f*@g“zf—g% Gund,torsyrppisingly preyids wyoved polishyeg pesiRamagcre PEBHE W he van
der \Waal s finihe pstishity ofaetl lahes afaftiof the Sianfilictire 61 semicBRiusorddvices of the
present invention will readily formstage 1 agglonerates of a size greater

t han about 0.75 microns, and in other enbodiments, the stage 1 10 S ~Cr
~~a3 WO 01/ 02134pgrcahisatd3odntOAA imieteled PRinaiz8SonddnBthtihe ahfishbh@hirghout 1

m cron, and s time reater_than 1.25 mcrons. however, all the slurries
of the preé’g?ﬂ%gie"w'éi‘?f'ﬁh sifries havingisiage | paaipmeraiss. bris balisysd ot stagsilomer ates. I n
the arti50f agflemiraed wilem &icaRlintd @ldéfiliondin Shebtbstreie b&@% pdiSiRd,) bt hibr i cati ng
sem conduct or,, dcf"i ces and simlar-type substrates, slurry particle behavior
i s gener al IFAdinderasgiamengte sy otheryie weai{Fithent eeeirhine) dening the nefishingioneratione t i ons.
These f or cehdrdbly BfodettihgHS inddnButiBhl forh RurihBsikafhaRcoR by PRUBRLRE ﬁdqerlliﬁ’g ities

created in particle nolecules by the electric fields of neighboring

mol ecul es SPCTARR ffom qnfreing (2ad than Bersesing) BF pgsidtiosaused by the positions of
the el ectrons around the nuclei. lo These forces therefore consist of three
maj or categories: 1. Keesominteractions are "permnent dipole to permanent

di pol e" 24 nt er acPibpidhis sdvantagsqus bekavior & fillie indematiogeinkelisid taheslop o ¢ o
i nduced di prd 16ck dfr@aBRhikIRA Amo@P o) 3 chdr QNN bRALGT BEAANS. AREr polishigC ed
di pole to induced dipole" interactions. The three are known colle tively as
the van derthagagrd aggomemstey aieeasibriseskadawpy. agrigulsrhjvhen the fcaicsirengteofigishavi or ~ of
slurry par talfido8$meddth is cRanba th YheWod Re-oBRAE S the Elgctﬁgljal!icpdhgx%k oﬁih@labjjﬁbléé/ :

thereby making the particles less compatible with being located within the indentation. Hence

25  the slurries of the present invention provide stage I agglomerates that readily fill indentations
when is it advantageous to do so and are readily removed from the polished surface when it is
advantageous to do so. This type of selective filling and unfilling of indentations is very

unique and allows superior planarization polishing over conventional metal slurries.

30 Stage 1 particle agglomerates generally have diminished electrostatic layer(s) and such
particles tend to provide improved polishing by better interacting with the surface chemistry of
a polishing substrate. Furthermore, the ionic species which inhibit or destroy electrostatic



Van der Waal forces are generally attractive and wll begin to have
significant influence on particles, once the particles rmv%gcnm 280 about
0.2 to about 10 nanoneters of one 20 another. Agitation, heat or other
forces upwooibassl urry will generally cause the slurry pattrivshesedso nove

wi thin the agqueous nmedi um such as by Brownian notion. At greater distances
however, the van der Waal farces are ?enerally not significant to particle

behavi or. v @round the pertiples) eieprefarabinselonied prr mrovidn ashir pelishingradviniages Uari ci ent | y
cl ose {0 0BGmARONISHo spblea B ustilo MG pil OGRS 2 Wi Bilasi otﬁéllE s C1 ent

i nfluence upon the particles to cause themto cone tgget er ereafter
refi;rred tguwsnsipa(nhibk e-degepitiond aad/oramyvideRglettivity Gertaimionib epebiesrsed apart a
di stance syffd.ClSids b Srmg&gohﬁ\() : aetaeen ot h ticles

i nsignifi cg]fr?t ,lcétoypi EQ':a y byi | .ats?glr'&g{l %ﬁg{g?fg%gg‘g’?lgﬁe%%%@ |e5%31§?arlv\hi ch
occurs wheft&not her non-interacting material cones between the particles
and prevents the 30 particles fromnoving sufficiently close to one

anot her; and/or 2. electrostatic repul sion between the particles, which
occurs when t hdopiasneried wsh ssacks, bages, palancompiering egehtscdoefacpats, eladrolience | i ke
charges re : h j tical electrostatic.charge on the
two parti cF‘gisth‘%L)@é a@%@é&%ﬁo\’%‘g@ %e{lﬁ%ﬁ%ﬂ@%‘aﬁ/%&]@fl @*ng“m\ﬁ-lgmgvéluse t he
particl es fas chesiel méghamicabprdislamgn tHreyeversit bds baen sugbeisibgly dibcoedratthatediensn ¢ char ge
on the two | Gl L] .1.h rticles. to repel from.one another.
Ther of oo, “HHoerEE 8 dhicole LS B ibbou R EoSRpColr iR e. PRPRLE KON bi ns
particl es awdiymbacrauiiicetiharni¢ Steagh), pblahige perhmaite athedhirg dambeimpoivédns and

ot her - (van-apgis) BEAE A0S BULBTRRIS Jp Rp@RoRfeotstiuk bBea in

terns of t Hetrgetotaliongbncementigy is@featehthan Q0@ alsr morepeatiratdy geata@shan 0Ofounct i on of

t he di stan rafi em_ 10 Figures 1, 2 and . 3 .llustrate three
possi bl e t&%gg’%gtﬁ? 03{: h’%%/afbl}(%eﬁteeﬁg}aﬁg‘%g B’S%rtﬁémf’r_glpﬁﬁ?r@éy %%‘Hﬁ@ﬁ"@é and
at t r act isve npbi.ertmat pefeerblyeraser thah wvat 0.0 mobf ardiyet asre prefieiblyapduter kan

particles. _|n h,of { hese. Fiqure n e interactional energy is O, the
particles At®" ﬁg'?" °g§‘pfélrﬁpé§f%r|mﬁ%"éﬂ§mw\gp}ﬁ? @?@@"8%?‘6?“%15 aaﬁ‘i/le%?t%af‘ ctive
ener gy. As nfolse nan¢ prefacbly dess thmel giplab o @ pegeri?d ebqisdnt, itheandtdl ofide paffities Ng  Up

the vertical axis), the repulsion energy,increases. Simlarly, as the
interactio ﬁisﬂ%vg ﬁé‘?ﬁ"y““ﬁ‘és% r?gtgm?‘?ggrgat‘r"fébag'ﬁb% P [“P Aemigps G- laqs‘l“i“‘\)’glt%ﬁ%"r gy

i ncreases. afurosanddivii lguing an ioh eomtdtibat ¢ fIes haco.0®pHdIgE] ve potential energies
are cal gul ated together to provide an overall potential energy for the
slurry System This overall potential energy is showmn by a solid |ine as a
function of sephiealunis oflihe brEaenbativERapdlicklaky welRditbCfo folishifg €ach 20
figure, the horizontal . axis extepds to di st ance between particles where
van der VASPerRUSTE BRYIng high polie fEReS S@Fﬁdﬁ-%ﬁﬁmp)& gy Repv R ROlising aghines

di st ances takglolishigiatintreasigh GighérepulubibisterRninyanb e WRARSs BEdS predesrs, the line
is above the horizomal axis (the fiuther abqve_ the horizontal  axis, the
greater th&FERH FEi%w‘é‘ﬁE}W) uited for Sg?hthwhaﬁw,m g, (54 e1eEy 1olthingat i on

di st ances ispualls gréuthir @ah @0BrpAe breatbrd thaClsh viin AR Gieafeeihipen particles, the line
i s above tgg horizontal axis (the further above ?5 the horizontal axis, the
greater th U Pact i ve energy). Ininterpreting Figures 1-3, it is

i nportant to understand that each slurry systemw || attenpt to exist in
t he | owest ener tate ﬁvai | ab) e. Generally speaking, this neans that the
separation di st S9fEs of the prssent inyqntion 41f plso welksyitad dorgg tdielgctEicsvher e t he

sol i d i ne (silid), GRlaitg Rw3OdidlEcrite buch ds pSrdastfta o fdiic oW 1 AIS&GEGudks0 the
systemto §]IPI ow the particles to overcone an energy hunp and find a new

t r ough, *partPPRPEYREIS CLEAPER™MEES] | then tend to concentrate at such ot her
trough, unless or until further energy is introduced into the systemto get
the particle 12 2 9 ~~T 206



WO 01/ 021 34 PCT/ USO0I 17046 back over the prior energy hunwgﬁj into the
prior trough (or otherwise nove to a different trough). T Ca}é’ﬂﬂal\o

i nportant particle separation distances indicated on all three Figures (I 5
3). The fwootniis4 di stance marked "(a)" which is the part per@sezpesmsat i on

di stance in which stage 1 aggloneration will begin to occur. Such

aggl omeration will increasingly tend to occur at smaller distances than
(a), until a | dnaprefermd embosimest, anysiage P deglowerste shnsponitel anrovtepdliging t hi s | ower
limt is n@er : j ' FLgures.. | 0. The second
i nport ant %f;rr% fé@fé&%@?gﬁlﬁgﬁ%&ﬂ%@%@é& ﬁ%ﬁ?&h%zﬁntsﬁfggh :grs()ﬂf elseparti cle
separ at i oncaypsdeingis on the syifice heinat podjshe@. aggl oneration will begin to occur.
Such (stage 2) aggloneration will increasingly tend to occur at smaller

di stances than (b), until a lower limt is net. For purposes of this

i nventi 6n, thi dnpesgker ethiodiment of thearesentpuoventioms tha indicisgengttofitdbahitiyis ed on t he

Figures. 15:l09kkng; 3 i e rti.cles. wll nd to concentrate at

particle separat P%ﬁ %&%’%COEE%& E:h% cgﬁ%gP mi’%‘lér F’Sﬁg‘"ﬁi t?‘s\%?%rﬁg’tfnécqﬂefsust r at ed

at "(c)") ebutdyecioparticls; Thisdh mtn will genepdly tdvsd the papicidsab bomore Ssiigeledded

aggl onerat | o hmi; . .Ssyustemis clearly unstable, and slurries in
accordancebw&{! |§g1(rsgerdl O%Hﬁ?p(ﬁlé%giwr?ac?‘all out of suspens'ron and over tine
will exhibit a hard 20 dense sedinent. The non-stable slurries illustrated

by Figure 1 gengrally.have littl.e  |f .an el ectrostatic re sion or
steri cu'ﬁi nder a%g%kecs)%ll lrrllﬁ?"gl?rf lsgagrgltglfdcl)ar l ragi’aln}éﬁ‘?‘mﬁlg‘{?i arﬁ’ﬁ’if\‘/"lFSoS‘ﬁ‘ingﬂPeéj 2, this
Fi gure il | putidlestgenerdlly bavemtonspoadikial sBésUfor st 2aggibhaatphesent i nventi on.

Particles will tend to concentrate at a particle separation distance
indicated at the 25 trough (which is illustrated at "(c)'~. This particle
separation di stEwrckrries ofthepresentdnhehtontcompsisesbastiiuein e &aids fot blig ibibilof | €s of t he

present in ' t have forces sufficient to overco an der Waal
forces and¥ﬁgér1n%:§ew%e%(e)atg§nlg?lgmﬁ%]’ Eiftéir’%?’faf THHEe t??'e'?’“‘&‘?“ tofh petalsuriage Beg ont ¢ he
particlis pelshadnativeg satipaetbliecdheats eflessalian 60 AflpSioms 6& itfiutd, Gnore Péferbly S

particle s atjo i stance. stage 2 aggl.onerati can occur, but not
stage 1 agge%gthaé"rdé)#"g% TOMERFt 'Hfg?tﬁﬂfg‘fm\? Eﬁggﬁ‘ﬁ?% lfslsg‘a@ﬁg AYSSIeRS BB FHiY S e

nlec €ess ?r y watr?]mprteﬁmhly Eeﬁatgqﬂmmightﬁmi‘ﬁﬁ@ﬂmﬁhieaﬂd gt ﬁb&:}fé&%réldfh@gmnqmer ?t e the
slurry). e ot her. ha over whe ng ener Wwou e necessary to cause
the partic gsgrgﬁlﬁpgwe@i’gf e B‘gglé\"gﬂf"f“}sé’fg"}éﬂwtﬁ)'srral | to allow for
stage 2 aggloneration. This high energy barrier 13 2 9 OCT 2003 WO

01102134 PCT/ USQO/ 17046 (hu ich preyents stage 2 aggl oneration is due
to steﬁ%c int e?@?tmgﬁ?gﬁh@ﬁnﬁ%’ﬁﬁ?metm%%ﬁti“i"?ﬂ“@%cal“rbﬁﬁﬁ%‘?/ e oy eing y

t oget her, ehegolishingapératipnt Hereprd Hirilg@poWhing operitiohf & bingMGH Qh be! ectrol yte.
Movi ng now.t o, Fi (?ure 3,..Lhi.s Fiogure illustrates a stable slurry system

such as i s VRAYKE T pAishingdureracs angthenspme prallafthe particlsqan hs mirpdiced i s a f or ce

suffici ent idt®the pblishing inkepiioe®@ inckd ak pfidid RREde FOmUMIIMBRGEI. HoPBxaBBlel d CI €

separation dléi tance will tend to concentrate_at. If c)" where nei t her stage 1

nor stage 2° E‘&B‘ﬁ‘é?%ﬁ%ﬁ“&&?%@@% partigiesds deseribed in U3, 594080 erRathegferds or t he

st abl e Bl ukrdigshich iserebyeihi@ebokdledrintd Whi€spdeificatidnyy réBrehot), BhEH tHeQSd s

repul si on beth.en Lﬁ;;lrtl les. 10 The surface area_of the particles can be
¥ramg, 5 riggReE

nmeasur ed by PP i hipg Hig PRihS qubsiratawillgelease prsticlespntothe Epmpt ,  and
|. Teller, pdlishiﬁgnnt@awmﬁ@ﬂalsSe@itaﬁﬁsxé,pomhﬂgﬂﬁidﬁQustll%js@ﬁsh%@%uiﬁ 2B RHicked commonly
referred to.,as BET, tz/g’i cally ranges from about 40 n2 /g to about 430 n®

/g. The pafP} et seorizge WERHSF pisentiavertien theydssomed mptastable pplishiag sy dependi ng

on the 15 eageBehOiurdbkifldt B bl stald € 0 MNP QA WiRbulsiR BN 2l  oXi de
particles, .in turn, is a function of the particle conposition, the degree

ofcrysf?lI@HW@Vméﬁ&mFﬁﬁmépﬁ@Fﬁﬁline phase, e.g. gamm or al pha for al unina.
In order to achieve the desired selectivity and polishing rate, it has been
found that the optinmum surface area and | oading level will vary dependi ng
upon which fine netal oxide particles are chosen for a particular polishing
slurry, as well as the degree of 20 crystallinity and phase ofthe
particles. In one enbodi ment when a high degree of selectivity is desired,
solid | oadings of Iless than 12% by weight for alum na particles having
surface areas ranging fromabout 70 nz /g to about 170 nmZ /g is preferred.
At | ower surface areas, i.e. less than 70 n2 /g, sofid |oadings of 25 | ess
than 7%is preferred for alumna particles. Simlarly when a | ow
selectivity is desired, it has been discovered that when the fine netal
oxide particle is funed silica, surface areas rangi ng between 40 nz /g and
250 n2 /g should be present in a range from about 0.5%to about 20% by

wei ght .




30 The ceramc (netal oxide) particles of the present mvzg ﬁg aéﬂg of a
high purity and have an aggregate size distribution of T\ %ut 1.0
mcron in order to avoid scratching, pit marks, divots and other surface

i nper f ectwongoegisys i ng the polishing. By way of exarrpl e, léctnRedr76d6T 2003 WO
01102134 PCT/ US00/ 17046 FIGS. 4 and 5 illustrate particle size
distributions for netal oxide particles of the present invention, wherein
Figure 4 shows a particle size distribution for a slurry at rest for nore

than 2 hou %IEfaﬁﬁS(ﬁkﬁ‘Ff(ﬁ\r%F RAWIRELI cl e size distribution ofthe slurry

illustrated in Figure 4, but after |ow energy sonification. As can be seen,
| ow ener gy soni FIGc hisiagntental suergyoinent ilestratingabekintSragtpart cdll@al(fsttiagein bk
aggl orreratg il evPr esent invention. The aggregate size of the particles

refi;rs to the rrea urenent of the branched, three dinmensional chains of
f used primary particles (individual nolten spheres) It should be not ed

t hat although S ens

particle” and 8lggbg%§%peg% Bélgnerg&lfvg ]ﬁu&ratmrgc ea"r'rtﬁreal 'gq")?tfc%@ﬁl g%?’@nce is

i naccur atemﬁstaluhsihlﬂa@ﬁth@resﬁmmxemmpl e, what is typically neant by the term
"particle size" is in fact the average maxi num di nensi on of the "aggegate
particle or aggregates” and not the "primary particles.” Therefore, careful
appreci ation anHG:JBisfaa:romntizilandrgmumfe, ilggatigahcifteantbnf totdidyl gaaicks mlaes i s
essenti gl Louk Rose. {e%i n. t{}ﬁ Aldx éﬁ One net hod of determ ning the
aggregate Size di SEYTHUL POIF AR ¥he %er et Mventi on was by transnission

el ectron mcroscopy (TEM In this nmethod, the netal oxide particle sanple
is dispersed in clr u t he a ner ates have been reversed
to aggregates. T]%'s n@%‘f?&?‘?@ﬁ"?"imﬂ?éﬁSlé{‘a?g}st ee?fe??ﬂtt‘?‘le"té‘i"s"@?gﬁ‘ aggr egat es
are shown (baentaln&:stTdEﬂ/hg;rszdredMagetlmgbnﬁ&tefsj elds on the grid are then inaged
using an i nmage anal ysis system manufactured by Kontron Instrunents
(Everett, Mass.) and stored on a video tape until Beater than 1000

aggr egatses are Flmagleda@amﬁcrstsmaetnb&befcemrsmd—yhmamamemehé ed into an
i mage anal y |s r. wth a f ber d for fiarther processing,
i.e. cleani gi%'éeﬁ?%?tl?%? e“%f’d"]ggg{%?'%ﬁggﬁ%tﬁé? #%nd normal i zi ng the

i mge. | ndivi dual aggregat es in the binary field are neasured for a nunber

25 of particle te size, using known techni ques such
as that descri bglg{f %"B@’Qa@?@%%taﬁg WKEAPS may be recal | ed

individually or in the form of statr stical or histogramdistributions. In
order fnr the pl(_)}&r‘ ggin | urr }he present invention to be an effective
al ternatl ve 30 BFX oy QFf 988 2gglpmerationynor t ant t hat t he
aggregates of the particles aggl onerate when the slurry is at rest and

i medi ately daa aner at n.the slurry is agitated. Al though the
slurries ofthe gﬁ%ééﬁ"ﬁgf‘ p&PﬁSW‘ie{“%%PV%’@“’SQ&?@W’&§°‘PF¢&I’“N’@‘I tend to
r e- aggl onerkd gesddnvetion asd Srovieds awompariid Vil HLbr4&RST/ US00/ 17046 settle out,

t he aggl onerates will not experience substantial bridging (e.g. will not
forma hard, dense sedinent), and wll readily re-disperse with sinple

stirring |DEPAIDEBIESORIPEONIGE TEBINVEREIAJOT €gat es wi | | aggl onerat e
wi t hout signifri,gnt bridging . for at |east a three nonth perrod oftinme. The

ceram ¢ particl 42 fseRtipvepondgitected,ipey Apraipal meghanier) pelishing ShEmHFRPPTYREaN

aggregat e SkeamicHatticlel hﬁ!sﬁel‘s‘iﬁlbrhﬁﬁa?qu%&@‘ine&uﬂ THe ph:@iBles Meepr@b@nt%tﬁgﬁav‘%r nmean
aggregate diameter of |less than abput 0.4 nicron, particles of the

present i mASHHRG AremEsngies frpm ghoul 49 By @e‘os‘%@t éf’(elﬁt/gt@ agé‘ﬁ%ﬂte %dhsﬁibé‘ii%rre t he

van der \Aaks tialBidut V.6 nfiés 8 ehtfispRedle &lmﬁet&aéshhsﬁ sb'sut ohgicnaid e aggregate
dianeter refers to the average equival ent spherical dianeter when using TEM

i mage afhl y§bstantiplly devoibafadorgnsufiitienttp sepelagd evarome thearee dero aalstierceiggr egat e. By
force is MBRRteeh {hAparBibibd O rdsh SreSitrded 6EnP LS A thhtidATwill nsdlg 9“ force of
the ceramc particles must NOT be sufficient to repel over one t he van
der Waal s esememnicyef fsize gestepidangbent O Tanigrans; andlinatheriembpdiments; thefsiage bd

enbodi ment, the netal oxide particles will have a nean aggregate size
distribution | ess than 0.3 mcron and al so have a maxanum zeta potenti al
Beater than 0.10 nvllivolts. Zeta potgptial (.zeta.) is the potential
difference, neasured in a liquid, between the shear plane and the bulls
ofthe liquid beyond the limts ofthe electrical double |layer. For a given
ceramic (e.g., netal oxide) particle conposition, the isoelectric point is
defined as the 20 pH at which zeta potential is zero. As the pHis

i ncreased or decreased away fromthe isoelectric point, 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
asynptote berng referred to as the naxrnunrzeta potentral It should be

T 1 1 . . o




2s that the maxi mum zeta potential can be effected by theZdd@{] @Rfdof saps
to the aqueous nedium For a nore conplete discussion of zeta potentials,

pl ease see R J. Hunter, Zeta Potential in Colloid Science (Acadenic Press
1981). Al wugkidzet a potential cannot be nmeaswed direct!| yperhiveoZeia
potential can be 30 neasured by a variety of known techni ques, such as

el ectrophoresis, el ectrokinetic sonic anplitude, and anal yti cal techniques

i ncl udi ng GPYIPBEYFH e FRusrabanahoy d reipron.and squetimaegrpatersantl .25 micsentsi on, t he
zet a pot enthibRévef, afl B cBH; Ve i

el ectrokinetic 16 z ?eggt%gg%ﬁ%eglﬁgz%@%%%&g%égn|eéat%s'rrpl i tude
using the Matec MBS-8000 i-nstrunent (available from Matec Applied Sciences,
I nc., Hopki ngt ofy,thdVRSSF kD madati j 1% i zi C gnent may
be added to the poI_i_shf)rlleém"Lsa:purry Iﬁb%l%ﬁg?g{éﬁtgﬂ%“ﬁg?'a@%%&érs & |{'T°Is€°r

cor r es pondidfyees gidimilaEppe aubstmsesesiurhypartiete hohayioe frtgenemiig mfleowed tytamié di zi ng
component laid ho@dhidk RvEtEl #ridfR! Fhost RYElinbBorlohart Al 15 3R LA, OXI de, such
as tungsten to tungsten oxide. The layer is nechanrcalTy polished to renove
t he tungst ®Amerengipolaritisheredted ih pyreicle mpleties by ithealonirid deldsufgeigibbrimxi di zi ng
conponent s g thd? t.s 1ncl.ude Ldizi ng netal saps,
oxi di zi ng net a?‘lpf?él#gig%fé@?&%’?%‘ﬁ%géi ';8 gp g{lﬁg bgstj] “Ht &I:{(g. é’gz,ﬁe gfﬁ‘fzhfoa aergl,deDTA,
citrates, petmslei umferricyanide and the hlce, aluminumsalts, sodium
salts, potassiumsalts, ammonium salts, quaternary ammoni um salts,

phosphoni um sal t s, ger oxi des, chlorates, perchlorates, pern~anganates,
persul f at es andThgssdotreetherefoes wofist oTihpre omjdr yategohies: Ax iKdbsvimigeraaposent i s
present in . i » fi.cient to ensure rapid oxidation of
t he netal |g§§‘?’§\%“f‘%‘i %;heg'ﬁacn%%%e%ﬁge% NS ?aPB%YﬁH“"é?? HORS & PEBPTShi ng 75
conponent s dépbletie indiagd dipole’l integedidontsj apd 3. Ldndbristefaatidng eve “liewsd dipscaver ed that a

critical r J b l.st S the cagncentration of oxi di zi ng
conponent gﬁr?g%d%g’% %oﬁteg%%ggrfs' g? g{;‘}lﬁ%l% ST H@Ef)tglefyﬁﬁhﬁaa“sc@ﬁ&hf@? As such,

oxi di zi Hg désrpinesand play e mejppiodeadnl the phad@ o slimy panicles,) particilardiy it radpeeit 0. 5% t 0
15% by wei g@%ddlptﬁ%g}aglﬁiﬁf erably in a range between | % and 7% by wei ght. 20

In order to Crease the ionic strength of a polishing slurry, a
variety of additives, such as surfactants, polyneric stabilizers or other

surface active {i i ent s an _be used.,. Man xanpl.es qof suitable
- surfactans for ﬁﬁ&?n l@%?dées%e H?rall?yna\t/té“r*ﬁ'\'ec?ﬂgﬁ?%beg?’i%fﬁg g‘g‘"gcﬁ"t BEIcEx anpl e,
Ki r k- Ot hreon paEtices; brap detipartioks vt edthin Bowin 0.QkO@out B idndmebidrd §fdne VOI . 22

(John ey NS, h:983): Sisl & Whod, Enc opedj a of Surface Active
Agent SV%S (a%{gé?h %ﬁ'fan ug%’lné’ ﬁf’tﬁaeft%f’s,u}’f’?l ° ,SI“Téé’ﬁ gegﬂ%ly&%'ﬁi* fhe SPBY manuf act ur i ng
| i t erat ur e paitinled taghovg within thexquephemddiy sedh@o by Broildh fibfidre 143 glattlet €1 gent s,

North Aneri nt ernat i opal . Edi tion Cut cheon Division, The MC
Publ i shi ng d%o%‘fegﬁgﬁwr) ,ﬁ“’l@h‘%‘er %@] I%ﬁ?ﬁc?é?‘n%"‘é‘ g@ﬁl%&‘ﬁ'&%’&‘it‘épﬁwlﬁfh‘“&ﬁt ant s
(Cheni cal Plehdei HitiemgrtiCles can bepreveh28 %bin iSng sYficitnti RS0 Ghebmal, tEgchnol ogi st

Wants to K e | sifiers and Wetting Agents, Volune |
( Cheni cal B%‘“??ﬁa?%famé‘ow‘&fﬁméﬁr%{ﬂmf@%%@@%am%?P ifles 50 ¢ayssitheny I cameni ¢
Press, #984)gethbiafpereafier féfrydrar ds partitia Bididnieadtiogyy of Col | oi dal Di spersion
(Academ c Press, 1983); and Rosen, Surfactants & Interfacial Phenonena, 2nd
edition (John Wley & Sons, 1989), all of which are incorporated herein by
17 2 9 CCT 20:tich®caildedditaVapRCT HkiehR/siF04H td BAIRHRNGS derWaaPRBReEMDOdI Ment ,
a surfactant, consi sting.of copol r of polydinethyl siloxane and
pol yoxyal | é’f/ﬁ‘”g??ggee?#éﬁle%m@"ﬂéa&hﬁ’pf%%: dterighingerancy obfhppartigles, whigh anount  of
an addi ti vecerseshen atttier Ash-itefadfifpandi@ il come§bdriiein c§aRBles 4nd YRNLHQRe Shoul d be
sutflci%nt tg‘ﬁl gsgpi eve .eff ti%’e steric stabilization ofthe slurry and wll
y VAT e

typi cal EPRRaY PR lose i qne grother;and/pr, &1 elastrostatic sapplsign and t he

nature of t betwaer thaygetiods, Witieh dERLaWhethelRArRRE bdch biry EMentt Eand I NOL
enough of a. sell ected surfactant is used, it will "have little or no effect

on st abi | i 255 f chargrs fanel o5t pRother S an fdowsical siektrestatin ehasggron sfistten partigles r esul t

i n undesirable foam ng and/or flocculation in the slurry. As a result,
additives like a0 surfactants should generally be present in a range

bet ween about 0.001% and 10% by wei ghty; Furthernore, the additive nmay be
added directly to the slurry or treated onto the surface of the netal oxide
particle utilizing known techniques. In either case, the anmount of additive
is adjusted to achieve the desired concentration in the polishing slurry.




t5 The nmetal oxide particles ofthe present invention ar ggy anﬂﬂi
precipitated alum nas, funed sificas or funmed al um nas B f bly are

fumed silicas or funed al um nas. The production offuned silicas and .

al um nas we ogomed | - docunent ed process which invol ves t he phydicoiresss of

sui tabl e feedstock vapor, such as silicon tetrachloride or alum num
chloride, in a flanme of hydrogen and oxygen. Mhen particles ofroughly
spheri cal wHkngess ﬂErPéftiF]G?Wéﬂbq? fiom jepe ZQthen mish 91 identicplrelrcesstatic chregedingireet er s of
uhich are ¥allati RRMAR ol BARRS 1PRbE B8RS moliese Mol ten spheres of funed
silica or alumna, typically rererr to as prinmary particles, fuse with
one anot her by undergoing collisions at their contact points to form
oranched, thr eondlfR0H B0RkEAM Syt AAIE SINES Wil Bl PLEGIREFOSATY 1O
break aggregates I's céonsiderable an often: consrdered Irreversid e. Duri ng
cool i ngsan@owahdther(fstrgg chetze” cleptrogaticagtenactibes grd sfedc hinderari2dinepdctions) amd t hat  nay

result in Qigg'! I t. to, f referably sta 1)

aggl oner at Zog;@?ﬁgﬁpr calg%#ets gc{%%p%ec?a Qro%?"odeer %?q% F’E@s e[rll?ﬁiﬁil %@peﬁgﬁgﬁ Kt ur ed

utilizing carbeeamlyzedinltertne ofthe potegiabmergapfthé ineracehd particlks aedfubyyion bfthe

coagul ati on; ﬁ%&e@%ﬁ?@ﬂh@& particles froman 30 aqueous nedi um under the
i-gh sa

i nfluence o concentrations, acids or other coagulants. The
particles are filtered, washed, dried and separated fromresi dues of ot her

reacti on product.s by conventio t echni ques kno to.those skilled in the
et OB PG oG B S AR s SRR B SO Aeh o e R e
enbodi ment repokizearpiradciciiegpotentind envedyads a factitén df disah@\betyweathtie gartidesd® oni zed

water to f(ggc 2 colloidal, di.spersion.. The s|lu conpl et e subj ecti ng

ry i : d b
the i sper St ST Sl RARE R eletey Rb bt iR ToLEHAEORRESY The pH
of t he sl ur repulsive atjgyot ey aftratiayenépnnid dheintetead bz GeddMbdthork @oditBxi M ze
colloidal stability. The poli.shing sl.urry ofthe present invention may be
Gsed as a Srta tsuin e dGuB e Spiat tnbeey ek oSty BRI
conponemnt , endrgydesainics thord negativa tthddt@acticiimengg indRaesin) or two package system
(the first package consists ofthe netal oxide particles in a stable aqueous
medi um and t he second package consists of oxidizing conponent) with any

Ist andar]g pﬁl i shl;cnregclﬁigﬁdemﬁliraanamnﬁﬁm\e pBﬁﬁtiaUé‘xﬁrgH@ aﬁ&hﬂ&ﬁlﬂediﬁgétﬁdiﬁbdne_t al
ayer of the er. e t ac stem can .be use hen an _oxi di zi ng
conponent &&Y Bg‘é"éﬁé’?teﬂ%?%ﬁég%ﬁ? ﬁ'}lwﬂﬁ?‘e%%‘@mﬂfpo@ Y et al  oxi de
Eartijg I gs @h@ﬂx Hylarselid HnB ad ahﬁmitibﬁoﬂﬂﬁkﬁgﬁldgﬁﬁéeﬂﬁiwekmﬁurﬁy(ﬁaﬁcfeis,nﬁl eﬁ@lrrpf)nent may
e added tq the sJurry just prior o polishing. 1s The palishing slurry

o t he. e JRiroy g BT R e BUL Y b troesr Pliiesorsta b Ay WA B vo

pol i shing tfiest bbbt sikdfants Adpartiels sdpadii@listmbis gt hak R8s a WetirkRIsie BlefiyZi NQ
surface i erfectiocps and defects. Non-li n‘itig“c};pi | l ustrations ofthe

pol i shi ng FEPRPagicteR dhs e Sapveit i axigthedithep abopg the Berigantakikisnet al

oxi de par t itikd g@éatdd téeqeIBRB ehbirgyd G SimilRlyad: BAkiAE Sep@BGonSdididnt@&Shat inblichia
under stood that the teachi ngs herein have apﬁ’:al cability to other fine netal

oxi de par t i€} WEACHYRanergy bebwesnpaticles, the lineyis akoxe Hye horizental axts (the @stherabpvener nor e,
the metal axd ideizdngdl hlis; e groaRy thd artdétivk befs).t 0 pol i sh other netal surfaces
such as copper, alum numand titanium as well as underlayers such as
titanium titaniumnitride and alloys oftitaniunmtungsten. 25 It is further

under st ood t hat IdiR@rpRE@SERired NY,80 inforthr® td \Akerkthid thﬁfiaéh%mh@ﬁys&%mihcul ar
C

enbodi ments_shown and descri bed herein, but that various anges and

modi i cat i GHEPRHEY % Mhglawest eneamystateayailoble nGererallysreping @mp@ﬂasfgatélpﬁ rit ofthe
i nvention. sifratior diSkafdedt RO Pt v eARbIdndRhela dAHPL the A8 Rkicds a0 ai ned | s:
1. A method for chem cal -nmechani cal polishing a netal |ayer of a substrate,
the met Pod OB HE enoHgy snerey istinsertesintp she sysiem tosfleyy the ipargicles teieagresnsi annechani cal
pol i Shi NG Shitey MunGW P RS 1R, ipahiefS dRiaSRShithin erkdo BhoBfiHR Aciredi UM

sai d aqueous nedi um having a static etch rate with respect to the netal

| ayer of | &8kt trpugh, ulssqr uptil fghosenergvis infeadugel inte the systemto getthe Bartister t i cl es
having a surface area rangi ng fromabout 40 n2/g to about 430 ne/g, an
aggregate size distribution | ess than about 10 1.0 micron, a nean aggregate
di anmeter | ess than about 0.4 mcron angd, said slurry conprising an anount of
at |l east one ionic species which is sufficient to prevent a force
sufficient to repel and overcone the van der Waals forces between the
particles, wherein'said slurry particles are able to readily form

aggl onerates of greater than 0.75 mi crons and said aggl onerates being
stable stage 1 agglonerates; and 15 b) chem cal nechanical polishing a
netal |ayer on a sem conductor substrate with said slurry.



2. A nethod in accordance with Caim1 wherein the sl urryggméﬁﬁﬁs have a
di m ni shed 20 el ectrostatic |ayer due to the ionic specie urry,
said ionic species being present in an anmount greater than about 0.001

nol ar. 3. WRO0MIIRHd i n accordance with Caim2, wherein tReTiuset/Co4speci es
conprises a surfactant, an electrolyte or conbinations thereof. 25 4. A

nmet hod in gc%ord cewth claim]l further conprising the step of |owering
the ionic SEFENGLHF BT SHfRYIREP AL PR {RE RYfoR ovsh (Prehesyiss wpvdo adifeisple after
pol i shi ng, traiigh).t her eby i nducing an increased el ectrostatic |ayer around the
particles, and meking the polished substrate easier to clean. 30 5. A

nmet hod in accordance with claiml, wherein once the slurry is agitated to

create a unif orTheft SPEICSIPOBE pddld defdrfon dishRtks RIaReESHoPd theStigudil i ¢l e
aggl oneration_o ter than 1 ~~T 2603 WD 01/02134 "m cron will

f_gre 120 = [ WO ( 1s4
occur wi't hith 5“%’3%‘%‘%3?@?[’%6@)/(1)70%"’6‘%‘ AP wEArRion distepsedmbieh #hgeh O ai m

1, wher ei n19g46m&hibnRill BégiMb d8sir.o0h %&n&{ttfbh Witbh&eRingly Reid IBIRhr T | €SS
than 50 Angstrons per mnute. 7. A nethod in accordance wwth Caiml,

wher ei n sar®eley distarpeshan(ay atilg layyes limis isapash Forpuspases of His inventidn, s lowess t han

40 Angst r olfifit RSiot TpdHf andis ndt idBLHAGn R Qrdance with Caimil, wherein
said slurry provides a static etch rate ofthe 10 netal of |ess than 30

Angstronms per mnute. 9. A nmethod in accordance with Caim1l, wherein said

slurry provi destia [ ; : lec @ . 20 Angstrons
per m nute. 15 10556,5?%9%&#%&?%&%%%3%2%@%%%& a@'ﬁf{lﬁ?m&ﬁ%&%ﬁg said slurry
provi des a S¥pEtipEdiganes invhich ste 2 pgelomparation will begimdo pévan Such (tags2r ons per

m nute. 11 aehohi®Bidadil ' i ' ticles
conprise al %%}10 na and ??g@%ﬁ%&@%@ﬁg&#ﬁg%@%%ﬁn 08%/\@%1’@', Pﬁuﬁg\%ﬁ?mﬁsai d
particl es &l 08 PHERSeHDHS dventionitiinlowat linft is aotemparteatend fisowt iddnti@iechanl | i vohs.
13. The mefhaghes. clai m1 wherein said slurry further conprises an
oxi di zi ng conponent. 25 14. The nethod ofclairn 10 wherein said oxidizing
conponelft is selected fromthe group consisting of iron salts, ahuni num

saps, sodi um s&j {okingRGHAS FiohtdM Siikicfes @Wo%@ﬁc%ﬂl‘a&es Q’Hﬂ% LG, ammoni um
sahs, phosphoruum salts, peroxides, chlorates, per caﬁPor a eg, per manganat es,
per sul f at esist@anes ipdisetadiag e treghdivhich 8 HlugtBatedr &c)poftbaicunte, oidak thisartidler ei n sai d
slurry fur tsé}ﬁfati&g Wiakd §§g°gloﬂle§a'ﬁ&]; AfitoRA. gﬁch%@ys%n? fitcfeg-ll)yl}nﬁablez, %nd 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



29 OCT 2003 16. The nethod of claim1l wherein the sl urryg@w ZF@ a
surfactant selected fromthe group consisting of nonioni a nts,
anionic surfactants, cationic surfactants, anphoteric surfactants and
m xtures YRA&VEIP4 17. The method of claim 14 wherein sai BCHUPMEAEMANt i s
selected fromthe gr oup consi sting of siloxanes, | ncI ud| ng

or gano- si | @eﬁ’ her m xtur ol yrrers

t her eof . @?ﬁ@x 1 f&ém%r@%%%cg\er%plo B30 ﬁrlfllﬁer ufrgrw Bglmﬁgﬁl ng a netal

| ayer corrpparsﬂlmg‘onpmvmgwloeelytsmgethwﬂgyccxdtmhe peeticldswitan safuassadioredi um havi ng

a surface g,g Gk angi ng from about 40 n2/g to about 430 nz/g, an aggregate
10

size distri n less than about 1.0 mcron, a nean aggregate di aneter
| ess than about 0.4 micron and devoid of a force sufficient to repel and

over co the v r bet n the particles erel ald

ol urry Bartiol aodEollR Eips, B85 MFRe el Pl Sl s BERGr et or
than 1 m cinahe Nédle pﬂeml ltrsuyhasysmpmbﬁMrwsﬁmclﬁtwmﬂ&aWﬁ&rww sai d
particles re in a r.gn ween abgut 0.5% and 55% wei ght. 20.
Aol urry i RieBa Rt (e Prlidr Spmmation iiines Bikuds ompiieieat 40 APE o sur ace
area | ess hdither saigaumormga%glmtmearpmae%e bidricad shefolndéfakiyn foRthd range | ess
t han about %I‘E{ﬁ V\ﬁi g{lt . %1. §r8| urr | n accordance with claim 18 wherein
sai d parti SPESSHHE MG i Higgre s 5 Lypieal gﬁ%ﬁosﬁfﬁ'ﬁ\ﬂﬁ’éﬁw%%ﬁ?‘mwlﬁ??g to about -

| 70 nz/i|g and are present within said sl urry in a range | ess than about 15%

i ccordance with C.ainms_ 20 or. 21 wherein sal d

by wei ght. 22.

particle is an elﬁ')‘( c‘ﬁ%/{ea ‘gﬁ q R icies ean i mpaggyred iy the jiteagen alspragiqn meshpd of 9 o7
2003 23. Assm.unaruyr P aEnaes had C.eTelér] ) AG. @héﬂuaaﬁswef Slofink &0 Papasdd Cl es have a
maxi mum ze @3?) %:tl al 1?g‘r%:{%drer thgn about f 1.0 mllivolts. 24. A slurry in
accor dance Q3K BEL; ‘éfp'g“l”ﬁﬁ“ﬁesff{?ﬂaﬁé‘f‘ 40 e to2bout 430

el ectrol yt e /g2 TheyaFtielet may cdmipnae BErde 08594 4a58% of thé Shirrf\d&ektligyonl the ACCOr dance
with Caim/18 erei.n the rr rises a surfactant selected fromthe
gr oup c%nsﬂ%gf‘?e\r,\fgalaf‘m“ﬁ%‘l’l’l"f)% Tg %%’i‘sf“é’g&%t“?m | a¥idegmrticles i e isgdpnstionoft  onic
sur f act ant ﬂ;epamibtbe&rﬁ;fdsﬁoxﬁurefdag{eamc&yswﬁlmﬁattw&ﬁmtmm@é‘ eglbmn sl UrTY in
accordance W g ml[18 wherei n the sl urre( particles consist essentially
of al umi na@Paador guraipg, [ grderfo é"d’l%? the FeTredpteRinEy androliging iperiehas beeRe sl urry
particl es gRAgihat thesHRtinsBHAY aRh afd oadidg leveBwilldarg bfiehdingd dpoR afRH daNnCe Wi th

Cl ai m 18, V\:hE{EI n the slurry particles conprise titania or m xtures of

titania anded! oidspariclesar phosen fpraparticyisepelisiieg shuwy astyel apiedeggrenf 29. A

slurry 4on a@g@[ﬁd@%@pn&getctft}gp@hme;8 wherein the slurry conprises |ess than
100 part per million iron ions. 30. Aslurry in accordance with C aim 18,

wherein after the slurry is at rest for 24 hours, a particle size

di stribution arualo»f&n%obaﬁedmeﬁanlgualﬁg;seeof@asc%%e&@mwuh IR gyl ti - modal
distributiagn. 23 .AF Ao. A A

AR A A Authan A@%AWE'A@ fsa(\ﬂhﬂa@ particles hqving)surface arsas rangingdromoboyt 7§ mG/g to

\ A W( WA _ O GHBBIR d RANE 30k aH R IGh R 2% FERbEd 1badhgdof ? @XLeXX8
?8< dlI n'dSG ?? <d6r’r5
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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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
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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 metal 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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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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& () -10% & (4 ;3tn4 bnlGordance 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.

21
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10" 0810% Oﬁér(iél'eg’ &ﬁ%rﬂﬁ‘y (ﬁs‘p}nqg@gl 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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surfactant or a mixture thereof.

25. A slurry in accordance with Claim 18 wherein the shurry comprises a surfactant selected from
the group consisting of: nonionic surfactants, anionic surfactants, cationic surfactants,

amphoteric surfactants and mixtures thereof.

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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