PLANARI ZATI ON OF GROUP VI I 1 METAL 5 CONTAI NI NG SURFACES USI NG COVPLEXI NG
AGENTS Fi?b%s%?&qj?e I nvention The present invention rel at g hRodRLppds for
I'on 0

pl anari za Goup VIl netgl- @9 (preferably,
pl ati num cont ai ni ng) surfaces, | “@M‘“M‘mw“ y in the fabrication of
sem conduct or devi ces. Backgrou vention Filns of netals and

metal oxides, particularly the heavil85l enents of Goup VIII, are beconing
inportant for a variety of electronic and 15 el ectrochem cal applications.

This is at |east f L re generally

unreactive) resi s?@%ﬁ%ﬂ%ﬁgmg”@vﬁé ﬁg@ﬂ’&i#&ﬁ%ﬁ oxygen) and

" are goodsconduct or ONTXNIBE: SURFAUES USING CUMBLEEINGAGENPS possess t hese

properties, although perhaps to a different extent. Thus, films of G oup

VI netals, their alloys, and netal oxides, 20 particularly the second and
third row netals (e.g.) Ru, Gs, @J?eldlog he%enﬁgg Pt) have suitable
properties for a variety of uses in in{egrate circuits. For exanple, they

can be used in integraTlkdpresdnt iivestidmieldoans nethods farplalasizatfoarofexanpl e. They

are particularly suitable for use as barrier |ayers between the dielectric
materi al and PH¥PsY I metal-copsaining dprefesably Patinugetantdaing kW 236%S more, 25 t hey
are suiggble i[LSPInahe fdbrickion &sEmidon ddeSgEf in capacitors. Platinum
is one o? theﬁagténlglﬁ\robgtnes gormuéoen ass an 0e ec(t)rode %or high dielectric
capacitors. Capacitors are the basic charge storage devices in random
access nenory devices, such as_dynam c random access nenory (DRAM devi ces,
static random access menory (SﬁAK})g_r‘d‘@\ﬁQfZ& B‘é{ﬁ'ﬁl%w ferroel ectrie ' 30
menory (FE RAM devi cepjimd BEheaibdThet@ oxidd, SRAANLILS hestigh as paral | el
metal or polysilicon plates, which act as the electrodes (i.e., the storage
node WO 03¢lemtntsad GRayy VBD 26 kroomirg: igipesantddea wariety dleelestionicpingt e

capaci t el ectrod .insulated from.each her by a dielgctri terial (a
orroel dstri colpriepbpioabnpiEuRing: TRE S Aacphesented SR BE PN T Cont i nui ng
need for methpdal Alds MBieRdrall Pudredctiv SefiRNas Skiddiod oGe@rpPthy! | |
nmet al - cont ai ni ng films, preferably, platinumcontaining films. 5 Many

§

surf aces t hat diffasiontof @xygengandvse gepdeandoetonf @ridepofgertpinpbthese cont ai ni ng
films, particyl ' [ ' ] evi ces, do
ot have. uni £ BER TGRS AR} Rlopbatsfbodbebhpd 6y GRRAATERENCRY 0
non-uni form Further, ¥hid, fitason@soubawidl mehlecthsir alleys, arl metylsdxades| atti ce
damage) scratches, roughness, qr enpbedded particl%z of dirt o gust. For

vari ous 200 f apitiedasipiheseepndand dhipdropemplalsiggnd, Os Rk I5 8 ad Iy r aphy and

etching) hei ghfe suitable properties for a variety of uses in integrated circuits. For
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example, they can be used in integrated circuits for barrier materials, for

example. They are particularly suitable for use as barrier layers between the

dielectric material and the silicon substrate in memory devices. Furthermore,
25 they are suitable as the plate (i.e., electrode) itself in capacitors.

Platinum is one of the candidates for use as an electrode for high
dielectric capacitors. Capacitors are the basic charge storage devices in random
access memory devices, such as dynamic random access memory (DRAM)
devices, static random access memory (SRAM) devices, and now ferroelectric

30 memory (FE RAM) devices. They consist of two conductors, such as parallel

metal or polysilicon plates, which act as the electrodes (i.¢., the storage node
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. S0 that

non-uniformties and defects at the surface of the wafer nust be reduced or
el i m nat ed. Also excess material nmay need to be renoved to forma

struct ur ey hect|V|ty relative to the underlying subsihalsgs g i OUS
planarlzatlon tec ni ques are avail able to provide such reduction and/or
elimnation. One 15 such planarization technique includes nechani cal and/or
chem cal - mechaglical a g@lﬂe%al thtd El%{‘le?etcﬁgdthel'h@l!llﬂ[f:@*?l’Oﬂ@fhbthCIB?apr ocess of
pl anari zation 1s used to renove ferial) and preferably achi eve a pl anar
surface, overditketriemsadterél émfeproahdtrwaiﬁéc:ctrusmmtlah%)s FER aMspdThw, as " gl obal

planarity."” nventional | t e | anari zation nd
. particul arl yc%ﬁﬁﬁls?ﬁ%f'\}‘é'{gqeﬁg?ﬂp ﬁ?‘?sai‘“aé?@?"%s %4 el?rﬂ%étss'ﬂ%f’gs a wafer, a
pol i shing padgrapdyAMmeRr-asnitfing Ifiihs X)réﬂ%b 3‘ prlibeaontattigPRImy. on of a
pl urali t%/ of abrasive particles'in aligq The abrasive slurry is applied
t

contacts t anmléfzfcas:@abﬂesqlh@rwm@ foamatiemel GestupsHillng pad. A
t abl | at | l'ied
to the valer TRebesufpRE e BRGRMNTAS Aler SBACRR GHEARORE S 2P ' €

| east one of @Meﬂ(&]‘(ﬁfotaﬂﬁh mmﬂnlmighngmpmtrabﬁ: getwifer thivkhes ig fb@t i ve to
the other. In sonme planarization processes, the wafer holder may or may not
rotate, the tBHIniGIMp Rorder. ferjaces "Hﬁ\}‘aYFdief‘?%st%‘FBa&ﬁ'&l’ﬁ@}laﬁﬁédﬂlﬂag“en may be
noved in a li hed0l, r unmer ous types
of planari zat %}%ﬁéun’i tls)glgl\?glélog JP.Bé d?&n%%%?%?%rhd}ggoﬁgﬁéﬁgﬁés in different
manner s.10Al t efabdtdtioalpydcetdes tcpbd pesrfurmgd,psadh amhithagmpby arel gthing, \heighy be

repl aced by a fixe abraS|g rticle t clud lurality of abrasive
defs dheed

particles di sPEFYREPHYSiaH Fiy@bihe sy é‘ieéﬁ oW rl“é’é c 1§ QFface of a
backi ng mat efé]%mat%d AYsJo k@3 ﬂa@ﬁ%ﬁ% H&dl@bg%nﬁg%lt&sﬂ%ﬁﬁpﬂ%ﬁn@_ he

pl anari zation of a surface that i1ncludes platinumand other G oup VIII
met al s typi cawith s¢lestblityerelativg © theuidenlynglsubdizate. Nhelnus:allanmtlom during a

pol i shing process because.t are. inert and/or have
ol at1vely 1 cRruBTuR e thle fo o videanaHistitbn el Sp Eimuntibg “Rbea"al uni na
and silijga pagdch@lmnzmQé&mmk%dudembml@aahncpei ¢iehiieg nieRglscdio cause
the formati on of defects g scratches and particles), both of which can
be detect ed omlisbmlgl(ybbrc‘a@qqé erchieas "OMP'a ean renoval of the platinum Al so,
many conmercial ly avai rr| ly planarize
pl ati num or ot her Goujl;;ﬁe\ﬁr%F& ?é‘an% k E|“nslun§ds°urre ac%gageﬁ Lergbecause no

material is rpmrsdy GoMidveh plasukiSadeNoved trlvatigechip ai@eufet,aometimbs t he waf er)
or the resultant surface has defects therein. For exanple, those abrasive

slurries avai Iedgsred 1o ag eslobal @lanariye’ E@@Y@HS@%‘%@CIQ‘EBMPIWG‘SNB‘G‘ and 30H50
and GRANRKTE NQ}qEIQ‘QtQ ot her

al um nawgased slur r(flﬁe%Ud%mr%%Avgmegg{ellggbgggg%éegmgfg]{aﬂ%ﬁ]@ gatﬁﬁgdugh GRANTTE
MBV2000 does pdivhing padt dnelrdnuabraang splrgt thaingludds alcbspmort blea pluraﬂlegcﬁ vvi th

signi ficant scrat.ches .and. ot her..d ts.anqg is. not selective to th
o1 v g, ol BN tid T ST e g aopEEE s R o O vt ur e

required. CerH@umeﬁfacetdm@w%mmklpené‘m.?g;@adbal ta®¥est fifesRAtAI N an

oxi di zer, although relatively |arge anou (e.g., greater than about 10
wei ght - % ar epelispingaiadyhérewi. ukhedpolishing pad h@pelmdstosm theaatrﬁe@dtaflbr met hods
for planarizin an exoed urface of a strat tha | at i num
and/ or :)}?her "re\(ﬂ fO%ttaﬁ%la"aﬁ'zakl?"cullxaffg Oneoﬁt} rlca Fa”g%
senvconduct or dﬁm SQSn niISHRENL & tottheothéry dRkobme F&Ear?vihnlihfpr@esaemme i nvention
provi des net hods t hat overcone many of the problens associated with the

pl anari zat i onwafer holdgr may. ar gy pot rakate, Hhedable af Phtfmrawrdnayamsmétﬁ of the

ggrgr <\51/|bll Iy SeRﬁr?d?%JtﬁgﬂlraFéﬁF!ﬁg' Iéeﬁ?g/ @ljﬂl m(e Igo%%% ch,g,afeg ‘?2 a d to her ei n

as a pl ati nunThants mimugowyﬁaaﬁ ,plamarimm ugamevzmllablys wtacl@aﬂpm\thd: I

met al - cqont ai ni ng surface. A "Goup VIII, cont ai ni surface refers to
. an expos¥d reai%?ﬁsﬂ%gﬁf?@e“é"@"ﬂﬂﬁ ‘O‘II‘FT“aHié‘%qE tﬁ? B%Hspf'lﬁﬂagra% abIISNE | num)

preferably preag)imdybhed 19&%“ HedBbrdsRR%H @@muimmd@g&awahp,gwent mor e
preferably at |east "abo gtomc percent, and nost preferably at |east

about 3 Wwo eBasizsbpdticles dlspersed within a binder adhered to at least one surface of a

backing material.



PCT/ US02/ -t 0~ 13 50 atomi c percent, of the conposition of the region, which
may be provided as a |layer, film coating, etc., to be planarized (e.g.,
via chem - ni cal or nechanical planarization or poli.shi i

310866 . ( P P ~
accor dancg%lv&{aﬁ ?ﬂe present invention. The surface pref erggiwspﬁ%q4h§c}es one
or nore Goup VIIl netals in elenental 5 formor an alloy thereof (wth

each other and/or one gy £i,9% Eﬁ{é {inkR8eP 8k M) (ér'~e), as wel |
as oxides, nitrides, and3 @?IF‘?ICZ? Jé}g{)f[ ere(%%hgl\/ltl)]r@ %{@F%@gﬁ%‘; &Pﬁlle surface
i ncl udes (‘andGromptVIprmdtals aypiyallydondveat moresseehinied] ilyanathg mivak acionnor e G oup

VIIl metals in elenental formor an alloy of Goup VII| metals only. 10 The
. net hods of th‘@”B‘lgé‘sFQJI‘ﬁh‘i"ﬁ\Pé(??F?Sot?FCP‘h\?(Sﬁ‘e\Ve%T:)Teiﬂ\'é'ﬂyzq?’ﬁ'é"‘“a"l1¥Eﬂef’%ﬁi‘ékiﬁsi ng a

pl anari zati onp£RPAKNY RV d1aije BF U uéh nRehdiEs 31&@;%0.}, hingiggent
therein (either di sper)!sed or E}F@sﬁu\‘éée%qlﬁer ein). OBt ilon 53,&(512&]

pref erabby, amndoxicdipaitiviesadénfortimtely . soedhanical pelishing tends pl @osertheat i on
conposition. Prefera he canpl exi ng, agent .i,s present in the conposition
in an 15 anou m%lfona(%y‘%@&éthéébég'?m%%ﬁ‘g%aqu%'itﬁfﬁlﬁ)??w&cécﬁ? B¢ erably no
greater than ghaidd JfiveIny raveédhin thertafBsthoval 6f @E plitdiuml. ISR rdunt  of
about 0.05% to about 5% by weight. A preferred group of conplexing agents

i ncl udes or ga‘Fﬂf@“@ﬁ@lla?Yﬂébéﬁcﬂbd%ﬁ}Vf‘c%}mlﬁtinme,ec'@\‘e@hnia&afmIﬂﬁém,unbr

conbi nati ons i .S ..conv i under st.0ood,.
"pl anari zi ng"&J(}’ﬁﬁeggfm%*‘g’gb@%@gﬁ"lﬁ%&éﬁg%egm? Liéeycfl Légr%nn\?aq]a%?lgﬁ%t erial from

a surfage, whehleed (whibiere3ukging® dhangailrsiaamey df (Hefw4red) oF il rpsulthhther
mechani cal ly, chemcally, or both. This also includes renoving material by
pol i shing. AsSuikegihasedefsichs) thergie o £ arapls athpteaabrassie sripgavalable uadg ref er

to a dual m3Cm@%&%&?gr\ﬁiaﬁgnsbl@LEBésme{?Ug?Oaa%grﬁpf—)ﬁ@%}ld ghRipehant cal o ay

conponent, wherein cortosion chemstr racture mec

a roll in theMSavaogal(albhvaimblerfrah Rodsl, Phoandf, &vZ) parld @hérngnmihbéag@danari zat i on
conposition can optional |y include abrasive particles, thereby resulting in
an abrasive sﬁeﬁr&egéo aﬂ‘&ft?@“ﬂgéﬂeq‘?lvedﬁ%fﬁﬁﬁ"?’fﬁg‘?%ﬁi CE%‘@NHE%_%W\%E{Q%
conventijgnal Rk kgRbRAuiRARn ARE pIdeh R0l RIS tRPEARLY Rith3ldhiffdafS 30 enbedded

therein. Alternatively, the planarization conposition w tthout abrasive
particl es thescedtches and bdendafectnvanchisfriok sedective tsthe @ndartying ebsttat so ref erred

to as abrasive polishing pad in place of conventional, palishi ng pads.
Such fixed abFsdpuging g‘t’:‘l“é&‘s’?er%l"ﬂﬁ@‘&a‘& the Tl {F%ffe%btﬁlgff'(}eg?i?ﬁ?“? i cl es

di spersed W t&inipoditidh§aebeBNAN8 dohdindin dxedsdr, ARuENFAARRIEgR backing 4
WO 03/ OsGX0 PCT/ US02/ ~(1~13 material. If the oxidrzing agent is not stable

in a composi tBPHNK (ele. aseaie then fhout il @ weigh(-To)are tyaisaldpingbided sl urry), they
may be ovi ded by se t el i ver nd/on in separate
conposi ?lbons and m xegﬁgﬁ’ @ﬁ% 158?!2{'1368?&%0%3%0%g%£l§é§8é@§ agf&???gdpresent
invention, a qirAtest Zzaibseae telt hatudes phtiptm\ande otheAGrdupcy MDQStalsposi ti oni ng
a Goup VIIl netal-containing surface of. a substrate (preferably, a

sem conduct or PAtigdartyindhe fabagaanof semicordvaipndexiceh as a wafer) to interface
with a polishing pad; supplying a planarization conposition in proximty to
the interface; and planarizing the Goup VIII netal -containing surface. The
Goup VIIl metal is selected frBuntiaey gfrtbamventioni sting of 10 rhodi um

iridiu rut henium osmum palladium platinum and conbinatio t her eof
The pl ghgri zation conp Rrﬁﬁ%t i"i’(&?‘ﬂfﬂ’e‘é’og’dﬁ%'ﬁf)‘l%%? 'ﬁil‘@‘ QGERME PANYYr t ai n

enbodi nent s, hBPrdPRCHsbGae@With@Re PldhariZAtiSNEF $EPick thafinclted hout an
platinum and/or another of the Group VIII second and third row metals (i.e.,
Groups 8, 9, and 10, preferably, Rh, Ru, Ir, Pd, and Pt). Such a surface is
referred to herein as a platinum-containing surface, or more generally, a Group
30 VI metal-containing surface. A "Group VIII metal-containing surface" refers
to an exposed region having a Group VI metal (particularly, platinum)
preferably present in an amount of at least about 10 atomic percent, more

preferably at least about 20 atomic percent, and most preferably at least about
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intervening rinse step between the use of two different planarization 15
conpositions). In certain enbodi nents, the conpl exi ng agent includes a

cyclic di gphganic amne, or a conbination thereof. ot her
enbodi rrengg) m?ﬁe |rol anarization conposition includes an or gggﬁ% %@d@J and an

am ne. In one aspect of the invention, there is provided a planarization 20

met hod that i pghisdgs; erpaﬁlafltmmo@u@mﬂae%glbn nRhich nfa9Be Vil sur f ace of
a substrate to mter?ace wWth a %o i shing surface, whefein the Goup VIII

metal is sel eglayer, filmneaatieg, gtc(a,ug ¢ phwngzadig. gofwarcm@dn@mjnqchmdcamj r ut heni um

[ h
_ Bf?n;m zzlg'zle i oﬁ%lcgh%bcg' '?]E’I %Pzg?ﬁorbor&o %ﬁlﬁycgﬂ a']tcﬁerﬁ‘ égngelégrﬁd aﬂ%{rl zi ng

the G oup VI Th@burieé plefeably aichideg ohe!of M6R; Gr‘dﬁﬁ”\m]lmduh?lrpél@rﬂé‘xﬁthlza“ on
conposi tion includes an organi c amne and an organic chelating acid. In

_anot her &specforgrortapallpythersof Orith eashrasher gngfpoonedrs aere pihen metalnefi tber met hod
that includesp rﬁ)&ﬁ#'&‘éocf&' E.Ltgﬁé’n&i'&{i Vi lde@%@' mﬁ?ﬂé\ﬁh@}egg [d ace of a

substrate to I nterface |ng su eGroup 30 VI
metal is sel epteédabily,ahe m&cgrmumeccumalrﬁdst pefavably, frodsissessentiallyusr) r ut heni um
osmum palladium platinu and conbi nations thereof; suppl

oRgBa LirBP Vil

i ng
pl anari zati on®%o {repp VHL prekls i algmendal dpn prans! oy b G rawﬁ anarl zi ng
the Goup VI it &jgcontaining surface; wherein the planarization
conposition 5 6%/ 0S(>C211 PCT/ US02/.10-413 includes abrasive particles
and a cdfpl exi ng agentThamdthbdmfrthe pn\ﬂsené:hwnaonrrmjvolvietpyamﬁzmge spiaceal i ty of
abrasive particles anot her aspect of

e02 abrasive part ?ﬁ still
the invention"'thap "i“éz PBfi?‘BB%F"éO“ptlh ‘r%{? X‘Bﬁlu HERPRIFEPE AERA udes:
posi tioni ng atlﬁé?ﬁ’(élﬂ(éﬂ dxs[fé?srealor Gﬂgﬁlaécﬂ'h@ﬂlé ﬂ?ﬁf)ﬁ@%ugﬁd \fmﬁa‘r‘ﬁﬁ% gte to

interface with a polishing surface, wherein IS

sel ected f rorrpxlldéllmftzapi l@@henrs:ﬂudfrg lmfhemhamrlmomcmmpsmpnr ut heni um osm un
pal | adi um platinu t| ons t her eof | anari zati on
conposition in pro eﬁﬁr? y’ttg C Fep FHPEFE%{%&I’%??B‘ ﬁﬂﬁ%g@’wﬂ%ﬁ%@ﬂﬁ@n@ oup VI 1|
net al - cqnt ai Nhmeurd Wf haiesst aWR 0B19% by Feight Midre Rty 6 BRARrthan | O i ncl udes
a conpl exi ng agent selected fromthe group consisting of a cyclic dine, an

organi ¢ am neaba 18Pdanyaigithaldaness grederably, iarpe aswmpt efaaboah@ 03 fede eof ; and
further wherepg, E@dﬂfe\k i 'Aspl%?errfedegt‘ijjo@ucgf coth ?cr}?n a(ﬁgg'is Cl)éd%&g%%élﬁr aspect) a

pl anari zati on net udes T ovi % or

substrate asseddtingiavick u@blikgdlahesl, eRahic @nﬁnersegi &mlﬂfat@nd thereof.
pl ati num cont ai ni ng suyface; providing pol i shing surface; providing a
pl anari zati on conposi t HEWIMmas b%r?OPYﬁ%'r‘)f‘%ﬂye“%’éfs%@én Hl‘?f@“ét"gl 8hst one r egi on

of pl at Iz@umc%sﬁn@hm-'%,fsqsale%glow%fmérﬁinhe& aswria@g e%%tme

ari zing
the at |east one region of platinumcontaining surface; ere| n %
pl anari zat i onlacgmgosiatliamounnefl matesalaelﬁmnpieelmnmglly,gﬂanmlcsiéb',ermt@m fromthe

9 oup_£ons! Ul 20 20, Gy ice . 08) PR ROARI. G RSt TS fomR. "L o
provi di ng mechanical polishing” and "CMP" refer to a dual mechamsm having both a
chemical component and a mechanical component, wherein corrosion chemistry
25 and fracture mechanics both play a roll in the removal of material, as in wafer
polishing.

The planarization éomposition can optionally include abrasive
particles, thereby resulting in an abrasive slurry, and be used in planarization
techniques with conventional polishing pads that do not have abrasive particles

30 embedded therein. Alternatively, the planarization composition without
abrasive particles therein can be used with fixed abrasive articles (also referred
to as abrasive polishing pads) in place of conventional polishing pads. Such
fixed abrasive articles include a plurality of abrasive particles dispersed within

a binder adhered to at least one surface of a backing
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a sem conductor substrate or substrate assenbly including at |east one
region of a platinumcontaining surface; providing a polishing surface;
provi din i zation conposition at an interface bet | east
one regi 8@0{?@@@% ati num cont ai ni ng surface and the poli ?ﬁﬁﬂ’&@ﬁ%‘?&ace; and
pl anari zing the at | east one region of platinumcontaining surface; wherein
the pl anari zagh@RaICIPRRSK idiAR. | 1eQh 9B} D& ., 0rganic
chelating acid. | ?]. aﬂ@?her lag%g%t%l,( %gﬁ)gf%ﬁgrfzggingﬁ%litqﬁggaﬁﬁ%?ﬁdes:

provi di ng a spamiden@achorbissibstinayk tiesyapabbe/pronidedbly sepaede ddpsty one regi on
of a platinum 30 coné[ali ni ng surface;. providi r}% a &ol i shiF surface;
_providing a pﬁyéﬁ‘?g}s!af ©f Bive %{ﬁ‘ﬁ_c?@mn%lﬁoaﬁa%ﬂq dat 6P8NHEt B¥en the at | east
one region of platinunicABLEeR] &Qhéer%é}ﬁ‘?n@ﬂﬁoﬁﬂ%lﬁﬁhkﬁmnﬂgetﬁ&? fsace; and
planarizing the at |east one region of platinumcontaining surface; wherein
~the pl anari zaprrwided dupmsiudes npBitioning DG @Y RZome@fdogisiheuwideiafal udes
abrasive partjele nd. a, conmpl exi n ent. and further wherein a mpjority
of the plural glut% §,tr%? ?Péng&EfvasﬂﬁFPP@r@ bé{f’%”?%%zs“ﬁw’é“s?%%m rSP&Efbeas. In yet
anot her aspecwafed 1pkmériice 2ath OpolFRINEGAd] MPbHARSH plRiRIhGbNompdiaiBnconduct or
substrate or substrate assenbly including at |east one region of 5 a

pl at i num cont AiPEPHEIY P thedaterfpges andiplagarizipgihie Shon V8l metadwonindng di ng a
planar | zat | oy QRPORId &R ki gﬂé&&@r&ﬁ,&n@g&uh@ nfliingGgSt one region
of platinumcontalning surface an e polrshing surface; “and pl anari zi ng
the at least modivnegidiempfutiEniin, usmisanpaladivng pdiniiae eid sdistigations he

pl anari zati on corrgosi tion includes a conpl exi ng agent selected fromthe
group consi st‘ihﬁ'ﬁo f 10 a cyclic diene, an organic am ne, an organic

chel ating acid, and cofhi L ; rt g i.p. tfhe nethod is
carried out in one step. ﬁﬁﬁ@??&?ﬁ%ﬁﬁdﬁﬁfé}ong@%g#,acgﬁ{}gllem%gtfilgn met hod
for use in forenfamgenabotlapents, tier methol & carved dbayeoné nep (idewithonoa di ng a

sem conduct or. substrate or %ubstr te asq%enbl é havi [19 a patterned dielectric
| ayer formed PIFEYEYIE H1E SEP S‘WBE]?F 45e10f 'y di{fereny EaRpBZatgN| ayer formed over

the pat ger nedeoipRbsRioh) dn béis embBERRIR, e ofipRithg Mokl iFBLAs 4 §cfi€! ect ed
fromthe group consisting of rhodium iridium ruthenium osm um

pal | adi um pldienenampreand apvndionacowhmatibe theofof. poseirthinartherg a first portion
of a polishing surface for, contact with.the up VI I .nmet.al - contai ning
Tayer  pr ovi dmPEmERE P EFRARS etbbi R AT B8 he cont act
bet ween the pghinehi ng surface and the Goup VIII netal -containing |ayer;

and planarizing the Goup VIII netal-containing |ayer; wherein the
pl anari zati on conposi tin®ae psperiefdbe Mveniigs. dhernis paepadad splhearizedod r om t he

group coysi St%Qtﬂo&’tha?in%)ﬁ%le.l;p%ogitg{ﬁgncg £ @C%Flor}l?ain%g%uﬁgc@c;fnat | ons

t hereof . The present 1 nventi provirdes anar i Zathon method for use
25 i n for m ngsubstcapacintesfacowithampoiigiing syréicef Whdreinnitd Gebep: VIl mstalisng a

sem conduct or substrate or substrate fasse_rrbl y.having a patterned dielectric
| ayer fornmed ¥ Pegdcﬁ’“%\ RO SISISWRg Pf Thediym, digiv Ry RhRIYmARSMiI¥My ned over

the patter nedpa‘ﬁ]iaﬁluﬁﬁbfa!liﬁurlnfi’%.(lﬁlroon’{m&ftfoir@tﬂe%f@uﬁ?@%r%lealrﬁlaﬁ@fz%od s selected

fromthe group consisting of rhodium 1ridium Ium osm um

pal | adi um pl @mposition amgro3 dnicotvithe attérfars; adeplawiizingabd Graup VI a fi r st
portion gf a otli'shi‘ng. surf.ace for.contact wth the Gr.ou‘o VI
met al - cont ai nPRg TAVAFINE Sprtseqvhgre ‘8?8 prIZAOP SAMPRSHLINCIUIRS #h proxi mity

to the contacdrghfit WaaR ahh%n@@%ahﬁﬂh!@ﬁa_tiﬁg”é&ape and the Group VIII
nmet al -contai ning |ayer; and planarizing the Goup VIII netal 7 WO

03/ OSG&R0 PCT/ US02/ - 10n3newer aspedtiof theapeentionhibessi inprodideg laanar i zat i on

conposition i | C i ne_and an opgani hel at i acid. The
~ present i nven‘? Iﬁxﬁ)aﬁﬁgtf%néﬂ%@égl &e'sncgmﬁﬁaﬁ%sﬁl?‘é?g %ﬁgwtﬁ%ﬁn?tgﬁcgﬂﬂnm formng a
capaci tor or duefacé €fa dubyedte tdiaterfade Witdespolighiay isehifvg, wh&eili (hOGesIGt or 5
substrate or substrate assenbly having a patterned dielectric |ayer forned
30 VIII metal is selected from the group consisting of rhodium, iridium,
ruthenium, osmium, palladium, platinum, and combinations thereof; supplying

a planarization composition in proximity to the interface; and planarizing the

Group VIII metal-containing surface; wherein the planarization composition
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thereon and a Group VIII nmetal containing |layer fornmed over the patterned
dielectric layer, wherein the Goup VIfl netal is selected fromthe group
consi sti ngPfzdsh@gi um iridium ruthenium osmum pall adipﬁﬁuﬁ&/%ﬁpum and
conbi nati ons thereof; positioning a first portion of a polishing surface 10
for contact wwth the Goup VIII netal -containing |ayer; providing a

pl anari zat i onncRIBOMhdi A pdre1f Ml MUckiplding BRnE ARG AfthcPGhUREN, the pol i shing
surface and the Goup VII1T netal-containing Tayer; ng pl anari zi ng the

G oup VI nemajorityofthe plunadity af/abrasi whgiriedles arb €ep, abrasive partioles.conposi t i on

i ncl udes abrasive partj clt.ﬁs and a con'?l exi n&[(.aﬁegtl; .and further wherein a

. mejority of the 15 pl uatflpollier P Of e IpUGIOR; 1here s Bro qabr asi ve
particles. |nplanfiAAg6n ARMOE that hchlREPoARIiH1a GROPOANS AEtal8nthiRingor M ng a
capacitor or barrier layer includes: providing a sem conductor substrate or
. substrat@ assuhiiicg ohasubsgata tpitaréace adthdi polisking iserfacgywhertiorthe@rouper eon and a

Goup VIII e -cont ai ni Javer forned. .over e.patterned dielectric

| ayer, 20 vvhe&g%l n e?%ésagéég{&%'v"?l&'er%?% Colnglgté@ %tirg %%feﬂ‘nrbr Re group

consi sting ofrultmaimmsnﬁmm,qiamaiuwbhﬁnhmmndaﬁatﬂiibﬂxﬁatioa@iﬂewa&if;tsﬁiﬂpml@ti num and
conbi nati ons thereof; positioning a first portion of a polishing surface
for contact wtPlananiztion FPPAFLqn IRPIeRimEY ke Bicintstaceayed plapripingdivgg a

pl anari zatio i tLon. i 7 PRY . 2.t he polishing
surface and ?ﬁg goupﬂl%)?{]fdn%é{ﬁg%%{ﬁftgé‘fv&%ﬁghggﬁﬁg{i/@zﬁmgg%ﬁi{ﬁ%ri zing the
G oup VIiOI rnemaludeoatanplexigg hganeseleadrbfremnhd preup camsdsting @f b @pcliconposi ti on

i ncl udes a conpl exi ng agent, sel ected fromthe group consisting of a cyclic
di ene) an or gdfilc aaﬁ?%?e% %“%@%@‘%%fa&f‘gﬁﬂda@do‘)o [‘BBWF‘FQ& ons
thereof; and {4 tARE- WRSER IR MBRdR QAT Sut GREAd @& OUt in one step. As used

herein, "sem conductor substrate or substrate assenbly” 30 refers to a
seni conduct or subst r at s aodiar aspect, dHpkearsmtipe orethedtiodludeay eroviding a

sen conductor substrate having one or nore. layers, structures, O[ regions
Formod thor cotRoHElT st e SR Sty B fhie i anatimsle Toyorof
si liconpgat er%lagn@ﬂ-canmﬁ supfac@ 'diaiﬁgg /pbﬁMﬁﬁg SleReS gredldg aanot her

material, suc - WO 03/1'hl120 PCT/ US tU-413 as silicon on sapphire.
When ref er encplanarizatioecempasitinntas an iiterfags Yerwsey thaailqasignepegionst st eps may

have been prey I { rm flne region junct.i ons, . vari ous
structures ore{l{Fl gg{?mu%égé?ﬁ]gnrﬁﬁé%gcn?nr@ée gﬁléﬁ%]lnésuggﬁ%&gg Biran %rll ARS8 barriers
for capacit or RastonBréggdn claaimupi-cohtaifing sh€adel ghER M the lih@szalioA and 1 B are
cross-sectional illustrations of one portion of a wafer before and after a
pl anari zat i onCPPRRSEN IRgudesaciompdiang 3asat scleciddenm tisaon ¢ansishes pf esent

inventigp. 10, gi,cg}ércgél 24\ (ﬂ'gg'l'g%’lﬂ'{eearﬁ{(gﬁlﬁﬂﬁéﬁﬁ)hg Haplogi I ustrations of one
portion of a water efebr e &nd arter a pl anari zation process has been
performed i n accor danch sniltanothheaspea s planarmzaon merthod Dededeaspipravidiog t he
Preferred Enbodi rrentc;s . . .
a semiconductor substrate or substrate assembly including at least one region of
a platinum-containing surface; providing a polishing surface; providing a
planarization composition at an interface between the at least one region of
25 platinum-containing surface and the polishing surface; and planarizing the at
least one region of platinum-containing surface; wherein the planarization
composition includes an organic amine and an organic chelating acid.
In another aspect, a planarization method includes: providing a
semiconductor substrate assembly including at least one region of a platinum-
30 containing surface; providing a polishing surface; providing a planarization
composition at an interface between the at least one region of platinum-

containing surface and the polishing surface; and planarizing the at least one

region of platinum-containing surface; wherein the planarization composition
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15 The present invention provides nmethods of planarization of a surface
that includes platinumand/or one or nore of the other Goup VIII netals.
The G oup losb@hal s are also referred to as the Goup V _ s or
transiti o?nvwrr(lsstmgf@)of G oups 8, 9, and 10 of the Periodic Ta {@.O%ﬁﬁggsecond
and third row Goup VIT)B netals include Rh, Ru, Ir, Pd, Pt, and Gs. 20
Preferably) Sithaeesbridhal parilGedR Rdmpking hgenb%nd P WhELeif2N be .
pl anari zed according to nmethods of the present invention. Such a surface is
referred to haeprity efsheplaraiiyofabrasiveeparticlenart Liel), agrasive patiele§.t his refers to
t hose contai ni ng seco aF%/ ol t hi rg r QW t_rzgnsi ti ﬁn rre@l s). Preferably, a
~"Goup VIII netal -contaiXff npUags ppncety@ platpdpaliqngneRod Includes rgvidiie on havi ng
a Goup VIII mrabodd@aro&gmt@feloysumk@teiz@wmblfn@:wmg aNeRNoRLIBh off at
| east about 10 atom c percent, nore preferably at |east about 20 atom c
percent, Sand #Btinypeppiagprgsuiface: Paetidiaggpolisingswice; previdingta of t he
composi L0 hiahdlali 8t Abod U s e RERKLATH. A% bDigLpg bF1 I cOBt1 N0,
etc., to be anarized (€.g., via chem car-mechani car: of 2h&hi cal
pl anari zat i onplatimaf-cpathinity sugthcd andahe pokkhivgpesuriatd) ahl @laphesaRgiheiabvent i on.
The pl anarization of such surfaces, particularly a surface that includes
pl atinum typFEesens eeRrRirainygrRNiBaE spacss hessin the planatizalieny har d

particles suc ' b ' .Gl whi ch by
5" W 031 05688 R I APl e el B o R BLEE of T g,

sl ow rerBval a eyclis diemnchndwfadt shineasrhenganibahelativey lidand cembwatiorsf t he
material. Use of a planagrization conposjtion that. includes a conplexing
agent either tihﬁreegr?‘ﬁij ﬁ‘é{fafle{)ﬁ’?‘ﬁiefwhﬁ mst FF?W‘%P“E‘BP&'&W@' particles in the

conposition or with a fnisi(iﬁcian@@i[alaa%bfg&;,r ﬁgﬁab&iz%uw%%&fo@u% éﬁgc%;ﬁiah

el imnates, the problem of defect tion, smearing, an Tesults in
i ncreased selcpa¢itarioy bamidr lagerouelhdasatpesvidiBg gsemhicoadudtyr, subsimtevat hods of t he

present inventjon. are ticul arly adyantageous i | at i num cont ai ni ng or
ot her second 3 5[@(_?1??58%!%\'?3@"&%’1‘)\(}ng%&% Jccféﬁ?raefﬂl’ﬂﬁﬂg&‘ﬁrﬁ{’%?’? fs (e.g.,
netal s, 18l | 0ySroupXV WiaHidtal-EsmaiRing WykARmed o¥&t thE FARIRACHIbArERYE! T al s _
containing other netals. This is inportant in selectively rendving nateri al

from pl at i nunvbgpingheGreppoY bimpel isseleetad framdthe igrqug copsisi@emfphadivig
nmet al - cont ai ni. [S: W r i . e I ignificant anount
e e e U A, SRSl BBy LSBT, St

or BPSG | ayersgsitidnirgf £figbportioh bea pelishirig svirfaye fop cortasroviel theGromd vl al  from
15 a second and third row G oup VIII netal-containing surface relative to

material s conP&RhfIAIBNgdRyereRrayidingd RjanarippiNy MPPSIGN iR BroiMitetest about
10: 1, ang More BRA&TRRLdn i Bdlishind sLAAASNGInABAN VA theth Ocfitithe | 00: 1.

dependi ng on the chem stry and procCess conditions. planari1 zafi on

conposi ti on claperbandipkdaiizing therGrpup Vil amdtd aphami@Plafer, ehereimtha convent i onal
pl anarization process in which .t t]e | anarization con%)osdir{ti on includes the
abr asi ve par t PighE&aypn ¢pmpasiiondpgiides s complexingageat selictodframths siBRisi ve

particles) orcdnBisfihg6ta &R1iadaiche, 4l Rpai¢ Z@lneOfhd cOMbinai@fs efdrherein, a
"polishing surface" refers to a polishing pad or a fixed abrasive article.

Preferably) slurry pl ahepresent myentionasepronideha planarination ofethod dopuses ent

inventign. 25 Preferably. .whe resent .in.the planarjzation c osition)

t he corrggsi ti'Sn%ﬁlgig3§8éacftﬁ%°rgg%é%risl@yeer Bt Hctngg PRY nga?ﬁﬁﬂ‘?‘lfo"glf’nptgbout 1 %
by wei ght to subewtite 30SGbaYateisghibly livhg@ptteRiedidadledwiy Jaya@orhedl % by wei ght
to about 15% by wei ght, based on the total weight of t%'e conposi tion.

Typi cal Iy, | ohereonapdiaGsous VHEbmgwi-gentpiaing; layes forgred\ivarthp pattesped3 0

| Povert e Y uighRBe@atRvddih ot Ry YRR SISHE] AGR dERBpp Ve O an oxi de

consisting of rhodium, iridium, ruthenium, osmium, palladium, platinum, and
30 combinations thereof; positioning a first portion of a polishing surface for

contact with the Group VIII metal-containing layer; providing a planarization

composition in proximity to the contact between the polishing surface and the

Group VIII metal-containing layer; and planarizing the Group VI metal-

7



PCT/ USO02/ ~0- 413 such as BPSG Cenerally, however, the optinmum Level of
selectivity for a particular netal is obtained by bal ancing the type and

anount of w@izaséese Particles, the type and amount of conmplgyjjegyaqent. and
the pH of the conposition. A wide variety of abrasive particles can be used

either in an abrasive slurry or in a fixed abrasive article. Typically)

such abr asi vecopgiiihg l6er; MaRegn tHe pRifizaldd hpBsition hcludebn bangigst di mensi on
of the particle) on average from about 10 nanoneters (nm to about 5000 nm
and nore of t ApANE aorggmcchelatraacid 000 nm For preferred enbodi ments,

sui t abl e abrasi ve part4 age rticle size of about 100
~nmto about 300 nm Ex'iz;}(ﬁc'J esserﬂg%%gﬁﬁngfg Ofaeb\fgilrggss% @@n}ggﬂl?wg@opﬁ%q e, but
are not | i ni tiadotnoing alcapacitar §rAL2RD layei thacicuBed 2providaly Bseafi@dhetot i t ani ¢
(Ti 02), ii rconLa ([Zr Osib)p manganese dj oxi de (M102), and tantal um di oxi de

(TaQz). *ref SHPHEALEBF BbSYAe aHemp yingidtatigened diglectric layerdomed si | i ca
(SiOz), ceri i { i . i I [ Var i ous
conbi nat i onsqgélgg%%ds? vber&'gﬂ(}r’?l[lg1 ‘élgg%néﬂﬂ@g l%??éﬁilfrﬁg(%és}i t&éé%e& erably, for
certai n enbodlietecttis layghrewiraie theaGrioup VEB metd liuiskdedidiofsan teagrobymve a har dness

of no greater_than about 9 Mhs, and npre preferably no | ess than about 6
Mohs. These iSP8FQOYRE Oé)rgf’d‘@%ﬁbqs“é’}”%‘ P, SSHH Rﬁﬁ?g'H"hﬁlé‘“QW“aa'ﬁ'ardness of

about 6 Mbhs,combitidas (He?3) . Woshiohag ﬁﬁ%&ﬂ&féf&ﬁolﬁhﬁgfsuﬁa&bhsua“d

silica (Si2~3), which has a hardness of "about” 7. In certain nethods in
accor datte wifonceract prithstbe Group/BHL inotal-containhimgdyey; pravidimigar i ty of t he

plurality of ive particles (either in an ahrasive slurry or in a fixed
abr asi ve artipgglgﬁ?ﬁgtrl%n%e OSﬁ%l’P;‘P g?EOé‘E?Eyrfﬂ @ef%?_ &’FﬁXFePé}éelﬁoglép{lf‘ﬁ 25 reduced
formation of sdgfhecirmt tht Growy VAL Mme@l-B&taiiBizNORS; dnd pm:aﬂmgmeecwu h the
present invention, preferably, a majority of the plurality of abrasive

particles (eiYRemeiarcaHainamedayeyevharein tie plandrizator ¢operpsiionardliydesarti cl e)

have a hardn . i . is.typicall esults in
i ncreased r een%\itgﬂrer a gd:sfés %g%b%ﬁwicglﬁ%ghtl’%%n s 6t I’?ﬁrgmp%/@@gﬂly %Ifntb%nti on)
har der p&rti glesli80oflabkaivel partichs apaCéd cdbessive gafticléy. t ai n conpl exi ng agents

such as organic acid oxidizers work nore effectively than ceria or silica
with respect to sel ectimABOMeRIPElt Hplapasizatpibisthod for ysginfarmsigai ni ng

surface. The @baiek bZBidi il i ; |l exd gent. The
WD 03/ 0S6620 P /%@oé/@%‘i’)‘?ﬂi‘%&g@ﬂ%‘?’“’%x?ﬁf‘ﬂ@%ﬁ?&?@?%@é e i or

liquid at roocubstenpassamblyhavibg agattedned diesgoaicsleyerdornidaberkmeahdian t he |i qui d

medi um of th | a i zation ca sition). which typically includes water,

al t hough ot h:(?'%é‘Blr{{az[@r{P@a'p‘i?"%ngfaysﬁo 4 Yot ReamEd diglectiCiadie used in

pl ace 0fp wat 85h@&inithe GESlipt VMm@l 4a¢18dted ﬁHﬁﬂhé‘?rhcﬂF)r(]:GH’éci;srﬁing%fT}t&ilﬁﬁﬂp| exing
e

agents are conpounds that form good |igands w oup VIl netals.
Conpounds t hatidfugy, mthemigmapsmigm, paldadiiim aplatinua, tand gbmbingticlsgheredst e, al t hough

this is not I ire n.rFor xampht e, alt hough annoni adrc%]'hfeisa
good | i gand %c?rs ﬁ%ﬁéﬂgi aﬂﬁrr# P} 1ora|o§a %‘%‘%“ééﬁf@"ea"égc%ﬂ% iwflﬁth:{g]% ¥(&WD of
metal . Al t hougéran@dntdining NelieRrévading alpldiiatizdidn copositid®ibgbkiaigdot hat t he
conpl exi ng agent forns a sol uble complex with the netal and/or oxidizes the
metal to for M@CYHHadEbGhyeenthq Rajishing pefacsyang g Groua y Illimgtalscontaining
25 layer; and planarizing the Group VIII metal-containing layer; wherein the
planarization composition includes a complexing agent selected from the group
consisting of a cyclic diene, an organic amine, an organic chelating acid, and
combinations thereof; and further wherein the method is carried out in one step.
As used herein, "semiconductor substrate or substrate assembly”
30 refers to a semiconductor substrate such as a base semiconductor layer or a
semiconductor substrate having one or more layers, structures, or regions

formed thereon. A base semiconductor layer is typically the lowest layer of

silicon material on a wafer or a silicon layer deposited on another material, such
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renoval . Exanpl es of suitable conplexing agents include organic chel ating
acids or their salts, cyclic dienes) and am nes. Exanples of suitable
organic 1§V(p(§g,l,@“t2hng acids include, but are not limted t%ﬁl?s% /4(?41?0' d,
ascorbic aci citric acid, propenoic acid) tartaric acid, succinic aci d
Exanpl es of suitable cyclic dienes, which may be substltut ed or

Unsubsti tut edy dnlwn%esa%%lﬁrecmhgp &gﬁc‘én@mﬁ&q@a @BCkrate assembly, various

1, 5-di met hyl -1, 5-cycl ooct adi ene anp es of suitable organlé am nes

i ncl ude et hyl prcese siefs Ma haventeseh previousty Usike NHRYm dr deBdwepoms,ne 20 (Et 3N),
and trimethylam ne (M3 N% Var i ous_ conbi nati ons of rrpl exlngm %ents can be
used if desi ri¥§CUORSYALONP SINFINES ALfeRbres i PEPIRgGS 5‘5 i SARAUPLRIB®Sceti ¢ aci d
and sal ts thep@afridre & cap&Pdisum acetate}. Preferably, the conpl exi ng agent
is present in the conposition in an anount of at |east about 0.01 % by
~weight, Aore preferably no greater than 25 about 10% by wei ght, and nost
preferably, in an amount of ahou 05% t t 5% by wei ght, based on the
total weight of the conpositi %He};egsrcr\%?n §fu®9§u Hed effects, a

pl anari zati on conposi t Figoresan zmat1|B)£raud¢s@ébdmmlen@mhbys d)frtﬁietp@ﬁioan
oxidizing agent to aid in the planarization. n‘gl es of suitable
pl anari zat i ono%%éb%fpfﬁr?é‘dé‘f‘ér pkaarizabion PWC%&PF e pesfosmedhinsi gnee' s

copending U. S rial Nunmber 10/028,249) filed on
Decenber 21, g@@%‘f’ﬁ?mﬁ ‘ﬁ%‘b@%@e’@g PLANARI ZATI ON OF GROUP VI | |
NETAL- CONTAI NI NG SURFAE@&eHSlANGdO)BﬂrZIcM@s -S€dtin 83,11 laschtioRy dfadne Wordoar

10/ 032, 357, q{on Decenber 21, 2001 entitled 12 WD 03/1]15G30
PCT/ USU21~0~ 1% axeqierprioredrdpflanpRIaatEAERD Processdapbean Rerigemed InCONTAI NI NG

SURFACES USI NG 6P Al Nt nt nv&ftpnabl y, the oxidizing agent is one that
has a standard oxidation potential of at |east about 1.4 versus standard

hydrogen el ectrode at 25C. 5 Exanples include peroxides (e.g., hydrogen
peroxide), nitrates (e.g., Ceric a n|t NH4) 2Ce( NCB) 6) and
ceric nitrate (Oe(l\l03)4))9"r§8'i‘ﬂ‘h‘ﬁb‘§n§‘fg'§ ddgab%\fs? bronates (e.g.,
KBr04), gerchlorates (ehg rcséﬁ@ﬁ%ﬁtaoﬁ%@ﬂﬁ@i‘ﬂn@ﬂxb&@@f ﬁl@nzﬁrzan(’ﬁ'@fg and KCI O,
or conbi nati ons thereof. A preferred group of oxidizing agents i nclude

hydr ogen per osirfdee thakinchideplatimum angfongriercatneqre oémecathﬂr@ameVD&nd pot assi um

pernanganate oxidi zin &sen onp05|t|on
in an amount Of {aﬁo?égga(%(u@rvﬁﬁgﬁégsb%ﬂ?ls‘gff?/gﬁpt rogﬁé'frq@ri Sfer ably,
in an anount oftrabitich rietd¥of Or 18§9Jan%1b)ofmrwafrodlc@dbw Petdictdndes can be
included as well for desired effects. These | S include, but are not

limted to, adnsiihirdgewgiroyr VEIB metlyweluge RheRyi dil, PLsi@xy et hyl ene
ether, of pol vm&g&@ggégé&@'acnm O AN & PSR Pk bén\/beaggmrr&galce friction,

a thlckener to achieéve’a’desired visco a buffering
agent (e.g., &z&QUNg tNHdhbdsaufehapresenaimbemaet i Buchcd d])fatmsa‘ehneda) a desired
pH, ete. Pref ﬁerrgigla¥ éroup Q/?ﬁr?n%%l tclogt?lmln?g s%?fagg klt}eng Lrlesferssotl) lfllgc;sg I?:or?t];m}ngese
second and/or third row transition metals).
Preferably, a "Group VIII metal-containing surface" refers to an
25 exposed region having a Group VIII metal (particularly, platinum) present in an
amount of at least about 10 atomic percent, more preferably at least about 20
atomic percent, and most preferably at least about 50 atomic percent, of the
composition of the region, which may be provided as a layer, film, coating, etc.,
to be planarized (e.g., via chemical-mechanical or mechanical planarization or
30 polishing) in accordance with the present invention.
The planarization of such surfaces, particularly a surface that
includes platinum, typically involves mechanical methods with relatively hard

particles such as alumina (Al,0,) and/or silica (Si0,) particles, which by
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20 conponents. More preferably, the aqgueous planarization conposition has
an acidic pH The various conponents of the planarization conposition are
conbi ned w @B/0kéedpti d nmedi um and m xed. The vari ous conpon?EtnsUSﬁ?%/o gse

di ssol ved or dispersed in the liquid nmedium which typicallyl Hes wat er
but 25 may include organic solvents if desired. Alternatively, if there are
compat i bi |1t thnQiN@Tan 0hus SVRAGmPI Bl G rerhful KAEL SHPosOTRANGDY S Of the
pl anari zation conposition can be co ned at the site of pldnarization.

Thi s i ncl udesthamthe gisans¢neva of theahasrial htise of gplandrezatise domposisntha sl urry.

For certain e i ment t.he planarizatiagn conposition jncludes a 30
. plurality of _lgggge ii\/cé)."idé?’i'[]y'geé’?e‘%w HEHE ’"@}?ﬁo‘ﬂﬁ%m"éﬁhw era'}:SPSaYF.ari zation
CONposi ti on igareseanttheddrvpdsitRR o ity @@dva%rd@f:\fetdn‘?dl@?edwt&[‘arﬁf@@n' ed to the
interface of the fixed abrasive article and the workpi ece surface. However,

_in these | at tdimipypn dharrablem ofidefest foomagom saearing, hed ofttreresulisaat i on i s

acconpl i shed ;] JS( [USF12/~0.113 by one or both of the
fi xed abrasi \}eég?sfy\g?]éagn /agrs;%%%ggv@%lf#ees' particles that may be renoved from

the fixed abrasive artSighificaitly} the nidtk@i o lifeqsitsenl mvEdimard piraadiane in
conbi nation with the p|anarization conposition. In any event, abrasive
particles ar é‘dl"%?%f’ﬁ}lg {p platinysm-seianing prother seoppdand thind raw Gropp VANl | y
applied, i.e. . ; | i f r rnal to the

pol i shing i nt%?t?aéc&ga%?é& ea?égt)al]i(té%g rhrfcg%ﬁ’oagilgyg ﬁ%égfg%r%glébﬁmd?eﬁnt he present
inventith i s prdfatuc ednattrials costpinargiothey mesalsir Thiaiwinglor@nt iarplegaler e of
about 40F (about 4C) to. ??out 14SF (about 63C), and nore preferably at a
tenper at ure JFMEWBEMaKEIal fromplatinprygentpiningasothes seepnd ppd Hisdyownst ances,

hovever. 1t Wopuid sheud@aliahl iyt TR0 Bhituihel REBELANYT Sl Oe) oW

ambi ent tenperature during planarfzation o a fixed
abr asi ve art iagloents i ugdériyisglagios) sorineat dxidd layers ahdinitydelagerard.gation (i.e.,

in a conventi rizatian . praocess in which the planarization
conposi tion ilngcq gu%@%ﬁﬁﬁéa% ag’fe\;‘gra@%r‘?‘iaE‘Tl%%""\)(ﬁ%rrrémg"ﬁ aterja), frop
tenperatiur e laiskedr an@shikd fow GrolPoVIImeREESIARINE sudicatialfe o Particles in
the slurry conposition during planarization. Accordingly, elevated

t enper at ur es mgterials eangaining other mesadsi(edLrBRYG of WEOP) 3l ateast abatii Khil, Vari ous
I i zati i its f f. QRN t.hads .of the invention
B e Fead, |y AndFRETRCRERIS. it FalaorBfh 20 RN DBH, achentib oot e

are readily ava € and are clea

present i nvemhd demisrydedqrodesconditidne. acconpanying clains. Such 20

pl anari zati on assenblh%s can create an interface between a polishing pad or
I

a fixed abrasive arti diNé PHgriEHiOnSOmPPsiHemRcan her used in urgy plaperizatiosur f ace) in

vari ousyg (i.e., in a conventional planarization process in which the planarization

composition includes the abrasive particles with a polishing pad that does not
include abrasive particles) or in fixed abrasive planarization. Thus, as used
herein, a "polishing surface" refers to a polishing pad or a fixed abrasive article.
Preferably, slurry planarization is used in the methods of the present invention.

25 Preferably, when present in the planarization composition, the composition
includes the abrasive particles in an amount of about 1% by weight to about
30% by weight, and more preferably, about 1% by weight to about 15% by
weight, based on the total weight of the composition.

Typically, lower amounts of abrasive particles provide better

30 selectivity of the Group VIII metal-containing surface relative to an oxide layer
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manners, e.g., rotation, novenent, pressure, etc., to achieve

pl anari zation. A planarization conposition is typically introduced at or

near the {3 &dsacg. Py a variety of nethods such as by drippi ayi ng,

or ot her B{Hsperalgtfzng means, or 25 by presoaking a poli shi nﬁé@}%‘?ﬁ%ough

ot her | ocations and nethods of introduction can be used. In a typical

planari zi ng naehi,0BpsE. RRhbRNYND e dphihftn RREPSH ¥R cAYily I's fixed on

a platen or table, a carrier gssenb ry tehgt ﬁﬁlclzl udes sa gu ls)"tfrbg?e hol der to

support the spdAsseulatmetflas gbtaingdby bhlahgipg twltyye ansli ampusuof atoasiveand a drive 30
assenbly to rotate and/or reciprocate the platen d/ qr drive assenbly to

. rotate and/ orP %{ﬁssﬂ&ftquetﬂ@ eﬂf@é’f?ﬁ@é”ﬂﬁ‘ﬁéPged'hrai"ashep‘?qéﬁgmezati on. Thus,

conventional @n#aftioal Ng machines rotate the carrier assenbly, the

pol i shi ng pad or fixed abrasive article, or both the carrier assenbly and

. the polighing pad 14 AwidoyaggtosfodrasiverpaniaisoRn be us¢deither in aed abr asi ve

o] anar 1 zat o h sk B R0 PR TRER CERANS, e At BB " har dness
i s less than tahge ingadivkssizofi.f, e lakeasivensior bf taé partiaRy onboGEeARHasi on to

the substrate is |ess than the original surface material; and to renove the
5 reaction pri¥ytl) pEPRStarh@mLp 48w e0RR pm, apd@oremfisnakppy30 RMEo pol i shi ng

pads, w th or t i Lch. r.ei.nd.ar | sk- shaped
and rot at abl eab‘ﬁ%%l%ﬂé)g .Pf(%ﬁir%ﬁ@gﬁ@égh@ﬁ;@r@Ugﬁﬂg@%g{agﬁf %SB)C\]/egrh?%%lfmZ speeds.
Typi cal 1§, t hevesjgepdrtiole sizetftabout I08mge® dboon3hont 2 revol uti ons per mnute
(rpm to about 200 rp[E 10 Tycgi cal I%/l, a .polishing B‘I%d is presoaked and
continually rewet wit _"taﬁli)lﬁl ﬁ'é‘r‘?bi fRTaH vV BRHest Hicoe, yt ot igiedhi ng pad
does not 'nC'%Qﬁuﬁh{a%Wézm),Bﬁfckkﬁbgﬁ clgr,qg;@gy\;\dﬁgj e ¥ed g{,g%) L f"ZAr @gg@; zation

conposi tion includes abrasive particles, ichis nre 0 as an
abrasi ve sl urmgngaiiéss didxagdea(MrQyi and temalposdivkide (Ta),) bBrefypdd abdasive t he

interface between a polishin nd. a ubstrate surface using a

variety of p&%nwggydﬁpmé%a@%i Sﬂ?ﬁ? (%g??_g(fﬁré‘?]fél‘ﬁ;%tga'ﬂ?%f‘ﬁ?e)'@B osition
may be appli efrcdfRIAZAD,E! Vanoeh dBmteshtdhs b ebridiepdrAQ8s Qh ve¥Bglirat el y before
contacting the interface. The planarization conposition can be applied by

punping it thdesiieth the pad. Alternatively, it can be applied at the |eading
edge of the pad, alth i not .provide uniformdistribution of 20
the planarization corrpq%gtlk;’faltb@n?(gg:r%}étgg‘,et"hﬂg)d%?'ﬂ%lé‘gmﬁgfRﬁrtlﬁ’eﬁﬁ%ﬁj‘i’ ed, which is

desi rabl e. Thaogahiitiavag hddess @0 nb@raatey i aboii TUWIoK& In8 inyor® bregament i onal
polishing pads that are used with abrasive slurries. They can be made from

a material su¥hesidhanibeyt e Mehise The iyelude for example, geria&e(d), ovhieh ks
copol ymegs, 2ppnahet 6f fahl H%&@tﬁé{ﬁmgﬂ%l Wi,%ﬂﬁ%ds%ﬂﬁrqn%‘é’é %{feathMJ &f”e’
L es, po es) p

cellul ose, cellulose esters, polam yim ol ysi I'oxane
pol ycar bonat ellohg jpod siles(Sighg vdlicke haseshandeseofabowhey i ncl ude, for exanpl e,

a pol yuret hane-based foam material, wheregin the foamcell walls of the pad
aid in removal of rea FB‘?\“BP&?&P@F%" é“tcof‘ﬁéc‘?/\ﬁf‘lél‘hesRI?‘“feab'é“’S‘HH’“t he pores

Wi thin the paste@pblyh majoriy RPN Pherafily Wt abrakRe hhRicRQ (A WAl LibradWeer f ace.
They can include convex or concave features) which can be forned by
embossi ng a suwryeangdixed abrasive artiskenpd €30 apapiadless Himgtypiaallg aasuhsine

rore untsor manR oleFRREFIANS Mt BRTaetho b d i S RRp i b "
Commer ci al |'y present invention, preferably, a majority of the plurality of abrasive particles
(either in an abrasive slurry or in a fixed abrasive article) have a hardness of
about 8 Mohs to about 9 Mohs. This typically results in increased removal rates.
For other embodiments of the present invention, harder particles
30 like alumina particles with certain complexing agents such as organic acid
oxidizers work more effectively than ceria or silica with respect to selective

removal of the Group VIII metal-containing surface.

The planarization composition includes a complexing agent. The
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15 WO 03/ CaGX0 PCT/ US02/ -40a 13 avail abl e poI i shi ng pads can be obt ai ned
under the trade designations "URII," "Sycanore," and "Pol yt ex from Rodel

Phoeni x, les of polishing pads are al so discloseg at .
6, 039, 633 Cho%égng? In general, a fixed abrasive article |nc Hyﬁmf

plurality of abrasive 5 particles di spersed wthin a binder that forns a

t hr ee- di nensi &ﬂﬁﬁleixh%@&nﬂﬂﬁ?ﬁlbéﬂfy @écgmgﬂtn qhidad réoin %&%fmet %t GRGeSUr face of

a backing material hey are descri for exanple) 1n U S Patent No.
5, 692, 950 ( Rudibparfedragt dlsecvlvecL)n tandiquudtrmdman|06ﬂalpla?atleattonmmlu1posmbnpn WO

98/ 06541. Co i al.l abl e fi brasi ye articles can be. obtained
From Tokyo. ScESSHERN AN Yefer aiRGeBAIEE B e v e i) and

M nnesota M nﬂn@ﬁﬁa%ﬁ'ﬁal@@ﬁé‘ﬁ%ﬁﬂgld&g omméaaym(aaMu@ﬁrf@mbé} s8fh & gly&ﬁy' MN. An
exanpl e of a preferred fixed abrasive article is a ceria-based pad

. commerci al |y avai | abl eTacompianite agratsare perapounde that fate goediligaedsi on " SUR

159." Such fi | can Ia ar| zation
conposition aess gé@?ﬁ%@éﬂ%‘ﬁ%]ﬁﬂg %‘S) st(?hz%ﬁom% W(% v part| cles in
t he pl anari zapamasumqums&hﬁlécumhohgh lh$s 1blnllhd peqdieandrabFer éxanipdo/e a hi gh

pol i shi ng rate (i the rate at which material is removed fromthe
substrate) td® F@H%é‘“ﬂﬁ@’“&uh&{er‘ﬁeb?a@&@ngﬁp‘aﬁ&rﬁ'%ﬂﬁ@ Hyladl got 'eMeVHol i shing

o B A 88 Mg e B [

pl anar surfa e pol rate 1s tontr to provide
accur at é0 r epredctved thhethe esmbte&ngﬁhlgem fopmeed erlatilé yompllas withahamezht i on process

is carried out in one cycle one step) for the renoval of
any materi al ?W‘tﬁ%%"ﬁ%ﬁ%‘?%@?é‘l tosf&rff“éd)ésswaﬁ'@ﬁéayeg%rﬂby SRNEIBHAr i zat i on
cycl e w t hout apwal Ntervening rinse cycles. This planarization process is

then typically followed by a post-planarization clean process in which
abrasi ve 25 particl es Bxamplex ofswsable Tomplekiggrgentpmeludd organic dhelatingf or mat i on

oorer 10° o it orTheit B, AREHEREY. and BPiREs c Egiples B AR R BRI e T on

havi ng figat ur@fldtingtacids tichide! B avéd fdt iR dABLREHEACid, Qsa@ble%mvad.d hr ough
pl anari zation. The wafer portion 10 i ncl udes a 30 substrate assenbl y 12

havi ng j unct i #id prepeneicreid, tarerie a¢id, suceiajsacid: dixamplysof sisable exclicayer
material 19 '(?1 B&e&h{ﬁ q)e S\{lggll[&]}gg o?h'rps%‘) tﬁ&t%d qﬁ@gﬁ@ﬁ cgglogagdlghe junctions

16. The capaci £or and. barrier any  conduct i ve

mat eri al such(GBDpamt i, fudihéhylany- c9¢lb@crta(ﬁ¢het axlampﬁ@mgmtamegaﬁ@nd or 16
WO 03/ CsGX0 PCT/ US02/ - 40A 3 third row G oup net al - cont ai ni ng

capaci tor and®Binehichide ethylamipe @‘N@rﬁ'@r‘%ﬂ?@meéMeglﬁleqthylﬁ“QWr e A the
nonpl anag upp, P@u{u{dat?lﬂ')eﬁﬁ'lzml)mg?m }O&arﬁ)@gé&%bllﬂgﬁéﬂs%f C!)l@lﬁ%&l 9 I's

subjected to pt Ardari zat | processing i n accord ith the
present i nverageots.cai he u$eds£|ﬂ¢siimg m;ﬁreferrﬁ:d) gronpiof bomplesing\agerts includegure 1 B,
i ncl udes an upper syrface therg)ofa(gagr |S% gmsa%gtgte hat the thickness of
Preferably, the complexing agent is present in the composition in
an amount of at least about 0.01% by weight, more preferably no greater than
25 about 10% by weight, and most preferably, in an amount of about 0.05% to
about 5% by weight, based on the total weight of the composition.
For various desired effects, a planarization composition can
optionally and preferably include an oxidizing agent to aid in the planarization.
Examples of suitable planarization compositions are disclosed in Applicant’s
30 Assignee’s copending U.S. Patent Applications: Serial Number 10/028,249,
filed on December 21, 2001 entitled METHODS FOR PLANARIZATION OF
GROUP VIII METAL-CONTAINING SURFACES USING OXIDIZING

AGENTS; and Serial Number 10/032,357, filed on December 21, 2001 entitled
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the wafer 10 is substantially uniformacross the entire wafer 10 so that
the wafer now i ncludes a capacitor and/or barrier structure |ayer 14,

Fi gure 2Ay Lt es one portion of a wafer 20 prior to ' Lon in
accor dan?‘evdvé#%&{zﬁe present invention having features thaltq)lcﬁgl?sr\;gié@t'%
conformal |ayer of the material to be renoved through planarization. The
waf er portiongiy YRS pPARURS Y tp?*f _a patterned
dielectric |ayer lj&(gﬁ$or mag tﬁeﬁ%ﬁ%@ﬁﬁﬁa@%{?}g élf%[n[e dzlﬁgl ectric layer 26
can be used i GONTANISGSUURFACESAISINGSOXMRAIAINGUGASES. a capacitor structure.
The patterned dielectric |ayer 26 .can be farnmed of any material 1 hat

. provides electrical is eLeraohh ¢ eSO’HétZ\'/Uegé‘rgeWéf ane ?‘Qb{‘%r‘i’sﬂi{%ﬁf.?x‘%q%con

di oxi de, sil | B8l bf dd€ast wouBﬁﬁQ)ersué\etaﬁaﬁahy&éged A¥&fod Rt 2> hen forned
over the substrate assenbly 22 and the patterned dielectric |ayer 26. The
el ectrodé | ayExamgesmaglude perosidenieng. orydsrgen perexideguiitraied €. gomgdact i ve second

or third row Group. VI >1B tal cont ai nj terial. Generally,
as shown in ﬁlawglufh?'a?ﬁg(%ﬁegﬁ?&ﬂe ecrarlﬁﬁlt%ﬂ@eglgg%ﬁof el ectrode |ayer
29 is subj ect ggmiafgHa@B e 5. ZAMD)) BroMhbEle. R RBASY! fiacisra@e¢og dance with the
present invention. The resulting wafer 20, as shown in Figure 2B) includes
an upper sur f KEO 7hyporhloritesde s HEIQ angdtKEIQ), ergasmipaionsfherass. widfer 20 i s

b iall ' 1 j . : . f
nct udos. of oo SRR BIAIRINE FAL: BB Rrolh IR ERE® e pat ot ned

25 di el @0t ri cammlosiuahitrde, feoicmitige and oagsitmrpesmanguhate e Prdférablgstheed) pri or
to planarizatiaon, the conformal |ayer 29 and openi ngs_24 can he covered
with a phot or ¥8fZngAgeRtikBICSGH i HELOMPRSIHON i 3rearpQuIt) of PP greater Ehan

pl anari zat i onﬂﬁ;ﬁ[q@% @Qgégﬂ[{/@gg?@gtpgaﬁraf)@[ 411 | JrltBf SRE/PDN9S1024. These

figures are shown only to"i a surtace having 30 nonuniformties,
such as hei ghsbadit i fochyemeiglt, in the fabrication of sem conductor devices.

The present invention j§s not . limted to use with nonpla surf.aces) such
as that shown in fi gur@@‘.er?‘%’é“w&%ﬂ? ”]CHU%ﬁf‘? 8’ﬁnifg”§[]fis’§6(p%{£?fésfi ¢ for use
wi th subst ant j@]qy, Hﬂtﬁféq{otﬁ%t@@ﬁ?&%ﬁuﬁﬁétﬁgé@bSPyeih'?_%n@EIy@_@ﬁﬁolbfﬁx ccordance

17 WO 0310SG520 PCTJUS02J~0. 11 present “i nvention s benefici al
during the whethglepd ethen; prpalypapylemscglyen)) teweshanse wetiebilitpdangfredbes pr ocess when

h f bgi | ized is,, ially.planar . . Th
ol 1 ow g oxaish Bu SPRREFEF ko ARG OPORER RMebr sy B REOE Bous 5 <peci fi c

and pr ef er r edbgfféHig dyemi(s. g2 RYSO L NHOH|Setale] arihidlicladi@) ndriesd god, however,
that many variations and nodifications nmay be nmade while remaining within
the scope of @¢sireppHsetst Proferablyi B compasippnis ap@qpsipelution af hess sanpl e was

cut frompa wa aipi t A Al ~ Of.: i_num Sever al
| ocat i o@ on %ﬁépés:ngﬁ%l Igm v{g?Ig?er{giélg{}lrﬁgdq'%%}ﬂ?éﬁggf%rzlggicé?gﬁ%té&t@ oa;ae any
pol i shing (foasidippHhts neasured), directly correlating the nmetal thickness

to the sheet resist anc_?. A slurry was prepared by .15 addition of 0.5
mililiter (0.5 mi) of IBF %IO4p COBBPRAISALTRE PIARRTEGHAN £ PO
combined in a liquid medium and mixed. The various components may be
dissolved or dispersed in the liquid medium, which typically includes water but
25 may include organic solvents if desired. Alternatively, if there are
compatibility problems or storage problems, the various components of the
planarization composition can be combined at the site of planarization. This
includes any abrasive particles that might be used to form a slurry.
For certain embodiments, the planarization composition includes a
30 plurality of abrasive particles. For other embodiments, the planarization
composition is essentially free of abrasive particles when supplied to the
interface of the fixed abrasive article and the workpiece surface. However, in

these latter embodiments, it is contemplated that planarization is accomplished
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of Rodel's CWP slurry containing A1203 as the abrasive (GRANI TE M5SVW2000
Part A). The sanple was fixed to the carrier on a Beuhler Mninet 1000

pol i sher @QrfWag:po! i shed on a Rodel polishing pad upon j er al
mlliliters O}Qﬁ(t&ﬁe prepared slurry was 20 added. Poli shi wfcﬁén@% 4rlfled out
using a pressure of 1 S pounds and a speed of 50 revolutions per mnute
(rpm. After S Nfe § e i . heet

resi stance negysurerelﬁ bg)gé?n. eTﬁge[p%n 5%%’%@2@%@2&3?%@%‘3%?ﬂ1§L%§¥§ﬁr poi nts
measur ed) vyi efededed froal theliatdkabraste amitle avthelfded Abnkivelsoificerig@Ey&din( or a
removal rate of aggroxima ely 62.5 A per minute). By 25 conparison, the
same sl urry wWidRYitomsith figetpngrization cogpesitien o b apygventa@ativa t | e change in
the sheet reshgtiaBesrefpidall§indl hbert Ak LonRBUiGRUSSHiaA) pps&r L.ches and
sonme areas ofpfi ' m dglgpr’ri'antnedbfreomt 6 Su stPgt ?]ﬂ%aﬂé}g’aﬁ?lﬁ@, g%'brry wi t hout
_acetic a@id hhdy piaot suipbied froimt asouedeaixitearnaltto thetpolishidg intgrfarg. oxi de film - on

the order of 1:1 vs. 6,1.wi,th acetic.acid., 30 Exanple 2 A test sanple was
cut froma wafer contal SIhd% abrp%}h%g{" i}céi?réjfm‘i?f“l’z'?’ig;g PresgRUIBV PR Sever al
| ocations on ddmduaadpl fmospherieparsirednd fra @hpelatulSof abdR HSFEKduE20

PCT/ US02/ ~0~13 resi stance before any poli shi n%@%our poi nts neasured),
di rectly cor rtiQ@te abput 445 Feebout 687 €k and morepre hetat tempeiagrapte. A slurry

was prepared ?1;1,141;{ i kdd b ber - f . hydrogen peroxide
and 0.5 nm gleg%fjg ac(g?ftc)qéggo t]gs §4064§é0f1nv\('£ "grlmégnn&g%ao%r'iev%fﬁl?odel 's CWP
slurry @¢0nt ai would bAH2S@bastotnntalar Bgimperaturé GRANeIdw MaVRAORmpafaturd) . The
sanple was fixed to the carrier on_a Beuhler Mninet 1000 polisher and was

pol i shed on auRhEAlansEratan of Prpup VIR sietalavidme Sxsdabmsiveiarticlei Thisds of t he
prepared sl urdyjons ¢ L LR NAS; L hng-a . pressure of 15
pounds and a spé)edﬁ%l?ﬁgg rséls)'g’( B%P%ikgu%@?l'e?ﬁqhStcgg\(e?lgh?#%%}@g?a@nm nutes the
sanpl e was ripreexts enehithitiedplamanidatidreceissitichUneleddsShaute asi vepsticled agai n.
The hi gher sheﬁt risi st ance val ues f.kgur?ﬁgﬁi nts neasured) yielded a

cal cul at ed esYPHEE&OYF SHYE tempgrature fikely Zeaylle i ROSF disPergiop\piibiagive of

appr oxi mgt el Ypald@eSinth@ 0t bk tiorBYu Alarigaion, (AR .%ﬁ.g@ wi t hout

t he added hy roge% Beroxiggbang gr%ci éﬁ%?geti C a(?i d yioel eé”sep#ﬁe%de change
in the sheet teewerstuaescare dipicallyutilitedrdwmgplwry plamiricaticsed only scratches 15
and sone areas of fil rT{,dcle(I) anibqr})at.eqii. from tbge substrate. .Also selectvity to
oxi de was poor. Wth ohfS HRPIaU&do&rsanlEs PRIRISAPT Perfosmypamet and

sel ectivity Vefzh@ReEfion & ARl avildbleAnt Afd iSRRI WPatd by The Q3R Waf er
containing a bl anket |ayer of 2700 ~ of platinum Several )(ocatl ons on the

sanpl e were rRf4BUPIEsEN divertieneas desyibed amthe asedropanyingyclaimisi Shilng (four points
measur egy, di Ly, I | t. i,ckness tao. the sheet

r esi stag%e. A{; lgﬁlrz ?tigr\a/gasg%@gsgg%%%%%dﬁ%ﬁ%nbeg C%. %anlniglpflq 8?a(0. 5m) of
triethyl am nefited aBfasive antficlaidthe aunishtra sukfacd (elgodedferSsufac N vadidirsr y

cont ai ning A1203 as the abrasive (GRANI TE MSW200O Part A). The sanple was
fixed to the BEMEMeF 8ofC3lYh FMVEMER: RIGTEHIE. 106D FENIEYRIAN A HAMSApol | shed on
a Rodel pol i )hdizRash SHRbsHIEh Gty BRURY Herolubdd o b Rt u ared slurry
was added. szf]i_shlizng was cgrri ed ygut %E{ltrng a pajrt'(e)];séua?g%ol Ie?@“g%gﬁ‘ds and a
speed of 50 rwavietyuifimetbodsesnchnashyt drippimgysprapihg cor cRheridispeessng inear8Qoisanpl e was
rinsed d drjed, apd the .sheet resjstance asured agajn, The hi gher sheet
resista g(:e Vatiydggso(aFgugla pp%'?rﬁf‘%p?éé@h?‘@%)“%’@&ﬁ‘&ﬂ"%“@dﬁ?h?%?—fd estimate of
185 ~ of fil nniredmRvied cdPbe @seienoval rate of approxi mtely 92.5 |~ per
mnute). By conparison, the same slurry without the added triethylamne 19
WD 03/ OSC(20 PCT/ US02/In@-tymcaliptangaging imachime chpelisbingipad e fisbdairasiesi st ance

of a simlar C ( scratches SO areas of film

del am nat ed f#@%%ﬁx%{}%ﬁ @gl[% ggr %@Leyn%fzgmgr %Ssﬁ\mP @gﬁaté'éﬁi%qeé a\ﬁé{éw@fﬁ froma
waf er cont ai rtiodder 2o bhppokeake subytedte ¢f.g OwaEPQypically Wit uotion, 2R@¥Fiek | ocati ons
on the npl e were nmeasured, for sheet resistance before anx pol i shing (four

poi nts reasu raseHmbIY 19 erate gndiernreeipracaisghe platerangfor ¢ Hrigkasembdlydot he sheet
resistance. AophddrdfortRRsiRleSRALBYUrRY n8REE §irA Mhnarization. Thus,

conventional planarizing machines rotate the carrier assembly, the polishing

pad or fixed abrasive article, or both the carrier assembly and the polishing pad
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0.5 mlliliter (0.5 m) of 1 Normal Ascorbic acid to 80 m of water and 20
m of 10 Rodel's CWP slurry containing Al 203 as the abrasive (GRANI TE
VMEW2000 Pgrt he sanple was fixed to the carrier on a ni met
| 000 pol i@ eorsﬁé%éa_was pol i shed on a Rodel polishing pad usgﬁ}i{%hﬁ{:(ﬁmsever al
mlliliters of the prepared slurry was added. Polishing was carried out
using a pressyrigeQlaphRiveQHRIS 1AEndRals AR PHfizAR MAKAESL er minute
(rpm. After 2 1§ r?lbnultves t he s%nrf)lae vva?qjarr{ar%eg anﬁ ggrjftlﬂeegj?éda%d t he sheet
resi stance ngasdueed paririaatichireadtiog perdushatghe suefics bhnadsirak weosé f our poi nt s

d) vielded a cal cul ] f 244 ~ of fil d
Tonoval 1 at e arostsnis e il Rardgesk SPIRE affasie dprticlss aui ans ERROR ho. sare
slurry w t houb thdgbd@sless REARAMINE oABingl sirRbdRdiekial; bh@ 1CRaARYE i the sheet

resistance of a simlar 20 sanple, and caused only scratches and sone areas
of fil m &el areaditoadrédugemusing theudbsasivatparticlséanpl e 5 A test sanpl e was cut

“froma wafer containi a bl anket . layer of 25 2700 ~ of platinum Several
| ocations on the sam[@%ﬂéﬁﬁﬁggl&#é’é g “s”he%rtw‘[r%g%qté'gﬁlﬁ'ggpﬁ'@f:g’lse any

pol i shing (f aumbadaedthereifeagadisishaped imbiokaalil® it atfixed plane aneiak at hi ckness

to the sheet resistance. A slurry was prepared by addition of 0.5

milliliter ((FOBSWI)OTO*NIE‘I?IP@P%’W-aﬁNM@' liynthe opesdiaf refatian mngesdermipkowici d to 80

m of water . | ontai ning A1203 as the

abr asive 30 ?&X%Wgﬁﬁgﬁ)%b%%bﬁ%ﬁpl e was fixed to the carrier

on a Beubl er M ninmet ID@Ecatlg)a sdishingpdd wesreqpakedsiveitontinaal Raewtt wioh | shi ng

pad upon which several mlliliter f the prepared slurry was added.

Pol i shi ng waslneaﬁflﬁré@tlenfomg?%goraslﬁﬁﬁwﬂﬁ*@%?a dossoghtis!Hpabrasi¥peed of 50

revol utions - ey LIS oifsokRi After 2

H%r;tﬁ(]qgs embRd hgﬁﬁg?nlﬁaopéfrg{z éon?%ojgﬁloﬂqwﬁges(afﬁ@ve

m nutes the sanple was rinse ried, an sheet resistance neasured
agai n. The hipinacless wbeth is ensefanedtovalanebrasiveshurpoiTheplamasaioad) yi el ded a
Ry T § A e AV KA et TN TR L
the addesl trigbhvii@siriRe akdg aw&pbf:teaﬁmguesl ol @ghrhpit [th€ c&hgdHea: i n the
sheet resistance of a simlar sanple, and caused only scratches and sone
areas of fil rpatiloderrampgsition maythe applissh separatel yEndmixed gt the iterfapstor sanpl e
was cut from. .er taining a.bl.a laver,. of. 2700 ~ of. pl ati num
Several | ocatllﬁjo"\r{l\%f"gﬁly t% %gorgﬁ% %‘"gél}ee’"{r%elﬁgéem@% Rl%?m‘s%ﬁté%qcof’épsolsg{%gﬁ@’é bef ore
any pol i shi ngoe(dpplied PppivhsingBasitoughilhe pAdr edlekniatioely! ietat bgpplibe atit al

t hi ckness to the sheet resistance. A slurry was prepared by addition of 1.0
mlliliter (2eddipggdgsiofthespag; alghongh this may pey previda ynideran distrdotign obf wat er
and 15 m " A I 0 h Lasi ve

( GRANI TEQI\/BV\B@%BBB%?%MI% %ﬁgé’g‘gﬁn%f‘gsgaﬁae?ﬁagg‘ééﬁggg’ﬁé%ggr ﬁh‘g? W & Beuhl er
M ni net 1000 desiratdeier and was poli shed on a Rodel polishing pad upon which

several mlliliters of the prepared slurry was added. Polishjng was carried
out using a pressure o?hﬁ@l‘ﬁﬁ'ﬂgﬂg‘?%bbea?"gﬁéédv'e? VaIFtys et cayertitiebns per

monute (rpm .pdNshidg pdddthBidr€ SsddnBUS AT & W@Fiek) "Pﬁ«%dcaﬁ_'?)@ nide§bm gnd the

sheet resistance neasured again. The higher sheet resistance values (four
poi nt s neasurmaerigli sothiasipelywathend, pokyesters adriae, @cnylic 2ster gopofynferd, m r enoved (or

a renov rate,of roxinately 124.5 A per .nmjnute).. By c arison, the

came o 27 vy iR PRt vagiitad bl ot SRR b2 Vi el ded

little changeestdis, poRinfd&eholyREHES, W?ﬁldkfané} polyhribahatéa epbadesaplbnotised only

scratches and sone areas of filmdelamnated fromthe substrate. The

f or egoi ng det'&sind @t cbeyiiptipden fogsganeRlanppalyuetase-besed fegmy anterish. clarity of

under st andi n v AR i r . t ood

t herefrom Tﬂ\gﬂé}lﬁ%eﬂr‘l Igﬁ{‘%@%ﬁ%&%fﬁﬁ] ag‘(?s(f%' r? ﬁ§V§x°Zé‘%a%H§‘f8‘%g‘é&gﬁ§‘&‘§ and

‘ ples::rijb;d, f owafensurfice aimndtheperes wdthiothepad assidt ireshpplyiidduay to thel | be

I NCl ude
0

pad/wafer interface. They can include convex or concave features, which can
be formed by embossing a surface pattern. For example, a polishing pad can
have continuous grooves in concentric ellipses in the surface of the pad for

more uniform slurry delivery and more effective debris removal. Commercially

15



within the invention defined by the clains. For exanple, while the
description above focused on planarization of sem conductor-based

substrate VWO 03/ 0S6620 PCT/ US02L10~13 comnposi t t hods
of the inéﬁenfh%g%(’%ire al so applicable to, for exanple, pol &gﬁﬂﬁaggﬂégges and
contact |enses, as one of many ot her possible applications. The conplete

di sclosures Oavﬁfahlegft%'ie@nhgpa&%ﬁm obARRIRALS (hA MRl sh Gl OB 4 St ed

herei n are incorpor reference, as 1f each were Ividual'ly 5
i ncor por at ed Byycambes, eaeie'PoRZex " i BBASBERD1 P AL, USCRiplebApoltdig | s Cl ai med

I's: 1. A planarjzation method i sing .posjtioning a Goup VIII

~netal - cont ai nPfﬂi “é%?IP%E‘@C'Sﬁedamg‘gg&%q[;’t’%q}’%ﬁsa3n@PP‘é‘ e with a polishing
surface) wherein the Cairpg%e}ﬂl,ldﬁ){éﬁta%}aslv% a?t?dl@ﬁicﬁﬂleiﬁﬁmrélﬂ?o%lﬂhb‘?vé)f _
rhodium iridium ruthenium osm um palladium platinum”and conbi nations

t her eof ; Ssuppbitinlgs dispéragchwithiata tandes tray beyimsiaghreerdimensional fiyed abrasies
“interface; andl 10 f)l anariﬁi n tohg ngcl.épo VIbI |, .net alt-c I'Lf.@l ni ng surface;
wherein the pF§H‘§P 93&’?89 EEHSoL! t}]én C(gr%r‘af%'ggnﬁlecﬂ?ﬁp i‘W@ agent sel ected
from the grougegfibéd, G¥Cdxiafpll, 8NE.S. hteh 8IS, 690950 Ruttifdrd; @RI AAdI ons
thereof. 1S 2. The nmethod of claim.1 wherein the Gro.uB VII] netal is

)

present in anlnematienabPatapidtublisgion ¥R W/dd e tomymerpigHy avalablefixedet hod of
a2 el o e SR ML BRI IS Bl subs 1ot

conprises a G ou [ an alloy thereof. 4.
The met hod of Cotpratich, Bhref Uapah endMimnpsova Minmgahd dunuficiuring sur f ace
conpri ses el enent al &: atinumoaor a platinumalloy. 5. The nethod of claim

25
4 wherein t heCerpapy UM Compeayl fonilauniMy- St ¢amplceifpprisesd éredent al
plati num 6. IhG;QELARE i cElifbLel R%‘W@c%ngngrcﬁﬁ R gaﬁ\tsmo&gggw' tion

further conprises an oxidizing age The nmet hod of cl al wherein
t he oxi di zi nguadpenhe iralesiekigoatent "SMAIRN1HDE Fpcbfxed absisise anglesftambper oxi de, a

A N T N T TR e T
conprisgg a p%ﬂa§b@a pariBR irfihd plddgriRtBARDbMPBLILIGR CONMPOSi tion conprises a
plurality of abrasive particles. 5 9. The nethod of claim1l wherein the
pl anari zati on conposi t itdshghhpdesisade w pivandiigh golshinglrata i ghpeate dtcl es
having a har d'&%?c r(r)IZuerrfz?l i?Fe%%"év%ﬁ frtopnatrt]]c %u Os?}ate? towlt'?:%c'e the duration of each
planarizing cycle, the polishing rate is preferably uniform across the substrate to
produce a uniformly planar surface. Preferably, the polishing rate is controlled
20 to provide accurate, reproducible results. Also, preferably, the planarization
process is carried out in one cycle (i.e., one step). That is, for the removal of
any material from a particular surface, there is only one planarization cycle
without any intervening rinse cycles. This planarization process is then
typically followed by a post-planarization clean process in which abrasive
25 particles are not used.
The figures provide further information about the methods of the
invention. Figure 1A illustrates one portion of a wafer 10 prior to planarization
in accordance with the present invention having features that are filled with the
material to be removed through planarization. The wafer portion 10 includes a
30 substrate assembly 12 having junctions 16 formed thereon. A capacitor and/or
barrier layer material 19 is then formed over the substrate assembly 12 and the

junctions 16. The capacitor and/or barrier layer material 19 may be any

conductive material such as platinum or any other suitable conductive second or
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10 10. The nethod of claim9 wherein the plurality of abrasive particles
conprise Ce02) A1203, SiOz) or conbinations thereof. 11. The nethod of

claiml Wogs §idedje substrate is a sem conductor substrat " ate
assenbly. 15 712. The nethod of claim 1 wherein the G oup %@(Usw/?ﬁt]g

nmet al -containing surface is renoved relative to an oxide |ayer at a

sel ectivity rahliQo®iG@hp VeRMetARBHLinlH: chpadtodr Afd/orhirismhiedaof claim 1
wherein the cyclic diene is selected fromthe group consisting of
1, 5- cycl ooct atheeanally, @OshownlinTiglirerd Ahthie nonpayas (uppertsaitfaenis, ofamgacatoconbi nat i on

thereof. 14. Th thod of claiml erein.the organic am.ne.i s sel ected
rom the 25 gbBu g A WEERGH PR P o R RESR et byl ani ne,
and conbi nat i gRsrdahes ek thejp'iese?mﬂvémffohpQ"h@fcsﬁlti@%maieer?Gvﬁldh_ii fywRol i shing
surface conprises a fixed abrasive article. 30 16. A planarization nethod

. conprisiAg: posiigiredBainckides appper surfaged Aplaparized svrh that thefthigknass of
substrate to j I e W ol i.shi i he Q VI LLI
netal is sel eLhtgé%f%r?@ms %ﬁes%lf%l pu%ﬁor?{&%g{oﬁﬁgﬁe%ﬁ 8?%\%%?{1% £.bl ttrhlatd(fhigjarr"rvj‘&}’?ut heni um
24 WO 03/ USfés2 thcR{dES WShiRcitOr-nd/ @ dairiesinpalrt ddietitd. pl ati num and

conbi nati ons t hereof; s_up%IZ%yi _nP a planarization conposition in proximty to
the interface; and pl ahigHieAhyUstersieraan of awefsl 28BREPNi ng surface; 5

wherein the p i i Lk I d ) ; ] nd an
or gani ¢ chel A HRABGH FRCSRERASY (e R AR R dhg ML AIARET. Ty
met al i d0pr esentnfomal hayanoftht neterabwute B oatdiranghelaentaton. fhee. 10 18.

The nethod of claim.16 wherein the G ou | |..net.al -cont ai pi.ng surface
Conpr | ses. ol cHalit BN 20T FouoRs oY 28 PounBA RGP Rt ho
pl anari zat| 0”1a9&”m%hhécpmefe6ﬁ.t Bﬁé’h_ aééat&ﬂi%ﬁrd'ie?@ciriéﬁy&xléjdaé'b@gls@:gﬁnrht . 20. The

met hod of claim 19 wherein the oxidizing agent is selected fromthe group
consi sting of vaieheefsuiudaresapariicylatea capaptarstinetareat e patiened distestritat i on

thereof. 20 21. T t hod of .claim 16 erei.n the poli.shing surface
conpri ses a p@?fﬁﬁg%ﬁg‘am&g‘aoffﬂé"qué%&?‘z%{{)‘(@ﬁs %lgﬁﬁ%@i“ﬂl%wgcorrpri ses a
pluralityy of phwas&i metaPRizidnel(€s., sikBor’dioxide&ilitoh haddefor BREAN Wn wherein the

pl anari zati on conposition conprises a plurality of abrasive particles
havi ng a har deleegodeflayes29iscthe formpd Averatubsiraip pssemply 22mnd thet hod of claim

R L el
substrate is athsestitabladusderive sdeshd ad third ko Wrstip Y1EB asGesupl [B. metal-
containing material. Generally, as shown in Figure 2A, the nonplanar upper
20 surface 23 of electrode layer 29 is subjected to planarization or other processing
in accordance with the present invention. The resulting wafer 20, as shown in
Figure 2B, includes an upper surface 27 planarized such that the thickness of
the wafer 20 is substantially uniform across the entire wafer 20 so that the wafer
now includes electrically conducting regions 24 isolated within the patterned
25 dielectric material 26 forming a capacitor structure. If desired, prior to
planarization, the conformal layer 29 and openings 24 can be covered with a
photoresist or other material that is removed after the planarization so the
abrasive does not fall into the openings 24.
These figures are shown only to illustrate a surface having
30 nonuniformities, such as height differences, in the fabrication of semiconductor
devices. The present invention is not limited to use with nonplanar surfaces,
such as that shown in figures. The present invention is also beneficial for use

with substantially planar surfaces. For example, the methods in accordance
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WO 03/ 05GXx0 PCT/ US02/.10~13 25. The nmethod of claim 16 wherein the organic
chelating acid is selected fromthe group consisting of acetic acid,

ascor bi ¢ @g@@séhb i c acid, propenoic acid, tartaric acid, aci d,
and combi nations thereof. 5 26. The nethod of claim 16 V\hgrczwr\lsg%/@eﬁ%r gani c

amne is selected fromthe group consisting of ethylam ne, nethylam ne,

triethyl am neyit {HeFedBy idWntien i8hhe GETRA AL ROVhORY Jhe met hod
of claim 16 V\hlerelerr?tshe lpo | sﬁllng Surface T(%orrprl se?’ﬁ%llz%eg pz%Crcgsm ve

article. 28. eAephathaend af heprovesswlbnsberpriase hging phmiatizehis iga a G oup VI
met al - cont ai nj F% stur]fa e oft a substrate to 15 interface with a polishing
_surface, wher®® qhaéy %\3{) Y11 netal is selected fromthe group consi sting

of rhodium iridium reidmnewing eciﬁxﬂ')légmrenﬁfe}@dblfmthd@|1m§§tﬂatéfme fbus
conbi nati ons thereof; supplying a planarization conposition in CEr oximty to

the mte—f'faceSPe‘aﬁéalZ‘bPﬁﬁf@fﬁd@Tﬂo gnw\%ar@rtwwqmlltmlddbwndqstm g surface;
wherein the ve particles and a
conpl exi ng aye(ﬁ{%%ll (71%5 *n §B¥ ﬁg{@&%g%@fﬁ@?@ﬁdfs%@ﬂgfn%%dﬁew% Ur 'élf'“lnf@lg of

abr asi ve par twichig sheascopéefQhe phisagiimenpad.t i cl es. 25 29. The nethod of claim
28 wherein the Goup VIQnnetal is present in an anount of about 50 atomc
percent or nore. 30. The nethod of claim28 wherein the Goup VIII

net al - cont ai ni ng surface conprises egens rut henium 30 31. The net hod
of claim 28 wherein the planarization coﬂpoa tion further conprises an
oxidizi @ agent. 26 WO 03/(1S662(1 MZhmpkOR/-40-t 13 32. The method of
claim 28 wherein the congl eX| ngzilgent is selected fromthe group consisting

of an organic chel atingy" F‘ﬁé?ﬂ"@:aéﬁ‘?\fq{éomé"’é%? kankfitene) and
conbi nati ons ldﬁ@'bﬁQfGoﬁ o’?’%latﬂihﬁn %%]Qﬂo&fuoﬁé 8h MASAmMMEY EleMmdaBiGe®r 9anNi C

chelating acid is selected fromthe %roup consi sting of acetic acid,
ascor bi ¢ aci dor gleevicsistan¢echefone @pe polishingdifelir points measpiresldi ditecdyicci ni ¢ aci d,
and conbi nati ans, t.her,eo

wh th
Ao 1o sol GOPBPE LR e Biskgris (b et SiarRer AR Rht REPSTHERRy P an ne.
triethyfsm n%ddltfohﬂﬂi)@ﬂnﬂmn@ﬁ(o SR SralRidakdtRNzid 4RI $9il- DR 1o Z(g) et hod of
claim32 wherein the c %c ic dinme is selected fromthe roug@ onsi sting of

1, 5- cycl ooct afiRadel’y slurty epndaipaag MO, Bs shel@bresied G W29 a
conbi nati on tlhcl?trgf?fThc sample was fixed to the carrier on a Beuhler Minimet 1000

polisher and was polished on a
Rodel polishing pad upon which several milliliters of the prepared slurry was
20 added. Polishing was carried out using a pressure of 15 pounds and a speed of
50 revolutions per minute (rpm). After 2 minutes the sample was rinsed and
dried, and the sheet resistance measured again. The higher sheet resistance
values (four points measured) yielded a calculated estimate of 125 A of film
removed (or a removal rate of approximately 62.5 A per minute). By
25 comparison, the same slurry without the added glacial acetic acid yielded little |
change in the sheet resistance of a similar sample, and caused only scratches
and some areas of film delaminated from the substrate. Also, the slurry without
acetic acid had poor selectivity relative to the underlying oxide film — on the
order of 1:1 vs. 6:1 with acetic acid.
30
Example 2
A test sample was cut from a wafer containing a blanket layer of

2700 A of platinum. Several locations on the sample were measured for sheet

18



36. The nethod of claim 28 wherein the polishing surface conprises a
polishing pad. 20 37. A planarization nethod conprising: positioning a

G oup VI gontaining surface of a substrate to int i a
pol i shi ng{’Vs(ﬁara‘{wg}c(’ezgi wherein the Group VIII nmetal is select 2%@%%%@% group

consisting of rhodium iridium ruthenium osmum palladium platinum and

conbi nati ons , 1 P | L AN, Ll hp proximty

to the int erf?(%%;b%g%l%ef%%a%gE)igiﬁ%é{ﬁﬁ;g{fﬁlé'pﬂ@gg@ e%/iq}l%(ﬁh%fe%p?gg}ﬁ%]gt% tlr}llg surface;

wher ei n the pherhicdaesomo tbosheesietisancec Arploirg @as preparedby>addgioagént sel ect ed
fromthe group._consist) f yclic diene, an organic 30 am ne, an

_ organi ¢ chel a81:3r1'§’”élt‘:t%<0p§??§ Oégbfg'ioﬁ%ﬁ PALide ARt @31’“‘ aripl pestiaastd @9 ei n t he

met hod is car pj ¢y ahd"2(9ﬁﬂ’o§k8ﬁeel’s§?\@ lel\Qz'Qg(n g?gkjl 6l M§Qg/fasi1/9~13 38.

The method of claim37 wherein t anari zation conposition furfher
~conprised an (GRANATEHYINYEAOQ P8 A)ATht samaple »as fived wehdoarieompa i si ng: 5
provi di ng a sem gonduct or bstrate or substrate assenbly including at
Ceast one reqPBgr VoL G il a6t ead aR BoEurd a8 aRoprrnthing Pad Dol T shi ng
surface; provigéd@hih BéveRamiARiéQ0f GRIPGRAI Mitnphasdided! Polidniy bal veen the
at | east one region of platinumcontaining surface and the polishing 10

surface; and PATHAGPRAISIHG & presstre dfdasroundreandegiperd offSQTe¥eltiennneont ai ni ng
surface; wher ﬁ{uﬂ]eté g\-ﬁmﬁ’l ARGl hRMtggthgggrgﬁ%;\%%s?@s%%%rdfeﬁsarﬁi HOURIEXI Ng agent

selected from oup consi's I ene, ah organic 15 am ne,

and conmyignat i eRBtdnbemeadureddpainl MEhertigheo dheef regisance dluastitsigipBintdhe
pl anari zation conposition further conprises a‘gsw oxi di zing agent. 20 41. A
pl anari zat i onMeatuies) vicddadra @lawptedeshimats i3 Aehiilebrmpved oramsaevat e or

substrate ass jnel: udi { - e | atd Hm;:pont ai ni ng
surface; pr ovﬁg‘?!r)\%aﬂgﬂ%ééﬁlﬁlgegﬁ?lr% 'Ss%‘ﬁ)?;g@ér?ﬂ ic])a\?igé Sﬁﬁéﬂg"“gf'%nsgﬁe%u on
conposi ti on atvithouti tht added hgdiogé mpanxidbend® placibl dcedsacid yreldedditiben of

pl ati num contaj nin urface and the pol.jshing surface, d planarizing the
Bl east one. PugEDM BF Shich FsRiAReE Ohe STiehE ol Al s en b iR
2{2{‘:“ ﬁl@t ;gi”gl‘r"cpiﬂ?ﬁéér&és%’f ARAMRYASRfe@MoRT BERIEIAE. ARIRIRNGy3H oRiagani ¢

? was poor. With only hydrogen peroxide removal rate was lower and selectivity

was poorer.

Example 3

20 A test sample was cut from a wafer containing a blanket layer of
2700 A of platinum. Several locations on the sample were measured for sheet
resistance before any polishing (four points measured), directly correlating the
metal thickness to the sheet resistance. A slurry was prepared by addition of
0.5 milliliter (0.5 ml) of triethylamine to 80 ml of water and 20 ml of Rodel's

25 CMP slurry containing Al,O, as the abrasive (GRANITE MSW2000 Part A).
The sample was fixed to the carrier on a Beuhler Minimet 1000 polisher and
was polished on a Rodel polishing pad upon which several milliliters of the
prepared slurry was added. Polishing was carried out using a pressure of 15
pounds and a speed of 50 revolutions per minute (rpm). After 2 minutes the

30 sample was rinsed and dried, and the sheet resistance measured again. The
higher sheet resistance values (four points measured) yielded a calculated
estimate of 185 A of film removed (or a removal rate of approximately 92.5 A

per minute). By comparison, the same slurry without the added triethylamine
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42. The nethod of claim4l1l wherein the planarization conposition further
conpri ses an oxidi zing agent. 28 WO 03/0S6620 PCT/ US02/ ~0~13 43. A

pl anari za{y) J3BLHod conprising: providing a sem conductor r at
de(f}l/,ldl ng &C?f E/é'f}tli?ace; 5

assenbly in at | east one region of a platinumcont
provi ding a polishing surface; providing a planarization conposition at an

interface betyegRqiiht &tanéqu?]%e %@t e8H0L Hfa s%ﬁ&elj sgtﬁﬂegggé @«M@éd]gnlgur face

and the polishing surface; planari zi ng one reyi on of

pl at i num cont sdraicheg asd sdérae ercaswbiefilen delammapddrmi theatbamteonposi ti on

conprises abrasive particles and a conpl exi ng agent; and further wherein a

~majority of the plurality of abrasive particles are Ce02 abrasive
particles. 15 44. The nethod of clai gxg3pmherein the planarization

conposition further conprises an oxidi zing agent. 45. The nmethod of claim

43 wherePn the pol i shi Agess sample avas onpliros @svafera®npining hiblagpkpiedyer 46. A

pl anari zati on t o rising:,,providing a sem conductor substrate or
substrate asséﬁﬁ@f’?ﬁ‘%ﬁh@?n}% a‘|‘5%"3‘9“%%%3@5“8@%‘?%‘%%@ ?ﬂfﬁg?%nt ai ni ng
surface; 25 pregisiaitelgefarenal pshdhingy Gouras mehvdd) digbclly RbAOAKAZAEL I ON

conposition at an interface between the at |east one region of
pl at i num cont BEt Huckagssita dhe haef resigansst iAsslpmy was prepersd bysddisioanfir i zi ng t he

at | east one i-an:.af ol ati L i LT X ereihLbn th
pl anari zat i on6'§8’5r%§§‘s‘?ft(9§n'ﬁ§8?rgﬁ"(s%§‘§} ’ggé&éﬁg|a§'§i“fﬁ§6§b‘e°§t9va§%|a8§?ga"f° omthe
group cdfsi st Radel'siCMP siyalyicontdiniiiy ABO, 8¢ Banbasi@e(GRANITEM w000 chel ati ng
acid, and corrEj na%i ?QS thereof; and further wherein the nethod is carried
out in one stBHtApgThe symnlgpestixedie thegartienny a BenhlarMmmetrH¥0net hod of

cl ai m 44 wher ghiRhdNEGRY LAty it f k1 C | ses an
oxi di zi ng ageﬁ(%. 4'3?' A%@ﬁ%@??gﬁﬁ&@@ﬁégmﬁg u@éé%ﬁc %?%ﬂng a capacitor
or barrier | aydiilitess affibe prepired slnonypvas siddagt. Rolicking iwag carred mucasieiyct or

substrate or substr assenbly havin tt.erned dielectric |ayer fornmed
t hereon and apr@i‘SB[Fpgft\}l%l HOUH& %ﬂdgaosrﬂe%‘# ﬂ?ﬁ@m@v@?fﬁw FREBUIS M) HYtet t er ned
di el ectnsc | ay@fuesthesigle mseriﬁie@%dwhha, AMRRd sma_éﬁktﬁﬁée%ﬁe{immthe group

consi sting of rhodium 10 iridium rutheniun osmum palladium platinum
and conbi nat i a8en. t Therhaglier srst resistanceyalaest (fow tponty neasureaak) yeelgedlai shi ng

surface for Cé)arl]éu?ﬁ;[:d g\s'ititrrpale of 244 A of film removed (or a removal rate of
approximately 122 A per minute). By comparison, the same slurry without the
added ascorbic acid yielded little change in the sheet resistance of a similar
20 sample, and caused only scratches and some areas of film delaminated from the

substrate.

Example 5
A test sample was cut from a wafer containing a blanket layer of
25 2700 A of platinum. Several locations on the sample were measured for sheet
resistance before any polishing (four points measured), directly correlating the
metal thickness to the sheet resistance. A slurry was prepared by addition of
0.5 milliliter (0.5 ml) of triethylamine and 0.5 ml of IN ascorbic acid to 80 ml
of water and 20 ml of Rodel's CMP slurry containing Al,O, as the abrasive
30 (GRANITE MSW2000 Part A). The sample was fixed to the carrier on a
Beuhler Minimet 1000 polisher and was polished on a Rodel polishing pad
upon which several milliliters of the prepared slurry was added. Polishing was

carried out using a pressure of 15 pounds and a speed of 50 revolutions per

20



the Goup VIII netal-containing |ayer; providing a planarization
conposition in proximty to the contact 15 between the polishing surface

and the Gueui/¥l nmet al -cont ai ning | ayer; and planarizin o) VI fl
i) PR BT <

nmet al -contai ning | ayer; wherein the planarization conposi es a
conpl exi ng agent selected fromthe group consisting of a cyclic dinme, an

organi ¢ 20 anifiifite @-ﬁﬁlg._ RB NAlimAGSHE @zﬁ?@@fwas Fsed N0 dTRHNGA R siebpl m 48

wherein the planarization conposition rther conprises an oxi dizing agent.
25 50. A pl angbistaned mpaspeedhagainf dihe hsgher shekmesistageeavabap dfout poingr barri er

| ayer, the ne I.51.Ng:. providin 1 conduct or bstrate or
substrate ass'é?r%ﬂ{/e%ﬁg@fdﬁé aacgggfafegrersfﬂﬁl"%i03I4§§R?@ﬂp’aﬂ9€}°v?‘i?%de‘?‘ﬁw®n and a
Goup VI netsd sfoppixihaielyl23Y & pérahine@). 0B Eoﬁlpﬁiseﬁ,%@&z{}ﬁéislghfl ectric
| ayer, wherein the 30 Goup VIII netal iIs selected fromthe gfoup

_consi sting of VithRHitheadded risthdamingané ascarhic acidivighded pisle etdingenn the at i num  and
conbi nati ons reql; : / Q. PCT/ US02/ ~0-t 1 ositioning a

first porti onSthtgf1 rga%grlml%g)ﬁiar%&lslﬁrsg 'g] Eg’s %ﬁca&s)en %{]sz SWtfl?'Fstaﬂg S%"‘Saffaﬁ/l | |

met al - cont ai mfrfgm deyaninatpd dondihaguisstipleanar i zat i on conposition in proximty

to the contact between the polishing surface and the G oup VIII

netal -containing 5 layer; and planarizing the Goup VIII netal-containing

| ayer; wherein the planarization congpa%él'hgn conpri ses an organi c am ne and

an organic chelating acid. 10 51. The nethod of claim50 wherein the

pl anari ¥@ti on conposi tA tst famplemns catrfprm 8 emfamontiniigza bigniag &er 052. A

pl anari zati o t&olﬂgfor us§ in formng a capacitor or barrier layer, 15

t he met hod c%ﬁi Phfatnymy, Peery) loratians enthe SHpple wermepsared 1oF shegbst r at e

assenbl y havimgstandeactdt BRFpsli ' (ff&na G oup

V111 netal contai ni ng | ayeﬁp?orﬂ%qg/dé?oiﬁﬁ%ﬁ?ggﬁgg&y ‘ira eét@ggh‘?ayer,

wher ei n t he Gpgtakthigkngss teethgisheet resistance.ed slurgnwadpreparedpy addisosof ng of

rhodi um 20 ifhdi.qm . rutheni sm, u pal | adi um platinu and

conbi nat i ons f girjfeill(l)l e;r(ggs??l Pgﬂ’]is hdé)mgmh\yﬁ’éfcyf)@f’?tf“gﬁ"eo‘g@rﬂg?f{n‘g‘ﬁ?rrﬂj‘dsurface
for cont@ct it 6fRodel' OGMPRILry B8iitahmEAT@] & thdatrdN 68 (GRARYEI NY a

pl anari zati on gsition in proximty to the contact 25 between the

pol i shi ng sur]\dgO 09A &gt - dthe spmplelwasrfixed ito dersamienpmg Beakler Minimukt
pl anari zi ng B0 GoRster Md dadFliRhe oS ﬁiogélr])%liLl%Xge pad upon which several
milliliters of the prepared slurry was
added. Polishing was carried out using a pressure of 15 pounds and a speed of
20 50 revolutions per minute (rpm). After 2 minutes the sample was rinsed and
dried, and the sheet resistance measured again. The higher sheet resistance
values (four points measured) yielded a calculated estimate of 249 A of film
removed (or a removal rate of approximately 124.5 A per minute). By
comparison, the same slurry without the added 1,5-dimethyl-1,5-cyclooctadiene
25 yielded little change in the sheet resistance of a similar sample, and caused only

scratches and some areas of film delaminated from the substrate.

The foregoing detailed description and examples have been given
for clarity of understanding only. No unnecessary limitations are to be
30 understood therefrom. The invention is not limited to the exact details shown
and described, for variations obvious to one skilled in the art will be included
within the invention defined by the claims. For example, while the description

above focused on planarization of semiconductor-based substrates, the
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wherein the planarization conposition conprises abrasive 30 particles and a
conpl exi ng agent; and further wherein a nmagjority of the plurality of
abrasive Qay4i@cld§ are CeQz abrasive particles. 31 WO

PCT/ US02/ - 411A3 53. The method of claim 52 wherein the pl %arl za/??%?’l
conmposition further conprises an oxidizing agent. 54. The nmethod of claim

52 wherei n t heo@shinl 380 Fehbas §f Ge MRehRESare aﬁo%?biiéame'}g, Radxampe, A

pl anari zation nethod for use in formng a capacitor or barrier 1ayer, the

met hod conpr i Bolisjingaiassisdind gontastidensenrad 0o¢ of meupetherpassible apphedtioas.e
assenbly havi 0] I i,electric |layer fornmed, thereon and a G oup
VI et al con?g? %qmn@eﬁggﬁféﬁs&ggPrgzg?ggg?ts’t%ée "gé?ct" R da'bq %‘P’z'(????"é | ayer,
wher ei n the Qiaephdftinlardi@tédpotatedIn) efdr@de fdsanedchvedd PRGNS Sting of
rhodium _iridium ruthenium osmum palladium platinum and conbi nations
. thereof;?15 pBSPPPERARY rafersncet portion of a polishing surface for contact

with the Goup VIII netal -containing |ayer; providing a planarization
conposition in proximty to the contact between the polishing surface and
the Goup VIII netal-containing |ayer; 20 and planarizing the Goup VIII

nmet al -contai ning | ayer; wherein the planarization conposition conprises a
conpl exi ng agent selected fromthe group consisting of a cyclic dinme, an
organi c am ne, an organic chelating acid, and conbinati ons thereof; and 25
further wherein the nethod is carried out in one step. 56. The nethod of

cl ai m55 wherein the planarization conposition further conprises an

oxi di zing agent. 30 57. The nmethod of claim55 wherein the polishing
surface conprises a polishing pad. 58. The nethod of claim55 wherein the
pol i shing surface conprises a fixed abrasive article.
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3. The method of claim 2 wherein the Group VII metal-containing

surface of the substrate comprises a Group VIII metal in elemental form

20 or an alloy thereof.

4. The method of claim 3 wherein the Group VIII metal-containing surface

comprises elemental platinum or a platinum alloy.

25 5. The method of claim 4 wherein the Group VI metal-containing surface

comprises elemental platinum.

6. The method of claim 1 wherein the planarization composition further
comprises an oxidizing agent.
30
7. The method of claim 6 wherein the oxidizing agent is selected from the
group consisting of a peroxide, a nitrate, a permanganate, and a

combination thereof,
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f_%m ) E 3&2%5 /Eéo ﬁ%ﬁ%@ﬁ%& glﬁ%& l(vzih%/%lﬂﬁ H{@arization composition comprises
a plurality of abrasive particles having a hardness of no greater than

about 9 Mohs.

10 10.  The method of claim 9 wherein the plurality of abrasive particles

comprise CeO,, Al,0; SiO,, or combinations thereof.

11.  The method of claim 1 wherein the substrate is a semiconductor
substrate or substrate assembly.
15
12.  The method of claim 1 wherein the Group VIII metal-containing surface
is removed relative to an oxide layer at a selectivity ratio of at least

about 10:1.

20 13. The method of claim 1 wherein the cyclic diene is selected from the
group consisting of 1,5-cyclooctadiene (COD), 1,5-dimethyl-1,5-

cyclooctadiene, and a combination thereof.

14.  The method of claim | wherein the organic amine is selected from the
25 group ethylamine, methylamine, triethylamine, trimethylamine, and
combinations thereof.
15.  The method of claim 1 wherein the polishing surface comprises a fixed

abrasive article.

30 16. A planarization method comprising:
positioning a Group VIII metal-containing surface of a substrate to
interface with a polishing surface, wherein the Group VIII metal is

selected from the group consisting of rhodium, iridium, ruthenium,
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: o o
910% & ()-(1 S]] gkkgegr?d an organic chelating acid.

17. The method of claim 16 wherein the Group VIII metal is present in an
amount of about 50 atomic percent or more.
10
18. The method of claim 16 wherein the Group VIII metal-containing

surface comprises elemental platinum.

19.  The method of claim 16 wherein the planarization composition further

15 comprises an oxidizing agent.

20.  The method of claim 19 wherein the oxidizing agent is selected from the
group consisting of a peroxide, a nitrate, a permanganate, and a
combination thereof.
20
21.  The method of claim 16 wherein the polishing surface comprises a
polishing pad and the planarization composition comprises a plurality of

abrasive particles.

25 22, The method of claim 16 wherein the planarization composition
comprises a plurality of abrasive particles having a hardness of no

greater than about 9 Mohs.

23.  The method of claim 22 wherein the plurality of abrasive particles

30 comprise CeO,, Al,0,, Si0O,, or combinations thereof.

24, The method of claim 16 wherein the substrate is a semiconductor

substrate or substrate assembly.
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28. A planarization method comprising:
positioning a Group VIII metal-containing surface of a substrate to
15 interface with a polishing surface, wherein the Group VIII metal is
selected from the group consisting of rhodium, iridium, ruthenium,
osmium, palladium, platinum, and combinations thereof;
supplying a planarization composition in proximity to the
interface; and
20 planarizing the Group VIII metal-containing surface;
wherein the planarization composition comprises abrasive
particles and a complexing agent; and further wherein a majority of the

plurality of abrasive particles are CeO, abrasive particles.

25 29.  The method of claim 28 wherein the Group VIII metal is present in an

amount of about 50 atomic percent or more.

30.  The method of claim 28 wherein the Group VIII metal-containing
surface comprises elemental ruthenium.,
30
31.  The method of claim 28 wherein the planarization composition further

comprises an oxidizing agent.
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34.  The method of claim 32 wherein the organic amine is selected from the
10 group consisting of ethylamine, methylamine, triethylamine,

trimethylamine, and combinations thereof.

35. The method of claim 32 wherein the cyclic diene is selected from the
group consisting of 1,5-cyclooctadiene (COD), 1,5-dimethyl-1,5-

15 cyclooctadiene, and a combination thereof.

36.  The method of claim 28 wherein the polishing surface comprises a

polishing pad.

20 37. A planarization method comprising:
positioning a Group VIII metal-containing surface of a substrate to
interface with a polishing surface, wherein the Group VIII metal is
selected from the group consisting of rhodium, iridium, ruthenium,
osmium, palladium, platinum, and combinations thereof;
25 supplying a planarization composition in proximity to the
interface; and
planarizing the Group VII metal-containing surface;
wherein the planarization composition comprises a complexing
agent selected from the group consisting of a cyclic diene, an organic
30 amine, an organic chelating acid, and combinations thereof; and

further wherein the method is carried out in one step.
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40.

41.

42.
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8?)&( ‘%fll{aé@ﬁ)(%%g%gf’é' %’EQPBNQ%@PN&ining surface;

providing a polishing surface;

providing a planarization composition at an interface between the

at least one region of platinum-containing surface and the polishing

surface;

and

planarizing the at least one region of platinum-containing surface;

wherein the planarization composition comprises a complexing

agent selected from the group consisting of a cyclic diene, an organic

amine, and combinations thereof.

The method of claim 39 wherein the planarization composition further

comprises an oxidizing agent.

A planarization method comprising:

providing a semiconductor substrate or substrate assembly

including at least one region of a platinum-containing surface;

providing a polishing surface;

providing a planarization composition at an interface between the

at least one region of platinum-containing surface and the polishing

surface;

and

planarizing the at least one region of platinum-containing surface;

wherein the planarization composition comprises an organic

amine and an organic chelating acid.

The method of claim 41 wherein the planarization composition further

comprises an oxidizing agent.
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surface;
and
10 planarizing the at least one region of platinum-containing surface;
wherein the planarization composition comprises abrasive
particles and a complexing agent; and
further wherein a majority of the plurality of abrasive particles are
CeO, abrasive particles.
15

44.  The method of claim 43 wherein the planarization composition further

comprises an oxidizing agent.

45.  The method of claim 43 wherein the polishing surface comprises a

20 polishing pad.

46. A planarization method comprising:
providing a semiconductor substrate or substrate assembly
including at least one region of a platinum-containing surface;
25 providing a polishing surface;
providing a planarization composition at an interface between the
at least one region of platinum-containing surface and the polishing
surface; and
planarizing the at least one region of platinum-containing surface;
30 wherein the planarization composition comprises a complexing
| agent selected from the group consisting of a cyclic diene, an organic
amine, an organic chelating acid, and combinations thereof; and

further wherein the method is carried out in one step.
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"10% (& () -9@BL0% & ( )ﬁro%{d&llntbaC semiconductor substrate or substrate assembly having
a patterned dielectric layer formed thereon and a Group VIII metal-
containing layer formed over the patterned dielectric layer, wherein the
Group VIII metal is selected from the group consisting of rhodium,
10 iridium, ruthenium, osmium, palladium, platinum, and combinations
thereof;
positioning a first portion of a polishing surface for contact with
the Group VIII metal-containing layer;
providing a planarization composition in proximity to the contact
15 between the polishing surface and the Group VIII metal-containing
layer; and
planarizing the Group VIII metal-containing layer;
wherein the planarization composition comprises a complexing
agent selected from the group consisting of a cyclic diene, an organic

- 20 ‘ amine, and combinations thereof.

49.  The method of claim 48 wherein the planarization composition further

comprises an oxidizing agent.

25 50. A planarization method for use in forming a capacitor or barrier layer,
the method comprising:
providing a semiconductor substrate or substrate assembly having
a patterned dielectric layer formed thereon and a Group VIII metal-
containing layer formed over the patterned dielectric layer, wherein the
30 Group VIII metal is selected from the group consisting of rhodium,
iridium, ruthenium, osmium, palladium, platinum, and combinations

thereof;
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@ 51.  The method of claim 50 wherein the planarization composition further

comprises an oxidizing agent.

52. A planarization method for use in forming a capacitor or barrier layer,
15 the method comprising:
providing a semiconductor substrate or substraie assembly having
a patterned dielectric layer formed thereon and a Group VIII metal-
containing layer formed over the patterned dielectric layer, wherein the
Group VIII metal is selected from the group consisting of rhodium,
20 iridium, ruthenium, osmium, palladium, platinum, and combinations
thereof;
positioning a first portion of a polishing surface for contact with
the Group VIII metal-containing layer;
providing a planarization composition in proximity to the contact
25 between the polishing surface and the Group VIII metal-containing
layer;
and
planarizing the Group VIII metal-containing layer;
wherein the planarization composition comprises abrasive
30 particles and a complexing agent; and
further wherein a majority of the plurality of abrasive particles are

Ce0, abrasive particles.
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P #SY& () * +, - 54.0128# method of claim 52 wherein the polishing surface comprises a
5 polishing pad.

55. A planarization method for use in forming a capacitor or barrier layer,
the method comprising:
providing a semiconductor substrate or substrate assembly having
10 a patterned dielectric layer formed thereon and a Group VIII metal-
containing layer formed over the patterned dielectric layer, wherein the
Group VIII metal is selected from the group consisting of rhodium,
iridium, ruthenium, osmium, palladium, platinum, and combinations
thereof;
15 positioning a first portion of a polishing surface for contact with
the Group VIII metal-containing layer;
providing a planarization composition in proximity to the contact
between the polishing surface and the Group VIII metal-containing
layer;
20 and
planarizing the Group VIII metal-containing layer;
wherein the planarization composition comprises a complexing
agent selected from the group consisting of a cyclic diene, an organic
amine, an organic chelating acid, and combinations thereof; and

25 further wherein the method is carried out in one step.

56.  The method of claim 55 wherein the planarization composition further

comprises an oxidizing agent.

30 57.  The method of claim 55 wherein the polishing surface comprises a

polishing pad.

58.  The method of claim 55 wherein the polishing surface comprises a fixed

abrasive article.
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