WD 03/ 059571 PCT/ US02/ 40406 METHODS FOR PLANARI ZATION 5 OF GROUP VI I |
METAL- CONTAI NI NG SURFACES USI NG A FI XED ABRASI VE ARTI CLE Field of the

| nvent i onwoOls/opysesent i nvention relates to nethods for pl aeariseatesoan of 10
Goup VIl netal -containing (preferably, platinumcontaining) surfaces,
particularly in the fabrication of sem conductor devices. Background of the
I nvention During fabrication of sem conductor devices, various surfaces are
15 formed. Many of such surfaces do not have uniform hei ght, and therefore,
the wafer thickness is also non-uniform Further, surfaces may have

defects such as crystal |at{jqiEBiRgR PEANAEIaSTIONUghness, or enbedded
particles of dirt or dust. For various fabrication processes to be

per f or med, Such Q8 GRQUBHMHMETARdCORMIAINIYG HERGACESIASING AJFIKED es and
defects at the surface of the waf b reduced or elim nated.
Various planarization techni ques %E%ﬁ@%ﬁ@%‘f provi de such reduction
and/or elimnation. One such planarization technique includes nechanical

and/ or chem cal - nechani cal poli shi ngf (abbrevi ated herein as "CWP"). The
process of planarization is used tield ehbednyatieni al, and 25 preferably

achi eve a planar surfac . Nt i i fer. . t i.mes
referred to as "gl obal gihg%gge{lt;lhﬁe@n&éelﬁtteggdnlglleﬁ‘@,gs ﬁéﬁ%’rﬂ&%&eﬂs}% Otgf

pl anari zatilon Groap¥IDatetdl@vhaidiyg EWerabhy plaviesmtdoatadisiagodurfacaval er carrier
that holds a wafer, a polishing pad, and an abrasive slurry that includes
a di spersion é’?“]éuk‘lﬂéfﬁ%lﬁ}etf?b‘é‘?atloﬁl?fM@H%Wid@ﬂé@-i naliquid. The
abrasive slurry is applied so that it contacts 30 the interface of the
waf er and the polishing pad. A table or platen has a polishing pad

t hereon. The polishing pad is aBpikgeshnil@ftirclnwadtem at a certain pressure

to performthe planarization.. At |least one of the wafer and a polishing
pad are set in notion rg?%"{qg\/f@é?‘i?tlf)ﬁ& %Ftnﬁﬁ?r.“{“FWr SEVECS, M amHSi SpEpses ATe

processes, 14 hgomyaf Maf AT e sy FEhaRO b nth&ent A1 thalkse Qhe P! at €n
may or may not rotate 03/ 059571 PCT/ US02/ 40406 and/or the platen may be
nmoved in a |i weder thiskiess isddsopposwtbrino Huothat, ismgaced heryehave defects such as
crystal lattice damage, scratches, roughness, or embedded particles of dirt or
dust. For various fabrication processes to be performed, such as lithography and
etching, height non-uniformities and defects at the surface of the wafer must be
20  reduced or eliminated. Various planarization techniques are available to provide
such reduction and/or elimination. One such planarization technique includes
mechanical and/or chemical-mechanical polishing (abbreviated herein as
"CMP").
The process of planarization is used to remove material, and
25 preferably achieve a planar surface, over the entire chip and wafer, sometimes
referred to as "global planarity.” Conventionally, the process of planarization,
and particularly CMP, involves the use of a wafer carrier that holds a wafer, a
polishipg pad, and an abrasive slurry that includes a dispersion of a plurality of
abrasive particles in a liquid. The abrasive slurry is applied so that it contacts
30  the interface of the wafer and the polishing pad. A table or platen has a
polishing pad thereon. The polishing pad is applied to the wafer at a certain
pressure to perform the planarization. At least one of the wafer and a polishing
pad are set in motion relative to the other. In some planarization processes, the

wafer carrier may or may not rotate, the table or platen may or may not rotate



are nunerous types of planarization units avail able which performthe
process in different manners. The use of abrasive slurries in wafer
fabri catiwoohasospr oven 5 probl ematic for several reasons. PETrEsD2/4@hé asi ve
slurries that contain a plurality of abrasive particles in a dispersion
tend to be unstable. In particular, not only do the abrasive particles
settle, the andisithe phesntingy Bsmalabintaibat modgyhoo@osédio robaihp. whesonmenon
resulting in a nonuniformslurry conposjtion. This, in turn, creates wde
variability i #HeONECSHIISEeS 9§ Plegaiization unks gyrilablewhich ReERim the PFCAESSAe 10 art
that the conp@sietd®haffiefhe slurry tends to be very specific with the
desired planarization process, i.e., one slurry may not be suitable for a
vari ety of processes. Hhsose dfahrsiveishmeés mowafsm’rﬁahgcqmdélaqapmelpl anarl zation
aze, cane enbe during

difficulties. ch .pads d wth

bl anar i 21 ng. BSOS AL D pERS. RESSE WO R AR HOBHE ¢ o pads
can be reusedof atfeRil far@ed@ atdmse?ﬁéﬂténarecvséﬁmam@nm\@h@flartm&gbrl s from
the polishing pad using nechani'cal neans with or w thhout application of a

sol ution. Cond® thecabeemwen@dsﬂqwsptﬂ@athwbrawd pmwéasla@@qmno agg itet abl e

I [ | b bi | of deb
From the-pad POBRPHGRIRRGEIEAR kPR o0 e Edbubitel VERE R KBpeg used i

pl ace of converiteonale R@iabSiy Mthe Palikhird @sitsS SeksHaMi idREbwss Gethinthe
pl anari zati on processes. Such fixed abrasive arti cles include a plurality

of abrasi V8 pait tha thesogipepisips o theistrHeadsyohgeery wepiicavith e desitedast one
f f r abr asi ve
erj'[i 2F:soar2 @gvan% H?O%Eéshomb(g%rﬂ&%n%ﬂ?l ongﬁ?[uﬂg?grs% Y/a[er éfgfr ries 25 are

typically i ncp;@peﬁsedol e wth fixed abrasive articles for many planarization
processes. The planarization of a surface that includes platinum and ot her
Goup VIIl netals typi céﬂaoycqw\%qlwép%h@gr@éﬁaﬂsed&wmatwrb%ﬁﬁu@aﬁs action

during a pol '§m%d§p@ﬁg§§¢gw RS ERBYIRI I BichoGiaMeAl Y | net |

and/ or 30 have r i 'e produces. Suc pol i shi ng
uses al umlfa Thindeiides G pads td lod @mditidntd suahrthitahgy padseahbairanéd.pol i shi ng
tends to Caus&oﬁcﬂgonmg\?yp?c%/llg?l?\?o \:/I'esFr)e%{)\LzJ 0%/Iﬁ:0d%gns from the polishing pad
using mechanical means with or without application of a solution. Conditioned
pads typically lead to subsequent unpredictable planarization results because of
the unpredictability in removal of debris from the pad itself during conditioning.
20 Fixed abrasive articles used in place of conventional polishing
pads are also known and used in planarization processes. Such fixed at;rasive
articles include a plurality of abrasive particles dispersed within a binder
adhered to at least one surface of a backing material. For certain situations,
fixed abrasive articles are advantageous; however, conventional abrasive slurries
25  are typically incompatible with fixed abrasive articles for many planarization
processes.
The planarization of a surface that includes platinum and other
Group VII metals typically involves more mechanical than chemical action
during a polishing process because they are relatively chemically inert and/or

30 have relatively few volatile produces. Such mechanical polishing uses alumina

and silica particles. Unfortunately, mechanical polishing tends to cause the



formati on of defects (e.g., scratches and particles), both of which can be
detected optically, rather than the clean renoval of the plati num Thus,
there i s woiBlos®7need for nethods for planarizing an expo®ed/ussusfiace of a
substrate that includes platinumand other Goup VIIl netals, 5
particularly in the fabrication of sem conductor devices. Summary of the

| nvent i on Thefophesandf defiscedtel O scpiteheés aedparatlbodbothlvditvhicterandreleteated of t he
probl ens associ ated with the planarizatign of a surface that includes 10

pl at i num and/ rticalpiraber ban theecleandemoval of theclH¥™ind third row netal s

(i.e., Goups 8, 9, an‘flﬁl}sgthe% RIAN13NYa fdRmeths fbf %l_afé}izh%"gl sed>Uch a

surface is referred to herein as a platinumcontalining surface, or nore
general |y, a €arfaogof ¥builstraettbdt-iodmdea iphitingmsandf oo Gréup @I utals, | |

metal -containin urface" .refers 0 _an exposed.regi on having a Goup VIII
nmetal (parfic Wﬁ?,ﬁylﬁitg?fwu@sogpsfeﬁwglﬁw%ervé%eént in an armount of at

| east about 10 atom c percent, nore preferably at |east about 20 atomc
percent, and nost preferably at |east about 50 atom c percent, of the
conposition of the region, whichumarpef hedvyadéidnas a |ayer, film
coating, etc., to be plaparized.(e.g.. via chem cal,-nmechanical or

mechani cal pl anari zati oj\lﬂ%?ref)e qi‘ Vﬁf’ﬂ%ﬁ pﬁoﬁldgﬁggwggﬁg@tW?rﬁoqjﬁénaﬂ?’ggent
invention. 20mEheotiethi agecittedvattabt Ylanngiddda Sf & 3tbaddnha ifdledesr abl y,
consists essentially of) one or nore Goup VIII netals in elenental form

or an alldQ tpletiewn apdior mashestof the Gronp Al snconhandihirdsp® mripekiaet al s of
the Periodic (-E : §)8 9,-291%'[10' éreg«%r%ﬂlﬁ% ﬁlﬂ"l{u?‘frg;g,gag‘lﬁi ]Eg?tSﬁc'ﬂCal %gﬁcesfsgn! ficant

anount s of nonnetal’ 5" ’'sich a on ’or ons, as occur in a
silicide or opfdeed tdherEeas@plaoaismebniatiéngiefestor more gehevally, a\Grbye
pl anarizing a__surface. Herein, as is_ conventio

"pl anari zi ng" V&8¢ mﬁ%108ﬂté?qi%%%qr€9ﬁe' e f@oyp Ndﬂt%gﬁ%gigg S\E‘I%FE? gérfi:rél froma
AR s e L T Y S
pol i shi ng.15Aspiefeablipresent,in A hmointalf aBRastebbaniOcabmpopereent, mydreand " CVP"
G G TGN TN LW NG T T
both play a rabhid fertdif, sraROVGhpQRitidMRIahd Rlgion@Whidh MBS 8 proPRkd 894 NY.
layer, film, coating, etc., to be planarized (e.g., via chemical-mechanical or
mechanical planarization or polishing) in accordance with the present invention.
20 The surface preferably includes (and more preferably, consists essentially of)
one or more Group VIII metals in elemental form or an alloy thereof (with each
other and/or one or more other metals of the Periodic Table). That is, the
surface does not include significant amounts of nonmetals such as silicon or
oxygen atoms, as occur in a silicide or oxide.
25 The methods of the present invention involve planarizing a
surface. Herein, as is conventionally understood, "planarizing" or
"planarization" refers to the removal of material from a surface, whether it be a
large or small amount of material, either mechanically, chemically, or both.
This also includes removing material by polishing. As used herein, "chemical-
30 mechanical polishing" and "CMP" refer to a dual mechanism having both a
chemical component and a mechanical component, wherein corrosion chemistry
and fracture mechanics both play a roll in the removal of material, as in wafer

polishing.



3 WO 03/059571 PCT/ US02/ 40406 |In one aspect of the present invention, a

pl anari zation nethod is provided that includes: positioning a Goup VIII

nmet al - corwaimiosgy7sur f ace of a substrate (preferably, a sedrasoziuaber
substrate or substrate assenbly such as a wafer) to interface with a fixed
abrasive article; supplying a planarization 5 conposition in proximty to
the interface; and pl anhrélmiaagedtbétlﬁmeqant\dhbénﬁmt ab}anmlahmhdnlg)dsi@rface
using the fixed apr sel ected from

|c e.. The OUI? ﬁ taI
the group con%‘ioéf{dFﬂg‘aéFn i BATIUPHPER hf n@gﬁ?&?ﬁ rtacg 9f fadi um
platinum andg &Rk takieRsy R ndndBesdtstad O@Qﬁ@sﬁlaeéeasécrnsm&} ki§ch dsTic! udes a

plurality of abrasive particles having a hardness of no greater than
about 6.5 Mhwalgigpantediacenwith fixed bprasize adidtee segplyiog atpldnesigtioone surface of

a backing.materi al In anot her aspect resen ven

o1 anar | 2t P ont U™ STy de BeiRattarand BLBASERE P Y B ahe Bonduct or
substrate or &Hshing tsﬁrfa@lzstﬁ; has! filk 8& hbkeli08 ardilclel. eﬁﬁtG@ﬁﬁ VIAGhQA i9f a

pl ati num contai ning surface 15 (preferably, a surface having a nonpl anar

t opogr aphy) ; %ﬂl@mdoﬁrwgtbpgﬁoxpdonsa%magfwl@ I igidaim pridenigim @smiyhanar i zat i on
composi {1 0" (o1 E{G1 bl iny S A ARon AL SLF -1 AASNL,ARY g cOTP! exi ng

agent, nore eraplty, an oxi dl ZI ng agen ace et ween t he at

| east one regin@l’md@sfaphﬂélit?uﬂhlﬁﬁﬂ{f@pmlﬂﬁs BaNih@e Bardasg drhe gréax@dhabr asi ve
article; and pl anarizing the at | east one region of 20 platinuncontaining

surface wilfh ahest b dahadispessedeviship pciinder aifesred 19 at frast onecirfagmvlasi ve

article conpry %ﬁ%@gfg&al ity of abrasive particles having a hardness of
no greater than abou 5 Mbhs di spersed within a binder adhered to at

| east one surface of ahbmmlﬂuemgspmtmmabreséiﬂ invadoher amrizat@nmetioduct or

substrate or substra asse 5 refers to a sem conductor substrate
such as a bas¥ Pé%‘ﬁil‘?fi) ](Slgbsl eyl H‘rgaaseng%‘?ﬁd%tr?ﬂﬁlé%sgﬁteéﬁﬁ%?ﬁtr&fee havi ng one

or more |ayer gesbl yiﬁauaﬁ at Rt roﬁehég?% fgi%ﬁnum%ﬁ &.A%ée

sem conductor layer i1s typical ayer |con material on a
waf er or d5si {prezfembmyeurfmteﬁmmmgedmnplaamdppegraM)epmaid;ngsajﬁiqechs silicon on

sapphire. We efe els o ubstrate as e us 30
process st epsqﬁﬁ? & eb@’é’l‘f‘“{ﬂm H%rl%? 108 EaMPBSIHER g‘%%@f’ 'é%f“bns
oxidizing agent and/or a complexing agent, more preferably, an 0x1d121ng agent)
at an interface between the at least one region of platinum-containing surface
and the fixed abrasive article; and planarizing the at least one region of
20 platinum-containing surface with the fixed abrasive article; wherein the fixed
abrasive article comprises a plurality of abrasive particles having a hardness of
no greater than about 6.5 Mohs dispersed within a binder adhered to at least one
surface of a backing material.
As used herein, “semiconductor substrate or substrate assembly”
25 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 as
silicon on sapphire. When reference is made to a substrate assembly, various
30 process steps may have been previously used to form or define regions,
junctions, various structures or features, and openings such as vias, contact
openings, high aspect ratio openings, conductive regions, contact regions, etc.

For example, a substrate assembly may refer to a structure upon which a
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junctions, various structures or features, and openi ngs such as vias,
contact openings, high aspect ratio openings, conductive regions, contact
regi ons, wWom3/0s450r exanple, a substrate assenbly may ref ercrarsaz/sd4naict ur e
upon which a 4 WD 03/059571 PCT/ US02/ 40406 nmnetallization is to be

perfornmed, e.g., netal lines are forned for electrical interconnection
functional i t ymetdHizadowishitee psdoxhedt.gt, meetgrleseate formehfor elecpicalvi des a
pl anari zation nethod for_use ip formng a capacitor or barrier |ayer.

Preferably, SS¢anseiayneiiiaifes: providing a wafer having a patterned

dielectric layer fornmedybhgoaeR agid; & & pHRen{lihyenfBA loviditaai ni ng | ayer
formed over the patterned dielectric |ayer, wherein the Goup VIII netal

is selected fplemariZation grethod foowssiis fomyngh caprstidLen barmi¢rdayemy Preferblelsi um

osm um pall adi u atinum__ and conbi nati.ons_thereof... posi.tioning a first
porti on bf Sa P HEuELASLAT nipfect Rl BiviBeR phis e vkl PRE et

pl ati num cont firk theré@¥eind AAGRVp U TNdnetaldcafahing MyePforme@BRsthE | on i n
proximty to the contact between the fixed abrasive and the Goup VIII

net al - cont ai npaiigregydelecten dpysr. arherdin thedCrone \lapetalipsdestiedframile | ayer with

the fixed abrasi Lijcle:. wherein. ' gﬂﬁiv frcle. rises a
plurality of P g?‘\%ségdﬁlgrot?fr%(}@g lh@\%%@f%@?éﬁ@‘ﬁggs 0 ’p%gg(gﬁgl&l%anak) %Pﬁl?[ﬁgn about
6.5 15 Mbhs gidsqeithestions tikreofapditivhéig afife periohof atfide@ abiaswaartkiy f ace of a

backing material. In ’an%ﬁof t he nethods .in accaordance with the present

i nventi on 10 ¥ cpptpeigvighthgplarmugy-genigiping dayes; ABYIing At s adop| ural ity of
abrasi ve part] " g r I I err rticles,
Fe(err) err)&é;i)}lalrglqsS ftéqﬁlleﬁgtbr%?m%% El{reec)son%%{eﬂr)éetg]lfn &ﬂ%%? é'%%lg? g)r]% y, a

maj ority of t&eoupl Villhinetay-caitaiabrgdsyerpandapldnacizeg the plaGa@heronjainiapr asi ve

particles. In any of t hods in accordance.wWth the present invention,
the planariza nw’élE)fPﬁgf’ieg?%F?SH’S@glﬁ%thi%P@%ﬂ 1Xed af?&?sbvﬁedeﬂﬁfa 4819eses
particles. Al LeEnaY by fhiksivapshiPles h&#fidbh hardnBE BnBnatAdahaPaboaPEBOSI i on
i ncludes an 25 oxi di zi ng agent, a conpl exing agent,” or m xtures thereof.
Bri ef Desdpi pMabs dspetstd withiue igddti agbered tatdnabt 0B surface pbs backang i onal
illustrations oI one portion
material.
In any of the methods in accordance with the present invention,
the fixed abrasive article preferably includes a plurality of abrasive particles
such as CeO, particles, Y,O; particles, Fe,O; particles, or mixtures thereof.
20 More preferably, a majority of the plurality of abrasive particles are CeO,
abrasive particles.
In any of the methods in accordance with the present invention,
the planarization composition does not typically include abrasive particles.

Alternatively, and preferably, the planarization composition includes an

25 oxidizing agent, a complexing agent, or mixtures thereof.

Brief Description of the Figures
Figure 1A and 1B are cross-sectional illustrations of one portion
of a wafer before and after a planarization process has been performed in
30 accordance with the present invention;
Figures 2A and 2B are cross-sectional illustrations of one portion
of a wafer before and after a planarization process has been performed in

accordance with the present invention;



of a wafer before and after a planarization process has been perforned in
30 accordance with the present invention; Figures 2A and 2B are

cr oss- secwbanabosri | ustrati ons of one portion of a wafer pefrarse2/ands after a
pl anari zati on process has been perforned in accordance with the present
invention; 5 WD 03/059571 PCT/ US02/ 40406 Figure 3 is a general

di agrammatical il ustr aFigor Dfs aagenémrrdliagdanmmhalriiluafatipnldfarchergjcayst em
utilized in accaordance with the present invention; P‘%ure 4 is. an enl arged
cross- sect i on@echanisal polisbingsystgmdtilizedmaccordgpcepyifh ihe preseqiigventiongyre 5 i s

a schematic of one operpliny AlundaREARRSSsl AcidhP PRAAIE dhdk 1hba pr esent

i nvention. Detail ed Description of ferred Enbodi ments The present
i nvention prosicd&sgumedhwds of planarization of a 10 surface that includes
pl ati num apd/ or one or r.ow Goup VIII

f the oth d.o
netals. The Group VIII E%P‘ﬁ i‘sa?r% %ﬁ%tbceéféﬁ%gfoggr&“%oé&P‘E"ﬁsssé‘? oup VIIIB

el ements or tiRBdahéORith e r8setf inGERRS 8, 9, and 10 of the Periodic Table.
The second and third row Goup VIIIB netals include Rh, Ru, Ir, Pd, Pt, and

OCs. Preferably, surfaces that include Rh, Ru, Ir, Pd, and/or Pt can be
planarized 15 according ogs. t [ fion. Such a surface
is referred to herein ais) aﬁ%ﬁ@g Cr\ﬂ? O?%f&?ﬁ%gﬁ%g?)%l ng Ssur f ace (this

refers to those contai Thégres&f GoRAtiGNEKOOIdet fietitbds ofplahafisitibh 6fia et al s) .
Preferably, a "Goup VIII netal-containing surface" refers to an exposed

regi on havfngsuface Blﬁbmqlqdps ﬁ*@tl&lﬂm@péfm PRPHNPLE, Ofélllea@tfﬂﬁﬁﬁ?f(’ftfjr@§ ¢ inan 20
anount of at At t about
20 atom c per}cg’@?i Ouib\gﬂfméttg pre era ?ﬁel'taelgg{eeaé iﬁ%gl?a %%Eéirg cent, of
t he conposi t VOB efenichs oreégnsition mm:homgoube&psv aud déabf ds RerlodiceFabld.i | m
coating, etc. to be planarize , ] - mechani cal

mechani cal pl Thasscond pshibgd roﬁéﬂp‘gl’n\ﬁ]&? aalé c—B‘-\Mf"e ﬁg’tfﬁe"“ﬁlr $ent

i nventi on. 251»;% 1Rl ARk AFhM 18 REGR, SHPHA&RFor MAGh be Blalijdd surface

that include num typical [y Invol'vés mechani ca hods with
rel ativel y5 haa(utordlng to methods of the present invention. Such a surface is referred to

herein as a Group VIII metal-containing surface (this refers to those containing
second and/or third row transition metals).

Preferably, a "Group VIII metal-containing surface" refers to an
exposed region having a Group VIII metal (particularly, platinum) present in an

20 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
polishing) in accordance with the present invention.

25 The planarization of such surfaces, particularly a surface that
includes platinum, typically involves mechanical methods with relatively hard
particles such as alumina (Al,0O;) and silica (SiO,) particles, which can cause
smearing and the formation of defects rather than the clean removal of the
material. Surprisingly, the use of a fixed abrasive article that includes abrasive

30 particles having a hardness of no greater than about 6.5 Mohs reduces, and often
eliminates, the problems of smearing and defect formation. Such particles
include, for example, ceria (CeQ,), which has a hardness of about 6.0 Mohs, as

well as yttrium oxide (Y,0,), which has a hardness of about 5.5 Mohs, and ferric
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particles such as alum na (A1203) and silica (SiQ2) particles, which can
cause snearing and the formati on of defects rather than the clean renoval
of the maDaBi0osds71 Surprisingly, the use of a fixed abrasi weTarsot/eles t hat

i ncl udes abrasive 30 particles having a hardness of no greater than about
6.5 Mohs reduces, and often elimnates, the problens of snearing and

def ect f or mat bxide (FyoOk), Waicﬂli}mh aehardnags| afdboutf 0 Motanfihes, is dzecdrﬁraét@eOZ), whi ch

has a hardness, of ahout 6. hs, .as. wel.l ttrj u oxi de 03 whi ch
has a har dnesalUBHng ﬁstlv%P%“ %é"hl‘g}‘r}&av]eé‘r}}af eg"{ﬂ@g’é‘gl %Ut& D2/ 40406

oxi de ( Fe208) 0 WLEA0MSLaRPLABEATate ABAUEs, Gl BiR o HHRlksd Apbfigoont T ast

to alumina abrasive particles, which have a hardness rangi ng from about
8.5 Mohs to &bmﬂbogt?lSMMQ and silica abrasive particles, which have a

har dness rangi ng fro X i ve articles that

el ude a9 ar ali ty. of FanRdcrol® s pd g AR et oo o1 eat er
than about 6. haWWhH8 h&@AeROFUE @ebatdrithhnibow 6.8 MMbhs can Bk AR&T WAL Rfthout
conposition, and thus, in a variety of planarization processes, including

mechani cal or aphasiizasion reppasitienland thusamye viriethef plarangguon procgséesor dance

with the pres 0t ashv | udes a 10
plurality of %re%ﬁl r&‘rﬁ {lal 6@&“ 3%@%%&15&{1 i Q ugrtgég%ﬁé’rogg Mor e
preferably, aacosejaacd wh@me iosenp hveadior, Yhdﬁxeﬂbi‘ba&ﬁv@r@ﬁfdbﬂ}ﬁineﬁldes’@ Ce2

particles. Typically, the abrasive particles range in particle size (i.e.
the |argdét aiumxpﬁﬁe@f ParHeles arOsclices R MHvdFes Befff‘?forMaﬁdﬁ?fel?@lYnanorret ers

(nm to about,, ok zmgh &b e BaR RV L re3Ce A 4R out 1000 nm For
abFe agﬁ1 %lﬁe a

preferred 15 e ments,  su aslive par ve an average
particle size of about Tyﬂlﬁﬂlmmaabrabmﬁarﬁﬂ@s mange & gniidle siaa(iley,the¢ he met hods

of the present invention are particul arl dva us in pl nar|2| ng a
surface that iaﬁ%ﬁsh nélonﬁéﬁﬁlpéﬁéf? ({nla‘@%/age rr‘i’&i‘hfr‘]tl’oé‘??é)na‘?%‘ﬂgﬁs RO |
surface that Lpgh BQ@?nﬁae%d)ﬁéreq;ft&ra%QﬁtefO Ihﬁlt&m;o&th@@o fih §or gféféﬂ?&' ons of

the surface. Exanples of surfaces that have a nonplanar topography include
t hose t hatlShaembodithehtst suigbleapeassveqrartidiesdmveian hveragajaricle sizs of Abad i n

cqpact oS, TR &8l tpongpRhanar (i tnonflaf) surfaces have regions
500 Angstromns Significantly, the methods of the present invention are particularly
advantageous in planarizing a surface that includes a "nonplanar” (i.e., "nonflat™)
topography, i.e., a surface that includes regions of greater height than other
20 regions of the surface. Examples of surfaces that have a nonplanar topography
include those that have undulating layers or those with structures such as in
capacitors. Typically, "nonplanar” (i.e., "nonflat") surfaces have regions that are
at least about 200 Angstroms higher, preferably, at least about 500 Angstroms
higher, and more preferably, at least about 2000 Angstroms higher, than other
25 regions of the surface. The fixed abrasive articles used in the methods of the
present invention contribute to a higher rate of removal of material from
surfaces having a nonplanar topography when compared to surfaces that are
planar or flat (e.g., a blanket layer in a semiconductor substrate assembly, or
other surfaces having regions that are less than about 200 Angstroms in height
30 differential). Preferably, the rate of removal of material from a surface that has
a nonplanar topography is at least about 10 times, and often as much as about 25
times, that of the rate of removal of material from a generally planar or flat

surface.



hi gher, and nore preferably, at |east about 2000 Angstrons hi gher, than

ot her 25 regions of the surface. The fixed abrasive articles used in the
nmet hods oWotohesospr esent invention contribute to a higher rawasot/4esoval of
material from surfaces having a nonpl anar topography when conpared to
surfaces that are planar or flat (e.g., a blanket layer in a sem conductor
substrate assenbly, orSigafihantlysthefrathadstrdhapresanginyestiomare partisulagdys t han

about 200 Angstrons in,. height 30 differential). fer rat e of
removal of Epnageont H‘rﬁeﬁ‘%gﬂlrgf %tg‘ufrh%rtoetﬁgsémgpr}glﬂgm %ﬁ%?ll%%%lg?%gﬁ@ is at

l east about IfeftieiBSio GREH MhtbRAls AfurtButdiyaslicaaibxidd This iesnpoitantinof t he
rate of renoval of material froma generally planar or flat surface. 7 WO

03/ 059571 PCEtlesiny cxnaeyingsingierial fromplafinuppreonigiphgds offfer (RauhY B ent

invention are rticularl dv i h0Q; plat.i her G ou
VITT et a!i1 fIP‘g[ %On_gad?lfnﬁééé'e?sn‘”%géug er enré%r}?{) 0 é?g%@%ﬁa#lg#gbﬂ%%ﬁl cul ar | yIo
S: I It con di OX![l.ﬁll;ﬂer_lﬂ_ihgﬁBayieﬁs, i?]ﬂm%mme layers @g). STEOS et BPSGiaydrsl)y mat erial from
pl ati num cont ai ning or other Gioup VILI 5 metal -containi | ayers without
re_rrgvi Ing, forPréﬁ@éﬁ’PgY,él}e selegHivity gﬁﬁﬁmaﬁ%@ﬁp?t%?a?frﬁﬁﬂ%ﬁ%%g& %.‘9%?’3, such as
oxi de | ayers . EERe Ry ' ctivity for
renoval of nac{ogtra?rgpg gromeg]agﬁgggowmné?%rgﬁl@%%g?#ﬁa@gﬁ?ﬁgg havi né a
nonpl anar t opagabighy elewlearak fornt (rech@ingialloys), relatinet 9l materidldramh enent al f orm

(including alloys), relativet terial f el ectri .g.
silicon d?%xifbél?égt)glf|1i;ygb%-ér;/%%}l?(g’eé{g’ggégllqoélrﬂ%rp’td% ljﬁ“g%gi %@Bﬂtl%%?arie%%o{ (18:% to
about 25:1, depeNgd.Ng, g%butt Q&l?%&ih@bném@c%ﬁﬁ%s&l@ﬂﬂé@sﬁ tORBtionsThi s

selectivit_y rati o can i ncre even further with the use of
pl anari zat i orThis setpaibityiratiscantel indieasgd even Birthepwéhdbe eeof plpnageamos and or

conpl exi ng agents, .. for ex |l e. By co rison, .the sel I.Vi r renoval
of material ffBHROIUPES Qﬁg‘lﬁﬂr?ﬁﬁel onfieg R KBHP R R q‘%{"ncé’r%l%?%"yﬁeé. %’g‘%’fgat)
surface rel atfoy ex ARpIBBBS chlpafisMheaBleeivitieros athean biighaterinf fe@ a s about
1:1, using the sane fixéd abrasive article and process condjtions. For

enhanci ng18§el @uwip¥ Eymetal-poririninig pdania (i-cc diptowiiararelatiyese eratgriagbfrym used in
20 i ncl udes. aff GHTEETAG RrCanaPar b Bkt (R SPCr abl yK an
and process conditions.
For enhancing selectivity, a planarization composition is preferably
used in the methods of the present invention. Preferably, a suitable composition
20 includes an oxidizing agent and/or complexing agent (more preferablyk an
oxidizing agent) to aid in the planarization, as well as other additives such as a
surfactant to enhance wettability and reduce friction, a thickener to achieve a
desired viscosity, a buffering agent to achieve a desired pH, etc. Preferably, the
composition is an aqueous solution of these components. More preferably, the
25 planarization composition has a pH of about 1.5 to about 3. Preferred oxidizing
agents (i.e., oxidants) include, for example, ceric ammonium nitrate, ceric
ammonium sulfate, etc. Examples of suitable planarization compositions are
disclosed in Applicant’s Assignee’s copending U.S. Patent Applications: Serial
Number 10/028,249, filed on December 21, 2001 entitled METHODS FOR
30 PLANARIZATION OF GROUP VII METAL-CONTAINING SURFACES
USING OXIDIZING AGENTS; Serial Number 10/028,040, filed on December
21, 2001 entitled METHODS FOR PLANARIZATION OF GROUP VIII
METAL-CONTAINING SURFACES USING COMPLEXING AGENTS; and
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oxi dizing agent) to aid in the planarization, as well as other additives
such as a surfactant to enhance wettability and reduce friction, a

t hi ckenerwbDo3asdsreve a desired viscosity, a buffering ageat/usozamshé eve a
desired pH, etc. Preferably, the conposition is an aqueous sol ution of

t hese conponents. More preferably, the 25 planarization conposition has a
pH of about 1S&idl Nuaibeufl0832B6effded e Derémdberi2d g20CGigmtitlsd MEBIODSXi dant s)

Banpl s of stPrAgrANpRIrara e S r L AR e o
Applicant's AsgRINeESUSIRSTIrgZEING GAStent Applications: Serial Nunber

10/ 028, 249, filed on Decenmber 21, 2001 entitled METHODS FOR 30
PLANARI ZATI ON OF GROUPIt\S 9 benerfiatstaodingras anl n@rigaiRmyopsosionatadpe firzi NG

AGENTS; Serki al _Nunber L0 Q, fi.l .on. De ntitled
VETHIS FOR IRt Re P Bnf Atkse i i SR R T s 28RS LSl ne
COVPLEXI NG AGHMISVe peitlci8s Whe Sdpphiad tolithPaie i 2ir 40 ked fbedsiwl arfitlataed
10/ 032, 357, filed on Decenber_21, 2001 entitled METHODS. FOR PLANARI ZATI ON
OF GROUP VI | | theemoskpieganpafars-Ndo wergrPABEesnigspmieshabp2pMizatasss, 1t is to be
under st ood t hat. g, Blianaly) &@tdrfﬂgthcé}qpé)ﬁk%d% ﬁ?\‘rlé &xﬁ@l‘e%nmf brasiyse 1n the
nmet hods of the present I1'’nvention I's pre era% y essentl a Fy ?ree of
abr asi ve part patielss thaemag bp pdreckdtfoon He fixedebtaoe aotdicle highé fixedl abr asi ve

i i s contenpl ated that

article an t he wor kpi ece surface.. However, jt
pl anari zat ona'?fgs“’%%gaﬁﬁllfft%‘ﬁ%‘& ip gomhimatien W&Mﬁwla?wam% RIS B article

and/ or abrasi ¥& «\Raf bbakes phitle typieall Shehf i3Thd Bnddsitfsl Rbrasi ve
article at thelﬁ?ei xed 10 1ab asi vg%%ceﬁ?ﬁﬁrfacle in co S|ﬁnati on with the
pl anari zat i onindteallyeppliedyn.c., they asnyoteupplied fadm asburee patetriattoghe ar e typi cal |y
not present in.the conpfgsi tion as initially applied, i.e., they are not
suppl i ed fr_onP%Ps Yigpte &ternal to the polishing interface. A suitable
fixed abrasive for usealduithhie fiRe@aBibive PEERE iPfhe ipfeskMAWMbntion & Bitkéh,as t hat
described in U S. Patent No. 5,692,950 (Rutherford, et al.) and

I nt er nat i dAal suehtas that Bedsrribedin Y. WoeoBN06HAN2. 93 h(Ryhrsfoad, et al- ¥anded abr asi ve
| ncl udes a pl i al | i h:Pha@RRRLGRAVD G655 SPSERSH, Hhkl Rl nder that

fornms a

includes a plurality of abrasive particles dispersed within a binder that forms a
three-dimensional fixed abrasive element that is adhered to one surface of a
backing material. Commercially available fixed abrasive articles can be

20 obtained from Tokyo Sumitsu Kageki and Ebera Corporation, both of Japan, and
Minnesota Mining and Manufacturing Company (3M Company) of St. Paul,
MN. An example of a preferred fixed abrasive article is a ceria-based pad
commercially available from 3M Company under the trade designation "SWR
159."

25 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
substrate assembly 12 having junctions 16 formed thereon. A capacitor and/or

30 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

third row Group VII metal-containing capacitor and/or barrier material.

9



t hree-di nensi onal fixed abrasive elenent that is adhered to one surface of
a backing material. Commercially avail able fixed abrasive articles can be
20 obt ai nwo oBlosasrTokyo Sum t su Kageki and Ebera Cor por ati @aI/usor/iw4oé Japan,
and M nnesota M ning and Manufacturing Conpany (3M Conpany) of St. Paul,
MN. An exanple of a preferred fixed abrasive article is a ceria-based pad
commerci al |y &eaelaljp)as Showmilsm,g@tmb@,rtpe nerjdanay hppetrrsald@cedléscbf@apaditon " SR
159." 25 Thef|$/u§ QJLI) furb(ﬁd nf. or matlon ut the.net hods of the

i nvention. Fi OFE TRTFT 1Yt Pde 8ire? naPeae0aayn o QKT SO B Por t o

pl anari zat i on acddddee NithaRe prevér: inteABoR ! EBEREultiAY 8Afdr 0, Which igsHoeat ur es
that are filled wth the naterial to be renoved through planarization. The

waf er porti oninbigurclBdedudes apumpper srface b’ E}%a@ryze@zUﬁaWh@e jthigsiesnak 16
formed therseon,, \e‘at‘éﬁ?@fs' duBtat Qfmfﬁgn QQ{QE% IEIE ché¥ f&alt(lesro tglat wafert NEN

formed over the s rate asse ]UI’]C I ons e capacitor
and/ or barri emobvayelnddf@aet@@aatorhﬁd/ﬁﬁyarher anture iyelunt.i ve material such as
plati numor any other suitable conductive second or ~third row Goup VIII

met al - cont ai ni ng capacitt@ke andHesiratesane @priipatd 2 water 2 Rg9Td8/ 059571
PCT/ US02/ 404061, GENRIAih Yec n%@%ﬂﬂthé"?x': F&a‘t‘hﬁzeh&nﬁ Lﬁgﬁﬁiﬁk&gﬁ& Happer

surface 13 of “capacitor and/or barrie ayer IS s ecte
pl anari zat i on a@onforinel laperad dsesmatgrialto bau:movtalrthmugh phtnmhlmtqoneﬂ"hnt

i nvention. The resultin 10,. whi ch in Fi i ncl udes
an upper si% f ETPPIYY ’r“% Bsgﬂasrtrf‘tﬁé'tssef‘ﬁ’éy Eﬁ}\mﬂ%ggatﬁnef@%ﬁc%f er 10 is
substanti al I'y jy4g} ﬁ@fdﬂ&ﬁrtﬁh?&rf @Jcﬁ'&tﬂaﬁémé@ﬁ%ﬁec% lﬁ%rtz%%n%e%sé’ﬁfnear now

i ncl udes a capdcitor and/or barrier 'structure |layer 14. Figure 2A

illustrates orverlwptf sivecteks, paviefudarly20capaditer stracturg) 5dvarpaiifemcd)dnelentm:ccor dance
with the pres n_hav f eat. t hat I | ayer of
the mater al 080 Fans BimPRr LG RRLHLER A s Sekiied soilieR P Riseb o 20

i ncludes a sulasettmé oRS@YIicoAZlifhaNd, Blican ﬂﬁha@rommsda)elméret@odd ayer 26
formed thereon. Such a patterned diel eCtrICepﬁX %226 can be used in a

variety _of15st Aayet 27 ssstherpfprmied gverrthe substralig aes pukthgpatteryed pat t er ned
dielectric %}'e%ctggla&%é)eT}IeOé’légf’r%dgﬁaygpQ@ 1%%% b%hnﬁl.fﬁg)tr aﬂg 8%&9&&2{% jeectrical

i sol ation bet Fcon nitride,
or BPSG . An ebsdicti9€lsecond or third row Group VIIIB or Group IB metal-containing
material. Generally, as shown in Figure 2A, the nonplanar upper surface 23 of
electrode layer 29 is subjected to planarization or other processing in accordance
20 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 dielectric
material 26 forming a capacitor structure. If desired, prior to planarization, the
25 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.
One generally illustrated planarization assembly 100, as shown in
Figure 3, includes a revolving wafer carrier platform 135 that holds wafer 102 of
30 which wafer portion 10 (shown in Figures 1A and 1B) is a part thereof. A
planarization composition is typcially introduced at or near the interface
between the fixed abrasive article 142 and the wafer 102. A fixed abrasive
article 142 is then supplied between a platen 110 and the wafer 102.

10



15 layer 29 is then fornmed over the substrate assenbly 22 and the patterned
dielectric layer 26. The el ectrode | ayer 29 may be platinumor any ot her
sui t abl e womna@sasti ve second or third row G oup VIIIB or GraapsaB40406

nmetal -containing material. Generally, as shown in Figure 2A, the nonpl anar
upper surface 23 of electrode layer 29 is subjected to planarization or

ot her processing in aceerhews én Pidui 3, bhe firecdabessevetarticle @42 ney.beThe resul ting
waf er 20, as shown_in Figure 2B, includes an upper _surface 27 planarized
such that t heSHPRHIE Hed SOBMUPREMaRRCE, WhRseing supplydp'h Ae9 fefy anpiopgated acr oss

the entire wafels #agfe %{ihnfetlhb% ‘é’?t)ﬁéhiﬁg’mtérﬁa% WeSRen ﬁiﬁg@%ﬁ 20 hya genduct i ng

regions 24 isolated wt he patterned dielectric ertal 26 formng a
capaci tor strwefend@2. Aftedésipofishinglifeorf a porpbractihe fiatd ebrasivherti2le BE@nf or mal

matori al ¢ Rat PROUEBRRyaAdr Pe fef A ar anaricst Botnds A abea Pt iles not

fall into thgygpanaRas A 120neniaensielyl X fikkd Mshiidd fticR! Fnalkhiadd 528
assenbly 100, as shown'in Figure 3, includes a revolving wafer carrier

pl at f or m 135 wagsbe hhahed v@atherplatern 1 Yl for 3ee ina dibcrolgiednngoi-ei, 8ot 10 (shown in
Figures 1A and(g]ﬁt@ is a part thereof. A planarization conposition is
typcially i nt f 8% at or near the interface between the fixed abrasive

article 142 and the waDptiod4lR:, aAtatibx &bt 86w gy beprovidle@ thed 2arl Servd®N
supplied between a platen 110 and the wafer 102. 10 WD 03/059571

PCT/ US02/ 40408re-vagt thnbied ahyasiyqeriiglerior Heplpparizgtion pui cosaye fodlush142 may be
suppl i ed in A el MR e TS tw@%\?@%‘ ﬁ‘an%rﬁélflﬂ' diffdbnc el eqes an
a ?e4tpoap0|5|ng f

el ongated fixe rasive artic I'nterface between the
pl aten 110 an¢ixédsebrashed @ticltO22 cAf beadidneednl thes biatign, llodagedan clospor ti on of the

fi xed abrasive artjcle 142 .5 has been exhausted, the fixed abrasjve article

142 can be adPRFEBUY Brainggline 1243 2 asoiuilen nipvide) o thogation g nat i vel v,
a i xed abr ashygiedr teh:bQ B, Gl BROMS! diSpentBY i@l diBrdsfie Pl aten

110 for use in‘a discrete nt 1 nuous. tionally, a
station (ri6t sirfaea)hatrewll biimpatelyicdetict thatwafan Mee peeferably (e polatioris t he fi xed

abrasive article prior .to planarization or |t _can, serve to flush the fixed
abr asi ve art i £ BSEEY RN RN PYRIAPPE IR TR b (i SPREORAY ARF 878 The

planarization composition in accordance with the present invention. After
application of the solution, the fixed abrasive article 142 is then positioned to
contact the surface of the wafer for planarization.

20 The fixed abrasive article 142 contacts a surface of the wafer 102
(e.g., the surface 13 of wafer 10 as depicted in Figure 1A) in the presence of a
planarization composition during the planarization process. Pressure can be
applied, typically by a downward force applied to a carrier arm 139 affixed the
holder 132, although a backside pressure can be applied from a platen 110 is

25 contemplated by the present invention. Preferably, a method in accordance with
the present invention is conducted at atmospheric pressure and at a temperature
in a range from about 4°C to about 62°C. In one embodiment, both a wafer
holder 132 and/or the platen 110 can be revolved and moved by motors or drive
means (not shown) as is readily known to those skilled in the art.

30 Wafer holder 132 revolves wafer 102 at a selected velocity in a
circular direction indicated by arrow “R” and moves wafer 102 under controlled
pressure across a portion of the fixed abrasive article 142. The wafer 102

contacts the fixed abrasive article 142 as it is moved. The area of the fixed
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fixed abrasive article 142 can be advanced to the station, |located in close
proximty to a rotating drum 122a, and a solution provided to the station
and applweda/sach as by drip, spray, or other dispensingPaFarss/4d406t he
fixed abrasive 15 surface that will ultimtely contact the wafer. Mre
preferably, the solution is an aqueous solution and, even nore preferably,
t he sol ution alsasied axticty 142 wipiclhoameziatd amtacompihshd swface of deomfealtle w t h
the present invention. After . application of the solution, the fixed

abrasi ve arti ¢eespashe @aﬁehéélz 15dRPYed s avknogn t@dg‘fsﬁégﬂlﬁ‘ﬁéﬁ raFta(ZF Tof the

waf er for plapapi gﬁthﬁgge@%rﬂi@e &iﬁﬁ%@*&%ﬁ%& Yoved bidskcd At &OBLARLS @

surface of the e.g., the surface 13 of wafer 10 as depicted in
Fi gure | A) i nanheimumeskaoegendt awafet suchithat atsibsequentlygeilishaiwakarisng t he

pl anari zati_on process. Pressure can_.b | i.ed, ,typical b downwar d
force appl PedSTRYSE 104 §5°8P B(I’S_r‘ﬁl%‘@l QF%xﬁgggﬁaﬁge' ﬁ‘ﬁ#‘%@&yiéé,se%“?hough a
backsi de presgligofatREiRARbIRHcif@NAR aPleadt@pokibh that wis fRRLEMR @t ed by
the present invention. Preferably, a nethod in accordance with the present

i nvention is pdittivbe wafeaimaedistpnprecedipg ds Jhns allmg agortipn efiipesespidte in a
range from about..4C t out ., 62C. | n.one enbodi nen both.. fer hol der
132 and/or t hgospl)ﬁl(g} %Ih%f%%eg%ras&ercg\l/&c\g@g a&%gqo%n@géw%synortrﬁl lgl%éé\ﬂgr drive

means (not shpuikh tAs wiafer i@awdilayelk propdih@it! DseuBiilt HRthnbatHab@edixed 30 Wafer
hol der 132 revol ves wafer 102 at a selected velocity in a circular
di r ect i on 10ndplrasiseiamigleatd2oran brmaiied indssethamabat 1419p of thganaxéshiy ol | ed

§ ' | ' cti el SH f 102
Contacts the PRRByrabedlofSl THIE pLH Gl HEAR ¥ BAEhLE Fortiler o BT 2L

fixed 11 WO 08/cBESQBAutPOTF i) 2/HQ4R6 tha khicafiiedeabadsivecdrticld 422 véi idh cones into

contact with the surface of the wafer 102 varies as.the wafer 102 is noved
as is known tHlOE"Ffi1§eab§Rf Q-?%H‘th(al?%’égéf"tcm)Foﬁ’mﬂ@iéﬂ*ﬁ‘i’é‘? dltsqarécefti%?( ©abr asi ve

artiocle 142 caRebRuYet R4l ARGE nidvel id SahERce LMy BKhHA amet er

e .
of a wafer such that a subsequently po |s§h wafer 1s xposed to a second
position df tmexinwediabrtaseitee wBfeef er abl y, the second position on the

fixed abrasive includes at |east a portion.that was not. utilized to polish
the wafer imediately %r%’(?@l}‘l W@teﬂ(pgﬁ’ﬁg"flpﬁqo%?esé‘ ALt t he second

ltogsi tion on tBempéskesh ABp AR (HRAGBPasiRGkHIE 182, RRSTEIBTY dt BRhedd@ge NOt Uti | i zed

interface or contact area between the surface of the wafer 102 and the fixed
abrasive article 142 at a specified flow rate. The planarization composition may

20 be introduced at various locations about the fixed abrasive. For example, the
planarization composition may be introduced from above the fixed abrasive
article 142, such as by drip, spray, or other dispensing means.

As shown in Figure 4, taken across line A-A in Figure 3, the

composition may be introduced at or near the wafer/fixed abrasive article

25 interface by supplying the composition to a dispensing mechanism directly
incorporated in the wafer holder 132 of the wafer carrier platform 135. A
plurality of supply ports 160 are arranged around the periphery of the wafer
holder 132 through which the composition can be dispensed. The composition
can be dispensed through all or a few of the supply ports at any given time

30 during the planarization process. As shown in Figure 4, one preferred
arrangement of the plurality of supply ports 160 is about the circumference of a
wafer attachment portion 102’ of the wafer holder 132, although other

arrangements are possible.
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polish the wafer inmmediately preceding it. One suitable distance that the
fixed 10 abrasive article 142 can be noved is | ess than about 1.0% of the
maxi nrum wWoagesesrt of the wafer. Thus, for a wafer having &CrassomuInei anet er
of about 8 inches (about 20.3 cn), a distance that the fixed abrasive
article 142 can be noved is about 0.25 inch (about 0.64 cm. Another

sui t abl e di stance t hatThdwafef halder E2riapiefaablytreaihecdla 2 spead dd@bawved is a

di stance substantially equal to the 1}5] maxi]‘qum d%gﬂrste%: f.the wafer. A
supply syst erdQOn®R0 BHERSICTS PRISERISe SSPBIVAMAFINET 7-dR° Ve ﬁ§81§i°‘]i ¥n atop the
fixed abrasivegeariy #é?/o}’lv%gin @Rﬁf]%@ﬁgﬂa)fec% ffoviear id dtack Hildiheaglaedar contact
area between the surface of the wafer 1027 and the fixed abrasive article
142 at a specl¥0ieduflingvhe fixesd abFasvepirtiglarit2 atlhe apecd o i wafenhaldsy 128 be

[ duced_at, [ | ' he fi I M8 : le, th
ol anar | 2t oris LTI BIOHES SRt i v Bifosticr PERERT M Bris BRI "2 o e

article 142, sutRodfioRYelfiveRo sy, abedsivelditdle Qi penhat thy fixedabrasids shown in
Figure 4, taken across line A-Ain Figure 3, the conposition my be

i ntroduced atargielerid@rcan plangiagecthe $9%acd- abr asi ve article 25 interface by
suppl ying the conpositi i i oSSk, LASRIROr at ed
in the wafer hol der 13‘33(%?&%?}1@6ggggﬁﬂgg%%egﬁﬁgﬁgl;bgorm %@?Jaﬁar pflgral ity of
supply ports &adrebR iR wabgesidal D Hehadpstdodhleat foroflatdnzatiaf oth theol der 132
t hrough whi ch the conposition can be di spensed. The_ conpositio can be

di spensed lﬂhrwafgnhaldpr@}dtaepawnocfantmfévesralﬁbmt%m@ow-% cgrpely: e 30
during the pl ARl h BarHeQUIVE oft ortN GFrulthEf, er r ed

ar r angenent O%Qﬁg%%teh%gx]1??(@9%/?&%%%%?3{%%@?3 168 S gbgﬂt trllle ci rcunf erence
of a wafer atitiag irenhfepholtéonr thdFatenfcan be staadmry.hol der 132, al t hough ot her

13519 pref ar abl y' 1 evoll Ve Iprakoisé Splalsa Bropo S Bt 6B her FIHBEEE < per
second. As sheméétggx/cﬁggglg% N ifAEcelh Pintiali oy ard &2he MhRSGLYeRBNO! ves [ n

a path designate In contact with the platen 110 incl uding

the fixed 1&br @he inveatitn sinet linted Thibe spas detafls shravnardedeseritedefor 132 5 is then
related to the | endt B ahus G one Sifted W i35S O SMGcBLLYictRAnd RvBRich 1 1

defined by the claims. For example, while the description above focused on

planarization of semiconductor-based substrates, the compositions and methods

of the invention are also applicable to, for example, polishing glasses and

20 contact lenses, as one of many other possible applications. The complete
disclosures of all patents, patent documents, and publications listed herein are
incorporated by reference, as if each were individually incorporated by

reference.
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juxtaposition relative to the fixed abrasive article 142 so that the fixed
abrasive article 142 can planarize the surface. Al though the foregoing has
been descwplmad@sasrt h particular attention to a revol ving wafrarsohed4oer, it
is to be understood that for planarization both the 10 wafer hol der and
the platen can nove relative to one another. For exanple, the wafer hol der
can revol ve/rotate and the pl aten can revolve or orbit. Further, either

t he wafer hol ggh Iaten can be stationary. The foregoing detail ed
description h aﬁgse ﬁ for clarity of understanding only. No
unnecessary |im tak@%ﬁggoﬁ&e%d% ﬁf@ﬂhgod therefrom 15 The invention
is not l[imted to the exact detall own~and descri bed, for variations
obvi ous to one ski pbsdoning & lkEFoup I\’Hﬁ\/rﬂetalbenuannﬂlgmnﬂicmf tnsubstrhte td nventi on

defined by the cl For the d b d
ol anar i zal Pon i CE M ohted Aremcinic bysler denCrcim T i ABel RorreTana

met hods  of t heni thY 8RbupUdnakEnPbSBodbR trﬁatthemt&nﬂ:ﬂrosﬁﬁ Aad@],| Shi ng
gl asses and 20 contact |enses, as one of many ot her possible applications.
The conpl ete Pmlg‘r&mo@tﬂ%ﬂbmatmnﬁﬂt@a@énts patent docurent's, and
publications |iste or af. reference, .as if each were
i ndi viduall'y i ncor%%#f)asflggalgy gn@‘t %‘ o8t 835,1/116‘?}@@%6 40406
What |'s O ai med ISptai;anAng)tmrsabstZa@ésmcmtmﬁta fREPAbradiNgartiplesi tioning a
Goup VIII metal-containing surface of a substrate to 5 interface with a
fixed abrd8ive artWé‘P’@mWﬁ%r *efl abiapide axtislpeomnrisene phwality of shradived  from the
gr oup cons! St beRl EfIREL WRankl! Sl Tredit NN 6 ST Rl A
pl atinum and | nati ereo nari zation conposition
in proximty bmdéﬂmthemtleohaleestoaadlrfacb@ﬁalbaczmﬁ@niatmalsubst rate surface with
the fixed abrasive article; 10 wherein the fixed abrasive article conprises
a plurality of abrasive particles having a hardness of no greater than
about 6.5 Mohs, di spht fRthdtidiidim3 whiBfiehe @ heufbofiffl One surface
met ho a| m 1 e

of a backing materi al erein oup VIII
met al - contléi nsurépce of the substrate has a nonplanar topography

3. The method of claim 1 wherein the Group VIII metal-containing
surface of the substrate comprises a Group VII metal in elemental form or an
alloy thereof.

20
4. The method of claim 3 wherein the Group VIII metal-containing surface

comprises elemental platinum.

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

25 comprises a platinum alloy.

6. The method of claim 1 wherein the Group VIII metal is present in an

amount of about 10 atomic percent or more.

30 7. The method of claim 6 wherein the Group VIII metal is present in an

amount of about 20 atomic percent or more.
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15 surface of the substrate has a nonpl anar topography. 3. The nethod of

claiml wherein the Goup VIII netal-containing surface of the substrate
conpriseswaoaosspl VI netal in elenmental formor an all egTiuser/emhe 20 4.
The nethod of claim3 wherein the Goup VIII netal -containing surface

conprises elenental platinum 5. The nethod of claim3 wherein the G oup
VI netal - codt ai NnThgmetholatelairdy wirginitheSrauppVAL instalisgiréseyt inGn The met hod

of claim1l wherein the Gr%u VIIl metal is present in an anount of about
10 atonic per ¥BATNtSf 2pJK Q0 akynie PerpsBt FEPISd of claim 6 wherein the Group
VIIl metal is present in an anount of about 20 atom c percent or nore. 14

WO 03/ 059571 PCT/ US02/ 40406 8. The nethod of claim7 wherein the G oup
VIl netal is9pres&m methodwf chimunvheéindbositbsGiic at owaferper cent or nore. 9.
The net hodsof claiml1l wherein the substrate is a wafer. 5 10. The net hod
of claim 1l wherein the plurality of abrasive particles conprise CeQ2,

Y203, Fe2CB, gp. M ¥hdhRtolietcReh 1 WercihiBe pREdNRHoLIbradi A pardfesherein a

majority of the plurality of abrasive 10 particles are CeQ2 abrasive
particles. 12compreserzathod.Qf Feiyi on mixives Biereofhe pl anari zati on conposition
conprises an oxidizing agent, a conplexing agent, or mxtures thereof. 15
13. The nmethod of claim1l wherein the G oup VIII netal -containing surface

i's removed relBti vEhé methodiofcRéh0GvReadigh ridjoBtySEliRCHlutality off dtdspveof at
| east about 10:1. 14. A planarization nmethod conprising: 20 providing a
sem condudPor Patieles astleerabmsiygbrgicdesassenbl y i ncl uding at | east one
region of a platinumcontaining surface; providing a fixed abrasive
article;

12. The method of claim 1 wherein the planarization composition comprises

an oxidizing agent, a complexing agent, or mixtures thereof.

15 13. The method of claim 1 wherein the Group VIII metal-containing surface
is removed relative to a dielectric layer at a selectivity ratio of at least about

10:1.

14. A planarization method comprising:
20 providing a semiconductor substrate or substrate assembly including at
least one region of a platinum-containing surface;
providing a fixed abrasive article;
providing a planarization composition at an interface between the at least
one region of platinum-containing surface and the fixed abrasive article; and
25 planarizing the at least one region of platinum-containing surface with
the fixed abrasive article;
wherein the fixed abrasive article comprises a plurality of abrasive
particles having a hardness of no greater than about 6.5 Mohs dispersed within a
binder adhered to at least one surface of a backing material.
30
15.  The method of claim 14 wherein the platinum-containing surface has a

nonplanar topography.
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provi ding a planarization conposition at an interface between the at | east
one region of platinumcontaining surface and the fixed abrasive article;
and 25 plwoawiozisng t he at | east one region of plati num comcaiusorgp4sar f ace
with the fixed abrasive article; wherein the fixed abrasive article
conprises a plurality of abrasive particles having a hardness of no
greater than adout The meMoldofdiadparseltbreimtthe platinurbinplesenadiar adound ot | east
one surface of a igcki nggmateri al. 30 15. The nethod of claim 14 wherein

the pl ati num &R &Y AIORYC BEICPRICQE M€ a  nonpl anar t opogr aphy. 15 WO

03/ 059571 PCT/ US02/ 40406 16. The nethod of claim 14 wherein the platinum
is present in an anmount of about 10 atomic percent or nore. 17. The net hod
of clai m 14 wher ei Whe hethwidaif ictaimn Idombeaginithgpletiminacentafingsysfacses el enent al
plati num 18. The.net hod Fai f%t'ai m 14 wherein the platinum containing
surface ¢ rrp??rg}éréseﬁe%"}ﬂl "8 %y. 10 19. The nethod of claim 14 wherein
the substrate assenbly is a wafer. 20. The nethod of claim 14 wherein the
plurality of abrasive particles conprise CeQ2, Y203, Fe2C3, or m xtures

t hereof . 15 218. Théhermichnd abiclaimdidnvbageinpties plalinymeapiepingsusface he plurality
of abrasive par i Cl &8s ﬁ{n%m%gﬁ abrasive particles. 22. The nethod of claim

14 wher ei n t hé’ Praw rip%a i"on hposition conprises an oxidi zing agent, a

conpl exi ng agent, or mxtures thereof. 20 23. The nmethod of claim 14
wherein the Goup VIII netal -containing surface is renoved relative to an
oxi de | aydP al%a sd&hesiethadiaf clam;ld whergin thespbstratg gesgmbiygis g wafer. o4, A

pl anari zation nmethod conprising: providing a sem conductor substrate or
substrate assenbly including at |east one region of a platinumcontaining
surface havi n@0.a n@he st of claim 14 wherein the plurality of abrasive particles

comprise CeO,, Y,0;,, Fe,0,, or mixtures thereof.

15 21.  The method of claim 20 wherein a majority of the plurality of abrasive

particles are CeO, abrasive particles.

22,  The method of claim 14 wherein the planarization composition
comprises an oxidizing agent, a complexing agent, or mixtures thereof.

20
23.  The method of claim 14 wherein the Group VIII metal-containing
surface is removed relative to an oxide layer at a selectivity ratio of at least

about 10:1.

25 24. A planarization method comprising:
providing a semiconductor substrate or substrate assembly including at
least one region of a platinum-containing surface having a nonplanar
topography;
providing a fixed abrasive article;
30 providing a planarization composition at an interface between the at least
one region of platinum-containing surface and the fixed abrasive article; and
planarizing the at least one region of platinum-containing surface with

the fixed abrasive article;
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t opography; providing a fixed abrasive article; 30 providing a

pl anari zation conposition at an interface between the at | east one region
of plati mumososdsai ni ng surface and the fixed abrasive art iPCTajSoamgos

pl anarizing the at | east one region of platinumcontaining surface with

the fixed abrasive article; 16 WO 03/059571 PCT/ US02/ 40406 wherein the

fi xed abrasive artwhtreincthenfixed elsrasive hutickl domprisés aplmeaéitwefzﬁmsj"fetl es sel ected

fromthe group of Ce(2, 3, . Fe2Q03, ion 5 25. A
pl anari zat i onp%?lﬁ%ﬁe?%%‘??p&?@lth@gmﬂ? 8\‘7&86?1??) Slg eﬁb @ﬁ%&“@ st rate or
substrate assgghl,y including at |east one region of a pl at| num cont ai ni ng

surface having a nonpl anar topography; providing a fixed abrasive article;
10 providing a planarization conposition at an interface between the at

| east one re ati.hun contai nin urface and the fixed abrasive
article; and g%l an%rﬁl%aﬁléatf%emg {1 3mpr1%ﬁl regi on of platinum containing

surface w t h the pioveingdEasicvedhRidrisabgiatediaubsitatd Msehblyancladingat ve
article conprises a plurality of CeQ2 abrasive 15 partlcles 26. A

pl anari zat i onle#%ttoﬁédegé@hﬁfiiﬁ aﬂg‘imﬁpﬁwlﬁp&@@%éﬁ’fl%ﬁéﬁﬁﬁ ¥ substrate or
Substrate asse Yohycluding at  |east one region of a platinumcontaining
surface having-a an%I anar 20 topography; providing a fixed abrasive
article; providi ngpaviliagafixedhbrasive amplesi ti on conprising an oxi di zi ng
agent, a conpl exing ent, or a conbinat.i.on ther%{{q nt er ace

bet ween t HE at Iea§’t‘°"1‘g%a? AIFRLIGR CHMRPSTHOM AR F‘%@ft‘é’ﬁ‘?nf et ﬁﬂ t he

fixed abrasivg, éalre% Il & %Q%&rﬁélﬂﬁ%rshﬁhé&nhhﬁe fked Arsdveongcieegigon of

pl ati num cont al ni fig su ace W t fixed abrasive article;
planarizing the at least one region of platinum-containing surface with

the fixed abrasive article;
wherein the fixed abrasive article comprises a plurality of CeO, abrasive

15 particles.

26. A planarization method comprising:
providing a semiconductor substrate or substrate assembly including at
least one region of a platinum-containing surface having a nonplanar
20 topography;
providing a fixed abrasive article;
providing a planarization composition comprising an oxidizing agent, a
complexing agent, or a combination thereof at an interface between the at least
one region of platinum-containing surface and the fixed abrasive article; and
25 planarizing the at least one region of platinum-containing surface with
the fixed abrasive article;
wherein the fixed abrasive article comprises a plurality of CeO, abrasive

particles.

30 27. A planarization method for use in forming a capacitor or barrier layer:
providing a wafer 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,
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wherein the fixed abrasive article conprises a plurality of CeQ2 abrasive
particles. 30 27. A planarization nethod for use in formng a capacitor or
barri er I'a@es/0595pr ovi di ng a wafer having a patterned di el @crriso2/h@yer
formed thereon and a Goup VIII netal -containing | ayer forned over the
patterned dielectric layer, wherein the Goup VIII netal is selected from
t he group constﬁ@umnglthﬁfniwmommmm mallaal@maﬂammgn@mmm@mmh@@ofi ridium

rut heni um osni um Ba J adi u p conbi nat.i ons_t

bosi t1oning. a1 1 sEoREPRned sy hePhord ofPLFO PR PEehPELERb e wi ¢
the plati numppa@ﬂﬁﬁg_wn&lengy i; providing a planarization conposition in
proximty to the contact bet ween the fixed abrasjve and the G oup VIII

met al - cont ai ni ng | @Hdingaglangrizaiion ceMpgsiting ipPreKimilricbacaRiAting | ayer with

the 11 xed 8D 35 i el T4 B VBT B RiRTME] facorPr | ses 2

plurality of rasive avi n ness o eater than about
6.5 Mohs di sper sed phinhfizing he flathelai- caﬁtbml@day@ vaith the distd absiseinfigle of a

backing material. 10 28. The nethod of claim 27 wherejin the Goup VIII
met al - cont ai ni ng S{hercip ghedixedigbrasiys ot @%@Hﬁﬁ???@galétyéfé SWPIT netal in

el emental form,or1RMayvidblairdld& §%o grg-z'f_‘lelztﬁan BT 6%%8145 éﬁ%é‘r&éﬁ' WHiAR awher ei n

the G oup VI rretal coftalning surtace conprises elenental platinum 30.
The met hod of boldar adi2iedrbet kiast dnsuae@uy a\Hatkingetadriat.ont ai ni ng surface
conpri ses 1aq pl ati numalloy. 20 31. The nethod of claim 27 wherein the G oup
VITI nmetal*s present in an anopunt of about 10 atomic percent or nore. 32.

The nethod of ogl ai ThSheMoalo cRihne v@e@aﬂtﬁ@@ouwlﬂmam ®eagng 1N an 25
anount of about 20 atomi c percent or nore. 33. The nmethod of ¢laim 32

wher ei n t he Gswiigeevifithe snbsigate cemprisssearforonp VAH meimlun wlemgitad fermt oM at oni ¢
percent or ITDI‘aﬁ
Oy thereof.

15 29.  The method of claim 28 wherein the Group VIII metal-containing

surface comprises elemental platinum.

30.  The method of claim 27 wherein the Group VIII metal-containing
surface comprises a platinum alloy.

20
31.  The method of claim 27 wherein the Group VIII metal is present in an

amount of about 10 atomic percent or more.

32.  The method of claim 31 wherein the Group VIII metal is present in an

25 amount of about 20 atomic percent or more.

33.  The method of claim 32 wherein the Group VIII metal is present in an

amount of about 50 atomic percent or more.
30 34.  The method of claim 27 wherein the substrate is a wafer.

35.  The method of claim 27 wherein the plurality of abrasive particles

comprise CeO,, Y,0,, Fe,0;, or mixtures thereof.
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30 34. The nmethod of claim27 wherein the substrate is a wafer. 35. The

nmet hod of claim 27 wherein the plurality of abrasive particles conprise
Ce2, Y2O8p 0B@B3B1 or m xtures thereof. 18 WO 03/ 059571 PETTuS0240406106 36.
The met hod of claim35 wherein a majority of the plurality of abrasive
particles are CeQ2 abrasive particles. 37. The nethod of claim 27 wherein

t he pl anari zabon didweposhed ofclaitsn 3Dwpelepesmajorivk oiihg phyality efitbrasive onpl exi ng
agent, or m xture the&eﬁf. 38. a-gpgl met hod of claim 27 wherein the G oup
Vi1l netal - coRfHioHs S4r $RERYVS Bty ed rel ative to an oxide layer at a
selectivity ratio of at |least about 10:1. 10 19

37. The method of claim 27 wherein the planarization composition

5 comprises an oxidizing agent, a complexing agent, or mixtures thereof.

38. The method of claim 27 wherein the Group VIII metal-containing
surface is removed relative to an oxide layer at a selectivity ratio of at least
about 10:1.

10
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