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5 METHODS FOR PLANARIZATION OF METAL-CONTAINING

SURFACES USING HALOGENS AND HALIDE SALTS

Field of the Invention
The present invention relates to methods for planarization of
10 metal-containing (preferably, Group VIII, and more preferably, platinum-

containing) surfaces, particularly in the fabrication of semiconductor devices.

. Backgréund of the Invention

Films of metals and metal oxides, particularly the heavier

15 elements of Group VIII, are becoming important for a variety of electronic and
electrochemical applications. This is at least because many of the Group VIO
metal films are generally unreactive, resistant fo oxidation or retard the
diffusion of oxygen, and are good conductors. Oxides of certain of these metals
also possess these properties, although perhaps to a different extent.

20 Thus, films of Gronp VIII metals, their alloys, and metal oxides,
particularly the second and third row metals (e.g., Ru, Os, Rh, I, Pd, and Pt)
have suitable properties for a variety of uses in integrated circuits. For
example, they can be used in integrated circuits for barrier materials, for
ekample. They are particularly suitable for use as barrier layers between the

25  dielectric material and the silicon substrate in memory devices. Furthermore,
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)

30 devices, static random access memory (SRAM) devices, and now ferroelectric
memory (FE RAM) devices. They consist of two conductors, such as parallel
metal or polysilicon plates, which act as the electrodes (i.e., the storage node
electrode and the cell plate capacitor electrode), insulated from each other by a
dielectric material (a ferroelectric dielectric material for FE RAMs). Thus,




contai ning) surfaces, particularly in the fabrication of sem conductor
devi ces. Background of the Invention Filns of nmetals and nii dinegdfles,
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pl at i num coMesusiPkgarizatienstechivigigs ara pyailells ta pravide sush redugtionand/ot he f or mat i on
of G oup VI : al . rticularly. in the wafer

fabricati onéﬂor?migsﬁ;otrnli ?8%%?;@ %a?hﬁ%tléttefnﬁﬂé%l%qﬁ%ucﬁgfn%ﬁ%a}élgaﬂ Fr m hei ght, and

t her ef dSe, tHemicahfnechahioalgpiclisifisy (asbravisiod haeinun?fEPm Furt her, surfaces may
have defects such aﬁ, clrallystal lattjce damage, scratches, roughness, or
enbedded particles Of€BioFEss 8f Plarpcization s used {q rsppgve material, and

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 holder that holds a wafer, a
20 polishing 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
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
25  pad are set in motion relative to the other. In some planarization processes, the
wafer holder may or may not rotate, the table or platen may or may not rotate
and/or the platen may be moved in a linear motion as opposed to rotating.
There are numerous types of planarization units available which perform the
process in different manners. Alternatively, the polishing pad and abrasive
30  slumry may be replaced by a fixed abrasive article that includes a plurality of
abrasive particles dispersed within a binder adhered fo at least one surface of a

backing material.




fabrication processes to be perfornmed, such as |ithography and etching,
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The present invention provides methods that overcome many of

. the problems associated with the planarization of a surface, particularly one that

includes platinum, another of the Group VIIB metals, and/or a Group IB metal.

20 Preferably, the methods of the present invention are effective for the
planarization of a surface containing at least one of the second and third row
mgtals of Group VIIIB (i.e., Groups 8, 9, and 10, which includes Rh, Ru, Ir, Pd,
Os, and Pt) and Group IB (i.e., Au and Ag). More preferably, the methods of
the present invention are effective for the planarization of a surface containing

25 at least one of Rh, Ru, Ir, Pd, and Pt. Such a surface is referred to herein as a
"metal-containing surface.” That is, a "metal-containing surface” refers to an
exposed region having a metal present, preferably at least one metal of Group
VIIB and Group IB present. In such an exposed region, the metal is
preferably present in an amount of at Ieast about 10 atomic percent, more

30  preferably at least about 20 atomic percent, and most preferably at least about
30 atomic percent, of the composition of the region, which may be provided as
a layer, film, coating, etc., 10 be planarized (e.g., via chemical-mechanical or

- mechanical planarization or polishing) in accordance with the present invention.
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5 alumna, silica, or other abrasive particles to renove the netal
physically. Unfortunately, nechanical polishing tends to §hé‘ﬁ?e7(09f69. ,
defornm the netals, |eaving netal over undesired portions of the wafer
_surfaceW a}”ﬂ | eaving scratches in either the netal itself or other areas
on the WXBP%H face. Also, many commercially avai | 86FUSY#i ve sl urries
do not effectively planarize 10 platinumor other Goup VIl

nmet al - cont aj ni ng_surfaces either because no material is renoved or the
resul tant s&he Ekecopsfermblvdnagludes prasimore Grapp VHIRapdlor Grogp B | a need for

met hods for jal,8NA Eleflemg ﬁ&@ﬁﬁ%ﬁ@ﬂt&eﬁwfvﬁﬁl a&fotﬁer%ﬂ ?f&n@tog that includes

pl ati num and/ or other G oup articular I'n the fabrication
of semni condmerecthes ewitaleef thelPerigdinmTably), aa‘wciha dmdc&,nntndcs,aﬂde present invention

provi des ne erco of ens a |ated with the
pl anari zat i %ﬂ(?g Stéé}é%fr %56 preﬁléqbg?a@%ls'érlf ﬁ’é@? ﬁﬁ‘h OBt PEY %’ pl ati num
anot her 5of tdneis@remma\ﬂlylof)&naet abs GrauipﬂJI[[B &ndf3r Gagup IB ﬂm;ﬁh 20 Preferably,

t he net hods of t resen |nvent|on are effective for the planarization of
"a surface c@ﬁ’f‘gf 'f ot am 2 g% of SYeiemefpls OR- second and th| rd row metals of
Goup VIO (i.e., Gcﬂﬁ%le%od?oftﬁéﬁeégtm%iiﬁ%ﬂldve%? asiHacel 1, Pd, G5,
and Pt) and Group IB (i.e., An and erab , the nethods of

the present Uﬁlwwaéﬁatmﬂé’oﬁwsetwﬂ%Pfefﬁfahlthblﬂeﬁrvehai%am -contpinifg a surface
cont ai ni ng &mathaﬂﬂfsaﬂ Cgf%éolvg&t)rcﬁg ers H)Ell:éil] _I%UChI a surface s

referred to e|n as a ai ning
" et al -](ﬂontmfena@gmupbﬁlmigen—eérediﬂ?ng mmpnunmdamé Eﬂb@ﬂs @av,i ng a met al

resent | | G #n%aﬁ%ﬁ*er@&gaﬁéélqg?éfe%?ﬁ?@r¥#'B S present in an
anmount of ac}fdsqassancﬁmumlzﬁlo@&ng’en&a&%&ﬁ{ﬁounﬁ%gl A0r ng ghes@bl y at | east

about 20 atomi c percent, and nost erably at allout” 50 atonmic

percent; of méa@ﬁw@@ﬂlﬁlﬁmﬁpth‘éﬁh exgawin basghi dThe h@l;ﬂeb@tsgmobq ded as a
| ayer, £il mno,]rg%F Tl (egaﬁfﬂbl{tpl{%@ w%§roq_% nglts f@?m cal - mechani cal

or nechanica anari n - or accor e‘ W1th the present
i nvent ildn. MigNH(EieaxﬁiM&NWW 03/ 060028 PCT/ US02/ 40504 The surface preferably
i ncl udes Qne or hor %erqcirg%gls\égrln;el?no%g )/rgzgderstoo%P“plla%arizing“ 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-
20  mechanical polishing" and "CMP" refer to a dual mechanism having both a
chemical component and a mechanjcal component, wherein corrosion chemistry
and fracture mechanics both play a roll in the removal of material, as in wafer
polishing.
Preferably, the halogen-containing compound is present in the
25  composition in an amount of at least about 0.1% by weight, and more
preferably, in an amount of no greater than about 50% by weight. Most
preferably, the halogen-containing compound is present in the composition in
an amount of about 1% to about 10% by weight.
Preferably, the halide salt is present in the composition in an
30  amount of at least about 0.1% by weight, and more preferably, in an amount of
no greater than about 50% by weight. Most preferably, the halide salt is present

in the composition in an amount of about 1% to about 10% by weight.




netals in elenental formor an alloy thereof (with each other and/or one or
nore other netals of the Periodic Table), as well as oxide2] Jwia2l0fes, and
silicides thereof. Mre preferably, the surface includes (and nost

pr ef er algbywsndomonsi sts essentially of) one or nore Gpgdfsythdsty and/ or G oup
IB nmetals in elenental formor an alloy of such netals only. The nethods
of the present invention involve planarizing a surface wusing a .

pl anari zation conposint jRfart%dn ﬁﬁaﬁ)&aﬁdyﬁgﬂﬂgﬁgmmgﬁn-Contai ni ng
ed o I

conpound and a halide salt therein (dissol spersed therein). A 10
preferred gragigiesothelehy etingionn abrasivgsisoyypod belused icplamdgizaties hal ogens (e. g.,

F2, C12, Br .l pnter. e CLB IBr..1Cl, BrF, ClF,
CWF3, Br F3,t&h&@gs, &rﬁ%gon\zg% n@ﬁ%@%@%%g%\tg‘ggﬁ-%g%é?%ﬁeﬁgﬂ ((:;(l)ersrpounds (e.qg.,
)T(ﬁFz’h :—IggZ,en&Eddlt edthérkl‘gl Alain hm,_ﬂ&rmhml ﬂm’(bﬂxcﬁﬁp&ftioli@viﬂtglﬂth or gani cdbals_ke”s:g.

e halide salts can inorganic salts .(e.d., , , , an or
‘organi ¢ sal ?S{VS.PQIT‘FICE&Q can be gsagyaifi-ered aﬁﬁ%"ﬂlﬁ‘%ﬁﬁ( Sﬂé‘?féﬁ"?é as is

convent i onab lay ab+ReRS SRRk pads) ia Pick &f Svertonal pRlisdNA JadftdRR” refers to the
removal of material froma surface, whether it be a” [arge or small anount

of mat eri alfixedjabiqsive prtielosinrludg & pluralifieofiabesiveg parielepdsnersed Within al so i ncl udes

renovi ng mat.Qf | Iishi ng. | Derial CRSHD 0 mechani cal

pol i shi ng%a]ﬁ%de?@%yedﬁgkﬂel?ﬂk%%as u%%%%g)gﬂcg&rﬁe%%e%%\n ng %ﬁgt{%%ga chem cal

conponent awndtamingmimpouebdnd oo ik et arewhestahlginaebmpssithon witdem stry and
a.roll in the renoval of material, as in wafer

fracture nechanics both pla
pol i shi ng. a@raélrvspsw&?? (lteﬁéuK%P%eeﬁkurgen%xm%e%%méemgﬂsresent in the
25 conposi tdeRierl BystisnBer i sefardl céﬁﬁ&{ﬁoﬁpﬁmtm&eém})dgﬁiog e, and nore

0

preferably, in an anount of no greater than about 509 wei ght. Most

pr ef er abl y,Alicmeatively dhe ecteposition miapi e siebibizadhy theadditivnefisuriagtanise conposi ti on
in an am)ucﬂglaorf aagqut hajég@rgnos e?ba(%ult th% E}ﬁg\/\eéﬂﬁ? F}>r eIerabI y, the halide
salt is prat@ATog el Bhas IBET Fa Nt FuRTst Ao B ®at | east about 0. 1%
by wei ght, and nore pngkgsh aikdt; thér iGRoRIRUYarfizaiBPm@hedt €r than about 50%
by wei ght. Most preferably, the halide salt is present in the conposition

I n an anourbmpfisighout 1% to about 10% by weight. 4
positioning a metal-containing surface of a substrate to interface
with a polishing surface, wherein the metal-containing surface
comprises a metal selected from the group consisting of 2 Group VIIIB
metal, a Group IB metal, and a combination thereof;
supplying a planarization composition in proximity to the
interface; and
. planarizing the substrate surface;
wherein the planarization composition comprises a halogen-
containing
compound and a halide salt, which are separately delivered; and wherein the halogen-containing
compound is selected from the group consisting of a halogen; an interhalogen; a halogen-

gencrating compound selected from the group consisting of XeF,, HgF,, SF, alkyl halides, and

complexes of halogen with organic bases; and combinations thereof.
An embodiment may be a planarization method -
that includes: positioning a metal-containing surface of a substrate

{preferably, a semiconductor substrate or substrate assembly such as a silicon

wafer) to interface with a polishing surface; supplying a planarization
| 5




21 June 2006 WD 03/060028 PCTI US02/ 40504 The pl anari zati on conposition can
optional ly include abrasive particles, thereby resulting #hJase 208pasi ve
slurry, and be used in planarization techniques with conventi onal
polishing pas that do not have abrasive particles enbedded therein.

Al t er nat i vetgmpositieon i mximityae hemntenfaep il plaparizing thometal-60al8Mge particl es

therein can bge used w.th fixed ahrasi rt] I f ed to as .
abr asi ve po?qréﬁ‘?' ﬁ@“ed%%fQPWn&ga?&a%flnéégdﬁggHe?a(h)g%fc{égo |sﬂ1|%r$56 % ads. Such
fixed abrasgygisidd 61 GxSup VOIB!Hhetal aflronsl mytalpinddxoabinatopar ti cl es di spersed
within a binder adhered to at |east one suyface of a.backing material. If
the hal ogentbersaht Hiemlangrieainp 6RIARPSHICRARAIUGSSH PRIQECELPRIZME ot stable in a
conposi ti Onc#y[golﬁndﬁlm 25HUE s PR HidrGh OF" &1 "af" or "R ARsADLY Br Bbrer by) , they may
be provided Separate delivery systens and/or in separate conpositions
and ni xed atatidag opel rifhugfvarigus. combinationsaf helegep-coplamingnopweradson nay be
stabilized by the addition of surfactants chel at,i .S, phase

t ransf er ca%%&%ﬁaﬂ%ﬁ‘ﬂlb&“ﬁ%@? © ppe %I}doggf)%}tgonsg@%ﬁ%e%gl% irst aspect,
there is provided a pLanatiakhen iRl idpvRDplEiRgion nRgRit i Oni ng a

met al -contai ning surface of a substrate to interface with a polishing
surface, whesfrRidghe netal -containing surface conprises a netal selected
fromthe group consisting.,of a Goup VIIIB netal, a Goup |IB netal, and a
conbi nati on 't her eof ; B 1'3&41?‘1&1%?‘8%?&%%?%%%%%@5@?%%5 proximty to
‘the interface; | I Z) - surphigL ein the

pl anari zati on coﬁrrl}%l‘gliICH on céﬁ?%@%é@%ﬁﬁg% ag?u ng Conpound and a
hal i de salt, which arprosidisg apelishigiebinfeegd, and wherein the

hal ogen-cont ai ning conpound is selected fromthe group cqonsisting of a
hal ogen; an i nt er hal derding xplaggarntiopsomnosition abandenirederueanddies r om t he

~group consistin HaE . i xes of
hal ogen with or%égﬁeﬁgég@mgﬁglaﬁﬁgﬁknﬁmﬁ%ulg@ré%%@&xﬁgg%g i ment may be
a planarizati on sifabdnd t hat i ncl udes: positioning a netal -containing

surface of a substrate . ) .
' planarizing the at least one region of platinum-containing surface;

wherein the planarization composition comprises a halogen-
containing compound and a halide salt , which are separately delivered; and wherein the halogen-
containing compound is selected from the group consisting of a halogen; an halogen; a halogen
generating compound selected from the group consisting of XeF;, HgF#, SF;, alkyl halides, and
complexes of halogen with organic bases; and combinations thereof.

Another cmbodiment may be a planarization method that
includes: 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 includes a halogen-

containing compound and a halide salt,
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(preferably, a sem conductor substrate or substrate assenbly such as a
silicon wafer) to interface with a polishing surface; supdlpiong0g

pl anari zation 5 21 June 2006 conposition in proxinmty to the interface; and
pl anarizing the netal -containing surface. The netal -containing surface
includes a netal selected fromthe group consisting of a Goup V111B
netal, a Goup IB netal, and a conbination thereof. The planarization
conposi tion includes a HaR&yehrseehthergis nyvidedaplovanidatiomdnethddal i de sal t .
Herein, "a" orco"aﬁlq_'s'imgr "the" nean "one or nore" or "at |east one." Thus,
_various combi natronssof hal ogen-cont ai ni ng conpounds and halide salts can
be used in the ppahiasibg ol inetl-oABRME stk 81 /BSOS AndSI8 Wi 4l Rlidingecond
aspect, there is provided a planarization nethod conprising: providing a
sem conduct or suBEreatberep the madalcantining sefs| opmpiises b urital geleted &ems theone

region of a pl atérgl' WnQih i@l - proyvi di a_ pol i.shi ng. surface;
provi ding a planarizati ongggﬁprt%gﬁéjﬁc;%ﬁgg{mgﬁ i ?Pewgteggba@fl\ﬁe%’ PRE™ at | east
one regi on of plthtreafum cont ai ni ng surface and the polishing surface; and
pl anari zing the at |east .one region of platinum.containing surface;

wherein the planari zaﬁ“?‘gﬂﬂ%%ﬂwp‘b??“@mﬂ?w‘hm%en cont ai ni ng
compound and a hal i dgn@@lch..anythi ch are separately delivered; and wherein the
hal ogen- contai ni ng- ﬂg%ésﬁbsﬁﬁée% d fromthe group consisting of a

hal ogen; an hal ogen; "a hal 6gen generattng conpound sel ected fromthe group
consi sting of XeF,, MFgin igfpanaridationicompdsitike®mpgisest conpl exes of hal ogen

Wi th organi c bases; and conbi nations- thereof Another enbodi nent may be a

pl anari zati on met hod t hat halogen-qepiaiving serpoinil selgeted fwanthe geneonsdttingniibst rat e or
substrate assenbly i ud r egi ' cont ai ni ng
< surface; providing aﬁg’g}lffghiq%g;cﬁsruﬂng%%?'%br@EM d’i’ﬁ%”?%’ﬁ%ﬁ%?%@#%ﬁ
conposition at - an i i3Fgekadelides bud@mpleke oflialdgansith @pmicdtags,and @mbinations

pl ati num cont ai ni ng ijil‘”fﬁce and the polishing surface; and planarizing the
at | east one region &f"8F& num containing surface: wherein the

pl anarization conpositi 0r hiie kikdeiectd ] MOBSIp consisting of Nal, KCI,
KBr, NH,F, Et;NBr, Me;NHCI, Me,NF, and combinations thereof.

An embodiment may be a planarization metilod that includes:
positioning a metal-containing sufface of a substrate to interface with a polishing
surface, wherein the metal-containing surface includes a metal selected from tl;e
group consisting of a Group VIIIB metal, é Group IB metal, and a combination
thereof; supplying a planarization composition in proximity to the interface; aﬁd
planarization tﬂe substrate surface. In this embodiment, the planarization
composition includes: a halogen-containing compound selected from the group

‘consisting of ¥;, Cl,, Bry, I, CIBy, IBr, IC1, BrF, CIF, CIF;, BrF;, CIF;, IFs, IF;,
XeF,, HgF,, SF,, alkyl halides, and complexes of X, with organic bases, and
combinations thercof; and a halide salt sclected from the group consisting of
Nal, KC1, KBr, NH,F, Et,NBr, Me;NHC1, Me,NF, and combinations thereof.
In a fourth aspect, there is provided a planarization method
comprising;
providing a semiconductor substrate or substrate assembly including at

. Ieast one region of a platinom-containing surface;
6




cont ai ni ng conpound and a halide salt. 5a 21 June 2006 In a third aspect,
there is provided a planarization nethod conprising: posi#l 0g

nmet al - cont ai ni ng surface of a substrate to interface with a polishing
surface, wherein the netal -containing surface conprises a netal selected
fromthe group consjsti _of Goup VH B netal, a Goup IB netal, and a
conbi nation theP@ ngﬂg%?9§¥éF > pl anari zation conposition in proxinity to
the interface, ﬁ:@@idiﬂ%?ﬁlﬁfaﬁfa&i@&%@si&dﬁ%ﬁi@t%é%&ﬁ&é_ wherein the

pl anari zation conposition conpriseés: a hal ogen-containing conpound sel ected
from t he gr@ldgestonsregien df plgtingfn-comainingsfacing the polishi@y ®rfacei®d, | Cl, BrF, ClF,
CIF3, BrF3, CIF5 Es., JF7. XeF2, HgF SF4, al kyl hal ides, and conpl exes of
hal ogen with org‘%{ﬁ[ f“f)%téeea 563333%?%% O%R%Hug’ﬁcggmfjﬁ%f%%ﬁ’ and a halide salt
selected fromthe group consisting of NaT, KCI, KBr, NH4F, Et4NBr,

Me3NHCI, Me4NF, and conbi nations thereof An enbodi ment may be a

pl anari zation nEWH%ﬁP$%ﬂ?mpﬁ@P%ﬁ%%$ﬂm%U§F@@¥ﬁﬁ ng a netal -containing surface

of a substrate to injgp }gﬁg 88“ ' jen t he

met al - cont ai ni ng sur%ac(tegg'%ﬁoc u 50%31 mdg%l&geglﬁggﬁqfé{i&%o% t eg%gr oup

consi sting of a K@@\, (I, e iE] B C1E CllFy) B 1B B, IF,2%d,dgtgonbi nat i on

t hereof; supplyi lLanari zati on conposition in proxjmty to the
interface; and %T?’a%]@’ﬁ)i » G t@?ﬁﬁg’grgﬁlﬁ%d‘i’ a?fga.mcl s ia‘s"aenbodi ment ,
‘the planarizati aambmROSBEEIORdI NCl udes: a hal ogen- contai ni ng conpound
selected fromthe grou consisting of F2, C12, Br2, 12, CBBr, I1Br, 1C,

BrF, CIF, ClIF3, BrF3ha@iesglselefled fiomrthe gropp&psistigpiNaLEKA, al kyl hal i des, and
conpl exes of X2 with or ' , i nations.th f; and a halide
salt selected fromthe Igﬁroiudpi"I c%%siﬁ.fs‘??s Clogpe‘%ﬁ"?“ﬁ%mfmﬂg‘%%%NMF, Et 4NBr-,
Me3NHC1, Me4NF, and cYetbinpther ontsdithent @wly. belaplanafieationmelb@kibtt, there i s

provi ded a pl anarizatjon nethod conpri sing:
includes: 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. In this embodiment, the planarization composition includes:
a halogen-containing compound selected from the group consisting of F,, Cl,,
Br,, L, CIBr, IBr, ICl, BrF, CIF, CIE;, BrF;, CIF,, IF,, IF,, XeF,, HgF,, SE,,
alkyl halides, and complexes of X, with organic bases, and combinations
thereof;, and a halide salt selected from thé group consisting of Nal, KCl, KBr,
NH,E, Et,NBr, Me,NHCI, Me,NF, and combinations thereof,
In a fifth aspect, there is provided a planarization method for
‘use in forming an interconnect, the method comprising:
providing a semiconductor substrate or substrate assembly having
a patterned dielectric 1ayér formed thereon and a metal-containing layer
formed over the patterned dielectric layer, wherein the metal-containing
layer comprises a metal selected from the group consisting of a Group
VHDB metal, a Group IB metal, and a combinaﬁon thereof:
positioning a first portion of a polishing surface for contact with the

6a




provi ding a sem conductor substrate or substrate assenbly including at
| east one region of a platinumcontaining surface; 6 21 Juﬁé@‘@ﬂ)@ogr ovi di ng
a polishing surface; providing a planarization conposition at an interface
between the at | east one region of platinumcontaining surface and the
polishing surface; and. planarizing the at |east one region of
pl ati num cont ai ni ng sur PE> wherein the pl anari zati on conposition
conpri ses: a hal ogeprovidig al maizgﬁbﬂp&ﬁ%qs@ﬁﬂ sCiEmity AN o PUP consi sting
of F2, Cl2, Br2, 12, CBr, IBr, 1C, BrF, CF, ClF3, BrF3, ClF5, IF5, |IF7,
XeF2, HgF2, Shatwes |dhe pelishinge surfaged a6 nfhiee mustal-eitatnidgo Jeyer,wiabd or gani ¢
bases, and conbi naty . . and halide salt selected fromthe group
R A o coniin

consi sting of Na!, ) ., Me3NHCI, Me4NF, and conbi nati ons

thereof Yet anothewhedbaht pRRinzan BémpbsiRbiRanhwal hORldEei-hod t hat
i ncl udes: providing a sem conductor substrate or substrate assenbly

i ncl udi ng at | ¥RENgRempagd gd »halidesplay whisharsomastaly ddiveradif ace; providing a
pol i shing surfaa&meRnLAN 18] Ejnﬁﬁpr. ti.on sition at an interface
between the at | east onée}glroggll*%ﬁ 0 aﬁog”??uﬁlﬂl S%ﬁ%&?ﬁhﬁ%ﬁ ace and the

pol i shi ng sur f@esstingnth plcgag ah Fiddialédes; ﬁﬁaldg@ﬁ%eher@tﬁ@cﬁﬁﬂ&l@a of platinum
contai ni ng surf In this enbodi nent, the planarization conposition

“includes: -a ﬁﬁ@%%b o B 1P Fongistirgreiotaia Heg) SEp eliylihelidestand gr oup consi sti ng
of F2, Cl12, %%plekéOfH%%Wﬁwﬁf%%gPﬂ%&“%ngh&%@ !3]‘ F3, COF5, |IF5, IF7,

XeF2, HgF2, SF4," al kyl ‘onplexes W t h organic bases,

and conbi nati ons theregf:. d a hal.ide salt selected fromthe group
consi sting of Nal, KO, %&é?&%ﬂﬁﬁg‘j&iﬁfgﬁgyfb‘ﬂ RsRgrestioneihd forise

conbi nati-ons thRHRAE an Ercdnhdef it iﬁtﬁ\ﬂﬁg:tprovti(ﬂﬁlr zﬁsein?coﬂﬁﬁgoir gl?u%trge 1.! anarization
T he netho

method for wuse in formng an interconnect, Conpri si ng:
provi di ng a sewsesntaentdy hailpst paatraeddiclsibckhya f@mas ®erbh \nd1avi Ng  a
patterned diel ectr ic.layer formed thereon and a netal -containing |ayer
formed over tMERGEAFARIRGEIayefumed pyqr thepatjesned digestrisilayer, iehervist the - cont ai ni ng
metal-co.ntaining layer includes a metal selected from the group consisting of a
Group VHIB metal, a Group IB metal, and a combination thereof; positioning a
- first portion of a polishing surface for contact with the metal-containing layer;

providing a planarization composition in proximity to the contdct between the

-polishing surface and the metal-containing layer; and planarization the metal-




| ayer conprises a netal selected fromthe group consisting of a G oup VHDB
metal, a Group IB netal, and a conbination thereof, positi @hiwep2006irst
portion of a polishing surface for contact with the 6a 21 June 2006

met al - cont WOAB/A®OBayer, providing a planarizati on conposhQHERG2H#0504r oxi mity
to the contact between the polishing surface and the netal -containing

| ayer, and planarizing the netal-containing |ayer; wherein the

pl anari zat i on comiosg layanwhanjoribsganasizitmnegapesittomribciudes adgaogepound and a

halide salt , which are seggr a& e{é% del i vered; and wherein the

hal ogen- cont ai ?ﬂnt‘f’ﬂ"%ﬁoﬁ?ﬁ?ﬁ PIabAidesally ¢ om the group consisting of a
hal ogen; an i nt er hal ogenj, ,2;A2dsPIE PreRRERIdA PR TRV MEhod Srasdigd from the
group consisting of XeF2, HgF2, SF4, alkyl halides, and conplexes of

hal ogen w t h ofogaing an iblasemectaheametbodxomatisiggns t hereof . Still anot her
enbodi nent may be a planarization nethod for use in formng an
i nterconnect that i poividieszasemipondicigr substeate oondstratoassuiidy havies or

substrate assenbl.y havi. atterne ielectric | ayer farned thereon and a
net al - cont ai ni ﬁﬁfi%@%\rﬁ’%?%&_ a%‘if?f’“’t‘%ﬁﬁ%?‘ﬂ é?iﬁﬂlefﬂ?@o@@f‘?’%n?ﬁyg er, wherein
the metal - conforintd 6gerlthy pittdniéd dldREUR 1834 Avh&EInRE ARktdlicoftalligg gr oup
consisting of a Goup VIIIB netal, a Goup IB netal, and_a conbi nation

‘thereof; posi tIRBACABPESeS Y mstal seieeted frogr the spRIPcORFIFING O 2 GE®M or cont act
with the netal '-ir@]iglu r. Ldlng: 8-pl analiszati on conmposition in
proximty to the co%‘tagélt e?@éﬁdtaﬁéﬂe{%gp@gﬁlgﬁgﬁsur gte and the

met al - cont ai ni ng | gyeitivnaugch fidsbpantion aff aeolistiag safak f@dcahtare w206 WO

03/ 060028 PCTI US02/ 40504 cont ai ni ng | ayer, wherein the planarization
conposi tion i A WHEECPHISIARES cont ai ni ng conpound and a halide salt. In a

si xth aspect, therg.dv3diRt QY : | I in formng
rdvidif g!ﬂﬁfaﬁzﬁuéﬂ BhApIHRIn @m% R%)%déxl%fgct

an interconnect, the net conprising:.” provi tor substrate
or substrate hetseabthe pelivhing sufaqatntdeha esttadicohtirting layeqyped f or ned t her eon
and a metal - cont ai'ﬂ%ﬁ'ﬂiﬂi@'ﬁfe metal-containing layer;
wherein the planarization composition comprises:

| a halogen-containing compound selécted from the group

consisting of F,, Cl,, Br, I, CIBr, IBr, ICL, BiE, CIF, CIF,, B,

CIF,, IF;, IR, XeF,, HgF,, SF,, alkyl halides, and complexes of 'halogen

with organic bases, and combinations thereof; and

a halide salt selected from the group consisting of Nal, KCl,

KBr, NH,F, Et,NBr, Me,NHCI, Me,NF, and combinations thereof.

Still aniother embodiment may be a planarization method for
use in forming an interconnect that includes: providing a semiconductor
substrate or substrate assembly having a patterned dielectric layer formed
thereon and a metal-containing layer formed over the patterned dielectric layer,
wherein the metai—containing layer includes a metal selected from the group
consisting of a Group VIIIB metal, a Group IB metal, and a combination
thereof; positioning a first portion of a polishing surface for contact with the
metal-containing layer; providing a planarization composition in proximity to

the contact between the polishing surface and the metal-containing layer; and




formed over the patterned dielectric |ayer, wherein the netal -containing

| ayer conprises a netal selected fromthe group consisting2bfure 06up VU B
nmetal, a Goup IB netal, and a conbination thereof; positioning a first
portion of a polishing surface for contact with the netal-contai ni ng

| ayer, providing a planarization conposition in proximty to the contact

bet ween the polishing surface and the netal -containing | ayer, and

pl anar i zi ripnatidnghe ateta eontainivighayer. dy s epbpgitasnt, theplapaPgaion; zgt :c on ) ‘
oron. conBmBRRE B8 a A BHER BRRAefnd RIBRH AR SBAF, L1 OT, L3¢

Er ::3 Cl F‘En:pnd:ﬁﬁg of IFZ,,CQ@E;L EKB?,ZBLSEI}BIE,I(KE,I CE@EﬂeelFs,éF%I@pHp: eées O}‘

al ogen n on er.e an a halide salt

sel ect ed f }fﬂfg@n H’§?§{l Iﬂ%"'f\&t* Wy Eamcgé’éFS’a‘f\‘ﬁ—MF Et 4NBr ,

Me3NHC M%'Nﬁlau&ﬁdh&wfban%tﬂaﬁmah 068 fronSHtielgovpiehdidig 6Mbodi ment may be a

pl anari zat i on net hod use in formng an interconnect that includes:

provi di ng Nalg&eh, KBmdﬂFd‘IFoEQNBDM%NHCé%% andcpmbimabens ek havi ng a
patterned dielectri ‘i% yer for @e?i arlld a netal- cg[)nt ai ning | ayer
formed over the patt “%.a%ﬁe% 'Frleésqr%‘ﬁ} a PIYPARFALPHIEHET net al - cont ai ni ng

| ayer i nclegglegsiq: met al sel ected fromthe group <consisting of a Goup VIIIB
netal, a Goup I'B netal, and a conbination thereof; positioning a first
portion of a poli shpqsglomugﬁmcel-ﬂi(mtaﬁdngmmfetteQK/aBﬂbs&Metomteﬁ‘wcmbmtmhsimﬂg

| ayer, providin anarJ zat i,on conposi.tion | cont act
bet ween t he pof%ﬁ?’r?'&a?ﬁ'r dggal'cﬁﬁl"’i"%s?fﬁcﬁf’mﬁ F‘P@%"‘iﬁ" iilf’f(P'of“le June
2006 pl anari zi aghsisti o GabupOOITB il rmﬂoqywmetmnmidmo%memtﬂam t he

pl anari zation conposition _includes: a halogen contalnlng conmpound sel ect ed
from the group corfﬁli’mw WUPEW@EWOSBPQMB@GNGIBT pgrfacqad BrE QF
CIF3, BrF3, CIF5, Eaglanz!ir@?the 2, SF4, al kyl haI | des, and corrpl exes
of X2 with organic*bases I'mat i ons t hereof; and a halide salt

sel ect ed from wireeinthe pbnmﬂs:bmpgnm coipifises Kﬁalpgd@mmmglépmﬂmmmq a

Me3NHCL, Mﬁ‘gliN sdlt, %ﬂﬂ ﬂl%%pobv%sg Hhak &e Sla%am%t?o%foomposmon does not include abrasive

particles.

Tt
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In an eighth aspect, there is provided a planarization method
comprising:
providing a semiconductor substrate or substrate assembly including at least one
repion of a platinuin-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 a halogen-containing compound and a
halide salt, with the proviso that the planarization composition does not include abrasive
particles.
In a ninth aspect, there is provided a planarization method for use
in fonning an interconnect, the method comprising:
providing a semiconductor substrate or substrate assembly having a pattemed
dlelectnc layer formed thercon and a metal-containing layer formed over the pattemed
diclectric layer, wherein the metal-containing layer comprises a metal sclectcd from the
group consisting of a Group VIIB metal, a Group JB metal, and a oombmat)on thereof;

Ta




In a seventh aspect, there is provided a planarization nethod conpri sing:
positioning a netal-containing surface of a substrate to iAl&ufead®0with. a
polishing surface, wherein the netal -containing surface conprises a netal

selected fromthe_q& isting of,,a. G o I11B netal, a Goup.IB
netal, and a co%?ﬁ%ﬁ%ﬁaﬁﬁ%}g‘%??ogﬁ%’ﬁ?‘%gﬁ%érﬁw B ¥nposi ti on
i nproxi mty teentammglapesr f ace; and pl anari zing the substrate surface;
wherein the planarization,conpqsition conprises_a hal ogen-cont ai ni ng
conpound and a hgf(’lizdt@’gsa_dﬂlat“ TP TITRPOSITHIGY Marsoxipriy torthagsingashpdtivernithen

. conposi tion dolisingainfidehdfienRRl-ait%ting RH&t kfd €S- | n an eighth aspect,
there is provided a planarizati on nethod conprising: providing a

seni conduct or subBppaEEEe Hie metaksontairmzdayesnbl y i ncl udi ng at | east one

regi on of a RiiRkIFIWMEBRMoR " i.di n -pol i shing,surface;
provi ding_a pl aqa?]i’%t i on cgrrpg‘m ﬁoég&g?n%ng#‘t’ggf’ %ﬁ%@?@f‘ﬁ%‘{%t | east
one r edibde sshvitktheprevisoiatihaplaguigativheompasitibndbe Hopinbalé stgasiee f ace; and
planari ziggit he at | east one region of pl ati num containing surface; wherein
the planarizati on conposition conprises a hal ogen-containing conpound and a
hal i de salt, with Ihhenpragcs thetcheprotiel Phladatidatdeddd composi ti on does not

I ncl ude abrasive particles. In a ninth aspect, there is provided a

pl anari ZH4PRHHEet hod for use in fornmng an interconnect, the nethod

conprising: provigeng.a. sem conduct or substrate or_ substrate assenbly
having a patter n%‘%magllngfle5ﬁ‘?°§u“%%?%?é§“¥%§3é%ﬁtﬁfﬂepwﬂmpdishhant ai ni ng

| ayer f or negBoeconmisingatixat abedive ditRle 6hékis dea¥ e i i e

nmet al -contai ning | ayer conprises a netal select eddc?rom he group

consi sting ebmprifssauptalistlededivithe pufttaitinFof Tlrahp VAl Gijupaki on

t hereof 7a 21 %u&{% 200 .gﬁgsi‘%io ing a first portion of a polishing surface -
for contact HHEH RS MEInaon i ning |layer, providing a planaazaliou

conposi tion i n pspplyiig aplirarisien codiposition kGIrvERARy td\Be interface; and

- planarizing the substrate surface;
wherein the planarization composition comprises a halogen-containing compound and a
halide salt.
In an eleventh aspect, there is provided 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 comprising a fixed abrasive article;
providing a planarization composition at an interface between the at least one
region of platipum-containing surface and the polishing surface; and
planarizing the at Jeast one region of platinnin-containing surface;
| wherein the planarization composition comprises a halogen-containing compound and a
halide salt. '
In a twelfth aspect, there is provided a planarization method for
use in forming an interconnect, the method comprising;
providing a semiconductor substrate or substrate assembly having a patterned
- dielectric layer formed thereon and a metal-containing layer formed over the pattcied
dielectric layer, wherein the metal-containing layer comprises a metal selected from the

7b




polishing surface and the netal -containing |ayer, and planarizing the

met al - contai ning | ayer, wherein the planarizalion conposit?bhneddffi ses a
hal ogen- cont ai ni ng compound and a halide salt, with the proviso that the
pl anari zation conposition does not include abr asi ve particles. In a tenth
aspect, there is provided a planarization nmethod conprising: positioning a
nmet al - contai ning surface of a substrate to interface with a polishing
surface conprising a fixed abrasive article, wherein the netal-containi'ng
surface conprises a netal selected fromthe group consisting of a C?oup
U ey vat | onE 8P Uhsidhe JFS Gloup WA BedtDIBIAR T il A6 £Em IR R
pl anari zation’c osirtronin %}OX|n1ty to the intérface; and plan 2|ng
the substrate sur fsiipningafiet portdreofplpalishingzatface comprigigsi fixadrabpsivpr i ses a

hal ogen-cont a | i de salt In an el eventh aspect, there
is provided aarﬁflﬁﬁ’é ﬁ“?“&n‘ﬂ‘%é?ﬁ%‘a"”& g provi ding a semn conductor
Si.lbtst rate ortsubstﬁmangfasﬁl&WMhmmgﬂnpﬁﬁmm mkﬁﬂgh tto m&e]?ntha@emweﬂ:ea :
pl ati num cont aj ni_n rface; vi din ing surface conprising a
fixed abrasi %F}é 'g?‘ﬁ mﬁ?“&ﬁ%’?’r ion conposition at an .
interface between plfi@iAlg i@g@@mm g of pl ati num cont ai ni ng surface

and the polishing surface and pl anarl ZI ng the at | east one region

of pl at i num c Gtiepdi itid @lantridaioeconviosition Borhpidseh Balogchxanthiningrompowid dnd A
conpri ses a hal ogen-containing conpound and a halide salt. In a twelfth
aspect, bahde gt provided a planarization method for wuse in formng an

i nt erconnect, the, met hod .canpr. i, dj uctor substrate or
substrate assenbl%lsq‘? (gﬁ‘:ﬁ n’arsr%ﬁlf ﬁ%@ﬂ&bgtf éﬂgl?s%é\f aggfgl(r%ﬁforned t her eon and
a met al - fAR B d¥eMiohdic®r sl dudviea baktasepitbhdicte thyerdiral ectric |ayer,

wherein the netal -containing | ayer c?rrprlses a netal selected fromthe 7b
21 June Semgepnductor 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
process steps may have been previously used to form or define regions,
junctions, various structures or features, and openings such as capacitor plates

or barriers for capacitors.

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

accordance with the present invention.

Tc




group consisting of a Goup VIAB netal, a Goup Mnetal, and a conbination
thereof; positioning a first portion of a polishing surfadkd&s@¥dsing a
fixed abrasive article for contact with the netal -containing | ayer;

provi ding a planarization conposition in proximty to the contact between
t he pol“ggq'?{o % surface and the metal - containing | ayePCTAS® S %nar i zi ng t he
net al -contai ning | ayer wherein the planarization conposition conprises a

hal ogen- cont ai ni ng conpqound_and a_ halide_salt As used herein,
"senm conduct or subst r at 2SFHRsign &f the Peefored Embpgimentsef er s t o a seni conduct or

substrate such as a #gs e&ﬁ{ﬂﬁ&lﬂgﬁlﬁfogirdes!ﬁ&ﬁéds%gﬁnar_%%rﬁg@duaOr substrate
es S

havi ng one or nore layers, structu , Or regio ornmed thereon. A base
sem conduct chrfacgykat incihdes/plptinain andfon end west of thy etherdfroup VIR on naterial on a

wafer or a sjki eprsit ed anot.her terial., spch as silicon on
sapphire. V\ﬁé##@&@b%?@@%%é}émf%@éﬁ f?rﬁtag%ggfg etﬁl)tf);"}s,ﬁll§°’/ari ous process
steps may haGreupeBENclpnents autmhsitiosmetals of Gaoups 89, aef 10 theepriodis, j uncti ons,

various str r r features, and_ openings ch as ,capagjtor plates or
barriers fo?‘%épig‘? e, E?qt"z?mfiég"cm?ﬁ?ﬂpﬁrrmﬁq E&%ggﬁ“&dﬁlﬁsﬂ?ﬁ gure 1A and I B
are CVOSS'SQMQ%MrHEWHeﬁIsi&Qﬁo@E TP BRI VIO drOPrefedbd nd¥adigde before and

e
after a planarization process has been perforned in accordance with the

present i nvdds Radr, PAcPR O304 enddgePaiirulslypsderd swedmyepdobeaad®s04 Descri pti on
f the Pref ks t | s ' t hod f ‘
0 erre g:ﬁzfn eggpéégdrlﬁé@etﬁettga oP(h@?%gégg ing%!rg_{&h'l&rﬂldar Vi {§s pget hods o

pl anarization o I nc I ' num and/ or’‘éne’ or nore of
t he ot héd Gaodipr Rl |Su8h aamdice is iefeatiptohitZimnmtaahaal-coh@infpouacdl | | B netal s are

also referred.to.as the 5 Giqup VII| e ts or transition netals of

& oo 6o 6 g eRdo S shotRegh tiond anfREd ror Boagton DA et o & 1 mei ude ¢ he

copper triad (Cu, AgHe@ﬂQaAﬁéta}-cBHﬁinir%@ﬁﬂﬁRtﬁ" ﬁ;glgdéslfunreﬂ%%sea\ﬁgﬁhal s of G oups
e , , o lr, )

IB and VIIIB are preferred and inclu s ] , OGs, An, and Ag.
Parti cul ar | y2p2f Betabpresant-f Howsh pheyposed fegim, the metal is preferably

present in an amount of at least about 10 atomic percent, more preferably at
15  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.
The planarization of such surfaces, particularly a surface that
20  includes platinum, typically involves mechanical methods with relativety hard
particles such as alumina (Al,O,) and/or 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 planarization composition that includes a
halogen-containing compound and a halide either in combination with a
25 . plurality of abrasive particles in the composition or with a fixed abrasive article
reduces, and often eliminates, the problem of defect formation.
The planarization composition can be used in shury planarization
(1.e., in a conventional planarization process in which the planarization
composition includes the abrasive particles with a polishing pad that does not
30  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, slnrry planarization is used in the methods of the present invention.




pI anarized according to nethods of the present invention include Rh,

Ir, Pd, 10 and/or Pt. Such a surface is referred to herei n2hdung 2006

met al - cont ai ni ng surface (this refers to those containing second and/ or
third row transition netals). Herein, a "netal-containing surface"

i ncl ude¥ O ¥ osed region having a netal present. Iﬁcgﬁléﬁz"“aﬂ'“exposed
region, the netal is preferably present in an anpunt of at |east about 10
atom c percent, nore preferably at _ 15 | east about 20 atom c percent, and
most pr ef er Aicrably, Wheg oresepb HLibe Plenaszalian copwpyien, | eé’PmPWé“‘:tPorrpoleon of the

region, Whi Gl iByhe SolGiRY, eﬁmagti%s%?a@arb&ﬁﬁ%ﬁaboﬁt'ﬂ%‘b %ﬁt‘t@%@u@tc to be

planarized (e.g., via ch cal - mechani cal nechani cal planarization or
pol i shi ng) Bﬂ%éwmgllé.mémqmeﬁﬂablymbes@% by weight toebout TH byl anari zati on of

such surfac | r t. 20 includes platinum typically
I nvol ves mgﬁgﬁﬁggﬁedéeh%t‘lngm@# i@%‘é? I\’/‘% t1;5mhard particles such as alum na
(A1203) &nd/or sili cﬁ%@@}typﬁiﬁrﬁsﬂe@ﬁrhc%bﬁhbmma&iesm ansnearing and the

formation of defetsrath nthe of. the, material.
Sur pri si ngl §PratyRs W%ord?agxﬁ{ ’rviefﬁic o YB’G aB]i?Slf"l"lEﬂm‘il‘ﬁ"’cl udes a

hal ogen- confabdin s RRRUNE, tﬁ@ﬁrg%stﬁﬁrhéﬂiﬁn@f%%ﬂ’mﬂcfé) eRRRI8HOAN With a 25
plurality of abrasive parti cles in the conposition or with a fixed abrasive

article redwes) nmﬂlets"fst(éﬁ)@lﬁbﬁﬂtrﬁﬁg‘é%my andanqse ofigneabewri30@ettect for mat | on .
The planari f{@otut P@W?&g&kd%ﬁﬂo&]ﬁeﬁ{?%ﬂ b\?\ﬁ]ﬁrﬁﬁwfcﬁaﬂkﬁ?ﬁ&\) ggtion (i.e.,

I n a conventional planar rocess i n ARarization
conposi 1 onavemgelpdﬁmletsmoﬂbiroalsl()ﬂmnp@rabmﬂl%@nmt h a poI I shing pad that does
not 30 incl ude abra %)l cl %‘F@' in fi rasive pj a.n ri zation.

Thus, as used her el ToiteRle phyasdysRazc “‘Fctl;‘?dgr@l Lot og hi ng pad or a

fixed abrasiy/gukdd Al sﬂé £0,R RbrYa (CRORY, fiténiR! E#@hiaqPrd,3 used in the
net hods of the pres(en'?3)| nveﬁFl o% ( b?une 2 W WO 03/ 860(?

PCT/ US02/ 40588gapessidigxids YinQuhy Eﬁﬁtabﬁ%@éﬁﬂe {TaQeh éﬂdpllﬂal?ﬂimloiﬁlp i on conposition,
0, OO DS, PRRSHIEH IS ARASNR: ibis D) Quplsapaga of b 1
to aboul5 15¢dy), tivariagAiQ,).kad eiccooia (Z4Gh). t Garkius vanligiwtioos oftdbasxv@ nposition. 5 A
wi de vari et ¥ar?£le§c?a§1 glug 1P&r§1trédC| es can be used either in an
In certain methods in accordance with the present invention,
preferably, a majority of the plurality of abrasive particles (either in an abrasive
slurry or in a fixed abrasive article} are AL O, particles.
20 The planarization composition includes a halogen-containing
compound and a halide salt therein (dissolved or dispersed therein). Preferred
- such compounds form X" species in situ. Although not intending to be limuting,
it is believed that this species is the chemically reactive species that assists in
removal of the metal.
25 A preferred group of halogen-containing compounds include the
halogens, the interhalogens, and halogen-generating compounds. The halogens
- include F,, Cl,, Bry, and I,. The interhalogens generally exist in four
stoichiometries: XY, XY,, XY, and XY, where X is the heavier halogen. A
few ternary compounds are also known, such as IFCI, and IF,Cl. Forthe
30  hexatomic series, only the fluorides are known. Preferred interhalogen

compounds for use in the present invention include, for example, ClBr, IBr, ICI,
- B1F, CIF, CIF,, BiF;, CIF;, IF;, and IF,. The halogen-generating compounds




abrasive slurry or in a fixed abrasi ve article. Typically, such abrasive
particles range in particle size (i.e., the largest di nengl &mnegX006he
particle) on average from about 10 nanoneters (nm to about 5000 nm and

nor e oft% /about 30 nmto about 1000 run. For preferred enbodi nents,
sui t abl WOBP, e harticles have an 10 average parti EFFUSY248504¢ apout 100
nmto about 300 nm Exanples of suitable abrasive particles include, but

are not limted, to, alumna (A120) silica (SiQ), ceria (CeR), titania
(Ti @), zi r dBAWIE Xekp.dRgFy SFaaiighiplides. ancdsomplexepich) withonganig Risesei oxi de

(Ta®2), and QipRiNg ¢ %eﬁﬁm@hﬂ@s}’g&ucﬁfo%@réﬁﬁ 013’%‘%3 l%rb es i ncl ude

al um na (A1203), si 14 ca (SIR), ceria and
zirconia (Zrd@‘)Eme Ww@mwwas,lems of abra5| ve partl cl es can be used if

desired. In certain ce with the Bresent i nvention,
preferably, a majori %{%&?9’?}? ?[%ﬁgf)fi@ %?'Cg%nﬁélfg\‘}% AP cles (eit her in an
abrasi veS sliogludes XeFj, BrzaCLJmeq a@nmsuptefeﬁedgrmhp()f halogerfdoafidimar ticl es. 20
The pl anari zation .co cl ydes _a hal ogep-containin conmpound and a
hali de sal t CHEPEIRIE ChrBuk e B ShlfesR GORHBIRE CHTPOPALPEY bod | such
conpounds f @pHa >ﬁ§ulap&c‘ga§ﬁrbdin felripbratuf¥. tﬁ’i@fé%ly”@@hr@%&ﬁﬁbﬁﬁaﬁ@@e limting,

it is believed that this species is the chem ca |y reactive speC| es that

assists in Tedisyused g the plangrization 0025’0%‘11?}? eYajoneeprghinptipnsol such

hal ogen- conthgl %Bﬂﬁ L'Pﬂﬁ hal ogens, the interhal ogens, and
hal ogen- generg Jflpn‘fgbﬂcon‘p%un uﬁd% he ogens include F2, Cl12, Br2, and 12.
The i nt & hal ogens gehefeadbi}ytheha]sgen-wntmumgmmjomhﬂ iopebant msthe XY, XY3, XY5,
and XY7, where X.is.the hea few ternary conpounds are al so
known, such SgEPySEpIn %W?‘E}é@etkﬁ%@gg‘ﬁ@ @%8%{%?5‘16“ ries, only the
fluorides ampgfiiiyin alPhabsk 5B gréHt@ﬁmﬂaBQQGO%%rﬁ@gh'ﬂ%seﬁ%htﬁbse in the
present invention include, for exanple, CBr, IBr, 1Cl, BrF, ClF, CF3,

BrF3, CWes5, tetplsveighiaf ‘th?Omm%wnaN@gwiefg@hléfr the helpeenwppiainings 9 21 June 2006
WO 03/ 060028, gﬁg%gggﬁmg ,;gﬁlgg Nﬁ%b%mn o Jghe hal i des, and

conpl exes of X or gani ¢ bases, suc erern EQ IS an organic
group, pref éﬂ%ﬂiyyweagln’;l ba@d®n dhegatal weightmi e, composmon
The halide salts can be inorganic salts (e.g., Nal, KCl, KBr, and
NH,F) or organic salts (e.g., Et,NBr, Me,NHC], and Me,NF). A preferred
. group of halide salts includes KBr, KCl, and NH,F. The halide salts are

typically solids at room temperature. Various combinations of such halogen-

20 containing compounds can be used.

Preferably, the halide salt is present in the composition in an
amount of at least about 0.1% by weight, and more preferably, in an amount of
no greater than about 50% by weight, based on the total weight of the
composition. Most preferably, the halide salt is present in the composition in an

25  amount of about 1% to about 10% by weight, based on the total weight of the
' composition. |

The halogen-containing compound(s) and hatide salt(s) are
typically dissolved in, although they may be dispersed in, a liquid medium in
the planarization composition. The liquid mediumlis typically water, although

30  organic liguids such as methanol, acetonitrile, acetone, glycols may be used,
particularly if used in a mixtore with water. Various combinatibns of liquids

| can be used if desired.
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di oxane, crown ethers, azacrowns, etc. A nore preferred group of

hal ogen- cont ai ni ng conpounds 5 includes XeF2, Br2, Cl12, andl iue2806pst
preferred group of hal ogen-containing conpounds includes XeF2 and Br2. The
hal ogen- cont ai ni ng conpounds may be solid, liquid, or gas at room

t enper aV@80%8=f er abl y, they are soluble in a |iqui BCTHEW4 used in the
pl anari zation conposition. Various conbinations of such hal ogen-contai ni ng
conpounds can be used. 10 Preferably, the hal ogen-containing conpound is
present in the congdbsradditivesicanhe mekvded asofellfor desitpshefigeinulfor0. 1% by wei ght
and nore

prefe | N - s 3 t. .about 50% by wei ght,
- based on t h& alﬁ%%g(}%&gcaﬁ@ﬁgwgbgg%%%c?:’t%ﬁf)&&k%snlt;@g?@?erabI y, the
hal ogen- contafaciang, chelatigprgnnts, i phagerasdfat catalysts emutdifigrgor bthan i n an anount of
about 1% to about 1 10%) %Fy\m h{, baﬁreﬁg on the tofal ilg]ht of the
conposi ti on SR 938 Pf Wsds pupfactali (e PORETYSH Sy OhpPyorEeylenena T ko, Ker,
and NHAF)  eiheldbGilpeopyRbE Slyéd) hn alsEbd N3 1o MpaddeGhitaving aMe4NF) . A preferred
group of halide salts includes KBr, KCI, and NH4F. The halide salts are

typi cal |y s#dpessiiighion: S¥bar pddiiegsanalipds, buyaieingt imitesipi thigkengide-8f such hal ogen-
20 cont ai ni pg REPWA : : ld-ge:salt is present
I n the conposition ﬁnw%ﬁﬁggzﬁg%ﬁﬂg&g’?mgt& ?Ldgfsu?fg}g?oaé%ﬁg.(éi%)cggﬁuvc\;i ght, and nore
pref er abl y, adidhsadim) aaciere aclesiradplf) rRyeferblyt tharonagweition B0S0dgyecnei ght, based on
the total wei,ght of the conposition. Mdst preferably, the halide salt is
present in PHECSHESS OB an 25 ampunt of about 1%to about 10% by

wei ght, 10based on t hefol edrain edtiogitienf the PRnark@RGOhiposiion ihtiades a
hal ogen- cont ai ni ng} conmpound(s) .and halide salt(s) are  typically dissolved

in, al t hougRaHEKOIFHsiFePattidese Fopetherpmbgdimegts; e FlapariFAlion,  t he

pl anar i zat i g RN csleAfhly IR of bk IR WrkR adpbe@lbey water, al though

30 organic |1 quids such as nethanol, acetonitrilé&, acetone, glycols may be

used, part intarfage ofia fixed abrasive article midthemerkpicchsumace Howeael, Bus conbi nat i ons
of liquids the @ attt eMiBS: m}er];ts,cliﬁg Iccgnetlgmpla%gd %zllt ﬁléjngﬁza%%g ?s accomplished

15 by one or both of the fixed abrasive article and/or abrasive particles that may be

removed from the fixed abrasive article at the fixed abrasive/surface interface in
-combination with the planarization composition. In any event, abrasive
particles are typically not present in the composition as initially applied, i.e.,
they are not supplied from a source externat to the polishing interface.

20 Preferably, a method in accordance with the present invention is
conducted at atmospheric pressure and at a temperature of about 40°F (about
4°C) to about 145°F (about 62°C), and more preferably at a temperature of
about 24°C to about 115°F (46°C). In many instances, however, it would be
desirable to maintain a temperature at or below ambient temperature during

25  planarization of metal with a fixed abrasive article. This is seldom practical in
slurry planarization (i.e., in a conventional planarization process in which the
planarization composition includes the abrasive particles) where a lower slurry
temperature likely results in poor dispersion of abrasive particles in the shury
composition during planarization. Accordingly, elevated temperatures are

30  typically utilized during sluiry planarization, although too high a temperature
could result in too low a concentration of oxidizing gas in the planarization

composition.

11




WO 03/ 060028. PCT/ US02/ 40504 Ot her additives can be included as well for
desired effects. For exanple, to enhance stability of a cdhpowi200on of the
present invention surfactants, chelating agents, phase transfer catalysts,
enmul sifiers, or other solvents can be used. Surfactants :

pol yet hOHRE8, col | pol yoxy ethyl ene 5 ether, or poIPQE’Fjé?}{i‘P%ﬁe gl ycol) can
al so be used to enhance wettability and reduce friction. OQther additives

i nclude, but are not_limted to, thickeners (e.g., CARBCPC]_% to achieve a
desired viscosity an¥angs peparirgtionpassppliceorgnits fixr gerfrminggestipdsal ts) to

achi eve a depihilehtbn £ LRI 8 LOTRASLYL GRS Blipaguppus, sof ution

of these conponents certain e zation

conposi ti on of thelpredey inventidnias desctieddh tmtanmmpaaylpgclmml 8sch For ot her

enbodi nents,,the El anar i ation af NPosi.t i n IS es IlaIJaéfree of abrasive
|

particles whER %rf?sé?imf 5° AR ?tFraF?:‘:g eﬁn?P 18BP%Yidve article and

t he wor kpi ed@edabrisi@euticiom\ Ry subitiate suffe®e kb tvaRs s@ﬁb@dﬂx pReLS, it is
contenpl ated that planarization is acco I|shed 15 one or both of the

fixed abr asiMABRE}: €ilo"alGTH PGV ORI PEGSTUES: §Her 19 %qhéeé’ephﬁﬁnzﬁw Be renoved from
the fixed alﬁfaﬁ&iiﬁﬁo@é&nﬁﬁbhﬁo@fst {intRtudR has s/ fidintcfe&, byra er face in

conbination"wth t ["anari za I on conposli tron. In any event abr asi ve
particles awenqt)yrpf refathq’dﬁ swedtas by depping, sprayihg ocoﬂhmbsp@nmg meank,it i al | y

pori shing | B Brroltk G Tupl el BROAS ol RS BABERAALC i 1 the present

I nventi th |ﬁ1trodﬁuntdneﬁxelcb1&‘ed at m)spherl C pressure and at a tenperature of
about 40F (about éli)out 145F g; bout 62C), and_nore preferably at a
tenperature of abo aﬂﬁ? Blanasiging mg @@&hmawdr’&w i%%&t ances, however,

it would bepl.gash f28RR! Ece{rﬂer@deﬂﬂ)@‘ tﬂat%cﬁlﬁl'%})ﬂu%fs&'e&@hﬂaer% sng IPmea”b' ent

t enperature dur| n&; pl anari zat'ion of netal wth a fix abrasive article.
This is sel e feek-i wafer) hipically usingsugtioanand axdrivie essexnblydo rotdie a convent i onal

pl anar zat | QMlyBre6Ead fe Wiehln ey b 30RELRAL LA SRIBGRBEHE", L1C) udes che

abrasi ve particles Wher & owWer y results in
poor di Eper ﬁnecmbsuhtealbrdasdurfngp&mﬁzah@s 'ers tcbﬂve&hmﬂa[ ;ﬂanammgom tion during
re 30 typically utilized

D 2o eeL B Sl oL ol L STReT oL e e a0t vpi o2l Ly i
in too | ow assemngam thébb}?dlhﬂg pa@XInteAdrAOine Rnartyidd RadBinNAE ugat | On
*to produce a planarization reaction product at the surface of a substrate whose
hardness is less than the hardness of the abrasive particles and whose adhesion
20 to the substrate is Jess than the original surface material; and to remove the
reaction product using the abrasive particles.

Typically, the polishing pads, with or without abrasive particles
e:hbedded therein, are disk-shaped and rotatable about a fixed plane and axis at
constant or variable speeds. Typically, the speed of rotation ranges from about

25  2revolutions per minute (rpm) to about 200 rpm.

Typically, a polishing pad is presoaked aﬁd continualliy rewet with
the planarization composition. If the polishing pad does not include abrasive
particles embedded therein, the planarization composition includes abrasive
particles, which is then referred to as an abrasive slurry. The planarization

30 composition may be applied to the interface between a polishing pad and a
substrate surface using a variety of techniques. For example, the component
- parts of the composition may be applied separately and mixed at the interface or

immediately before contacting the interface. The planarization composition can

12




conposition. 11 21 June 2006 WD 03/ 060028 PCTI US02/ 40504 Vari ous

pl anari zation assermblies or units for performng methods @& Jue@%avention
are readily available and are clearly contenplated by the scope of the
present_invention as described in the acconpanying clainms. Such

pl anar i V2% %®ssenbl i es can create an interface bet ReEHS%“}¥ti shing pad or
a 5 fixed abrasive article and the substrate surface (e.g., wafer surface)
i n various _manners, rotation, nmovenent, pressure, etc., to achieve

€.9g.,, ) s .
pl anari zat i A 2pphied By awapPipg # threyehdbmings Adtemativedy. thean basnplied #thooduced at or
near the i n§&H#3c8re dP¥hchad of, SHER . 4 &Pi ng, spraying,
or other di spengi ﬁgge nmea sa,’ or %%mgrggg%%?ﬂgda pofllégﬁﬁ%g%a , al though
ot her | ocat itherpanarizhiior corophsitioh adrossithe sunfdcscheingplaarizddewbiskes. 1 n a typi cal
pl anari zi ng jqachine, a polishing pad is fixed on a platen or table, a

carrier asseen%liayet hat includes a substrate holder to support the substrate
(e.g., whfer) typi camexpousﬁmgaa‘auaibml,yoadzidtxdﬁéty:f)fdiﬁam@haa to rot S;e
and/or reciprocate the platen and/or. a drive_asse y tqQ rotate and/or
translate 13019%%@%9@% HEPSROMARR f&iﬁYﬁﬁ#&“ﬁ%-a”‘ﬂ‘&YF%iW?%?%, _convent i onal
pl anari zi ng mapEaI bR 8s fouddiPank JR1AE! h@TlicAaSRsr cdpBBmieRl | shing pad, or
both the carrier assenbly and the polishing pad. In general, the

pl anar i zi ngPakteHpfosocidena.pelyprapyleps. polyetbylanep Pelitose. zellulesa reacti on product
at the surf SUDSHL A [ S| t e hardness of
t he abrasi vgﬁig)‘%&{‘ﬂla@?“zéé’ é‘%‘%ﬁ%ﬁ&gﬁﬁ%@eﬁ Bﬁg%gqngt%%’ﬁgg)é%% E% lg Is less than
t he ori il nakesiydiacEhepiichide,adbr examgle] Opolpnetimettased fomaniatednal, pr oduct usi ng
t he abrasive. partjcles. |.C , ,the polishi ads, with or wthout
abr asi ve pa?”thgr@%ig‘? Oéli‘i‘tféjl}épéjé@ ?fjﬁ;é‘%/%ﬁdﬁfﬁ&@%i%{}gﬁgﬁ%ﬂogm %8t abl e about a
fixed pl Qne“@ﬂ@s@ﬁo@aﬁm&%ﬁ&%ﬂﬂﬁ thepad @sistil sBppinifedary thimd cal |y, the speed
of rotation ranges from about 25 2 revol utlonédper mnute (rpm to about

[

200 rpm Typrdfuplesintesfageo | Thaneangngheds coavepos senaredeatirs, sdishicatial |y rewet with
B e O e
I ncl udek> abhaicestinuons grooves in concentric ellipses in the surface of the pad for

more uniform slurry delivery and more effective debris removal. Commercially

available polishing pads can be obtained under the trade designations "URIL,"

"Sycamore," and "Polytex" from Rodel, Phenix, AZ. Examples of polishing

-pads are also disclosed in U.S. Pat. No. 6,039,633 (Chopra).

20 In general, a fixed abrasive article 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. They are

described, for example, in U.S. Patent No. 5,692,950 (Rutherford, et al.) and

International Patent Publication WO 98/06541. Commercially available fixed

‘25 - abrasive articles can be obtained from Tokyo Sumitsu Kageki and Ebera
. Corporation, both of Japan, and Minnesota Mining and Manufacturing

Company (3M Company) of St. Panl, MN. An example of a préferred fixed

abrasive article is a ceria-based pad commercially available from 3M Company

under the trade designation ';SWR 159." Such fixed abrasive articles can be

30  used with a planarization composition as described herein with or without
abrasive particles in the planarization composition. |
It is highly desirable to have a high polishing rate (i.e., the rate at

which material is removed from the substrate) to reduce the duration of each

13




particles, which is then referred to as an abrasive slurry. The

pl anari zati on 30 conposition may be applied to the interfadbliedfeen a

pol i shi ng pad and a substrate surface using a variety of techniques. For
exanpl e conponent parts of the conposition nmay be a | ed separately
and mxgc?"ﬁ“{o?ﬁe interface or imediately before coﬁpm&ﬁ'ﬁ Mthe interface.
The pl anari zation conposition can 12 21 June 2006 WO 03/060028

PCT/ US02/ 40504 he a Ii d by punping it through the pad. Alternatively, it
can be appl iFRHE"E &‘Sgﬁﬁﬁh@géﬁﬁés%‘? eﬁ‘"‘h‘é(uﬁlzg‘&maﬁf{sﬁg‘ﬁéwsﬁﬁqeéo may not
provi de uni fragdmal ﬁﬁlfdnlagztﬁx@iar Rifacd @ef@ﬂaﬁls}%é é&}}shiﬂgrﬁé)imeﬁ&lk@n across the
surface being planariz i s desirabl he pol1shing pad can be
any of a wi d@P@ﬁﬂP@@WﬂI&!ﬁ:r@m@@hhf@ﬁﬁm Ai@@lnrdﬂabig, tb%@snanhatonare used with

abrasi ve sl Labgéd?ﬁsis C&t}&% ﬂm”on@% % ¥ om ‘Spoﬁfﬁte r% h‘llgfs pol yur et hane,

pol yester, acr 1 C 6T cdpo r uor oet hyl ene,
pol ypr op¥| ersey matariyleﬁ'dmyh pareculaa‘ehﬂfacbghae Iﬂﬂlﬂ}I WManﬁﬁbIEdS}&le pol am des,
pol yi m des, il oxa ca bo Qxi des enolic 10 resins,
etc. They i r’l@ﬁ’ﬁé‘ CYC @%Qﬁ’@?ﬁ‘fgﬂ@lﬁﬁ%ﬁé F m materi al ,

wherein the tﬁpa@ﬂyﬁﬁioknea\@yh@@bl&ﬁ&a@@ﬁl@dn%dcessﬁ@mﬁ|ab1¢a§1vé eaction products
at the wafer surface and the pores within the pad assist in supplying

slurry to tmaticksarenatused nterface. They can include convex or concave

features, which can rloedah BRAidh AEPTSHAM0PH hOREHRA dfGhe'. FOr exanple,

a pollshlng pad can 15 ffave®conti nuous grooves I'n concentric ellipses in
t he surl@ce imentidve Higuge A illustiaeseone pofion of & valier 10 et ko/plpyariaatibnnor e ef f ecti ve

debri s renoval mrer.ci.al | avai abI pol.i shin ad can be obt ai ned
under the t P Orgog%oeévﬁéttﬁoq{ésemlﬁﬁn ﬁ?ﬂ Oglﬁ I“dlg?)"f‘yt ex" from Rodel ,
Pheni x, : sﬁ)‘s&ﬁfﬁh@s‘émﬁlfy mqalmﬁ@a paterRadfeliR 18kf 15 fhied @&8h.i n U. S. Pat. No.
6, 039, 633 (Chaopra). 20 gener al a fixed abrasive article includes a

plurality ofsu%lbff'ﬁaé‘ievléddﬁ?@?@?@@sﬁﬁ%h@ﬁ@é@ avarishrrisiertweer that forns a
three-di W”%hﬁﬁ@ﬁhﬂ}é&ﬁﬂcn@ £tﬁr%iu¥ee THe! gﬁ%ﬁ@dcﬁéi@&ndlﬁ e{?q@@% to one surface of

a backing materi al are descri exa n U S. Patent No.
5, 692, 950 ( fermaed pf anydnatmal ikt provides eleciricalrisdation heiiweBlametat reflotd i cat i on WO
98/ 06541. c.g., sﬂcéo%ldk&fmﬁ‘avs%c!o%%h%dg, of ﬁgSG). An electrode layer 19 is then
- formed over the substrate assembly 12 and the patterned dielectric layer 16.
The electrode layer 19 may be platinum or any other suitable conductive second
or third row Group VHIB or Group IB metal-containing material. Generally,
20 as shown in Figure 1A, the nonplanar upper surface 13 of electrode layer 19 is
subjected to planarization or other processing in accordance with the present
invention. The resulting wafer 10, as shown in Figure 1B, includes an upper
surface 17 planarized such that the thickness of the wafer 10 is substantially
uniform across the entire wafer 10 so that the wafer now includes electrically
25  conducting regions 14 isolated within the patterned dielectric material 16
forming a capacitor structure,
Figure 1 is shown only to illustrate a surface having
nonuniformities, such as height differences, in the fabrication of semiconductor
devices. The present invention is not limited to wse with nonplanar surfaces.
30  Tbe present invention is also beneficial for use with substantially planar
surfaces. For example, the methods in accordance with the presént invention is
~ beneficial during the whole planarization process, even at the end of the process

‘when the surface being planarized is in a substantially planar state.
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25 abrasive articles can be obtained from Tokyo Sum tsu Kageki and Ebera
Corporation, both of Japan, and M nnesota M ni ng and Manuf &t 39§6 Conpany
(3M Conpany) of St. Paul, MN. An exanple of a preferred fixed abrasive
article is a ceria-based pad cormmercially available from 3M Conpany under
the tra¥® Ge%nati on "SWR 159." Such fixed abrasi ve PRIAUSE4@¥4can be 30
used with a planarization conposition as described herein with or w thout
abrasive particles in the planarization conposition. It is highly desirable
to have a high poli s’ﬁh%@llﬁme{tﬁm@@zsOﬁﬁ@dﬁgﬁéh%ﬁﬂlusmeéhﬁm@@ri al is renoved

fromthe su : ] f e 2006 WO
03/ 060028 P %Jb%%%}if%%%rz&%@%%‘%@ﬁs%é %If}t“?@e %5‘?"321 t?egﬁllg%rétg‘?mét eis

pref erabl y thewkwnrrthatanany yardiensandsuadificetions mayibe thade whilereivamingl y pl anar
surface. Pref.garahl th alishing rate is controlled to provide accurate,
e Yeort W B Bropl il

repr oduci bl e re Py, the planarization process is
carried dut in one cycle (i.e., one step). That is, for the renoval of 5
any material froma particular surface, there is only one planarization
cycle wthout any intervening ri | es. This planarization process is

then typically fol | guadshinicwiQst fbhaRatieaithitie G bBARtMyRF&SS i N which
abr asi ve partlgl es are not used. The figures provide further information

about the meAbAPf amtieied platigun metabt Sayatal Prajioneon thesample wemst es one portion
of a wafer #:eaﬂfré or g&e@?ﬁﬁﬁ{c%‘[é@ﬁf'&ﬂﬂ 1&1]1%&,‘3&%%%@{‘&0 ci%iééth%he present
r S &

I nventi on. e warer portion I'nc es a u ra sénbly 12 having a
pat t er né@l - dingstad diickness|taykershéebrebiotaned A dharewss. preparedibyadgitod e ned di el ectric

| ayer 16 can Jpe used in_a variety of structures ticul a capacitor
structure. %“b&?ﬁ@r(%ﬂmﬁfr@‘i%@@?‘ﬁ?@ qg@&@&iﬁaﬁmg&rﬁjﬁ &f of any
mat eri al thqmmapmheiﬁéamoe,qﬁmmée,m{égsgéﬁﬂomédwémmﬂ regions (e.g.,

silicon dioxide, silicon nitride, or ). An el ectrodé layer 19 is then
for med over comainfgrdiQ.as the abrging | Thespmpla as fisedyathearriedonirel ectric | ayer

16. The el %Eﬁlglganklﬁ& a@g ] r ui tabl e
conductive Secon or ?Mgelirgg%‘v ‘8’84p€‘{‘)F‘Flﬁl‘i§“%rR°géyo%°§h@ %%t al - cont ai ni ng
mat eri ald Gaper whicly sevefd mfliktswi the prephgd slerry Aas ddded.nPoljshiag ams upper surface
13 of electrode.layer 19 is )
: cartied outusing 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 yielded a

calculated estimate of 900 A of film removed (or a removal rate of

20  approximately 450 A per minute). By comparison, the same slurry without the
added halogen and halide salt yielded little change in the sheet resistance of a
similar sample, and caused only scratches and some areas of film delaminated

from the substrate,

25 The foregoing detailed description and example have been given
for clarity of understanding only. No unnecessary limitations are to be
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

30  above focused on planarization of semiconductor-based substrates, the
compositions and methods of the invention are also applicable to, for example,
polishing glasses and contact lenses, as one of many other possible applications.

The complete disclosures of all patents, patent documents, and publications
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subj ected to planarization or other processing in accordance with the
present invention. The resulting wafer 10, as shown in Fi glfenc®06i ncl udes
an upper surface 17 planarized such that the thickness of the wafer 10 is
substanti al | uniformacross the entire wafer 10 so _that the wafer now

i ncl ude@%’?’@%?’t”i cally 25 conducting regions 14 isol aPEHURHH t he
patterned dielectric material 16 formng a capacitor structure. Figure 1

i s shown onbg %8 iJlustrate a surface hayiqgwynonunlfornities, such as

hei ght di f f SPEHETE A ineqrporpted by relerangs, apH eadnvee idividuglly devi ces. The
present i nvaitbipdfitddbyteferehddri t€d to use with nonplanar surfaces. 30 The
present invention is also beneficial for use with substantially planar
surfaces. For exanple, the nethods in accordance with the present invention
is beneficial during the whole planarization process, even at the end of
the process when the surface being planarized is in a substantially planar
state. 14 21 June 2006 WO 03/060028 PCT/ US02/ 40504 The foll owm ng exanple is
offered to further illustrate the various specific and preferred

enbodi nents and techniques. It should be understood, however, that many
variations and nodifications may be nmade while remaining wthin the scope
of the present invention. 5 Exanple A test sanple was cut froma wafer
containing a bl anket |ayer of 2700 A of sputtered platinumnetal. Several

| ocations on the sanple were neasured for sheet resistance before any
polishing, directly correlating the 10 netal thickness to the sheet
resistance. A slurry was prepared by addition of 0.2 niL of Br2 _
(Mal l'i nckrodt Specialty Chem cals, Paris, KY) and 0.43 g of KBr (Aldrich
Chem cal Co., MI|waukee, W) to 30 nL of Rodel CWP slurry containing Al1203
as the abrasive. The sanple was fixed to the carrier on a Beuhler M ninet
1000 polisher and was polished on a Rodel polishing pad 15 upon which
several mlliliters of the prepared slurry was added. Polishing was

carried out using a pressure of 15 pounds and a speed of 50 revolutions per
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mnute (rpm. After 2 mnutes the sanple was rinsed and dried, and the
sheet resistance measured again. The higher sheet resistadtéuneddies
yielded a calculated estimate of 900 A of filmrenoved (or a renoval rate
of 20 approximately 450 A per mnute). By conparison, the same slurry
wi t hout the ad@&imfial ogen and halide salt yielded little change in the
sheet resistance.of a . simlasr.sanple, and caused only scratches and sone
ar ek of%@?’?ﬁ%"‘%&q cforqprnglrﬁsgfahe substrate. 25 The foregoi ng detail ed
description ppduexngRlmetiistdtdsiap sgifserof £ aibsthwnb interfdceunder st andi ng onl y.
No unnecessary |imtations are to be _understood_therefrom The invention
~is not | wathrapplishingsarfaces pthegsdr Hiey amn ®ribed, for variations
obvi ous {0 e | | .4t | ' Wigid N the invention
defi ned B?/ngﬁsees%:&g%&rrlg&léf%d fg@éyp%%ﬁ%%?ﬁsqr%&%&ejg%uippt ion 30 above focused
-on pl anagpietAtd GrouplIBsaail and acombidation thagedfst r at es, the conpositions and
met hods of -the invention are also appli.cable to, for exanple, polishing
gl asses and SHIPEBE 2 PHREHZAORLOFIROS nﬁﬁﬂi’ﬁoﬂfrﬂg’rtoﬁ%%i bl e applications.
The conpl et egjg%%o es of all patents, patent docunents, and publications

15 21 June 2 [ /060025 PCT/ US02/ 40504 |isted herein are incorporated
by ref er enceplaasizifg dechbstaatesutfadeyi dual |y incorporated by reference. 16
21 June 2006 Clains: .1 A planarization nethod | sing. positioning a
‘net al - cont ai Wp?f@msn‘?}PPéﬂ?@"ﬁﬁmg COHROPHRP ST R %ﬁ%ggée“ with a polishing
surface, wheLghfipinhe netal -containing surface conprises a netal selected
fromthe group conSisting of a Goup VIII.B netal, a Goup IB netal, and a

cormbi natl, Afhlt SN iie HRRINK I BpdhiA) iveRk! A WEAURR/ Haiogdh- doftafdia@X| M LY 1O
compound is selected from the group consisting of a halogen; an interhalogen; a halogen-

generating compound selected from the group consisting of Xek, HgF,, SF, alkyl halides, and

complexes of halogen with organic bases; and combinations thereof.

2.  The method of claim 1 wherein the metal-containing surface of the
substrate comprises a metal selected from the group consisting of a Group
- VIIB metal, a Group IB metal, and a combination thereof, which is in

elemental form or an alloy thereof.

3. - The method of claim 1 wherein the metal-containing surface of the
substrate comprises a metal selected from the group consisting of a Group
* VIIIB second row metal, a Group VIIB third row metal, a Group 1B

second row metal, a Group IB third row metal, and a combination thereof.
4.  The method of claim 3 wherein the metal-containing surface of the
~ substrate comprises a metal selected from the group consisting of Rh, Pd,

- Pt, Ir, and Ru.

- 5. The method of claim 4 wherein the metal-containing surface comprises

elemental platinum,
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pl.anari zing the substrate surface; wherein the planarization conposition
conpri ses a hal ogen- containing conpound and a hal i de sal t 21 ficc90@r e
separately delivered; and wherein the hal ogen-containing conpound is

- selected fromthe group consisting of a hal ogen; an interhal ogen; a

hal ogen- generating conpound sel ected fromthe group consisting of XeF2,
HgF2, SF4 & kylTheanethed of glapm 1 vehaseintlaasmetal ispressahingnam@myafaboubases; and

conbi nations t° ra@'(%;ﬁ, [%méﬂ od of claiml| wherein the netal - containing
surface of the%su stc ate (t:lgrrrip?nﬂ‘ralk%es a netal selected fromthe group
consisting of a Goup VIIIB netal, a Goup IB netal, and a conbi nati on

t her eof , ich.ds i I ntal formor an al|loy thereof. 3. The nethod of
claim| whérei Prl-hf’ﬁéewgqeq %?éﬁ%‘ﬂ@ sfEate iya sefucondyglor substrateonpri ses a
netal sel ect edof stiFtbfeGs&inilp. consi sting of a Goup VIIIB second row
netal, a Goup VII'IB third row netal, a Goup IB second row netal, a G oup
IB third row netal, and a conbination thereof. 4. The nethod of claim3

wherein thg ne - cant ai Nk N urface,of the suhstrate .conprises a netal

sel ected fFom ?ﬁ%nﬁc&b‘)ﬁ%&%ﬁ& gfvﬁlﬁﬁnbgmﬁﬁhgﬂﬂgs"%cﬂcf’fn&ﬁ' ' The method of
cl-ai m-4 wherei Iishﬁld”ﬁd&inaftﬁél Rinfidi e 3 i Jugﬁgq; | platinum
17 21 June 2006 6. The et hodpof cl a?%@?ﬁ%hggﬁlg?g&? lZﬁm;itlgl K g?esent in an
amount of abowRbrBRvepEHElespercent or nore. 7. The nethod of claim 1 wherein
the substrate iis a sem conductor substrate or substrate assenbly. 8. The
met hod of claim 1 wherein the polishing surface conprises a polishing pad
and t he .pImnammwmi]twmhmﬁw@&igoﬁégteﬁ.l ity of abrasive
particles. 9. The nethod of claimI| which is carried out in one step. 10.
The method of claim| wherein the hal ogen containing conpound is sel ected
fromthe group consisting of F2, Cl2, Br2, 12, CIBr, IBr, 1C, BrF,

16. The method of claim 1 wherein the halogen containing compound is
selected from the group consisting of F,, Cl,, Br,, I, CIBr, IBr, ICI, BrF,
CIF, CIB;, BiF,, CIE;, IF;, IF,, XeF,, HgF,, SF,, alkyl halides, and

complexes of halogen with organic bases, and combinations thereof.
1i. - The method of claim 1 wherein the halide salt is an inorganic salt.

- 12, The method of claim 11 wherein the organic halide salt is selected from
the group consisting of Nal, KCl, KBr, NH,F, and combinations thereof.

* 13 - The method of claim 1 wherein the halide salt is an organic salt.

14.  The method of claim 13 wherein the organic salt is-selected from the
group consisting of Et,NBr, Me,NHCI, Me,NF, and combinations thereof.

~ 15. The method of claim 1 wherein the halogen-containing compound is

i present in the planarization composition.in an amount of at least about
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CIF, CIF3, BrF31 CIF5, IF5, |Fi, XeF2, HgF2, SF4, alkyl halides, and
conpl exes of hal ogen with organic bases, and conbinati ons 2h&med0061 j. The
met hod of claiml wherein the halide salt is an inorganic salt. 12. The

met hod of claim vgﬂgf ' f ic.halide salt is selected fromthe
group consi sti ngo%?a &?fgﬁé&?ﬁ%}ﬂﬁ = 1S presepbinghe Blepaigtioner eof . 13 The
met hod of cl ai mmrnmm&nhhmﬁwhiéﬁtﬂ%iai&tmg@?)?%i (Sal't 14. The nethod
of claim 13 wherein the organic salt is-selecte omThe group consisting
of Et4NBr, Me3NHCI, Me4NF, and conbi nations thereof. 15. The net hod. of
claiml wher gsnTHRGRABLP = C und is. resent in the

pl anari zati on corrpg:gi t oﬁﬁgﬁgt‘gﬂﬁ%ﬁ?hco&@%qgeﬁlﬁcﬁ nseg agikedune 2006
0.1% by wei ght &abrasivherticdé.i de salt is present in the planarization
conposition in an anount of at |east about 0.1% by weight. 16. The net hod
of claiml wherein the polishing surface conprises a fixed abrasive

article. 17.1A R'p@:ﬂﬁﬁ%’@ﬂ od.conprising: providing a sem conductor
substrate or substrate 'as‘s“gﬁ‘SF‘;&n neludi ng at | east one region of a

- platinum cont ai ni ng PiRYifingsa semicondudtangubsted osdubgats wisba®gi  pProvi ding a

pl anari zation G it t an interface between the _at |'east one region
of platinumcon g@ﬁiﬁfﬁétg%is?%cemﬁwﬂ ﬁé’?‘ﬂm‘ﬁ%‘ﬁﬂﬁmw; and pl anari zi ng

the at |east one regrovidaig PpalishitsBue@ptai ni ng surface; wherein the
pl anarization conposition conpriseés a hal ogen cont ai ni ng conmpound and a
hal i de salt, which &revidmga plardrzation compestiomnthninerBeebithech dhogen-

cont ai ni ng corrgpté%gd' 3 s%.f romthe group consisting of a hal ogen; an.
i nt er hal ogen; a  hal ggér‘éélgr% EPYE-ceone sudueanddhe pelshinghe gr oup
consi sti ng XeFSifddgfFzand SF4, al kyl halides, and conpl exes of -hal ogen with
organi ¢ bases; and conbinati ons thereof. '18. The nmethod of claim 17 wherein
the platinum cont ai Rl4ariane the lesst ofrercgiomasftplatimns-comainGRSsubfaasi num i n
el emental form - 19. MRt hed of claim 17 _wherein_the platinumis present
‘n an wﬁQx%lﬂrﬁlcrb(_fanauzanon composxtwn COmprises ahglogcn- P

containing compound and a halide salt , which are separately delivered; and wherein the halogen-

containing compound is selected from the group consisting of a halogen; an interhalogen; a

haloger_l generating compound selected from the group consisting XeF;, HgF,, SF,, alkyl

halides, and complexes of halogen with organic bases; and combinations thereof,

18, Themethod of claim 17 wherein the platinum-containing surface of the

substrate comprises platinum in elemental form.

19.  The method of claim 17 wherein the platinum is present in an

amount of about 50 atomic percent or more.

20. The method of claim 17 wherein the semiconductor substrate or substrate

assembly is a silicon wafer,
21.  The method of claim 17 wherein the polishing surface comprises a

polishing pad and the planarization composition comprises a plurality of abrasive
particles. ' '
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anount of about 50 atom c percent or nore. 20. The nmethod of claim 17
wherein the sem conductor substrate or substrate assenbly2ilduze Zi06i con
wafer. 2 Tgﬁ'] ne&lpﬁdf f, CL?ai m 17 wherein the polishing surface conprises a
pol i shi ntpad "SAEUPH & GHBnk Vit Brhaesspoiainipgcasprndiisislectad fipmihel i ty of
abrasive pargrduplcasistidgdf B ChUBe L,200%, B ICLIBE, 0Bt hod of claim 17 wherein the
hal ogen-cont ai ni ng conpound is selected fromthe group consisting of F2,
Cl2, Br2, |2,CIG BF, CIFBIE, I,Cleh, WBIF; SF, Gl halidead Br F3, CLF511 F5, [ F7, XeF2,
HgF2, SF4, al kyl halides, and conpl exes of hal ogen with organic bases, and
conbi nat i ons ctigexeodt haRgen witherga®it beg, 9 cohihaibnk thevdder ein the halide salt is
ani norganic salt. 24. The nethod of claim, 23 wherein the inorganic halide
salt is selected from the group consisting of Nal, KCI, KBr, NH4F and
conbi natZBons Theedod of2bim Thwhamt thebhlidé salt lisain flodgdnivker ei n t he halide salt is
an organic salt. 26. The nethod of claim25 wherein the organic salt is
selected fromthe group consisting of Et4NBr, M NHCI, MA4NF, and

conbi nat24onsThe @ieod . of2 daiml N@23Noh&ad BF &bid® Wiidhei€icn shfd from
hal ogen- cont aj ni ng conmpound i s resent in the planarization conposition in

an anount of SsuEsesisinge{Nal KL KBy, N¥Faed egtabinations thdwof.hal i de salt is present
in the planarizatjion 20 conposition in an anount of at |east about 0. 1 %
by wei git-, 28he orefodipf elpimg] Tovhersingherhalide splhis prrganidselt. pol i shi ng sur f ace
conprises a fixed abrasive article. 29. A planarization nmethod conpri sing:
positioning a netal -containing surface of a substrate to interface with a
pol i shi Ay surf aths methetl ef claitch 5 meterdin therdr@ihioi salg i sERE BoORP iogeS a net al

sel ect ed t@n&% g{ Clcongksti ng . of . a Goup VHB netal, a Goup IB
metal , ARG frats Vbt combpgionsbetepla pl anari zati on conposition in
proximty to the interface; and planarizing the substrate surface; wherein
the plaparization conposition conprises:
27.  The method of claim 17 wherein the halogen-containing compound is
present in the planarization composition in an amount of at least about
01 % by weight and the halide salt is present in the planarization‘

20 composition in an amount of at least about 0. 1 % by weight,
28. The method of claim 17 wherein the polishing surface comprises a fixed abrasive  article.

29. A planarization method comprising:
positioning a metal-containing surface of a substrate to interface with a polishing
surface, wherein the metal-containing surface comprises a metal selected from the
group consisting of a Group VIHIB metal, a Group IB metal, and a combination
thereof; |
supplying a planarization composition in proxirnity to the

interface; and
* planarizing the substrate surface;

wherein the planarization composition comprises:
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20. 21 June 2006 a hal ogen-contai ning conpound sel ected fromthe group
consisting of F2, Cl2, Br2, 12, CIBr, IBr, IC, BrF, ClF,ZIjunﬁﬂogﬁFS,
CIF5, IFS, 1F7,XeF2, HgF2, SF4, alkyl halides, and conpl exes of hal ogen

wi th organic bases, and conbinations thereof; and a halide salt selected

fromthe group consisting Nal, KCI., KBr HA Et 4NBr, Me3NHC1, Me4NF,

and conbi nati ons thereof.a%@E“ﬁﬁgqﬁﬁﬁﬁﬂ?QWd%#%Fﬁ#?@ 8W€FH”$%S§

hal ogen- cont ai ni ng coRpOLMBY, L,SCIRY, BSA0L BINCIKEF) 87 |G Ak, T XeR/mesi tion in

~an anount of about 1% to about 10@6b¥ wei ght 31. The nethod of claim 29
wherein the halide saife afkl hekdes.cand complaxpreot hrlegen with enghrimbasongud serbhimtionsi n an

anount of about 1% t qpgabpuhg 10% by wei ght. 32. A planarization method

conprising. providing a sem conductor substrate or substrate assenbly
including at |east one raglidasalbfelestediram thegoucorsistitgnimgl KGLf ace; provi di ng
a polishing surface; I g I Ie Z:ad | Lid at an interface
be?meen thg at | east %ﬁé&ﬁ%ﬂﬁ%ﬁ%g%’p afvcuﬁ?%%ﬁ%%%ﬁ%ﬁgééﬁ$face and the
polishing surface; and planarizing the at |east one region of

pl ati num cont ai ni ng surface; wherein the planarization conposition
conprises: a hal ogen-contai ning conpound sel ected fromthe group consisting

of  F2, 3612, TiBméthodlef claitd B wherdi the heidgen-Bhfainingddmpotddid, BrF3, CIF5, IF5, 1F7,
XeF2, HgF2, SF4, alkyl halides, and conpl exes of hal ogen with organic

bases, and Rsebi ffat onseneliglienf compagitioa Hal iedle amaunt ¢8| awpedl®r & t he group
consi sting 0 1 KBr, NHAF, Et4NBr, Me3NHCI, Me4NF, and conbi nati ons
t her eof . Zlqé?k?%&gyg%%% 33. The nethod of claim 32 wherein the

" hal ogen-cont ai ni ng conpound is present in the planarization conposition in

an f % 9 i ght.. C
an amou r?itl ° Thgjl r%gtﬂéd o]f cla%:rE 89 w%greoig tthc gh{?e EXH i\évgresgenttin the planarization composition

\

~ in an amount of about 1% to about 10% by weight.

32 A planarization method comprising:
providing a semiconductor substrate or substrate assembly including at
least one region of 2 platinnm-containing surface;
providiﬂg 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 halogen-containing compound selected from the group consisting of
F,, Cly, B, 1y, ClBr, IBr, IC, BiF, C1F, C1F,, BiF,, C1Fs, IFs, IF,, Xek,, HgF,
SF,, alkyl halides, and complexes of halogen with organic bases, and
combinations thereof, and
' a halide salt selected from the group consisting of Nal, KCI,
KBr, NH/F, Et,NBr, Me;NHCI, Me,NF, and combinations thereof.
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34. The nethod of claim 32 wherein the halide salt is present in the

pl anari zati on conposition in an anount of about 1%to aboul 1Ws2806wei ght .
.35. A planarization method for use in formng an interconnect, the nethod
conprising: providing a sem conductor substrate or substrate assenbly

havi ng, t l.ectric | r forned there and a netal -contai ning
| ayer orng%nﬁ@gﬁ%{%%gﬁgtterngﬁﬁ%ﬁg$ﬁ%g??%gggwgwllﬂherein t he

met al - contamwmmgﬂhdmyennnownmmeamxﬂnmBmQMmséM@nIEMKﬁron1the group

consi sting @f.fodd0KBa VI | DB netal, a Group | B netal, and a conbination

t hereof; positioning %lflrst portlon of a polishing surface for contact
wth the netal -contai ning |ayer; providing a planarization conposition in
pr oxi m4 Y thOmdild o f@ﬁaaﬂm SRR, LS ARG} N0 surface and the

nmet al -contai ning | ayer anar|2|ng t net al - contai ning | ayer;

wher ei n th@l@bﬂﬁ&ﬁlloﬁxﬁlbdsmmmaﬁﬁm&hﬁb@Bo&deSﬁSO%H?&}efgglen- cont ai ni ng
conpound and a halide salt , which are separately delivered; and wherein
t he hal ogen-cont ai ni ng conpound is selected fromthe group consisting of a
hal ogesx, aqthhﬁﬁg%hogaﬁmi@Ih@koge%ﬂma EHQ% meUngmeael ected fromthe
group consi sting of XeF2, HgF2, SF4, a kyI 1 des, and conpl exes of

hal ogenmpiiditg: or gani ¢ bases and conbi nati ons thereof The nmet hod of claim

35 wherein the ollshlng surf ce con ri ses a polishin and the

pl anari zati on @§WEH§ 105 o &b dFaF]g?m%faﬁﬁggg g@“%%rtlcles 37.
The net hod aOfpatféh@!inHigfécﬂ/i@el% N fdriled NBdQGe Rnd 0Nt AL dAftafmH wad is selected
fromthe group consisting ofF2, Cl12, Br2, 12i dBr, M, BrF, 22 21
June 2006 @rmed1¢ar e Fpatteapdsdiclopdc laper, Wesfein I—@FZmCQF@ntaeﬂlIIgyl hal i des,
and conpl exes of hal ogen 98, ni c.bases, and conbina ons t hereof . 38.
The net hod‘?‘%'?r SParm s \/I\?legrime?e?ec&eﬂe B 1B BSW} (copusiDg |t1nort§' anfc salt. 39.
The met hod of Mm%&ﬁ,ameﬁ@m&@@ndmmﬁﬁiﬁoﬁm%ﬂ de salt is selected from
the group consisting of Nal, KC, KBr, NH4F and conbi nations thereof. 40.
The method of cl-ai mP@HioRRSEIT PeRien ohp pelishiag Furfapes fos gomsacy ith dhes al ¢ .

metal-containing layer;

providing a planarization composition in proximity to the contact
between the polishing surface and the metal-containing layer, and
planarizing the metal-containing layer;
wherein the planarization composition comprises a halogen-
containing compound and a halide salt , which are separately delivered;
and wherein the halogen-containing compound is selected from the group
consisting of a halogen; an interhalogen; a halogen-generating compound
 selected from the group consisting of XeF,, HgF,, SF,, alkyl halides, and

complexes of halogen with organic bases, and combinations thereof.

-36. . The method of claim 35 wherein the polishing surface comprises a
polishing pad and the planarization composition comprises a plurality of abrasive particles.

37. The method of claim 35 wherein the halogen-containing compound is
selected from the group consisting of F,, C1,, Bry, I, CIBr, IBr, ICI, BrF,
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41. The nethod of claim40 wherein the organic salt is selected fromthe
group consisting of Et4NBr, Me3NHCI, Me4NF, and conbi nati oAbJenee086f. 42.
The net hod of clainms 35 wherein the hal ogen-contai ning conpound is present
in the planarization conposition in an anmount of at |east about 0.1% by

wei ght. 43. The net hod of claim42 wherein the hal ogen-contai ni ng conpound
is present in the planarization conposition in an anount of about 1%to
about 10% by weight. The nethod of claim 35 wherein the halide salt is
present in the plHhaHsBECHn BdRpedh HelbSE, dobklidesrmdnt of at | east about

0.1 % by wei ght . 4GmpidiakoHRbRAGiRbrolicl: 4 WhBhSids higehal | de salt is

present in the planarization conposition in an anpbunt of about 1% to about
10% by wei ght. 46. The nmethod of claim 37 wherein the polishing surface

compri sessa. T irkEHemdRh Ak 85 Shddif b nafl e HiRNBGIAGH T 9N et hod for use |n
form ng an interconnect, the method conpri sing: June 2006 providing a
sem conduct or substrate or substrate assenbly having a patterned

dielectri,g | r _for thereon .and.a netal-contaiping. |ayer formed over
the patt gg'ned |18?t€°&%?%8% g%/%’ creif) 1R irorsanif Fralide sty S-e@?}ﬁ?%‘?% §OUP ayer
conprises a nehakting 614,K8Y, KB0M 8 HndsRisGehskst i Ng of a Goup VIIIB

netal, a Goup |B netal, and a conbi nation thereof; positioning a first
portion of a polishing surface for contact with the netal -containing

| ayer, provi din | anari,zation,c osjition in proximty to the contact
bet ween tTe gic’)F?%Eﬁ‘u"ﬁ&ﬁ’gaﬂ?Péé’ﬁe% eﬁ%@“ﬁ%?&‘?‘-"’%&?ni ng layer, and
pl anari zing the netal -containing |ayer, wherein the planarization

conposi tion conprises: a hal ogen-containing conpound sel ected fromthe
group cthsi stiemepthefl ofchimGpmhemingthe grganiel sBit 1s s¢l8ted flo@ithe Br F, CIF, O ?,, BrF3,

CIF5, IF5, IE XeE F4 |..hal j des, .and, conpl exes of hal ogen
with organic %délg 8%”,5%%3559]5@%'1 n%%k@eﬂlﬁ;?gﬁf’?lg%m thercof

42. The method of claims 35 wherein the halogen-containing compound is
present in the planarization composition in an amount of at least about

0.1% by weight.

43.The method of claim 42 wherein the halogencontaining compound is
present in the planarization composition in an amount of about 1% to

about 10% by weight.

- 44, Themethod of claim 35 wherein the halide salt is present in the

planarization composition in an amount of at least about 0.1% by weight.
- 45. . The method of claim 44 wherein the halide salt is present in the

. planarization composition in an amount of about 1% to about 10% by weight.

46. The method of claim 37 wherein the polishing surface comprises a fixed

abrasive article.

47. A planarization method for use in forming an interconnect, the method comprising;
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a halide salt selected fromthe group consisting of Nal, KC, KBr, NH4F,
Et 4NBr, Me, NHCI, Me4NF, and conbinations thereof. 4g. A pRhhenci2086i on

met hod conprising: po Hd?ﬂg ng a netal -containing surface of a substrate to
interface with a poli®&ning s SOFPEERIGHSPRItRIG orsubsitale assemblyibaving sur f ace
conpri ses a net apaehrdididedrio Byt ISt f -2 Group VAI B
metal, a Goup IB nejal, and amg%n%rﬁgc?:%mergy%%ﬁlﬂnﬁdaﬁ

pl anari zation ¢ Vs theinzttpmedidiglestrie tayeh evhierdiediban@al-conthinig anar i zi ng

t he substrate sy ' j rizati on copposition conprises a
hal ogen- cont ai ni njcag%]r.}%fg%ﬁg ARh %Fecﬁ‘léf‘f;?a}&“i"aﬁl?“ﬂ\f‘ft%l A8 °bRGFPER t hat t he
pl anari zati on cdféBsh@thba(ﬂoqsIBlﬂictdlmﬂd%nﬂﬁﬁﬁﬁn‘{ﬁemﬁa”i cles. 24 21 June
2006 49. A planarization nmethad conprising:. providi ng a sem conduct or
substrate or substr a%s’ﬁ'%‘g’égrﬁ tiﬂ?gﬁ?m?ﬁ'\fgp%hmagtfawfercmm@mﬁﬂnf a

pl ati num cont ai ﬂieﬁma%%ﬁhgmygyi ding a polishing surface; providing a

pl anarization conposition at™an I'nterface between the at |east one region
of pl ati num cont ai ni r@fomlfgeﬂcﬂamikaﬂoacpﬂdpbﬁﬁbmﬂqﬁﬂﬂ]ﬁgﬂb tA&odth@nari zi ng

the at |east ong [ fpl ati num cont ai ni ng surface;” wherein the
pl anari zati on %%%%@?B%@W@&aad%%dwmmmmm apdrmpound and a

halide salt, with tmﬁﬁﬁk%ﬁeﬁ—c&fﬁiﬂﬁﬁ rl zation conposition does not
anari’z

include abrasive particles. So. Ap fon method for use in formng

an i nterconnect, th@’m@&m@apm&m@nmmnid&njﬁs&;sem conduct or

substrate or substrate. aﬁﬁ’%nb*l%; havi ng a patterned dielectric |ayer formed
RYCPapEpng compaungselected Sogutheggronpl  di el ectric

t hereon and a netal -confal”

| ayer, wherein the corsitingonrRicy | Ay, i ected from

the group consisting of % G“‘&?z{?%%%{éﬁ%d@%ﬂm%, and a

conbi nation ther eof?ﬂisd?,_tfﬁo?ﬁeﬁgﬁgﬂzi $E{, alhgl hdlides, ahd 2oR@ldxeS b0 - Raldgtace for
contact with the % an ai niggq]l(g%e,r, _providing a planarization

conposi tion in proxim ¥ s ogd tihtHrbmpgnsdhereefhand pol i shing surface and

t he net a).- contai ni ng | aykilide 3¢ selected from the group consisting of Nal, KCl,
KBr, NH,F, Et,;NBr, Me;NHCI, Me,NF, and combinations thereof.

48.  Aplanarization method comprising;
positioning a metal-containing surface of a substrate to interface with a polishing
surface, wherein the metal-containing surface comptises a metal sclectc;i ﬁ'om the group
consisting of 2 Group VIIB metal, a Group IB metal, and a combination thercofs
supplying a planatization composition in proximity to the interface; and
plananizing the substrate sutface;
whezein the planarizafi on composition comprises a halogen-containing compound and a
halide salt, with the proviso that the planarization composition does not include abﬁsivc
particles,

24




pl anari zing the netal -containing |ayer, wherein the planarization
conposition conprises a hal ogen-contai ni ng conpound and a Zh#ded®06al t

W th tw.prwﬁlmth%ﬁwﬁéati on conposition does not include
abrasive particles. 24a 21 June 2006 51. A planarization nethod

conprj sing: pPoSi fbGRingd sAnidBlid: el acer ok ubstrate to
interface with aﬁtpol in{sghi_ ng §g%?g§§£%%??%%g%&gpgéﬂﬁ%%i Bfticle,
wher ei n t he TREPHPL- IrGontginingstefecs; conprises a netal selected fromthe
group consi sti ngpgﬂ,idﬁngMWt al, a Goup 113 netal, and a

conbi nation thereof; supplying a pl anari zation composition in proximty to
the interface; aPgvidjieapinprization cdmpositios streatimerfice bawesn tbhgti@sronshe

pl anari zati A% ik 3 ' al n- copt ai ni ng conpound and a
hal i de sal t%SZ.- %g‘%‘]gdé%g?l za %&Jﬁa%ﬁen@htgﬁp% aﬁ“gm‘i)r oviding a

senmi conduct or subgnarzing therat kel obe mion afslatiionycohRidingiufficeat | €ast one

region of a i cont.ai ni n urface; proyiding a polishing surface

conpri si ng g&%e@ ka%rﬂgg%t&ew% ﬁ]s OQFOIBPIE\#O%E%%P ' g‘!@ﬂ’&gw agbtposi ti on

at an ibalidrshlowthsix proeiso thhishaplateiasion @B@positRd ides: Hof PEAlE MEFveont ai ni ng

surfac o ! he polishing surface;.and p{x:amari zing the at |east one region

of pl atirnumcont ai ni ng surface; wherein the planarization conposition

conpri ses a hal ogen-cont ai ni ng conpound and a halide salt. 53. A

pl'anari zation nethod for use in form ng an interconnect, the nethod

conpr i §j.Ng: A pRAGMAEHNSHROATB sk Hﬁfng f GheQheiiPstrat.e assenbly

havi ng a pat tper ned_dielectric Igg%er (%?%e@d&t%%%%’gﬁenm%n LWETLE - cont ai ni ng

~ layer formed ov&0VidHg 2samicendveter subisitteotsubstraicayembiytiaeing i pattchRd

. met al - cont a4iQdcf ' ‘ tal .selected fromthe roup
consisting of a Claéygﬁ%h{l/ p l?@?ﬁ]%@%%?@“r@% V8 W‘g’ﬁﬁ%i nati on

t her eof postiglictisilaygr, ahtdemghe petel ¢ontainivg layep Gdniyiides 1OmetHr EREE FHRL Si Ng a

fixed abrasj -] Aor act. Wt h the netal -containing | ayer
provi di ng ?‘%’? anari g‘%flgo(%g %pogg@s?lf%ﬁWﬁwgﬁﬂ‘}awwﬁ@%m&t
~betweent he positioning a first portion of a polishing surface for contact with the metal-
contaimng layer;

providing a planarization composition in proximity to the contact between the
polishing surface and the metal-containing Jayer; and
Planarizing the metal-containing layer;
wherein the planarization composition comprises a halogen-containing compound and a
halide salt, with the proviso that the planarization composition does not include abrasive
particles.
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pol i shing surface and the netal -containing |ayer, and pl anari zi ng the
met al - contai ning | ayer; wherein the planarization conposit2bAurscidfpi ses a

hal ogen- cont ai ni ng conpound and a halide salt. 24 b

51. A planatization racthod comprising:
positioning a metal-containing surface of a substrate to interface with a polishing
 surface comprising a fixed abrasive article, wherein the metal-containin g surface
comprises a metal selected from the group consisting of a Group VIIIB metal, a Group IB
metal, and a combination thereof; :
supplying a planarization composition in proximity to the interface; and
planarizing the substrate surface;
wherein the planarization composition comprises z halogen-containing compound and a

halide salt.

52. 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 comprising a fixed abrasive article;

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 platinuin-containing surface;

wherein-the planarization composition comprises a halogen-containing compound and a

halide salt.

A planarization method fo; use in forming an interconnect, the method comprising:

providing a semiconductor substrate or substrate assembly having a patterned
dielectric layer formed thereon and a metal-containing layer formed over the panctﬁed
dielectric layer, wherein the metal-containing layer comprises a metal selected from the
group consisting of a Group VIIB metal, a Group IB metal, and a combination thereof;

_ positioning a first portion of a polishing sutface comprising a fixed abrasive

article for contact with the metal-containing layer;

providing a leon composition in proximity to the contact between the
polishing surface and the metal-containing layer; and

planarizing the mctal;containing layer;
wherein the planarization composition comprises a halogen-containing compound and a

53,

halide salt.
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