WO 03/060980 PCT/US02/40407 5 METHODS FOR PLANARIZATION OF GROUP VIIl METAL
CONTAINING SURFACES USING OXIDIZING GASES Field of the Invention The present invention
rela_tes to mew8%§“f>%9%anarization‘of 10 Qroup VIl _metlal-containi.ng (prefe{)z?_ﬁj 0240407
platinum-containing) surfaces, particularly in the fabrication of semiconductor devices. ‘I‘:“?ackground 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 VIII metal films are generally unreactive, resistant to 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 Group VIl metals, their
alloys, and metal oxide VipEROGDRAGENE! Sedard BTN OPGRORIRIYE MERALOS, Rh, Ir, Pd, and Pt)

have suitable properties fo&gmﬂ&f@g&%ﬁ{%@%@{%ﬁ\q&%mﬁg@aw 5 le, they can be used in

integrated circuits for barriet materials, 10r “example. They are parfticu Itable 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., electrod@étggkft%m@j&rs. 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 devicEsDISERIN By aNivarfiHaeria ansthedels pemdrti®RAM) 30 devices, static

randqm accegs MeRPWIERAM)RVIGES, i’ﬁ@f@ﬁ%@%ﬁ%@?ﬁ[&n@ﬁ%g%ﬁﬁ%&ﬁw devices. They
consist of two conductors, such as parallel metal or polysilicon plates, which act as the electrodes

(i.e., the storage RSB EEE IS HhHTHERAT BatcmpaltdleEietrode), insulated from each other by a
1 WO 03/060980 PCT/US02/40407 ‘

Background of the lnvention
Films of metals and metal oxides, particalarly the heavier
15 elements of Group VHI, are becoming important for a variety of electronic and
electrochemical applications. This is at least because many of the Group VI
metal films are generally unreactive, resistant to oxidation or retard the
diffusion of oxygén, and are good conductors . Oxides of certain of these
metals also possess these properties, although perhaps to a different extent.
.20' Thus, films of Group VI metals, their alloys, and metal oxides,
particularly the second and third row metals {e.g., Ru, Os, Rh, Ir, 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
example, They are particularly suitable for use as barrier layers between the
25 dielectric material and the silicon substraie in memory devices. Furthermore,
they are suitable as the plate (i.e., electrode) itself in capacitors.

Platinum 1s 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 RAMSs). Thus, there is a continuing need for
methods and materials for the processing of Group VIII metal-containing films, preferably,

platinum-conwgujl?ﬁ) flsgs- Many surfaces that result during the formation of %GQH%M}JI}JQW
[ evic

metal-containing films, particularly in the wafer fabrication of semiconductor es, do not have
uniform height, and therefore, the wafer thickness is also non-uniform. Further, surfaces may have

defects such as grystalilatiias: SamagecseraicheRcayaness, of BERadsiad PaRcles of dirt or dust.
For various fabrication processes to be performed, such aséalt{tlh(ggra hy and etc{:}?ing, height 10
non-uniformities At St P IHESE RS SRS FRFPHTE Y S4B Elithinated. Also, excess
material may ne&idopielbemasechtofoiip fAlsisetefkeabiiphelsativityntalstigditoithe underlying

substrate. Variou_s pl<_':1narizag\i;ﬁrir;1 tggrttmie ues are ?tv&illr?bglqﬁg /i%govi lgnsol%@régg%gpn and/or _eIir_nination.
One such planarization techmqﬁ’e Inciides mechanicalrand/or chemical-mechanical 15 polishing
(abbreviated-hergictaso@mEne e (ratesiof plabanzdtiofrisicaiog tf serovednstaerial, and

preferably achieye g planar, SUHALE RS SRR AHIRANE WRISL.RPMRIMEs iy sigired to as "global

planarity.” Conventlona’lly, the process of planarization, and particularly CMP, involves the use of a
wafer holder thatRBiEs P WafEEThoospEnseiABas A Y aAtfersaBrasve g rthen f4BIaefes a dispersion of

a plurality of abrasivenpariclaminadidditedhe ahragiesiurbnisianplied saithat it contacts the
interface of the wafer and the polishing pad, A table or platen has a palishing pad thereon. The

polishing pad is AP BRRFTaTe ot PR RET o PEsR AP IE SLHPE A E I RaRZEHbN. At least one of
the wafer and a pelishifg2btzadmré-setinmatianfelatividosiferatharbdn<innee pltanarization

processes, the vgflit%rngoclg?er [nay or ma apeoll a[otateﬂ etQ&tal?Fl‘gt {gr{r} (R[!gé?r%@r%}/aosrtmgxrgot rotate and/or

1 . Alse excess r1a] ma
the platen may bé movedin a finear hotion as op{)osed fo ng. Theré are numerous types of

planarization unitgitvedlatieilymitkipe tolim thdeglyogesditraliffeYerivmataarszafifternatively, the

Bf:irzfl‘iit;gogad angl ARasine ROl ME %G ERIAGER M A ixed BPLaRlR ALliciB dbat includes a

such planarization technique includes mechanical and/or chemical-mechanical
15  polishing (abbreviated herein as "CMP").

The process of planarization is used to remove material, and
preferably achieve a planar surface, over the enfire chip and waifer, 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 plarality of
abrasive particles in a liquid. The abrasive shury 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  slurry may be replaced by a fixed abrasive article that includes a plurality of
abrasive particles dispersed within a binder adhered to at least one surface of 2

backing material.



abrasive particles dispersed within a binder adhered to at least one surface of a backing material. 2
WO 03/060980 PCT/US02/40407 The planarization of a surface that includes platinum and other
Group VIII m&v@lsxypieelly involves more mechanical than chemical action dREREGHRPEH8hing process
because they are relatively chemically inert and/or have relatively few volatile produces. Such

mechanical polishing uses aﬂg@a 5 and sﬂgagl ar#‘cle . U.nfqr'%ma ely, mec arHc?I polishing tends to

cause the formation of defe ?él.%zc?fé%r? an 6% e PGS \r/iv%ﬁncgn]ge detected optically,

rather than the clgsupéin vadtaf tiyei@ltinunivaisopm argheowainidroi aligraivalledtienabrasive slurries do

t effectively pl [ lati | ] o ‘ : N
not effectvely Planalee BIRID oL Al0BLGIURY I Telat o alie syaes filher because no

C ts In no change In resistante of the wafer) or the resultant surface
has defects therdizveTislsivilpfevisvatiflile pesiyder methicuectonisilmalizingzaiics4iused surface of a

substrate that incldes; platinum.and/ar et GrospNilmeialsm Rapicularu.iRdbe fabrication of

semiconductor devices. 15 Summary of the Invention The present invention provides methods that
overcome many SFRHE P EbRSHE R EsHe e RFIAA 8 PREEHZRIGP OV RIS FiEc¥ that includes platinum

and/or another ofjtha-fa1epncMiM, secenthar thirddanwmetalbdi 8s gRreraUPsIs:, hard 10, preferably,

Rh, Ru, It, Pd, and Pt). Such a syrface is referred to herein as a platinum-containing surface, or more
generally, a Grof™ PHHEEY ASAtAMH CHE SRR ?ﬁ?‘?’%‘é‘t&i%@'ﬁ%ﬁﬁﬁ F&fAce” refers to an

exposed region hawga oroup ¥ hendtad{pariicuwarfycplaithembpeprefecablytgigsent in an amount of
at least ahoh 10 A0MNC RELGENL.Iore. 22 RrElRraRalieae! ahgutaf.alomic Pelgent and most
preferably at least gloou‘f1 atomic percent, otthe composﬁon of the T gion, which maybe provided
as surface has defects therein.
Thus, there is still a need for methods for planarizing an exposed
surface of a substraie that inchudes platinum and/or other Group Vil metals,
particularly in the fabrication of semiconductor devices.
15 |
Summary of the Invention
The present invention provides methods that overcome many of
the problems associated with the planarization of a surface that includes
platinum and/or another of the Group VIII second or third row metals (le.,
20 Groups 8, 9, and 10, preferably, Rh, Ru, Ir, Pd, and Pt). Such a surface is
referred to herein as a platinum-containing surface, or more generally, a Group
VI metal-containing surface. A "Group VIH metal-containing surface” refers
to an exposed region having a Group VIII metal (particularly, platinum)
preferably present in an amount of at least about 10 atommic percent, more
25 preferably at least about 20 atomic percent, and most preferably at least about
50 atomic percent, of the composition of the region, which may be provided as
a layer, film, coating, eic., to be planarized (e.g., via chemical-mechanical or
mechanical planarization or polishing) in accordance with the present invention.
The surface preferably includes one or more Group VII metals in elemental
30 form or an alloy thereof (with each other and/or one or more other metals of the
Periodic Table), as well as oxides, nitrides, and gilicides thereof. More

preferably, the surface includes (and most preferably, consists essentially of)



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 surface preferably includes one or more
Group VIl metasinaemental 30 form or an alloy thereof (with each other andforeoesetomore other
metals of the Periodic Table), as well as oxides, nitrides, and silicides thereof. More preferably, the
surface includes (and most preferably, consists essentially of) 3 WO 03/060980 PCT/US02/40407 one
or more Group VRP#rEtES T @I SHANTM Bresmansy S arsupPWIPHEER®HNThe methods of the
present inventionr}&ygglgnglanarizing a surface using a planarization composition that preferably
includes a solid or liquid 5 oxidant (i.e., oxidjzer or oxidizing agent) therein (either digpersed or

dissolved therein) that has a StERFI e UCH SR ot AP BPRLREEAMSHEF AL ATElES standard
hydrogen electrodegiag 23€anRieiatablymiiwioxidizinggasas! piesedtdin thiconiaosition in an amount
such that the §o|uti03ﬂist aturated. l\r/lore P etgga&blg tt{ht% e?-xigi Eiﬂgegas i%r 18 present !a%the composition
in an amount of n%xéjre%t $i%than about 108 ol%ycwélgﬂﬁ , and'm te pre’f9 raEﬁy, In"an amount of about
0.1% to about 1%lzyeneighithas particlaldrydprefer moagtod i dxddaritsuinciudasuexygen, nitrous

oxide, air, or com '%Q@ﬁjﬁ}%r%gfelllé@f{ggg,a@§5i§:qonventionally understood, "planarizing” or 15

"planarization” refers to thé refMoval of material from a surface, whether it be a large or small amount
of material, either mechanicalRfeEhaiciihpetBotheat HiPuiaime o ssrrems\aRdimaterial by

polighing. As Use%ﬁ_gﬁ%’ﬁuéﬁhﬁéﬁ%@'sdﬁ%ﬂ%&ﬁﬁlﬂé&@%@f%ﬁe‘ﬂ&éﬁ Pielgideadualimechanism
having both a chemical component and a mechanical component, wherein corrosion chemistry 20 and

fracture mech8nidEBER, BIEr SYERIRIHE PR ARGRPSTHREREEEAT RanaRrortJ8i&Rig. The planarization
composition can cpiignalindneluderahnasivan an amount of about 0.1% to about 1% by

weight. A particularly preferred group of oxidants includes oxygen, nityous
oxide, air, or combinations thereof,
Herein, as is conventionally understood, "planarizing” or
15 "planarization” refers to the removal of material fromw 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-
mechanical polishing” and "CMP" refer to a dual mechanism having both a
chemical component and a mechanical component, wherein corrosion chemistry
20 and fracture mechanics both play a roll in the removal of material, as in wafer
polishing.
The planarization composition can optionally include abrasive
particles, thereby resulting in an abrasive slurry, and be used in planarization

technigues with conventional polishing pads that do not have abrasive particies

o]
h

embedded therein. Alternatively, the plananization composition without
abrasive particles therein can be used with fixed abrasive articles (also referred
to as abrasive polishing pads) in place of conventional polishing pads. Such
fixed abrasive articles include a plurality of abrasive particles dispersed within
a binder adhered to at least one surface of a backing material. Whether in a

30 fixed abrasive article or in the planarization composition, preferred abrasive
particles have a hardness of no greater than about 9 Mohs. K the oxidizing gas

is not stable in a composition with abrasive particles (i.e., an abrasive slurry),

4



particles, thereby resulting in an abrasive slurry, and be used in planarization techniques with
conventional polishing pads that do not have abrasive particles 25 embedded therein. Alternatively,
the planarizasameapsisition without abrasive particles therein can be usedP@iHR@Eeélrasive
articles (also referred to as abrasive polishing pads) in place of conventional polishing pads. Such
fixed abrasive articles include a plurality of abrasive particles dispersed within a binder adhered to at
least one surfacals AR HAGRE XIS WL IRCEY SUSHBE Bt S HERAEIE or in the planarization

composition, pre@&%g@&@m Raticlashaxesadrargness of no greater than about 9 Mohs. If the
oxidizing gas is not stable in_a composition with abrasive particles (i.e., an abr?hsg\éelsslurry), 4 WO

03/060980 PCT/US02/4040 7ARRS/ 4TS 58 BrdUiisn’ iy SR aPatd 8GR B HEML dhd/or in separate
compositions angfmxes aidhaedat.opesaoting neaspedihithepresaitinvention oé planarization
method is prqvided that inclydes: positioning.a Group VI metal-containing,surface of a 5 substrate
~ (preferably, a’seril (S)tﬁ%é?or? S Egga &orsu gﬁ% esgssstreartr?b §/Sﬁﬁag%agsﬁg}ﬁ)s%%nﬁerface with a
polishing pad; supplgingeaptaiaaci rationedinipus tioh sippioxintastiTetinterfaerasding planarizing the
Group Vil metal-confaining, suifese. e GrauR IR, metl s selp<iar o Lhg dihp consisting o

rhodium, iridium, rutheniuni, osmium, pal édu_J , platinum, and combinations 10 thereof. The
planarization confyeisitfonlirrfiies hlovaeirisgdacttfhlintg BeEHaarHEHDEN potential of at least
about 1.4 versus g,standassiydragaihisle ctedert gk lnanaihsiAshrct Ghthadyention, a

planarization method includes: positioning a Group VIH metal-containing surface of a substrate to 15
interface witHd palRflg ShFRCBaARBRLI YRR EH TR IFRtRI T8 EiB8 &Y fIdHTEFe group consisting of
rhodium, iridium, gutherir sy pedasivmsaplatinurn candcomhinatienisythegenf; supplying a
planarization com&ggti}(ij%g ;rtlz?{[&(imity to the interface; and planarizing the Group VIII metal-containing
In another aspect of the invention, a planarization method
includes:  posiitoning a Group VII metal-containing surface of a subsiraie to
15  interface with a polishing surface, wherein the Group VII metal is selected
from the group consisting of rhodium, iridium, ruthenium, osmium, palladinm,
platinum, and combinations thereof; supplying a planarization composition i
“proximity to the interface; and planarizing the Group VI metal-containing
surface; wherein the planarization composition comprises an oxidizing gas
20 selected from the group consisting of oxygen, air, chiorine, nitrous oxide, nitric
oxide, sulfur trioxide, an interhalogen, and combinations thereof.
In vet another aspect of the mvention, a planarization method
incudes: positioning a Group VI metal-containing surface of a substrate to
interface with a polishing surface, wherein the Group VIII metal is selected
25 from the group consisting of rhodium, iridium, rutheniom, osmium, pailadium,
platinurs, and combinations thereof; supplying a planarization composition in
proximity to the interface; and planarizing the Group VI metal-containing
surface; wherein the planarization composition comprises an oxidizing gas
having a standard reduction potentiat of at least about 1.4 versus a standard
30 hydrogen electrode at 25°C, wherein the oxidizing gas is present in the
composition in an amount of no greater than about 10% by weight.

Yet another aspect inciudes a planarization method that includes:

LA



surface; wherein the planarization composition comprises an oxidizing gas 20 selected from the group
consisting of oxygen, air, chlorine, nitrous oxide, nitric oxide, sulfur trioxide, an interhalogen, and
combinationswidaizaiiors yet another aspect of the invention, a planarization B{eEHGE2/H¥dlUes:
positioning a Group VIII metal-containing surface of a substrate to interface with a polishing surface,
wherein the Group VIII metal is selected 25 from the group consisting of rhodium, iridium, ruthenium,
osmium, palladigmeyiplegingemispriBeioTomREHs O BlebREISHIRRY BPRHRE 2 composition in
proximity to the interfacs; and RlanarizingdheGrenmddbmeidahsaniainings suifaee; wherein the
planarization compo_sffion comprises an oxidizing gas having standargl re;iuction é)otential of at least
about 1.4 versu§@§t@ﬁé&r@%@ﬂ%%%%%%ﬂ%%t§fl%&%&F@W?ﬁé iSRG gas is present in the

composition in ap. oLk RegEeatahhanaaaiidYe bylwpighturet@nothdrasised includes a

planarization method that includes: 5.WO, 03/0609 §91§%£%§9%{rﬁ%‘é9n7th%r \éirgziggaeoiemiconductor
substrate or SubSfatb!eRSE SRTRAIRR BHRMY AP RS SHENR ISR ST & platinum-containing surface:

providing a polishingpskicfasenmpaviding < dlanarizationiogmpositioh ratesiiimefgeidbetween the at
least one reg|on0%fap |atinum-conjaining. %%#E%ﬁ%@%gﬂ%&%@@ﬂf&éﬂ faee; and planarizing 5 the at
least one region 8f Platinum-containing surface:; whereih the planarization composition comprises an
oxidizing gas having a standBrdnetiactiosparaitapor e adiansanion Rsfd Bstshdard hydrogen

electrode at 25C. |3 anoiber asRackbere s pradden: aslanarizgionmethadipraisgs i forming a

capacitor or barrier layer that includes: ﬁpqr viding a wafer having a_10 patterned dielectric layer formed

thereon and & Gl Ri-iplerATie bR ARG ISR t8hIRH HEPHRS PRI AR EFic layer, wherein
the Group VILE mgialsisselectediaithe:grosip-consistn gné o diu G ongivmm, mathenium, osmium,

palladium, platinum, and combinations thereof, 0 itioning a first portign of a polishing surface for
contact with the (6t Cﬂ?ﬁlﬁﬂ@t&ﬁ%‘ﬁ’fﬁrﬁ?@%&g shodiht, e rudieurh, PR

palladinm, platinum, and combinations thereof; positioning a first portion of a
polishing surface for contact with the Grovwp VII metal-containing layer;

15  providing a planarization composition in proximity to the contact between the
polishing surface and the Group VHI metal-containing layer; and planarizing
the Group VI metal-containing layer; wherein the planarization COMPOSINon
comprises an oxidizing gas having a standard reduction potential of at least
about 1.4 versus a standard hydrogen electrode at 25°C.

20 As used herein, "semiconductor substrate or substrate assembly”
rafers to a semiconductor substrate such as a base semiconductor layer or a
semiconductor subsirate having one or more layers, structures, or regions
formed thereon. A base semiconductor laver is typically the lowest layer of
silicon material on a wafer or a silicon laver deposited on another material, such

25  as silicon on sapphire. When reference is made to a substrate assembly, various
process steps may have beenprevionsty used to form or define regions,
junctions, various structures or features, and openings such as capacitor plates

or barriers for capaciiors.

- 30
Brief Description of the Figures

Figure 1A and 1B are cross-sectional illustrations of one portion



15 providing a planarization composition in proximity to the contact between the polishing surface and
the Group VIII metal-containing layer; and planarizing the Group VM metal-containing layer; wherein

the planarization cq}rg}ggﬁsition comprises an oxidizing gas having a standard, reduction potential of at

least about 1"AVErEU A standard hydrogen electrode at 25C. 20 As used helprcé‘zp}i?r/{}Sﬁ)s2 Hhitonductor

substrate or substrate assembly” refers to a semiconductor substrate such as a base semiconductor

layer or a semicoRdycier SHBNIAIE YNNG OLIBRIR AN IR LR RS ALIGEioNs formed thereon.

A base semiconductor layer is typically the lowest layer of silicon material on a wafer or a silicon layer
deposited on an@gserdeperiah SiechreBHdnsRigion sapphire. When reference is made to a substrate

assembly, various process sigRgs.gay ARveraeRBEeRusl-HARAIaIGELOERASHRGRTIONS, junctions,
various structures or features, and openings such as capacitor plates or barriers for capacitors. 30

Brief DescriptionBrANERIGEE eisLAticl A RIARRTHE Hien #rOSEss SR bRER RIEFRTGHE of one portion 6 WO
03/060980 PET/kkpoAH4 0t tofha wradenthevengé@nd after a planarization process has been performed
in accordance with the present invention. Figures 2A and 2B are cross-sectional illustrations of one
portion of a wafer before and after a planarization process has been performed in 5 accordance with
the present invention. Descriptiontafsthgptirreféied Eizbodietgifizetpresent invention provides

methods of planarization of ansurface that | %lﬂéq%ggh@@gimgﬂq:{p onsor.more of the other Group
VIII 10 metals. The Group VEITI métas are af[go r |}5

/ . erred to as the Group VMB elements or transition
metals of Groupss8{Zeghe I0bflehelpicrioaintabRucTHanssr shtheanbeirP¥ow Broup VIIIB metals

include Rh, Ry, J5,Jpgh. Pin@RESRS VI metals are also referred to as the Group VIIB elements
or transition metals of Groups 8, 9, and 10 of the Periodic Table. The second
and third row Group VIIIB metals include Rh, Ru, Ir, Pd, Pt, and Os.
Preferably, surfaces that include Rh, Ru, Ir, Pd, and/or Pt can be planarized
according to methods of the present invention. Such a surface is referred to
15  herein as a Group VII metal-containing surface (this refers to those containing
second and/or third row transition metals). '

Preferably, a "Group VIHI metal-containing surface” refers to an
exposed region having a Group VIH metal (particularly, platinum) present in an
amount of at least about 10 atomic percent, more preferably at least about 20

20  atomic percent, and more preferably at least about 50 atomic percent, of the
composition of the region, which may be provided as a Iayer, 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

25  includes platinum, typically involves mechanical methods with relatively hard
particles such as alumina (Al,O;) and/or silica (Si0,) particles, which by
themselves can cause severe smearing, slow removal rates, and defects, rather
than the clean removal of the material. Use of a planarization composition that
includes an oxidizing gas either in combination with a plurality of abrasive

30 particles in the composition or with a fixed abrasive article reduces, and often
eliminates, the problem of defect formation, smearing, and often results in

increased selectivity and removal rates.



Preferably, surfaces that include Rh, Ru, Ir, Pd, and/or Pt can be planarized according to methods of
the present invention. Such a surface is referred to 15 herein as a Group VIII metal-containing surface

(this refers to those containing second and/or third row transition metals). Pt;zé% dy & "GGroup VIII
WO 037060080 | , : : fz% 40
metal-containing surface” refers to an exposed region having a Group VIII metal (particularly,

platinum) present in an amount of at least about 10 atomic percent, more preferably at least about 20

20 atomic percent, and more pieferably B1JSAst AR B0 HAMIGARISRALLA! thscapmposition of the

region, which may be provided as a layer, film, coating, e to be planarized (e.g., via
chemical-mechaffizanGespeciiaiviear Bianizamens O pEIs RIMiIshsseevt daA RWitAthe present

invention. The plapsizatiomafsush aHifacascparticularvAaay Hiaoa 1bati8 instudes platinum, typically
involves mechanical methods with relatively hard particles such as alu_mjnawﬁlzoargnd/or silica

(Si02) particles, WHAR ByPIHERRGEVR B RIHES GeRaiE 81RF BT, SIS eMSVEYatks, and defects,

rather than the glaafitemavabohthmanaterfabnt sathe plataiizationotempasitibanthat includes an

oxidizing gas either jn combinatign with a plurality of abrasive 30 particles.in the composition or with a
RS e el 5

fixed abrasive ar &Y éar%'ce fina sa,){ e %f%oer%c of defect fggirﬁfggoeﬁ’ smearing, and

often results in isigrefised setectivity ankieimolatrates:hi7zaVWw@SHB0080 PCTIISHR#40407
Signifioanty. the meostsol e RiessaL usBHRR. e RARiELIRIY AAeRAIe oK R ILIETOVNg

platinum-containi er seconc hird row Group VIII metal-containing materials (e.g., metals,
alloys, oxides) fréipnas seadaeand pisdarsn E8BMYAbRSIaCoRtaMIREG SSTHSE A5E18YS This is important in 5

selectively regoving.materiakiiam platinueseoetainngarpthensseond-andhird saw Group VIl

metal-containing layers without removing, for example, significant amounts of underlying layers, such

as oxide layers METE SRRy (& 5T EE5a26 PRPSE 18y kiR Rerb bR B Sivity for removal

of material the chemistry and process conditions.
The planarization composition can be used in slurry planarization
(i.e., in a conventional planarization process in which the planarization
15 composition includes the abrasive particles with a polishing pad that does not
include abrasive particles) or in fixed abrasive planarization. Thus, as used
herein, a "polishing surface” refers to a polishing pad or a fixed abrasive article.
Preferably, slurry planarization is used in the methods of the present invention.
Preferably, when present in the planarization composition, the composition
20 includes the abrasive particles in an amount of about 1% by weight to about
30% by weight, and more preferably, about 1% by weight to about 15% by
weight, based on the total weight of the composition.
Typically, lower amounts of abrasive particles provide better
selectivity of the Group VIII metal-containing surface relative to an oxide layer
25  such as BPSG. Generally, however, the optimum level of selectivity for a
particular metal is obtained by balancing the type and amount of abrasive
particles, the type and amount of oxidizing gas, and the pH of the composition.
A wide variety of abrasive particles can be used either in an
abrasive slurry or in a fixed abrasive article. Typically, such abrasive particles
30 range in particle size (i.e., the largest dimension of the particle) on average from
about 10 nanometers (nm) to about 5000 nm, and more often about 30 nm to

about 1000 nm. For preferred embodiments, suitable abrasive particles have an



from a second and third row Group VIII metal-containing surface relative to 10 materials containing
other metals (e.g., BPSG or TEOS) is at least about 10:1, and more preferably, within a range of

about 20:1 to‘ggi%&g%l, depending on the chemistry and process conditi%/5%£$%prization
composition can be used in slurry planarization (i.e., in a conventional planarization process in which
the planarization 15 composition includes the abrasive particles with a polishing pad that does not

include abrasive paiti kingfxesk abrasivg Rianargatiomoliids, as used herein, a 'polishing
surface" refers to a polishing pad or a fixed abrasive article, Preferably, slurry planarization is used in

the methods of the present i RIRS 9B rEFEHRIE P RRSHPRTHEISR (HAIYHE: B DB S position, the
composition 20 ing|utiesitae Abrasiveipasidsy serinasminiaiial it ) ebyoneidghttg,about 30% by

weight, and more preferably, about, 1% hy weight to about. 159 wejght, based on the total weight of
the composition. q%ﬁ%ﬁﬁff %6%%&%%# g)r%\g %ﬁa%?éaé}lv% plgyrctllgé e@%%bid%’%% &r as%fglc\f?vity of the Group
il metal-corﬁainiagidqsfmchldelmga @dz@ﬂddllliayéﬁigﬁ,wdh @BBS@&MWLWOWWH, the
optimum level of %ﬁé%%% ({9t anaiiaiRLRialdnalngd by balanciag faedipg and amount of

abrasive particles, the type and amount of oxidizing gas, and the pH of the composition. A wide
variety of abrasivéepdigticles can be used either in an abrasive slurry or in a fixed abrasive article.

Typically, such abrasive partisjeg; 3y agaeiaipartiskiniea: sorthedraastdimension of the particle)
on average from about 10 nanometers (nm) to about 5000 nm, and more often about 30 nm to about

1000 nm. For pref@rtedarhpauimaniess atAne apradive PRI Al @M v &T0%84) 980
PCT/US02/40#0 hanet age peastictenize oTabeuhdB8aniortoxabpid, 308 (e EXamiptasaf suitable

e paricls e Y e DU AUEt e T (MR, e fSi Rysegs (Coco) tana
Mohs, and silica (Si,05), which has a hardness of about 7.
In certain methods in accordance with the present invention,
preferably, a majority of the piurality of abrasive particles (either in an abrasive

15 slorry orin a fixed abrasive article) are Ce(, particles. This typically resuits in
reduced formation of defects. In certain other methods in accordance with the
present invention, preferably, a majority of the plurality of abrasive particies
(either in an abrasive slurry or in a fixed abrasive article) have a hardness of
about § Mohs to about 9 Mohs. This typically resulis in increased removal rates.

20 The planarization composition includes a gaseous oxidizing agent
(i.e., oxidizer or oxidant) having a standard reduction potential of at least about
1.4 versus standard hydrogen electrode at 25°C. The oxidizing agent is a gas at
room temperature. It is dissolved in the planarization composition, which
typically includes water as the liguid mediom.

25 Examples of suitable oxidizing gases include oxygen, ozone, air,
chlorine, nitrous oxide, nitric oxide, sulfur trioxide, and an interhalogen (e.g.
CIF,). Various combinations of such oxidizing gases can be used in the
methods of the present invention. A preferred group of oxidizing agents include
oxygen, air, chlorine, nitrous oxide, nitric oxide, sulfur trioxide, and an

30 interhalogen. A more preferred group of oxidizing agents include oxygen,
nitrous oxide, and air. A most preferred group of oxidizing gases include

oxygen and air.



5 particles include alumina (A1203), silica (SiO2), ceria (Ce02), titania (Ti02), and. zirconia (Zr02).
Various combinations of abrasive particles can be used if desired. Preferably, for certain

embodiment Blaé%%%g(particles include those that have a hardness of no ggegtgkihagabout 9 Mohs,
and more preferably 10 no less than about 6 Mohs. These include, for example, ceria (Ce02), which
has a hardness of about 6 Mohs, alumina (A1203), which has a hardness of about 9 Mobs, and silica
(Si203)1 which has a hardneBs:@fatiipuhé oiidienigipasiethecsinrateardapedtivittnthe present
invention, preferabl majority of the plurality of abrasive particles. (ejther in.an abrasive 15 slurry or
i fxed abrasn A HIe) Bra a5 ae R AL AR s derecte.
certain other methugsnnimtsoroapes tionhinhe eseiminoantiier, heafebabiyi 0derhgjority of the plurality

of abrasive partic{ggig(gig}ﬁrrﬁb@ Peti’é?a'ﬂ}f }ﬁlggm&gt%iﬁ%@a]@@ﬁ%i%@a%%lﬁ}%ve a hardness of

about 8 Mohs to about 9 Mobs. This typically results in increased removal rates. 20 The planarization
composition ifclutieighJusebis Bxinzhyagumn’ hecospaprorexreaitn sEVPEeSEndard. reduction

potential of at leagtabeiit Hlsflcyarsusmsiandard.nyskoasneleciads.adpC. The oxidizing agent is a
gas at room temperature. It is dissolved in the planarization composition, which typically includes

water as the liquid medium. 25 ERI PSS BREMEHIE- SRARTF L RSOTRATHEB &hen, ozone, air,
chlorine, nitrous @gdendilirmopidersbifunttinddecandeaminigchalodescidgi iC1F3). Various
combinations of such oxidizing gases can be u in,the, methods of the sent invention. A
preferred group o#Bg}%ﬁ%%g %gse %ﬁ%%ﬁ?&é’%@s‘gﬁi '}. gﬁ%ﬂéﬁgﬁ%%%m rgﬁ%%%?bﬁftric oxide, sulfur
trioxide, and Hh 3000 04{b gided ok Merepiref@irsi{gteuiplod dAHEINPEJEPLs include oxygen, nitrous

oxide, and air. A BRSNRIKEYHAP BROHANG SAsERINEYRE QUERD A SO 03/060980

PCT/US02/40407
USING COMPLEXING AGENTS, to aid in the planarization. Such

complexing agents are chosen such that their effectivity is not destroyed by the
oxidizing gas. Other additives can be included as well for desired effects.

15 These include, but are not limited to, a surfactant (e.g., polyethylene glycol,
polyoxy ethylene ether, or polypropylene glycol) to enhance wettability and
reduce friction, a thickener (e.g., CARBOPOL) to achieve a desired viscosity, a
buffering agent (e.g., H,S0Q,, NI,0H, acetate, and acefic acid) to achieve a
desired pH, ete. Preferably, the composition is an aqueous solution of these

20 components. More preferably, the aqueous planarization composition has an
acidic pH.

For certain embodiments, the planarization composition includes a
plurality of abrasive particles. For other embodiments, the planarization
composition is essentially free of abrasive particles when supplied to the

25  interface of the fixed abrasive asticle and the workpiece surface. However, in
these latter embodiments, it is contemplated that planarization is accomplished
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

30 particles are typically not present in the composition as initially applied, i.e.,
they are not supplied from a source external to the polishing interface.

Preferably, a method in accordance with the present invention is

10



Preferably, the oxidizing gas is present in the composition in an amount such that the solution is
saturated. More preferably, the oxidizing gas is present in the composition in an amount of no greater
than about 1%/ V\(lg ht, and more preferably, in an amount of about 0.1% Eo at out 1% by 5 weight,
1060 e . : PCT/US02/40407
based on the total welight of the compaosition. For certain embodiments, however, higher amounts of
the oxidant can be used if desired. For various desired effects, a planarization composition can
optionally and prefssaidieingugeodRempRxRE-A8RN ATS8sGHRRIINHRPloanigLHAsSIgnee’s
copending U.S. P tﬁgt Ag)plicati?on Serial Number 10 10/028,040, filed on December 21, 2001 entitled
METHODS FOR “PrA AR AHONBRE R SUBATPRIERRICEORE A IRTIESSEIREACES  USING
COMPLEXING AGBMTS; FaBitCindeqlanss tZadenCh ushmeasnipiexiag ageniseare chosen such that
their effectivity is not destroyed. by the oxidizi as. Other additives can be included as well for
desired effects. 1§%Féf§g %é uagzé,/tgur{l%%aﬁ% rI]fgrr’??lpee attgfeaa£8¥ a%f’é"ﬁ??é.‘ge.‘??g%ﬁ%‘% a)%% glycaol,
polyoxy ethyléne éthiag papulypiopgichmyy ¥l teehhahoelivedtabifitivaadidedTdésfidction, a thickener
(¢.9. CARBOPOLY ip achipve A feliRrviaarsiton DUTRIING. ARG G HEBA,NHAON, acetate,
and acetic acid) to achieve a desired pH, etc. Preferably, the composition is an aqueous solution of
these 20 componBifRecskisre ireibeapRn e aei eouBpianaARdies enipasiiePatsien acidic pH. For
certain embodimepis;dheiRPatizatanReMResIoN iBaludes Wl oh aprasive particles. For other
embodiments, the planarization. compositian is essentially free of abrasive particles when supplied to

the 25 interface oPtHEKRER BB SN SrRIE AR AR BHRFRERAISAKE CRBEEY Sic TR hese latter
embodiments$it iscagpriamplaiedibrtplandizatianiisateemplished:by, anadcizhetb Bithe fixed

abrasive article ant%/or abrasive L[ﬂgrticl .that %y be removed from .t(?e. fixed abrgsive article at the
. . % em;lvejt'at 18 CO resuli m 0o 10 .fhc:fﬁlcenltratzon Of oxidizing %as it el
fixed abrasive/surtace‘interface in- combination wi € planarization cor‘?’fp Sition. 1n any event,

abrasive 30 partigis:ansaypicalypngtipresent in the composition as initially applied, i.e.,
Various planarization assemblies or units for performing methods
of the invention are readily available and are clearly contemplated by the scope
15  of the present invention as described in the accompanying claims. Such
planarization assemblies can create an interface between a polishing pad or a
fixed abrasive article and the substrate surface (e.g., wafer surface) in various
manners, e.g., rotation, movement, pressure, etc., to achieve planarization. A
planarization composition is typically introduced at or near the interface, by a
20 variety of methods such as by dripping, spraying, or other dispensing means, or
by presocaking a polishing pad, aithough other locations and methods of
introduction can be used.
In a typical planarizing machine, a polishing pad is fixed on a
platen or table, a carrier assembly that includes a substrate holder to support the
25 substrate (e.g., wafer) typically using suction, and a drive assembly to rotate
and/or reciprocate the platen and/or a drive assembly to rotate and/or transiate
the substrate holder during planarization. Thus, conventional planarizing
machines rotate the carrier assembly, the polishing pad, or both the carrier
assembly and the polishing pad. In general, the plaparizing machines are used
30 to produce a planarization reaction product at the surface of a subsirate whose
hardness is less than the hardness of the abrasive particles and whose adhesion

to the substrate is less than the original surface material; and to remove the

11



they are not supplied from a source external to the polishing interface. Preferably, a method in
accordance with the present invention is 10 WO 03/060980 PCT/US02/40407 conducted at

atmospheric r d at a temperature of about 40F (about 4C) to abou 46C), and
more preferag‘@ z?%é?e%@perature of about 75F (24C) to about 115F (46C). I%gr:rj@r}?syé %%(%gaces,

however, it would be desirable to maintain a temperature at or below ambient temperature 5 during

planarization of GeaRoyilprsaatalaith adixedsMy paiyelasticle. This is seldom practical in slurry
planarization (i.e., in a conventional planarization prqocess in whjch the planarization composition

includes the abrasive particles) Ak e 3 IBASPOE e W HE R AREAP RS REAHFEDr dispersion of
abrasive particlesrtbtideesl tiieyegmpdailichaghad agdaianatizationtAdbadingly, aleyeites 10

temperatures are iypically lizgd.during slury planarization. sithough too ligh, & femperature could
result in too low a'concentration of oxidizing’gas in’the ‘planarization compaosition. Various
planarization &ssémiidytioms pigsoidmteform egatZ68spof.the invention are readily available and are

clearly contemplated by the 3?9}%31%5 Qwﬁm %%Htiér};{,gm@g@ﬁlgggﬁ{{g@aql#;ré%ﬂgﬁﬁmpanying

claims. Such planarization assémbliés can create an interface between a polishing pad or a fixed
abrasive article atif transiiEate QPRI &f thearelihipgmpe desrdimbircndamiersye. g., rotation,

movement, pressyfe; 8ts eAdbathieuRRianadzation A Mlanzatian sempesifigadtsdypically introduced
at or near the interface, by a 20 variety of methods such as béy]ﬁdripping, spraying, or other dispensing

means, or by preBYEKIFY YHERAhIRY elaTarAB AY AP ST ARtRREMEAE® introduction can
be used. In aitypicalplasiacizingybachitied aopbishing:patdevixed prlishipiagan ardable, a carrier

assembly that incldes g substiate holdel fo suppart the. 28.substrate (5.9, waler) ypically using
suction, and a drive assem y%o rotate anaior remproga?e the pela?len ahd/oradrivé assembly to rotate
and/or translate parts of the composition may be applied separately and mixed at the interface or
immediately before contacting the interface. The planarization composition can
be applied by pumping it through the pad. Alternatively, it can be applied at the
15 Jeading edge of the pad, although this may not provide uniform distribution of
the planarization composttion across the surface being planarized, which is
desirable.
'The polishing pad can be any of a wide variety of conventional
polishing pads that are used with abrasive slurries. They can be made from a
20 material such as polyurethane, polyester, acrylic, acrylic ester copolymers,
polytetrafluoroethylene, polypropylene, polyethylene, cellulose, cellulose
esters, polamides, polyimides, polysiloxane, polycarbonates, epoxides, phenolic
resins, etc. They include, for example, a polyurethane-based foam material,
wherein the foam cell walls of the pad aid in removal of reaction products at the
25 wafer surface and the pores within the pad assist in supplying slurry to the
pad/wafer interface. They can include convex or concave featores, which can
be formed by embossing a surface pattern. For example, a polishing pad can
have continuous grooves in concentric ellipses in the surface of the pad for
more vniform slurry delivery and more effective debris removal. Commercially
30  available polishing pads can be obtained under the trade designations "URIL"
"Sycamore,"” and "Polytex" from Rodel, Phoenix, AZ. Examples of polishing
pads are also disclosed i U.S. Pat. No. 6,039,633 (Chopra}.

12



the substrate holder during planarization. Thus, conventional planarizing machines rotate the carrier
assembly, the polishing pad, or both the carrier assembly and the polishing pad. In general, the
planarizing machines are used 30 to produce a planarization reaction product at the surface of a
substrate whdse "HaTtness is less than the hardness of the abrasive particleg SHEWHEEL adhesion to
the substrate is less than the original surface material; and to remove the 11 WO 03/060980

PCT/US02/40407 reaction progdileeausingdhamhiasivaiBriticeRied YpiGallvyibeBalighing pads, with or
without abrasive particles._embedded therein, are disk-shaped and rotatab?re about a fixed plane and

axis at constant BFUSASiSPEFREE0E By giinArT fhat dpERY pPTERAliBT i RGE LA BYYE 5 2 revolutions
per minute (rpm) dmbaLih200 sfiteed Ypioad ydapoishingrpag iseasnared afrd continually rewet with

the planarization composition. If the polishi ad doe [ e abrasive particles embedded
therein, the planéiﬁ?%%rt%%ﬁbkg}%%xo& %oéri %‘h?:?u%%s‘f‘) tgﬁtrgis%l‘\%’gggl’%%eg% e@r‘ilié ?h@? féferred to as an
abrasive slurry. Thepleraiz &titnt Riidomposiéh3%/8s e .a pphiedetoithly avielalkeiietiveen a polishing

pad and 2 substigte. sfageSIA0 A VRIENPHCANIAESAFAL CRAMPIanBGaMPonent parts of the

composition may be applied separately and mixed at the interface or immediately before contacting

the interface. Th&-prantieaibpe ohdppukiardddiniseospiiadbysursintaimrsugh the pad.
Alternatively, it caipgaRRiSE @tilans leadipa.edas ofdhe padhalthouahdhis may not provide uniform

distribution of the planarization composition across the surface heing planarized, which is desirable.
The polishing pad¥aH SerHiREdF & GRideDesFby bFUBRFEHEENR A e d SHTPARE used with
abrasive slunies.uhbey:eamne aasdeaffon ew20 Iratedat suthaspaiyurethana;apalyester, acrylic,
acrylic ester copcgjlg/ég%%hpol}/tetraﬂ oroethylene, gl)éggoigé}él%qle gl%?y%e\gg, L%atllulose, cellulose

esters, polamides, polylmi% safnﬁrolffsll OxaTe ,Opséff/)car Onates, ep%ildes, p eno}ﬁc
abrasive particles in the plaparization composition.
It is highly desirable to have a high polishing rate (i.e., the rate at

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

15 planarizing cycle, the polishing rate is preferably uniform across the substrate to
produce a uniformly planar surface. Preferably, the polishing rate is controlled
to provide accurate, reproducible results. Also, preferably, the planarization
process 1s carried out in one cycle (i.e., one step). That 1s, for the removal of
any material from a particular surface, there is only one planarization cycle

20 without any intervening rinse cycles., This planarization process is then
typically followed by a post-planarization clean process in which abrasive
particles are not used.

The figures provide further information about the methods of the

imvention. Figure 1A illustrates one portion of a wafer 10 prior to planarization

25 in accordance with the present invention having features that are filled with the
material to be removed through planarization. The wafer portion 10 includes a
substrate assembly 12 having junctions 16 formed thereon. A capacitor and/or
barrier layer material 19 is then formed over the substrate assembly 12 and the
junctions 16. The capacitor and/or barrier layer material 19 may be any

30 conductive material such as platinum or any other suitable conductive second or

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

Generally, as shown in Figure 1A, the nonplanar upper surface 13 of capacitor

13



resins, etc. They include, for example, a polyurethane-based foam material, wherein the foam cell
walls of the pad aid in removal of reaction products at the 25 wafer surface and the pores within the

pad assist in %p@%i%%ﬁlurry to the pad/wafer interface. They can include c%\i%?&&%gave

features, which can ormed by embossing a surface pattern. For example, a polishing pad can
have continuous grooves in concentric ellipses in the surface of the pad for more uniform slurry
delivery and morgeffe clive-delybs 1emevsgtcanmencially:3a availablepolishingpads can be obtained

polishing. pads e SRPERRIUb0 MFS RATIOL: 4 BoE i eh ey TA W ogotbos0
PCT/US02/40407h HiggeniFalnalfieciabpasiveidnticlEr ipmm@qgnhgmytm mhs@séﬁarticles
dispersed within Abipder 103l (s AdiasARPIsINAhD G eWAsMD Semenkilakis adnered to one

surface of a backing material. They are “described, for example, in U.S. Patent No. 5,692,950
(Rutherford, ét abparigcoriaerratenisr PedintRUBTCARSHY BY9BIG6541. Commercially available fixed

abrasive articles can be obtajped fromfakueSupitsuiKagekiwad bbera:Gorporation, both of Japan,
and Minnesota Mining and Manufacturing Company (3M Company) of St. Paul, MN. An example of a

preferred fixed aDPRRAAGPRARACH Lt BERARF PaP iR R RS EEBIE SRIRT S E ompany 10
under the trade designstion [SWER #kauehiiitedealivasiveratnlemsatrhgorisEwith a planarization

composition as described herein with or without abrasive patticles in t laparization composition. It
is highly desirabl&'? eﬁB%‘%“r%r\“ﬁ SRy 5%%3‘6.%“"2?%}8%?2 r}é V%%H%&%&ﬁ‘%&m

Is removed from the
substrate) toltedleethé thrratibhoteaciutb platarizihdic\cleictheepdhstimbaatedsnpreferably uniform

across the substr@gg t[o 0%@9”%&% % @%%E?éaﬁ%ﬂgg&ag}%ﬁw@ﬁ%cg&gefﬁg%ﬁt%&%@@&%me is controlled

to provide accurate, ?eyprodum . referably, the planarization process is carried out in
one cycle (i.e., oneyetds)carz fermof tiers metpaiabthat provides electrical isolation

between metal regions {e.g., silicon dioxide, silicon nitride, or BPSG). An
electrode layer 29 is then formed over the substrate assembly 22 and the

15 patterned dielectric layer 26. The electrode layer 29 may be platinum or any
other suitable conductive second or third row Group VIIB or Group IB metal-
containing material. Generally, as shown in Figure 2A, the nonplanar upper
surface 23 of electrode layer 29 is subjected to planarization or other processing
in accordance with the present invention. The resulting wafer 20, as shown in

20  Figure 2B, includes an upper surface 27 planarized such that the thickness of
the wafer 20 is substantially uniform across the entire wafer 20 so that the wafer
now inclndes electrically conducting regions 24 isolated within the patierned
dielectric material 26 forming a capacitor structare. I desired, prior to
planarization, the conformal layer 29 and openings 24 can be covered with a

25 photoresist or other material that is removed after the planarization so the

* abrasive does not fall into the openings 24.

These figures are shown only to illustrate a surface having
nonuniformities, such as height differences, in the fabrication of semiconductor
devices. The present invention is not limited to use with nonplanar surfaces,

30  such as that shown in figures. The present invention is also beneficial for use
with substantially planar surfaces. For example, the methods in accordance

with the present invention is beneficial during the whole planarization process,

14



any material from a particular surface, there is only one planarization cycle 20 without any intervening
rinse cycles. This planarization process is then typically followed by a post-planarization clean

process in WQ{%]G’%&}R K A'b/e particles are not used. The figures provide furtherpi%[,%qga%tj w}about the

;
methods of the inve@gon. Figure IA illustrates one portion of a wafer 10 prior to planarization 25 in
accordance with the present invention having features that are filled with the material to be removed

through planarizatign aifife suafer pepieredOwnsiudesatsubsiiaiplasaembly 2 having junctions 16
formed thereon. A caga%ijiﬁr(ﬁnd/or barrier layer material 19 is then formed over the substrate
assembly 12 andthe m YoNa 5 e capacitor and/or barrier layer material 19 may be any 30
conductive material such as iblatifaliowirpeneniiie i sefifabtbtodmdimtitie ssetcorhd varithisd row Group VIII

metal-containing capacitor.and/or barrier erial. Generall aﬁgp in F&y 2da the nonplanar
upper surface 1358?%%%3%%&:9%% 5%%??8%%%‘6 B ?fﬁ%@?¥50407°a%83 arr?rer_la}’yer 19 is subjected
to planarizatién drouthen plvsessitiiraderoradradifions prosehitenhion repren@gulting wafer 10,

which is shown in Figure 18, Iaclpdes,ariPRRkAEfACe 17 planarized such that the thickness of the
wafer 10 is substantially uniform across the entire wafer 10 so that the wafer 5 now includes a

capacitor and/or barrier structure layer 14. Figure 2A illustrates one portion of a wafer 20 prior to
planarization in accordance with the present invgrtigipiaaving features that have a conformal layer of
the material to be removed through glanarization The Wcifer portion Zfﬁin‘ggdes a substrate assembly

22 having a patterned dielectri® 4 %?@%‘%W@& HhEigor® stich ap: d'théfectric layer 26 can
be used in aivarigpatsthyciinasg padicklad yERedphCitari st Rictutalihevidttéretiteielectric layer 26

can be formed of any. ateiial inat providls eleetisal isolation. penusen metal ssgions (e.g., siicon
dioxide, silicon nl?nde, or 3 n-electrode layer 29 is'then formed over the substrate assembly 22
and the mixture is stirred for thirty minutes. For the polish, a conventional, rotary

polisher such as AMAT MIRRA is used with a Rodel URI pad. The tool is

modified to allow the addition of oxygen into the slurry shortly before entering

15 the pad. The gas is added with a flow of 10 sccm. The polish is performed with
a down force of 4.5 lbs, table speed of 55 rpm and head speed of 50 rpm.
Sharry flow is set to 150 mL/min. After polishing the wafer is cleaned with

conventional scrubbing.

20 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

25  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
listed herein are incorporated by reference, as if each were individually

30 incorporated by reference.



15 patterned dielectric layer 26. The electrode layer 29 may be platinum or any other suitable
conductive second or third row Group VM or Group IB metal- containing material. Generally, as shown
in Figyye A4 the:peankanar upper surface 23 of electrode layer 29 is subjected to planarization or
other processing in accordance with the present invention. The resulting wafer 20, as shown in 20
Figure 28 RREGRE AN BHBEr SAFRESBE planarized such that the thickness of the wafer 20 is

substaatialbhtHifo oagrVSH thetgntisaalies 20-sedbahthshwaliertdpmeineludemelpetigally conducting
regions 24 isolated within the pa ed djelectric material 26 forming a capacitor strugture. If desired,
oo G S ANDATER, o ChHE, Ll 1A 20 GG brids Bh EETDC U6y EIEd W4 S8 Bhotoresist o
other mdtenal thétisumamosethaf! er-ivel plangrization. senth eccatirasitiend ogdsoof, faldnforther openings

24. Thege [guies srsshounanb (g lustiats a suace having. nonuniomiiies, such a3 height

. ¢} 17 .
differences, In the tabrication of semi onductor devices. The presen%%%%%r? i hot fimited to use
with nowsggnar surfaces, 30 such as that shown in figures. The present invention is also beneficial for

use wi ially: Xaap Hqggl;l ¥ rdance with the present
invenvtgig%i?g ggr?e%%éﬁﬁ%ﬂ%@%ﬁé{%ﬁ%nzatié%o é?g’cess, %%5\1/}\%?%%60980 PCT/US02/40407

even AHEBAY OFitha M des 3 PeRAE S o seBpRIRPPIandrized is in a substantially planar state.
The fqﬂawéiﬂgiﬁgampd%%}s)ffﬁ@%&u@&%ﬂu@@%@@ MALIQU& SRS Gin MndRrefgtrgd empodiments

and techniques. |t should be understood, 5 however, that many variations and modifications may be
made T TGS WA B SR P B tHBIDFOBER RS P ERE b o ssAchiRet At UM wafer is
used asladgstosample. A slurry is 10 prepared by diluting three liters of Rodel Granite Part A slurry
with thr%e Iiter% of water. To that mixtudr? 10 mL of concentrated e%cetic acid.is added. The

whereln the oxidizing gas 18 selected from the group consisting ot oxygen, air, nifrous oxide,

nitric oxide, sulphur trioxide, and combinations thereof;

wherein the polishing surface comprises a fixed abrasive article or a polishing pad; and

wherein when the polishing surface comprises the polishing pad the planarization

composition comprises a plurality of abrasive particles having a hardness of no greater than

9 Mohs.

2. The method of claim 1 wherein the Group VIII metal-containing surface of the substrate

comprises a Group VIII metal in elemental form or an alloy thereof.

3. The method of claim 2 wherein the Group VIH metal-containing surface comprises

elemental platinum, rhodium, iridium, ruthenium, or a combination thereof.

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

clemental platinum.

5. The method of any one of claims 1-4 wherein the Group VIII metal is present in an

amount of about 10 atomic percent or more.

6. The method of any one of claims 1-4 wherein the substrate is a semiconductor substrate or

substrate assembly.
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mixture is stirred for thirty minutes. For the polish, a conventional, rotary polisher such as AMAT
MIRRA is used with a Rodel URII pad. The tool is modified to allow the addition of oxygen into the

slurry shogtynhefere arieriogeler thigiPac-1 RengrsHsiRAdeshmithe HMsRELAREM ShgfRelish is

performed with a down force of 4.5 Ibs, table speed of 55 rpm and head speed of 50 rpm. Slurry flow
is set tFPs0’MEAnini RrdrpBNEHIFRS theSPhfer is cleaned with conventional scrubbing. 20 The
foregoing detailed description and example have been given for clarity of understanding only. No
unnec ry limitations are to he, understoqd therefrom. The invention is not limited to the exact
detaild Sh er[&i%?g‘t&&%ﬁﬁ%?%?‘%ﬁ%i&g%}ﬁ iBULTE SHVSRIMFNSRe art will be included within the
invention defined by the claims. For example, while the description 25 above focused on planarization
of semycondhictor:Rased sypsipias s cameesiians ang metods otihsdavenion.are also
applicableto, for examf)]l , po?lsﬁlng glasses and contact fenée%, as One of many o hér pc?ssmle
applicatiosistinginé coygpie tardiscl osarbimaf eilb phatessts, patent documents, and publications listed
herein are incorporated by reference, as if each were individually 30 incorporated by reference. 15
What Is Claimed Is: 1. A planarization method comprising: positioning a Group VIII metal-containing
surfactloflAsuIssirstelis! e farkeipith thepotishiitg SUrfac&Yedikerein the Group VIII metal is selected
from the group consisting of rhodium, iridium, ruthenium, osmium, palladium, platinum, and
combinations thereaof, and further wherein the substrate surface comprises one or more materials
contaihing BhESHAPE BEharerREEAEISUpbiyiRGTaR &dic planarization composition in proximity to the
interface; feeding an oxidizing gas into planarization composition; and planarizing the Group VIII
metal-containing surface to selectively remove the Group VIII metal-containing surface relative to
materials containing other metals at a selectivity ratio of
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at least 10:1; wherein the oxidizing gas is selected from the group consisting of oxygen, air, nitrous
oxide, nitric oxide, sulphur trioxide, and combinations thereof; wherein the polishing surface

comprisesi A fixedaRrasive.artisle Q%BakRRINY Racd ARchvhersinwhep s palishingssutiace

comprises the polishing pad the planarization composition comprises a plurality of abrasive particles
having"4'B8rdness of no greater than 9 Mobs. 2. The method of claim 1 wherein the Group VIII
metal-containing surface of the substrate comprises a Group VIII metal in elemental form or an alloy
thereof,. 3, The method. of claim 2 wherein the Group VIII metal-containing surface comgrises

elemehtal DRI Ab BRI B SRIRK N Ehid TS LIRS RS St SFEYIC TR TBBABRLS claim 3
wherein the Groupsahhshetatiodpigining susiace: sy prises] alameiahpiatinu s Acdkasgethod of any
one of Q!)a"H% 1-51 w g_krlergn th%GrouE VA# met}?ll [}s; é)resent ir;IETn amoungof ?rﬁout 10 atomic percent or
more. B e RO BT S DA of RS P h SPEIR RS R B 86 Ao M e eRFcE5 Ebstrate or
substrafelassemblynbinihgthelmethod of any one of claims 1-4 wherein the plurality of abrasive
particles comprise Ce02, A1203, SiO2, and mixtures thereof. 8. The method of any one of claims 1-4

which is carried out in one step. 9. The method of any one of claims 1-4 wherein the oxidizing gas is
selectéd- fidm melpdw densisinghstairyderlatinamd-cotabingtionétieereupiss Fiemmettod of claim

9 whegin e, GXIZiRh GRS IS B0 8D atdrid B&E@ﬁ%‘?%@ény one of claims 1-4, wherein the 17

oxidizing gas is fed into the composition in an amount of no greater than about 10% by weight. 12.
The method of any one of claims 1-4, wherein the substrate is a semiconductor substrate or substrate

assemply Tnelusba atdeani ANEragiaRiff R RLinwT-SONANING SHface&Hsales a platinum
alloy.

15. The method of claim 12 wherein the semiconductor substrate or substrate assembly is a

silicon wafer.

16. The method of claim 12 wherein the oxidizing gas is selected from the group consisting

of oxygen, nitrous oxide, air, or combinations thereof.

17. The method of claim 16 wherein the oxidizing gas is selected from the group consisting

of oxygen, air, or combinations thereof.

18. The method of claim 17 wherein the oxidizing gas is selected from the group consisting

of oxygen.
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providing a polishing'éurfaée; and the method comprises planarizing the at least one region of
platinum-containing surface. 13. The method of claim 12 wherein the platinum-containing surface

comprisesglemental oplatingm iy apamauntafabaukl Qaamic REICENEPRMNANE « Yhithgmethod of

claim 12 wherein the platinum-containing surface comprises a platinum alloy. 15. The method of claim
12 whKRFS e ST AOBER B o BRI Rdalonianingiless otesd 15T emethod of
claim gzrefhereiniéhe @xdizirg gasl iseleatethirosmiae grovp aamsisting kaxyganriitteus oxide, air,
or combinations thereof. 17. The method of claim 16 wherein the oxidizing gas is selected from the
groupcéléjﬁggffn%r cﬂlgﬁ%aﬁyﬁf‘air, or combinations thereof. 18. The method of claim 17 wherein the
oxidizing gas is selected from the group consisting of oxygen. 18 19. The method of any one of claims
1-4 wherein the substrate is a wafer having a patterned dielectric layer formed thereon and a Group
VIII metal-containing layer formed over the patterned dielectric layer, and wherein the planarization
method is used in forming a capacitor or barrier layer. 19
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