WD 03/ 060980 PCT/ US02/ 40407 5 METHODS FOR PLANARI ZATI ON OF GROUP VI I |
METAL CONTAI NI NG SURFACES USI NG OXI DI ZI NG GASES Field of the Invention The
present iwoasls@sorel ates to nethods for planarization of PCTUSG/a04p7 VI | |
metal -containing (preferably, platinumcontaining) surfaces, particularly
in the fabrication of sem conductor devices. Background of the Invention
Filnms of netals and netal oxides, particularly the heavier 15 el enents of

Goup VIIl, are becomng inportant for a variety of electronic and
el ectrochem cal applications. This is at |east because many of the G oup
VIII nmetal filns are generally unreactive, resistant to oxidation or

retard th diffu I I i des of
certain of these &%@S%ﬁpmﬁgﬁagwyyﬁﬁgré%ugh perhaps to
a different extent. CENTARNG $URFATESOMNG UXIDImBIG@IGASEdei r al | oys, and
metal oxides, particularly the second and third row netals (e.g., Ru, OCs,
Rh, Ir, Pd, and Pt) have suitable properties for a variety of uses in
integrated circuits. For exanplfgi\ ldo?% Iﬁ%htf%‘ﬁ used in integrated circuits
for barrier materials, for exarrp? ey are particularly suitable for use

as barrier |ayers betWeepretdneinRentibreleds tbenathdd3foBplamitatibreofSi | i con
subst rate in mem)rﬁI devices. Furthernopre, .they are suitable as the plate
(i.e., elBctPeuw Vil mgtal-coniaipingprefesally, Hﬁvtamnﬁe%tﬁ@n@h@n’é@e% he candi dat es

for. use as !nﬂ&ﬁg{rﬁl ﬁeEﬂhc&h&%fs@@?&o%ﬁﬁ&bﬁd&%@c' tors. Capacitors are the
basi ¢ charge stora evices In random access nenory devices, such as
dynam ¢ random access nenory (DRAM 30 devices, static random access nenory

(SRAM devices, and now ferro ctrl C FE RAM devices. They
consi st of two conductors, ﬂgﬁi‘yﬂé‘?"al or polysilicon plates,

which act as the el eCFﬂﬁ%ﬁm@talseandrhétﬁl o%é&%saﬂﬁné\jm@yth@h@ﬁlépde and the cel |
pl ate capacitor electrode), insulated fromeach other by a 1 WD 03/ 060980

PCT/ US02/14046Fzmeniis of &sourn %Ehmeechannr(gamp@mmeﬂoe@ vadiety of eeettani¢ endvat eri al

for FE RAM5) ., Thu conti.nuin eed for a terials
for the pro C%lg%tr%: él&lcaF apphcz?tlons s 108k¢ rgecause many oft ttﬂ g.?slroupn‘g’]ﬂTa

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 VIII 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 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



Goup VIII netal-containing filnms, preferably, platinumcontaining filns.
Many surfaces that result during the formation of Goup VIII 5

met al - corwaiogioonysd i | ns, particularly in the wafer fabri caticarusot/40407

sem conductor devices, do not have uniform height, and therefore, the
waf er thickness is also non-uniform Further, surfaces may have defects

such as crydiedctli@idatesial GFoRGLectris BleticEheBatefiAUDNFE RAMS). Bitbedded
particles of dirt or dust. For various fabrication processes to be

performed, $hpEnisascantinhisgnaghipr arthass end myteriads ighthe poogsssing®d f orni ti es and
defects at H}Svﬁwiﬁ%?e?mé&%{l%ﬂgg\ﬁ@% gé@é&%ﬂ%lg?g}ﬁﬁﬂﬂﬁ%gntgfngnﬁélh{ywn?LEd' Al so,

excess material® may nee rma struc
sel ectivity rel ati ve Many dnefacozdratIrysuhigiusing she foimatiodesfi @oap MEHNar i zat i on
techni ques are avail abl ﬁ? One

to provjde such reduction and/ or elimnation.
such pl arar P& GRIAEER ra%@mﬁelaﬂdé%%%#%ﬁgga?at@ﬁ& STUERRHCEA] - nechani cal
15 pol i shi n%e(ri@?s?ﬁ@‘ﬁb?{mﬁ@ ulfb&h Reidfi, 'Aﬁ/yﬁié}efﬁéh&e%@mﬁiéh%s RlAqparization is

used to renove materia an prefera achieve a planar surface, over the
entire chi pnangnifafer Fusioreturfress mayhaerdettctssual ad glyshldhttiot damaget y. "
Conventi onal | t he process of pl.anari.zation rticularly CWP,
i nvol ves thé_c%gcé‘e%fro‘%i\%sfse‘?r jﬁ%‘?egg?&}ﬂhée%f@? 0&% B;?),r YHI26 pol i shing pad,
and an abr agiptRafibhpfotedsBedo H_egfei*fdﬁ}ﬁ&i, duéh %ﬂﬁhé%r@ﬁhy%d%tdhﬁﬂ%’, ﬁéigmy of

: s plie

abrasive particles in a liqui The abrasive slurry is a so that it
cont act sl0 t meniunifermizics arst dafenss slthesuréasd of He Wbl mhstibg rgiged A t abl e or

pl aten has g, pol L EMANG RAd. L HELEAN.. TNEs POLI S0NG. PARllS, BRphied to the
waf er at a cer I'n" ‘pressure to per rm e planarl zatl on. east one of

the waf er ardthaseetivBNialgivé®o ARAindedyif g bubsira®OtVBidus pladirizeéioho t he ot her.
In sone planarization processes, the wafer holder may or may not rotate,
the tabl e ofeqhniguenhargayaigableigproyite puphgednctign andfpr ¢IHBINg QR H%my be noved
in a linear i : i s o - DY ypes of
pl anari zat i 8@%’?‘?@@92’?%@‘?@“‘3@?@@%@? oP ?ﬁa% @/&p@é&%ﬁﬂ?éﬂ%ﬁﬁ er ent
manner s. 15Al tpelistatg abbyevidtdichapeihias "CMP"pad and abrasive 30 slurry may be

repl aced by a fixed rasi ve icle that includes a plurality of abrasive
particl es dispersed %ﬁmf%eas %{;hmlz wgaecf@ra@oyee@gttengﬁén urface of a

backi ng mat epdialably?achiev 3 pREROSR Bty - Qhip 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 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 a

backing material.



The pl anarization of a surface that includes platinumand other Goup VIII
netals typically involves nore nechanical than chem cal action during a
pol i shi ngwproame®so because they are relatively chem cal |y ipagrusoamddor have
relatively few volatile produces. Such nechani cal polishing uses alumna 5
and silica particles. Unfortunately, nmechanical polishing tends to cause
the formation of deflhepnfdzagion of e sertfadeabatancdugeamidtmbesind diletrh of whi ch

can be detected tically, rather than the cle renoval  of. the plati num
N so rany CEomml et Aty i lres Boa g Gt (e ShaBHatiet f ecti vel v
pl anari ze phﬂ%ih@&@ll)liéi?gngi’%ﬂa@éss FEQUR: MbY hrerf@ltaabelg@Hérﬁicmmeﬁlaﬁa/apes ei t her

because no materia renmoved (which results in no change in resistance
of the waf ehjverelativelyrfew violatitet produges.a8ecthaschdaicebpdishings¢splumings, there is

still a need for. net hods §{.0 | anari zi,ng. a xposed urface of a substrate
That | i acloqand Sfist Bbsies (RforShRRR! HE Al peR BRI s O hBE L 100
the fabri catbeintioh of 8860 (Wil CdcRdtciits \uha particled), Buthaiwhie cdote | nvention The

present invention provides nethods that overcone many of the probl ens
associ at ed Wetepted pptigallynraihies ap dhe Jeangremoyplpidhe platinimc e Banp| at i num

& oups 5, o SRRl A IRE ot SRERG Yo LR MBRPH RIS | 77 e i

referred toohethet Gras Villbinatl-connigmgtsaifaces githeiteamse nomawaiabisgeneral |y, a
Goup VIl metal -containing surface, A "Goup_ VIII netal-containing

sur f ace"10r ef@pavedi(yhigh resulis dnpe chagee i 1eaistange af e SEENY the Frspiigot
(particular Isgﬁa&llpdgidgfég%t}%ggﬁerabl y present in an anount of at |east about
10 atom c percent, nore 25 preferably at | east about 20 atom c percent, and
nmost preferably at | &hss, thdyeis stillzOneat! don methed<on planafizingen expopedi ti on of

t he region, ich may be provided as .a | ayer il o in etc., to be
pl anari zed (igm%qe,of\ﬁ%b%m%egpglng%ﬁﬁmw . or ?fé%rh&??g&ﬁhﬂegﬂé’ri zation or
pol i shing) ipArRERAYIRMeTaMidaRon BEsdhi6SRAktor A¥ARds. on.  The surface

preferably includeS one or nore Goup VIR netals in elemental 30 formor an
alloy t eof (wth each other and/or one or nore other netals of the

Periodic Table), as well as 0§gdes%rx(r§%¥ﬂeilﬁ9esﬂti and silicides thereof. Mire

. O_P . .
preferably, the surface includes nost preferably, consists essentially
of ) 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 (i.e.,

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
VIII metal-containing surface. A "Group VII 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 atomic 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, 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 VIII 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 silicides thereof. More

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



3 WD 03/060980 PCT/ US02/ 40407 one or nore Goup VIII netals in el enental
formor an alloy of Goup VIII netals only. The nethods of the present

i nvent i orwDrob0980 pl anari zi ng a surface using a planari zaCTarsozemposition
that preferably includes a solid or liquid 5 oxidant (i.e., oxidizer or

oxi di zing agent) therein (either dispersed or dissolved therein) that has
a standard regue e GeoieWll sletady in@lentendd forabotridn dlioy of€ious VAL st andar d
hydrogen el ectrode at 25C. Preferably, the oxidizing gas is present in the
conposi ti on MEEPMYanpunt such that the solution is saturated. More

preferably, the oxidifldg.@a8 diShe é/x@sé?ﬁ‘?é\%ﬂﬁoﬁ ﬁw%ﬂ%r%r s gta'sﬁffaée“ an
0

anount of no greater than about 10% by wei ght, and ferably, in an
anount of abwointg Dplassrizatiaourhpds¥idmythatvpeefghably idciudes 4 salidzorlliguisk ef erred group

of oxi dan S | es o ni tr.ous | de or conbi nations thereof.
er o o 1R G R oBiRE fesofl i Rier ipgReEt oY
“planari zat 11B8Yein) B8 has 4 Sahd¥@d FRNBNGH pddntiiBbLAt st Abcui @ vewsuf ace, whet her
it be a large or small anount of material, either nechanically,

cheni cal | y, standpusthydrogenietectipd®ati23¢Cudes renovi ng mat erial by polishing. As

used herein, "chemc i cal._pol i shin nd." 0 a dual
mechani sm haV| ng bot #rgfegﬁﬁ%% ldlzp a§1 Ig%eﬁlgmgthﬁec (r)ﬁl@é lrlca(%]rrponent

wher ei n cor rash@n sdhehatshé yolaﬁbral@datﬁfa@esdt Merermethmbmshmmizmg@s groll in
the renoval of material, as_in wafer oI i shing. The planarization

conposi t 1&n Rese b the RANPYSIGRINfE SMEFAES ﬂ%gfeﬁﬁ?@%la@%u‘ 10%Yeby resul ting
in an abr as'%&gﬁt{, g:?}d %oreggggep%#gﬁﬁg% Ao R ALOA M 1 B0 abRE 18 GHES W th

conventi onal not have abrasive particles 25 enbedded
therein. A t\eﬁghﬁ i phryiculatle ppdf@rergrawt ofooxidanpinsiutleooxyget, hoittbus abr asi ve
particles thergl n, can be used th fixed abrasive articles (also referred
to as abrasi¥e epé}rt LHIO I%{?§§VH6FFO | ace of conventional polishing pads.

Such fixed abrasive BEkiCheR coRedntidRall Lﬂld!éfs?dddt Vpl%arﬁﬁ{gﬁ%we particles
di spersed within a bi nder adhered to at | east one surface of a backi ng

mat eri al 15 V\H‘@ﬂdmanzatmna\ regersfid fedembya of wartexal frofnea surface, whrsheslithess i zat i on
conposi tion, lalp Ié%]} es'ﬁn%ﬁ amouata gf mgterlal 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
techniques with conventional polishing pads that do not have abrasive particles

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

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



particles have a hardness of no greater than about 9 Mohs. If the oxidizing
gas is not stable in a conposition with abrasive particles (i.e., an

abr asi ve wbuwsg)so 4 WO 03/ 060980 PCT/ US02/ 40407 they maycCraispr/esvtded by
separate delivery systens and/or in separate conpositions and m xed at the
poi nt of use. In one aspect of the present invention, a planarization

method is pREMLEEEe ?J@&Idelilbﬁﬂsaﬂﬁ&te dpRry by@Rnigand/doin sEpavite |

nmet al -containing surface of a 5 substrate (preferably, a sem conduct or
substrat e orcoBpsitipat andauiseisl (hePgiti ohYsea wafer) to interface with a

pol i shing pad; -supbl i 33 8pLANARL BALLPM, ATALS! MkPRzuddh REALH LY TO the

interface; and pl anari zing met dl -‘contal ning surface. The

Goup VIII mebvled masmbladéecbdsrtmmﬁgheGgmpaﬂ]]maa] sarnitaigingfsurfadecufiaum
iridium rutheniu osm Iatlnu and c natj ons 10

p i um 0
t her eof . TheUPIER aé%‘ﬁ“}?BEg‘l‘it%ﬁu UG airﬁt%%sah%glwc 8% havi ng a
st andar d re%’é“f&ﬂl) ?(5'111?&?&%@%1&4 ﬁéhsﬁfmg Hﬁésstuggect O]%laﬂarié%f@ﬁ‘éoﬁ p&htggpdar d

hydrogen el ectrode at anot the invention, a
pl anari zat i dn pretiigy to th&ahtmfe@: apd planaromigidpe £3rCnp YpIl wietal- aeetating ont ai ni ng

surface of a s bst . at i terfa 0 |sh| face, wherein
the Group VI F‘f t\}f ﬁ?’é)uge\filscffl%tg“ﬂs?} ?%ﬁﬁoﬁqugﬁﬁpé]&?gpsslf L%r rhodi um
iridium rutheRiHMiridewl #ihenfh Gelitdd) palRbibi, rpwnnuﬁndn@@cmﬁblﬁaﬁmns t her eof ;
supplying a EI anarization conposition | nlp& oximty to the interface; and

pl anar i zihg théreofcplanarizatinn empositicaiipdlvdys angridiciag SahlaVers? t he
planari zatig e}nﬁgrraproaucttlo%n ogenggféfsa?ﬁelagtﬁbﬁéf Ph% 10 Qgtﬁngagd ﬁ%rg ed from the

group consi st rous oxXIl r|c oxi de,
sul fur tri O)@]gdﬁ,odaat 231Cer hal ogen, and conbi natl ons thereof. In yet anot her
aspect of the invention, a planarization method incudes: positioning a
Goup VI rret al - contlaiaRPthgT SReFtaf dhegpventionna pleapizafign Method f ace with a

pol i shing supfag&. . W&ﬁ; gioﬂnfgha.engl W%%t%]hé@ftﬁhlng§ulsf§éee&{a%b%ﬁté foom the

group consisting o rum- ari r eni um “osm um pal ['adi um
pl at i numi5 anidtecfacdwithipolishih ) euréwt; wlwmpltlya Gooup Yllbmetal saeleotedconposi tion

in prommtiytothelnterface ar|2| the G ou 5*4
met al - cont ai HPRLe EGrR ‘é?f@‘su\ﬂﬁé’fét?orﬁlhut én ’Iughé'r‘ %HSIBBJH'E@ {4 conpri ses
an oxi di zi NG}, and combinations thereof; supplying a planarization composition in
proximity to the interface; and planarizing the Group VIII metal-containing
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 combinations thereof.

In yet another aspect of the invention, a planarization method
incudes: 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, palladium,
platinum, and combinations thereof; supplying-a planarization composition in
proximity to the interface; and planarizing the Group VII metal-containing
surface; wherein the planarization composition comprises an oxidizing gas
having a standard reduction potential 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 includes a planarization method that includes:



havi ng a standard reduction potential of at |east about 1.4 versus a
standard 30 hydrogen el ectrode at 25C, wherein the oxidizing gas is present
in the cwoPess®BON in an anount of no greater than about PC@%GSoy4osei ght .
Yet anot her aspect includes a planarization nmethod that includes: 5 WO
03/ 060980 PCT/ US02/ 40407 providing a sem conductor substrate or substrate

assenmbly 1 nglgighiRga 8micBAGIctSNBbIRE Subiirate MséhbRunRIGoNLat Ragtg Surface;
providing a polishing surface; providing a planarization conposition at an

interface behewegivntdfa patitusasentaining Stﬂéf@i:%lﬁrcmdlpg apPhtirg gHasPni ng surf ace
and the pol i Shlcﬁﬁg} ga&?ﬁgdélg%n\%ﬂ%pgﬁg ﬁalnng e?fa&b@et@%ed £231 1838%n! reeQ' on of

pl at i num coRtA! € p anarrzation conposition

conpri ses aBelg%d 6!1ﬂhtﬂﬁn@@@nthﬁmg@rﬁcéﬁrﬁnﬁapdhghmgmdaoa apdtpmmlahg of at
| east about 4 versus a standard hydrogen el ectrode aée | n _anot her

aspect t Her @Q%I@ﬁ“cﬁned‘éﬁloa ob PEHarI AN ARG fRsEr Wireind P]iaHaIVé‘Pﬂ? ng a
capaci t or ﬁ?@g{ & ¢ 41’%%6:5 H%&l dﬁﬁ% Grvinl r deqm@qe&aé%ﬁﬁfotelﬁﬁﬂ ng a 10

patterned d| e ric or me reon a Goup VII'I' netal -contai ni ng
| ayer for nmedf emesst hﬂitﬁltpatv@suxexbtaihdehﬂu;tdmgenle]aaﬂarode wSF€in the Goup VIII

t al | ected f th t, hod idi
Tt heni um osmt um JARHTTANPEcbIEES RaKS AR BRI BROEEHUE

posi tioning; @er{lﬁ@t Pﬁi&l'té}rbr%nﬁer 188t manhemd@yrgraﬁaﬁngs@mmgw th the
Goup VIII neta ontdi ning layer; 15 providing anari zation conposition
‘f@il@

in proxiiG tpatte:rneméebotntcdayerlﬁ@umdethemheanctmﬁrcsm giel-e@aiaing t he Group
VIIT netal - ont er;. . and nari.zin t he

net al - cont ai ?’ﬁeﬁ r{ngag)yer ?té dt‘ﬁgl%ﬁtlnﬁr@’refgwﬁr%rﬁt%eonpo |\<'%I|h|on conpri ses an
oxi di i ng 93$sdi@vdd o tid Qﬂad?&gnsﬁfﬂﬁilg@fklﬁdltﬁ@tlﬁﬂﬁlhf}'ruﬁhénlahl beakim, about 1.4
versus a standard hydrogen el ectrode at 25C. 20 As used herein

"seni conduc tp@llacbumsplam@noandwmmaéms therofogrtioningrachitst pRstian 8b#i conduct or
SUb-St rate Sucn?ﬁhﬁ%salf 3.08 r CO a%PQ’?H(EﬁCOéI’(Ju W Iﬁétalacon? Nggm ctor SUbSt rate

havi ng one &° ructures regi ons lereon. A base

sem condisct giolidigh pl&ah}tﬂicﬁﬁddnypotshﬁmhmminﬂtﬁwheobnta«stltietmm th@mterial on a
wafer or a silicon |ayer deposited on another . ierlaI@H%Pch .25 as silicon

on sapphi r e Polipking pfase spe @hq Groypddllgetal-confpdpipg {ayer; 8 _ Grziga | i ous
process st eng. BRYp APMPRELHIERI RIS, WRGEn R HIahiRAfiof 8éhP&iti&ai ons,

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"
refers to a semiconductor substrate such as a base semiconductor layer or a
semiconductor substrate having one or more layers, structures, or regions
formed thereon. A base semiconductor layer is typically the lowest layer of
silicon material on a wafer or a silicon layer deposited on another material, such

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

or barriers for capacitors.

30

Brief Description of the Figures

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



junctions, various structures or features, and openings such as capacitor
plates or barriers for capacitors. 30 Brief Description of the Figures
Fi gure 1AverdodB@sare cross-sectional illustrations of oneppartsonm40s WO
03/ 060980 PCT/ US02/ 40407 of a wafer before and after a planarization
process has been perfornmed in accordance with the present invention.

Figures 2A 4 vilrafefort hRA$ aft&eCHhRRhtidd prdsdss Bhd B8 pRifoRAGI wAOr tion of a
waf er before and after a planarization process has been performed in 5

accor dance wcedrdaree vpihgbe presemivevemtion. Descri ption of the Preferred

Crboc Tent s The P s iy ROhoR L LIES RIS B DhRRRL AR 0 ], 2

surface that include re o he "ot her oup VI1I

10 netal s. e wat@uRfdft khd BRérA Sladiatdberot&t Bad Bntperfagmédia G oup VBI B
el enents _or transition netals of Goups 8 9, and 10 of the Periodic

Tabl e. The deedrencezyith thepregentdpyentigp Vi1 1B netal s include Rh, Ru, Ir, Pd,
Pt, and Gs. Preferably, surfaces that include Rh, Ru, Ir, Pd, and/or Pt
can be planarized according to nethods of the present invention. Such a
surface is referred to 1Debaipion ofisheaPr&fena( Efidodimeattal - cont ai ni ng surf ace

(this refers to those_containjing . second and/or third row transition
metals). Preferably, eTé]e'P@SSH‘me‘}qoané?‘é @SGB?é"é‘ilsrf? PRI & ef ers to an

exposed T egisQftaQA%hNAcIRds Aatthudh hld/GES Rl or GRAE b @lofel Grow) @i nUmM  pr esent
in an anount of at |east "about 10 atomic percent, nore preferably at |east

about 201®0 ma¢talsi ThpEGragnVI aetinaoe elspretreditol ap the GrawsYTBbdeame®d at oni ¢

percent, of the .conpositi of regjo i.ch b rovided as a

| ayer, fil morgga§1}1 n,Bleg’bsc(?f(,)&ofBS %‘E\be ﬁP‘ﬁng‘%y&f@dl@ rﬁ%}élﬁ ;lwi%_secon _

chemi cal - meghamifPtowPGrdVIEIE felalsihaldas REARE, IR P Pt,RRE O8hi ng) i n
accordance wth the present invention. Th | anari zation of such surfaces,

parti cul ar | Prefexbh, aerdaces tat pglydgRhy B@slfpf(’a beapﬁ’@ﬁft eapdieqdpnayizedvol ves
rechan! cal | TEL GRS LS tp [ o SL A i o 2 (40209
15 herein as a Group VIII metal-containing surface (this refers to those containing
second and/or third row transition metals). ‘
Preferably, a "Group VIII metal-containing surface" refers to an
exposed region having a Group VIII metal (particularly, platinum) present in an
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 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
25 includes platinum, typically involves mechanical methods with relatively hard
particles such as alumina (Al,O;) and/or silica (SiO,) 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.



t hensel ves can cause severe snearing, slow renoval rates, and defects,
rather than the clean renoval of the material. Use of a planarization
conposi t iwo oBlatvso i ncl udes an oxi di zi ng gas either in conpcmatSopm4nith a
plurality of abrasive 30 particles in the conposition or with a fixed
abrasive article reduces, and often elimnates, the problem of defect

formation, snearing, I@Jnﬂg,rkhé @S ddR of the djr&%ﬁﬁﬂs@;ﬁio%edr@gmiwhﬂy and
removal rates. 7 WO 037060980 PCT/ US02/ 40407 Significantly, the methods of

t he present alvantagepeminaemopag platimbar-tontaining or aifiensesondanditdirpy
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i n preferenggrfhd@ iNpleférefdetoGRnblNEfdainink@thoBietd]s . THBiSiniriapiar tant in 5
sel ectively renmoving material from plati numcontaining or other second and
third roW Gselagively lemeing mefeheldiom plptinaperontapping sUetheirs0rthand f or exanpl e,

Cani fi ; . . . 4 ritrid
Tayers (o SRIPHR frclio WROREKL ARl s BHfils FpBh g 3ol BEfRe Ol 1 £ 11 e
renoval of ginéfidaat amdunofumsiedping layeek, bidhrad okl 16reoumd\itr]de layers

nmet al -contai ning_surface relative to 10 terials containi other netals
(e.qg., BPSG(®E-TEQS)oriEPS{ Iaygtsat P’&Bf‘de‘%]ly’fgg&éect%(ﬁa forgemop? é%r}g?aéwf\i, within a

range of abayn 20:chn ot ok ok VARRRAU AR Hing LGB Y and process

conditions. The planarization conposition can be Used in slurry
pl anari zH i emterfdls eantaining atheo metals (e aABPPGanAEOSA 1S ddegst dowe $0iln whi ch t he

pl anari zation 15 conposi.tion .i ncl ude he .abrasive ‘ticles.with a

pol i shi ng p&H9OHEE P{ﬂr’geégbl?ﬁ’o‘f’ﬂhlf‘ﬁ&?’ﬂﬁfeosfé‘%f"étﬁgmﬂpm ﬁ(ﬁet’)d%B?ndi"Hg " xed

abrasi ve pl anaEieadltPihd phhess carditieRd herein, a "polishing surface” refers
to a polishing pad or a fixed abrasive article. Preferably, slurry

pl anari zation is usedheplanaezatianeomposition fan by essdin ShUﬁVéﬁﬁqaéﬁ%tionPr eferably,
then b esenl | MEpBL AR A P ERERL ) e RaRph o 20, el uces
wei ght, Bnd compesifioe frehies the abaime phitidiys wigh @pblishingaiduhatkod¥s b wei ght,
based on the total weight of the conposition. Typically, |ower anpunts of
abr asi ve parfgledecabrasipagiecieeof gﬁx%@@%ﬁe\,}plg@n@gthqﬁg RS otsHA | |
met al - cont aih@}e%l as'ﬁﬁfiﬁﬁr?g §fitaRb Meferd B @ﬂolféﬁjn%%ah @Y &'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



25 such as BPSG Cenerally, however, the optinmum|evel of selectivity for a
particular netal is obtained by bal ancing the type and anobunt of abrasive
parti cl eswotldwegpe and anount of oxidizi ng gas, and the pETAS0Y/07
conposition. A wide variety of abrasive particles can be used either in an
abrasive slurry or in a fixed abrasive article. Typically, such abrasive

particles 3fefaad@article sRRfdfiabbst 90Zen (Jd atut 300vem/ ar gest di mensi on of the
particle) on average from about 10 nanoneters (nnm) to about 5000 nm and

nore often about 30 rsamplesfsuitabloabragine Pﬂ@?lebi(*@il&er‘é‘ﬁ it s,

sui t abl e abr.asiyve: nanti . / / 7

pglrti cle si ztg’ %lifﬁg%g(lﬁl; fé]gﬁlnc% glg)zgggﬁ% Y(%%i&ﬁ?ﬁ%@%é&@ﬁggi%gm eaver a9e
abr asi ve parhangaasseidicdided@InOyt aml tantabim Hionided@aOy)0, Prafemeii nbrasiAe203) ,
silica (SL02), ceri Ce@2), titania.(Ti02), zirconia.(Zr0 nganese
di olxi de( (imd_)?ﬁ}d%ﬁnllﬁaﬂé‘ﬁﬁléfré‘?& éi*l@éi);)ﬁzllé&l@é;feé%éé‘éabeﬁt _H‘&r(i_lq) gar t ;Scl es
i ncl ude al U@if&%nfa@i?@ﬁ) Vaﬁbt‘%&ﬁnﬂi&t% of G6tatife H&rBERE card bd @alids (Ti O2), and

zirconia (Zr02). Vari‘ous conbi nations of abrasive particles can be used if
desired. Prefesirabl y, for certain enbodi nents, abrasive particles include

those that have a hargdness.of. no greater..than about 9 Mbhs, .and nore
preferably 10 no | eslg‘efeﬁai’rlry’zfﬁ’b Fppdim até’sa%rqshvflH?ﬁtg?esf%?lug?(arrpl e, ceria
(Ce2), whi ghofaRathaleh RRRIREssHF nd@stierGhddvout MUHs Nahd(AdRGEgferablii ch has a

hardness of about 9 Mhs, and silica (Si203), which has a hardness of
about 7. 10 n nnelessthan ahsh 6dolisn Theswinghde donprampleyeepa €5, Wiigkhes on,

pref er abl ny 5aah ngﬁe% 'o% Xbo?lt 6%@}52%1@%% éj\%’l?% \gi?lp?g%s\ée}ehé}%ésggg&uﬁ gl ther in an

abr asi ve sturfy or 1n-a are particles.

Thi s typi calMyhs,esdkilisa (31,0 0wkied hhos hmtihas oobbaeffects. In certain other
met hods i n accordance with the resent invention, preferahly, a majority
of the plurality of aBcgEMpaNgihedsiipReordanee Pidthe Aresent ABYedEPYe sl urry or in

a fixed abr aSLNEE LiliEkn YR AuIALABERSAM pROU! cAndilsn Lorgheut O Mohs.

This typically results”in’increas renoval rates. 20 The planarization
conposi tiiHn dhney odias fixegabesire aiéle) ae AgOagamtles.( This typicdlydesdis imr oxi dant)
havi ng a standard reducti oteptial .of .at | east. about, 1.4 versus
standard hydf %ﬁfmpp@gge tSo diFceripin ofhey @F‘E‘Pﬁﬁ%&%‘?aﬁl? WHhe ot

present invention, preferably, a majority of the plurality of abrasive particles
(either in an abrasive shurry or in a fixed abrasive article) have a hardness of
about 8 Mohs to about 9 Mohs. This typically results 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 liquid medium.

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.



roomtenperature. It is dissolved in the planarization conposition, which
typically includes water as the |iquid medium 25 Exanples of suitable
oxi di zi ngwgasmeossmcl ude oxygen, ozone, air, chlorine, niPCRISIDK4IE,
nitric oxide, sulfur trioxide, and an interhal ogen (e.g. ClF3). Various
conbi nati ons of such oxidizing gases can be used in the nethods of the
present invention. A Prefdrablyatie griligingfasax prhisarit g thegenippsitioninae oxygen,
air, chlori ne. nitrqu o&i de, .nitric ox(i:ld sul {Eﬁgr tr'hoxi_de,, and .an 30

i nt er hal ogen® ﬁurﬁﬁPg“E‘% & solaoRy s rd-oMogs prefrgablydhe exidiing @hs idxygen,
nitrous oxi dgresdth fbcomPodlBSN ifkiLiBEURdr 86 gf&@te'?tha%beﬁtzrd@gb ases include
oxygen and air. 9 WO 03/060980 PCT/ US02/ 40407 Preferably, the oxidizing

gas is preseWweighh andhmosopretesihly.an anpmauneeimbent G U@Howhant 1%y sol ution is

sat ur at ed re,prefera t.he .oxi di.zin as. i present .in.th

CoNposi t i gnWﬁlggﬁ%gﬁgfﬁlﬁh%wéﬂyed%éﬁ@e CEQ%E%S];‘SBS?mfﬁ%Wm S and nore
preferably, hdéwarraigEhienthmehintdbetHe Riddh b Wbl iflfesdyd 5 wei ght, based on
the total weight of the conposition. For certain enbodi nents, however,

hi gher anpbunts of t heF@xyasighs desiigd sfeeis cdplprarigaion eampasgionani ous desi red

effects, a p&;ﬁfb%il%%’id I%ggeg%]gg@iédﬁ%%&%@?xé%&egp%s&gcg@eﬁiRr eferably include

a conpl exi ng ‘agent- as st gnee''s copending U. S
Pat ent Appl i ApplicantsSassigheeNwopendid®UID/FagBt BHPlicativh SdrislNbabgnber 21,
200lentit] ed THODS FOR PLANARI ZATI ON OF GROUP. VI 1| NMETAL- CONTAI NI NG
SURFACES 0 Ul (B3 o it e sieenbrss 21 08P eivcd NREHIDS BPFz at 1 on. Such

conpl exing apEANARAYRTEINSER GRISOP MIAIMETRILCONIAANINGISURFARRS, destr oyed

by the oxidizing gas. OQther additives can as we for desired
ef fects. 15 URBEYGE GOMPLEKINGUAGENT Sy ot aill iimiteqpdartad zateons uchect ant (e. g.

pol yet hyl ene_ql y.cal | yoxy et hyl ene ethe or. pol ypropyl ene glycol) to
enhance wet t%lﬂg?é/ll”flf)g 3?’1%‘%. %QSGﬁ%Sgnng‘flktthiab ?HQ%F?{}V&W(%%B% ‘{eégéye%%@ OPOL) to
achi eve a desiifpshgVdasC OBk ¥ddiftvettnRIThBIRORWell Br Hesirebl2fts. NHACOH,

acetate, and acetic acid) to achieve a desired pH etc. Preferably, the

conposi t 1&n Thesainclifigebuisrepotdimion tof a suréastane (.g opmypeibylese giktmle preferably,
the aqueous 1%19&%)’ étl%ﬁérleoe?he%o A p%sfyilﬁri)f))y enrzaagﬁy(%ri') to enhance wettability and
reduce friction, a thickener (e.g., CARBOPOL) to achieve a desired viscosity, a
buffering agent (e.g., H,SO,, NH,OH, acetate, and acetic acid) to achieve a
desired pH, etc. 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 article 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



acidic pH For certain enbodi nents, the planarization conposition includes
a plurality of abrasive particles. For other enbodinents, the
pl anari zawDma/06@80posi tion is essentially free of abrasi vecparswi/edses when
supplied to the 25 interface of the fixed abrasive article and the
wor kpi ece surface. However, in these latter enbodinents, it is
cont enpl at edcctrida«‘:te@htammbispmribcpreskmean@armtei@hmﬁ;re by alsoue 40TF @bbix of t he

i sive particles that may be renoved from

fixed abra5| e art
the fixed ab ,1@4%2( g‘?“tt eé},.asz goxp predsrally a2 emperatwedff ace in
conbi nati on émotuhﬁ 2@4@)&%%1?51'19513(46'3@ smtm&%nétan&%o%mef jt abrasive 30

particles are typically not present he ‘corfposition as itnitially
applied, i. ewpuldtbhei;tsmbk teonaisiappd teaqaefatmmaaoslmlww embidne ramagerataret he

pol i shing.in r ef bl ordanc vvi .t.he present
i nvent i on°i s‘5 g\éﬁ“@é‘? é@gg(é }V@@d%% ’ghi %é%‘ﬁgtﬁﬁst“é%mﬁflea heric
pressure andse@dorﬁpia@fmﬂ?hﬂéluﬁ?p%aﬁﬂﬂéh (PO Fin(AloRvént el f1gnaRatdn 115F (about
46C), and nore preferably at a tenperature of about 75F (24C) to about

115F (46C). MACesa My whisht lélsanmbmv@nposmon inolutes the abrasive apitielesb nai nt ai n

f
Group v 11 e AlbvRIY G R LTS oo PO AR o ca

in slurry plpaeaclegatthosiufry cemposlﬁomdm:g/@aﬁmaadm pAédvadihZigt élevatedr ocess i n
whi ch the planarization conposition_ includes the abrasive particles) where

a lover sPurlPiprerises e bmecalywailiged daring Suryplgesizates pétheraiiophigihr asi ve
particles in {heneslitelc Xul‘&‘i‘égﬁﬂsihEé@f&“ﬂé‘édﬁg?tlpa{zﬁg)g%g'o%f?l‘iin?g‘gaﬁﬁ‘fﬁ’é dingly,

el evated 10 tenperatures are typically uti urin
pl anari zat i oplanadzatiougimtasgidni gh a tenperature coul d resul t intoo lowa
concentration of oxi 2| n as in.the %ﬁl anari zat ositio Vari ous

pl anari zati on assenbl %réo P W%tmr“c?rss feétoﬁf]?ﬂés ng)fneflﬁ)gl i nvention

are readily gvaé hﬁr@ht?or?dié're%ﬁﬁy G ARblYarklQRd amﬁ&l@enwa&h%y%wspe 15 of the
present invention as describ in the acconpanying clainms. Suc

pl anari za?i oof the peeadsit uré@nu@ma&:de@aml@edan thenaspinpanyingtlamesn Sucpol i shing pad or
SRS N IR S T TN S )
pl anari zat i offixed/brasive artlcle and the substrate surface (e.gir., wafer surfacé:) 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 presoaking a polishing pad, although 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 translate
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 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



pl anari zation conposition is typically introduced at or near the interface,
by a 20 variety of nethods such as by dripping, spraying, or other

di spensi ngoman®so or by presoaking a polishing pad, altheacghser/iman?

| ocati ons and nethods of introduction can be used. In a typical

pl anari zing machine, a polishing pad is fixed on a platen or table, a
carrier asserdattyor pratiudensingdbsamasvubdpdrtielee hol der to support the 25
substrate (e.g., wafer) typically using suction, and a drive assenbly to
rotate and/or recipr o@&ﬁ%ﬁ Yntheodisling nady wiithor athout absasayampagti¢les r ot at e
and/ or transiab&idel RgrSHbSL Hﬁﬁ%hgﬂyd%ﬂ r&H{abﬁgabBﬁ%édzﬁgﬂeoé?%l kiR
conventional planarizing nmachines rotate the carrier "assenbly, the

pol i shi ng pachnstnt biotdniableapedsr Tgpicalis slendpleyd afvdtatioe rpges Sobmabopad. | n

general , the,planarizing machi nes are used 30 to produce a planarization
reaction ro%g%vp?lgionfﬂﬁ‘g@ﬂ?"fea@@“b?@og Pdte whose hardness is less than
the hardness of the apymsdiNea pahidhisd 21 8 PEbs¥AIRA an@ebR Ay rdvt i Substrate
is less than the original Surface material; and to renove the 11 WO

03/ 060980 PChewEeRtizaiwo zompesition.olf the pelisbingumiddges s indindesibyasiyear t i cl es.

Typical ly, the.palLshi ads Lth or W thout abrasi rti.cles enbedded
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constant or patitle§)lvehigpeelh refeyiel ¢ahd dh atirhevefieesl Dhe plahatagon r anges from

about 5 2 revolutions per mnute (rpnm to about 200 rpm Typically, a
pol i shi nd0pagPmrosgiwgBakkarrRHad toieineEndebeieseata palishing padapd anari zat i on
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enbedded t herein, |'andri zat I"'on conposition es abrasive
particles, whrshofitlse ddnepositiohenayest dpplied separasdly asd mexesll ad eheyinteffaee or

pl anari zation 10 ,com% ition nmay Be_ a&gl ied to the interface _between a
pol i shi ng padfEeiatg e Cripciing (he HiEiagsi Age Rlapaiizatipy compeatipinFdues. For

exanpl e, thepe A bumBilibtRfuchife GRITPRRIARRY! %ap%eap@gédt gReparatel y

and mxed at the inte or 1rmrediately or € cont act e Interface.
The pl andbi Zlsediog edgrgfdbé padonltieeugh thie nagyplot pbvisle ymifiopi rgstiibutidnraugh t he

pad. Alternatively, it can be _.applied, at the 15 | eadi.ng, e of the pad,
al t hough t h?ti]eHgas?gﬂﬁthrCBWipagnﬁlﬁ?‘frﬁ‘%Pﬁfs'ér ?CFQGW@(I?WZ% I‘f‘g’?‘gﬁ Snari zation
conposition @&giasle. the surface being planarized, which is

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 features, which can
be formed by embossing a surface pattern. For example, a polishing pad can
have continuous grooves in concentric ellipses in the surface of the pad for
more uniform slurry delivery and more effective debris removal. Commercially

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 in U.S. Pat. No. 6,039,633 (Chopra).
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desirable. The polishing pad can be any of a wide variety of conventional
polishing pads that are used with abrasive slurries. They can be nmade from
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pads are al Seorgprtipodeth ofiJapars an@Minnegeta ero@arswa(n@ﬂ@pmag 12 WO
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conposi tion as described herein with or without abrasive particles in the

pl anari z’aﬁu cpiarwnplgsqyt:lueothe polishing tatagis Ipyefeiablyrumiiorm eroksithe sabdtiatghiopol i shi ng
rate (i.e., (ﬂf?%ﬁe n ﬁ}@gﬁanar su a'{c%r bzriéfera‘ts)ly[ &Y poie glli’rlgr 2R }sr]c%ntsr&?St rate) to

reduce the
to provide accurate, reproducible results. Also, preferably, the planarization

process is carried out in one cycle (i.e., one step). That is, for the removal of
any material from a particular surface, there is only one planarization cycle

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

invention. 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 VIII metal-containing capacitor and/or barrier material.

Generally, as shown in Figure 1A, the nonplanar upper surface 13 of capacitor
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15 planarizing cycle, the polishing rate is preferably uniform across the
substrate to produce a uniformy planar surface. Preferably, the polishing
rate i s contsobdsed to provide accurate, reproducible reswelCraSoZiso7
preferably, the planarization process is carried out in one cycle (i.e.,
one step). That is, for the renoval of any material, froma particular
surface, thené/or bawiel layan® ipkebjested at plamarizyidreodBhesiprbaesdinginy i nt er veni ng
rinse cycles. This p i zatiQn pr.oce t ypi , foll owed by a

| .anar is then _typically
post - pl anar iaf‘a%rﬁ@}?eé’f@a‘ﬁe B%@Eé%vqnﬁo%ig‘hreéﬁpl&%i%r 1@&1}” l‘%‘l%%h% not used.

The figures iHFgg\Hrg?Bf iH!léllhﬁf?srani u?{gef REcOT7 ?Pa%ﬁzédfbﬁcm{ah%&hi@fmésbef

invention. Figure 1A illustrates one porfion of a wafer 10 prior to
pl anari zat i ¢he wafer il iswbsautiatlyamfoth atives theestret wafer/Hhsd that thawatey f eat ur es

that are filled wth the material.to be renpyed rough planarization. The
waf er por{i Mwllﬂ\é\ﬂuﬂﬁﬁ rwact agfyﬁgp?%e%se[%cglgﬁ#yﬁr %g havi ng j unctions 16
fornmed thereon. A capagirkQn ianshHds ofeortidl ofl Xy fer PBp@stal 19 is then
formed over the substrate assenmbly 12 and the  junctions 16. The capacitor

and/ or bar r ipdanarizgtion ipmecardagice PAthihe preserdAgveRtior badug fatieesBatdiaval such as

ot o SR OGS, eha Olnab A, 1Y 00, V11

itor an arrrer ma erally, as shown in
Figure I A tihadensorpb@d@inclijdpes ssbstrhresschiblpD2 hayiag b paiterh&d #i€ledB1c060980

PCT/ US02/ 40407 and/or, barrier |layer 19 is subjected to planarization or

ot her pr Hedayengoformed hespemnmiuch Rattened dtf‘rl%%‘é?llcay?rr%ﬁe‘i?f‘ibtﬁﬁ].se‘ﬁ Wet resul ting

waf er 10, JaiBry! i | il d6R. AheYRAEMeS HlRbR 17
pl anari zed\l\ﬁs?uﬁlg1 Ety;(ﬁasﬁn(?ﬁgstwg?%rg? %aﬁam%dg?ﬁ\;va? %r 18Lbigs sﬁbsteanti ally
uni f or m acr dsger2heaeht formedvaf eny hotesial thhtgprovides eledtgcal i®latmw i ncl udes a
capacitor and/or barrjer. structure layer, 14. Figure 2A i]lustrates one
portion of g)e%?eé‘rm?té THFPBY (etgo’ S%?Oé’rfgg’f@%rtsﬁ n; m&%’(%%ﬁg@e ’\%YPt h the
present i nvenddy@he NAY FWis KA BHRSI SRR ihd\@b6iratd aGOMbEI TRdnd dyer of the
material to be renoved through planarization. The wafer portion 20

i ncl udesla subsimed dielestrielaiin?62 Theplactrgdealayer 2%maebe plabpeptor pey 10 | ayer 26

f dth . 1 ' ' i
variety of atpeptue Rl e o LE I bl Ol B SRR B AR e e

di e: ectric doap@iing Gnaaul bSehatny s howmih FigheriAlthd halplpiaoupstes el ectri cal
1 sol ation

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 includes electrically conducting regions 24 isolated within the patterned
dielectric material 26 forming a capacitor structure. If 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,
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bet ween netal regions (e.g., silicon dioxide, silicon nitride, or BPSG . An
el ectrode layer 29 is then fornmed over the substrate assenbly 22 and the 15
patt er nedwoioaloem®se i c | ayer 26. The el ectrode | ayer 29 may Pog/yshzid4num or
any other suitable conductive second or third row Goup VIIIB or Goup IB
metal - containing material. Generally, as shown in Figure 2A, the nonpl anar
upper surf awen 2hekn@beiht padess wiyar the Suifae babjgedinadzddis h anar i zat i on or

ot her processjng .inh accordance with the present invention. The resulting
waf er 20, as“uéﬂg%i‘”iyri)laé’@fﬁ?tﬁure 2B, includes an upper surface 27 planarized

such that the thicknefg BfiowiB@xWRbRNs aeled 1S HPEAMb Rt Yhelkiopg m acr oss

the entire wafer 20 so that the warer now includes electrically conducting
regi ons 24 ispedific end picfdried entbodpaenteaniadchnques e Btshowld ramedérstioo@s f ormi ng a

capacitor_structure. |f desired ior..to. planarizatio t he. conf or nal
ayer 20 Sndeert fipsmea SainBas bl udlincfioR BR% Sl SPisiediihE of ner
mat eri al tha@itﬂiﬁtﬁeegmy@gftﬁg Rkedth@veptiamari zati on so the abrasive does not
fall into the openings 24. These figures are shown only to illustrate a

surface having nonuniformties, such as height differences, in the

fabrication of sem conductor devi CqR TTe present invention is not limted

to use wth nonplanar surfaces, 30 suchPas that shown in fi gures. The

present invention is Abkek&gtafnuel abfel Brussd as a wist AnpldIsAanirtyak | y pl anar
surfaces, For exanple e nmethods_in_accordance wth the present

h
i nvent i o i Prepaest ‘Psciii&ltitnadmeﬁ Yrerhef Rprdsl Staniiedia & abny i eediers14 wo
03/060980 PGELRI2/AMAR mixfie o M1, 5AD0EAMRId d-BF. RESKRRLNPR, L he surface
su ally e fo

being planarized is in a stanti pl anar state. ow ng exanpl e
is offered tmixture isheired|fbubirtyanmutdse Foathequish, speavdntionancbtayef er r ed

Cariations ket eonrare MR hedRihAsRt QR d R o (he Scope
of the presqa&dih@affdmi@mhe%a@meh%fo;g, hamtk the b)) VEERS erkingsed as a

test sanple. A slurry is 10 prepared by diluting three liters of Rodel
G ani t e Far tthe\pad. uFheygasiis #dded mad 4 flow o 10 sdcopalles poliFb is praformiest mithe 10 ni of

concentrat eda c%%x%[ forcdSt AHS 1bss, t%ﬁ%%geed@}%s 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.
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m xture is stirred for thirty mnutes. For the polish, a conventional,
rotary polisher such as AMAT M RRA is used wth a Rodel URLlI pad. The tool
is nodi fwed3messd | ow t he addition of oxygen into the sl umrcy/shoudby 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 | bs, table speed of 55 rpm and head
speed of 50 rpm Slurry flowis set to 150 nL/mn. After polishing the
wafer is cleaned with conventional scrubbing. 20 The foregoing detailed
descri pti on What 'sXdaised fiave been given for clarity of understanding only.
No unnecessary |ip i nder st ood therefrom The invention
is not Iim tltréd tompg%ra%%}%?q%‘g?%ﬁcgﬁ%%%% and described, for variations
obvi ous to one skil | egbsitipnidgen GraupWIll mérel-¢contdinide durfadetdfiarsubdimtd tovent i on

defined by the clains. Far ex | e ile the description 25 above focused
on planart zation 18%6%&W8@&@8@%5§Pg B‘ﬁ%ﬁ whgeint ?éé?qum téﬁlﬁosi tions and
net hods of the i neRiddGrom iR BbFPcdRRtihE PRI, ifi@itmeXARR@n, Polishing
gl asses and contact |enses, as one of nany other possible applications.

The conpl et e di scosoziumepallsflivan plaimuen esd cpabiaationgdesieadht s, and publicati ons
listed herein are incorpprated by. reference..as if each re individually
30 incorporated by r e @B@hnée?ﬂi‘éﬁ%g‘b‘é?%%‘&%) &ff(ﬁ%g@ﬁl%ﬁj@? What |I's
Claimed Is: 1. A pl anaterfaad;i on net hod conprising: positioning a Goup VIII

met al -contai ning surface of a substrate to 5 interface with a polishing
surface, Iherein the @doup VIII netal is selected fromthe group

consi sting of rhodi “r@g@fz@éﬂ}g% GOt iR al-c O TntHY sup@ld: adi um  pl ati num

and conbi nati ons ther yind a planarrzati én conposition in
proximty to the intwhdraimehe flAnaivtiph acapositiorgednlprisey aupxidizg gas

met al - cont ai ni ng surface; wherein the pla izatign ¢ osition conprises
an oxi di zi ng gas DaYRg %ﬁa%éﬂgffr&ﬁa%{m Hoé‘g\?@?%%%tt %’HPT g%ﬁ‘fsu%ﬁ | east about
1.4 versus a standard hydrogen electrode at 25°C.
15
2. The method of claim 1 wherein the Group VII metal-containing
surface of the substrate comprises a Group VIII metal in elemental form

or an alloy thereof.

20 3. The method of claim 2 wherein the Group VIII metal-containing surface
comprisés elemental platinum, rhodium, iridium, ruthenium, or a

combination thereof.

4. The method of claim 3 wherein the Group VIII metal-containing surface
25 comprises elemental platinum.
5. The method of claim 1 wherein the Group VIII metal is present in an

amount of about 10 atomic percent or more.

30 6. The method of claim 1 wherein the substrate is a semiconductor

substrate or substrate assembly.
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standard hydrogen el ectrode at 25C. 15 2. The nethod of claim 1l wherein the

G oup VIl netal-containing surface of the substrate conprises a G oup
VI 11 met avoiog/oedoemental form or an alloy thereof. 20 3. Paa/user/lnad7 of
claim2 wherein the Goup VIII metal -containing surface conprises

el emental platinum rhodium iridium ruthenium or a conbination thereof.
4. The nethqad of THeaneth& thvdaim hwheeinGhe pplishidd surfat@aternpideaiani ng surf ace
25 conmprises elenental platinum_ 5. The method.of claim1l trein the Goup
Vi1 netal is pr@S8phing padgpd tﬁ%@ﬂf‘“ﬁ”ﬁﬁ@ﬁ‘f’o%fﬁo‘é‘fmr&ebéPﬁﬂﬁfty ? nmore. 30
6. The nethod of glRjyohMgrein the substrate is a sem conductor

substrate or substrate assenbly. 16 WO 03/ 060980 PCT/ US02/ 40407 7. The

met hod of claim 1 wherein the polishing surface conprises a polishing pad

and the anari zation co i.tion.conprises a plurality.of abrasive
parti cl eg. % 8. %Wﬁﬁ%ociﬁlmcfﬁ’ihﬁﬁegp Wﬁ@f Z{EWE CBWBR%P?%%?mBrﬁ&corrposi tion
conprises a pl urgliidalityddf 2BRERS ipdRicRAMHab Bl @hafBEIE R dredteingas of no
greater than about 9 Mhs. 9. ‘Fhe nmet hod of claim8 erein the plurality
of abrasive part iabpetd® Mpbs.conpri se Ce@, A1203, Si02, and mi xtures thereof.
10. The method of claim1l which is carried out in one step. 11. The net hod
of claim1 wherein the oxidizing gas is selected fromthe 15 group
consi sting of OxyQRMnethddokclaiai § whefirothe plyralitytof abiasiox pateicleni tric oxi de,
sul fur trioxide, an interhal ogen, and conbinations thereof. 12. The net hod
of clai MOl wher sORPEER CEQ% dtlddn §ilaand mixpres He&spls r om the group
consi sting of oxygen, air, and conbinations thereof. 20 13. The nethod of
claim 12 wherein the oxidizing gas is oxygen.

10.  The method of claim 1 which is carried out in one step.

11.  The method of claim 1 wherein the oxidizing gas is selected from the
15 group consisting of oxygen, ozone, air, chlorine, nitrous oxide, nitric

oxide, sulfur trioxide, an interhalogen, and combinations thereof.

12.  The method of claim 11 wherein the oxidizing gas is selected from the
group consisting of oxygen, air, and combinations thereof.
20

13.  The method of claim 12 wherein the oxidizing gas is oxygen.

14.  The method of claim 1 wherein planarizing is carried out using a fixed
abrasive article.
25
15. A planarization method comprising:
positioning a Group VIII metal-containing surface of a substrate to
interface with a polishing surface, wherein the Group VIII metal is
selected from the group consisting of rhodium, iridium, ruthenium,
30 osmium, palladium, platinum, and combinations thereof;
supplying a planarization composition in proximity to the

mterface;
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14. The method of claim 1l wherein planarizing is carried out using a fixed
abrasive article. 25 15. A planarization nethod conprising: positioning a
G oup VI Iwomameldsscont ai ni ng surface of a substrate to i ntrerfimor40ath a
polishing surface, wherein the Goup VIII netal is selected fromthe group
consisting of rhodium iridium ruthenium 30 osmum palladium platinum
and conbi nations theraadf; supplying a planarization conposition in
proximty to the interface; 17 WO 60980 PCT/ US02/ 40407 and

pl anari zing the GouﬁﬁﬂﬂaFlFmﬁfé}Pea@! Q?é?’ﬂ?‘ﬁ ‘%‘G?‘f“é‘éé‘,"%ﬁ?ér ein the

pl anari zation conposiQ&n QYU REASEIG NPT tOnGRSes SLbEGLRE dak oM t he
group consisting of oxygen, air, chlorine, nitrous 5 oxide, nitric oxide,

sul fur trioxide, salciedtfenntiegyap, considtiepodbixygen,@irschloties, agfous16. A

pl anarization nmethod c ri.sing;. positionin G oup_ VI L1 .net al - contai ni ng
surface a subsotxr“gﬁ BR’?%OX@?Y %gHPgﬁfPébdee’ ngergal%ﬁni’ g‘?ﬁ %Odn%lg?’etfoélée, wher ei n
the Goup VIIl mag@kof,s sSelected fromthe group consisting of rhodium
iridium ruthenium osmum palladium platinum and conbinations thereof;
supplying a planarization conposition in proximty to the interface; 15

and pl anari zli6ng t/@%l %ﬁ%o}{lrﬂelthéﬁeéo%ﬁrﬁ taining surface; wherein the
pl anari zati on’ conposi £ 6n conprises "an idizing gas having a standard

reduction potential qfosiioningasGroapolll metdl-amkAniag aurfatalidanbkuhyivogen
el ectrode at 25C, wherein the qxidizing gas IE’&%& present in the

conposi t1®bn i n arnisHBemYItbe PRESTRBSHTEACS + Wageiatbrtrorpo gpetdleis ght .
selected from the group consisting of rhodium, iridium, ruthenium,
osmium, palladium, platinum, and combinations thereof;

supplying a planarization composition in proximity to the
interface;
15 and
planarizing the Group VIII metal-containing surface;
wherein the planarization composition comprises an oxidizing gas
having a standard reduction potential of at least about 1.4 versus a
standard hydrogen electrode at 25°C, wherein the oxidizing gas is

20 present in the composition in an amount of no greater than about 10%

by weight.

17. A planarization method comprising:
providing a semiconductor substrate or substrate assembly
25 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

30 planarizing the at least one region of platinum-containing surface;
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17. A planarization nethod conprising: providing a sem conductor substrate
or substrate assenbly 25 including at |east one region of a

pl at i numwonBaseeng surface; providing a polishing surfaeer/ysopw4di ng a

pl anari zation conposition at an interface between the at |east one region
of plati numcontaining surface and the polishing surface; and 30

pl anari zing the at | eslsdreianiee plegiroatiod c@hpdsitinmectgpiised o ergdizingfgase; 18 WO
03/ 060980 PCT/ USQ2/ 40407 wherein the pla i zatiQn conposition conprises
an oxi di zi ng gas XVEﬁﬁﬁﬁngHﬁggﬁﬂmﬂ@&ﬂ@?ﬂ%ﬁ“ﬁ%@%ﬁPP%ng?mﬁﬁaIeast about
1.4 versus a st apgdand fiRAICRgb&SAB80e. at 25C. 5 18. The nethod of claim
17 wherein the platinum’ s present in an anount of about 10 atom c percent
or nore. 19. The nethod of claim 17 wherein the platinum containing surface

conprises. el enmentgl platinum. 10 20. Th thod of clagi.m 17 wherein the
ol anar 2ot i o consRroh O Tubr 1 SBerel e arapey S arSef ihes FBORRE ol ee
sel ected from t hehghiOLPatos Ser&ink BEmBfe. CeC2, A1203, Si 02, and m xtures
thereof. 15 21. The nmethod of claim 17 wherein the platinum contai ning
surface conprises a platinumalloy. 22. The nethod of claim 17 wherein the
sem conduct gl Su r . . | Vo] S| waf er. 20 23.
The et hod 81f9. cl glﬁ} r%I%‘Lfﬁ(\?\ﬁét;g?‘h&pﬁgﬂé%rgﬁlg?’%mégléé?ngm%él% 3,%? %& fromthe
group consi sti ng wnppisygedementaltplaitsinaxi de, air, or conbinations thereof.
24. The nethod of claim 23 wherein the oxidizing gas is selected fromthe
25 groupIQ:onsi sting of oxygen, air, or conbinations thereof. 25. The nethod
of claim 24 jeher epy HOG.Q¥F dhifl MEWABR the PRIGALAD CHRFLLRS 97 oup
consi sting of oxygen.

comprises a plurality of abrasive particles selected from the group

consisting of CeO,, Al,Os, SiO,, and mixtures thereof.

15 21.  The method of claim 17 wherein the platinum-containing surface

comprises a platinum alloy.

22. The method of claim 17 wherein the semiconductor subsirate or

substrate assembly is a silicon wafer.

20
23.  The method of claim 17 wherein the oxidizing gas is selected from the
group consisting of oxygen, nitrous oxide, air, or combinations thereof.
24.  The method of claim 23 wherein the oxidizing gas is selected from the
25 group consisting of oxygen, air, or combinations thereof.

25.  The method of claim 24 wherein the oxidizing gas is selected from the

group consisting of oxygen.

30 26. A planarization method for use in forming a capacitor or barrier layer:
providing a wafer having a patterned dielectric layer formed

thereon and a Group VIII metal-containing layer formed over the
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30 26. A planarization nethod for use in formng a capacitor or barrier
| ayer: providing a wafer having a patterned dielectric |ayer forned

t her eon awo oa/0&9sup VII1 netal -containing |ayer formed ovecCTiiye2/4@0M\0
03/ 060980 PCT/ US02/ 40407 patterned dielectric |ayer, wherein the G oup
VIIl metal is selected fromthe group consisting of rhodium iridium
rut heni um osm urpattemat dadbctrin lapdratvherein tha oo Wil matal Grsletied feni ;

positioning a first portion of ol.ishing surface for contact with 5 the
Group VI netal -tg%&‘?’&Pﬁpﬁﬁsqn&fgﬂ%‘%‘ﬂ%vﬁr@?% TSP PP 0N conposi tion i n

proximty to the GaRbiae plalRiMeSTH ddnsbiRfidns Hlepdrsurface and the Goup VIl
netal -containing layer; and 10 planarizing the Goup VIII

met al - cont ai ni ng | ayarositishingei first foetiph ahapélshingourfeonioosittacgwitonpri ses an

oxi di zi ng. gas hayi a ndard reduction potential of at |east about 1.4
Ver sus agS standa?ﬁée ﬁgwpo‘zﬁﬁmsﬁakﬁ?f}%la@g&?yeé5c. 15 20 25 30 20

providing a planarization composition in proximity to the contact
between the polishing surface and the Group VIII metal-containing
layer;
and
10 planarizing the Group VII metal-containing layer;
wherein the planarization composition comprises an oxidizing gas
having a standard reduction potential of at least about 1.4 versus a

standard hydrogen electrode at 25°C.
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