WD 02/ 38335 PCT/ US01/ 48100 METHODS, APPARATUS AND SLURRIES FOR CHEM CAL
MECHANI CAL PLANARI ZATI ON Rel at ed Applications This application is a

cont i nuatwonz/sssspart of commonly owned, copendi ng appli ceCT/@ROIGEBIG0AI
Number 09/ 707,755, filed Novenmber 7, 2000, the disclosure of whichis

i ncorporated by reference herein inits entirety. Field of the Invention
The present invention concerns nethods and apparatus for the chem cal -
mechani cal planarization of articles such as sem conductor wafers. 5
Background of the Invention Current trends in the int%%rated circuit (10

i ndustry include fabri METHODSAPPARAJLS AND REHRRIESEOSased chip
density. Reduci ng chi p GHEMIEAL MEGHANIG AL P LATION costs. In

addi tion, devices having smaller dinensions can be advantageous because
devi ce delay can al so be decreased, thereby increasing 10 performance. In
addition, device performance can be increased by adding multiple | evels of
netal | i zation. The use of nultiplRelafdtEAppRéatiphlal | nterconnections allows
for wider interconnect |ayer di nensions W Sshorter interconnect |engths.
Because such | ergithepphigstéondn pyoisantipasspit ef eemmoslyrmyined] eopendidgvi ces, a
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up with eachvHigvglin&rporarddyeeforyies Bereinfinigtenti®snl ved,  these topographies
can adversely affect the reliability of the device. As circuit dinensions

are reduced, interconnect |levels nust be globally planarized to produce a
reliable, high density device. (Jﬁsiﬂcﬂﬂthinm@mal 20 pl anari zation (CWP)
is rapidly becom . j choi I rd zhn [nterlevel

i el oot ri e (100 TayareutiiraRlol Sndrmoholah Hela B R A b Bhe

i ntegrated ehdchmitsl.pld@sizationdhfl artidlés. subdbhefmibbndubiod3vark85 to Miraka et al.
In general, CMP processes involve holding or rotating a sem conductor wafer
against a rotating wetted polishing surface under a controll ed downward

pressures A -1 WO 02/38335 PCE/aH&%{lﬂﬁ%?%e Invention
q

Current trends in the integrated circuit (IC) industry include fabricating

smaller devices having increased chip density. Reducing chip size can reduce chip
manufacturing costs. In addition, devices having smaller dimensions can be
advantageous because device delay can also be decreased, thereby increasing

10 performance.

In addition, device performance can be increased by adding multiple levels of
metallization. The use of multiple levels of metal interconnections allows for wider
interconnect layer dimensions with shorter interconnect lengths. Because such
lengths have only been possible with single level devices, a corresponding decrease in

15  interconnect delay has been achieved. Nonetheless, as many interconnect levels are
added, topography that builds up with each level can become severe. If not resolved,
these topographies can adversely affect the reliability of the device.

As circuit dimensions are reduced, interconnect levels must be globally
planarized to produce a reliable, high density device. Chemical mechanical

20  planarization (CMP) is rapidly becoming the technique of choice for planarizing
interlevel dielectric (ILD) layer surfaces and for delineating metal patterns in
integrated circuits. See, e.g., U.S. Patent No. 5,637,185 to Muraka et al.

In general, CMP processes involve holding or rotating a semiconductor wafer

against a rotating wetted polishing surface under a controlled downward pressure. A
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chem cal slurry containing a polishing agent, such as alumna or silica, is
typically used as the abrasive nedium Additionally, the chemcal slurry
can cont aveopbssas cal etchants for etching various surfacesT@lot4seoonaf er .
In a typical fabrication of a device, CMP is first enployed to globally

pl anari ze an ILD |l ayer surface conprising only 5 dielectric. Trenches and
vias are subsequently fornmed and filled with netal by known deposition
techniques. CWP is then typically used to delineate a netal pattern by
removi ng excess, netal. fromt.he ILD. B See rakara, supra.,.One proplemwth
VP 1 s the - geneirstesy ShuriiRe P el TG e P R o Yiedlf PBRBhAl | g and
wast e mana]ge rTE IaﬁedlaEtHe abpaa’n@#nediumr .(mlldfﬁriﬁal]yﬁme bliearrﬁdia‘k skl esh cohlfhidﬂc)hemlbfelf I :
toxicity of the Jrries, o otentia netal . containi.ng slurry e uent,
bnd of  Sont an RETEIP 1 SRR TEERS e S B0l BT ARG = device,

post - pl anar i zatOmmis fﬁ‘ﬁ%ﬁﬁloyé‘ﬂafgmﬁmcf Slinaeld s T DIRr SRS tohiBisad dny I ange
from1l0 to 20 gall ons_per. processe waf er consi sts of highly

CWVP t
toxi ¢ cheni cal Seleswg. LFarhes gad vigean sybssquenily fa%&%@?ﬁ%m meiehy ¥etRods” of-

converting CWP4 ﬁiente@hﬂ@re@. ORIPAY RRR HyRichDY B to delinSi%Ea AEABSAEMYy ~ Chem cal
Mechani cal Pl angpri?zati onTries to Keeg%ugl'q')},F Gor ham Advanced Mat gri al s,

(March 2, 2000FemogFxesumeubiamthedbPt SaciMyakarasvgrai s described in U'S.
Patent No. 5, 863, 30@nd HokiBRAUvRL CIAP is th® SnefallbiS ofSdxHhdsie RIukl BeAt at €NPI OY'S
carbon tetrachloride. Accordingly, there is a need for new approaches to
carryi ng out cHire handiegauivasigimappgament. 29 pxnple Repbiraw may banrestitedns f or
CMP 20 poljigshi L h j : t :

cont am nat illg n '8?915 ﬁﬁjgélﬁylao'??? t r%ﬁg@oﬁ ﬁgﬁiyﬁrg%etblp%]p ﬁamg%n%%?&guég@eg%%%daﬁi nation
may i ncl ude unweritAtghelpaningsglvoircied past-pelishing geposi-plasarigationeVaeral  wat er
af fecting diel G d PUS negci ' and -
porous | ayers. %%%gtﬁémmr 5"28@ ﬁg&1n?1%t/%%? %{% ﬁ‘ﬁ%{qgﬁ%%%%t”'a?%éR{°?%S§5d|ss based
upon t he devel opfenCMIwasivRopsts eftiighdy tosicighernieds,ahd thersdns béden littker bon di oxi de
as a solvent a i S ' ' l i oxi de-philic
conposi tions, g?otgﬁeg% fn:ﬁhgﬁlg n%%ﬂ&b{d%bﬁ%ﬁ%%}ﬁﬁ [ ongvvaStt%ﬁé %ﬁ% rgérngérét?gg fgljgdséddi tional
cosol vent s,15as Seegdrerady, f€héridsl Meshargca Bleharizhtion Trées takekp Upi, Soriram

enbodi ments, cay L RX1L: ‘ ean| b}ﬁ? . arbon
di oxi de provi edgg{él'e‘gg%\%%]?’ %ﬁ??%@ %ané/&gaguéeoggi y g‘;ehﬁg?%%ﬂe}%y rom ot her
i ngredi ents of dedegbed in U.S. Patent No. 5,863,307 to Zhou et al., but this slurry preferably «

employs carbon tetrachloride. Accordingly, there is a need for new approaches to
carrying out chemical mechanical planarization, and new formulations for CMP
20 p'olishing slurries. . , ‘

Another problem is the potential for contamination of substrates through the
use of water. Such contamination may include unwanted/uné¢laimed oxidation or
trace ions or residual water affecting dielectric layers, expecially CVD layers, spin on
la;yers and porous layers.

25
Summary of the Invention

The present invention is based upon the development of CMP polishing
slurries that contain carbon dioxide as a solvent and polishing slurries including
carbon dioxide-philic compositions, either alone or in combination with one or more

30 additional cosolvents, as well as methods using such slurries and, in some
embodiments, carbon dioxide solvent cleaning. Inclusion of the carbon dioxide
provides a solvent media that may be easily separated from other ingredients of the
slurry or cleaning solvent, thereby reducing the volume of slurry or cleaning <s'olvent

for subsequent waste disposal.



slurry or cleaning solvent, thereby reducing the volume of slurry or

cl eani ng solvent for subsequent waste disposal. -2 WD 02/ 38335

PCT/ USO1m@ap8B33Accordi ng to preferred nethods of the preBenUSIMseNt i on, a
nmet hod for the chem cal nechanical planarization of a surface of an article
such as a sem conductor wafer includes: providing a polishing slurry

i ncl udi ng carbon dioxide; providing a polishing pad; and contacting the
polishing pad and the polishing slurry against the 5 surface of the article
(e.g., wafer) tothere | an of r e
contacting step card* %‘é%ﬁx %ng‘lﬁpe&‘ﬁg%%% ﬁgsgn nve%ﬁgn %rée'ﬂgaldﬁ“%r t%:E%'Jtr bo

di oxi de at a afemumechgmﬂphhaﬂzhm cftarsosfpdeef iam:arpclesmhraea sélfhleonﬂacthnd may
include the ste eani ng the s%%rfa e of .the anti vvafer

using a car bon ‘b‘)‘i‘?lﬂ‘iessﬁf?‘(} ga%lll BRiSHgRA- &%ctaébofi%m lst%rgwdlfé The rret hod
m;ty ' nﬁ' UdeTLOf;@ishlﬁgFﬁ, aﬂcﬁ@ﬁfactﬁigah@lﬁoéishlﬁg pﬁ?a.nalﬁ(é ﬁgﬁm dhineyt @arnsﬂ tht¢ i ve dt 0

t he ot her e aftic e rotated in a first dirgcti a ‘
bei ng rotated $ ceaOfé]EﬁﬁW ‘?(beeﬁ AL E?rfherg‘?yé’l%a’f‘?e P& SYTRY %toﬁ %A%len s!to atic
posi tion. The - paghcHRYstep Ak b6l AR DL Anti@bphért e@a;snsbglotarbpadxoxmm may be
linearly noved relative to the article. 15 The article (e.g., wafer) may
be di sposed i nPESSHeEESSF thay aurosPhegi PSP %ach of the steps of providing a
pol i shing slurry, pflﬁ‘fﬁé&lo'agna% m&de&ﬁeﬂﬂ»mﬁamﬁme@&mcaefmegn&meg,

pol i shing pad and the polishing slurry agajnst the surface of the article.
The met hod rraywﬁfﬁf)tuﬁ’égalcﬁb%ﬁ@ﬂéﬁ solyep OHQ"W&E thegqufpctiBe 5Pt i on of the

pol i shing shurry atT%ﬁmw ncl&fe%@traﬁr'igét%EtoﬁEHPtﬁQBﬂdnﬁtEH@ﬁ&é'feﬁnﬁz@
separate the carbo i oxI de omthe remai nder 20 of the polishi ng slurry.

According to ftarthtretherpibe @mlémamb@ ms@tsd@faﬂrﬁéhrs?t@@é?ﬁtmhwémnéﬁot met hod-: -
for the chem | icle such
as a sem condggét%)[r&&\%va l:t(l:(?ln(;ﬂ[B Egﬂﬁfe r&é}gﬂ\?ﬁl@}dggagta%d;égsg%ﬁd?giﬁdgeﬁiﬁl lic

pol i shing sl ur inglude prandineius fingar heit pasimffn@}l paxbe lisutyameveddgeletie pHiei shi ng pad
and the polishipng.slurry 25 against the surface of the article to thereby

pl anari ze the sur]feace of the article; and cleaning the surface of the ‘
article wiflh a sol vBrtartiohnfeigi, siafeg) mwbﬁfhsmsqunderesmveé@hﬂwww dtep may

e b

polishing pad and the polishing slurry against the surface of the artmle The method

may further include distilling at least a portion of the polishing slurry at a pressure
greater than atmospheric pressure to separate the carbon dioxide from the remainder
20  of the polishing sluﬁy.
Aécording to further preferréd methods of the present invention, a method for
the chemical mechanical planarization of a surface of an article such as a
semiconductor wafer includes: providing a carbon dioxide-philic polishing slurry;
providing a polishing pad; contacting the polishing pad and the polishing slurry
25  against the surface of the article to thereby planarize the surface of the article; and
cleaning the surface of the article with a solvent comprising carbon dioxide. 4
The contacting step may be executed in an atmosphere not including carbon
dioxide in an amount exceeding common atmospheric conditions. The contacting
step and the cléaning step may be executed in a common pressure vessel. The
30  polishing slurry may include a polymer that is soluble in carbon dioxide. '
“ According to further preferred methods of the present invention, a method for
the chemical mechanical planarization of a surface of an article such as'a
semiconductor Wafer includes: providing a carbon dioxide-philic polishing slurry;

providing a polishing pad; and contacting the polishing pad and the polishing slurry - '

-3.



step and the cleaning step may be executed in a common pressure vessel. The
30 polishing slurry may include a polyner that is soluble in carbon

di oxi de. waopssdshg to further preferred nethods of the prRPeERUSII/43¥@Nti Oon, a
met hod for the chem cal nechanical planarization of a surface of an
article such as a sem conductor wafer includes: providing a carbon

di oxi de-philic polishing slurry; providing a polishing pad; and contacting
t he pol i shing pad and the poI ishing slurry -3 WO 02/38335 PCT/ USOl/ 48100
agai nst the surfa rticle t the eb an ace of the
article. The gfbe%%]l tﬂél%é 3% e%l a&?%tépaﬁté & Wiprising
car bon di oxi decoa.tactaqg swpeﬁ@theex@meatxeatn attﬂnasrphatempﬂir&mg erjondisideat a Accor di ng
to preferred enbodi nents of the present invention, an apparatus for 5 the
cheni cal necha‘?t?sé‘érlegﬁ?ﬁhﬁ‘?‘??‘ﬁ??@ﬁn‘bf’re?@urface of an.article such as a

sem conduct or waf erAdcaaing eRrrPOhEdlichtPeiihe Hredeal ingdhtiog as bptatayusifec| udi ng

carbon dioxid I ¢l e hol di ng er to hold the article such
that the sutfad %c}t?fm‘faﬂ@eg’&l‘ t‘léﬁ?aé‘a‘ézéﬁmb%fac%g{?%&‘t fap atficlefuthas 2pol i shing pad
and the pol i shichghoslnbids WafohGRRIE NehikEng ﬁddt Egmlslarn@fsmh@eﬁtlﬂﬁmtmnt s of the
present invention, an_ 10 apparat us for t m_ cal mechani cal

pl anari zat i on dpxide; aud Festiclpholding mempente helddhe aticle suck di the sutrce of thevaf er

i ncludes a pO'drﬁaé@ﬂlH%%tha&e&@ﬁpﬁQ pSlisRisls eaﬂmthé 1@91111%%1%99 slurry; and an
article holding nmenber to hol the article such he Surface of the

article can be contAreerdimevp furtherrpselprend eérrhomgwa&wfétmrﬁtsw inysPicghEhg slurry. A
further asaﬁct3p9&gr B Gor RSB e call ﬁgﬁl&a@ aha%z@tmg\ﬁag&lfé.c% *argtgarééwtdcx as 15

conpri sing asive particle ., from1l to 20 percent by -weight);

and (b) opti ohgtispndester Vﬁfe@ﬁ@h&m zypohahmepa,d;amrbeledlgmdwhlbw@wbmgo 1 to 50
or 70 percent § &Mﬁeleﬁ‘&i éﬁ% 68D 20d %l%@su% lﬂtﬁ?fﬁ%s@ gbehabl y dense
carbon di oxi de ﬁ m)re prefe Fly I'Tqui d car i oxid % at | east

20 or 30 per ceattlclbyawt@lcgm9ted witlf tlnﬁphleqlunasap‘émd the PthblngﬁlelEEnt i nvent ionis
' 0 Hon t (7 AR el R it 111
percent byl¥ei g:lntp)ﬂﬁmgd)l) aé?mswemrtl(ﬂes @.g, feom | @a%)tpemnm (tei ght); and
(5 rcarbon L OSPRS00, A et e
ordi nary skill welght), and (c) carbon dioxide solvent (preferably dense carbon dioxide, and more
preferébly liquid carbon dioxide) (e.g., at least 20 or 30 percent by weight).
A further aspect of the present invention is a CO,-philic CMP polishing slurry, |
© 20 comprising: (a) abrasive particles (e.g.. from 1 to 20 percent by weight); (b) etchant
(e.g., from 0.1 to 50 percent by Weight); (c) solvent (e.g., at least 30 percent by '
weight); and (d) a carbon-dioxide soluble polymer (e.g.. from 1 to 20 or 30 percent by
wexght) A |
Objects of the present invention w111 be appreciated by those of ordmary skill
25  inthe art from a reading of the Figures and the detailed description of the preferred
embodiments which follow, such description being merely illustrative of the present -

invention.

Brief Description of the Drawings

30 Figure 1 is a schematic illustration of an apparatus of the present invention,
with the planarization steps being carried out with a rotating pad within a pressure

vessel;



25 in the art froma reading of the Figures and the detail ed description of
the preferred enbodi nents which follow, such description being nerely

il lustratw@e2sd33z he present invention. Brief Descripti onPOf/UséietsDoaw ngs
30 Figure 1 is a schematic illustration of an apparatus of the present
invention, wth the planarization steps being carried out with a rotating
pad within a pressure vessel; -4 WO 02/38335 PCT/US01/48100 Figure 2 is a
schematic illustration of an alternative enbodi mrent of an apparatus of the
present invention, wth.the planar.j.zation_.steps being. carri out with a
linear continuous B&e &lilstarﬁcﬁerﬁaqﬁrlg%%ﬁtﬁoél O\%‘%%gﬁr?a%ﬁ? algpcé n§ex}t§9%1n schemat'i ¢
illustration ofppaatGhT thy pressitt meexaiod] with the plhdeeizgtioasent beibg ¢camicdrtui with Fi gure
4 is a schemati¢c illustratjon of a CVMP system according to a further

enbodi nent of %%W@W?S%ﬁiﬂl‘@%ﬁl?ﬁﬁfe?suﬁ‘éﬁeg 5is a schematic illustration
of a CWP system ac @it B& 4 Rhéndtidillixgttione T @IS RtenDicchilg bF ©6 erebent
invention; and 10 Figure 6 is a schematic illustration of a CVP system
according td a%¥HPHer enbodi nent of the present invention: Detailed-
Descri ption of the ppghet ghy ednahedimgetic oFREMP SR adcbdRBkd Ofartiew Wi | | be
described nore fully hereinafter wwth 15 reference to the acconpanying
drawi ngs, in viRkodinsnkbeldhe pescaBentie®Bnt s of the invention are shown. This
invention may, howgy&ire 5b€a QEDAMEHudBLHRITY b §RIBNccoliRERGa ARdershoul d not
be construed as limted to the enbodinents set forth herein; rather, these
enbodi ment s ar enjsdimantielthapresenbinvension; @ scl osure wi Il be thorough and :
conpl ete, ggd Wil Figthb¥ i COMMEatRuRGARRAAICNP sicit RabRR o rkdigse skil | ed
in the art. 20 Like hunbers refer to I'1ke el enents throughout. In general,
t he i nvention eshedimentiefthe prgsent gerntiahr i cati on of articles such as ‘
integrated circuits (1Cs), including, for exanple, nenory ICs such as .
random access nenories (RAMs), dynani ¢ random access nenories (DRAMs), or
synchronous DRAMs ( SDRAR4tailedMDescriptiomefthePreferred,

circuits such as The present invention now will be described more fully hereinafter with

15 reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention to those skilled in the art.

20 - Like numbers refer to like elements throughout.

. Y general, the invention can be used for the fabrication of articles such as
integrated circuits (ICs), including, for example, memory ICs such as random access
memories (RAMSs), dynamic random access memories'(DRAMs), or synchronous

V DRAMs (SDRAMs). The ICs may also include other types of circuits such as ‘

25  application specific ICs (ASICs), merged DRAM-logic circqits (embedded DRAMs),

other logic circuits, etc. V o

' The invention may be used to provide CMP of or fér, inter alia, deep trench
capacitor fabrication, shallow trench isolation, polysilicon films, photoresists and
superconducting circuits. The CMP of the pfesent invention may be used for

30 planarizing Al, Al alloys, pblymers, inlaid metal, diffusion barriers and adhesion
promoters, The present invention may also be used to planarize both the dielectric
layers and metal layers/plugs/lines in a damascene or dual damascene process. In
particular, the CMP of the present invention may be employed to form IC's with

copper interconnects using a damascene or dual damascene process.
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25 application specific I1Cs (ASICs), nerged DRAM Il ogic circuits (enbedded
DRAMs), other logic circuits, etc. The invention nmay be used to provide
CVWP of omwdor3ssshter alia, deep trench capacitor fabricapPCDUSO1E{3R00 OW
trench isolation, polysilicon filnms, photoresists and superconducting
circuits. The CWP of the present invention may be used for 3.0 planarizing
A, A alloys, polyners, inlaid netal, diffusion barriers and adhesi on
pronoters. The present invention nmay al so be used to planarize both the

dielectric layers qung b h i AL g;}gq@ ual
damascene process. In .°g§§°?‘§d€u?%§{eaﬂ’ﬁég§/§nw€t tlgﬁ'fos esen §?§ﬁ\}gr‘f i%’?\ may be
enpl oyed to fodioxlde(whioh mby becipppe suifable dorooswnteas thosa desegbal Wwovas bethe or  dual

damascene, pro - . U%lolé/ . carbon di oxide" as used
in the present %igs%\%l ﬁ]iei%%r\é\g? %g%rﬁgfgzlr%%{%%edsen eC%%i’r %%Onn’ g‘lgoc?(r |% e%() %Ie %h may be
i n any suitabl endioprefesbiyhiqas catbos diodilsc i the chsbh whawarbdmdibtide ismasgidomher e
carbon di oxi.de js.used in the slurry co ition, the.carbon diogxide is
nore prefer gbl ﬁieiﬂlmclﬁjlﬁ’& ¢ g?%glﬁxﬁ? gxrf%rg Pre?%gﬁ%%c%%%ss?kﬁé@éc{?fe?}l%%ﬂ&ai’loxi de is
used for 5 cl easbogdiotife(imhidirgmeat siséraiiticabcariondidxide]. dhabdryoradicadpmassed
liquid or supercritical .carbon djoxide, (including near supercritical
carbon di oxi defP! féy @ea{‘flﬁf)ﬁwﬁﬁ 895?1}' ntg AL/ rc?gttef Hﬁﬁ’gg?ts gealy %WW%
cosol vent s andigmsatepddtaY belowgr edi ents as al so described i'n greater detail
bel ow. "Dense carbog dioxide" is a.flui.d conprising carhon dioxide at
tenperature 10 and‘ff secethoa diosiesi s apﬁgg%Hfo“ﬁéi‘rbgﬁé‘o hEjteppgrauEhove t he
critical daosi tayd freyie@additions ki tHE NS UMY LSO Be Witidal &E@sibe@ai&anﬁn 1,000
bar and the maxi num tenperature wiill be Iess than 250 C). "Liquid_carbon
di oxi de" her ei HPeTRPERYN pr5SYETE bedess d1n 4i08% Py snd the maxisnum tegpp@turedid | i bri um
(VLE) conditi.ompgldséthgn2sotgre.is a gas-liquid interface), including 15
conditions commonly referred to as cryogenic conditions, of approximately
-20to 0 F, and 250-4wd guepnsioxids” hersghisiersie dense ragbendiexddens wapnrdiarige
refers to densg ﬁﬁmﬁaﬂ%\di Eoriiidn{¥l & herdBY, EORGA RtcPbOS GRS | tuents) that
IS pressurized %boye t he E‘\?/LE cong\,i@t i'ons of, ggulrﬁ_e, 607 J:(P@?n. t he é(:‘ase of pure
C02, the gds3-| icopditpnp prrampendy eefyreed 4oy precryagenie venditiop af apgrpxinptelp it o2 | i qui d
CO2 with an al tregfuaisgf d0dipdigguch'as Nitrogen gas, Heliumgas, |iquid
“Compressed liquid carbon dioxide” refers to dense carbon dioxide (which
may contain other constituents) that is pressurized above the VLE conditions of pure
~ COz (Inthe case of pure CO,, the gas-liquid interface is gone. However, one may
20 compress liquid CO, with an alternate fluid such as Nitrogen gas, Helium gas, liquid
water, etc.). ‘ o
“Supercritical carbon dioxide” refers to dense carbon dioxide at conditions
above the critical T and critical P.
~ “Near supercritical carbon dioxide™ refers to dense carbon dioxide within
25  about 85% of absolute critical T and critical P.
’ “Chemical Mechanical Planarization” (CMP) as used herein refers to a process
_ of smoothing and/or improving the planarity of a surface of a substrate, aided by
chemical and mechanical forces. Thus CMP as used herein includes polishing
procedures in which a surface is smoothed, although not necessarily planarized, as
30  well as procedures in which the surface is both smoothed and planarized.
“Contacting” as used hereip to describe the contacting of a CMP pad to an
article such as a semiconductor substrate to be planarized includes directly contacting
(i.e., the load between the pad and the article is supported almost entirely by pad-

wafer contact), semi-directly contacting (i.e., the load is suported partially by pad-
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water, etc.). "Supercritical carbon dioxide" refers to dense carbon di oxide
at conditions above the critical T and critical P. "Near supercritical
carbon divoaozss33z efers to dense carbon dioxide within 25rabosel/85% of
absolute critical T and critical P. "Chem cal Mechanical Planarization”
(CWP) as used herein refers to ,d process of snoothing and/or inproving
the planarity of a surface of a substrate, aided by chemcal and
mechani cal forces. Thus CIVP as used herein includes poI i shing procedures
in which a surfage is srm t hough not neces ized, as 30
wel | as pr ocedﬁ‘ia@c?’ﬁa%‘? aﬂgb F}P‘Jlaé‘lél’garlm'gpbﬁuﬁe fl’f@%bgtﬁ' ati’%ﬂaélrl zed.
“Contacting” asndihesvake), mmﬂm@praﬁﬁg(zien&mtlbﬁ1@@¢tﬁpaﬁéddingreojbyaacﬁhﬁ>n@ad to an
article such ai'lﬂadr}semf nductor substr ‘i&é bﬁ pl anari zed i ncl udes
directly conta gyer pf sy befween the-ngd ¥afhe pad and the article is
SUDported al nost enji“sRiry’ BdeRR8ed H@élﬁemﬁ@me@@&&m@@iah oﬂhgﬁ&i&ﬂté’u@m acting
(i.e., the load is suported partially by pad -6 WO 02/ 38335 PCT/ US01/ 48100
waf er cont act aﬂaerﬁéqrtuﬁ%anicyewﬂﬂmqah@a%warﬁﬁr@awe&wlmw ke @¥urry between
the pad and t REit0RS B fo@é&@mglle%g' RYERIIG thice %parafe%asle?ﬁagluﬂﬁg Mﬁﬂ’é ted
entirely by a contlnuous flurd | ayer of slurry between the pad d the
waf er). A "s| ufifyid phaseyaydtinihiodd m@a%@éwmf,@rewm@mhemds .
| ngredi ents i nygqiofofed, ¥§RLia kil &R 6 & @ﬁcﬁ% 2 RlsBdtRfohzat i on.
The slurry may taoeoany ﬁ)gt}?ltﬁ{)ﬂg&?sor %a ror E )31 havesg‘%}% or three
separat e phaseslispergioncimwsion, midrpsiailsian; qurée mdﬁe@, mmﬁetrmgp@n@@pm,d phases or
L 2 9! Qbmb ki BAGR U ol ol Liddtlih U3 51293 oe 30kl ogfeC] A1 | Y
conpressed gases ofr ases such as a ensi on, | spersion,
emul si on, micr cdmxmemhswn mmgeamésm Giituthe mb@rdwﬁn cptiowiy Icmta;mng @
conmbi nation th di I?E wywater in
carbon’ di oxi dg,Blg%?oﬁeo?ﬁeré &%%Q{r%gﬁeﬁsﬁgﬁ{%“ > %F@Xro Mlsgl ox1 de
optional |y contfaither peptaimabrasiveveriiclss &mp@tdh@asawgmetdﬁférdt@asehbqr@nn) Such an
enul si on or m croemyl f suspended
as a separate thi rg}&pﬁdélgge%?Sté)f)#}t)ﬁggevﬁ%?ﬁh?é&ﬁn er ﬁ%‘g%&%@‘ ﬁlgg% Yof skill
in the art 15r onhedppardies,chirpxsiaodimbtbods describdbhdrtie mappifed polishingland r i es and
met hods descri b e ffe rizing, of an
article (oog MoaBBReb el ek ieRnlb e dink R LICE, B © @
preferably all, of the following mechanisms. Solid particles may be used as abrasives

that are driven across the surface of the article to remove material from the article
surface by transfer of force. The abrasive particles may be delivered through the
20  selected fluid/slurry or may be provided in or on the pad (whether as an additive to the
pad or as an inherent feature of the selected pad base material). The removal force
may be imparted to the abrasive particles by moving a pad and/or the article relatlve
to one another, providing a flow of the fluid/slurry, or combinations of these.
Polishing and planarization may also be achieved by chermcal‘actlon, i.e., selected
25  active chemical components used in the CMP process chemically attack some or all of
the article's surface. The active chemical components may take the form of a liquid,
solid and/or gds and may be provided in the slurry, the atmosphere and/or the pad.
Applicants specifically intend that all patent references cited herein be
" incorporated by reference herein in their entirety. ‘
30
1. Articles for CMP.
Any suitable article may be planarized by the methods of the present
invention, such as semiconductdr devices or wafers (e.g., in the production integrated

circuits). In general, a semiconductor substrate provides support for subsequent
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preferably all, of the foll ow ng nechanisns. Solid particles may be used as
abrasives that are driven across the surface of the article to renove

mat eri al Woom#3he article surface by transfer of force. FORUSIIM$INVe
particles may be delivered through the 20 selected fluid/slurry or my be
provided in or on the pad (whether as an additive to the' pad or as an

i nherent feature of the selected pad base material). The renoval force may
be inparted to the abrasive particles by noving a pad and/or the article
relative to one another, .prqviding a flaqw the fluid/slurry, .or

conbi nat i ons olfayet"%‘étistg‘? Seml*‘(%“ﬁ‘éq’i rﬁ%%&mr%% %Yngihefglfsfrﬁtﬁ Wwﬁ@’fxﬂgmgchi eved by
cheni cal acti Ogitable RateriSldn6wh eshthe Ski&d drtysan, Aiddiigadilicoa giiisoa pkide, \pakidmi n t he
CMP process chemically attack sone or all of _the aq‘i-“-ﬁ'f‘sf-é' surface. The
active cheni calseislepihehn Dspayog laves sychas # sy of siligon Fig¥ifeSiOQdF Pahd/ or gas
and may be proxjgd&rhd the §ubStraié, hd WpichIREinathade SEhBELetctivd il hg 149@8such
Applicants specifically intend that all patent references cited_herein be

i ncor por at el bys repdctngweablegr sushas corper manbg degesjted gpfo the sppfpceof e for VP,

Any sui tabl e arfhglng 15RYine RLRAA! in%8hrdicd With ERWAQSInREed he present _
invention, such as sericonductor_devices or wafers (gﬁg., in the production
integrated circui t&ypically, nymarepalCs ag fowradoaibrivaler inoanisly After prpessiik s
SUpPOT t 0T SURSAGHENE - % DETUIRM 4B Biced BBt he

sem conduct or QIZVLC OW\%%F%?Q%%§§I§bSt%%e’ may be flg?rredg%t a_n;e/ sui tabl e
materi al knownintegratddesireiits|tp énflividual chips; The ehiprirathen padkagsd, resiliingddA oxi de,

gal l'ium argenj ' | &t | a ly ef pskddacon

di oxi de (Sing) ?‘gﬁqgmgéﬁgﬁﬁ} ds?%f#{h@%jé%%‘p%ehgﬂsﬁﬁtg’%ﬁ: @Eéln%y?@"& Al ;,!af ncl udes
trenches et chediglidlessistants (RDIAs) end etherieleBirendc produstsduct i ng netal | ayer such as
copper may be deposj)te nt.o t ce . i i | n the
trenches, in accordéin c‘ga\?\ﬁ ﬁ?ﬁﬁ%%?%ﬁ"i“%é‘?%ﬁﬁ%%‘?{f?‘gﬂiﬁﬁe@é{%ﬁé | Cs are
formed on the wsitleor substpee for plaharizafidne IThps wiitelds inatgrial ithat mayibapplighed oas

descri bed herei is. finished, t fer. is.di e
integrated cir 8@1)1%“ ‘?‘%‘EYt?‘%H%egPS%%':lﬁ%?\%%Sg{m‘ﬁeﬁ‘é%ﬁﬁg%& g‘rltza?%)ﬁdézﬁngtg{l:%éged, .
resul ting il amb@lsf(e.pall,upTachi, TiNaTiN:S,, ¥ €t allnys, Adrllays.aopisiicors eteput er

systens, cellul,a hones,..Re alo~digital Si t ot her
el ectronic pr o&ﬁ%f@?s Gﬁy Sb(ﬁz’ ? $§r i|J Typo ,e%a‘?"?ll%‘& Eﬁé‘rmhéféégl g@éekﬁg{}gbe
exposed on t heimliunf teexidd, highéK dielectrics, high T, superconductors, optoelectronic

materials, optical mirrors, optical switches, plastics, ceramics, silicon-on-insulator -

(SOI), etc. See, e.g., J. Steigerwald et al., Chemical Mechanical Planarization of
20  Microelectronic Materials, pg. 6 (1997) ISBN 0-471-13827-4).
Thus in certain particular embodiments of the invention, the surface to be |
planarized comprises a group III through group VIII metal such as V, Ni, Cu, W, Ta,
Al, Au, silver, platinum, palladium, etc.
‘ In particular embodiments of the present invention, the surface of the substrate
25 orarticle to be planarized comprises copper, such as in a damascene or dual-
damascene copper device. |
In further embodiments of the present invention, the surface of the article

comprises a layer or sections of a layer that have been oxidized such as with a plasma.

30 2. Carbon dioxide CMP polishing slurries (CO2-based slurries).
| For certain processes according to the present invention as described herein, a
carbon dioxide-based CMP polishing slurry (hereinafter "COz-based slurry;‘) is
employed. The COj-based slurry may be a dispersion or slurry in CO,, cosolvent
modified CO, or surfactant modified CO;,. Preferably, the COz-based shurry is a
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article or substrate for planarization. Thus suitable materials that may be
polished or planarized by the nethods of the present invention include,

but are mooodsssBied to, 15 netals (e.g., A, Cu, Ta, Ti, FCNyusHi4M@y, W Cu
alloys, Al alloys, polysilicon, etc.), dielectrics (e.g., Si02, BPSG PSG
pol ymers, Si3N4, Si OXNy, foans, aerogels, etc.), indiumtin oxide, high K
dielectrics, high T. superconductors, optoelectronic materials, optical
mrrors, optical svvi tches, plastics, ceramcs, silicon-on-insulator (SA),

etc. See e.g. . . Steigerwal d et aI Chem cal Mechani cal Pl anari zati on of
20 M croel ect r@meesl%ﬁr fizs dengeyCOg apd oreprefprablyy in Jigwid COg IPe &02 Thus i n
certain parti Cylsaf sappogl 't%’x&ill? lﬁﬁlu&eh@nbd@\m TP, enbiblthg e EAcARAINGO be

pl anari zed conprises ‘a grou I'l through group VII| metal such as V, N,

Cu, W Ta, Al Sompenens. IA@Otedpﬂba‘t’% AGMP wﬁhlagiﬁluw tygically mpludesrapragiye ar
embodi ment s Of AGesPl hh&‘ H&ﬂaﬂ? pa;&eéuwﬁpe%chgﬂt tHag, Sthgkrate 25 or

article to be narl ze corrp ses coppe such as in damascene or dual -
damascene cdppugredignts.cdong withfather kemmenprisiitiqrelingredients, hﬁadlfﬂuwé Htgreaierent i on,
the surface of ;the. article conprises a layer or sections of a |ayer that
have been oxi d| zed SUch as with a plasma. 30 2. Carbon di oxi de CWwP

pol i shing slurries AB@gvbpatidles| T tems jparticle! agesed hémingnobisies sggsegatssor ding to

the. present | el 8% I8GHLAEH MELEL ol oLALRAR-ALOKL S baRgy O

pol i shing slurry erna slhurr
C02- based sl ur m;echmyalb'antamhvsxpmbmmlonsofsiaumkey ToadbixXe sﬁﬁs@hﬂwapld modi fi ed

C02 or surf nodi. Pre t he I |s a 8 W
02/ 39335 Pl LB T’Ef%“%gelg%?“ss SRighRar e FSPCoR étﬁrs‘ég%a?se BREVe L o
preferably, i npirides piefaﬁﬁly hImMrpaﬁ&kaaﬁamdwrofﬁmmalbbutﬂp}namﬁd@s toncl ude
vari ous ot her n or facilit t S ote

CMP pol i shi ng %VPF&& %fm‘}df’}?&? Hﬁé@b&%ﬂeﬁl\p %gli;a[n}egrgg g%‘ﬁ‘@@ and
(optionally buhar{ofxﬁfe&rtdblbdya) 3@maabdmbanst Theatedsivefis tyhieally 15c1ud‘ayr1ﬁd1eehm$ aI ong
wi th ot her conpon additional re A i s di sguss e detail
bel ow. Abr asi vE& FLror r%‘égmg“lfﬁoé“w“ %f“taib@ftgm pffg?gb%gf%%aﬁ‘ﬁcl udes

aggr egat es ISanderil‘l‘beartfcle athy ©0 dispereddiin the shifry péthttheciuefactamis antidr heatogy

aggl oner at es- and her solqelg( mechani cal |y i nterwoven conbi nati ons of
particles. To FOAPEFLseHFsd ¥ Wiy rapid

The abrasive particles may be formed from any suitable matenal including,
but not limited to, silica (including both fumed silica and colloidal silica), metals,
metal oxides, and combinations thereof. Silica and alumina abrasives are common

20  and may be used, alone or in combination. Ceria abrasives which exhibit a chemical
tooth property may be used in some applicétions where desired. In one embodimeﬁt,
the abrasive particles are formed of at least one metal oxide abrasive selected from the

" group consisting of alumina, ceria, germania, silica, titania, zirconia, and mixtures
thereof. In certain embodiments the abrasive particles may comprise ice particles

25 (e.g.,whentheshuryisa Water-in-car’bon dioxide emulsion or microemulsion) or dry
ice particles (e.g., created by rapid expansion of liquid CO, or of a supercritical
solvent, or “RESS™).

Etchants. The CMP pohshmg slurry optionally but preferably includes at
least one active chemistry, commonly referred to as an etchant, or combma‘uon of

30 - etchants. An "etchant" is any material that chemically removes material from the
semiconductor wafer, or chemically facilitates the removal of material from the
semiconductor wafer by physical means (i.e., polishing with the abrasiveAparticIes).

In some embodiments, the etchant is an oxidizing agent,



10 polishing w thout deleterious scratching of the sem conductor wafer, the
abrasive particles preferably have a nean particle dianeter of from about
10 nanonwweny343e65 about 800 nanoneters, and nore preferabbPgrasemsmoparticl e
di anmeter of from about 10 nanoneters to about 300 nanoneters. The abrasive
is typically included in the slurry in an anount ranging fromabout 1 or 3
to about 7 or 20 percent by weight. The 1.5 abrasive particles may be

di spersed in the slurry with the surfactants and/ or rheology nodifiers

di scussed bel ow. The abrasive particles may be forned fraom any suifable
material, including efbﬂfﬁseﬁbfhele@ﬁ?rtt@’detfhﬁmsﬁq gepgrally Weludedi R g HBeRt Pt

silica and col kgidedy, §'1|érq3t)>110 96! 1 670 pERERIby Wei A 5F th sl QUHPosIabA,0NS
thereof. Silica and alum na abrasives are comon 20 and. nay be used, alone

or in conbi nat Aensndimernon thapagicuire workRieenbeng Piiarized awh daReading or B8t h property
may be used in %‘9 CEvaRE 4R p-P1Belet. desi red. I n one enbodi ment, the

abrasive particies are forned of at |east one netal oxide abraswe sel ected
fromthe gPoup conBickanisraryodfe iedludei inethe slermy i sagroupaianid or salidifersn. Whemni a,
zirconia, and S b asi ve

part i ol o5 oy SERhd B3olid BESOR, ol SRR B e A0S

wat er - i n- car boparti¢le diadetee nfframn df togi00 i &Qmmnsmnﬁn)fhmlum‘ pay b llvered

Coperori 11 cai  Sen bRt Byt ey R B0, Mo e SRR bhP PR Wl

optional |y but imphdédindiguid qrrgadeu(te?smathe elmaams meper |mey natée ohissivlssinte, commonl y
referred t as a onbi nat i on_of. "etchant" is
any mat er| t ﬁ%{FO%‘ﬁfg’fhgcﬁoilYeg}{ ng‘fﬁrg’enéag harer Ptalfwlg reocﬁ)]&gﬂeg&sag ﬁf @gl?le uct or wafer,

or chem caIIy below).i tates the renoval of material fromthe sem conductor

waf er by physi cal ans p th th ve art| cI es). ' In
some enbodi ment s, %Wgﬁ‘flfaplg g?ha@%éﬁgg%%&t aﬁgléogglml 061}7 @g

PCT/ US01/ 48100 V\hem) ;mﬁﬁ,emﬂudzﬁ@ﬁgah@éﬁﬁlﬁhorgﬁmeﬁomdma;nﬂ&sacﬁcgem,enmlcI y
i ncluded in an apount.of f.rom

by weight of tASIE °88Hp*6’-9uci‘rg%’ﬁh° a"d@ﬁ%ﬂ%‘?“ﬁés %‘61‘6?13 1??%8 aﬁ‘QM @ﬁ‘ﬁ%??

wor kpi ece h8i Nenafit adidandzaalatas) thridfp soidlandgarantet, rbicorig geié sisi glmomas cifrid he

Tl or sol | ASRAMTROATY gl PHRCOPRE P Br SEAse ST

preferably in padidicia@s, ﬁyi‘bﬁhted’w,\p@rogalmégalhcmaﬂdtah@gﬂlaté\s,aﬁmﬁc&rmd):fndf rom10 to

300 or 800 nanoneters. The slurry may be delivered
tannates, efc.

ercent

(B) Bases, typically hydroxides such as ammonium hydroxide, potassium

20  hydroxide and sodium hydroxide (bases are less preferred when carbon dioxide is a
major ingredient in the slurry due to acid-base interactions and reactions). |

(C) Fluorides, such as potassium fluoride, hydrogen fluoride, etc,
(D) Inorganic or oréanic per-compounds, (i.e., compounds containing at least
one peroxy group (-O-O-) or a compound containing an element in its highest

25  oxidation state, such as hydrogen peroxide (HzO;) and its adducts such as urea
hydrogen peroxidé and percarbonates, organic peroxides such as benzoyl peroxide,
peracetic acid, di-t-butyl peroxide, monopersulfates, dipersulfates; and sodium
peroxide. Examples of compounds containing an element in its highest oxidation
state include but are not limited to periodic acid, peﬁodate salts, perbromic acid,

30  perbromate salts, perchloric acid, perchlo;ic salts, perboric acid, and perborate salts
and permanganates. Examples of non-per compounds that meet the electrochemical
potential requirements include. but are not limited to bromates, chlorates, chromates,
iodates, iodic acid, and cerium (IV) compounds such as ammonium cerium nitrate, |
See, e.g., U.S. Patent No. 6,068,787 to Grumbine et al.
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fromand/or through the pad. The etchant may al so be present in the pad.
When included in liquid or gaseous form the etchants may or nmay not be

m sci bl e wa02/83330 carbon di oxi de sol vent (which may or nR@T/HSe1/48m@ ude
cosol vents as described below). Exanples of suitable etchants include, but
are not limted to the followng: (A) Acids, including organic and

i norgani ¢ acids such as acetic acid, nitric acid, perchloric acid, and
carboxylic acid conpounds such as |l actic acid and lactates, 15 malic acid

and mal ates, tartarjic acid and.tartrates | uconihc~ agi nd _gl uconat es,
citric acid and c“@f‘ﬁ?‘i@% °6Pf<lrﬁlbzu}ﬁa-gexgﬁ1%mbgﬁ ‘if"?’ﬁ%‘fo&x?ﬁ@r@&’%@aci ds and acid
salts, phthalic aciaAlditwnel exemglesaf dichantpincinda becat notiiited &d, komonigal | i ¢ aci d
and gal lates, tanpjc acid and _ tannat .etc. (B ses..typically

hydr oxi des sucﬂ‘?@eaﬁ%‘?ﬁl%@w 898P8féﬁ§f518?f§s%‘1tﬁﬁhz"“§gmﬁ§d&#8x /Y sodi um
hydr oxi de (basfgoeyagide,@sszddizbRl ét€d when carbon dioxide is a major ,
ingredient in the slurry due toJ%](e:i ggba e .interactions glpd reactions). (O
Fluori des, $uch as ¢BPaSdrgsaly (e COE PoliStipe iy PRYOPIgRTY @REn g p)

| norgani ¢ or OpgiHiyktcREk WheHRRH AsiShe flinaBzatiof 6NREUMASatG DR At UsREprRt. | east
one peroxy group (-0- O-R% or _.a conpound_cont ai_ni a% an elﬁagmanbA in_ its highest
25 oxi dation sfégt eg Y atﬁ@}fﬂréﬁg]ééﬁ Y etpl Crpposylate slfs inclids gfatet s such
as urea hydrogsg cRELO¥IES B o PREEGIRR Bitth@Snd PEERARINCCIRAE. 0Xh BfBnaUCh as
benzoyl peroxide, peracetic acid, di -t-but%%) per oxj de, nonopersul fates,

di persul f at es, trisaele soanaund syskias k2 deriazleang) A% tsrdduipfintisydoat &idi ng an

el ement in bt s, 0L aR63ledH SdnPBlo1 ﬁ)tS%?c_eht?ﬁJ'ing?ongianﬁﬁiﬁtié}PéfﬂldtéﬂaIsed to
periodic acid, periodate salts, perbromc acid, 30 perbronmate salts,

perchl oric aci éichpeeaphtrori c salts, perboric acid, and perborate salts and
per manganat es. Exa : ROMRASHE GioRRB cobif o8k BCh&@Cchem cal
potential requi renengésgﬁ'ie{r?}%l Eggcgﬁipogre not “I'l n%]?telg_tgftcgronat es, chlorates,
chromat es, i odesolysyts.i Getiotvents ittt manbe used inpenitnaiionsetsermsondipddeas amoni um
ceriumnitrate Pat, . : 84tk Rs. ShiRiag et al . 10
WO 02/ 38335 Pd?ltﬁg%fwgigﬁhp g)ﬁg%gﬁ%“é?c%}({%?%t%n Vagse’nts such as oxone,
NO3 Fe( CN) 63 eturd orgauitciorsobveats. dhapnginiscafolventindn generahcd hydewcarthen coar e not

imted to. amppoliimehlay bl SRERN MHahS aitbfiol of BRRo-olvea, ik LR
pot assi um ferricyani de, potassium -
Cyg linear, branched, and cyclic alkanes, al_cohols or ethqrs, and mixtures thereof

(preferably saturated) currently preferred. The organic co-solvent may be a mixture_
of compounds, such as mixtures of alkanes as given above, or mixtures of one or
20 more alkanes. Additional compounds such as one or more alcohols (e.g., from 0 or
0.1 to 5% of a C1 to C15 alcohol such as isopropyl alcohol (including diols, triols,
etc.)) different from the organic co-solvent may be included with the o;ganic co-
solvent. '
Examples of suitable co-solvents include, but are not limited to, aliphatié and
25  aromatic hydrocarbons, and esters and ethers thereof, particularly mono and di-esters
 and ethers (e.g., EXXON ISOPAR L, ISOPAR M, ISOPAR V, EXXON EXXSOL,
EXXON DF 2000, CONDEA VISTA LPA-170N, CONDEA VISTA LPA-210,
cyclohexanone, and dimethyl succinate), 'alkyl and dialkyl carbonates (e.g., dimethyl
carbonate, dibutyl carbonate, di-t-butyl dicarbonate, ethylene carbonate, and ‘
30 propylene carbonate), alkylene and polyalkylene glycols, and ethers and esters thereof
(e.g., ethylene glycol-n-butyl ether, diethylene glycol-n-butyl ethers, propylene glycol
methyl ether, dipropylene glycol methyl ether, tripropylene glycol methyl ether, and
dipropylene glycol methyl ether acetate), lactones (e.g., (gamma)butyrolactone,

(epsiglon)caprolactone, and (delta) dodecanolactone), alcohols and diols (e.g., 2-
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ferrocyani de, benzotriazole, etc. 5 Carboxylate salts. The CMP poli shing
slurry may optionally contain a carboxylate salt when used for the

pl anari zav®on3ssss certain materials such as copper. See, BCTHUSOIU88I0 Pat ent
No. 5,897,375 to Watts et al. Carboxylate salts include citrate salts such
as one or nore of ammoniumcitrate and potassiumcitrate. An optional
triazol e conpound such as 1,2,4-triazole nay al so be added to the slurry
(e.qg., in an 10 anmount by weight of fromO0.01 to 5 percent) to inprove

pl anarization of materia

such s c Coso| vent s I i shing
slurry may opt iPEPARYly 2 thi’la% FFOB?’H? '2'1&’58%"’6‘P{7ér?€?n° %E@V’%P 04t hat may

be used in Conchasﬁehﬂﬁolvw BJ@rdpEﬁbdibﬂlrmﬁutﬁie%l Qanetﬁﬁlzv:ﬁﬁemdne&ibl%ﬂ bot h pol ar
and non- pol ar, H’@ otlc ﬂ]d aprotic solvents, such as water 15 and organic
T

co-sol vent s. 0}@6@%@1§véﬁﬁm@yﬁ?m&@<ﬁ% gecamsthilpantaglaxansrrndo-

sol vent. Typi cq{ekggnmlmgl Mgnt is an al kane, al cohol or
et her - co- sol vent .with Coto C20 linear, branched, and cyclic al kanes,

al cohol s or Set her s, Adfitionsl sqsaivess inglida BMSQ, Eﬂ@%@éb’q@@e@ﬁéﬁwé‘é}oﬂ@m rently
preferred. The yarga HagQphat ¥ yg%cmopsr RriTbiK td&ﬁﬁuv&fof%gzgagm%@ suchUCch as

m xtures of al kahes as gi ven above, or  m xturés one or nor e al kanes.

Addi t'i onal conpé sl sogae, Wdﬁbggmatqﬂmll@n@ﬂ(e@thcboc(h@rgﬂuorchathqn@ or 0.1to
5%of a Cl to 9@13] ?11& QQ‘Q&'JS, YRa@3 al ra?xﬁ\éfnlo?b!t]ﬁ&%%bc{n‘sﬁ&d‘éﬁieﬂ& di ol s,

triols, etc.)) er ent romt%e organi ¢ co-solve hcluded W th
the organic co-a109b¢1$sétnipnesEnéﬁ#;trééf}@fcomen@bmebe@cblwgmémlscqsnlafbrude:h abut are
not limted to”&k,l toke C 0 s, and

et hers ther eof par Ig|6§'ul gﬂﬁé}qlm@@vmagggf 'mU{;Ké%éa, %@;}:ﬁﬂg@ e@ég a?é\t‘@ﬁ* * EXXON

| SOPAR L, | S@Aﬁ)ﬁdlmm Nﬁxh@@mﬂm -Sol VEXX @iy BF-u000, CO\IDEA VI STA

LPA- 170N CONDEA VI §1 1e|§ B'Aéd%%%in mg}y elda%ﬁg{%nf xglo%acglaegxgs tagF E’rgés Slsu%ggugf te),

al kyl and di al kyl carbona bonat e,
di -t-butyl di cairetmrmenanéy E@hehumesawiﬂomramﬂ;oummbr 8Gsopenpyhan@ntar doorat €) ,

o o ene end Pely@lieag, YAk S Gt SUNSE 5 ATE\BEEL B WARRRTH (0,91,
gl ycol * netliyl oatdeeur;t‘aceh ﬂﬂmp‘ghle ellua'ygiayccompnmtﬂfmm 0,6t01e0.] ot. I toX, 5pyd @r2é gl ycol
ALy T T L R R PO
dodecanol act one;)u,rryal cohols and diols (e.g., 2- -11
Chelating agents. The slurry may contain chelating agents (or counter-ions)
to facilitate the removal of ions, such as metal ions. Chelating agents may be J
20  included in the shury in any suitable amount (e.g., 0.001, 0.01, or 0.1 to 1, 5, 10 or 20 '
percent by weight or more) depending upon the particular maferial being planarizéd
and the intended use of the article being planarized. In general, chelating agents and
counter-ions are mono-coordinating or poly-coordinating compounds that contain one
Or more 0xygen, nitrogen, phosphorous and/or sulfur coordinating atoms. In certain
25 embédiments the chelating agent may itself be a solvent or co-solvent. Depending
upon the embodiment of the invention, the chelating agent may itself be soluble in
carbon dioxide. Examples of suitable cheiating agents or counter-ions include, but are
not limited to, crown ethers, porphyrins and porphyrinic macrocycles,
tetrahydrofuran, dimethylsulfoxide, EDTA, boron-containing compounds such as
30 BAREF, etc. Examples are given in U.S. patent No. 5,770,085 to Wai et al.
~ The chelating agent may comprise a chelating group coupled to (e.g.,
covalently coupled to) a COz-philic group. Suitable CO,-philic groups include the .
COz-soluble polymers described herein. Suitable examples are given in U.S. Patent
No. 5,641,887 to Beckman et al. and U.S. Patent No. 6,176,895 to DeSimone et al.
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WO 02/ 38335 PCT/ US01/ 48100 propanol, 2-nethyl-2-propanol,

2- met hoxy- 2- propanol , 1l-octanol, 2-ethyl hexanol, cycl opentanol,

1, 3- propane@d?2/ai33s 2, 3- but anedi ol , 2- net hyl - 2, 4- pent anedi ol PCEUE01/48100

pol ydi net hyl si | oxanes (e.g., decanethyltetrasil oxane, .

decanet hyl pent asi | oxane, and hexanet hyl di sl oxane), etc. 5 Additional :
cosol vents include DVSO mneral oil, terpenes such as |inonene, vegetable
and /or plant oils such as soy or corn oil, derivatives of vegetable oils

such as- nmet hyl_sovate, , ~hal.ogenat gd al kanes : .

hydr ochl or of | u@@c&%o%}li/geﬁ?ﬂﬁgﬁﬁﬁ?ﬁgﬁg?m 9d69?fr§5§legbélﬁtf%£ﬁ%‘§, and

chl or of | uor ocakdaeidds: 2 pelyRbKENASs a fludlofslittsar sHelafgslyradtyihavidadotnd The

cosol vent may. be 'a bj odegr adabl e cosatloll vent %gcdg aalethlo A IV@ES]%TM carrier
fluid (avai | abherefaakigang g kads e mefah (pr aimetageidnpiiidhe agand grefbly §i ary of

1 Q). M xturesy@indtdGidRMHeer a0z SRt B Y SochBohs BRnp §RAhaiPledEthitRseogsed herein
may be aqueous or nonaqueous (water-free). Slurries that are predom nantly

C2 slurried (Switdbledigandstivrduge, vt s motlisitidite i-diketapgy phesphadg, phospBatenat er to
participate in .Ccherr: C gg{g}ﬂg @Q@j : softening of 15
oxi de surfaces?ﬁ({%ﬁ%lg@t%ﬁg’ sytljrry ?Q%pg{r}rlfﬁro%gg’ r rﬁsgl{d&g.&%% 0.1 o0r, | to 2,
5, 1Q or 20 péitidesatbabptepmnightamnengm, bydmeyoxime bpdpxhinigadipealix(Herepar t i cul ar
application of the | u | atin i Iy . i n

chel ating agenfn saprf’ %Cﬁ%b%'n%/der?’ga%ﬁl@’le’ (c)a?%%’lﬁ%i tthl-agtil’gza‘t%h%rhf é%ﬁgié?ncdg,% ttc:’:}ons,_ such
as netal ions. Chelatgengalagenlmrtiviey (Soppdhed trahetddans) are btechelbtad.r Liken any

sui t abl e anpunt

. 9., 0,001,,0.01 Q,.1 .5 b
wei ght or re)mgt }Sgﬁkf’n%eyucﬁ% Re ?tﬁrédal[%g%tf‘ l?l%ﬁd;a(rﬁd élesl}? Tl th%rf%gmtpsloée”‘rCfi i

eriral béin lanari zed
and t he i nt endedfadgats désciibeal harelr. CA ehdbeé isg cpbrdinationzeechpolmd rgeesentad by ehel at i ng

agents -and counter-ions e. npno-.coordi.nati ng or.pol y:coordj.nating ,
conpounds t hat SIB%lﬁﬂ’%?faﬁat(‘}Wg{ypggl?yn%’rltgn o%ﬂ“(?ﬁ?o ﬁ%ﬁga%@ﬁax%%o%oﬁﬁd&ageus and/ or

sul fur coor di n#ihkdags 18wt méd new et ftoRbircthbadlienpoltle The shalleattdfng agent
may itself be a solvent or co-.spolvent. endi n on { enbodi nent of
the invention, PERECTRAY ﬁ?ﬁe?‘ﬁ?b&g?ﬁf °€’B§}31%‘§%ﬁr}gatl§g‘m§g$%%‘fﬂ§£§Hmﬂg}fr%E)

di oxi de. Exanph®m igbxidized, #teh dised1eddaint Bepraigead. sClelation tplcelly faksdplacaitd ude, but
are -not limted.to, crQwn ethers or phyrins. and por. tinic macrocycl es,
t et r ahydr of ur afEvVEPHERH a"s‘iﬁ‘Pﬁ‘H&ﬁ“ﬁ@?’ g‘@%ﬁ%‘%’d‘?d& Q%ﬂﬁtdéﬁem{thoé‘ pé%cr?ffofl[ﬁi‘B%ys uch
as 30 BARF, etafhen Ehefdiiph 830 B¢ @riddvsithie Bolvkn® capitt enbashifuiddyplcally Q&haihe Vai et
al. The chel at Icgl%ﬁ%%r(xatg%hapx?lgkeccgggtgolnsueroﬂ%(S%Qﬁa lls%vlatre] ;S pgllérolgjrgticcé?)gal/&gs,t ° (e_. 9.

oxidants, etc). Metal particle removal can be facilitated by means such as CO,-philic

20  surfactants that interact with metal particleé because of favorable interstatic attraction
between the métal particles/ clusters and a portion of the surfactant. This interaction
" helps disperse and suspend the particle in the fluid medium.
Copper CMP slurry formations may contain dissolved NHj to complex the
copper ions and increase copper solubility, for example by adding NH,OH and/or -
25  NH4NO; to the slurry. | |
Surfactants. Surfactants that may be used in the present invention include -
those that contain a CO,-philic group (particularly for a carrier or wash that comprises
- COy), and/or those that do not contain a CO,-philic group (e.g,, when the carrier or
wash contains a co-solvent, or does not contain CO,). Examples are given in U.S.
30  Patent No. 5,858,022 to Romack et al. Surfactants that contain a CO,-philic group
may comprise that group covalently coupled to a hydrophilic group, a lipophilic
group, or both a hydrophilic group and a lipophilic group. Surfactants may be

employed individually or in combination. In general, the amount of surfactant or
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covalently coupled to) a CO2-philic group. Suitable C02-philic groups

I ncl ude the Q@02-soluble polyners described herein. Suitable exanples are
given i nWwO®/3$31 ent No. 5,641,887 to Beckman et al. andrUI/SsoiPst@nt No.
6,176,895 to DeSinone et al. -12 WD 02/38335 PCT/US01/48100 (PCT WO

00/ 26421). Thus in one preferred enbodi nent the chel ati ng agent conprises:
a polyner (such as a fluoropolyner or siloxane polyner) having bound
thereto a ligand that binds the netal (or a netalloid), with the |igand

preferably bound to said polyner at a plurality of |ocations along the
chain | ength tshdacants indudsdiin aperepasitign (Rinarizpg fokashhiy fromya@opd0l 9Pt ed t o,

P. di ketone,  phsplaas»iasphonales, 1o BhASRRKATy g, al kyl and ary

phosphi ne oxi nic acid, di'thiocarbamate, anm no, anmonium
hydr oxyoxi me, hydr SxciastantstbatgontainlaiGQphiliceraup coppled w@hgophilic or

8- hydr oxyqui nq{PiB@?{i? @r}nglggrzé W?ﬂddfﬁghé[? (lgx ; aslbb‘??élﬂhi BrfRGnth thdtaaPdsuse@t €. 1N

general , - net al as oppose El lons) are not chel ated. Like
10, nost pdrt iiothepresetidyventon ibeludst tat ire adt limited 4w thioperasel gizerdindl- S Fatesed wit h

surfactants, c r£aectants, .d [ IR 1S ~
coor di nati on ﬁ%‘%ggﬁgosﬁéér%gnén é%alb?s' ailJ a%ﬁﬂé??’@g{g 8? éa‘?ggnh%%l%%légﬁ'y an
i on) attached RaentNo.dnGR378 td Jugdiadetlal, (.8 oPatknh Mbe5,683: K4 dgeBirellst ¢tweb; or nore

non-netal atons ipn.the s lLecul.e. The.smal | 0f . Aparthel y
represent bil IrE?'énlgat ﬁ%ﬁgﬁ’ia@éﬁém?lﬁé?t a@':}?ﬁé e haﬁg’%%ﬁ{e& le<&a prﬂﬂrl\{éigf °.§.lp he each
15 atom i s oxiid¢laddluoctihetordiisiag bolgteranosegmentsisitetaaekcoriighg polpmers ypi cal | y

takes place in enviror s that can kinetically support t oxj.dation and
di ssol ut i oﬁo priGEReLs; p&ﬁnggher\'mg’ﬁnaé SPRPIBIE Rogy eﬁsycbrée A ?Sf & ggelﬁoﬁmgg sol vent,
carrier or wasdtabdtate Contalfing 8dgnients euchas nisyl ccemieicohtaiigpolyhats arake chel ati on
wor k (such as: water, palar protic cpsolvents oxi dants, .etc Vet al
particle renpV§FmENH PB& (gt %ril{%fof"é)fcé’ata'ﬂ?ipgr@ r%%éﬁgﬁ?%dﬁéyﬂﬁﬁe% @mfa{
surfactants t h@daniphds Of ach pWilyinbrsioe teainefid iricludk Gt fre @etligitedfio, those
favorable.interstati¢c attraction e en f.he n |, part.ic / usters and
a portion of tdfEcTdgd iy 1sa%?t‘?m%‘ﬁ'r 2’95%#335%1@?#‘8’#‘?“%?})@%8@% r"?é’%ﬁﬁ’ suspend’
the partiche iNcthe d hitizdd Tesibine: aConpse 40W/R 651168 (M Mor20a0). Brenplasypfcont ai n
di ssolved NH3 to conplex the, ¢ er igns and increase.co r.solubility,
for exanpl e byyaErFHg W@-ﬂcﬁlﬁﬁ%ﬁfm %?ng&et:h e?%éy"soll’@f)g'gﬁy@ﬂﬁ factants.
Surfactants thgzqdmﬁycob&s,taﬂ@ﬂolhﬂidkﬂelkmmms, hIRylefR! fublondtechlkgeryl t hose that -
o Cen P2 Bl Seidh, lD1at R Bhospfiates kool choftlled Heealls, §3ma}™

conpri ses
amines, sulfates, carbonates, carbonic acids, etc. Examples of lipophilic groups

20 include, but are not limited to, linear, branched, and cyclic alkanes, mono and
polyéyclic aromatic compouﬁds, alkyl substituted aromatic compounds,
polypropylene glycol, polypropylene aliphatic and aromatic ethers, fatty acid esters,
lanolin, lecithin, lignin derivatives, etc. ‘

Conventional surfactants may also be used, alone or in combination with the

25  foregoing. Numerous surfactants are known to those skilled in the art. See, e.;g.,
McCutcheon’s Volume 1: Emulsifiers & Detérgents (1995 North American Edition)
(MC Publishing Co., 175 Rock Road, Glen Rock, NJ 07452). Examples of the major
surfactant types that can be used in the present invention include the: alcohols,
alkanolamides, alkanolamines, alkylaryl sulfonates, alkylaryl sulfonic acids,

30 alkylbenzenes, amine acetates, amine oxides, amines, sulfonated amines and amides,
betaine derivatives, block polymers, carboxylated alcohol or alkylphenol ethoxylates,
carboxylic acids and fatty acids, diphenyl sulfonate derivatives, ethoxyiated alcohols,
ethoxylated alkylphenols, ethoxylated amines and/or amides, ethoxylated fatty acids,

ethoxylated fatty esters and oils, fatty esters, fluorocarbon-based surfactants, glycerol
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C02), and/or those that do not contain a C02-philic group (e.g., when the
carrier or wash contains a co-solvent, or does not contain C02). Exanples
are gi verwon2/s$3% 30 Patent No. 5,858,022 to Ronack et al PCBUSlast@Nt s t hat
contain a C02-philic group may conprise that group covalently coupled to a
hydrophilic group, a lipophilic group, or both a hydrophilic group and a

| i pophilic group. Surfactants nay be enployed individually or in

conbi nation. In general, the anount of surfactant or -13 WO 02/ 38335

PCT/ US01/ 48100 surfactants. included in.a conposi.tion,{pl.anarizing or wash)
is from about G5!/ BiY§OkestsFs: hitocﬁéﬁ‘ifgﬁ? PGSR ?zohﬁestagdg 1cc)lg OYE° 10 or 20
Ee(rjcenL Iby vei ﬁ&?vati%é{ffs?@ib@d@ésﬂaﬁdﬂﬂﬂba@@fﬁeﬁk ‘ivmivasamﬁhiphhc:l lecitign delubzatrm,p' : Iedht 0 a
ydrophilic or _ |ipophilic group are, known, . Addi{ional .exanpl es of suc
surfactants thé lb%llrtj‘%eé’élla“?‘bes'rWa]ﬂ‘ié’rB‘f"@g‘@fﬂ"%‘iﬁ\%ﬁ’nme&ﬁﬁrﬂ%’ude but are
not |imted ton{oﬁﬁ%ﬁzeﬁ&% Al MV atiVes\blFin fabaids, Pesptateds@rOPosplordieSi none et
al., US Patent No. 5,789,505 to WIkinson et, al., US, -Patent .No.

5,683, 473 t @ JQraanicderivatives polyethydene slicglsspokgneris (ppvsaerhariqes, STPERTS et al .
U S. Patent No -anéac‘MQnilZlQFsu&fQ?talﬂg, StdpBkylbd Ald ettloxpatel @8ty atids bcstalyl o

CO2-philic groups 1nclude fluorjné-containing polynmers or segnents,
si | oxane- cont aiatyhghepds.prutis-bated serfastagivetitatemapipfupfactants, sarcosine denvatives,

(et her - car bonat.g) 5 cONt & i AG.RO Iﬁc}ﬁ rs§r_bﬁ5.r1 SEUIRRL Sucrée@h@bRcABLUSBRSE Of

acetate containing segments su¢h as vinyl acetate-containing polymers or
segments, pol y deovatizes, jufatss e)d stfanasesoil Ads PeIftvackls opliaeptnd s4ongied i xt ures
t her eof . anp Y, | 16l atePHikoR{L not .

i ted t o natow et EHA AR IBEs RO SIS s ol Tome: U. s
Patent No. 6, 030lf86® ity kStetvbOlfanatesef berzene, ewmeen®, tolSaneand eylens, sulfomgesir e 405,
165-168 (11 May .2000). .Ex i Li.C g t Rutsare not
limted to, et hoxff%r}%ggsﬁ‘li ?%@ﬂ?ieg%r %{oﬁgf}?sg#\fgggggcwya%glq{i&a g%%ol s",.kqg(lml?anol am des,
al kanol am nes, mplkydlareyhd slisylfreplatbaene, silfkydtesrof petrodewnt, gfasuesinagmstes.al kyl ar y!

phosphates, alk henol et hoxyl i , | AF-TAVA PeSd

sul fates, car bdsﬁg?sélgc,ma@?r %g?%aﬁeg’ g g%’ @w%@anrlr%@y (ge?j(}?tli p%ﬁﬁ‘ﬁ"?‘c groups 20
i ncl ude, but5 ardedet bduenets@tbnicocidsj gt@ar, branched, and cyclic al kanes, nono
and polycyclic arogati,c co und I hst i tit i, &Rgpounds,
pol ypr opyl ene gl yco@'e%18%%%§§$é§%cega#%eﬁlé’t%?lgéyﬁ&i&é’asr oﬁg_t ig}g@_e her s:gpf atty
acid esters, |mneligrdidnsahd hltan the theplogy thierediyeat] iputisylanst ingre@isnty et i onal

surfactants nnyinci‘ir!a%(e) th%%islélgs?tg ‘the?elogn %au%'é:leg Sk %r&ﬂ}ek 8&09{%&1*%5%%9.}' work

alone as theology modifiers or may function in combination with other rheology

e

20  modifiers such as polymers (including CO,-soluble polymers as described below) and
surfactants. In general, liquid carbon dioxide has a visciqsity of about 0.1 centiPoise
(cP). Thus in certain embodiments of the invention the slurry may be from 1, 10, 20
or 50 P up to about 1,000, 10,000 or even 100,000 cP in viscosity.

 Other slurry ingredients. Other known polishing slurry additives may be

25  incorporated alone or in combination into the polishing slurries described herein. A
non-inclu:s,ive list is corrosion inhibitdrs, dispersing agents, and stabilizers. Catalysts
to transfer electrons from the metal being oxidized to the oxidizer (when an oxidizer
is employed as the etchant for the removal of metal), or analogously to transfer
electrochemical current from the oxidizer to the metal, may be employed as described

30 inU.S. Patent No. 6,068,787 to Grumbine et al.). Chelating agents include
ethylenediaminetetraacetic acid (EDTA), N-hydroxyethylethylene-diaminetriacgtic
écid (NHEDTA), nitrolotriacetic acid (NTA), diethylklene-triaminepentacetic acid
(DPTA), ethanoldiglycinate, and the like. Corrosion inhibitors include benzotriazole |
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25 foregoing. Nunerous surfactants are known to those skilled in the art.
See, e.g., MCutcheon's Volune 1. Emulsifiers & Detergents (1995 North
Aneri can viE0l02/38389 (MC Publ i shing Co., 175 Rock Road, d ePCRoOSk/48ND 07452).
Exanpl es of the major surfactant types that can be used in the present

i nvention include the: alcohols, alkanolam des, al kanol am nes, al kyl aryl
sul fonates, alkylaryl sulfonic acids, 30 al kyl benzenes, am ne acet at es,

am ne oxi des, am nes, sulfonated am nes and am des, betaine derivatives,

bl ock pol yners r : 0 %ﬁﬁﬁp : :

car boxylic aci &%f@r?gg?%*lﬁlﬁglg?@&d?%ﬁ%ﬁ% %élﬁ‘lp 0 alén%r% %‘g@ %Agta%d \glgl’sv?s

et hoxyl at ed al eilhied rsadilyeppeoeny tosthesd skillkd/inghearbl s, et hoxyl at ed ani nes and/ or
am des, ethoxylated fatty acids, ethoxylated fatty esters and oils, fatty
esters, fluorocarbon-based surfactants, glycerol -14 WO 02/38335

PCT/ US01/ 481003. €sitmhdioxidesphilic EMIepdishingtshiryied (GO-tphilic shoidsict S,

i m dazol i ne§ and i [%'daé%lé‘i‘ ne derivati Vei‘? i setthi on tes,d Icago‘iﬂen-ib%sed
derivatives? lecithi®® PIRCEFICR ATFORRS 10 A ReeEnt IYSPHOR 45 C&HFE 7S AT

de(r]I i \d/i atives, Bﬁb@'ji di?)ﬁde-pmjlﬁfsihm}qh' aﬂaﬁmﬂe‘ri"dlﬁﬁ-,phﬂiﬁ%hﬁbf")é@&ﬁﬂﬁ}{ed. foneghyceri des
an erivatives, olefin su nat es, 0 ate esters, sphorous, 5 organic
derivatives, p&ISFiss AYA FRRPrGIEGHs a‘ebgﬂﬁgﬁﬁ?tW‘EﬁHV§%{9ﬁ%§¥3€ S‘,O?Va?B? ylic
acid, and acr ysa. dlaBibEdlnatsandisde ths RRRRY tRbedbsaltdd edvexydadobentsat t y
acids al cohols or al kg/l he’nolqs?, %rg)t ei n-ggéﬁd surfactants, quaternary.
surfactants, s&FdPrabagedt iyaes draived Bhqvec s REBY EACREENT ©2Y soaps|
sorbitan depi vabdiie shindt URb@FEoANEeral HERSAVES LS Scodiafh 0. 08I0I29aby weiht sul f at es
and sul fonates of oils and fatty acids, sulfates and sulfonates 10 .

et hoxyl at ed al RMePheTBIYE agpRoRR e, CORE 2B RIP 30,0531 Bt weigvalthoxy! at ed

al cohol's,  sul f at escfnohdxideReiuBicpolyitdrs OPGcBHaiR brobRBEaBRrdikgtRAE, t Ol uene
and xyl ene, sulfonates of condensed naphthal enes,  sul fonates of dodecyl

and tridecyl bersminvertionios uerdhed bereinga bl whilie A sl udine,rrron Aivkidal ene,
sul fonates of eam@ggyﬁmtnﬁiﬁ&éwlc%maﬁ%%er.&wﬂﬁ@%&ble?édesrh@'ﬁ@luble 15

derivatives, taurat o and nercapto ‘derivatives, tridecyl and

dodecyl bedZen@okmer dwriingldagone eqmore RABIBGHIthras falublain Qs spdpreai n |
embodi ment s th%?rﬂle&w Yhe T phi0 | baQ EhehlveliRl & gﬁﬂaapgea@s&%ﬁ@tsoﬁueer the
rheol ogy thereof, and particularly ingredients that °increase the viscosity
t her eof . Part i eblmeserctOaphilismolysiey isond @dtbappreciaipealebilifs in dessacarkonone as
rheol ogy modi fi OB RS 00N Y4 QT PO ity il ok o REO! OgY 20
nodi fiers suchdgogcﬁisgfofmergﬁ(ﬁcl udi ngojczDZ-sgl 81'& e,‘ﬁg& ynmers as descri bed

bel ow) and limited to, fluorine-containing polymers, siloxane-containing polymers, poly (ether-

20  carbonate)-containing polymers, acetate polymers such as vinyl acetate-containing
polymers, poly (ether ketone)-containing polymers and mixtures thereof. Examples
include, but are not limited to, those described in US Patent No. 5,922,833 to
DeSimone; U.S. Patent No. 6,030,663 to McClain et al.; and T. Sarbu et al., Nature
405, 165-168 (11 May 2000). ' -

25 Additional ingredients. The CO,-philic slurry may include each of the
various additional ingredients discussed above with respect to the COp-based slurry
carried in the CO,-philic fluid base. Amounts may be the same as indicated above. -
For example, the COx-philic slurry may contain abrasive particles, etchants,
carboxylate salts, cosolvents, chelating agents, surfactants, rheology modifiers and/or

30  the slurry ingredients as set forth above.

4. Planarization apparatus.
The planarizing steps of each of the processes described herein may be

executed using any suitable CMP apparatus. According to certain preferred
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surfactants. In general, liquid carbon dioxide has a viscosity of about 0.1
centi Poise (cP). Thus in certain enbodinments of the invention the slurry
may be f moowA38330, 20 or 50 cP up to about 1,000, 10, 000rPOT/USW&81@®O00, 000
cP in viscosity. Oher slurry ingredients. OQher known polishing slurry
additives may be 25 incorporated alone or in conbination into the-
polishing slurries described herein. A non-inclusive list is corrosion

i nhibitors, dispersing agents, and stabilizers. Catalysts to transfer

el ectrons fromthe netal being oxidized tqo the aoxjdizer 8when an, oxi di zer

i s enpl oyed ascibodinesnisipdihe 1?%%“?%@93%\?%9656?"‘?4315 v are pie éon%?F%gﬁgl y to
transfer el ecy esirempzalt vallbe §pkeclatamdntiie A¥dcehdd of Be bldGesER i, Maybe
enpl oyed as described 30 in U S Patent No. 6,068,787 to Gunbipe et al.).
Chel at i ng agenfoBow thet eariain fastips enfspficisof herapaaELBtdetcrihed *&Flf("mg?

N- hydr oxyet hyl et 4 ~digim netriacetic acid (NHEDTA), nitrolotriacetic
acid (NTA), di (gftu}%# %}g%cgﬁﬁq am nepent acetic acid (DPTA%l )

et hanol di gl §ci nat e Acserdingte cérfaineprefered exatiodimangsn abinpaets i a3 shgwn in

benzotri azol e . ( triazol es
(TTA). Nuner ou@‘%’f"?@?‘%ﬁ%ﬁﬁ‘%ﬁ é%}iﬁg#(g&ﬁgysf g%@%/glg@ ptvaw@:E(’?Illsbe readily
apparent to thdismss#ininest denilbblewart. 3. Carbon di oxi de-philic CWP

pol i shing siurri es - e0g. Al FeoRlHidsla Shkowvdi0di 28 GVl Dadk EGRBATpaACCON di NG
to the present inve IO 45 desc 2& erein, a carbon dioxide-philic
slurry (her ei nafddefinth@a? inpdriok,ienclesed chapiber 216\ tepinevhcu@opumpeh sl urries
one or nore,solvents other tha 2 are._.typi sol vent
system Su?? abfoénpé:%srq’?féﬂ%ygbeipﬁ%vll&l}gg {eﬁlé)v%%luﬁ%&gg@%é{%sggrg&ésg%ﬁ?gbgﬁorg g(\)/e as
co-sol vents f ggcoined4td e pasedizal amodpbsre debprevdnedr rmtiey escafehe GShundy may be
nonaqueous, na ont ai n_m ngr,.anount s o er. - ) (e.g.,:
contain 0.1 to%ﬁﬁggﬁwrﬁw&ﬁf“e a4 ;!!’e PEY li?gﬁesmé%ﬁeesgﬁlg’gf% ll;e. 0%%%;:sont ain 2

or 5 to 30, or 2Ppokry anksthdrideviedse The preSarchessell loxiydie: wotiddd véthpodysteeo§ . For

certain processge ccayr di to the.present inveption.a scribed herein, a

C02-philic sl u'f‘lf‘ff’cﬁﬁﬁd(?di r%cﬁfl%ﬁn‘gf%%og@emg'oﬁ%fn@y B%?%}fr%%?(gﬁfrﬁg?eei naf t er

"sol ubl e pabymek-Socks aHdTySyklet Ssifpppaye dompiassos hkatlot the likd ok progisions ur ry

i ncl udes one or.npre pol rs whicch.are soluble .in and ar.e carried by

the C02-phil i STy By Hafga%%{;‘(e%d%‘t%?%%fﬂaﬁﬁy Bléﬁé*f’&‘f%g% B PSS e

sol ubl e pol ynmesmoatl dEWafgedisldegre@ol yner is one with appreciable solubility

. 4l 0% ;

: Rcﬁﬁgze gﬁ[ bgpe ﬁl Xlext?n%slgge?erof%ér%g? éigy’(idé 1%]mai>nt91hél'd \‘Mﬂﬁﬁ/ tﬁ)e'ves%a(ili. %Oégzmr S may
transfer device 22 is fluidly connected to a supply of CO2 20. The transfer device 22

20  may be a pressure pump, a compressor, a heat exchanger or other suitable apparatus.
The transfer device 22 is operable to force the CO; into the vessel 21 via a line 24 '
using a differential pressure. The line 24 is selectively closeable by means of a valve
23. Optionally, the atmosphere within the vessel 21 may also include one or more
additional gases, which may include inert gases such as helium, nitroﬂgen, argon and

- 25  oxygen. Cosolvents may be provided in the CO, supply 20 or maj/ be added in the
same manner as other gases. Optionally, the vessel 21 may contain additional fluids
that are significantly ([c]< 0.1 w/v %) insoluble in the CO»-based fluid such as water.
Multiple pumps or other transfer devices and gas supplies may be included if desired.

As shown, a substrate or wafer 25 (for example, a semiconductor wafer) to be

3;0 planarized is securel& mounted on a carrier 26 such that the wafer 25 is moveable
with the carrier 26. The carrier is operatively connected to a motor 27, which is
operable td rotate the carrier 26 and the wafer 25 in a direction A.

A polishing platen 31 carries the polishing pad 32, both of which are rotatable

by a motor 33 in a counter direction B. The wafer engaging surface of the polishing
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limted to, fluorine-containing polyners, siloxane-containing polyners,
poly (ether 20 carbonate)-containing polyners, acetate polyners such as

vi nyl acev@om3sseht ai ni ng polyners, poly (ether ketone)-cpar/asei/4sgoopol ymer s
and m xtures thereof. Exanples include, but are not limted to, those
described in U S. Patent No. 5,922,833 to DeSinone; U S. Patent No.
6,030,663 to McClain et al.; and T. Sarbu et al., Nature 405,165-168 (11
May 2000). 25 Additional ingredients. The CQ02-philic slurry may include

each of the variqus additional r die s dj.scuss aboye espect to
Che Co2- based. diter  easieyly SUbsRtt HaTes. PR pP iR 42 BL B ORILAAS oy, b
the sane as i ndogaddedlyateewach aslisa)uy(ﬁmﬁﬂa))ebr félhﬂ)r@%n;nal Thd:poabmugrpadrmy
contain abrasive particle et cha ar boxyl alts eé}

chel ating agent®2 2y e fped o ﬁp%lym%@m wguqlfdlaﬁtf% argetl g/ giellabiy yt & Qrurry

i ngredients as gefe d@LHabedtRRME In 4his BhRMBA KT, R4y iRRRAE BlePerforkBgeep| anari zi ng

steps of each of the processes descri bed herein may be executed using any
sui t abl e CVP appdenteinyenate tbe pefl Hging 6achaes eicls- preferred -16 WO 02/ 38335

PCT/ US01/ 48100 enb%oblmﬁplgspwmmmfaﬁw% HRPRRLePE Litedidr BESE39ed bel ow
are used to acconplish steps. . be appreci ateéd fromthe

descri ptions ofWhlﬁ@SEﬁlQS%lééﬁébSQah]&tbyme@m S velya $6.c Bha eadof thedine32is or aspect s
of the apparat %ﬁ&ﬁ%&gﬁog@@leggﬁw dﬂ%%ﬁ%ﬁpok&ﬁﬂgtaﬁaﬁgzor modi fied. 5

According to certain preferred , parat us 10 as shown in
Figure 1 may be used prossercapysar 4t is sonectedipltippsssa 2lobyaahn¢g$20wew@$u®2 as

di d

vessel 21 i ristset S Boberfye o i RER e oo AEPL BB R e e
chanber 21A t hevabierd4. Tha/eedved qaninptuny cot@ol dagsesews avithinethe assgh2bipi ded to
remove air from,L htﬁin‘?ﬁe%?e@%[ %reé’s‘ﬁ?esa‘[?L d@s%red Oel% ge%cuk/&y rggag%gwg&%%m

pressurized atnos quce’ 8¢
t he pressure vexsessl meronglya bee 4fr theqbaﬂsww ¢oh1trslwppabﬂuems£h¢ mplaeatedint e door s

and ports and o Vi b dvvltha
and POrts and of 08k AEKASSuanlllS ol SPHES GBS Gk EhATRY 8. R QARG
col l ected ftbm bdneotlﬁu'gad.toﬂhos{elcbsmfaeﬁ mdbScHa&adtNe;|5;@9a32)tnﬁparlsnxdrepale§s$)r heat
or the like. Sugh. Pl $/sM5 to Pant et al. or U.S. Patent No. 6,020,262 to Wise et al., the

disclosures of which are incorporated herein by reference.

. Optionally, the apparatus 10 includes a still 51. The still 51 is fluidly

connected to the vessel 21 by a line 52, which is closeable by means of a valve 53.

20 The still 51 may be used to collect used slurry from the vessel 21. Additional waste
storage vessels can be included upstream of the still 51 if desired, and the distillation’
process may be carried out in a batch or continuous fashion. By distilling the used
slurry as described below, a concentrated waste 54 can be separated from the carbon
dioxide 55 and recycled or disposed of by any suitable means. The carbon dioxide

25 . collected from the distillation process can be discarded or recycled for the preparation

of a new batch of slurry. ‘

The apparatus 10 may be used in the following maﬁner to planarize a surface
25A of the wafer 25. The wafer 25 is inserted into the chamber 28A through the door
and port 21B. The wafer 25 is securely mounted on the carrier 26, for example, by

30  differential pressure leads, pins, clamps, adhesives or the like. The motor 27 is
operated o drive the carrier 26 and the wafer 25 in the direction A and the motor 33 is
operated to simultaneously drive the platen 31 and the polishing pad 32 in the

direction B. In the case of the method as described below wherein an atmosphere of
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may be particularly advantageous if a relatively high throughput and
insertion and renoval of wafers is desired. An atnosphere of carbon

di oxi de iwOnEB838Ri ned within the vessel 21. A CO2 transfPRCT/ASM/4880022 i S
fluidly connected to a supply of CO2 20. The transfer device 22 20 may be
a pressure punp, a conpressor, a heat exchanger or other suitable :
apparatus. The transfer device 22 is operable to force the CO2 into the
vessel 21 via a line 24 wusing-a differential pressure. The'line 24 is

sel ectively cl abl e ans of a valve 23 tionally, the atmpsphere
W thin the vessd 21%3“’??%‘1’g%f@“?ﬁ?@?ftfa‘\égb‘ﬁéupé’ﬁe%% V%ﬁ%%%o‘h%?%&?@&f whi ch
may i ncl ude i nefgvicgasﬁ&nmmﬁlblgbb,um ni trogen, argonbandd(ZdeoxygeR.

Cosol vents may be provided j.n t CO2 su y. 20, or nmay be added_ in the
sane nanner as ot heﬁ"ﬁfggag@%élwqr%%qqsglgctfvg}g dgpesk gnansities fiheHRTad o

addi tional fl uige thé fait32alReSaOME Hafeans.| Mefefa%lyfﬂ@-sllﬁ#ﬁA% depBgiRliYplie 1 n the
i i nps or other transfer devices

C02- based fluid aggh as vr\ﬂter,. Mul tipl e pu

and gas ‘suppl i €89 AA§OISRITIRY Wi dle Toatigne of theppd 3Rend thewefer 255 Rbsstlvat wapr  waf er
25 (for exanpl e depcssd t30rcoN@iBhsly, bheridte L&AdRbBSEEET €l Y
nmount ed on a carria%r 26 suc tha‘t:t0 trllle V\}Ila?grl’l Zgllfgr@rhogggﬁ%g %O?aﬁért?ﬁ% '

carrier 26. Théh%%l?tfﬂﬂ@PW@G@W&?A@@P%@M@@&@W@%&QWéia@ﬂ_hemﬁ&?h is
operabl e to rotgeRikASHE Bkl ﬁ&ﬁﬂ%lﬁﬁﬁmgﬁggﬁémﬁﬁ%.d' rection A A

polishing platen 31 carries the polishing pa both of which are-
rotatabl e by a not dpe 9B Homt af the plapaizaidinrmeedesnan Be dattntedirfagy serglegi ng

surface of {g1e ahi e buidor W IAARITLETLIPOL 43100, Bay 3¢: |
preferably substantia I}/ pl'anar. The polishing pa may be 1’ornmed of a

f oamed pol yner Nuwakdas ¢al. (l¢orochentidabpesyytiabmedsatement);dr.S.BatenplNe .5, ZHg 860l | shi ng
pad 32 may be o1 b r ) I 0 or .
swel | abl e by tﬁé%ﬁg agkcotﬁ ﬁg]%gg?%léésﬁed g ucrh ?@g%h%?%te%%g’??a% o cop may
i mprove the perSaoghveehele(srfasn thhmerated meemueent) HE.SpRalent ol 1256522 1o Waet cycl e.

A slurry supply b Sod J Ml thhe |, 21 interior by a line
37, which is s%ﬁ%g%laﬁle"{cgﬁsg%%ggeggﬁggﬁ%gﬁsﬁ ooéﬁgig‘g t\?i‘e .eE he end of the
line 37 is 15podimpedanseldetestidedposit the slurry 35A on the polishing pad 32. A

phessure SIsOr 41 Kaesguneel alukesls EREal Bl b e SIS £ ®
controlling a ivmmewedfdom fhaearvied 25cnd dheqarssirn véssel 21 Carfintiel plobasipg.eTkdIr €
within the vessgly dinifcoliected through the line 52 and directed to the still 51.
The relative positions of the carrier 26 and the pad‘ 32 are selected or adjusted -
20  to provide a prescribed engagément pressure (or an engagement pressure within a
prescribed range) between the wafer surface 25A and the engaging (including fluid-
planing) surface of the pad 32 The prescribed preésure should be sufficient to cause
the pad 32 and the slurry 35A to polish the surface 25A during the process described
above. The preferred engagement pressure will depend on the characteristics of the
25  pad 32, thesurface 25A and the slurry 35A. Likewise, the speeds of rotation of the
platen 31 and the carrier 26 will vary depending on the characteristics of the pad 32,
the surface 25A and the slurry 35A. | 4 | '
Preferably, in the methods and apparatus described below utilizing a CO,
atmosphere during the CMP step, the transfer device 22 and the pressure controller 43
30  maintain the vessel at a pressure greater than atmospheric pressure. More preferably,
the transfer device 22 and the pressure controller 43 maintain the vessel at a pressure

of between about 10 and 10,000 psig. Preferably, the interior of the vessel is
maintained at a temperature of between about -53° C and 30° C.
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mai ntain the vessel pressure at a desired |evel by selectively rel easing
vapor fromthe vessel 21 through a line 45. The pressure control apparatus
may be imwpbemesssed in any of a variety of manners and napCT/msar4sorvat e
features known in the art, including 15 but not limted to those described
in US Patent No. 5,329,732 to Karlsrud et al., US. Patent -No.
5,916,012'to Pant et al. or U S. Patent No. 6,020,262 to Wse et al., the
di scl osures of which are |ncorporated herein by reference. Cptionally, t he
apparatus 10 inclu a sti The cted to the
vessel 21 by a Ilnd‘%S ref%ﬁ‘i‘cé‘ﬁo ?’g}’“{ﬂ %ﬁﬁﬂwba“ﬁ%@ﬁcoﬁim%ﬁo%ﬁ% en320 The
still 51 may bsftuwdert@nmmaﬁthemmmla parytud G00iARibds elersael0,21, 71AJdi ti onal-

and Che. di ot11 TS, Thrsets 20 %aﬁ&sé%?fmﬁ“&& o4, 95, 200 102, 108, 4R ucns
fashion. By di g5 dohleﬂﬂn&lhgtm&ﬁlamssjounr Y182185SE,280Er 2506 0w, 35 36486 Nt r at ed
waste 54 can be separated fromthe carbon di OXI%&P?@ and rec cb_gd or

di sposed of Sby3ad} ‘?uf‘% 46#‘&5 AbaRsd3: Thedr leReety e gppaagys | 8 from the

distillation pLoGess @%&pm@«sQh&ﬁﬁﬁaﬁ%naressr@ﬁsqﬁﬁge&nfpaa 88 hRuRsERBfolithon of a
new batch of slurry. The agl par at us be used in the foll ow ngqqrranner

to planariz e aSh$2f Tberollonil igiriyable Wf@qm’ﬁA topetaigdhiedelt pad $3suply gt thed i nto
the chanber ﬁ‘%ﬁapfeg&g& tﬁ@@e}}%ﬁ@ 83 15%%%5%3 %Ba dl_-tgaﬁoﬂ‘ﬁfaﬁd thg Rvles reagicur el y

nount ed on the rrier exanple,” by 30 differential éﬁgressure | eads,
pi ns, clanps, aﬂﬁebﬁm@&smtxmlymp@théomérre@mnﬂs Othgsevisgbledrive dri ve t he
carrier 26,and i endi gq;glonAandthe notor 33 is

oper at ed t(%esi nn% ous“lsgdlstgrdpvée&tﬁ %al aten 31 and the polishing pad 32 in
the direction B. |"ﬁhetapeare@sséo why bhiesedriatthoBllawingeeransriie plaraizo asWiife? ei n an

t mospher o coaoi S S 32 ThS e ST i B By Pl i ce 22
fromthe CO2 sum:ﬂeyaﬁiar 76 ueh tat the wahr 2Sisopyakie whtﬂ@ ogmlen 4. i Thelngoterelfosi t
quantit’ es of (hg.Shit rmggA ad B0 58 d&g@\iwgﬁo@bmmégg@&&mmé R bR

Preferably, t h&”8 eposite concurrentﬁy wth
the rotati di ofpad 8ﬁalnmaﬂy B)Zhadlcbcndm Dveiddl. Sterry Sﬂmfrgmuhef%kunwpplb& teposi t ed

on the pad 32 ntin | QEQJ on of

the platen dr a&sp eedjtg(f ur}}ré lmggJ% 08;?1%%{3%@4)% er égg \/\%2% E%EI er 25 and
the pad 32 tophdasd imdhad:reﬂtehhmgtﬁéﬁcua:&hm’eﬁhm tbabelmadﬁalan&&c pl@nmﬁffe t he
wafer 25. surface of the wafer 75. A platen 88 braces the belt pad 83 to provide the desired

pressure between the belt pad 83 and the surface 75A of the wafer 75. The method

20  using the apparatus 60 may otherwise be executed, modified and/or supplemented in
the manners described above with respect to the method using the apparatus 10. '
The foregoing apparatus 10, 60 may be modified such that the slﬁrry 354,
85A is fed through the platen 31 and the pad 32 or through the platen 88 and the pad
83. Preferably, the pads.32, 83 are substantially uniformly porous. The shury 35A,
25 ~85A may provide a downward pressure against the pad 32, 83 to push the pad 32, 83
against the wafer 25, 75. ) '
The motors 27, 33, 77, 81A may be selected and mounted in various ways.
For example, a canned motor or a hydraulic (fluid driven) motor may be used and
mounted inside the pressure vessel 21, 71. Alternatively, a magnetic coupled motor
.30  orasealed shaft motor may be employed and nioﬁnted outside of the pressure vessel
21,71,
As discussed below, in certain preferred methods, the wafer 25, 75 is cleaned
using a solvent of carbon dioxide. Such a cleaning step is particularly desirable if the

applied slurry 35A, 85A is a COy-philic slurry. The apparatus employed for the CO;
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The end point of the planarization process can be detected by any suitable
10 neans, including but not limted to those described in U S. Patent No.
5,637, 18W0 02/39983 akara et al. (el ectrochem cal potential PERTSOIEIBENL); U. S.
Patent No. 5,217,586 to Datta et al. (coulonetry or tailoring bath

chemi stry); U S. Patent No. 5,196,353 to Sandhu et al. (surface
tenperature neasurenent); U S. Patent No. 5,245,522 to Yu et al.
(reflected acoustic waves); and U S. Patent No. 5,242,524 to Leach et al.

15 (inpedance detection). After the wafer.surface,25A is sufficiently

pol i shed or pl & ﬁ??gfée@%?rﬁgaéﬁéfeg?n%oa 3 Q%ns(g(}’gl&t C}eraglﬁl‘g?}??@rag‘ésr a der 25 and

t he pressure vesield Bilrdf@énck ntinbal 112ri0 Fimsdsi3gh) mdyee anapghraahsias disclosed

col l ected throu the |ne d directed to the ill 51. The .relative
bosi 1 ons of ¢ HEDSabss Moo 08 3n Beiane i ubeaep dhd whppren i e ' 56 1o
provide a Brgsﬁéﬂaﬁ}ﬂdc%’@ﬁﬁ@&h@ﬁ% bp&&’%&swe.eThWaﬁMSéKQ&QS%EHiali@SB_ure wi t hin
a prescribed range) between the wafer surface and the agi n

(i ngl udi ng Pl uirQ!PQg 1&%”*’@%@8"%%‘3& e;‘{)ﬁéh@%amﬁﬁépﬁf%%ﬁ?‘gég%g%ssur e
shoul d be suf f isg} 83 bd Sxeb@eER thd VeBseP2L] 78 r fkhé Restlrt Vel 3PAMIR@d sh the
surface 25A during the process described  above. The preferred engagenent

pressure wil| &8pephsredn therePropasta vesss isppiptaingd ahpEesyge gisgtenhan ¢ ne-sur f ace
25A and the sl 'dﬁﬁo\ép}iéﬁle‘f)regéul‘e?‘@%[&@ préé’éi@olﬁﬁ%o@hex@ o AL cRMiME vdsfieis Pl aten 31
W e

and the carrier 26 vary endi ng on the characteristics-of the pad
32, the surf acwingsmdahapressaresiiheiwpenanaut rand dP.900 psig.i Prefer@lyntbe i¥erior and
appar at us dgscr| {ol o 2 G ?aInHF Phgk&ndUbiingetche Gh® step,
t he transfceif6 d§5@2g6%£%5%2 ﬁelh%ét%ggﬁarte copr?t ro ?er 43n 30 maintain the
vessel at a pr €ssbetvegr gated5° tChand 18000 Pieterably, thedXusobrentipprevigedeihdreabl vy,

the transfer deyice 22 and S I Lt ai: he vessel
at 2 pressure. CpruediElit i GEe B SR AL S o BRLILRICOP
interior of theupeesisiedl d3s. nmi ntai ned at a tenperature of between about -53
C and 30 C. -19 WD 02/ 38335 Usol/ 48100. .. Wth refer i 2, an
appar atus 60 accor d?%egappga?lﬁr? %fnaé’r%cgﬁ%rsr%ﬁatb}syag c{aﬁggpﬁa?/%g E|°grr(1£(|£vg}ﬁhr§ own
therein. Thé apipatGiwagorGidn the predese eseh®ht73 to/@npty the prebdyre véaidBfolldRing73, 74,
75, 76, 77, 85,

105 corr espond |ﬂ?f§’?at%8n%$%??§%é[s§ g%tag%fwg%l’ﬁ?%dff%%p§%&%sz §%n%§’zf? Ijsg%dlﬂ%gé ggd 35,
35A, 36, 5. 37 prefdure vedselsdidd thbdike4d5, 51, 52, 53, 54 and 55, respectively, of
the apparatus 10. Tﬁa(.ach of the apparatus 10, 60 described above or other suitable apparatus may
be used in sequential, multiple step proéedﬁres. For example, the apparatus 10, 60
20  may be used to planarize the wafer 25, 75 using a first set of selected parameters and
materials. The wafer may then be polished using the same apparatus 10, 60 without
removing the wafer from the platen. Alternatively, the sequential planarizing and
polishing procedures may be conducted using a different apparatus for each of the
planarizing and polishing procedures. The selected parameters for the polishing
25  procedure may be different than the selected parameters for the planarizing procedure.
For example, a different slurry, pad material, pad pressure, rotation or belt speed, '
and/or shurry flow rate méy be used. Either the planarizing procedure or the polishing
procedure may be conducted using a slurry that is neither CO,-based nor CO,-philic,
for example, a water-based slurry. '
30 Where different slurries are used for each procedure, one or both procedures
may be conducted using a CO,-based slurry. The foamability or swellabililty of the
jpad may be used to control the force of contact between the pad and the wafer.

Where a foamable or swellable pad is uséd, the polishing step may use a slurry having
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apparatus 60 enploys a continuous, endless polishing belt pad 83 nounted on
rollers 81, 82. The roller 81 is drivable by a notor 81A to rotate the
belt padvéadozssshs t hat the upper reach of the belt pad 83PCEHUSIIMSa0 y noved
in a direction D and the |ower reach of the belt pad 83 is linearly noved
in a counter direction E. Oher suitable drive 10 nmeans may be used to
drive the belt pad 83. The apparatus 60 nmay be used in the foll ow ng manner
to planarize a surface 75A of the wafer 75. The substrate or mafer 75 to

be planarized i ecure arrier 76 suc t. mafer 25
's Fovabl e t 1t SIS QhFR R AR B g AR hE P8 Bhilonf e Wt d i ang

t he wafer 75 i nhesplghatigng sten ’KBepIBInmmgpmceﬁﬂnéntﬂyWesnmbted bﬁhgas’lﬁnpﬁadt 83
linearly in the dir ctl ns, D.and E. urr 5 the slurr upply 85 is
epost t ol 't omapHaeT HHABHDHAD S Rl e pod, AT st BRE b Fertb P HeReiRe Vs as
”‘3 bﬁlt pad &3wbﬁab¢klﬂfoa¢mda]§1bﬁeﬁ@fwr?syve§ﬁﬂqcles oﬁi’lﬂﬁmfé?ebl\fmmgtsllﬁﬁcﬁML load 83
and the proxinate rface the wafey 75, A ten 8 races t elt pa
83 to provi ée %eoéeﬁi‘rﬂr@dhe W@%‘%’E}Eétebéﬁ?/@é‘#r P"Hﬁb"g@ PEOY é‘gat &e
.surface 75A ofvatiig; MEthesbrasdve phitR1dIBS Hafkhe Borbkiie@rtiche c&nmmtwwerGO may
othermnse be executed, nDdlfled and/ or, suppl enented in _the manners

descri bed abov&ieenDingthe polishing siep.vien die rad borly it srftenssp tespfies (4%, The

f oregoi ng appaﬁx%rb'ﬁha%@? pa@%oaﬁmd%s tﬁpmrésq@§aﬁluﬁbt&ﬂa%sﬁeh%aad iHiolthe paaA, - 85A
is fed through the platen 31 and or through the platen 88 and

the pad 83. Phefesodhatihe abf@é%aaa’gclsszdo B engage @awgfeaﬁtrraafr pengageftey m y

porous. Thags! Wyt s@phe w%’élé%s'aﬁe&&% ALOWdBHR p Q&UHE#}%‘I:Q; RER S8Rl Nst the

pad 32, 83 to push the pad 83 agal nst the er ‘25, 75. The notors 27,

33, 77, 81A rra;POH@n%Wé@@fé@Hﬁﬁlboﬁb@ﬁhrwq nartigles st thagustounded abiasizeml e, a

canned notor or aﬁlcﬂé’%ﬁd%'difr&tlfcbx’rlh&ﬂ@'\béfé‘r”) nmotor may be used -and nount ed
e .

i nside the pressure vess ternatlveu%% a magnetic coupl ed notor
30 or a seal ed shaf Thenppertuphls 6Banayrhsmpdifitd sueh thes thetweders 23,55 dee not stuhe

I met hods,
pressur e vesselyt e ddmailfinll SEXSEDBLIWnId RifillobAld G RILE Bt hods

the wafer 25, 75 1s using a Fbon uch a
cl eani ng stlép i83. ba#dtiltloutwlnypld@sfifrtmaés 33,88 h@d/oréwotaéldn of the pwofersPSA, 85A i s

3 D2 Py | oY TS SRBRTALS SIRLOUEH s LR lnes P00 38335

PCT/ US01/ 48100 eaning step reinatter referred to a sol vent
cl eani ng appar aflers partiewderly, the slurry may be directed at the wafer surface at a selected

pressure and/or flow rate that causes the slurry to directly abrade the wafer surface.
For this purpose, the slurry may be CO,-based, COx-philic or water-based. - Such an'

20  apparatus and method may be provided wherein no moving parts are present (i. é., no
pads are used and the wafer is held stationary) or wherein the wafer is merely rotated
without contacting any pad. The wafer may be sequentially planarized and polished
as discussed above by using different shurries, different slurry pressures and/or
different slurry flow rates. For example, a first slurry having a relatively high

25  concentration of abrasive particles may be used for the planarizing procedure,
followed by thé use éf a second slurry having a relatively lower concentration of
abrasive particles for the polishing procedure.

In order to capfure or direct metallic particles (e.g , charged copper particles

dislodged from the wafer by the plaﬁarizing pfocedure) away from the wafer, an

30 electric field may be provided in the vessel 21, 71. For example, a voltage may be
applied througﬁ the pad to bias negative ion particles from the wafer surface.
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i ndi cated by reference nuneral 112 in Figures 3-6) nmay be an apparatus as
disclosed in U S Patent No. 6,001,418 to DeSi none and Carbonell, the

di scl osuve@ 0883hi ch are hereby incorporated herein by rrEBRUSNES100The
wafer 25,.75 may be manually or 5 robotically transferred fromthe carrier
26, 76 to the cleaning apparatus. The cleaning step nay be executed in the
vessel 21, 71 or a further pressure vessel. Preferably, the atnosphere in
the appropriate vessel is maintained at a pressure greater than

at nospheric pressure. Mye, preferabpl t he..at nosphere, jn the cl eaning
vessel is nmai g‘t ﬁéﬂ@ds %{@"@r@ﬂgww%‘?%&%ﬂﬂrfé{%ﬁ‘f’%@%ﬂbﬁﬁ’ﬁ; 000 psig.
Preferably, the i ntwith @ferdfle &f Fighe 3 b EMP §5temed A acdosdingiotnbod@@nRof a

t enperature of between about -53 and 30 C or_bet n about 35 C and 100
C. Preferably, HeREsEEPVERiopdhovs threwy cfy?t‘?FHngMV\ﬁgﬁ g&B@F%WSi on as

dense C02, andifRredARLAEBRIM Vo cfier OB ICRES fparatud 10,6002 riBEd abpwPGIdCT i ti cal
CQ2. The apparatuys, 10, na%/qil ncl ude suitable assqci ated apparatus for

6
recovering > 15mefidedespdeseaibest balovs nfhavwsigmdd A4 also {psludes 2 ©Q2 sojvent Jeagipgt y t he

pressure vessebyfoklsqs fischited QJo%Q.aAip%ésQQe s 2B hodddsltROLIGRANS | ncl ude
conpressors, condensers, additional pressure vessels and the I1ke. Each of

t he apparatus 2Wparagg lfdscri bed above or other suitable apparatus may be

used in sequential ’Tﬂggil\%f%%&%raﬁfs%APé(P @i@féﬁ%m@%by?%g?hﬁséém iRfhRAr at us

10, 60 20 nay be us lLanarize the wafer first set of
sel ect ed par ange €Ps supnly/mressusizing| compPheats(ad. calenprals 20n224andpdi4Sstied using t he

sane appar atus b | . i . er h |

Al t er nat i v??y, elt gntgg%\ggtg??}éqglp?sggﬁlg%n g?’]n '%b?l%éﬁ{@n%%r%ge u?es may be
colnducr:]t ed usi n@Oleﬁ)ﬁlfe@r@med?ﬁpwrassu@ vegsel Hathmay be ihdudedlinmthsrapparaigs and

pol i shing proc ras. [am r i shing 25

procedur e. may Eﬁewdb?’?f rél-réT ﬁ?éﬁﬁ%ﬁgﬁﬁ‘eé)@gﬁg%%‘gé%p%%gﬁe e‘?é; %t?&t he pl anari zi ng
procedure. For exalmsheCMB sybtenf £10eY thesshumyr3pA, $%Ad dispensadifiim thealdrrpr essur e,

rotation or belt gp%e and/.or, sl £ [.at . El t he

pl anari zi ng prg%pg ur elg%FOf'ﬁﬁeMl%%P'l%%E%é\égécnbﬁg\é%ogg'ufrgﬁ?n%ﬁghgmlcﬁstgg%{Jsi ng a
sl urrythat 15s s datben dioRide balstde polgmeiGDBrysidescabed dbove. exanpl e, a wat er - based
slurry. 30 Wiere different rries are f.Qr C e e ne or
both brocedur s myrrean T ek B uf e KERy  floBRR LIS SRR B 5
or swel |l abi|'i | the apparsthel0Ap 40 nEiyg the Qs etlilicaluny witholt atshieodndingertrodspbapait act

Dot veen, e g A B 05 Bl S SRR e B bR S U

present in the surrounding atmosphere does not exceed the proportion or amount of

20  CO; in the ambient air or reflective of common atmospheric conditions. The
planarized wafer 25, 75 is then transferred to the CO; solvent cleaning apparatus 112
where it is cleaned in a CO, atmosphere using a CO, cleaning solvent (preferably, a
dense CO; solvent). ' ‘

With reference to Figure 4, a CMP system 110B according to further

25  embodiments is shown therein. The CMP system 110B includes a CMP apparatus
10B, 60B corresponding to the apparatus 104, 60A. The system 110B differs from
the system 110A in that the CMP apparatus 10B, 60B is housed in a common pressure

vessel 114B with the cleaning apparatus 112,

30 6. Methods including CMP using CO,-philic slurry with CO; present.
With reference to Figure 5, a CMP system 110C according to further
embodiments of the present inventién is shown therein. The system 110C includes a
 CMP apparatus 10C, 60C corresponding to the apparatus 10, 60 and wherein the
slurry 35A, 85A is a CO-philic slurry (preferably a soluble polymer CO,-philic
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-21 WO 02/ 38335 PCT/ US01/ 48100 a higher concentration of CO2 so that the
pad is nade softer as conpared to its state in the planarizing step. The
pl anari ziwgopsssaedure nmay be conducted using a slurry thaPCT/deestsnat
significantly foamor swell the pad. The pad nay be a conposite pad having
a swell abl e body and a | ayer of abrasive particles on the wafer contacting
surface 5 thereof. During the planarizing step, the harder pad body
provides a relatively stiff backing for the abrasive particles so that the

abr asi ve partig cQat f.er Sur the oI' hi ng st ep,
when the pad boggﬁ 3?#%’?1 @%% nedy 4ets &%sore'en%[eﬁ%g% ﬂj- pad body
all ows the abramfatdnlpahdcmmppatrmmcpﬁmaﬁldﬂmac]eammg@ptaﬂaﬁs piXlare hodyd so t hat
the abrasive particles do not e _wa surface ngage the 10

waf er surface mwnpgggprgqsgggw%%%ﬁgs Q\X’@T‘I ﬁgtefewtfvsﬁaﬁf@ﬁ Wwell to
surround a posabsﬁmtectbrmubetsantve@bm,at in thé CMPexppiakitas1ME 6parti cl es so that
t he surrounded bra5|%’ i cl e o nﬁéﬁ directly cont act the wafer. The
apparatus 1 euh]%tﬁ‘l P’e‘Ba o foribg coppen prpssyrg vessel 134C.4he CMEY  spun
but rather ar eaﬁ@téﬂis@Oﬂ?dﬂ(ﬂﬂmﬁm&h@é&@p&@%& v&&m@%%@%mm&@&g@ b@thson by
the pad 32, ? {; add|t| on to or in place of the pads 32 and/ or the
rotation of thé JuRpy peshoyged in g SepaRARPIEIYE V§SSY5A,  85A may be delivered iii a

manner that effect U@E@emplsmtm@tm%eust@a@fonwgltqlelwatérzs fshe slurry may
be directed at the waf er surface at sel ect ed ressure and/or flow rate

that causes t h&leaarized py the CHE gpapips éﬁ?a@@ SR ﬂ%&@rp@h@ flageinanfor this
purpose, the s laﬂrl{orsl)/he@df df(?z a%%cdgﬁa%g@veq}?ncﬂ Bal, b€ s p1idBdyahe RASREdevaiiCh an 20

apparat us and net hod é I’OVI wherein ho novi ng ‘parts are present

(i.e., no padd?fpm thee zmglytZHeTbmlgnanizgd Wefleldz%ﬁttslﬂéﬁﬂétay%fermd todler ei n_ t he
waf er is merel ¥le£r9ﬁga£]§gratu‘é“éi 11@1‘ ﬁ%@lé’%ﬁéd G Watrﬂ%@h rg-nffn 8] ¢l YL Pe

sequential |y planariz |scusse ove y u3|ng fferent
slurries, diffeqlemt Qpiignely, ﬁ;eé&eplegntaiﬁ@mog stap arfidetheeleaniriguapparaths B r at es.

For exarrpl e, anfa&%§5mﬁteﬂ'ﬁro}ﬁt albsh eﬁk?ekl&o‘ﬁ%&ﬂ@s%@em%ﬁ) oncentration of

abrasive particles my be used for t anari zi ng” procedure, followed by
the use of 14 second slurry having a rel atl vely | ower concentration of

abrasive parti gl %etﬁﬁsﬁ&??ﬂ@bhﬁ“sﬁ%@bgﬁﬁs‘wrsﬁx n order to capture or
ge

direct nmetallic particl copper “particles dislodged from
the wafer by the pl %@rrt?fznen@t@thuw@raé}MBmyenf 119@ tchedingfeefurthern 30

?TL.?CE);I ¢ fiel deByaiREnPbOY &@gnt ilvednli6n i‘é%ﬁév% thérkin. 7[41(3 S}F fn ﬁ)ﬁm&&des 4 vol tage
CMP apparatus 10D, 60D corresponding to either of the CMP apparatus 10, 60 and
20  wherein the slurry 354, 85A is a CO»-based slurry as described above. The system

110D also includes a CO, solvent cleaning apparatus 112. Preferably, the CMP
apparatus 10D, 60D and the CO, cleaning apparatus 112 are housed in a common
pressure vessel 114D as. shoWn. The pressure vessel 114D ma;t substitute for the
. pressure vessel 21, 71 in the CMP apparatus 10D, 60D. Alternatively, in lieu of or in
25  addition to the common pressure vessel 114D, the CMP apparatus 10D, 60D may
include the pressure veséel 21,71 and the cleaning apparatus 112 may be housed in a
separate pressure vessel.
ﬁe CMP system 110D may be used as follows. The wafer 25, 75 is K
planarized by the CMP apparatus 10D, 60D using the CO,-based slurry in an
30 atmosphére of CO, as discussed above. The wafer 25, 775 is then transferred to the
cleaning apparatus 112 where it is cleaned in a CO, atmosphere using a CO; cleaning
* solvent (preferably, a liquid CO; solvent). Optionally, the CO; solvent cleaning step
and the cleaning apparatus 112 may be omitted from the aforedescribed method and
system 110D,
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applied through the pad to bias negative ion particles fromthe wafer
surface. -22 WD 02/38335 PCT/US01/48100 5. Methods including CMP using
CO02- phi | im0 8Y/8838% Wit hout CO2 present. Wth reference to FCus@/3100a CVP
system 110A according to enbodi ments of the present invention is shown
therein. The system 110A includes a CWP apparatus 10A, 60A correspondi ng
to either of the CWP apparatus 10, 60 descri bed above and 5 nodified as
descri bed bel ow. The system 110A al so i ncludes a CO2 sol vent cl eaning
apparatus 112 as di scussed above. A pressure vessel 114A houses the

cl eaning. apparatus 112. The CWMP apparatus 10A, 60A differs fromthe CW
apparatus 10, &0 Po&-CNMRtCledin&O2 suppl y/ pressuri zi ng conponents (i.e.,

el ements 20, 22-24 apd_41-45 10 el enments, 70,, 72-.74 .and, 91- 95 r still
conponents (i.e., e geaggé)é‘ga Slvent COmPRFLS °9fb%‘i18’§5le’é{‘fa§r’6f@9‘i) ‘ﬁg‘ﬁ. The
pressure Vvesselymadelials/the BR¥iREstép 1 edR6tetsas dd3itrR pBdvatitisrric Ok sotf baray be
repl aced with a non-pressure vessel or may he omtted. In the CMP system

1104, the sBur syiigse foshapatictanise of the gHele hengplanarized: Mesprvet, pagtipulates

Q02-philic sl urhdh RHEsGEIRAn FROIEP pOE&RE £ v 24.ablBi9e A RiRd Cgpsl urry 15
is a carbon dioxide sol ubl e polyner s?urry as descri bed above. The system

110A may be us@epcass shatld bewsmoverbiomesvent oprsducesiefests yrhighapayAs gayspd by Hish
apparat us 10A, G0#yeUStRgh; bylshiabf! tethhdudihdhRiite Bt BUNEAUAE Ng
at nosphere haﬁ%@eﬁﬂ@fé%ﬁ%%@g@%iﬁyg{%l_ I\/bh?ﬁéluﬁérti cularly, the proportion
or anmpunt of Cbeushgeralhing, hyydrodimeminiets oUetir Alyiddetvmsprte altigem andt exceed t he

proportion munt - j gf[%;; j eflseid v ©f common
at nospher i cﬁgonc It ?%uﬁgge%ge@%fdgﬁ%{’ i@ge %,ew;}e %}S%Cd%an %Sglfe%cﬁg%ld l%éﬁja%sf erred to
t he Q02 sol ventPatshiliniSR§6A0H tr BeSimoneler al. Wikanalesired; the backgisle @f tha agicleop

at nosphere usi I ' DL : l.vent).
Wth refer ence%&ﬁ%sg bg,%ﬁ%ﬂ%v%%ﬂégﬂénn@%%t%%gg%@s F%&negag’q?frt etr&CZ)S

enbodi nent s i s tshometal loey enaininkve tigMerfesesiterplapiBtionehdideaning iICVP appar at us
10B, 60B corres din t he I, gub : jffers
from the syst é%%&%‘?& ?ttnlg?rﬁ gtian?ﬁge{ﬁ@P@p@%gﬁoggéi%@%ﬁﬁaﬁ%%ggﬁq# n a
conmon pr esBur eof coges@Eichlzb4Bdal-tlimasbee companirtiges panznosol 1Rivaldop@r  Met hods
i ncluding QWP Wl fieth 0%3 es Bﬁel:rl plla%arsléa%% Xndvxlletaginggpr&gr%gl?rﬂgt more than about 1 (or

2 or 4) x 10 atoms/centimeter’. Additives that may be included in the cléaning

I

solvent include, but are not limited to, surfactants (including surfactants containing a
COs-philic group), chelating agents, etc.

20 ‘
9. Separation steps.

A particular advantage of the present invention is the ease with which the

CO;-based slurry, the CO; collected in the CO,-philic slurry, and the CO, of the CO-
solvent may be separated from contaminants and waste (which may include toxic

25  ingredients and difficult to manage fine particulate contamination) after the
planarization process (and, where applicable, the cleaning process). For example, if
distillation of the carbon dioxide solvent or effluent is carried out under pressure (i.e.,
a pressure greater than atmospheric pressure), the carbon dioxide niéy be readily
fractionated or separated from the other constituent ingredients. When distillation of

30  the liquid slurry is carried out at room temperature, a pressure of 700 to 850 pounds
per square inch (psig) is suitable. When distillation of the liquid slurry is carried out
under cryogenic conditions (e.g., at a temperature of about —10° F to 0° F), then a

pressure of about 200 to 300 psig is suitable. The CO; may also be separated from
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Wth reference to Figure 5 a CMP system 110C according to further

enbodi nents of the present invention is shown therein. The system 110C

i ncl udes veO 0ofZB83appar at us 10C, 60C corresponding to the appauatus1@®O, 60
and wherein the slurry 35A, 85A is a CO2-philic slurry (preferably a

sol ubl e pol yner CO2-philic -23 WO 02/38335 PCT/US01/48100 slurry). The
system 110C al so includes a CO2 sol vent cl eaning apparatus 112.
Preferably, the CMP apparatus 10C, 60C and the cl eaning apparatus 112 are

housed in a com ure vess 14C as_ s ess vessel 114C

may substitut a s 10C,
SHgndplRa] Dede HiaE ety or sl Rieed Bonf S i e

60C. 5 Alt er nagick & oentrififpatibreor axfyciote.i N addition to the common pressure

AT Rl A G o St T R i

vlessel TgebCNEé lﬁhﬁﬁﬁ@t@fbﬂe&@Qlﬂ%uglﬁ)%few&&glnﬂﬁryfeﬁibb&ﬁ@ntghﬂns\r/]ilﬁ*lffeﬁhflorg;ﬁve 75 is

pl anari ze y ap S t he philic urry in an

10 at mosphe? e E?enéﬁ?n%(fél g’f’?&t‘fﬁ?@&“gﬁ%@l égﬁpﬁrﬁwfﬁéééeflﬁm%@% Rpophe

transfer devi Cgre pdsfibld ARl AOMPIER; oAt BimEni KithdiiendidrRANP Gbph@thgWRIethe 25, 75 1S

then transferred to the cleaning @P aratus 112 where it is cleaned in a

CO2 at nospher eni§! gephingempl advamagen drvpatinn. Acpiriizgly pllsuch medifiegtiony)| vent
cl eani ng step %@%téd&@dfb't%%ﬁlﬁ&d%@ﬂﬂﬁﬁﬁéé&% é&f%ms{mynt%a@mﬂﬂe@%&é aHdshe

af oredescri bed nethod and the system 110%: .. Met hods i ncl udi ng

usi ng 002- basedhaseiorer i is tywe aneﬁ@ﬂéh%@etf@egqlwﬁ dlugtratiye offhe §1p88%6m 110D
according g fHLLASH . ARGAL e g&rgtreéd d 'I&ﬁut&'i %&ﬁ@gpe&lﬁx&%bmeﬁ@d@a&%

therein. The system 110D includes a CM apparatus 10D, 60D correspondi ng
to either of th@thm/mdp”paﬁums@ssthwlsclewdm@o imexthap Bch as htber@tbpéhylesm 85A i s

a C02-based sl welﬁferﬂ%%eo%%di%%q revtﬁe scd °ﬁyﬁ°§%§p&éa§b§|@?us&%g%s a o2

sol vent cl eani ng appar at us er ab 60D and
the C02 cl eani Aefinapprathatfellowingclaime, with aspivalenis af e alpins to pe inshidedsthereivsel 114D
as. shown. The pressure vessel 114D nmay substitute for the pressure vessel
21, 71 in the CW apparatus 10D, 60D. Alternatively, in lieu of or in 25
addition to the comon pressure vessel 114D, the CWP apparatus 10D, 60D may
i nclude the pressure vessel 21, 71 and the cl eani ng apparatus 112 nay be
housed in a
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separate pressure vessel. The CMP system 110D may be used as foll ows. The
wafer 25, 75 is planarized by the CWP apparatus 10D, 60D using the

C02- basedv@buss3ys i n an 30 at nosphere of CO2 as di scussed RPODVSOV/4BIN® waf er
25, 75 is then transferred to the cleaning apparatus 112 where it is
cleaned in a CO2 atnosphere using a CO2 cleaning solvent (preferably, a
liquid CO2 solvent). Optionally, the CO2 solvent cleaning step and the
cl eani ng apparatus 112 nay be omtted fromthe aforedescri bed nethod and

system 110D. -24 Sﬁﬁﬁf Eﬁﬁ@g# 1/ 48100 8. Post-CWP O eani ng. \Wet her
cl eaned by a saﬁygfﬁéﬁy éh‘ on di oxi de, water, and/or other
materials, the cleaning step in the processes described above is carried
out so as to be 5 sufficient for the particular .use of the article being
pl anari zed. Moreovet, pa‘\“i“?‘gﬂ‘i é’ﬁé‘?‘E{E}E’ﬁ%é%ecgm{epl@éaﬁé?tﬁ’?é’gais?ffatCFIB%a@IVP
process as wel LRk, ArAGhotedmpsisdg iR stepeofcMP  process shoul d be renoved to
prevent or reduce defects whi ch nmay. be caus&‘g by such particles. d eaning

may be by any suitabl e PEWHHREROlshing slyay MGlUEIRe cHeP fiPKited to  brush

scrubbi ng, hydrodynam ¢ jRkdn®% pQlshBE pAd;whel J et's, acoustic ultrasonic and
10 nmegasoni c energy. For exanple, cleaning may be carried out as, described

! | € y be ¢
in US. Patent No. 5,86eutauBeths mbsirmemed sd thypolispmgslawsaerias the he back
side-of the articleqpf e WleShtidBY% sy HafitABOSHmc IO d BfcIB! anari zation of

netals in general, the anbunt of trace netal ions remaining on the surface
after planarization and cleaning is preferably not nore than about 101 (or

1012) atons/centine&erZﬁhggﬁggggfﬁéﬁgﬁguﬁghi$Qmﬁ&§s£gpﬁgﬂﬂ%gmﬁ§uch as in

dual - damascene copper arti unt of residual copper “on field
oxi des after plighsles deatd aarboadibxsleeani-ng is preferably not nore than about
1(or 2 or 4) x 1013 atons/centineter2. Additives that may be included in
the cleaning solvent include, but are not limted to, surfactants
(including surfactabts chenmtnidageading®Clgii 1 wherejn saig polisbingishiyng agent s,

etc. 20 9. Separatiop steps. rticular advantage of the present
invention is tﬁgﬁﬁgggh%é%#$%ﬂ%ﬁgﬁ the CO02-based slurry, the CO2 collected

in the CO2-philic slurry, and the CO2 of the CO2
- 4. The method adcorhg to Claim 1 further including the step of cleaning
the surface of the article using a carbon dioxide solvent following said contacting

step.

5. The method according to Claim 1 wherein said contacting step is
_executed in an atmosphere comprising carbon dioxide at a pressure greater than

atmospheric pressure.

6. The method according to Claim 1 wherein said contacting step is .

executed at a pressure of from about 10 to 10,000 psig.

7. The method according to Claim 1 wherein said contacting step is

executed at a temperature of frém about -53° C to about 30° C.

. 8. The method according to Claim 1 including the step of rotating at least
one of the pad and the article relative to the other.
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sol vent may be separated from contam nants and waste (which may incl ude
toxic 25 ingredients and difficult to nanage fine particul ate

contam nawoonyssaiter the planarization process (and, wheperappl4stc@bl e, the
cl eaning process). For exanple, if distillation of the carbon dioxide
solvent or effluent is carried out under pressure (i. e.,. a pressure
greater than atnospheric pressure), the carbon dioxide may be readily
fractionated or separated fromthe other constituent ingredients. Wen

distillation of 30 the Liqui lurry is carrij.e ut _at, ropmt.enperature, a
pressure of 700 to B50 Biéﬁﬁ‘a’g‘°3b‘§’f°rdg‘tﬁ}8p “?’r?dﬂg‘( tB?StF%OTS’ﬂ HBDIE.  When
distillation ofgitlaen 4 figitifcSdnbnt Yoth$ngGRd pddesla Gdtinter idébEibn.Cr yogeni c
conditions (e.g., at a tenperature of about -10 Fto O F), then a pressure
of about 200 to 300 psig is suitable. The CO2 may al so be separated from

-25 WD 02/ 38335 PCT{USO#,48100d a&rigfh TidHnS wHRekiNeks ped msiuag of i | tration or
nmonment um based techni ques and devices. such as_centrifugation or a cyclone.

The foregoi ng Petinpqusdnganbsiiradsnd ineliding shesstap of Hoeery mowingipe bl nadt to be
construed as Lhmti eof . Al though a few exenplary enbodi nents of
this inventi onk%{aﬂ\yékdgg%gergﬂg'descri bed, those skilled in the art will readily
appreci ate that many nodifications are possible in the exenplary - :
embodi ment s wi t hout ,ymat a4l glh¥q ofERARY | grefx{tﬁ‘f%ﬁa@hs IR Rlonk&RE Napgs and
advant ages of this 1nventron. Accordingly, all such nodifications are
intended to be included within the scope of this invention as defined in
j[he clai s Ther ef P e, 'I'hE {de%agcc%%' %’l%gloxghetré}fﬂhets[ﬁ? ct:%f’ faaag 1 S
illustrative of the preséen FAVENtT on and 15 hot to be construed as
limted to thecspeises adiclecthodi ments di scl osed, and that nodifications to
t he di scl osed enbodi nents, as well as other enbodi nents, are intended to
be included within the scope of the appended clains. The invention is
defined by the foll 8 nghe heitwd acavirdihg dtlaival wirein dfe stiffese of tieagicleo be

i ncluded therein. .-26 2/ 38335 PCT/ US01/ 48100 THAT WHICH I S CLAI MED
1S: 1. A met hof°PBPRREEWER cal nechanical planarization of a surface of
an article, said nethod conprising the, steps of: providing a polishing

slurry including Cau? on ie%éﬂ%%aééo%iﬁé’ ioctill%gi fawl?e%ih ?hly sﬂg'ac%%g %he%ﬂ%le o

comprises a metal or metal oxide.

a

15.  The method according to Claim 1 wherein the article is disposed in a
pressure vessel during each of said steps of providing a polishing slurry, providing a
polishing pad, and contacting the polishing pad and the polishing slurry against the
surface of the article.

16.  The method according to Claim 1 further comprising'the step of:
distilling at least a portion of the polishing slurry at a pressure greater
than atmospheric pressure to separate the carbon dioxide from the remainder

of the polishing slurry.

17.  The method according to Claim 16 wherein said distilling step is

executed at room temperature.

18.  The method according to Claim 16 wherein said distilling step is

executed under cryogenic conditions.
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contacting the polishing pad and the polishing slurry against the surface
of the article to thereby planarize the surface of the article. 2. The

met hod acxop2ss3gsto Claim 1l wherein said polishing slurryrPCT/uséuge® dense
carbon di oxide. 3. The method according to Caim1 wherein said polishing
slurry includes liquid carbon dioxide. 4. The nethod according to Caiml
further including the step of cleaning the surface of the article using a
carbon di oxi de solvent followi ng said contacting step. 5. The net hod

according to C ai mJ], wherei i g cont.agti S i .\ i an

at nosphere conpri sif?g czr‘ﬁ%tﬁoﬁ%ﬁg‘ﬁeﬁgengfﬁgmﬁr esctéaleu‘%i %naé%aeugg)ér?g%%ge btk

at nospheri c pr esislds 2id Miethollvemprsibpthe aepoofdi ng to Claim 1 wherein said
contacting step is execut ed(é at abf ress rq‘iﬁlof Ijrom bout 10 to 10, 000 psig.
7. The nethod accor di ng Pt “EieH BIERERd Hring step is.
execug_ed at adt e_rrperla_tubfbvéd_ﬁngfar@rm]ismb@pad;-fSS C to about I30 C. 8. Thef rre}]hod
according to Claim1l including the ste tat | af | east _one of the .
pad and the article rel &F{& Bletpﬁléﬁ‘b‘}g?@g.an‘if%p%%ﬁﬁ%@ﬁ@%mWUSOl/ 48100
9. The nethod accor i dreheGhiaidfolhdréhs! plibiig thd Bty tefarfied;ahd ng t he
article in a first directign and rot\%l ng ,tlhe,_ ad |n a couynter direction.
10. The method accor di n§leawngihssyrfase Rhibp atisle il arqtyent fePBHYRE SP%ont i nuous
| i near belt pad andgbfed uding the step of linearly noving the belt pad

relative to the article. 11. The nmethod of daiml1l wherein the article is a
sem conductor wafer. 12. The nmethod according to Claim1l wherein the

surface of the artigde T160URMoESSoRAY B(@HH T9Gvheleh thd BvemRESRsaccor ding to
Claim1 wherein the surface of the article conprises a conductor. 14. The

met hod accor di dgpse ear®rnedienide. wherein the surface of the article conprises a
metal or netal oxide. '

21.  The method according to Claim 19 wherein said contacting step is -
executed in an atmosphere not including carbon dioxide in an amount exceeding

common atmospheric conditions.

22.  The method according to Claim 19 wherein said contacting step and

L4

said cleaning step are executed in a common pressure vessel.

23.  The method according to Claim 19 wherein the polishing slurry

includes a polymer that is soluble in carbon dioxide.

24.  The method according'to Claim 23 wherein the polymer is selected
from the group consisting of fluoropolymers, siloxane polymers, vinyl acetate

polymers, and poly (ether ketone) polymers.
25.  The method according to Claim 19 wherein said cleaning step is
executed in an atmosphere comprising carbon dioxide at a pressure greater than

atmospheric pressure.

26.  The method according to Claim 19 wherein said cleaning step is

executed at a pressure of from about 10 to 10,000 psig.
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15. The nmethod according to Claim1 wherein the article is disposed in a
pressure vessel during each of said steps of providing a polishing slurry,
provi di ngv@02/g83B3 shi ng pad, and contacting the polishing panuaendstive
polishing slurry against the surface of the article. 16. The nethod
according to Claim1l1 further conprising the step of: distilling at |east a
portion of the polishing slurry at a pressure greater than atnospheric
pressure to separate the carbon dioxide fromthe renai nder of the

polishing slurry. d accordi t 6 mher I.h.said
distilling step is exe?ﬁ? &g?mmgr t@&%%Pé?J&%mnfﬁ%l*ﬁnmﬁé?%od accordi ng
to Claim1l6 wheteeited &aitdntiire bf frog abdd p53° € toeb@e 80°6Cl under cryogenic
conditions. -28 WD 02/38335 PCT/US01/ 48100 19. A nethod for the chem ca
nmechani cal planarization of a surface of an article, said nethod
conprising the steps, of ThpmeihbdbNQlafn CRivAQEIn et kers BREhicendetbl FheNY
slurry; providing a polishing pad; contacting the polishing pad and the
polishing slurry against the surface of the article to thereby planarize
the surface of the gyti Qll’ﬁeth@d‘férth@cﬁéﬁbﬁ%e%}@&ci}lﬁl&ﬁﬁ@aﬁ%hoi”@ﬁlrﬁf:é bGhe with a
sol vent conprising carbon dioxide. 20. The nmethod according to Caim19
wherein the soﬂ@@ﬁﬁm@dﬁ%@¥%@§mﬂﬁ@&§@S@Eﬁ@bn di oxi de. 21. The met hod
according to aim19 ﬁkﬁf : ACTHHRDBIER: diry: €Xecuted in an

at nosphere not includin ca# ngx e ﬁ%ia oa#%%%fﬁgkceedlng conmon

at nospheric conditions. mmzﬂmgﬁpdmmh@umh@@brdung to Claim19 wherein said

contacting step and sai r ﬁﬂﬁﬁn pressure
vessel . 23. The net hod g%%%{ﬁ?ﬂk@gmigggf%ﬁ%%ﬁwgggéﬁgshﬂg%gﬁ Ishing slurry
i ncludes a pol ynmer subfate df $heswicldio ghereby qlanbiine thii susfheteot tiRzrticthe et hod
according to Caim 23 V%%x%innsa}d%%nﬂah&@e% id &e&ﬁécﬁﬁ%ﬁgtrnosphere comprising

carbon dioxide at a pressure greater than atmospheric pressure.

30.  The method accordmg to Claim 29 wherein the polishing slurry

includes a polymer that is soluble in carbon dioxide.

31.  The method according to Claim 29 wherein the polymer is selected
‘ from the group consisting of fluoropolymers, siloxane polymers, vinyl acetate .

polymers, and poly (ether ketone) polymers.

32.  The method according to Claim 29 including the step of cleaning the

article with a solvent comprising carbon dioxide.

33.  The method according to Claim 32 wherein said contacting step and

said cleaning step are executed in a common pressure vessel.
34.  The method according to Claim 32 wherein said cleaning step is
executed in an atmosphere comprising carbon dioxide at a pressure greater than

atmospheric pressure.

35.  The method according to Claim 32 wherein said cleamng step is

executed at a pressure of from about 10 to 10,000 psig.
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fromthe group consisting of fluoropolyners, siloxane polyners, vinyl
acetate polymers, and poly (ether ketone) polyners. 25. The nethod

accordi ngvo 02/84333 m 19 wherein said cleaning step is execPCEUSIIMIRD

at nosphere conprising carbon dioxide at a pressure greater than

at nospheric pressure. 26. The nethod according to Caim 19 wherein said
cleaning step is executed at a pressure of fromabout 10 to 10,000 psig.
-29 WO 02/ 38335 PCT/ US01/ 48100 27. The nmethod according to Claim19 .
wherein said cleaning step is executed at a tenperature of fromabout -53 C
to about 30 C. 28. The nethod of Claim 19 wherein the article is a

sem conduct or waf er3g, Z%eﬁemeam&mrtowmmgbm@msamﬂmg@@b1s
pl anarization of a surface of an article, said nethod conprising the steps

of providing ac¥eatierb# adereperadee Bhitpm abPb 3 G 1AEdRE Ty:  providing a
pol i shing pad; and contacting the polishing pad and the polishing slurry
against the surface of the article to thereby planarize the surface of the
article; wherein sa%d cdhemethohgf Clinp32 whesia thetastitle in 2 aemigendusiphwrder.
conprising carbon dioxide at a pressure greater than atnmospheric pressure.
30. The nethod according to C aim29 wherein the polishing slurry includes
a polynmer that is s ublia apparetas foothedhanica encclbicallplenaneativodf aswbrelofg t o

Cl ai m 29 wher e] I l.ected fromthe group consisting of
f I uor opol yner siupa&1 gysgﬁe}%%m“°m§°%s‘ggny| acetate polyners, and poly (ether

ketone) polymers. 32. The netpadshageatding to Caim29 including the step

of cleaning the articl & w th qg}sﬁol V& nt .co ri S|bnlgdcar bon di oxi de. 33. The

met hod according to d ai Pn 322 é’gﬁmsrglm EORtaCt T nlémgfep and said

cl eaning step are executcgd |mm1demstﬂmg|nreﬁﬁ>subholdebsaeﬂmle 8#h thehthemet hod

A mosphere compr | 5| HEFAFAE B IO e R B e e P R Fih

at nospheri c pr essurglishing slurry.

39. The apparatus accordmg to Claim 38 wherein said pohshmg slurry

includes dense carbon d10x1de

40.  The apparatus according to Claim 38 wherein said polishing slurry

includes liquid carbon dioxide.

41.  The apparatus according to Claim 38 including a supply line to supply
said polishing slurry to the surface of the wafer.

42.  The apparatus according to Claim 38 including drive means operative

to provide relative rotation between the article and said pad.

43.  The apparatus according to Claim 42 wherein said drive means is

operative to rotate each of the article and said pad.
44.  The apparatus according to Claim 43 wherein said drive means is

operative to rotate the article in a first direction and to rotate said pad in a counter

direction.
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35. The nethod according to Caim 32 wherein said cleaning step is
executed at a pressure of fromabout 10 to 10,000 psig. -30 WO 02/ 38335
PCT/ USO1MmM@1D883386. The net hod according to C aim 32 wherpCTusa@ai#1@ eani ng
step is executed at a tenperature of from about -53 C to about 30 C. 37.
The met hod of Claim 32 wherein the article is a sem conductor wafer. 38.
An apparatus for the chem cal nechanical planarization of a surface of an
article, said apparatus conprising: a) a polishing pad; b) a polishing
slurry including c on .di oxi d and,.c artd cl e .hol.dj y .to hold
the article such thﬁ) t?g‘ea%ptﬁ ascaécoé?m%ﬁ ar %gc & %%galgé&%gﬁgg% 8& with
sai d poli shi ngcqﬂaﬂu@mcbelspa&bndpmﬂhgmang foedther rn;zludékgiriv&"hsampmanaﬁvm accordi ng
to Caim38 wh relln said, O|ll gqrﬁlg i ncl.udes dense carbon di oxi de.
40. The appar at'i %aréérbod?&ql ﬁois aﬁ“ﬂ 'sai d polishing slurry

i ncludes liquid carbon dioxide. 41. The apparatus according to C aim 38

i ncluding a supply | 0 su S |JS Iurr to the, surface of
the wafer. 42. The %é)par t%%arcaqr%agf ?drﬁ‘gg PHEP BunngeaﬁB}’ve means
operative to Wh@x‘éhﬂﬁldra@tlo@ého\l’cﬁng’ Ababdr afd Bl Ak difpRsalih bhd presf veadell pad.
43. The apparatus according to Caim42 wherein said drive neans is
operative to rotate each of the article and said pad. 44. The appar at us
according to O ai m43 whgkehphaa éécdiﬂxh%?o OBANS6 ﬁﬁhe&@ﬁp@gmg/@stnmﬁ&&ate the
article in a first dlrectlon and to rotate said.pad in a counter
direction. -31comegsd BSGProseTy Y?Sﬁ?il%é%@’(ﬁmd@m@?ﬂéhgﬁpﬁéﬁafeé@‘ea%féﬁiﬂd| ng to
G aim 38 wher eigy,$ahddpRek pildéiag pad is a continuous belt pad and said
apparatus further |ncFudes -drive neans operative to linearly nove said
polishing pad relative to the article.

48.  An apparatus for the chemical mechanical planarization of a surface of

an article, said apparatus comprising:
a) a polishing pad; .
b)  acarbon dioxide-philic polishing slurry; and
c) an article holding member to hold the article such that the
surface of the article can be contacted with said polishing pad and said
polishing slurry.

49.  An apparatus according to Claim 48 wherein the polishing slurry

includes a polymer that is soluble in carbon dioxide.

50.  An apparatus according to Claim 49 wherein the polymer is selected
from the group consisting of fluoropolymers, siloxane polymers, vinyl acetate

polymers, and poly (ether ketone) polymers.

51.  An apparatus according to Claim 48 further including a cleaning
apparatus including carbon dioxide solvent and operative to contact said carbon

dioxide solvent with the surface of the article.

52. A chemical mechanical planarization (CMP) polishing slurry
comprising: |
(@) from 1 to 20 percent by weight of abrasive particles; and
(b)  from 0.1 to 50 percent by weight of etchant; and
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46. The apparatus according to Claim 38 including a pressure vessel,
wherein said article holding nenber and said pad are di sposed in said
pressure wesysis3s 47. The apparatus according to C ai m 46P€TMUSHRS100
conprising a still fluidly connected to said pressure vessel to distil

said polishing slurry at a pressure greater than atnospheric pressure. 48.
An apparatus for the chem cal nechanical planarization of a surface of an
article, said apparatus conprising: a) a polishing pad; b) a carbon

di oxi de-philic polishin an_ar.ti nber to hold

| : d | hol. di.
the article such that t%@s g%{l%/a&’b@n}%ﬁcce%‘h@‘é{??}ft(‘?f‘éa%&‘ﬁ‘gdl%‘lé&gs(?ﬁ’t%%Ct ed with

said polishing pad and said polishing slurry. 49. An apparatus accordi ng

to Cl aim48 wherein_t he poljshi slurr includes .a polynmer that is

sol ubl e in carbon dPOX| d@‘.e wpﬁﬁm%éﬁﬁ%?%r%ﬁ%lﬂéet LA F%%her ei n
the polyner isaaRi®Gbieht idci@8s deh® @M BiokMSI sting of fluoropol yners,

sil oxane polyners, vinyl acetate polyners, and poly (ether ketone)

polymers. 51. An apparatus according to Claim48 further including a

cl eaning appar at ussi nclpdidagp ﬁﬁfsi@iﬁ€ sldh?ééc%?diﬁg%t@ﬁﬁl RReheRRLHAL da¥d3nt O
contact said carbon dioxide solvent wwih the surface of the article. 52. A

cheni cal nechadiaxife spivem dncludes liawil qdaopydigréei shing slurry conprising: (a)
from1l to 20 percent by weight of abrasive particles; and (b) fromO0.1 to
50 percent by weight of etchant; and -32 WO 02/38335 PCT/US01/48100 (c) at
| east 30 percent byShei ghte G¥P pdishivg sy Reedingip dsim S25derephidgraspys| i shi ng

slurry according.: [ SRSl L LoxLde (Sal \ipggg i ncl udes
dense carbon d?%%‘%%%%@ﬂ%ﬂ?@% 1poe?§%ﬁ§§s§%g?1royggcco?§i ng 0t 0 ai m 52
wherei n sai d caetyeretereli oxi de sol vent includes liquid carbon dioxide. 55.
The CWVP polishing slurry according to Caim52 wherein said abrasive

56.  The CMP polishing slurry éccording to Claim 52 wherein said abrasive
partidles are formed of a material selected from the group consisting of silica, metals,

metal oxides, and combinations thereof.

57.  The CMP polishing slurry according to Claim 52 wherein said abrasive
particles are formed of at least one metal oxide abrasive selected from the group

consisting of alumina, ceria, germania, silica, titania, zirconia, and mixtures thereof,
58.  The CMP polishing slurry according to Claim 52 wherein said ef:ché.nt
is a selected from the group consisting of potassium fluoride, hydrogen fluoride,

hydroxides, and acids.

59.  The CMP polishing slurry according to Claim 52 further comprising
from 0.1 to 30 percent by weight water.

60.  The CMP polishing slurry according to Claim 52 wherein said slurry is

nonaqueous.

61.  The CMP polishing slurry according to Claim 52 further comprising

from 1 to 20 percent by weight of organic cosolvent.
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-particles have a nean particle dianmeter of from about 10 nanoneters.to
about 800 nanoneters. 56. The CWP polishing slurry according to Claimb52
wher ei n 9a0 d2/3388si ve particles are forned of a materi al PERUSE48d0f r om t he
group consisting of silica, nmetals, netal oxides, and conbi nations
thereof. 57. The CMP polishing slurry according to Caimb52 wherein said
abrasive particles are forned of at | east one netal oxide abrasive
selected fromthe group consisting of alumna, ceria, germania, silica,
titania, zirconia, and nj xture ereof . 58. The CMP pol.ishing slurry
according to Cdaim %2 &%F%‘WWWEH&%I@E‘F@EEW% the group
consi sting of @%\hﬁﬂ%m fI uori de; hydrogen fluoride, hydroxides, and
acids. 59. The po ishing slurry according to Caim52 furt her
conprising fromO0.1 to @0 pd&erene 29)Peliﬁ@it@b1t‘ve%gé§@"rabm€1@epam@ew pol i shi ng

slurry according to CI ai ®) 52fﬁ&ﬂﬁj’ﬁ{or50§ﬁfcgn Wk tbisetcﬂa&naqueous 61. The
CWP polishing slurry accordl ng to Caimb5 urt conpfising from1l to 20

percent by weight of org{s)mcatcle%WEqmentbmelmomqlmgasdPCT/ US01/ 48100 62.
A chem cal nechani cal afnar E!%@lgftggg&,gyg)tbQQJelrgtﬁmﬁQa&,loH?{)iﬁd?g&m | sing: (a)

from1l to 20 percent by i ght asive particles romO0O.1 to 50
percent by wei ght ofolgneshant; (c) at |east 30 percent by weight of sol vent;
and (d) from1 to 20 percent by weight of a carbon di oxi de sol uble

pol ymer. 63. The CWP polishing slurry according to Claim®62 wherein, said
pol ymer is sel ect efB.f r cthetUMP gwltshingskurrshmordi@gtofClaﬁinLﬁrerdpmﬁrysmlrwlynsdrl oxane

pol ynmers, vinyk se?e% fabe tﬁ)e%r &Eggo%sust%ng%&ﬂ #égﬁé} sﬂtl)(}?atnggoq%rag dbrrglz i ve

The CWP pO|IShI ng s urry ac erern
particl es have acetate polypes,tand beiydathar&ttene)qpblyﬁmmm about 10 nanoneters to
about 800 nanoneters.
64.  The CMP polishing slurry according to Claim 62 wherein said abrasive
particles have a mean particle diameter of from about 10 nanometers to about 800 - -

nanometers.

65.  The CMP polishing slurry according to Claim 62 wherein said abrasive
particles are formed of a material selected from the group consisting of silica, metals,

metal oxides, and combinations thereof.

66.  The CMP polishing slurry according to Claim 62 wherein said abraéive
particles are formed of at least one metal oxide abrasive selected from the group

consisting of alumina, ceﬁa, germania, silica, titania, zirconia, and mixtures thereof.
67.  The CMP polishing slurry according to Claim 62 wherein said etchant
is a selected from the group consisting of potassiuin fluoride, hydrogen fluoride,

hydroxides, and acids.

68.  The CMP polishing slurry according to Claim 62 wherein said solvent

comprises an aqueous solvent.

69.  The CMP polishing slurry according' to Claim 62 wherein said solvent

is non-aqueous.
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65. The CWP polishing slurry according to Claim&62 wherein said abrasive
particles are fornmed of a material selected fromthe group consisting of
silica, meoat/38335 netal oxides, and conbi nations thereof. BET/UStesCGNP
polishing slurry according to Caim62 wherein said abrasive particles are
formed of at |east one nmetal oxide abrasive selected fromthe group '
consisting of alumna, ceria, germania, silica, titania, zirconia, and

m xtures thereof. 67. The CWP polishing slurry according to Caim62
wherein said etcha is,a ected fromthe. group.caonsisting..of. potassi um
f1uori de, hydrogen%uo?rihﬂg,iﬁ 8‘%&?1‘8%?“%@81%5%#%&‘gggl.her’ﬂ?ég’&é/ﬂ"%&ishi ng
slurry accor di gngrReCdndirginfedowb@l ei n sai d sol vent conprises an agueous
solvent. 69. The CWMP polishing slurry according to Claim62 wherein said
solvent is non-aqueous. -34 WO 02/38335 PCT/US01/48100 70. The CWP
polishing slurry according to Claim62 wherein said solvent conprises an
organi ¢ solvent. -35
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