;e3e-n**$$%4'. @) 6* Tn* N METHODS, APPARATUS AND SLURRI'ES FOR CHEM GAELp orny
MECHANI CAL PLANARI ZATI ON Rel ated Applications This application is a e
~continuation-in-part of commonly owned; copending application:Serial Nunmber
09/ 707,755, filed Novenber 7, 2000, the disclosure of which'is incorporated
by reference herein inits entirety: Field of the Invention The present
“invention concerns nethods-and apparatus for the chenical mechani cal '
planarization of articles such as senjconductor wafers: Background of the
~Invention Current trends in the integrated circuit (1C) industry, include . -
fabricating smaller deviMETHODS, QPPARAESSANDISE (HeRmEES yorReduci ng chip
size can reduce chip mm@m@m&md&ﬁ%ﬁM- Adgohees having -
~smal | er di nensions can be advant ageous because evLce;éélay can al so be
decreased, thereby increasing 10 perfornmance. In addition, device
performance can be increased by adding nultiple |levels of netallization.

The use of nultiple |evels of metﬂ! : ntercoEneg’:ti ons allows for w der '
i-nterconnect |ayer dinmensions wit _ _ onnect | engths. Because
- such lengths have méap@@@ﬁbﬂ@ﬁ%bﬁhﬁaﬁbﬁﬁh;gmate%ﬂlﬁxgig o%\éh%gen g

as - ved.

correspondi ng decrease in 15 interconnect del ay en achi
Nonet hel ess, 2aBlGH#IAY SerialdNamberdf707 66| Bled Novarhiverl7, 200p0he distigsirbaf bui | ds -

up with each . severe, |f .not resolved, these topographies
can adver sel fﬁgﬁigéﬁ%@gﬁégﬁé%ﬁ{@p@hggmtxﬂéts&Eg{egye_ As circuit dimensions
are reduced, interconnect |evels nmust be globally pled to produce a :
reliable, high density device. Chefhals tiEENRGa - 20 planarization (CWP)
is rapidly becomng the techni que ©of C | anari zing interl evel
dielectric (ILD) [|&pércssniihsediongoncefwy metbbinaslt dapperamstiat thp ahdreicals i n

i ntegrated ci £ . erd. LS. Patent No. 5,637,185 to Muraka et al.
‘I'n general | %ﬂ%ﬁg%gg%ggzﬁh@oqfﬁtécﬁ%lsﬁﬁhﬁs TP RUFCRF 2 S eni conduct or wafer
against a rotating wetted polishing surface under a controlled downward

_pressure. A 5 SEP 2003 chemical slurry containing a polishing agent,
such as a?um' na or silica, ist abrasi ve nedi um

d e '
Addi tional Iy, the ghem I n +C inchem cal .etchants. for etching:
various surfaces of t eﬁg\gfaqﬁ}%Heldﬁtegﬁ}gpc?%gﬁ@Qb’?&%i’%ﬂu%%fggn@%ce, CWP is
first enpl oyeuatler dpiviziea higingirermsddzebipdersit) Reyeding thip 36 c@z@f%ﬁé§éﬁ3€ only 5
di el'ectric. Trenghes. and vi ﬁ‘;%d%ge sybsequently fornmed and filled wth netal
by known depgjﬁn#aé}ﬁm?g&ﬁfﬁgq ; t@QPH‘?‘gcﬁs ing, spyaklsy dipnegsiens ¢ag bgel i neate a
metal patler advibtdRERbdu GRS AURY Bhn LSOBY HOGeA LD meitty MtgEa. supra.

One problemw th - is the generation of expansive d streans -t hat
requi re Handpeiigrmandevast e management. For exanple, problens may be

ted 10 by t icity. of th I i.es., of tentjally netal - .
Containing sl ur ry ‘SAEHRR Vs Rrtriein R Felpeesd B porls o PR g

post - pol i shi ngtaltzpioa! Tak @566 { EtbRIIevdlbBhe PR ERH AL UIbAO LEdES
estimated to.range from 10 to 20 gall ons per processed wafer. wast e
~ consi sts of HigRPIrechlayer dimensiens with sheter nsereonnest longths.| Bedalse pchgr ess i n-

generally  ShEu b Ok oM YRR el B R B S P p B oereniam

TN i e T

escribed in .. Pat ent - No, : 0 _Zhou et al., bu is slurr :

preferably eﬁ‘#}egy@%%ﬁaﬂ ﬂ%‘é"#@éwmﬁ%@cﬂ@@bmbﬁgppa,e'swré@elfin@t@sde@dtyf or .

. new appr oachggsd ®ps ] 5% b I rization, and new

formul ations f(S:)r. &gag%iegﬁﬁfﬁg]ﬁ%?é?ggaﬁ%m&g\irclo ﬁfeégl%ﬁ‘r oblemis the '

. potential for coné&minuit domensfons alestdwedsintefconnedt 1évels mas befglokatigr . Such

- contam nati 0@3@4i gcl u unV\%@Ee_d@uncl ai.med. oxidation or trace 1ons or
residual wat BFUAFFEP PRRIUGT aF i wigh donsity devigse &hgmsal mephanigabr s, spin on

layers quul pplapatszabion @CHP) BERRI Fﬁﬁ%ﬂ; | bLrikyention is

based upon Pﬂe devel_o%rre_nt) of._Cl\?F/’b%g I |%3¥°?%dr“rg:e’éf§ﬂ‘?ﬁ§f°?z’§%m§?% carbon

~ di oxi d_et as am;%'_le\?ﬁmle P@C@E}sl!aygnguﬁmﬂsrah_é%ﬂ dehhemhnggnﬁﬁrﬂaﬁerrdgzgm ‘gg_- {)hl |'i Ic '

- conposi tions; r..al.one, or in._copbinatio one or nore addi tional

cosol vent s, 1:5% _ étF(l?cg%mﬁeﬁgﬁﬁtfsg"[}%gngg@%@ﬁ?'sﬂ@%f%smﬁﬁﬂr,ak’i‘_ﬁtaéorre o

enbodi nents, carbin éﬂe@I,i@Mpﬁg' bassdat if By, l\n¢ i s '

- di oxi de provides a gsoI_vent medi a%%hﬁ may cggingggﬁigﬁggéyp%%f%gﬁfﬁgm%g%her-

i ngredi ents ¥PRHha repiipg weded palishing sgrfse widat a contallet ylowadiand prgssnte Aol ume

of slurry or cl.eaning solvent for subsequent waste disposal. . '




-5 SEP 2003 Accordi ng to pref erred met hods of the pr esent |nme:nt<rr _
method for the chenical mechanical planarization of a surface o zﬂjﬁq cle
- such as a seniconductor wafer includes: providing a polishing sI urry

i ncl udi-ng carbon di oxide; providing a polishing pad; and contacting the
pol i shing pad -and the polishing slurry against the 5 surface of the article
(e.g., wafer) to thereby planarize the surface of the article. The '
contacting step can be carried out inzan atnosphere conprising carbon
di oxi de at a pressure great er- than atnospheric pressure. The nethod may '
incl ude the steﬁheaecaéreehpmneagmm@g@t sutteasaiuniiod er flieagis typialler} usi ng
a carbon dioxid 10 The t hod may
- include rotati ngsegt?‘&?hgg%taglgénﬁe@o tﬁh%ogﬁgh%g%e ar %ﬁ 8anr% E?H%’g t he
other. The arti éqc]éﬁnﬁiyf%ﬂmaabwuﬁm@aoﬁhnmfmr mectypical fifirichtiduhet agadedei ng

st ron: e eyt ot BSEbIA) sbB A RELE TR 1BER St e N R rmy be
| i nearly novéd dzeleempv@ren@es hmdwarektﬁseqﬁézﬂ?rfmdtah@’ﬁﬂec{ﬁ}ﬂgme 8lown MRY be

Dot on g o1 i P UREHERARASEL PR R wllh RURRR S hel HemE i ahing
pad and the pol rmrmgesdmmmmmﬂlbr&ewms@mthe artr cle. The net hod

may further .incl ude i sti.l ll%% e}Lgt a portion of_ the polishing slurry .
at .a pressure greate etﬂ"i%'che% F5the grperadon of expansivp Anidisteamrdhgtar bon

di oxide fromt haqummdgrana&aﬁéndaﬁ@geﬁt@hﬂ sht E}Qm'ialéJfafo)S}em@ grbg%ﬁ: e further
preferred @ %sﬁhggﬁ%g resent invention, met ho em cal

mechani cal theélugfmsr%@et%taﬂam%ﬂepwng@@maéﬂ@msmqfonduct or. '

~wafer includes: cmmmmeaameaamhs%% dﬁgﬁlh%ﬁrﬂﬁt fslﬁﬁHnQ%mﬁ' Wit
providing. a polrsh pad;. contacti.ng the ‘pol i shing the polrshrng
slurry 25 agai nSqSymtior difing EMBris estimated iq ’@P&e fromdfea phseptapiozessadhe
surface of the aafei abp uaﬂécsdsf‘s%mfﬂ%ﬁlyh&aéeﬁefnﬁ% Qﬁdﬁ@:%h%ﬁégﬁhﬁle"‘“h N

sol vent conpri si ngqecar bon di oxid € contacting ste e eXecuted in
au at nospher e nBPEEHCR Hadipgmethpdior G@WM&WWEMWm@mﬂdfmgmcomn

at nospher i c18ongeteARgry, ThRLE %nfbgl ‘gﬁ%ﬁ&{b ] may be
executed in a coﬁﬁ‘%n pryessure%vgggﬁe Iﬁ pgrlfds%ﬁf"ﬁ%&g%&r%"‘%%@ include a

polyner that i s™SvmensiMateripls Gylaeh 2R089). dé nopeqenods Gy Ptolithing dhery jr ef er red
met hods of the @sx88R8t, 1RV ani cal

pl anarization of Sa surf.ﬁz;?eﬂ(}%ﬂtgﬁ %&mﬁgg‘&é étzgish%tg%m néfumt%g waf er -

i ncl udes: provi &Rlgyssabar %ﬁCbéﬁrtﬁ)%r decqtinglycherelis %ﬁﬁed@rﬁbwrapprpaqhemr ding a

pol i'shi ng pad; SRS | i S slurry. .
- 5 SEP 20(J3 -4 aggg{rys(t%%he sur agagﬂoa?é}#%g %?qc fo%:u é Bﬁgﬁanarr ze

the surface2df Poishngslimies. The contacti ng step may be execut ed in an

at mosphere conpri si ng,.ga is ur an m)spherr c
_pressure. Accordi ng o p{@?@g@éﬁéﬁ%ﬁﬁteﬁﬁa}r@oﬁgéﬁ%ﬁmﬁ ng?;ers‘é {g’ﬁ‘t)’@ﬁ fon, -
apparatus for 5UsER Wethrerﬁudatonmmmﬂtalaa:nwmtd/mitlaitherﬂoﬁﬁuﬁbﬂeﬁ of an

article. such ag,a es a a .
~ polishing sl urr%:’c 1@?8?(1&%8&2%%%%3_%% o%maleg“‘%ﬂaéte% E??ﬁ]@%\pﬁtﬂ@ﬁ%@%mer to
hol d t he ‘art i cllavesyuaid potoas layére. surface of the article can be contacted with
‘the polishi#g pad and .the polishing slurry..According to further preferred

enbodi nents of the present invention, an 10 apparatus for the chem cal ,
mechani cal - pl anari zati on of . a surSt&ﬁﬁaﬁfof&Hervfehﬂdnﬁ such as a semi conductor-

waf er includes a pol hrn ar bon diox]j de- phi | i lishing ' slurry; .

and an article hol drrIlrll1 Eﬂth(?nhsgq’ dﬁﬁ’@“ 45‘6??‘5? hf@ﬁétpf’t”ﬁ’éngsurface of

the ' article cﬂmﬁehﬂ@mmfcaﬁom&zbﬁdé Eﬁﬂ@ﬂeﬁﬁdﬁ&@ﬁhﬁﬁ%ﬁﬂﬂeﬁﬂﬁucﬁﬂ%' shi.ng
resent i nvention is a CWVP polishing

slurry, A further
slurry, 15 conpri b&Pﬁﬁ’ é’;ﬂ’ﬁﬁf’%g sitons, ither @loge of i qymbinptien with ens cR@oper cent -

by wei-ght); 3mn¢dﬁiﬁbn@%§oﬁr@§ﬂs|a‘éweﬂ‘d§m@ﬁ16&sﬂfs§i§'sﬁmhﬁﬂn@§£:la tsos€: 8-, fromO or
r.cent by weight); d (c) carbon di oxide solvent

0.1 to 50 or 70@@9 ;

(preferably de °€Jatesféwaﬂtoe>@r%r@e Salﬂwtﬁtﬁﬁlengarleﬂerl%p@thte ragbendlicdddon

di oxi de). (e. g. ,préidds@asikverd thedf 30 [ ect of
the present |nvp ntion |sea Sor] EP?IBS%%%?% I'sh rng s urr%’&hﬁfgs c%ﬁrrégrr si ng:
(a) abrasive pattirelsaries @91‘\’6111‘: tbembzrqd@cmﬂpe'pblmofblymmghanjag solypntet chant
(e.g., from 0. kmt@bg weight); (c) solvent (e.g., at Ieast 30

percent - by wei ght); gnﬁﬁﬁggsca?lbon di oxi:dé sol ubl-e polyner (e.g., froml
“to 20 or 30 percent by weight). bjects of the present invention will-be

)nj

appreciated by those of ordinary skill 25 in the art froma reading of the
Figures and the detail ed description of the preferred enbodi ments which
follow, such description being nerely il I ust rative of the pr esent i nvention

Brief Description of the Drawings -



30 Fl gure Tis a schematl C |IIustrat| on: of an. apparat us of the pr5esent 200
invention, Wth the planarization steps being.carried out with a r ot at F 3
pad wi t hi n a pressure vessel; ' Figure 2 is a schematic.illustration
of an alternative enbodi nent of an apparatus of the present |nvent| on, with
the planarization steps .being carried out with a linear continuous bel t
within a pressure vessel; Figure 3 is a schematic illustration of a CWP
system according to the present 5 |nvenb| on; Figure 4 is a schematic-
illustration of a.CMP system according to a further enbodi ment .of the
present invention; %@mdmg@pmfeae@méwdtmfdhwrlms‘tmmnnom amrlietlmd@ﬂhsystem
according to a f

[ to a f m ,[%HB ont d.ovent and 10 Figure 6
"is a'schematic I [ 09&%@%&&9 syst em acc?%?“lgcesu asas %m% qo .
‘enbodi nent of tWéepmds@tprowmgapohslud@stmylmdu%wboptdﬁmﬂepﬁmhhﬁgEr eferred -

heretnatter wiPOLEERE Bl ploRke G BER U paf ol okioe SR st
preferred enbodsunfact of thfarfidke(e, g iwif@to thirelprsantigaie subhics of thy@téle.OTheTRY ,

however, be enbg in many differepnt forns and shoul d not .pe construed as
T tod to the SHESHTERME: b arehi t OniPbra CHER e ra0eR SREH8Rent 5 ar o

provi ded so t hapresshieqnélies Ha BtticBphstit brebird. hor ough and corml ete, and will
fully. convey the scqpe of the invention tq those skilled in the art. 20

Li ke nunbers refer t el@%d&a@nﬁlﬁ@tﬁ‘W@Lﬁﬁ%@nﬁhﬁs‘&éﬁ%Pammﬁ]é(‘r’gwent| on

can be used forw&fb uﬁza?abﬁ@éﬂcﬁ&u&ésoﬁfeﬁtf@h@@ng%%ﬁcﬁc gfsﬁsr ated circuits
- (1Cs), mclg&n or exanple, nmenory [ Cs such as ran om access menori es

ﬂn—

(RAMB), dyndfhi ¢ r anddifmstiog sey irshslerigtingrrivestone gf th
~ (SDRAMB), The | {ShdHeralrBarkifl€ kidfl8e RiaT mta)iﬂ'ﬁ%r@énoﬁ'uﬁﬁl%é p%d%\:’ﬁt& rc%aQ’tedZS
application specific ICs (ASICs), nerged logic circuits nbedded ,
 DRAMB), ot her mjaggreterdizegtiont Jhe artigle maﬁé)etlnlsiem Fafif nesifione ntaa; provi de

CMVP of .or for, inpu8sa @dnbﬁuougﬁear }ét@;%@ﬁ&&ﬂﬁ&t teqtuetrgltgbeata% gl ow .

trench |soIat|on p0|ySI icon fi otoresi sts super conducti ng
circuits. The Cﬂmﬁ f the present |nvent|on may be used for 3.0 -

pl anari zi ngiAl, Al ah:L%le (9! ok r?%na tqeg%spgsﬁ%?éressgg\feﬁi &?ﬂm@@%cﬁ:l grs and |

adhesi on pronoters. e presént used to-planarize -
“both the diel ect¢ piepy waw@aemg slu@);s@rfsﬁ@gjgstﬂishmgpad, nncacmamdeme or

dual| damascenc pIaeeg e il RIS B S0P ohod BOPLESE T MUEN T ON MY

"be enployed to erconnects usi ng a damascene or
dual danmascene m@fﬁ@fégsncludeﬁlﬂiﬁgzﬁbwa®°rbcnpb'¢npd15bmgdhﬁ‘rya’sa prsssdrei n 't he

present vt gy gk sl enst, o e . VB T g
di oxi'de is &&edofithe pdlishing shary conposi tion, the car bon di oxi de |s nor e

f bly I d ' n_di d
preferably liqui C%&J&?ﬂé\mﬁ t@ﬁ%@%opééa@nééﬁetﬁgﬁ%fﬂ%%%?ﬁ%N%%ﬁ'o L Oxk, fc1|rls qﬂ.sﬁ

for Scleanlng, t he ca 'S nore a compr ss
: or supercri ti caﬂneGlmnbcﬁimdchamceleﬂa(nﬁmanunlpf\agsumkwofsaupmctarsuth mal  car bon -

doxide). The cashohghaXde e outgegl L s glialan higaschyen S ond or

- ot her |ngred| en s as a 28Cri b
~dioxide" is a flbmtndmgemphshmgrpgd c:anﬂactmgdhapchdlen@padtaa&m@hshi@ dh@ryand

(typi cal 1y Phe teems Bk Repta ipris B Bt shosleRRolE oo St ﬁﬁ'as%ﬁ?kéii om
t enperat ure ‘Wi I¢Iedmmg|t’mmfhdeaﬂﬂ%5&d&)mthtsﬂumdcwrhﬁ@ cdnboxdzdelde herein refers

t o dense carbon di oxj,de or- U|de lbl‘lu itions (i.-
e., there is a gas- ﬁbﬁ ‘iuﬁ% %?5% ee’feﬁ'i:t n%% SWHBnIy |

referred to as mbmdgmrmememexteeﬁﬂgcorﬂﬁorﬁﬁﬂfoﬁpﬂeﬂmcaﬂmnmmeeoﬁadﬁng and 250
.-to 300 psigg. %gﬁﬁgd li |d carbon di gxide" refers to e(jense car bon
di oxi de (which qap,mg R P2 3 EXSCHIER H Ao mmAR PressUp vessEuthy ed above
the VLE congipt i sulishiof sty Safieinid Npblhe0Bngs QfutiiinabBR dioking gas-1i quid
interface is gone. However, one nmay 20 conpress liquid CO2 with an

al ternate flrui d sucH-cserdigete Seder P@ﬁ@e%ﬁhmﬁ%ﬁ? Preserd i gntigas emethed f,or)
' the chemical mechanical planarization of a surface of an article such asa

- semiconductor wafer includes: providing a carbon dioxide-philic polishing shury;
ptexriding a polishing pad; and contacting the polishing pad and the polishing slurry



"Supercritical carbon dioxide" refers to dense car bon d|0X|de at ce g itiQns
above the critical T and critical P. , "Near supercritical car bor! ﬁF ﬂ@ "
refers to dense carbon di oxide within 25 about 85% of absolute critical T
and critical P. "Chem cal Mechanical Planarization"-(CWP) as used herein,
refers to a process of snoothing and/or inproving the planarity of. a
~surface of a substrate, aided by chem cal and mechanical forces. Thus CWP .
as used herein includes polishing procegures in ‘which a surface is . o
snoot hed, al though not necessarily _glanarlzed as , 30 well as procedures
$

in which the suAsRREdhs wwisen of thapsininiedhearhy Ritnarizs the suface gishe ardele.nGte as used
herein to descrdggﬁt@est %@\30% agr%’ I as a-
sem conduct or Sl?bs%rat ee%to bete%‘fb@tng?? ?ﬂ?rggg%p% %é %%%ﬁ#%%l ng (|
e., the load bellfvﬁé@ﬁgtelﬂ@rﬁlamamdphmepmmecl eis supported al nost entirely

by padwafer contact) | oad i ported
partial |y by -pad Avc\é c%é}r@l%ﬁ%& ¥m§ efrlﬁeyprgsen%lp enggja %ﬁﬁugrgsur e
on the slurry Hé@v@emaﬂhnecmmdal@ﬂummimaomaﬁﬁuﬁacemfdnfaiﬁalmﬂiam ng (i.e., the

loaa 1o sumpor skl by d el | L Laver oL sk bt veer
cf)nbl nation of dlmr:gdaeldncbmmalmh(ﬂ&ﬁg Sehbend hélagz;.ae&@cf 1¢ mcﬁ]@m@@&:faﬁl?ﬁﬂ’m@i calh

pl anari zation: The -sluyrry nmay. t - any. sui t e for or exanpl e, may have
two or three se %ﬁé@@%ﬁ‘?@f%ﬁ?ﬂé%ﬂ’? #hdhe pofis gﬁ]ﬁgges mul tiple

sol i d phases or m xmaﬁmghemaér prﬁn@%@&ﬂeﬁe%fmetp&sbﬁt%we%n,aﬂﬁ/ or

sol i ds, espleom al | ¥_ ﬁ)presrfg %ase |iqujfied gases); such as a
“suspensi on, freicgfuec ‘iab%lﬁ‘iﬁr%FtEﬂﬁ‘ of psydacs of enaitidde Bieh &% nver se

i croemul $i on, ﬂs@m@@ﬁmcmtwasbmﬂchﬂé olishE padk B cABen &Uﬁe%ﬁﬁa olshigg sl urry
may be a Wat'eré;ln car pon dl oxi.de emul sion or m croenul sion W|th %he car bon

di oxi de option tepléing memhe e held thericle $‘4§§ﬂ@§ﬁhéﬁm@°% pihei n)

Such an enu| si %ﬁcﬁ&MMMEQBWh&E@ﬁ%Bﬁ%ﬁ?' ve particles

‘'suspended as a separate third phase therein.- bé under st ood by those

of ‘skill in the art *”‘fﬁ’ﬁhﬁ’ft%c@é@ﬂfﬁﬁﬁweﬁ%@%ﬁsﬁC%Pﬁlﬁémﬁpbla‘vat us, siurries

and et hods) sdeseiipheds: f(@)ra%!ra@w@ﬁéfuaéé ?@I ﬁBﬁJié@o'}ﬂm@ﬁ% %&%@a i of an
prefe

article (e.g.; a Sem conductor usi-ng one - or rably
all, of the fol9PHMRaNY: %ew@aﬁabbfrﬁne@@ant@aoaﬁrom@pe@u m@pwo@semt@s abr asi ves
that are dri venyaafPesd s | from
the article surfeg%?;by {C?ans e%é%&s?%?%gﬁ‘ﬁﬁ %rai%%igar%eg% %Arg be
del i ver ed t hr ougFeiehly ligpideaber dietide) (agelatdtast 26/0rG0 mmyntldp' el gin)i ded |n or on
the pad (whether as ;28849 dbVE bl re of the .
sel ected pad base materi al )15e e&g%@gﬁ%ﬁh&hﬁ%@% ?hsgﬁgo&rrﬁ’e
abr asi ve pa?rotl emprigipe: r@\ﬁbr@gwapgade%(nd/;&omtlh@ Zﬁrpbrcclhtéayr\mw); b eteiganbne
.anot her., provi #8mfd. hs f these.
. Pol i shing and’ g}zg%arl zaﬁgoﬁ(r? Fr‘témé’ﬁ’wggé gﬁ’{]arl%e\%@gd%ﬂ%%%ﬁ%&?ﬁg ion, i.e
~ selected 25° actW%tkh@dﬁ%ame@mmbiﬁwmﬁn@geﬂmtp@@omeﬁ)specdaeu"hycal I y :
at tack some or V@é%ht f the article's surface. The active chenical conponents -
may take the formiof a l'iquid, solid and/or gas and may.be provided is the
slurry, the atnosphébisctsaithe prestrh evpmtivn Wil be eaetiatedsipethbdeiof addingryi skilend - t hat

all ‘patent f . ef erLenc herein in .
‘their enti r%ﬁy%%%ﬁéggﬁggﬁ%%ﬁgﬁgggﬁ g%gﬁp e #E}P &) anari zed
by the rmethods Eufbm:hkrenpWémhrfbﬂam\smhtdemmpumﬂﬁﬂmme:sﬁrﬂlwﬁhmﬁ‘ﬂfe lﬁé%&’ﬂtCeS or
wafers (e:g., g production integrated circuits). In general:

seni conduct or s Tht e provi-des support for subsequent  5°SEP 2003 Iayers :
of the.sem'conductor device or ‘wafer. .The substrate may be forned of any

suitabl e material known to the _skilled arti i ncluding silicon, silicon
oxi de, gallium arsenide; etc. %—MFMM’B WHEEh a a.l ayer of silicon
di oxi de (SiamR), is wsgaabhsafsenamacms&mnwaﬁﬁ aifafiis oR 1M Ee\ﬁéﬂt&ﬁfbﬁﬁe I.ncl udes

trenches etched, ] Er . A layer_such as a conductl ng meta Iayer such as

copper may ‘be BRios s eﬁ%beé’%ﬁqaﬁ'&?é oyt witha 1qtgtingad ibinleapestIe n t he

trenches, in. aegerdance W th known techni ques. Typically, numerous 1Cs are -

formed on the waf er in parallel. After processing (including CMP as

described herein).is finished, the wafer is-diced to separate the

integrated cirtcuits to i ndi vi-dual chlps, The -chi ps are then packaged,

resulting in a 10 final product that is used in, for exanple, computer.

systens, cell.ular phones, personal dlgital assi stants (PDAs), and ot her

el ectronic products. Any of a variety of particular materials may be

- exposed on the surface of the article or substrate fof planarization. Thus
'suitable materials that nmay be polished or planarized by the nethods of the

present i nvention include; but are not limted to, 15 netals (e.g., AL; Cu,

e —— —— N N g .~ 7= ~ I B A A I B o



Thus in certain particular enbodi ments of the i nventi,dn, t he sur,fraceﬂtq' 1139
pl anari zed conprises a group |1l through group VIII netal such as V," N,

Cu, W Ta, Al, Au, silver, platinum palladium etc. ‘In particular
~enbodi nents of the present invention, the surface of the substrate 25 or
article to be planarized conprises copper, such as in a damascene or

dual damascene copper device, In further enbodi nents of the present

i nvention, the surface of the article. conprises a |layer or sections of a

| ayer that have been oxi di zed, such as with a plasma. 30 , 2: Carbon

di oxi de - CVP -pol i shi @ﬂbﬂﬁs"aﬁhez@ﬁ&ﬁﬂxﬁk&ﬁﬁdhﬁlmﬂh&rme eﬁbdsdmiartbﬁann processes

according to the rese i.nventio :as bed her a car

di oxi de- based Pgt'hf‘ HGS?P ‘@%&iﬁafnﬂ?aé’rzaﬁ%dgﬁ beipgicagy rOF"yw’)thl s
enpl oyed. The (Iﬂxehﬁ&ﬁdmfahybdlﬁhmﬂﬁﬂalpﬁsm@es@gr sion or slurry in C02,
cosol vent nodified or, surfact arhtl modi f i e?@Y%JZ Preferably, the

C02- based slurry is Yagures isggsherpgs tysitaionafe FVSE?FH%‘F‘EFFIWW"}}‘*H@?%% 02,
and nore prefer@anyion;i n | iquid CO2: " The CO2based slurry will typically

i nclude various other CWVP enabling .or facilitating conponent s. As noted

above, a CMP pol i shiligrefis & srhengicdlnsptionniiafddR sustsrpaccudng 0 4 fosthes, a .

sol vent, ‘and (Oﬁﬂd&ﬁ@n{yf@yﬁreﬁﬁ%@&ﬁgﬁy) an etchant. Each of these 5
i ngredi ent s, along w th other common additional ingredients, is discussed

_in greater det ai | béilﬁwesm%m@twpﬁvs@amne@aCﬁﬁ%sxswcc?;dmgrm%mhas used

herei n i ncl udes.AYAr588L %oﬂ%@d conbi nati ons of particles,. as
wel | as aggl onerates an ot r so y ‘mechani cal |y i nterwoven conbi nati ons

- of particiedd To actiigwe 6sus schenainillystation of 2 XIMP eitsteshioerding thofrther

del eterious. scrgfg r&hﬁ%’c&‘f&%f&%eﬁ?@r&% uctor wafer, the abrasive particles

preferably have a nean par l.amet'er of from about 10 nanoneters to
about 800 '‘nanoneters, and nore preferably a mean particle dianeter of from.
about 10 nanometers to aqgel&ﬂe%qpesc Oorir:lec;[f?ﬁesl’r P}Fed thBodishEnds > typically
included in the slurry |mmrmm-ngﬁ%m%ﬁvu§—‘¥w 3 to about 7 or
20 percent by wei ghtThe"ﬁraseﬂt&waﬂuroamowemﬁaeﬁesch‘wmyﬁhhld!esqaﬂersmh in the
slurry vmth [ nts.and/ or rheolo |f er cussed._.bel ow. The
abr asi ve par%l cﬁegege ﬁ%f/ e 1 Or N "émlgrom a%?yﬁ%ﬁmn% fl% ?rd;etné o en% ﬁg]leudl ng, but
not limted to, msenitmnare(shm (Ttlis theyebBdrhmay, hewevet, be embaid! mﬁiahp&lﬁienﬁl i ca)

abr 251 ves are CERRRsboR A0 TR OB BLE G Ebe sbod BuRRT RAMER cor o

abrasi ves whi chrathehithesd ensbodivesmiscand privaidédsopthai ties diycloamye it be siecbugh asb e

appl | cat fons wheredeshi ot uhicone, el TPRL mrble,APhSI MG RELLE e5 are

‘consi sting 26 aLﬂmhmbermfeu-azlﬂ@&tdmmahmﬁg'hbhﬂ:a titanic; zirconia, and

Gomprise i co part i ciiagsist il BRG g heee by PR SR SRS S5 Y,
di oxi de enul si ofiegfatedicirtBI0sS iesMdin, fod eyaniple nipfioky Iﬂs@ﬁch(:ﬁ réhdom@t@ad ed by
rapi d expanS| on_of ercritjc: vent,  or "RESS").

or, of .a s
e hant a2 o Bt Ea ey ref Do B et SEFRIdes at
N eﬁ;t one act:cng_Ao !Msr(BBRhLAMs)cme %.Eéﬁfcrxﬁéoﬂher@ﬁeswc@cfuﬁb@d&hasﬁr a].l
conbi nati on etc ant materi a af_chemc y
renoves fat %‘? i a"I‘PPPFB(S‘HPfI??é&té’ZG*? @&gﬁ@cwe@ﬁwpoé}c W@ﬁ‘i(&%]’?‘{} ‘#% States
the renoval . -of @@érqu @én&:ft@@tct he sem conduct or wafer by physical neans (;.

pO|IShI ng with'the abr asi ve partlcles) |.n. s?rre -enbodi_ ment’s, the

etchant is an oxi di Zi35AvaGARmAY bedisegtp rfo% dh aligsfieciesnt or
etchants are genghdiol mbhitEbi A8k tredBh RBRL pﬂﬁrsxﬁcro%rﬂlﬁs Qﬂmtoﬂsﬂ‘ts aﬁ 1to 10,
20, 50 or 70 percent by weight of the sl urry cqnposi ti on, qlfzen i ng upon

the particular %?Il@%ﬁdé%@gﬁ%mﬁ@ ahaﬁmﬁé@mmnmﬁéﬁmwqup

aggr essi venggs Hirsa]lE cgﬂgsr]yg ded in the

slurry in gggeogl SO 9 %?)?%&d\}@e I ncl ud %%fn soaPﬂ% orm the

etchants are prE‘P@PEm ﬁhﬁprep@thawc,&it@smamdmhawdaoPﬂé@ﬂmphmhlthﬂd@l@mnet er of .

from 10 to 300 ﬁ%f% &ﬂq{{?&%ﬁ ﬂ%@semild&ra&%eﬂéeo‘fd{?ﬁ gﬁkﬂcé’n%r? fr(lanm and/ or -
s i SRRV T

-through t he pad SO0 be present In
in liquid or gayemm,ftbc ﬁ}@tdf&eqt@hﬂrﬂx&nmwbmlmﬁtmrmigswhhe in the

10 carbon di oxi ol vent @E e cosolvents. as
-descri bed bel ow %)% %x P%nseg%fls%? ?%ﬁscm |S ﬁ%’e 'but are not

linmted to the follomnng (A) Acids, |nclud|ng or-gani ¢ and i norgani ¢ acids
“such as acetic acid, nitric acid, perchloric acid, and carboxylic acid
conpounds such as lactic acid and | act ates, 15 malic acid and nal ates,
tartaric acid and tartrates, gluconic acid and gluconates; citric acid and
C|trates ortho di - and pon hydroxyben20|c aC|ds and aC|d salts phthallc

I o o, .

en i ncluded .



(B) Bases typi cal | y hydr oxi des such ‘as -anmoni um hydr oxi de pot, asg um 20 -
hydr oxi de and sodi um hydr oxi de (bases are | ess preferred when carbén2003
dioxide is a major ingredient in the slurry due .to acid-base interactions

- and reactions). (C) Fluorides, such as potassium fluoride, hydr ogen
fluoride, -etc, (D) Inorganic or organic per-conpounds, (i. e., conpounds
containing at |east one peroxy group (-0 0-) or .a conmpound cont ai ning an
element in its highest 25 oxidation stage, such as hydrogen peroxide (H2Q2)
and its adducts such, §S urea hydrogen per oxi de and percarbonates, organic
“peroxi des such as benz®By® |aélésedd@ﬂﬁ@@e¢réHafell‘febnldprefezzbbt@ehsep:erbcm de,
nmonoper sul f at es,didhi o o) npounds
cont ai ni ng an el enedr%swlﬁiséh%ggﬁgﬂgst o%%%ﬁ%?g%ee%‘%@%o gllge not
limted to peri Gafecvhses @bﬂpéwti@da‘-t@esai thssluxpjeq:dmmmcn,alm aﬂ;boﬂﬁmﬁﬁ’retﬁsr omate -

salts, perchlori ; r|c acid, ,and perbprate
salts and perman:E0 arﬁgltefeésabaéx@& ﬁgmo(ﬁ cgér%n Iup‘l'?alrg cor%%’ﬁﬁar ]Pﬂlg gﬁgs Cf%
el ect rocheni @al ¢ E)ttheeﬂarhoeqwdemmbte prafierkblgle chtipreaeiqod of su rE:@tﬂ:aI 0

onpoungs Suoh TS dBRHOARIEhe JOERLER P Gl T Bl %é”tuswam

"~ 6,068,787 to Gr@mméybema&dmthEoSSEEnﬂQﬁcBm(cEier@jgrﬂadﬁis?as@IsoQé%l:ﬁltbeﬁ';ﬁ‘g agent s
such as oxone, ?e%t dﬁegli etc. Additional exanples, of etchants

‘include, but ar SF o7 &1 to ammoni um chl ori de; ammoniumnitrate,

~ copper (In nitrate, ﬁbd;naes&r’ummdicﬁtctef’@s/@ﬂm@eo ;b?%!\x%sc&bbhﬁfﬁiﬁﬁfdé thtlb.‘ﬁﬂér%e 3
i.shing slurry nay

benzotri azol 1% et?c] %ﬁ | at aI ts, The @gl

optionally. dnt &P prgssﬁlﬁrc *ﬁ/ ?ttib‘i/ﬂ?%tyd%@?v? cffiral dinsigatiypicelly on of
certain materi alﬂ&rﬁmhura@reﬁmwm be 368 thal 190@bé£a§dtﬂ°%sa§ﬂ£&9tenﬁ>e&%§t§ to
Watts of al. rb%ﬁ%tlhatf S Its include citrate salts such as”one or nore of
anmoni um ci trat PsSium citrate. An optional triazole conpound such

as 1,2,4-triazole mi%t@\h@ ek ASded Heid BRrSth 'dE:st chrforfdipxilidlat3 &%@%ﬁo unt b_y

wei ght of from 0.Q, percent) to i nprove -pl anari zation of. rials

'such as copper. ‘&5 ]Eﬂ% (HLE) copmsidtions/Hi. g dharesin p as-Hquid inerfaes), ipgediopal |y contain
“one or mrelsosabmmcor@m%gﬁ 14 Bty JZBY cggnd&&ggoﬁ%gp&g %]gt cP” wi th the
pr 0

car bon di oxi de gplvené i-nclude bot.h polar and ‘non- po C an aprotic
sol vents, such il o 308 raigg or.gani c . co-sol vents. ‘The organi ¢ co-sol vent

is, in gener'al La hyi@msggamqgﬁw%g%xﬁ;ygg&g{old&gnmgﬁ)dﬁ% %fqﬂ S an

alkane al cohol or et her- co-sal ven
~ cyclic al kanes, T8¥ CORET stherrcopstiesnts) thehid Dresserizedesboydthe ¥BE c(:mﬂmcirerbahhy
saturated) curr lov: 1Ry kLl h t be a _m xture of
conpounds, - zgch@%@n xtureg:'rsbglgcad- &eg E%ﬁn%g%&g%g% m" AP of one
or 20 nore &PkafeRpresdigidiCoharithan rermetd Suid suth ﬁs\h‘mmmgas, ﬁﬁhmnghs;ﬁd;tﬁcﬂs , _
(e.g., fromoO. Okvafdr, k)0 5% of . a d to Cl5 al cohol such as isopropyl al cohol . -
(i ncluding diols; tr| oI s, etc.)) different fromthe organic co-solvent my"-
be included with t he S@Pg@rﬁlcél cetbop idicivte” refexatvpienss cafbos diokilb keconditiog vent s-
i ncl ude, but ar %o%"thec q?d&ncﬁft]!’phat' c and 25 aromatic hydrocarbons,
_and esters and ethers ereo parti‘cul arly nono and di-esters and et hers
(e - EXXON | SOPAR ‘iNean SEPAttionl catBERARIY” refoXONEO6EBon doXehiBn 2000,
CO\IDEA VI STAs LP, @%@ T, A: 2 cycl ohexanone, and di net hyl
succi nat e), ﬁ\%lltéi/oﬂﬂgér?id Ia Fytgc%’ga%g%usalﬁ g., dinethyl carbonate,
di btityl carbonate, “(Et‘hemwﬂdﬂgdhaxﬁcawtdnamﬂ@,” (emlaemdﬁ&éheﬁais% a%ﬂagles§0 .

pr opyl ene car bo | k ene and aI |l cyl ene cols, and et ers and.
- esters thereof { ﬂm%t %}Jas ﬁ%r"%acﬂf@? 34ed by _
gl y(r:]o: n- Eutyl dtemasartdpn&nhgnhdahﬁr®kynmk CNE’tdayzlsedaefteid %cﬂtiéé:rﬂaf! el gl yrol
met hyl et her e an i propyl ene g yco
mothyl ot hex. acBPRR Stk dEShet Goodped R S o Bianerizec :
(epsi gl on) capr otvaltama:edmeu:tnmtteéstﬁa&qsmlsas&eéﬁhd %&@2&9' S. and diols
(e.g., 2 5 SEP Zoqgﬁgr%ﬁ%n - met hyl - 2- pr.opanol f met hoxy- 2- pr opanol ,
1-octanol, 2-ethyl WEF%F@WWCﬂbE@@ﬂ@Mﬁ&WBE@OMt anedi ol |
2- met hyl - 2, 4- pem&em%ﬁsﬁ&ngﬂt%%ﬁﬁraﬂﬁ Bd ﬁl%ﬂ&ﬁnﬂﬁ%& directly contac

exarrelyh JI:latmﬁoxane)

decanet hyl tet ra decanet ent'asi | oxane
etc. 5 Aédl ti oné %%ﬁ&m@ﬂaﬁm&ﬁg ewmbd@mlosten@eb'én’ead-such as
| i nbnene, vegetaﬁ‘elecogﬁglt IS%-%EF'} c&ic%gsdtlgﬁgg§%g%/su ﬁ‘fﬂ?&pﬂgﬁk%%gdde“ vatives

of vegetable oils such as soyat €; I"ogena S (e.g.
hydr ochl or of | uor ocar bons, perfluorocarbons brom nat ed  al kanes, ‘and -

chl orof | uorocarbons) and al kenes,- , al cohol s; ketones and et hers. ‘The _
cosol vent may be a bi odegradabl e_cosol vent such as 10 ARI-VASOLTM carri er
fluid (avail able from Uni gema, WI m ngton, Del aware USA, a subsidiary of
ICI) letures of the above co- soIvents may be used Slurrles used her ei n

- o . L - P




20 included in the slurry in any suitable amunt (s. g., 0 001 (5 GE” bu}{’:l

~ 0.1to 1, 5 10 or 20 percent. by weight or nore) depending upon the
“particular material being planarized and the intended use of the article
being planarized. In general, chelating agents and counter-ions ate

nmono- coor di nati ng or poly-coordi nati ng conpounds -t hat contain one or nore.

‘oxygen, .nitrogen, phosphor.ous and/ or sul fur coordinating atoms. In certain
25 enmbodi nents the chel at i ng agent nay_itsel f' be a solvent. or co-sol vent.
Dependi ng upon the enbodi nent of the invention, the chelati ng. age_nt my . -
itsel f be sol ublmfen'commtlaﬂdlpﬂna}mwlﬁmdﬁigaam{cq:&es@ﬁreaﬂitﬂeabi:@ befetithe Al agent s

. or counter-ions inglud but .ar e, not ted to, crown ethers, porphyrins
and por phyri ni.c aﬁé@} %33%9 8‘5& ﬂ‘f‘lg'ﬁ’}aﬁ‘ﬁﬁ&‘reo%lﬁﬁl is FHPROTtRA T8iEALY B SPBTIOBY A,

bor on- contai ni n@mm&mﬁwg@m@% dwﬁﬁv@}*@) Exanpl es ‘are given in U'S,

patent No. 5,770,085 t‘Q he chel ati ng agent may conprise a

chel ating grotp coupted™d P%‘ieam e%@%é%?#%%&%?@%ﬁméﬁﬁg@@%mﬂ ic :

group.  Suitalfl e sOiRniFhs dsk & 2bR8

descri bed herein., Suitable %)%%éﬂﬁzéégﬁﬁirldémﬁl venatlgnazaigm%yat eﬁt %OWS 641, 887 -

to Beckman et als® opn gor pamp tm%havﬁhﬁW@@%SWammml@mgamlhpleS SEP

2003 -13. (PCT Waqewan@éegm H%d eglfm%&e% e@&feﬁg EM% ¢l ating
agent conprises: a poly ? uc a uoropo oxane ol'yner)
havi ng. bound théﬂ%bswdﬁsuewwaﬂst merdmd@sses Iqehrm:eﬁtall gasasir, Sa:hrﬂEB&kSp@lSEb)l Wi th

‘the ligand pref jS b&ﬂﬂg %.F?En.rs J ocations
al ong the chain Iéng t %%J&gén%l (%Hé ?e:ﬁ g%’ P e 15%&% IBH% “%re not '
linited to; ¥03- deréme h@nfhﬁrmfsghahl@peghhmiphcmaiees}wWﬂhmwmeramamonal kyl and
Py oxyoxi o, o e Atk REL e B b R e BiRiaf 5 1
8- hydr nyqu![ nf)I |Snb'entgi>c®hqumdmts theldiml Suclaartnm;ll $10n30raﬁjcﬂbeﬂn}[1m.ﬁdiliyt e'é C: LI k1 n
general, netal . pakd al _ions not. chel ate i ke
10 nost parti cl es, étr%elgé%é}%%o ﬁ%@ﬁls%uﬁ?nqeé?saab?@?r itFesed with
surfactants, such as Aﬁsunlﬂ he:ma]mss;odb)sthmdm'dkmeﬁ thienart ﬁ%ncithe H@b@ﬁoﬁ hérein,

coordinatio o] Lesent I net al pically an ion)
attached 1o Hn CrolREE BRSO R B R RPE Fri are ek a PRI o & |
non- met-al at ons plamanhagsﬁmmrtiml(eguhma'diﬂu&mwfashsﬁé ot hicgd, &l MBY .
represent billi t ns tha cannot .he chel ated un t he each 15
at gm i s oxidi ze%p&?r%lﬁ%g‘i g&?afl T é’ ey ‘E)?Fe%ﬁﬁ bEESIVE t akes -
pl ace in envi rorﬂmmm&macmsmem&eé birbd hmclswmrobe HARribGdahe &ficend
di ssol ution pr 0GE ed out the solvent,

Love
~carrier .or wash ec?yt%ﬁf?a???% gﬁ?éér%‘g"és eist“?efé(‘ri’?r llt“f?‘aefi% Bhel ation

~work (such &9  welteted ﬂmddshfry ﬁfﬁiy&ﬁ@ﬁ&ﬂd\dﬂﬁi@:theﬁﬁi@%&er Btk haditVRtéthe -
particle renoval gan be .f.aci tateg adgﬂ z) philic , 20
surfactants that’ ﬁ{aesraﬁd?hﬁﬁu atWEtD "rbeéﬂ?ct"? ad basgdpatsrial)- J?le¥e§*P6’i‘1§B‘F%
interstatic attmaythedmpiet weetihdyepaitiles Batovink@Phd ehdisHeS SidddiagvPOr ti on
of the surfactant. This interaction Cléel ps.di sperse and suspend the particle

in the fluid ned? 0 &8 Pmﬁ@?gﬂﬂﬂ?”r t#e(ﬂ“h‘yfll-‘%ﬁé‘r Repbiagiopaftiibeessol ved NH3

to conpl ex the Cofiiig indphnaieidd16iyRdhbe GEORBRE by Chathbhiiabion, {OTsei%aIP! € by
addi ng- NH4 and/or ' 25 NHANO3 to the slurry urfactants. Surfactants -

that may. be 1Used°TYf DrECH TRt Herdit %ﬁ%ﬁ@&‘ﬁé‘#ﬁ%%@)’@ﬁ% S@Bm?rzﬂurpfa :

CO2-phi | i ¢ grouphd 286164 aihady, | The btive Bheblbdl bfipddeniaRb t&éa}ef&&ﬂ&*
and/ or those that]ééio not contain a CO2-philic group”( en

or wash cont ai n$® W%&FS\F@HF‘&YS?PYBB‘Q@WB%W ﬂierﬁhw}lere Edémﬂl@a@dare given
in U.S. 30 Patent NO Ap Glggg% 15&5@&]& t contain a
-Coz- phl lic group may cghn%?tlgse tﬁ%t group cag\t? ?{eﬁnrfﬁglgné%&tgmﬁﬁ@ '
hydr ophi | i ¢ gr odfiforReratedyisniercnes hyreinip theprentisth a hydr ophilic group and a
i pophilic gooup. Surfactants may be enployed individoally or in

conbi nation: In general, the amount of surfactant or . .5 SEP 2003
surfactants i ncllud%ﬁcl&hfﬂafﬂ\&’;pom tion (planarizing or vvash) is fromabout

.0.01, 0.1 or 1 perce t 0, abou 2 ercent -by wei ght.
Surfactants that con?‘%t1 gXta cfer&ja&b ]ﬁf‘?ﬂfﬁa%ﬁlﬁl%ﬁhﬁdﬁ gthE%?EBphl lic or -
| i pophilic gr oup;m@n@orkslmhnas saﬁdhd:n&ucmmdéw&‘saﬂwh.&s (agr b pothidiag inbiptagedt hat

may be used 5 i esent. i-nventjon-inc t are limted to those
are given in U .E%%'%tga?\%al ?%%n%@r? “f% Hﬁﬁ@s%‘_@g{]"”‘@%“e@atent No.
5,789,505 to Wllcinson et al., U.S. Patent No. 5,683,473 to Jureller et
al., US. Patent No. 5,683,977 to Jureller et al.; US: Patent No.

5,676,705 to Jureller et al. Exanpl es of suitable CO2-philic groups i ncl ude-
fl uorine-containing polynmers or segnments, siloxane-containing polyners or
10 segrrents pon (et her - car bonat e) cont al n| ng poI ymers.or segrrents

.. Ty e . A

e carrler




““nitrolotriaceti

30 al kyl'benzenes, ami ne acetates,  anmi.ne oxi des, amnes sulfonated nes
and am des, betai ne derivatives, block polyners carboxylatediéiéoﬁ@
al | cyl phenol et hoxyl ates, carboxylic acids and fatty acids, diphenyl
sul fonate derivatives, ethoxyl ated al cohols, ethoxylated aIIcyIphenoIs
et hoxyl at ed am nes and/or am des; ethoxylated fatty acids, ethoxyl ated
fatty esters and oils, fatty esters, fluorocarbon-based surfactants
gl ycer ol - 5 SEP 2003 -15 esters, glygol esters, hetoeyclic-type
products, imdazolines and im dazoline derrvatrves i set hi onat es,
| anol i n- based déﬂYBNafihVMCdmﬂﬁl:thaﬂ’malﬁﬁIwbﬁﬂl Thé substend mag be/ﬁﬁmeddfgﬂj n and
Irgnrn derrvratrve cc anhydrrg’§l Jret hyl esters

g 5

monogl yceri-des an&ﬁ&é‘f‘r%?‘i?ﬂlflt?&@fs ?&Falno’ﬁ FFs SiHSaneRises

phosphor ous 5 oaxgaﬂa‘tecetdean\ﬂﬁmaﬂ@glaymhaﬁshﬂﬁfl@fﬂicbﬁ@Io%;del@Sle}T%rdsEal '
lic acid, and.acryl am de) surfactants, propox Iated

I h d
. Lt howyl At ed PR 1 e PG RO TR TopAeR o asd Bece Friaes

surfactants, 5quas £eoddcfing St BGEANLSas SATE BYY B@dé]o%ﬁt'te\iaotntovtﬁésurﬁbé AfGgne- based
surfactants, soaps, sorbrtan derivatives, sucrose and glucose esters and

derivatives, sufFUpdng layermdhe irenvhese & aseoréanpe With §ngven teghnigtiesis, sul fates and,
sul'f onat es |0 et hox R?SQII I tes of
et hoxylated al cghal Ist Escﬁlﬂ%r aIuészéIogII $onit Jﬂg%&fgI r?gatggl(s) A&Ierg%ésgi e, .

tiy esters ene,
cunene, t ol uene(iasierisg CdRes dessribasrherciny infinisheddbnwelr nai@adtwedcpams the

sul f onat es of d su|°?’ggtstt5?gﬁ§ﬂa?aﬂ %scméy%osu%g&a eﬁﬁ{ %@I}t haI L&ne and

al kyl- ‘napht hal ene, nat e petr eum cin
sul f osucci né?esﬁaﬁ&@rmtﬂheammeﬂsm, foa exxaatpiss corgphiter spsteinsyeeliuizn bhords menatal ves,

tr| decyl -and 154 rrent Eh 521@583&’I3$8@ e%trr?tg ??])duc tc: Rheol ogy nodifiers.

“In certain errbo ofié or nore ingredients that
al ter the theol ogy tzhlerd@fv,anamdfmmmnta&mhhﬁmaygareedptﬁadmmb@trfacﬂstrtﬁéise t he

viscosity there e asi v Cr above

al one as rheol OQEI:10150 BIJE&EF%E%PH%R/ %b@u%%utfi %%ﬁgﬁy%?%@%ﬁér

: rj heol ogydzg nodplhnweﬁMﬁm&o@@ﬂﬂm@wﬁﬂm&hﬂmhﬂu&%uﬁ@%mllmaamdmer] S as

- descri be 0 su ui 0 oxi de has a
vi scosity o I%ﬁ?ﬁg “g é‘IégtC“? %ﬁg#n@e%ﬁgg g‘ser‘a‘IIIEtIIf @?I’Iﬁgicﬂ%ﬁtcg of the

invention the stiglectyicntayg., 18604 BBSG;I.PSG,@QIyﬁ}@rshpShIQlQ qumpfoms a@b@gﬂs Bl Og

10, 000 or -even 000 ¢ er s ients. er

known pol i shi ngI’IﬁgJ %dIlIgPIﬁeégIFfé?c heh ﬁuﬁﬁrﬁ?%ﬁ\ét W@mﬁr in

: .lcorrbl nation i ntmateh&is m@h¢a$hnmrgs &btidsarl bﬁ&hﬁb@?ﬁﬁﬁc@&ﬁrabﬁésekﬂconfodﬂi@ﬂﬂét&ﬂ US: ve
ist is corrosi n itors ents, and stabilizers. Catalysts
to transfer el e@IbIIﬁnIsI g Ffbt ﬂeéI g‘ngg%cﬁﬁl‘ét%@a‘flﬁa@ iop ofe r (when _

“an oxidizer20s Mn@b@g@dm&Mdtéiﬁls?ﬁ@MlﬁQﬁ @sBN ey meyrveyak) of netal ) ; ' :

anal ogously to tran)s/%]&g eI ectroch a%%) curre t from,the oxidizer to t he

netal , may- be enpl o OWGP}SS thedgveRtonge srigrgde 187 to

Grunbi ne et al . planaerzaim geaggeatpmmh Vi RaeCienk e et c acid
(EDTA), N-hydrox Z\&h%i I esne dj.am netérhrcgacgr c aci du( AHEIjmj C@awefé’

?nun&lpéItI # P ReiSBhe-t ri ami nepent acefic acid (DPTA);
et hauol di gl yci nat e, Iﬁpﬁl-hhh& dréﬂé&me@@rot‘ﬂfébfé@edt HYeRidnOfhS shrBfel WEBe substrate
benzotri azogg 16 (BTA) and tolyl triazoles . Nuner ous
other slurr$’in r"’éttﬁeetr‘h§P§H@’z§@8?@?ﬂﬁé%cwqf4SuBIea%@a(ﬁamﬁscaWrdeﬂt to those
skilled in.the @aﬁasceaec@gmmgl oxi de-philic CWP polishing '

- slurries. (C2-phili lurries), 5 For certain processes according to the

“present invention a Wfﬁepﬁsﬁm@ﬁﬂ%ﬁ%}@ﬁdﬁa@phﬂh&m@rry
(hereinafter " QRuilslai1gyes biebNonk of § SRl r - -
nore sol vents ot her thalﬁyCOZ arOe toypIa %%‘%Fg@ée as tr eIIIssII;)1 a l?ﬂﬂgystem
Suitabl e sol vents include the sanme as 't hose descri bed above as co-sol vents
for the CO23pasedeglnidh c@ﬁ? 3 r y be nonaqueous,
nay 10 contai n m nor IarcII?S{?tdts ﬁ%:erfggr¥§sgaa 8 I\?gnI‘%f‘g , contain 0.1 to
. 2% by wei ght wat eFpr cagiainageelyes accqwdmgso ﬂnep{:;sentmnmnmsﬂe@hbéﬁ He2in3® or 90%

by wei ght  wat er | 0 ner ce tar n. processes
“according to thge prggIsoe(ﬁ bI%‘Fleve Bﬁh @E@@t%%‘aafﬁé 'LIE:\I? soasel Y Wi 1ic slurry
i ncl udi ng car bosmpieyssti Tee COb-biskdslpoy paRbSa ammfstmmwzmtavapl ymer s

pol yror & whi ch APATE PO e Bodaaf GbY Trbrerab b S tsSescprie 11 ui o

base (the solvent). In general, a carbon dioxide soluble polyner or-
Co2-philic polynmer is one with appreciable solubility in dense carbon -

di oxide (for _exanple, [c] > 0.1 w/v%. Such polynmers nay include, but are
not limted to, fluorine-containing polyners, siloxane-containing polyners,
pon (et her .20 car bonat e) cont ar n| ng poI yners, acet ate pol yrrers such as.

T T ] o, o . -




The planarizing steps of each of the processes described herein my & 2303 |

executed using any suitable CVP apparatus. According to certain preferred
- 5 stf' 1~~ ' enbodiments of the invention, apparatus as ,described bel ow
are used to acconplish the CMP steps: It will be appreciated fromthe =~
descri ptions of the processes that follow that certain features or aspects
of the apparatus as described bel ow may be omtted or- nodified: 5 According
to certain preferred enbodi nents, an_apgaratus 10 as shown in Figure 1
maybe used. The apparatus 10 enploys a fotating-CWMP pad 32 as discussed in

more det ai | bel disperditreorappayrintese 00, CRRIERef-ALR] BIBMICYLSERIc21 having a

door and port 2LB and defjning an.interior; e osed chanber 21 A therein.'
A vacuum punp o#’%E‘gam%%aﬁ%ﬂﬁi)“%e“ﬁPwﬂ&éﬁﬂ%%a@m fagiliatingom t he

pressure vessel c@fponkiits. OkSifited BoRS 6 TNPSALENE BerPHR&ILY ingRdeabmgsphere and -

prevent or reduce, scagg of C2 and the |ike;.- the pressure vessel 21 may be
provided with sBEHIE &St and GOptpnally buipsefeablihan giehents Egekiotiheser devi ces.

‘The pressur esvegagakicdd, diehy Wit ke WbeeGn Widifond! Ry Saiemm of dghts nd/ or
Q02 recycling and control nmeans. CO2 rrgy be col%%clt ed {?gd%ﬁﬁeh%%%t% r-1ocks
and recycl ed us ??@‘1 lc|'f3’hrrp; conpressor, heat or the'like. Such provisions
may be particularly ggaotaasriss tf {ovel Y. akgh. t: nd
~insertion and renoval of wafers is edtgrgfdgﬁ#l%ﬁé%ste%g%ﬁeﬁg%gg%g%%ﬁ di oxi de
i s maintai ned wAdfther fised gamshingtionsiof particdien, as walh of aggicdevitesemd Rthessofdlyi dl y

connected t0 a glpRh¥aR S | %_;}ﬁj - | £8:22 28 may be.a
pressure punmp, a conpr _suslor, Vggﬁogg'{ig%ﬁ{fé a falgf;degﬁ%gﬁé%%#f%%‘yemgﬁpar at us.
The transf ed?depelishing witheut dpletertnssciatehinig 0f te sdreic@iRctonwafer, e abesisel 21 vi a

a line 24-using i f ial,. re:-The | 24 issselectively
“cl oseabl e by mgﬁgcl%%ﬂr%f&éggéé@fﬁ Ea%}%fhgﬁ:a WA ertoﬁgrg%’taﬁﬁggﬂmon\’ﬁg?ﬁon_ t he
vessel 21 may akbout §08ciusesianendmormprefemblgiatiaan phrtigia sisnetaniol fbm @byt imc| ude

i nert gases such, | nALroge on_and.25 0 en. sol vent s -may
be provided in the E%%%%f%ﬁéﬂﬂg%?é}%%e%ﬁﬂ@dsWcﬁgnaﬁquolﬁg‘ﬁﬁlé?yas -
ot her gases. Opinzomalolntrargive fiassmiut Pdr e yban Moald padsh by esight, fihei ds t hat

ignifie. 9 i l'wble in. -b fluid h R
ot Ol 1ol o s ta il Y dhagriads £8 s et e e o) be

i ncl uded if desmodifiers Ascmbaitelowa substrate or wafer 25 (for exanple, -a
sem conductor wafer)-to, be 30 planari,z i §.securel) unt ed .0 carrier
26 such that the wafar ‘5o EP ?}%gafmyebe&?"?rﬁalﬁi‘?&l W%ﬁ%?ngﬁg‘g‘&‘g?&i er is
operativel y conbgabiiited ta sifiok (ncldding bdih Sined Siliop exddal6idkIGiE), el he

s ier 26 and th 5 in adirection.A A polishing platen 31 carrie
o bl i api o e ARl BoblafioRe HECH M SR Mo bl eqtar 11 S

count er ddi- r@et i ami iy bElueed)\ilbey ordid gaahingios. (TdraBragies Wigc@hitett dRemicalr ~ "~ ~
208 pad 32 is

referably substanti all I anar ., The. polishin ad 32 may be
formed of a foa{r%r’rg Pﬁ?ﬂe&:réﬁay &Hﬁ?ﬁ%@f%&@?ﬁﬂ%ﬁ@ﬁa es‘g?d- fipre e%fbgﬁm@%hrrpl g.

The pol i shing pthel aBasivepartivies ey foREEAVT afle@0bieTRftal fobd daBrasiGalstell BRI the
foamabl e or swell able .by the CO= of the CO2-based slurry; In this manner, -
the C02 may i npFSR"EH FMHE@%%W%P@E%%@%@%%H ng each
use cycle. A slieseyf. dupptath shbotiSnchtstthdlhyaske pRACEERa} SordiRe Y@ DaRkIeS ]
interior byzg I_{ene 7, Wjch.is selectively closeabl e by nmeans of a valve’
36. The end®df Yife TFRBCSFTE HEerHgmdan dis e souisiononsispuriiyodsninn t he
pol i shing pad 3e pAtiflésAE.3Y RBE DS RbidbkpdSich BPRGEI €0, bbbt gssal 2! by a
line 42. The pr egsure A0 sensor 41 is'operatively aSsociated wth a
pressure contr ofd&r: ontrolling a valve 44. The valve 44 can in turn

control the pressuregtphdnld, %Emﬁﬁ%gﬁﬁ%ﬁwﬁgﬂ?ﬁoy&%ﬁﬁés aPr.essur' e.._ B |

at a desired |evel by selectively releasing Vvapor e’ vessel 21 ,
“through a |ine %t ongpstiys hemisirg, commoantyl refapprhios s ctokant, lbecomiphatioenf ed i n any
of a vari et Yo of o/HRRRELS"RMEk: TRYn} BGRL T Known o the art,
“including 15 bu? not Iimted t%)éIl %%%ggggég%%ﬂ%g%&#%ﬁ%eémggﬁeﬁ?ﬁ% - :
5, 329, 732 t 0 Kaferuiqonducior wafer, or hegricabiytignilitatiothe ferfbivel (¥ haterial Pantheet al . or

U S. Patent No.8, ' | .. the. disc _of_whj ch |
incor'pgr gtn ed he?%f%@éf%?%gﬁeﬁ Eaﬁ%ﬁ?@% 8‘5&?&%}3“‘5%@ %%S%f%i%{egnc?trjgés a

still 51. The simisbice Shbodimeénty; it ejchemrisweaixitzitpagetiie vessel 21 by a line 52;.

whi ch i-s cl oseabl e by neans of a valve 53. 20 The still 51 may be used to
col lect” used slurry fromthe vessel 21 Additional waste storage vessels
can be included upstreamof the still 51 if .desired, and the distillation"
process nmaybe carried out in a batch or continuous fashion. By distilling
‘the used slurry as described below, a concentrated waste 54 can be o
separated-fromthe carbaon dioxide 55 and recycl ed or di sposed of by any
sui t abl e. mreans. The carbon dioxide 25 collected fromthe distillation

o N 1 o . Y N 1 Y



pr;ng - 'S ~~r LPL CX2 is provided, the at rmspherl c O is sup&llgd to the
“vessel 21 by the C2 transfer deV| ce 22 fromthe C02 supply 2 ReZ8 ve
36 is operated to selectively deposit quantities of the sl urry 35A onto the
‘pad 32 al ongsi.de the wafer 25: Pref erably, the slurry 35A is deposited on -
the S 'pad 32 concurrently with the rotation of the pad 32 and he wafer 25.

- The slurry may be deposited on the pad 32 continuously, periodically or
only as needed. Rotation of the platen draws the slurry 35A into the
interface between the wafer 25 and the pad 32 to facilitate the chem cal
-mechani cal pl anari zaWhen pefert,Hie atehbgtror 26haniwe eardrAllgiintiuded infdl@mount of

pl anari zation p n_b. sui t.abl e 10, means, jncluding
but not Ilmtedlzfrt%%l dsgl g?q]%b@dgﬁ’?%y@me ye%?ﬂm@?thgswcwsﬁﬁn%rakara

et al. (el ectrodegmndmglupqnﬂmzepirhaﬂarlmﬂwceﬁﬁﬁ blanddizd arfdede n e 217, 586"
to Datta et al. (coul orretr or t or bat chem stry); . Patent No.
5,196, 353 to Saff ?FS’é’Fneéfo %’iaée’{cgff‘?gerature measurement) U. S Pat ent.
No. 5,245,528 to Yu Etchﬁiismé wmaﬁaea%@e@mﬁym ABAB S quicR dottd e, PRAENT  NO.
5,242,524 to beac 537 npedance det ectl on) C%m Oh&e vvaf er surface

25A is sufficiefe e‘éJB‘I ﬁ°§ﬂ§ﬂ%ﬁhﬁ Bﬁcﬁﬁﬁéﬁrﬁf?ﬁéfefﬁbb@nmﬂéksﬁmﬁﬁw emeared from the
carrier 25 and pﬁﬁc@ﬁmwr%fﬁ&ﬁ?z@koﬁo oi*@@o%&ﬁgl i, 2{519?1%3?#@9 Jﬁffﬁ%ﬁgéed The

~slurry is collecgted through the line-
relative positi SA% 35f/of teoughihenad. Toe eighgntmay %mbeaﬁesamtenélepabt'\@ﬂemr

'~ adjusted 20 t errent
adj uste O RHcRMEAR: 1fuf %ﬁ-{eb g)gmget cicha t %ﬁ#ﬁ&b@gﬁscﬁ; Agemen

pressure within a prescri b ran surtace 25A%and the
engagi ng (i A8l udAThep dipxirelpileant W@)Chsnﬁ?fﬂamyabt mﬁedqm:dolﬁéhts dldescpbagiscri bed
pressure shoul dy, ggwguffl cient to cause the pad 32 and the slurry 35A to
poli-sh the surface 25A during the process descri bed above. The preferred
' engagenent pressure BxamIplﬁeqﬁemublemchm intiade buiard sdt liadtedfo thé@liAdsingad 32,

pl'aten 51 and t he card AR KR SR RARE R AR R 0T 06 o
the pad 32, . t hecigpefchbeic 254, mﬂdarbdnqhshmdcgm@ﬁﬁds dﬂbﬁﬁﬂ&ﬁi@layidahmlahﬁ@s met hods
and amparatug deser heb BER Uil 6080 02 IBSRIS AL e OF
Vﬁssé'l_ atfa p(rj essilmifgme% eﬂhddleamd@blyd&ﬁfmybsﬁzﬁf e&swna43 acilVBilg, mﬁeaﬁbl Y |
at a pressure ol BeiiaLE Himttieeop 67aalcEs3BR 65 e bRerBIARY B n | nt or or
of the vessel |®umggsnetai ned at a t-enperature-of between about -53 C and 30

C -21) Wth refe e to FI an .apparat ys 60 according to further

embodi nents of the |an$§%?eisoW1Fa§1 g‘ﬁ%ﬁﬁd?w%%ﬁm%u%g P"é % BOBBWhel udes

el ement’s 7020 71hydfddde ahiBodidA, hy&dxidd (basez Sre 1&7@ pr&&red&ﬁlengéﬁen d6dddie 91, 92,

" direction E“ O

93, 94, 95, 101, 103:.104. d.105, corr on ing to elenents 20, 21, 21A,
21B, 22, 23, 24‘13%3‘% E’?%Q%%m%ﬁ Eée m*eg%tmaaandﬂ%ﬂ% 44, 45, 51,

.52, 53, 54 and 55, r(@b‘&mh&eéﬁwhasﬁotdsﬁ@nmﬁﬁd@hy&o flubhg, appar atus 60
errpl oys a.continuous ﬁﬁldl ess polishing belt 83 nounted on rollers 81,

82. The roller 81 is% c(?%fce"rﬁgga%icﬁﬁfcﬁppﬁwst@)er6‘%’3&1%0@’1@5??@11‘6@4&&%@@5’583 such

that. the upper omeaetoxgfordipg-drebtor pagin%;’ma goﬂﬂlﬂﬁg%meﬁgﬂﬁﬁiﬂé Iil%lﬁ:sfj' rection D
and the lo re &%Of t he pelt i nearl noved i n ount er

B Pue a%hwgiepm%ﬂ%’y)%éﬂ%@w@u@@ vsathe belt
‘pad 83. The app@dﬁg&ﬁpe@ﬂ@n@@dﬂaﬁgmno&mcL&bmxm%maﬂﬁg pbanar ze 2

surface 75A .of_the vvafoi he subsfrate or wafer 75 ?anarl zed is-
securel'y mount eRfT2cetnaqit &byt neroxidg, mersperswates: diperoulfices, azéscn@mnvabl e with

the Carrier 76, peRscdtBtogd of Qb ast mgéﬁaggzxgé&pgmgﬁk% Yoy [ 10 2

direction C. The notor drives the

directions D anﬂatemcgdaﬂowrmhmt@iﬁomqmcm @md,y:es&c}apﬁl Sﬁltﬁﬁerbmmheqmm ted from
the |ine 87spnt 7 the belt pad 83
e ariven. e BrifeRipls, PACAR SORRRIAE S pHBOR sl dPunon | P

proxi mate ; surid@ermgngetateswEkeupleEHE ndo-pir abmpoids thatamea tehtectoahtmpald 83 to

e eSS B b B Ml it "
-execut ed; nodi f ioériesa indiconcids apiesue (IVe dorhyb uhlﬁl@suﬁﬁ%ﬁoﬂﬂﬁ@éﬂ@ﬂﬁtr@t@ove with

espect Lo the 8 e wg@@&fva@w i JIEFor 00l 10 apparatus 10, 60,




..85A is fed through the platen 31 and the pad 32 or through t he, pl aten 88
and the pad 83. Preferably, the pads 32, 83 are substanti ally umfddrhfy
-~ porous. The slurry 35A, 25 85A may provi de a downward pressure against: the
pad 32, 83 to push the pad 32, 83 against the wafer 25, 75. The notors 27,
33, 77, 81A mmy be sel ected and nmounted i n various ways. For exanple, a
canned notor or a hydraulic (fluid driven) notor may be used and nounted
inside the pressure vessel 21, 71. Alternatively, a rragnetr c coupl ed notor
30 or a sealed shaft notor may be enpl o%gd and nount ed outsr de of the
pressure vessel 21, (&l oxidentsoraidizeshsbml swh af mxaneNGT, ri?e(mat etced met hods,

the wafer 25, 75 is i [ xrde Such a =

¢l eani ng step is par‘%‘?cg&?hgjrj?ﬁmgie}gffea%ﬂ%ggrﬁ?hdgfeug%p ucf’ glﬂm 85A is a
C02-phiiic slur phlon%mpmmnaﬂm eonpkOiR ditfato; pd’fiﬂemm?rncyamd@pdiassmﬁ : :

cl eani ng step (?e%_r fter ref eggtd to as a "C2 sol vent cleaning

~ apparatus" and in fice numeral 112 in Fi gures 3-6) nay be an
“appar at us- as5di scl oséai-bloﬂylhteSalthalthemhsﬁng)ﬂﬁmﬁh:aﬁoﬁtﬁnﬁl@&oﬁﬁﬂﬁa and

Car bonel |, the d| P . e hereby i ncor porated herein by
reference. The W& 7’%‘3%@? lg‘gbﬁfﬂﬂ’éf@a@"ﬁf’ ‘?“F&l%ﬁt?f@a?lsp‘}htsﬁaﬂ?f -erred

.fromthe carri eSeeZﬁg ‘trts tP@teﬁtha, 6/3SRBING VAR e Al BerboIRe S8 ARIAY BERP MaY be
executed in the es g 21, 71 or_a further pressure_ vessel. Preferably, the"

“atnosphere in t BRY Gfierre efamumonium RIS ERT ARSI Girsle- 048 oRtONYr eat er

than atnospheri ﬁua@él@%&ﬂﬁ&nd%bh@s PrafieiaR May él%%e%ﬁ&@?ﬁ@hﬁrs&rﬂirg %hfﬁaﬁl eaning
vessel is m%bnt ai ned_at  a_pressure of betwéen about 10-and psi g.

Preferably, P he™RmpY prightridrom ! ol Soarrmyioewswr plaaimiion imeatialst a
tenperature of. a@h\é@@d%, pabout - -53 C-and 30 C or between about 35 C and 100
C. Preferably, the Q2 solvent is provided in the cleaning operation as
dense CC2, and-nore pyselvenrtibThe Ch?mbmﬁfﬂmpmmn@nomm@‘m tical
CO2. The appar abdisiviRs. E%olRs HAF b %‘1,;}% us' for
recovering 15 the &)2 vap SW?om%ﬂﬁ%%es%%?}g%@gglﬂh% St enpty the
pressure vessel sqwint @muﬁgbqtheolpﬂ @dam-mlargprp‘n@mroﬁc SSucrttsabM agwates i ncl ude
conpr essor s, 5 CORGENSLESeo- @E@é Vs Each of -
the apparatus 10, 6 i%oc%?i%he% a orgagltﬁ)c?&?ﬂf’g?ug’ur ?é%fagg %%rgaert{’él#s(‘:%nay " be -
used in sequent sejvent. niipidelly teso-spivent oo dlkens alcplml oeetambeplveﬂttewﬁp@ﬁrtcat us
10, 60 20 may be gﬂgg et of
sel ect ed par amet glr{%g%n}%fguﬁwg'g&r{:}éﬁ Mc@ olgg’reZE?eré{,’aﬁc{begn%otp iid using
‘'t he sane appar afnnde@bly s@0orateid) hmtlﬂ}rteﬂ@wh dl" hetveganizfoersolvemt mayfbe apmmmn

Al ternatively, | ures may be
conduct ed usi ng a ?g%&;ent appar at u}gé#(or %nagh&%fbb? 011"19 ngsror%g %f and .
pol i shi ng pP®cethgresatkandh cAdigioagitcenippadasmek ey snefop motrénﬂcqholsr(sg; ﬁgn Bor '

procedure may b d C or | anar i zr.ng‘
P ooedure. For - hauns ¢EEEL o ERabB 35 SRR ARLRTR! B A8 U7
rotation or bel che)phﬁetente&mu the orghnic pqsdltentrm:abremntadedbathjﬁeokgaﬁt ther the
pl anari zi ng progs ‘d‘#‘%e or the polishing procedure may be conducted using a

slurry that i.s nertfier CO2-based nor CO2-philic, for exanple, a water-based
~slurry. 30 here di ffbtamptessfﬂntaﬁaleso-mf&ntzsmﬁtdepﬁsuteﬁ-niothﬁﬂet‘ﬁdwl@hatﬁlaﬂdO bot h

-procedures cl.g usi sIur he foa ility or
swel | abilil y.o%%fn%g %&9 a‘ti‘geé%“tat} EoHt r?@“% LTGRO 8¢5 bet ween
t he pad and t heangxdtiers (e\gr;mca\rtmmbtesomam Koblhd VKX eNEERo, he

Loncent rat on oG EE I KhE YR m sl PR A issh A o (e

state in the pl a;ra:ajhh e:(zjana@, aﬁﬁmemﬁm?c@awtﬁﬂkyghﬂ@:ﬂkﬂ%%ul gligesgag mglegl?ﬂduct gd

using a slurry that do ot .significantly .foamar swell the e pa

may be a conposPie® tguéﬁ aﬂq%rféfhgﬁrdécaﬂt?a eaertrfd'%lelcﬁ'?@%ate@fmdabr asi ve

~particles opot hprowéﬁcaﬂﬁﬂét@%m&lﬁga ﬁ@?ﬁlgﬁeﬁe%c@ﬁf andlgf}refsrg,gdggﬁ,s %@g@rr zing -
a

step, the harder pad body provides a re stiff backing for th

. abrasive particlé® latnﬁﬁ]tyctlﬁeb%reﬁlﬁa diethylene EWF@@'WF&@IS mrneylmfgbrcol

surface: Duri ngmletn fméﬁn n.ﬂﬁ% dyngt he -
softer (i. e., mrgaﬁraﬁé}%! % 1?%\%5 th ”%%?ésybvﬁeg{&@t&.ﬂ%r es to be
pushed back int @Pt%él%eady%mpthwtmatetatq)éaca@neaﬁq & gpamelbotyedacthpenot  engage
the wafer surfa h re. The
swel | abl e pad b%gﬁgﬁg%@%‘ﬁ?ﬁc d ](grl_%rﬁg%n ”%!8&%%?&2 Ml pSPBRIER 2 a1 of
the abrasive particles so that the surrounded abrasive particles do not
directly contact. the wafer: The apparatus 10, 60 may be nodified such that
the.wafers 25, 75 are not spun but rather are maintained in a static
position whi |'e bei ng operated on by the pad 32, 15 83. In addition to or in
pI ace of the pads 32 83 and/or the rotatron of the wafers 25, 75, the-
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20 appar at us and net hod may be pr ovi ded wherei n no novi ng parts,nag\e pr, ent-
(i. e., no pads are used.and the wafer is held stationary) or V\,heréfn § '
“wafer i's merely rotated w thout contacting any pad. The wafer nay be
sequentlally pl anari zed and polished as di scussed above by using different:
slurries, different slurry pressures and/or different slurry flow rates.

For exarrpl e, a first slurry having a relatively high 25 concentration of
abrasive particles may be used for the %anarl zi ng procedure, followed by
the use of a second slurry having a relatively |ower concentration of

abr asi ve -par ti clRPapels 2-pslyhaiiopkiolR-peibeaelipmparioh leotizol chﬂq’a‘@éxuﬁtﬂ or
direct nmetallic S Ies di.sl.odged from .
t he wafer by theﬂ@ia;ilE)l?ﬁéng‘ir"llgiz%%gj %a%%cﬁeggt?g'%&gﬁm%%g&g%ﬁﬁ Rﬁﬁt@’redmh 0 electric
field may be prd® Ydmbtﬁl}ﬂsﬂtJMesxégseﬂecaﬂqthyﬁéirasﬁmtan@ﬂacmleﬂay@nmgﬂdxaggeaﬂaay be

appl i ed through Q@mg i a negative ion particles fromthe wafer
surf ace. - t CP;I%BT?‘ ~%~. 5. Methods including CVWP using CX2-philic

slurry wt ho@t c02 praditndal cobbivents fchide DEST, enifrtrgiUilCtefhends aDasI¥adneAR 110A
according to err%gé L ENL f t he, %u sent |nvention i's shown therein. The
system 110A i ncl udies a Lash et a5 9AT SN Ser et fivegetatls allstshaly  of

t he CMP appar at uasm]eﬂ:yl @@atdew;mem&agm ? EpatbiHiGEnasodaReas, bed bel ow.

The system 110A a sol vent cleahi ng apparatus 112 as

di scussed- aboveF g‘tﬂs r%@é@ alkpnes, 6 ghleroliuprocabenshandcplispesar at us 112

The CWP appar at m&oﬂ&é}ket@@a@aﬂd thes Srﬂerc@mltehﬁm% PRDR; %H@ié%lvﬁﬁt éh%lézgt no
or .

CO2 suppl y/pr.ess mgomonent s (1. e., elenents
10 el enent sp“?o %%gnd"@ﬁ%l}d (Gailgp} elﬂOﬂﬂéﬁ!ﬁ@ﬁ%ﬁt’%m@gtoneDelawwﬁAm 51-55
or el enents 101-siRiadbeIay). qxhﬁﬁééofﬁteabwe%sédmmm%? %el 71 may be

e

included in the appar at us 10A A, nmay be replac a non-pressure
vessel or may.be om Pluges uged h@W@WWﬁQ@W&&MU@MV@mﬂe@ S%esﬂﬁﬁ _
di spensed {1 om ensdoniatyUORLYIR scribed
above. Prefer abI y, th 0023(5 9 [ic EFﬁ@rQ@°?@tﬂééf§%5§L Bl e

pol ymer slurry a@tea&mm %E@\Féemiphlecomyslteamfﬂ@@k@am ams:é’dmag of ol | ows.
Th f 2 7
e 2% o o aeds B by BERENIR 200 OA VA WEn, oo

C2-philic slurry wthout ‘a surrou g at nosp
| evel .. Mor e par PFEEH &Y Wright Watennr opves. tdependiog ummthﬂpamdula&@pltuaﬁ&ewﬂthd n the

e surroundl ng at nggphere does not exceed the proportion or anount of 20 CO2

inthe ambient air or reflecti've of common atrnospheric conditions. The
pl anari zed waf er 25, Chgating stgeeta Thasigfremepcbrtadn theirtiaagenad (Uﬁmmtﬁi i%asjl ng

apparatue 112 whehEiide fetkoanedolud CER.AIESAISLE UaLnd, 2, L2 ol caning

sol vent (preferably, Yo% gure 4, a
" CWP syst em 2RoBinstuded i thegelmrcymtm bietabl2 Bmewh Gelg. B 001S 003, atnowa 1t Jstetro@tm The

. CWP system 110B tus 10 B.corresppadi to-the .
appar atus 10A, %&Jﬂ#ﬂ%l %%E%rg %ﬁ?"t‘ﬁé"%‘f}?ﬁ)g TR % t hat

the CWP apparat a@@@gltens@ﬁsc sf tho asield hemgataﬁﬁmnlnpgeﬁérsumﬁblettﬁgagénts%&B with
the cl eani ng. appgy, I 6. t hods, i nc n philic
slurry with C&gprzcgg&fageﬁ% CoTE & rply- @5@‘?@3800%?%%8%9@@9%0 | |
a(r:]cor ding to fumlmne oaygm,dmn@en,sphoiphbhﬁs wdﬁ)‘éeﬁlﬁzlcweﬂbtﬂghtbzgs .S QWi Eere' n..

‘The system. 0 60C corresponding to the
apparatus 1 ¥ dérﬂgﬁt %%f%%g%% \ﬁ@é e aggixent or go~e§1§enbhpngegd1%g ung

_ grﬁr ef er abl ylaoéolbqntih@eqﬂmmmt of @b inpritioh,Ghe ch;la;ahg apeht mky Hseldbe solgﬂeﬁi urry).

e system es t. cl eani ng par at us .
“Preferably, the® %ﬁﬂ% %rﬁﬂp@f)%ozuéé% é}ﬁﬁﬂ%@eetst@am%gﬂwmtda@utm are
housed is a conmmnﬁtee@mm\e&ﬁfsajm Pl &9 pRRANic IRerRi@ssure vessel 114C
may substitute ig_r thpf}ﬂ'ﬁm%frgﬁ{l)g ungssel 21, 71 in the apparatus 10C,
- 60C. 5 Alternat yuligxide, EDTfHbprosrropiginingecompawnss seshas s ur e
vessel 114C30thBAm7PetapE@f@tég§m P0G, H&yntmcgaa@ogmvp&%?aure vessel 21,

71 and the ‘cleani ng gpparafus 112 may be housed in’a separate pressure
vessel . The CWP syst%c@l@@g#ﬁ?‘tﬂﬁY@@@msagChd&ﬁmoupﬂﬁepbtafoe(eg25 75 is .

pl anari zed by t MR ry in an -
10 atnosphere of o %@d%ﬁggoﬁéﬁ%@%pmg yzé)ﬁ? %ja{ﬁffs%%u%ﬁet he
transfer device stqlﬁbimqlmﬁwcﬁhﬁd@evw(Smtﬂﬂiea:ftﬂI@MIaIezgvhnvimUeS PRt 75 i S
~ then transferr t t eane |naCOZ'
at mospher e usi ﬁg" mm”’f"'efﬁaﬁg'g?%?%%? y%ﬁé‘%\rﬁw& ;Eg%%tg %&m%"ﬁle aj, .

cl eaning step and the cl eani ng apparatus 112 may be omtted fromthe
~af oredescri bed nethod and: the system 110C. '




7. Methods i'ncludi ng CWP using CO2-based slurry. Wth reference toSFggUre
6, a C\VP. system 110D according to further enbodi nents of the present
“invention is shown therein. The system 110D includes a CMP appar at us 10D,
60D corresponding to either of the CWP apparatus 10, 60 and 20 wherein the.
slurry 35A, 85A is a COR-based slurry as described above. The system 110D
al so.includes a CO2 sol vent cleaning apparatus |112. Preferably, the CW -
apparatus 10D, 60D and the CX2 cl eaning apparatus 112 are housed in a
common pressure vessel 114D as, shown.-¥he pressure vessel 114D may
‘substitute for (RIE[‘WCBII{EIE@I)VQ'&ﬁﬁhoBépreﬁireﬂmedfm%eﬁt{hﬂ&ﬁrfgtdg&tl()[) 60D..
"Alternatively, in lieu.of or jn 25 ddltlon to the c ressure vessel
114D, the CMP aﬁ%%ﬁ%éPR@B&f@%aﬁﬁ UPIARPIYIEF AT O’ﬁ%gé{m%r ’Saéf%étou@l 71 and

‘the cl eaning apﬂﬁfa@dyﬁgai&%aﬂaiﬁdmteHﬁﬁ@@a'n&ta@loﬁ?,%ﬂﬁh@l gsaurpyessel . The
CWP system 110D may be usEd as follows. The wafer IS planarized by

~the CWP appar at 8% dpysal ErpliRltyofiecsions gloag ehmbam tength UBeEoRt nosphere
of Q02 as di scussRMARMYR e, Wele %P&&megﬁo, rpsdltc%@a, gtm. Wi éﬁoe&oggcet he
eaned I a i

- cleaning apparatus 112 where it 1S C _ nosp sing a CO2 -
- ¢l eani ng sol venPhc(SphletPé@ékﬂl]Sb’lalaidrﬂqﬂhﬂ@hmxslalthlepho)aphmamd;nalIy, the co2 -

he. afor cdectr | EE3PARERRE S50 SLERNRE HABIAIALIS Hh BB LS | O

Post - CIVP C eani-pgerovyeie h&}hycwzefqmed:ﬂaypxeolglmmmo&;mmbx}&m Iagdd:@arﬂdaretcdl OXI de,

wat er,” and/ or- ot her L eani n descrii bed
above-is carried outﬂgggéaé} Tgtﬂt?gggleg Pp%cfsg%‘ts %?I 1?%59‘“5&8 °£g1 ieﬁtige of the
article bei 39 phesgmritzied. mmﬁwmncammbamddaﬁé&smb“atﬁsﬁﬂﬁmﬁtsmelﬁﬁs’olt edin
“the CWP pr ocess _as wetll as gl%&rgy ve ed in Eg Gess shou] d be .
removed to preve C@PS RS hgEme & léﬁc?r‘ﬁ fi‘éonccﬁ POFPISHEA Pt ti cl es.

Cl-eani ng may besxhglem&t&l s:umt(@'bicﬂiytﬁdbtnlamed tmlobgﬂrdtglgbnttby&brd&ﬂatﬁ ted to
nd 10" megacon; EHE BT RopciehiBrel = Chu e e Butc 467 PO no
: geSErl bgd in Uhﬁamaammreﬁtesenﬁbl&aﬁs &Q&t&?}l@m@%&dﬁ?ﬁﬁoﬂég on&Flate&’Vaﬁﬂﬂﬁewf ed, the

t t 1 ' -
ol anar | zat | & oF<R: BHCEKH UGE RSTHE) ShGORBR ROt RCRIRaP PR
r emai ni ng- on- then\&ﬂtbhﬁl&ﬁﬁﬂlatfch@km@ioaﬂﬁﬁd &Eﬂﬁ@xﬂﬁﬁbﬁnﬁ@ﬁb&&dn%r&éﬁf enapl y not.
more than about 1(‘1 01;? ns ent| nmeter2; for_the planarization 15
of copper (such™ i%ﬁ R 1Y gHE ® WLQWFWIé’@Fh@WQWE}HPW@ﬂS
resi dual  copper catifubed ﬂaﬁﬂﬂ@@&la’%ﬁ@foﬂ@ds&dh%l ﬁa’et&ﬂ aﬁﬂ&c@o&ﬁﬁnﬂg .

(or or_ 4 13 atoms/centlrreterZ

preferably not nore than o
~Addi tives that Hﬁﬁ%eaﬁmc @gm#teﬁ’é’v@lcé%t?ﬁ @‘h%atﬂd\}’éfr%e@%%@@oﬂbﬁhcare not
limted to,26urbatkant &a{ h&@dcﬂﬂitﬁ‘ﬁet%ai’tﬂﬁés%Ea%s&@ﬁ@rﬁélﬁteﬁta@%@éﬂoh' c
group), chelati F%\‘?’ ?gp[t{;' etc, 9, Separation stegh? ‘particul ar ‘advant age
of the present & stplpartigles/ciisiersfndie Rprioalef s suttapant sBeginteraghion; t he

C2 collected: i nelﬁmpgggmugﬂegd&w&wkﬁ@g folenln0f the CO2 sol vent may

be separated from contam nant's and waste (which may include toxic .25

i ngredients and di ff¢ft9ttPItCMBsl#ﬁﬁ&g@atqqs@apjapt%msatléedcwtammd@x@n) after
‘the planarizati edppbriQiess e SuBRR! fof 8lhRie §NRRE AR cess).
For. exanpl €, &g:; stillation ofcc}% cgr bOI’]OdI oXI de }J;%I vént or e tof)uent i's
carried out ﬁnd e@é-hﬁ’% €., a pressure greater than atnospheric-

pressure), the car b%r@ic@iﬁ%@@m@ﬁﬁnﬁm%@g}aé%{s‘ P%g&g@#g%&{oﬁe SepaL at ed trom

the other constituent ingredrents Iqui d

slurry is carri Bgsetiat contain 6 §iR:trbilis @rap (pasticudarlyforsa earier of wZbGhat corgBBepounds:
per_squar e | nChcong bitor e bl AHLooiieNCHl gtlht ta%tw %heattt%c g sturry
‘i's carried out undér cryogeni c con e Ure-of
about 10-F to OWP!;thtlth@ﬂaao-pmﬂWSm éoa@hotadoutamm Emrﬁﬂ@apesg:gpmml]sﬂ.u t abl e.

" The C2 naygal S n3 cont nts and waste
using filt I’g.tl Oﬁ&g:??\lo ? Iégren (a:]hr"?‘uﬁgcgasma% °8%‘\9tﬂc? 2p
centrifugation UEYammymbdmagmﬁhewﬂaﬂbgmmﬂgimatw&h@ﬁh&ghum&i@bﬂﬁhe present
~invention and i trued as lLim.ting th Al't hough a few

exenpl ary enbod% ﬁt%gcg‘t‘ ﬁz]c[“rgp ?ftﬁaé’ﬁ H@9@“@%@%e%%§@ﬁt%@ﬂy 5% hose
skilled in the enployddlitdividadybyinappbiaeiical ¢ bhital ORI TsLERtEnORS ar e
possible in the exenplary enbodi ments without materially. departing from
“the novel teachings and advantages of this invention. Accordingly, all such
nodifications are intended to be included within the scope of. this"
inventi-on as defined in the claims. Therefore, if is to be understood that
the foregoing is illustrative of the present 10 invention and is not to be
construed as limted to the specific enbodi nents disclosed, and that

nDdlflcatlons to the dlsclosed enbodlnents ‘as mell as ot her enbodi nent s,

b . Y b1




. ~epp ~(;~-3yv.,., THAT WHHCHIS CLAIMED IS: I, A rrethodern»—rtE@I
- chem cal nechani cal planarlzatlon of a surface of an-article, sai-d Einod
conprising the steps of: providing a polishing slurry including dense
catrbon dioxide; providing a polishing pad; and contacting the pollshlng pad
and the polishing slurry against the surface of the article to thereby
planarize the surface of the article. 2. The nethod according to-Cdaim1l
wherein said polishing slurry includes |iquid.carbon dioxide. 3. The nethod
according to Claim| wherein said polisking slurry i ncl udes at |east 20

- percent by wei glnﬂm&m&lbmﬁla%m?@hoﬂ (plEheizing bhatshy acarind it 6.0, Bl1gkm |

~wherein said p I shi rr | east, 30 percent by melght of
car bon di oxi de wre ﬂ@’ Mt‘aé@ﬂlﬁgf%@@ﬂ&m%%t her ‘i ncl udi ng the

~ step of cleaning th@uﬁhﬂt&@&ﬁaﬂ:fonﬁaﬂﬁh@@};ﬁkﬂi&g&ﬁid&pl@d?@iﬁ%ﬁfbpﬂﬂ@&de sol vent
cting step .. The ‘met hod "‘according to ' Claim1 wherein

follow ng said con
said contacti nghpé’P@EG E’é’%%@é@?% -‘Mﬁh@ﬁd&ﬁﬁa@ﬁqﬁrﬁ@haﬁéﬂfact@iﬁ%@sﬁm% bgmesdt er
t han- at nosphger |xﬁﬂiér;@§s§ﬁ{r1§venﬁon HBRddBE Q@‘ﬁoﬂﬁﬁt@éd% st Qe Ghvah Md.sWGLEI n said

contacting step is executed I n an atnosphere conprisin ca on dioxide at a

pressure great e¥o-£¥&A.083 iedagftimeneet pr.d5S Jetent Mo. 511,566 tchbdkimemnot elt,hbst 0

Ghoul 10" oSSR Sorsausaes il f B FEU Y Ske BB LU0

to Claimi. V\hertéﬁnl’%mt HOC%&YG;&& to durelies pt 4l SExeentastod suitsbleaCQepifiiergadups e of
from about -53 ord o] aim1l
i ncl uding the slt&e% 0 BH%'C%QEQ%%&F%?IO e %? ?ﬁ 8% q%ﬁ’& EPREEF T cl e
rel ative tol® heeghins, polirleﬂlafkwxbmeatbﬁeadnmmmgrpdimmms%mm i&taltd]!bll)uﬁhrmg t he
step of rotati einafirst directjion and r the pad in a .
count er direct P%ﬁééﬁi&n%‘ﬁnﬁﬁ%ﬁtsg%%&? G FoEs eﬁoﬁwm Fef'n t he pad |
- incl udesha gortsemgnns pbllyrﬁethﬁlheiné)ﬁqmaﬁlnmg?olyﬂmkmi-lsagnédwnatngﬂu?ﬁ téleieagarl ly”
novi ng the bel t- pad re o the artic et hod .o ai m
wherein the ar tElxgaFlé’Iesg E@ﬁb’%ﬁ&ﬁ&e{g@rﬁ Wﬁ’rd‘?’]bi‘h’f’m? “Fﬂﬁegﬁ%&hoé%cor ding to
Clai m | wher ei rdesmeamrmacmaftmhggmm@d Bem;ims.s:a&nmslmbrsmo 15. The,
met hod acco. 0; ein the s t he ar. |c € conprises a
conductor. %g é: %E\A%I ﬁé‘l’t%gﬁﬁgg\}ﬁ%p@ﬁa b EXFERIE 96f t he
article conpri &g&m@hﬂétgfﬂup@ﬁmlﬁ&é abit Db Emiidd to, Ithﬁeﬁ@gl p@@@@?l@xheﬁg to daim
1 wherein the aﬁtlﬁgf %ﬁ §h?ﬁ %%$ ressure ve ddrin each of sald )
~ steps of provi &¥FG-&PY: é gjéfam PRaits; ity and
contacti ng .t he spifbnis m;MMWMﬁﬁbspﬁh@esMyhﬁ@hdlgth‘ékﬂ%y béﬁ&b@&&ar&e&ﬁrysur face

of the article.
amines, sulfates, carbonates, carbonic acids, etc. Examples of lipophilic groups

20  include, but are not limited to, _1iriear, branched, and cyclic alkanes, mono and
_ polyéyclic aromaﬁc compouﬁds alkyl substituted aromatic compounds.
polypropylene glycol, polypmpylene aliphatic and aromatic ethers, fatty acid esters,
lanolin, lecithin, lignin derivatives, etc.
o Conventional surfactants may also be used, alone or in combination with the ‘
25 foregomg Numerous surfactants are known to those skilled in the art. See, e. g,
MeCutcheon’s Volume 1: Emuls1ﬁers & Detergents (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 dérivaﬁves, block polymers, carboxylated alcohol or a]kjlphenol ethoxylates, |
| ' carboxyhc acids and fatty acids, diphenyl sulfonate derivatives, ethoxylated alcchols, -
- ethoxylated aﬂcylphenols, ethoxylated arnines and/or amides, ethoxylated fatty acids,
ethoxylated fatty esters and oils, fatty esters, fluorocarbon-based surfactants, glycerol . )



18.. The nethod according to Claim1 further conprising the step éfg SEP Buy
~cp ?f?113 distilling at |east a portion of the polishing slurry at a
pressure greater than atnospheric pressure to separate the carbon dioxide
~fromthe remai nder of the polishing slurry. 19. The nmethod according-to
"Claim18 wherein said distilling step is executed at roomtenperature. 20:
The net hod according to-Caim18 wherein said distilling step is executed

. under cryogenic conditions. 21. A nethod for the cheni‘cal nmechanical

pl anari zation of a surface of an articT o~ sai d met hod conpri-sing the steps
of . providing a s@fshbginectbses, Getopilit e palduchiiniflaslines and iptdavdlide ng a
poli'shi ng pad; .contacting,the lishjn ad and :t he, pol,ishing slurry _
agai nst the surf Em?s= isﬁr@m&?t?q? %P@ﬁﬁ"b“?%&”é’ﬁyeﬁllﬁé’ﬁafgﬁ?%“giﬁ‘ﬁﬁ > of the
article; and cl eiginngdliben 8sHiAees, alaledt® sidcidicdn8yidet) nietip@bus@it conpri sing
carbon di oxi de. 22. The nethod according to Caim 21 wherein the sol vent

conpri ses dense RHCBYFEridroR deivaniyes, qisgd sblopges. BRI §751S BhosphoreEs21
wherei n sai d Longastd daﬁva‘iﬁr@d?p&?et@%sﬁtglﬁélsj ﬁblﬁﬁbﬂet@misg&%ﬁdéapémﬂie ghildi g g

carbon dioxide in _an anmpunt exceedi ng conmon at nospheric condi'tions.

The et hod accor®@{Agyiewnide) arfrizts. prnosyined andpthosyiatee fatiypeids alsotwlicbrsai d
cleaning step argi-fysn thiB-base B QIR PnRY oGy SR e R B0d
‘according to Caim gl #l’gg%i n b’?ﬁe‘ pol i 's_"n'ﬁ'%&_lgfa&'rry_ ?%:tf’u%%gs%t%gl-yne&? t hat
i s soluble in cailisere-ehsesquefactants, soaps,Gedit vativeg sucrose ang glucdh estere tivbd

accor di ng to CI _ademféée%ﬁ\/@ﬂfa?és nd gﬁ?’oﬂﬂé&o@%ﬂs‘ and f a%ﬁ&,esﬁfgtgg)ﬂtdtspﬂong{e up

consi sting of fluoropolyners, siloxane polynmers, vinyl acetate polyners,
and poly (etHer dtexpats] alspiphemelsssuliaies offhehobeshifetesenf cthodylatgd tlookGlsai m- 21 -
wherein said cleap.ng, j ed.| n e []sl rbon
di oxi de at. a pr essu?sgofgér@% {glr%’ aﬁé{éas,to%ép %I’ _F'%ﬁ%? ’zﬁgéee@S%n%g%@%E %od o
accordi ng to C afiepiitnseh ezpbiialesss shifthgernfdgdsylepd rkleeyibauted, salforatepossure -
of fromabout .10 Q i.g. ..Th thod accordi to Caim?21

wher ein oaid ci cgpindeiedas RY onEelen NPT M L GR] Sibfudb e 0 55 ¢
to about 30 C. 30ifosibenatastahdderivettvasdbwgted, thiChml mer@ibtodeeivetives, tdzcglrand cl e i s
a sem conduc{or %%&cet' 3'3:L..'S®‘rrect' réo -ftor,t,h"e chem cal nechani cal .
‘planari zation of a S ?%5’8 O é t5¢l e, said nethod -conprising the steps
-of 1 providing a carb®edbgyanodifipdsi [ cortpialcbbdingnts Hershytty mdyosohinnge ar . -

B nst The-sur T ARG B el B e Yot B Bk S of Ve

i

article; wher ei nneedsdthe ofstadty itrgofit @artibies eikadibedivendatitinbse hetyavork A
32 The met hod SREBPRFRG SEbeR SRR P eriert S ORT SHERRETTPS | ol udes
a polymer thzl imSodifidrsiftick ad polyaerd@nclelip@Ossoluble polymers as described below) and
' © . surfactants. In general, liquid carbon dioxide has a viscosity of about 0.1 centiPoise
* (cP). Thus in certain embodiments of the invention the sllun'y may be from 1, 10; 20
or 50 ¢P up 1o about 1,000, 10,000 or even 100,000 cP if viscosity.
- Other shurry ingredients. QOther known polishing slurry additives may be
- 25 incorporated alone or in combination into the poli.shing élurr@es described herein. A
non-inclu:sive list is corrosion i.nhibitdrs, dispersing agents; and stabilizers. Catalysts
to transfer electrons from the metal being oxidized to the oxidizer (wher_l an oxidizer
is émployed as the etchant for the removal of metal), or analo goﬁsly to transfer
elec_trochemical current from the oxidizer 1o the metal,'may'-be empioyed as described
30 inU.S. Patent No. 6,068,787 to Grumbine et al.), Chelating agents include
ethylenediaminetetraacetic acid (EDTA), N-hydroxyethylethylene-diaminetriacetic
écid (NHEDTA), nitrolotr_iacetic acid (NTA), diethylklene-triaminepentacetic ac;id
'(DPTA),' ethanbldiglycinaté, and the like. Cormrosion inhibitors include benzotriazole . |



33. The nethod accordlng to Claim3l mhereln t he polyner is sehect d @bont
the group consisting of fluoropolyners, siloxane polyners, V|nyI aceg

‘pol yners, and poly (ether ketone) polyners. - ~ . SrP 2nn~ -31 34, The

net hod dccording to Oaim31 including the step of cleaning the article
with a solvent conprising carbon dioxide. 35.- The nmethod according to_ Ctaim
34 wherein said contacting step and said cleaning step are executed in a
~common pressure vessel. 36. The nethodqapcordlng to Claim 34 wherein said

cl eaning step i t d i.n an _at nos re conprising carbon dioxide at a -

. pressure greateﬁyﬁﬁ Yrodagaies (104 é&§@ﬁ§5°@¢r5¢%Em@@¢ﬁ@&mabﬁﬁﬂ3¢ng to
Claim 34 mherelﬂmg&hga & ) d at a pressure of from about
10 to 10,000 psig. 38. #hgﬂﬁgﬁﬁﬁﬁﬁggggﬁg%ﬁgy%ﬁ Cl'aim 34 wherein said
cleaning step is executed at a tenperature of from about -53 C to about 30

C. 39. The et hgdc ’ rhicele. is a
sem conduct or waf etﬁ%gd%xﬂ& %pparm&?m‘ﬁ/ﬁ@ uﬁle%@ﬁcﬁ?ﬁcﬁ&lﬁﬁ} cal .
pl anarizati oh of a dipreetain mhcesses agcoidingap ﬂE@rﬁeapnanMnmde@ﬁbfd rdifla &) a

B arti cle” ol dh iy ramse B bk O ReTn g Bonetor 1 ne

article can be Gimntssamteevdmmtmlﬁamdtmnﬁmmﬁbmgepﬁdcaapdmpﬁyﬁ Rahd wRieng sl urry. -

41. The appar at %ﬂn% tot CI ﬂffo wher | n éI)' i shing slurry

i ncl udes | i qui d T Vﬁﬂsmc 1€ sams eﬂ%’ e V%tffp@r’ Yats
—according to O &rﬂmmzvﬁamdalwmaate&npéﬂ abs:hs ﬂmeﬁlwﬂay%@oﬂaﬁgo@tmgﬁast 20

percent by Wl gpt of _carbon Xi de. qa&p:)‘ar at us accarding to Claim
40 wherein sai d psrl BHChELRERYF y2iehes %?fe%" <pntaig O Ot boyeighti ght of

car bon di oxi de. watelg@rﬁalysea@aammgsc@sﬁﬁm@ts%we@mwé&gﬂt%t ding a -
supply line to suppl ﬂgﬁs%}lh slurry_to the surface of the wafer.
ot A

45.  The apparat us a h’@qﬁcﬁ%ﬂﬁ?@lﬂ%@@%@&?@ﬂ&ip&ﬁatl ve to

provide rel ati Vﬁesfeﬁttzat}'dnﬂﬁn Betevnivad Izéi&n%C@?pﬁh@ﬂ%&bﬂdﬂQGub&@dmﬂi@
aim45 wherein sald drive neans i s operative to

appar at us accor %9%?]? )
rotate each of f YRy (hgrsimalar; solpeipolumers sy Ripemeloyed. Fbeentdilag. to -
Cl ai m 46 whgs ei pbb&ﬁdrdhﬁ@hﬁk%d&?@d&%rhﬁnrﬁﬂﬂfﬁérs Whiich @rd sfagﬂfe‘?n E08 o é{gcl eina

first direction and. to rotate sai.d in a counter rection.

appar at us. accor by dheck Gy Phlh‘bﬂ%é?f‘él(ﬁe §elventho dn eisrah g optben d@mlegoinbls nuous
bel t pad and sapdiyrae @?C@h-ﬂﬁﬂzf: Héi&tﬂ@hs bwg%rééﬁébléeso%ﬂ?fm%gﬁsre%ybgg to
l'i nearly nove - S(%IdepOHS ing pad relative to the art
7 oxide (for exampl, [¢] > 0.1 w//v%). Such polymers may include, but are not .
_ lumted to, ﬂuonne-contalmng polymers sﬂoxane—contammg polymers, poly (ether-
20 _carbonate) -containing polymers, acetate polymers such as vinyl acetate-contammg
o polymers poly (ether ketone)-contmmng polymers and nnxtures thereof. Examples
include, but are not limited to, those described in U. S Patent No. 5,922,833 10 -
DeSimone; U.S. Patent No. 6,030,663 to McClatn ctal.; and T. Sarbu et al., Nature
405, 165 168 (11 May 2000).

_2§ o Additiona] ingredients. The COz-phlhc slun'y may include each of the

various additional ingredients dtscussed above with respect to the C()z-based slurry
carried in the COz-phrhc fluid base Amounts may be the same as indicated above -
- For example the COy-philic slurry may contain abrasive parttcles etchants

carboxylate salts, cosolvents chelating agents surfactants rheoiogy modifiers and/or '
- 30 the slurry ingredients as set forth above,

4. Planarization apparatus. _ ‘ _
_ The planarizing steps of each of the processes descnbcd herein may be
executed using any snitable CMP apparatus Accordmg to certain preferred



49. . The apparatus accordrng to- Cla|n140 |nclud|ng a pressure vesqe@,> 2063
wherein-said article -holding nmenber and said pad are di sposed in sard -
“pressure vessel. 50. The apparatus according to Caim49 further conprising
~a still fluidly connected to said pressure vessel to distill said polishing
slurry at a. pressure greater than atnospheric- pressure. 51. An apparatus
for the chem cal nechanical planarization of a surface of an article, said
appar at us. conpri'si ng:. -~ CBp-?f)yu_a% a polishing pad; b) a carbon

di oxi de-philic polishing slurry; and cyldn article hol diing member to hold

the article sucmbddiherkdtf desinveateh, Bfpatdie a8 Hbdcabal Ry HEuRAN Rcbaplisni th said
pol i shing pad a ing slurry, 52, An apparatus according to

; ; - .
Cl'ai m 51 wher ei Fﬁ@l ‘E?F?bﬁ’l”-ﬁ@e &PERe drﬁﬂﬂ"ﬁ’&&sﬁpg?ﬂs?ﬁ@@{oﬁ%eﬁtbﬂsol uble in .

car bon di oxi-de. foliw R caRRNEALES orASSRE G R abaarﬁu%@e%bmﬁﬁaiﬂﬁe pol ymer -
is selected: fromthe gr cgﬁ consi sting of fluoropolyners, siloxanhe polyners,

vinyl acetate poPiREeEmodiBef nol y (et her ketone) pol ynmers. ‘54. An appar at us
- according t0s O ali M Hechidhgheberl-BE Ut ool AR, R ARGRL 7 bisnbRf 1IN

car bon di oxi de sol vent an erative to contact sald car |oxr de sol vent
with the surfacBigere kmey bgrused EE&BBI&%‘ Yhesrpleys a athp@MEpkd B2 anari zat i on

(CMP) polishi n lguﬁeﬁﬁd&%ﬂéf}aﬁ (a) from1 to-20 percent by weight of

- abrasive partic "1.to 50 percent by weight of etchant;
and (c) at Ieast 30B@rﬁpmuwmmpgma@fesmmseldlbmmémmﬂmmmB The

~CWP polishing s A rern saj d _carbon di oxi de
sol vent i ncl udeglsrlld e%%%g%gngéngpaﬁcg%%@a%%% E=1r8{7Pﬁt)‘c’)r'°\ PUI’P.PHBP & urry A
according t& C m&&nﬂwr’oerpmvshdtbrembm ﬂomxhaiﬁemhvwl 2intd at@e2so | i qui d

~carbon di oxi de I urr acc to. d 55, wherein
sai d abrasi ve par ?mmg a?e‘f% regsm@a?ﬁ“%ﬁ ?’?Er rﬁYeéi‘ 4]“%8?5"?93(9%10?68%4 10
nanoneters to aﬂhehke,ﬂ&@manemmrmmaybepﬁovﬁé&wﬁﬁ@mtaﬁ& seald) eV qoodsi shing "
slurry accordin arti,. Ies are for

0.0 in said abr.asi d. of
a material seleC d@&”? ?”gdrﬂr{fiel’ige‘@?eﬁuﬁhec%ﬁﬁmgtv F‘W@la%fm@’r SiPEgYCs fﬂré‘f‘@lassyﬂ%f’gE _
oxi des, and condii-hats @dkr Cg eepdling 681 cofitve] rhidds. pODbﬁlbj"&gcoﬂEMédﬁ‘or@%OV ding to
d ai mSS V\/ml-:-ger n f d gbraﬁs)lﬁ%/ ﬁJf%artrcles are f r med OL\]F Ieast one netal
oxi de abrasive TEIEHBEIVORT ETRE AP HRp “THHEF S ??6%4‘3 S mURRPTOsions, o
germani a, ‘Sili cmay lba ﬁa@tﬁﬂu&ﬂyaﬂﬂﬁﬁgdo&s ifanelatifelt Mpe trdudBme ehd infkionhe CWP

pol i shi ng slurr or.di % 9 Cl ai m 55 wherein. said etchant s a sel ected
from the group Wﬁ% df “B¥assi um fl uori de, hydrogen fl uori de,

PydrﬁXi des, and acr ?mateaslah&'ﬂaef@e%nrmﬁm@m&&b nﬁdiwdrmmape@r&géggﬂﬁ#@%vg 55°

urther conpri .om percent by wei te The

~ polishing-slur rV"g%’é%ervb‘ie?fa 1%‘%)‘“@?’5‘?1 Ede BRLK °§§pdzmr‘§?nﬁf§r d¥eattieous.
64. The CMP2pol ms,hberugprséswerpﬁmg,m&gwggx,tacheﬁl sadcﬁan‘éér d‘ruﬂ:%mrtarﬁesﬂyaiaﬁrsng from

1to 20 ercent ani.c cosol vent.
P Theytran fletgcg]ewce 22 ?s o%erable 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 |
__ -addmonal gases, which may include inert gases such as helium, mtrogen argon and
- 25 oxyg_en Cosolver._rts may be provided in the CO» supply 20 or may be added in the
same manner as other gases. Optionally, the vessel 21 majr contain additional fluids _
that are significantly ([c]< 0.1 whv %) insoluble in the COy-based fluid such as water,
Muitiple pumps or ether transfer devices and gas suppliés may be included if desired.
_ As shown, a substrate or wafer 25 (fdr example, 2 eemieonductor wafer) to be
30 - planarized is securelir mounted on a carrier 26 such that the wafer 25 is moveable
with the carner 26. The carrier is operatwely connected to a motor 27, whlch is
Operable to rotate the carrier 26 and the wafer 25 in a direction A. E
A polishing platen 31 carries the pohshmg pad 32, both of which are rotatable :
by a motor 33 in a counter direction B. The wafer engag‘iﬁg surface of the polishing



" 65. A chem cal nechanical- pI anari zat| on- (CIVP) pol i Shl ng slurrye C@mgg§3
(a) from1 to 20 percent by weight of abrasive particles; (b) fror

50 percent by weight of etchant; (c) at |east 30 percent by weight of
solvent; and (d) from1l to 20 percent by wei ght of a carbon di oxide soluble -
pol ynmer: - ~r, ~f-p ?113 66. The CMWP polishing slurry according to Claim
65 wherein said poI yner i's selected fromthe group consisting of

fl uor opol yners, SI 1 oxane polynmers, vinylg.acetate polyners, and poly (et her
~ketone) polyners. 67. The CMP polishing slurry according to Caim 65
~wherein said abr@éﬁ@esmdpnabblselsstdmaul@ﬁmammﬂlbmﬁg @dmaﬁ@tbeforﬁ&df:f@m about

10 nanoneters t none oI| slurry
according to C gflom %&o\l}ﬁr@ GiRb e Fhaﬁﬁl%l/%”]éé;f? C@‘P%P@fﬂa

~material select eida}fbecmeeﬁefgpolgrmeﬁﬂlmm&hmﬂahﬁf1s ﬁ)binhtﬁ@or sf%ﬁlﬂﬂ%y MELa),

- oxi des, and conb t reof.. 69. The CMP_polishing slurry according to
C ai m 65 wher ei n fsr&gl%é)%ﬁ?ef?s? T g4 s wemer thed- QupaeimpaTve sie nedersianeme et al
oxi de abrasi Ve salifectepttefatbt biedghe @hGROS R i ng of alum na, ceria,
germania, silica, ti tagl cgs zirconia, and mxtures thereof. 70. The CWP

polishing slurry accér upRfy Sp &5 SHidls conested 19 thavasseb2t huamior bysa bnests| ect ed

fromthe group owidiistdiagve c]%@éa@ﬁ%'y%@aﬁé di%rdaﬂésshi‘ﬂéé?ﬁ%@gi ho %dé ai m.65

- hydroxides, and aci.ds pol i shing slurry accor
‘wherein said so|R?élﬁ?ﬂeé&w%?m%@eaﬁrraqéé@uébes:@hmmm - The CMP pol i shing
slurry according to @i P8 SertB15 Borhch 8 Mo/l 21 15 i e0dSy .73 The.
erein s YPESHSY i ses

CWVP pol i shi n]gq sl urry accor di nrq to daimé6
‘an organic sBl veRRsor 41 is operatively associated with a pressure controller 43 for controlhn a
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The apparatus 10 may be used in the followmg manner {0 planarize a surface
25A of he Wafer 25. The wafer 25 is inserted into the chamber 284 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 to drive the carrier 26 and the wafer 25 i n the direction A and the motor 33 is
operated to smlﬂtaneously 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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| ' - €O Is provided, the atmosphenc CO; is supphed to the vessel 21 by the CO, transfer
device 22 from the CO; supply 20.
The valve 36 is operated to selectwely deposit quantlt:es of the slurry 35A
~ onto the pad 32 alongside the wafer 25. Preferably, the shurry 35A is deposited on the
5 pad32 concurrentiy with the rotation of the pad 32 and the wafer 25. The shurry may -
be deposfced on the pad 32 continuously, periodically or anly as needed. Rotation of
- the platen draws the shirry 35A. into the interface between the wafer 25 and the pad 32
to facilitate the chemical mechanical plananzatlon of the wafer 25
" The end point of the plananzatmn process can be detected by any suitable
10 means, mcludmg but not limited to those described in U.S. Patent No. 5, 637 18510
" Murakara et al. (electrochemical potential measurement); U.S. Patent No. 3,217,586
to Datta et al. (coulometry or tailoring bath chemistry); U.S. Patent No. 5,196,353 to
: Sandhu et al. (surface temperature measurement); U.S. Patent No. 5 ,245 S22toYuet
-~ al (reﬂeeted acoustic waves); and U.S. Patent No. 5 2242, 524 to Leach etal,
15 (mpedanee detection). _ :
' After the wafer surface 25A s sufﬁmently pohshed or plananzed, the wafer 25
is removed from the carrier 25 and the pressure vessel 21 for further processing, The
 used shury is collected thtough the line 52 and directed te the stifl 51.
' The relative posnwns of the carrier 26 and the pad 32 are selected or adj usted
20 - to provide a prescribed engagement pressure (or an engagement pressure within a
.prescnbed range) between the wafer surface 25A and the engaging (including fluid-
planing) surface of the pad 32 The prescribed pressure should be sufﬁc1ent to cause
the pad 32 and the shury 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, the surface 25A and the slun'y 35A. Likewise, the speeds of rotahen of the
platen 31 and the carrier 26 will vary dependmg on the character:stlcs of the pad 32,.
-the surface 25A. and the slury 35A. L e o
Preferably, in the methods and apparatus described below utlhzmg aCO,
atmosphere during the CMP step, the transfer device 22 and the - pressure eontroller 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
meintained at a temperature of between about -53° C and 30° C. |
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With reference to Figure 2, an apparatus 60 according to further embodiments -
of the invention is shown thereiﬁ The apparafus 60 includes elemenis 70,71, 7T1A,
< 71B, 72,73, 74,75, 76, 77, 85, 85A, 86, 87, 91, 92 93, 94, 95, 101, 102 103, 104 and
105 corresponding to elements 20,21, 21A, 21B, 22, 23, 24, 25, 26, 27 35,354, 36,
| _5,, . 37, 41, 42, 43, 44, 45,51, 52, 53, 54 and 585, respectzyely, o_f the apparatus 10, The
apparatus 60 employs a continuous; endless polish.ing belt pad 83 mounted on rollers
81, 82. The roller 81 is drivable by a motor 81A to rotate the belt pad 83 such that the
‘upper reach of the belt pad 83 is linearly moved i in a direction D and the lower reach.
 of the belt pad 83 is linearly moved in a counter direction E. Other suitable drive
10 means may be used to drive the belt pad 83. | ‘
- The apparatus 60 may be used in the following manner to planarize a surface -
. 75Aof the wafer 75. The substrate or wafer 75 to be planarized is securely mounted ‘
~on the carrier 76 such that the wafér 25 is movable with the carrier 76. ‘The motlor'77
_ rotates the carrier 76 and the wafer 75 ina direction C. The motor 814 drives the belt
15 pad 83 linearly in the directions D and E. Shury 854 from the slumry supply 85 is
deposited from the line 87 onto the belt pad 83 alongside the wafer 75. As the belt
- pad 83 is driven, the slurry 85A is drawn between the belt pad 83 and the proximate
surface of the wafer 75. A platén 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 ofhérwise be executed; modified and/or supplemented in
| the m_an.nérs described above wfch respect to the method using the apparatus 10. '
R 'I"_he.foregoing apparatus 10, 60 may be modified such that the s]ﬁrry 354,
I.S_SA is fed through the platen 31 and the pad.32 or through the piatén 88 and the pad
. 83. Preferably, the pads.32, 83 are substantially uniformly porous. The shury 354,
25 85A may provide a downward pressure agamst the pad 32, 83 10 push the pad 32, 83
_ _agamst the wafer 25, 75. L .
The motors 27, 33, 77 SIA may be selected and mounted in various ways.
: For example, a canned motor or a hyd:auhc (fluid dnven) motor may be used and
| mounted m51de the pressure vessel 21, 71. Altemahvely, a magnetic coupled moior
.30 orasealed shaft motor may be employed and mounted outside of the pressure vessel
o, L | |
~ As discﬁssed beiow, in ﬁ:ertain preferred methods, the wafer 25, 75 is cleéne_d
using a solvent of carbon dioxide. Such a cleaning step is particularly desirable ifthe
applied slurry 354, §5Aisa CO»-philic slurry. The apparatus employed for the CO;
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- cleaning step (hereinafter referred to as a "CO, solvent cleamng apparatus" and

indicated by reference numeral 112 in Figures 3—6) may be an apparatus as dmclosed

- inU.8S, Patent No. 6,001,41 8 to DeSirnone and Carbonell, the dmelosu_res of which are

- hereby incorporated herein by reference. The wafer 25, 75 may be manually or

robotically transferred from the carrier 26, 76 to the cleaning apparatus, The cleaning

" step may be executed in the vessel 21, 71 ora further pressure vessel. Preferably, the
" atmosphere in the appropnate vessel is mmntamed at a pressure greater than
. atmosphenc pressure. More preferably, the atmosphere in the cleaning vessel is
. 'maiﬁtajne'd at a pressure of between about 10 and 10,000 psig. Preferably, rljre interior

of the cleaning vesse] is maihtained at a temperature of between about -53° C and 30°

" Corbetween aboﬁt 35° C and 100° C. Preferably, the CO, solvent is provided-in the

cleaning operation as dense COz, and more preferably, as compressed liquid CO; or

' supercntmal CO,.

The apparatus 10, 60 may include suitable associated apparatus for recovering
the CO; vapor from the pressure vessel 21, 71 1o empty the pressure vessel following

- the planarizing process. Smtable means include compressors ecmdensers, additional

- pressure vessels and the like.

Each of the apparatus 10, 60 described above or other suitable apparatus may

be used in sequential, multiple step proeedﬁres' For example, the apperatus 10, 60

may be used to plananze 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. Altemanvely, 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

procedure may be different than the selected pa:ameters for the planarizing procedure

- For example, & different slurry pad material, pad pressure, rotation or belt speed,

and/or slurry flow rate may be used. Either the plananzmg procedure or the polishing

procedure may be conducted using a slurry that is neither COg-based nor CO-philic,
- fof example, a water-based slurry. -

Where different slurries are used for each procedure, one or both procedures
zrlay be conducted using a CO,-based ghurry. The'foamability'or swellebﬂilty of the .
pad may be used to control the force of contact between the pad and the wafer.
Where a foamable or swellable pad is used, the polishing step may use a shiry having
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o a Iughcr concentration of COz 50 that the pad is made softer as compared to its state in
the plananz_mg step. The planarizing procedure may be conducted using a shury that
_ does not signiﬁcantly foam or swell the pad The pad may be a composite pad having
_ & swellable body and a layer of abrasive particles on the wafer contacting surface
5 theteof, During the planarizing step, the harder. pad body provides a relatively stiff
backing for the abrasive particles so that the abrasive particles contact the wafer
surface. During the polishing step, when the pad body is sofiened, the softer (e,
more pliable) pad body aliows the abrasive particles to be pushed back into the pad
* body so that the abrasive particles do not engage the wafer surface or éngage the
10 wafer sucface with less pressure. The swellable pad bodj may swell tc surround a
portion or substanna.lly all of the abrasive particles so that the swrounded abrasive
particles do not directly contact the wafer. . : .
The apparatus 10, 60 may be modified such that the wafers 25, 75 are not spun
but rather are mamtamed in a static position while being operated on by the pad 32,
i5 8. In addition to or in place of the pads 32, 83 and/or the rotation of the wafers 235,
75, the shary 354, 85A may be delivered in a manner that effectuates plananzatmn
More particularly, the slurry may be directed at the wafer surface at a selected
pressure and/or flow rate that canses the shiry to directly abrade the wafer surface '
~ For this purpose, the slurry may be COy-based, CO;-phﬂrc or water-based. - Such an
20 apparatus and method may be provxded wherein no moving parts are present (ie.,no
'pads are used and the wafer is held stationary) or wherein the wafer i is merely rota’ced
without contacting any pad. The wafer may be sequentially planarized and polished
a8 discussed above by using different shurries, different shiry pressures and/or
different slury flow rates. For example, a first shurry having a relatively high
25 , concentrahon of abrasive particles may be used for the planarizing procedure,
followed by the use of a second shurry having a relatively lower concentratron of
shrasive parncles for the polishing procedure. :
In order to- capture or direct rnetalhc part:cles e.g. charved copper particles
dislodged from the wafer by the plananzmg procedure) away from the Wafer an
30 electric field may be provided in the vessel 21, 71. For example, a voltage may be
__apphed through the pad to bias negative jon partrcles from the wafer surface
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5. ‘Methods including CMP using COz—philic slurry Without CcO, present.
 'With reference to Figure 3, a CMP system 110A according to embodiments of

the present invention is shown therein. The system 110A includes 2 CMP apparatus

10A, 604 corresponding to sither of the CMP apparatus 10, 60 described above and

modified as described below. The system 110A zlso includes a CO, solvent cleaning

| -apparatus 112 as discussed above. A pressure vessel 114A houses the cleanmg

apparatus 112,

_ ‘The CMP apparatus 104, 60A differs from the CMP apparams 10,60 in that
no CO» supply/pressunzmg comiponents (i.e., elements 20, 22-24 and_.41-4_5 or
clements 70, 72-74 and 91-95) or still components (i.c., elements 51-55 or elements
101-105) are provided. The pressure vessel 21, 71 may be included in the apparatus
10A, 60A, may be replaced with a non-pressure vessel or may be omitted. -

In the CMP system 110A, the slurry SSA, 854 d.ispens_ed from the slorry
 supply 35 is a CO-philic shurry as described above. Preferably, the CO,-philic shury
isa carbon dioxide soluble polymer slurry as described above.
The system 110A may ‘be used as follows. The wafer 25 75 is planarzzed by
the apparatus IGA 60A using the CO;-phxhc slurry without a surrounding atmosphere
- having an enhanced CO; level. More particularly, the proportion or amount of CO,
present in the surrounding atmosphere does not exceed the proportlon or amount of
CO;, in the ambient air or reflectivé of common apnospheric 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, cleanmg solvent (preferably,
dense CO; solvent). '
With reference to Figure 4 a CMP system 110B accord.mg to further
embodunents is shown therein. The CMP system 110B includes a CMP apparatus .

- 108, GGB corresponding to the apparatus 10A, 60A, The system 110B differs from

30

the system 110A in that the CMP apparatus IOB GOB is housed In a common pressure
vessel 114B with the cleaning apparatus 112, '

- 4. Methoris i'ncluding CMP using CO,-philic slurry witB CO. present. '

. With reference to Figure 5, | & CMP system 116C according to further
- embodiments of the present invention is shown therem The system 110C includes

- CMP apparatus 1GC 60C corresponding to the apparatus 10, 60 and wherein the

shury 354, 854 isa COz-phrho shury (preferably a soluble polymer CO,-philic .'

10, ,
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substitute for the pressure vessel 21, 71 in the CVP apparatus 10C, 60C.
5 A.ltematwely, in lieu of or in addition to the common pressure vessel 114C, the CMP
apparatus IOC 6(}C may include the pressure vessel 21, 71 and the cleaning apparatus
112 may be housed in a separate pressure vessel.
_ The CMP system 116C may be used as follows. The wa:t‘er 25,751z
' plananzed by the CMP apparatus 10C, 66C using the COz-phlhc slurry in an
10- atmbsphere_of COs as discussed above, which may be supplied by the transfer device
22 from the COz supply 20. The planarized wafer 25, 75 is then transferred to the
cleaning appsratus 112 where it is cleaned in a CO, atmosphere using a CO; cleaning
- solvent. Optionally, the CO; solvent cleaning step and the cleaning apparatus 112
méy be omitted frorﬁ the aforedescribed method and the system 110C. .
15 - .' o
7. Methods ihcluding CMP ﬁsijsg CO:-based slurry.

- With reference to Floure 6, 2 CMP system 110D according to further
embodlments of the present invention is shown therein. The system 110D includes 2
CMP apparatus 16D, 60D corresponding to either of the CMP apparatus 10, 60 and

20 wherein the. slufry 35A, 854 is a CO,-based slurry as described above. The system
110D also includes a CO5 solvent cleaning apparatus 112, Preferably, the CMP
apparatus 10D, 601) and the CO; cleamng apparatus 112 are housed in a common
pressure vessel 114D as shown. The pressure vessel 114D may substitute for the

. pressure vessel 21, 71 in the CMP apparatus 10D, 60D. Altemanvely, inlieuof or in

25  addition to the common pressure vessel 114D, the CMP apparatus 10D, 60D may

include the pressure vessel 21,71 and the cleaning apparatus 112 may be housed in a

: separate pressure vessel. : o

_ The CMP system 110D may be used as follows The wafer 25,75is
- planarized by the CMP apparatus 10D, 60D using the CO,-based slurry in an
30 atrnosphére of CO, as discussed above, The wafer ?.5, 75 is then transferred to the
| cleaning apparatus 112 where it is cleaned in a COQ atmoslahere using a CO; cleaning

' solsrent {preferably, a liquid CO; sblvent) Optionally, the CO; solvent cleaning step
and the cleamng apparatus 112 may be omltted from the aforedescnbed method and

'system 110])
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8. Post-CMP Cleaning,

Whether cleaned by a soIvent comprising carbon choxxde water, and/or other

. materials, the cleamng step in the processes described above i is carried out 50 as to be

 sufficient for the particular use of thé article being plananzed Moreover particulates

such as those generated in the CMP process as well as abrasives used i in the CMP

- process should be removed to prevent or reduce defects wluch may be caused by such -

particles, Cleanmg may be by any suitable technique, mcludmg but not limited to

 brush scrubbing, hydrodynamic jets or other fluid jets; acoustic ultrasonic and

megasomc energy. For example, cleaning may be carried out as. descnbed mU.S.
Patent No. 5,866,005 to DeSimone et al. When desired, the back side of the article or

- wafer may also be cleaned. For the planarization of metals in general, the amount of -

trace metal jons remaining on the surface after planarization and cleiaping is
preferably not more than about 10 (of 10" atoms/centimeteri’; for the planarization
of cépper (such as in dual—daiﬁ_ascene copper afticleé) the amount of residual copper
on field oxides after planariz:':ttion and cleaning is preferably not more than about 1 {or
2 or 4) x 10" atoms/centimeter’. Additives that may be included in the cléaning :

solvent include, but are not limited to, surfactants (including surfactants containing a

CO.-philic group), chelating agents, etc.

9. Separation steps. _ S

A particular advantage of the present invention is the ease with which the
COs-based shurry, the CO; collected in the CO,-philic slurry, and the CO, of the CO;
solvent may be separated from contammants and waste (which may include toxlc
ingredients and difficult to manage ﬁne parnculate contamination) after the

| - planarlzatlon 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 atrhospheric pressure), the carbon dioxide mﬁy be readily

 fractionated or separated from the other constituent ingredients, When distillation of
the liquid shurry is carried out at room temperature, 2 pressure of 700 to 850 pounds

per square mch (psig) is suitable. When distillation of the liquid shm'y is carried out
under cryogemc condmons (e.g.,ata temperature of about ~10° F to 0° F),thena

pressure of about 200 to 300 psig is suitable, - The CO, may also be separated from

£0,2003
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contammants and waste vsing filtration or momentum—based teehmques and dewces
such as centrifugation or a cyclone. _ '

The foregomg is 111ustrat1ve of the present invention and is not to be construed
as limiting thereof Although a few exemplary embodiments of this invention have

. been descnbed those skilled in the art will readily appreciate that many modifications -

are p0351b1e in the exemplary embodiments without materially departing from the

~ novel teachmgs and advanta.ges of this invention. Accordingly, all such modifications

are intended to be included within the scope of this invention as defined in the claims.

Therefore, it is to be understood that the foregoing is illustrative of the present

invention and is not to be construed as limited to the speczﬁc embodiments disclosed,

and that modlﬁcatlons to the isclosed embodments as well as other embodiments,

are intended to be included within the scope of the appended claims. The invention is

defined by the following claims, with equivalents of the claims to be included therein,

& ()-31K +10% | & ()- 3'/+1Q°@ 5ep

2003
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| ' providing a polishing slurry including dense carbon dioxide;
providing a polishing pad; and '
* contacting the polishing pad and the polishing slurry against the -
surface of the article to thereby planarize the surface of the article.

2. The method according to Clalm 1 wherein said pohshmg slurry

1ncludes liquid carbon d10x1de

3. The method according to Claim 1 wherem said pohshmg slurry

includes at least 20 percent by weight of carbon dioxide.

4. The method according to Claim 1 wherein said polishing slurry

includes at least 30 percent by weight of carbon dioxide.

5. The method according to Claim 1 further including the step of cleaning
the surface of the article using a carbon dioxide solvent following said contacting

step.

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

executed in an atmosphere at a pressure greater than atmospheric pressure.

7. 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.

8. The method according to Claim | wherein said contacting step is

| executed at a pressure of from about 10 to 10 000 psig.
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9. The method according to Claim 1 wherein said contacting step is

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

10.  The method according to Claim 1 including the step of rotating at least
-~ one of the pad and the article relative to the other. |

1. ‘The method according to Claim 10 including the step of rotating the

article in a first direction and rotating the pad in a counter direction.

12.  The method according to Claim 10 wherein the pad includes a
“continuous linear belt pad and ixicluding the step of linearly moving the belt pad

relative to the article.
13.' _ The method of Claim 1 wherein the article is a sernijconductor wafer.

14. = The method according to Claim 1_Wherein the surface of the article

comprises a dielectric. -

15. . The method according to Claim 1 wh_ereiﬁ the surface of the article

comprises a conductor.

16.  The method according to Claim 1 wherein the surface of the article

comprises a metal or metal oxide.

17.  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. | | '

18, The method according to Claim 1 further comprising the step of:
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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 pbiishing slurry.

19.  The méthod according to Claim 18 wherein said distilling step is

executed at room temperature.

- 20. _. The method according to Claim 18 wherein said distilliﬁg step is

_“executed under cryogenic conditions.

| 21. A method for the chemical mechanical planarization of a surface of an
_ article, said method comprising the steps of: _ |
: -proiriding a carbon dioxide-philic polishing slurry;
providing a polishing pad;. '
contacting the polishjng pad aﬁd thé polishing shurry against the
sﬁrface of the article to thereby planarizé the surface of the article; and
cleaning the surface ofthe article with a solvent comprising carbon

dioxide..

22.  The method a;:cording to Claim 21 wherein the solvent comprises

“dense carbon dioxide.

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

common atmospheric conditions.

24. - The method according to Claim 21 wherein said contacting step and

said cleaning step are executed in a common pressure vessel.

25.  The method according to Claim 21 wherein the polishing slurry |

‘includes a polymer that is soluble in carbon dioxide.

EP 2003
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compns(u(lg carbon dioxide at a pressure greater than

atmospheric pressure.

28.  The method according to Claim 21 wherein said cleaning step is

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

29. The method according to Claim 21 wherein said cleaning step is

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

30. The method accordmg to Cla:m 21 wherein the article is a

sermconductor wafer.

. 31. - A method for the chemical mechanical planafization of a surface of an
artlcle said method comprising the steps of: '
providing a carbon d10x1de—ph1hc polishing slurry; |
providing a polishing 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 said contacting step is executed in an atmosphere comprising

‘carbon dioxide at a pressure greater than atmosphetic pressure. .

32.  The method accofding to Claim 31 wherein the polishing slurry-

includes a polymer that is soluble in carbon dioxide.

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

| polymers, and poly (ether ketone) polymers.
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amcle wn‘.h a solvent comprising carbon dioxide.

35.  The method according to Claim 34 wherein said contacting step and

* said cleaning step are executed in a common pressure vessel.

36.  The method according to Claim 34 wherein said éleaning step is
executed in an atmosphere comprising carbon dioxide ata pressure greater than

" atmospheric pressure.

- 37. - The method according to Claim 34 wherein said cleamng step is -

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

38, The method according to Claim 34 Wherein said cleaning step is

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

" 39, - The method according to Claim 34 wherein the article isa

" semiconductor wafer.

40.  An apparatus for the chemical mechanical planarization of a surface of
- an article, said appai'atus comprising: |
a) a polishing pad;
| b) a polishing slurty mcludmg dense carbon dioxide; and
¢)  anarticle holding member to hold the article such that the
surface of the article can be contacted with said polishing pad and said

polishing slurry.

41, The apparatus according to Claim 40 wherein said polishing slurry

includes liquid carbon dioxide.
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43. The apparatus according to Claim 40 wherein said pohshmg slurry '

includes at least 30 percent by weight of carbon dioxide.

_ 44. The apparétus according to Claiin 40 including a supply line to supply
" said polishing sturry to the surface of the wafer.

45.  The apparatus according to Claim 40 including drive means operative )

to provide relative rotation between the article and said pad.

46. The abparatus according to Claim 45 wherein said drive means is

operafive to rotate each of the article and said pad.

'47.  The apparatus according to Claim 46 wherein said drive means is
operative to rotate the article in a first direction and to rotate said pad in a counter

direction.

- 48. The apparatus according to Claim 40 wherein said polishing padisa
" continuous belt pad and said apparatus further includes drive means operative to

linearly move said .polishing pad relative to the article.

49.  The apparatus according to Claim 40 including a pressure vessel,

- wherein said article holding member and said pad are disposed in said pressure vessel.

50.  The apparatus according to Claim 49 further comprising a still fluidly
connected to said pressure vessel to distill said polishing slurry at a pressure greater

than atmospheric pressure.

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

an article, said apparatus comprising:
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52, An apparatus accordmg to Clalm 51 wherein the pohshmg slurry

includes a polymer that is soluble in carbon dioxide. -

53. An apparatus according to Claim 52 whereln the polymer is selected
from the group consisting of fluoropolymers, siloxane polymers, vmyl acetate

- polymers, and poly (ether ketone) polymers.

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

diokide solvent with the surface of the article.

55. A chemical mechanical planarization (CMP) polishing slurfy
comprising: '
: (@ fromlto 20 percent by weight of abrasive particles; and
(b)  from0.1 to 50 percef;t by weight of etchant; and -

(c)  atleast 30 percent by weight of carbon dioxide solvent.

56.  The CMP polishing slurry according to Claim 55 wherein said ca:rbon

d10x1de solvent includes dense carbon dioxide.

57.  The CMP polishing slurry according to Claim 55 wherein said carbon

dioxide solvent includes liquid carbon dioxide.

58.  The CMP polishing shury according to Claim 55 wherein said abrasive
particles have a mean particle diameter of from about 10 nanometers to about 800 '

‘nanometers.



k & ()-,!, H10% "\ o -5 SEP 2om
"& ()-, 1~ 10%PP& ()-,!h- 10%&'() Jla- 1098 ()-,! S 109& ()-, 1" " ####4#) oPO! | ;
-10% k & H\ &10%& ()- 10.. 10..

10..1-10%. & ()-,!-109%& ()-,! @ 10%& ()-, #$%C&& ' WUSPO! | HO* 10% 6, 6& () - $! 90"
10%, & ()-$! 20* 10%5S& () - $! =. 10%& ()- ! h=. 109\ & () -
113(109%, P, & ()i 8(j (((((wi [M!!H*10%6,6 10'' 10"

10" "1 00*10% ' & ()-$! 0¥ 109 () - $! HO* 10%y&. () - $! C0* 10983&’ () - $()) %+ WUSMD!

| 9+109& () - 4! 9+109@& () - 41.9+109%&' () - 4! 9+100&' () -4! 9+10%& () - 4! WHO+10%6DdD&’ ( -

)-4, - k--WU3M! | 9+109&' (}p Pt Xk g%@%&' '
)- 41 +9+10%&" () -4 Norma %Qﬁéﬂlp&(ﬁh{% " %ﬁl&%tﬁ%}iﬁmﬁo@%}m‘k 33]c" - (
ﬁagl ng gg} c"a'g\tld:ﬂgﬁilerffqn‘iéﬂ]af a thideridl selpcdd] foom tegndinp gomdstiog Uflsga‘d; mgtady] c"
*Headi ng c"A" aul t Par ont 4- 6A%<U 5i

% . 02468: <>MEN§F@FWPWE&M$‘}¥ {80 §+-- ShepsaL-icnl -

Po" =" S) - D059?DGLr OMUX bf 61 kp- vu@kp. 8"0CM | kn71"#' (,- 6Ti mes New
RomanAri al Couri er New'h Root EntryWrdDocunent n*

P #$%&' ()*+,-./0128e56788e CMP pohshmg slurry accordmg to Claim 55 wherein said abrasive

=>7? @\BCDEFGHI MNOP:
@\_ G_lpai't'flc_les are rmw ﬂas ore mctafj e u r‘%ﬂ,‘g%’@gde I Z{gl'éup

consisting of alumina,_ ceria, germania, silica, titania, zirconia, and mixtures thereof.

61. The CMP polishing shurry according to Claim 55 wherein said etchant
is a selected from the group consisting of potassium fluoride, hydrogen fluoride,

hydroxides, and acids.

62.  The CMP pohshmg slurry accordmg to Claim 55 further comprising
from 0.1 to 30 percent by weight water.

63.  The CMP pblishing slurry aééording to Claim 55 wherein said shurry is

nonaqueous.

64, The CMP polishing slurry according to Claim 55 further comprising

from 1 to 20 percent by weight of organic cosolvent.

.65 A chemical mechanical planarization (CMP) polishing sturry
comprising: | |
' (@)  from 1 to 20 percent by weight of abrasive particles;

()  from 0.1 to 50 percent by weight of etchant;
- (©) at least 30 percent by weight of solvent; and
(d fromli _td 20 percent by weight of a carbon dioxide soluble

polymer.
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66. - The CMP polishing shurry according to Claim 65 wherein said polymer

- is selected from the. group consisting of ﬂuoropoljfmers, siloxane polymers, vinyl

- acetate polymers, and poly (ether ketone) polymers. |

67. Th_e CMP polishing slurry according to Claim 65 wherein said abrasive
particles have a mean particle diameter of from about 10 nanometers to about 800

nanometers.

_  68.  The CMP polishing slurry according to Claim 65 .wherein said abrasive
particles are formed of a material selected from the group consisting of silica, metals,

metal oxides, and combinations thereof.

69. The&CMP polishing slurry according to Claim 65 wherein said abrasive -
paﬂiclés are formed of at least one metal oxide abrasive selected from the group

consisting of alumina, ceria, germania, silica, titania, zirconia, and mixtures thereof,

70.  The CMP polishing slurry at:cording to Claim 65 wherein said etchant
is a selected from the group consisting of potassium fluoride, hydrogen fluoride,

hydroxides, and acids.

" 71.  The CMP polishing slurry according to Claim 65 wherein said solvent

comprises an aqueous solvent.

72. - The CMP polishing shury according to Claim 65 wherein said solvent
is non-aqueous. ' '
73.  The CMP polishing slurry according to Claim 65 wherein said solvent

comprises an organic solvent.



