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i nventi on 0 conpositions and processes for the chenjcal
nechanicalﬁgrgﬁgg?gation of surfaces in the fabrication ofﬁghﬁgﬁyg?gﬁ
circuits, and nore particularly, to the use of ozone as an oxi di zi ng agent
in chem cal nmechani-cal planarization. 10 Description of Related Art

Cheni cal - nechani cal planarization (CVWP) is a process enployed to renove
various material s GHEMIGATeMBUOHARNIEA I PLANARIEATION BSINGOHAONIN egr at ed
circuits, creating thereby a substantially planar Surface tnat facilitates
accurate patterning and deposition of subsequent |ayers. Typical CW
processes use a polishing pad rotating 15 in contact with the wafer to be
pl anarized with the introduction of a suitable CVWP reagent between the

waf er and polishing pad to facilitate material renoval and planarization.
‘CVP reagents_typi.cally include an abrasive slurry containing, anong other
conponents, =& ADGA D OF - b Qs oxi di zi ng agents. Abrasive
particles wused for CWP include alumna, silica, spinel, ceria, and

zirconi a, an@ggmg%pp%ﬁi 20 The areas of applicability of CVMP processes have
expanded to cover a farge variety of materials, including netals. This
expansi orf of appl Teaesant invhaionstlams!ta teEpoditi @RIl Prevésses ERENcHeaticaeW

oxidizers that ,wl | ke. CMP processes of netal nore effective. Xidizers
such as hydr%&céﬁmﬁﬁlrg%aﬁ’é?“%{%%@iﬁﬁwgﬁfé%ﬁhﬂé of pegratgil eircuitsi ehd more

hydr oxyl am Reyriadhed 1 SAE i di . resulted from
this 25 conti nuo_us_%?a?%%i%%&ggg%%ﬁ}gﬁ%ﬂ% %éé%%gér%qcoyegcqaﬁmgp processes
of Jnetal .  Hb¥EHEtion: hese oxi di zers have several drawbacks including, inter
al'ia, the creation of waste streans such as ionic waste streans that nust
be treated and renoved from CMP process areas. Additionally, these waste
st r eans 1y DadsatptioncdfRdgieeAal oxi des from the wafer surfaces thensel ves.
Such waste streans are rather conplex and are 30 quite difficult to treat
and di spose of effepisalaeghanienl plaparization §OMR) is & amonss, engiluyed to rdmave WO

02/065529 23 Qs 308 I otdSP Pt ARes during the manufacture of integrated circuits,

creating thereby a substantially planar surface that facilitates accurate patterning and

kot

deposition of subsequent layers. Typical CMP processes use a polishing pad rotating
15 in contact with the wafer to be planarized with the introduction of a sujtable CMP
reagent between the wafer and polishing pad to facilitate material removal and
planarization. CMP reagents typically include an abrasive slﬁrry containing, among
other components, abrasive particles and various oxidizing agents. Abrasive particles
) ' used for CMP include alumina, silica, spinel, ceria, and zirconia, among others.
20 The areas of applicability of CMP processes have expanded to cover a large
variety of materials, including metals. This expansion of applicability has stimulated
a continuous search for new oxidizers that will make CMP processes of metal more
effective. Oxidizers such as hydrogen peroxide, pofassium ferricyanide, periodic
acid, hydroxylamine and its salts, and other such oxidizers have resulted from this
25 contmuous search and are currently being employed in CMP proc-esses of metal.
waever, these oxidizers have several drawbacks mcluding, infer alia, the creation of
waste streams such as jonic waste streams that must be treated and removed from
CMP process areas. Additionally, these waste streams may also include metal oxidés
from the wafer surfaces themselves. Such waste streams are rather complex and are
30 quite difficult to treat and dispose of effectively. For the foregoing reasons, among
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others, there is a need for an oxidizer that will make CMP processes of
metal nore effective and r,educe chal | enges associatgdywith treating_ the
on J 2142742005
ypi cal 'OW(Pozﬁa@%s gonpl ex "waste streans of conventional CWP and ’
associ ated hazards to the environnment. The present inventi S€THOIPHES
chentcal conpositions and processes that = 5 increase the effectiveness of
CMVP pr ocessestiidrythealid ¥néRoPin sEHZLShaPRHl 25 | enges of
treating andﬁgtl sposi ng of present day |8n| C aﬁlé npﬁ%gésges Betnée%gf?cg Sms in

an envi r onmeFEEFIYE fﬂdlré@we}ﬁhﬁﬂﬂmeﬁra%ycmm&m@l mgthea?;piﬂ@l 16813 hnd BompRgeOUS

and/ or gaseo exa m cal conpositions and processes

pursuant to 'lt‘d"f]ae‘!c %Flg}ls%}gs b hcw “{:d; i @stogiatsgd Tagydnteate sowrdmmenCvP

processes of 10 t (kg t-@smuﬁ%ﬂ@ﬁ SVidtQhemSQ ridiu

r ut heni ug and al uni %um metals as  well 8 O?m@?i@%r oces§r°§e§§'f33@?tgam c
h

mat eri al a’sHCFF@S%me&ﬁfedﬁl‘@ne@tqf (ME pradteases (ﬁ}pidamy%@ of eRNg ahdsr been used
as a conponeg}hel?grm% soI i ons usde for contam nation control and
cl eani ng separ a rom if "i’)té%@ Sospgphpresentylay iomie andeampley Wl f

gpgceRlsgh'?'(raghﬁ%SItigy, gs'l'l'l%leh t(ﬂattlce Pr eng %8%‘6@’ nf??A?I:’»g%nlé@Q#B

cl eani ng of AWEPRF andfar gesepus Eirno o gxanplej ﬂxedahmmabﬁﬂnpd‘sﬂfon@md@loeess@é’ E:
K. Geiger nt. 6,100,119 ne has al sg been used as an
oxi di zer in Ijtﬁ%e %’r‘#% ﬁ%gﬁfﬁ‘%gﬁ?%ﬁem q{{y arlagepus fr GME awecessed of

ci rcui t 10Fortungstempteppen zilne:, g&d,q_ﬂbalmﬁﬁqnhﬁﬁﬁlm%ﬁl h‘?@ﬁlﬁg’;} h}% i$ used

in formng a field isqlation structurelnthe (U.S.
Patents 5, 675 58400 isprgoess l‘g@%méteﬂalﬂh&ﬂ?&@ lowadielestric constant (“Iow
(tétraet hoxysj. | ane | ayers) have been used in the formation of dielectric

| ayers on integrated circuits in the work of Chen and Tu (U.S. Patent

5, 869, 394) and Jéhgnehas Iﬂenuéddeﬁad%&i;ﬁﬁhnt&;ﬂ&&nﬁé%bluﬂ%ﬁs er, in .
contrast to (%]IR h art e present i nventi on nakes use o ozone as a
reagent in f arﬁﬁ‘g PR gentpdl CABPG separaje Sopt By EMP pradess. fRor exafiple, gas -
del i veresd  SiahkotWyliraAd RNt 26 1P FCBNAPROERS jn the

form of an Qzone contai ni ng aqueous
conbi nat i OMMLR&MX B oikitiaPreas, 2000%) ppt1Rer 3¢AP

reagents, of 445 di ts.desc |bed 30 her el n and/ or obvi dus
to those havr ng o ﬁasfﬁ'ﬁwr@m?sﬁeﬂﬂ‘@l%é -5 doseribed, donexamps, b2 FoB5529 -
PCT/ US02/ 03&%ier ef al U S. Patent 6,100,198. Ozone has also been used as an oxidizer i in the

formation of structures integral to the integrated circuit. For example, ozone-
20 enhanced local oxidation of silicon is used in foriming a field isolation strucfure in the
work of Thakur ef g, (U.S. Patents 5,672,539 and 6,072,226). Ozone-rich TEOS
B layers (tetracthoxysilane layers) have been nsed in the formation of dielectric layers
) on integrated circuits in the work of Chen and Tu (U.S. Patent 5,869,394) and Jang et
- al. (US. Patent 6,143,673).

25 However, in contrast to the prior art, the present invention makes use of ozone
as areagent in the practice of CMP. Ozone is employed in the form of a gas delivered
directly to the surface to be planarized, and/or used in the form of an 0zZone-
containing aqueous solution, optionally used in combination with abrasive particles,
in combination with other CMP reagents, or used in other embodiments described

30 herein and/or obvious to those having ordinary skiils in the art.




SUMVARY | The present |n*vent| on relates to the use of ;ozone (03)
reagent i nweh@miss2d mechani cal planarization. Ozone can b?»c‘;ﬁf %%321/12905

the surface to be planarized in several forms, including in A dueous
solution or as a gas. An aqueous solution 5 containing ozone nay opt| onal |y
contai n abr aSUMMARA cl es and/ or additional CVMP reagents co-dissol ved
with the ozone. Co-reagents useful in CVP in cooperation with ozone

i ncl ude carbonate.and bi carbonate ani g(éa]a and_organi ¢ acids such as formc,

oxalic, acetic and gPyEsit MYSANGR relajss &6 okgzege @3{)@§ﬁlr9a&e@t injgbemigak ace
to be plananiceRshitdl pldderif oM @zofe BASbe ﬁaﬁ;gxleﬂ% (t,e ﬁ)liv% é{l raﬁzg.f% inY

ozone-cont ai ni ng 10 feagents can be enpl oye
cooper ati on @Fvetel dotres m&@ngzmma—aqucmtsaomnng oA g@am@cow gomtiamt he scope

f th t t | | f d
genergt g?ﬁi%ﬁ%”‘ﬁ%&%ﬁ@@éﬁ“ﬁ?ﬁﬁ@%ﬁ &%ca P%?F{nq‘?%fﬁ:dg@ggﬁloé\%gleasna or
ion field, fﬁaﬁtﬂiﬂc&aﬁﬁtﬁvéd‘wﬁh%oﬂoﬂet g {fﬁ eg%H@ngéﬂg tEnBlin LB epartx%lsleMn

invention, it I's convenient to genera ozone and/ or
ozone- cont ai PAG ipcdedsenarbanete and yerhaipteomicist mdaggadesdds aip a@fdiiﬂldmt eto

the CWP a eretheo ne- co ng .reagent(s) w.ll be consuned.
Sone enbggﬁgrr%trlll ’sac\é\g %deglﬁﬁ;(gs n¢ ey “’t?kgw fﬁ%ﬂl@émg@é 0((511125 grbe tebssol ved in
wat er  ( pr efpddsizyd Bl the@orgd of 4 asf Qrdmﬁﬂatﬁay 8Pi® Bidkbh 8oncldRfhL Y ' Ne

concentrations of ozone in D water will be inth nge fro
appr oxi it e[fyagenisLan bp sppigyef fnfMP, Wﬁbl)lallaﬂn epopievatatwitiabthamonpasae-bl y

exceedi ng 2Q utio an be used. directly for CM,
di $pensi ng tﬁgﬂg% %?ﬁgjn&%%%\j\wégﬁ% %fsg?pe {}'Iiﬁ%grgs%awg NN i shi ng pad to®
planari ze the s urdzane (OQtih gpicalth d6tintBe th 3n Okorld enbYafs 85 abdhyLst meke use
of "ozone di %}_ol ved in ter along with additional abiasive and/or reactive

chemi cal s.- AFPES PRk elﬁa‘?’PICE%Y Bdlasaacy lani@@l@bcfeﬂallllﬂww ingitiei bm, spi nel ,
ceria, and ncI car bonat e and
g(')lflg Qﬁb@dln‘gl&%f tﬁ@ﬁ%ﬁgﬁ? EJ\IGH%D I}ﬁx CP@CE{ 8?1‘8 e;lﬁ%i 0 @IS?C ol v

bi ¢ar bonat e ani ohs, oxalic ormc 4acid
aci ds. lion@lcya%fhﬁayom-cr@@ﬂmg reRgenier oragtiie cﬁnbuiﬁ‘easaeédédbﬂd ploxiktc26d

pursuant tog Q,Ttl\q?r enbodwttﬁeof theng%{esent i nvention. 30 The
conposi t i onsSof 't REPHFEE ST e BReTrPIEHng seagerits) mall beppnsymeg) Somsum  and
ot her mat er émbsditreats o O Hedehi BvbhtidOmPlARRFES cﬁ&oﬁ%{f&?@ﬁf pnal

oxidi zers. Oher netals include ruthenium -iri aI umi num The
conposi t | on@referaplyeDI PrieDdndormamaqueons sewtical s"b/plumﬂgmlm @yechttationoatt with

Si 'l icon suchohBal Df wak@Will%e in the range from approximately 1 part-per-million (“ppm”)
20 up to saturation, possibly exceeding 20 ppm. Sﬁch an aque;)us solution can be used
directly for CMP, dispensing the solution betweén a wafer surface and a polishing pad
_ ) to planarize the surface.
Other embodiments of the present invention make use of ozone dissolved in
water along with additional abrasive and/or reactive chemicals. Abrasives that may
25  be added include alumina, silica, spinel, cerja, aﬁd zirconia. Other reagents that may
be added include carbonate and blcarbonate anions, oxalic acid, formic acid, acetic
acid and glycol ac:ds
Ozone gas may directly impinge on the surface to be planarized pursuant to
other embodiments of the present invention.
30 The compositions of the present invention can be used for CMP of platinum
and other materials that are difficult to planarize with conventional oxidizers. Other
metals include ruthenium, in'dium,' gold and aluminum. The compositions of the

present invention can also be employed to coact with silicon such that it can be
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3 21/07/2005 WO 02/ 065529 JPCT/ US02/ 03453 pol i shed tp “better-surfa

“fini shes. J renoval ‘can be facilitated pursuant to the ]e/cs%?’l{zoof’
FlcBn

i nvention clusi on of ammonium salts, including anmfsA{UH7/03453
chlorides, anmmniumnitrate and particularly amoni um carbonates. Ozone

conposi tions Eisdag bett® st BgRa! a.‘&%ﬂ“a!i‘ &qj& gm?zl F?El ]F Lgani c
pol ymers, rut%%gr or ostaherS | ow k mat elrv'lt al s }éng&l’ J:6 I'rect td 'S ?)ntgl
organi ¢ | owpkesgitdireaption by thid inslusithef ennpasin saitssmohdiﬂg@rmneﬁmﬁi i nvention

maybe enpl oye ol ishin hard di sk_and mcro electrical nmechanical
structures (!9%]\?5'? EWE:P 8‘ trals spd PR ARGORNE caghonajgs. s p, Si or Al

rotal . 10 ) BRY EBBRSCREH s chrchi (SRAMLAG: E OIS shea ko ian” am for

ozone generation and flow pursuant to so odi nents o resent
i nventi on? prn@ p@lynﬁrhemid:tewor othes bwslentateniats, themgbly dlirieotly polishyiy @ghnic
chem cal rrec i‘g%kﬁ Ianar| zation. , Figure 3: Schematic
Cross-sectio é’i’ Er{ Sof through-platen reagent(s) delivery for

chemi cal mechani cahe éﬂneﬁtﬁfﬁozaabfﬂﬁ prgéeﬂtlﬁﬁelﬂ‘ron gﬁaﬁﬁf‘et@%n@laﬁéé& £ ng&%srﬁr% ‘s of

t hrough-pl aten delivery of reagent(s), accor
t he present h&i‘déﬁklaodnmtzc eBET ol ERCDERGRSEIhES (Niém)emehﬂmgﬁ/]ﬁmt i on

rel ates to t 0 3)..as gent in chem cal nechani cal

pl anari zati On%{a‘fr&%ﬁ}l’% %&é‘@?’rﬁs‘&rr‘qﬂqaﬁ “fabrication of integrated
circuitslg Ozone for CWP pursuant to the present invention can be used in
several 25 fornms. Ozone can be dissolved in water (preferably deionized
"DP" -- water) to forman aqueous solution. An aqueous sol ution

cont ai ni ng ERIEF DRSCIAPII0A by TEEHRAWAWSS| Ve parti cl es and/ or

addi ti onal, reagents co-di ssolved w ozone. Co-reagents useful in

CWP in cooperatlon wi th_ozone include carbonate and bicarbonate anions,
and organi-c aci d¥iguiek Blockehipgrem foxedone geagelidnandrftbvypyrsubnt t@6orGz one can

be deli Ver.e%nﬂioﬁi‘ﬁ%’tsyofttﬂeﬁljageﬁH{Jeﬁﬁ(?n_t0 be planarized in the formof a gas.

Figure 2: Schematic cross-sectional depiction of typical chemical mechanical

15. plananzation. , : .
Figure 3: Schematic cross-sectional depiction of through-platen reagent(s)
- delivery for chemical mechanical planarization. . .
Figure 4: Process flow chart for through-platen delivery of reagent(s),
according to some embodiments of the present invention. .
20

; ) DETAILED DESCRIPTION

The present mvention relates to the use of ozone (0s) as a reagent in chemical
mechanical planarization (“CMP”) as ?erfonned in the fabrication of integrated
circuits. Ozone for CMP pursuant to the present invention can be used in several

25  forms. Ozone can be dissolved in water (preferably deionized —~“DI” - water) to
form an aqueous solution. An aqueous solution containing ozone may optionally
contain abrasive parficles and/or additional CMP reagents co-dissolved with the

. ozone. Co-reagents useful in CMP in cooperation with ozone include carbonate and
bicarbonate anions, and organic acids such as formic, oxalic, acetic and glycol.
30  Ozone can be delivered directly to the surface to be planarized in the form of a gas.

- Combinations of the foregoing ozone-containing reagents can be employed in CMP,
-4




Conbi natlons of the forgegpl ng ozone- cont ai ni ng reagemts can be S%R€§Z?g
ods,
o]

"OVR, . -4 R PRR63929 21/ 07/ 2005 PCTI US02/ 03453 optlonal

wi t h ot her non-o0zone-containing CVP reagents, within the scope

present invention. OQzone (03) can be fornmed or generated in several ways

i ncl udi ng by opeiandlyGh coder&zn®ity Shef irPszons TEhiathi X TNENreh i) Ghthanthener gy
field, typically a plasma or ion 5 field, form ng ozone in situ froma
conbi nati on eponemfé@mgﬁ@émva@m For exarrpl e, ozone can be generated by

| ent disch
ont rast to spar k ORGP EEEB; SRR %%aﬁ%fmbﬁ%se% syogFRRS sy o
coronal di schanbgene g&nﬂ@tdr@@ﬁkusg oi}lgen fbehlinadme Ri1BES pladind Beion

di scharge is _ dissociated into atom c oxy reactive ox gen at ons
subsequen? | y figld E&m&moﬁeﬂterw@@mmombn@%@tlwéﬂweoxmemm ther swieplel ar

.oxygen and f c 070 The ozone
yield dependg%cﬂr? C%ngig r| c ﬂ%’%gﬂ‘@ﬂ% %ﬁg@n é’%ggoper gﬁ%‘&r ature
among ot her Hscliapgesin Jdiﬁad&b&ﬁdﬁmﬁschﬂ@e \eRted 08 staBIbqﬂéénth rat ure
relates to the fact that higher tenperatures displace the equilibrium of

Eq. 1 away ff@nndisabarse; ﬁWQm pigthe meleppiar gxygepsubipeiiogie @qchﬂrge iezone
t
ambod mont s Sre pRalS bR Ao o RIHR G The BB B fent e ' 1 5O

ozone 201(hndﬁ1ems¢1m 1020 methammawncﬁgn toaagleaﬂal(mygeeag@fdrﬁq)meﬂamid e as
needed and proxi mat us mhere the ozone- contalnln

the CVMP a

reagent (s) vﬁ”‘lylgelb’élof‘fﬁl’r@ﬁrr?éﬁordﬂge%%goné aPeEsDaclg vepensisendhrelestae field t i es
prgsent ed bygyle \ ally
Do) o LB A8 byl RGNS sHidhf Binck SRRV EnBUEPBEIDI YRGS |
retain ozon@PﬁUﬁJﬂaf@muammhﬂesm theddctdhathigher tdbgweateres dlspklceﬂler ate of
ozone decorrpos |on 3&%{3 t|on ca beﬁp v&y}%&ng it difficult, but
not |er055|‘=“8]1 a&’f@f Pz%’fo Bsra Teagent (s) for later
use. To1bke concrete in our description, we describe in detail enbodi nments
of the present i-nvention generating ozone on-site, understandln% t her eby

that enbodi ments maki fy T @se ©@f ozone-contai ning reagent (s) prEilously
generated are included within the scope 30 of the present invention.

Ozone generators are known in the art and commercially available. Thus, in
some embodiments of the present invention, it is convenient to generate the ozone
20  and/or the ozone-containing reagent (or reagents) on-site as needed and proximate to
the CMP apparatus where the ozone-containing feagent(s) ;F'Vﬂl be consumed. These
embodiments overcome the difficulties presented by the fact that ozone is quite
) | reactive and thermodynamically unstable with respect to molecular oxygen, O,
making it challenging to retain ozone for a substantial period of time. However; the
25  rate of ozone decomposition and/or reaction can be slow making it difficult, but not
impossible, to store ozone or ozone-containing reagent(s) for later use. To be
‘concrete in our description, we describe in detail embodiments of the present
invention generating ozone on-site, understanding thereby that embodiments making
use of ozone-containing reagent(s) previously generated are included within the scope
30  of the present invention.
Some embodiments of the present invention make use of ozone dissolved in
water (preferably DI water) to form an aqueous solution. Typically the concentrations
of ozone in DI water will be in the range from approximately 1 part-per-million

(“ppm™) up to saturation, possibly exceeding 20 ppm, depending on solution
-5




Sone enbodi nents of the pfé\,_sent i nvention make use of " 'gzone di SS) I (?ﬂ i2'r605' -
-wat er (pre&g):]@%lﬁ DI water) to forman aqueous sol ution. Typical ﬂx// é
_concentr at “ozone in DI water will be in the range fACaS02/03453 '

appreximately 1 part-per-nmillion ("ppn) up to saturation, possibly ™"

)
exceedi ng 20 14RRrafiO RSt Ry SEIHELRR. | BB o R BRSO
PCTI US02/ 03453 tenperat ure. Fo ggg%%a% ‘gér"r?félln%f'al Faﬂ}é"’f’s}a/‘\??é?o’{eo‘%%%?i‘ﬁd
sol uti ons of rowates agli‘Cemposition A’ wat er as " Conposition A" Foll owi ng ozone

generation and di lution in an agueous solution to form Conposition A,
some enbodi nment s ?%ﬁf’wgl%ﬁzé’%ﬁ?neF%RP@r?Pﬁ@FFSGB@OWQQQQD%Sm@mﬁmI y for

CWP That is, JothdoBRR8 £Bedi L.Id.on -A 1 s. di spansed..between a

waf er surface_oar?g a p(flE i shi r?émjgg%n?ngp éﬁ‘%ﬁgﬁés%ﬁé{é@%ﬁl%g&%mm%%% zat i on.
~ Convent i ohal doxilyelguiCiRnThatss, tiy ficsadhodisetsf Obmpesifien KB dispdRedd t h
Conposi tion @ More specificall referring to Figure 1, an ozone

: y, angd. r .0z
gener at or 20 GENET ArFEder Sif2ee A nalishing pod én aless SIVB deadingdn plaesgaationour ce
22. A flow cophvedkibBil CHP cBuintbhi - {is%g ( [t;ﬂ?, oxygen flow rate
to the ozone generator 20.eaul ce %e elé{% e ,d?%epcc%%té%@% ,h"‘e’ﬁytypi cal ly
del i vered i ntempesidgudous sol ution 26 such as DI water and dissol ved
therein to form ositjﬁ%%:uAaB#r%yant tg.the present invention (or a
nodi fi cation of OHEIGA A 20 THPIIRSHR 15%e A otn eangp gpeaytor Zhapwsited on A
(or 15 a0mdizbhe BbhDokyiges saRfiibd §3an bReLASuRRIE] 8,28 to CWP
apparatus 30 wherei n}{gﬁe%}:prgcess%bs ppgéo‘%zeﬁe‘%hﬁg@&gg{ﬁy%@édsi n Figure
1, these entidRiFahissed te eentepl theoinygenflowgatedo tmessshe whaesrstbn20.h@nez one

generator is, e ¢l ose tao.the. actual CVMP apparatus 30 and

20Ep! s consn it RO T nip iy dinaiiiitt an adpeoareniion 26 sheh siP!
pol i shed f onwatdrtaatl diigsglved Herainte iRt dndsoitssh A ke erties
of the ozone contajned in_Conposition A The tggpégﬁgﬁéﬁﬂe%gn%g@?@?on A

gener at ed | KTAEPABNHCERRT S {apmposiion 4 4P wiates ds natrenpdopedp nGodposititsA (ar
refrigeqat og nR4ifEY; e r r t he agyeous ozone
sol ution provi ding il g?égg(?gg&ﬁ%hé’gégkg%%ﬁ%l?ﬂ%@a&e%égt?m aﬂ@?rﬁ?"ggﬁat ing -
Conposi t i onwhershedIVBwsoceseis peefomned. ahNddHighe in BROLEN ihd@b bABodidRnlf - 0Zone
for a | onger %eéji g}? ﬁf tinme. ,I_,—Iorlever there is typically a critical upper
concent r at i 35 ‘o °BY ShESHISURSS WhPEs e e2enegsmeraierds lacsied qaiteiclose trthet i ons
bet ween actual CMP apparatus 30 and supplies Composition A substantially immediately to

the wafer being polished for obtaining:maximum effective use of the oxidation
20 properties of the ozone contained in Composition A.
The temperature of Composition A generated in 26 may optionally be
- controlled. In some embodiments, a refrigerator 32 may be used to lower the
) temperature of the aqueous ozone solution providing thereby a higher solubility of
- ozone. Refrigerating Composition A. also allows one to maintain higher concentration
25 of ozone for a longer period of time. However, there is typically a critical upper
concentration of ozone above which undesirable reactions and interactions between
dissolved ozone occurs. This critical concentration occurs at about 20 ppm .
Additionally many CMP processes are temperature dependent. Thus, better
control of the planarization process is achieved by controlling the temperature of the
30 CMP reagents.
Other embodiments of the present invention make use of ozone dissolved in
- water along with additional abrasive and/or reactive chemicals. This is also depicted
in Figure 1. The embodiments depicted in Figure 1 show Composition A combined

with an abrasive (or abrasive slurry or solution) 34 and mixed therewith to form
G-




di'ssol ved ozone occurs.{_f_'lzhi s critical concentratiof té)ccurs at abqu 2?{5&%
. -Addi ti.ofg) d2yssmey CMP processes are tenperature depende?FT 340.
. . . . . 3.
control of the planarization process is achieved by controlling e ,
tenperature of the 30 CWP reagents. O her enbodi ments of the present

i nventi on neleaotisefailyoafidPdeamolsyaesuant toWié Sesek ventid IFReehidnonad
abrasi ve and/or react i%{Fe chem cals. This is also depicted in Figure 1. The
enbodi ment s dENEER VS denptedyr Comporiiandd e ssagewin cAmpasing AgrEouswIdrean

abrasive (or s Ut J . 1T, X thergewith to form-6
21/ 07/ bo0s " (ESEBRHEn 20 VbR ad ikt Acal ﬁ@?ﬂg‘f"g%ﬁ%% QHRB paBspB ATe
pursuant to upheexphetedntAbrasives B4 diat nfgrbeeridad RYCahpoditttoA dtdudeiBudpRaot € by

" Conposi t} pn% t he reagents conprising agueous ozone (Conposition A) plus
ot her add?ti ¥ SPYIsH CTiR PIgpRiagrndker a rassu fhiheseprgents diaf arydeadded not
eXClpoed.  AbhRNAAAakhEk bR AAREE ALERINORI R o e T N2

5 silica, spinel, cerita, zirconia, or other rasive. S

may be addedglycoldcidie ree iilongtosition® bifomiddoinairebediicdna im@yugh vaivaog e formc
acid, acetic_,acid.and tg‘lgygﬁol_ acids. Once Conposition Bis forned it can be
directed thrif appya SvhererptheEME rasess okmeie! inperfaimed he CVP process
of netal is perfopwedas | ' ngrat,or 20
coul d be delivered di ?téﬁé%lzf',gﬁ@%(%nié?ﬁ%%rﬁ%ﬁﬁg%r&gzﬁ%%ﬁ{‘%ruaﬁgg%{&grﬂ%cﬁ%c D for
per f or nilfg ttheoughrapred@Sds CMP apmiraths 3G\for peirforming AkeSHOY procet bohlegl. 26 can

be used to reqgul ate-the generati on, of ozone the ozgne generator .20, the
f1 ow from f I"OW @OREFEIIC gt“gfﬁr%ﬁ@nh??? O ZFSWSE His SRPETRiong g bydhaut i on

26, the val weoRSgertdiior B, Hielfbva b8l Adw cBRGolldrO 4N Ié g{rlﬂiggfof bogmedgane W th

abrasive 34. Additionally, mcroprocessor contro or a separate 15
m Cr opr océs fgreqiigsohition 2pethg yalge 28, tho mefrigeratan82,CGiid thppuxing oEth®zodthe CVP

appar atus 3Q,; nventional CMP deliver stemto deliver
Conposi ti on ﬁ%irbr%%ﬁ%)g%i%ﬁ%ﬁoﬁﬁf}bﬁmcﬁss%@é’fmgﬂﬁi%@ SSRHE pol i shing -
pad to &&rr ynicwbrddessop o slbo Bgudedas cargrd] ShPCRIBIPpZRKIsAY. Gaseous ozone can

al so be wused for,_planarization but is expected to be |ess effective than
processes’ enpl oyilkg GEF sppmatus 30 san employ asenuentional{MMPdslivenyssstemtto oduct i on
very close haifReopRitionH b G, oaenis Spplioyed, a
pol i shi ng padli s redul rlg anlge(\%g?%sjrﬁ\{ or’a g%?ﬁ?ﬁgt&fg%%g%nfigpﬁggggéari |y

i ntroduced pal wswingtout herpohishing tpadingtto ptanbyizpioad Gabsus ozone can also be :

used for planarization but is expected to be less effective than processes employing

20 ozone in a liquid solution and requires introduction very close to the wafer surface.
Even when gaseous ozone is empléyed, a polishing pad is required and water (or a
similar fluid) is necessarily infroduced to assist in removing etching by-products.

__ ) : However, it is important to note that ozone, even in solution, has high
reactivity and typically a rather short lifetime when brought into contact with metal.

251 Thus, the CMP compositions pursuantto the present invention are preferably applied
very close to the wafer being polished instead of being applied further up- or down-
stream, as is typically the case for some conventional CMP apparatus (typically 1 to 6
inches down-stream, in front of the wafer carrier). For example, and with reference to

Figure 2, the CMP apparatus 30 can dispense Composition A or Composition B

| 30  through a dispenser 37 and onto a polishing pad 38 at a location proximate a wafer
carrier 42 carrying a wafer 44 having a wafer surface 46 undergoing planarization.
The polishing pad 38 is carried on a platen 40 and, when the platen is rotated,
centrifugal force causes the dispensed composition 48 (Composition A or

Composition B) to be dispersed radially outward such that it is delivered between the
-7-
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However, it is inportant to note that ozone, even inis¢lution, S %JZ :
“reacti vi t ywansbideyppbcal |y a rather short lifetinme when brouq,t&trfﬁ a]fa/ Z 59(95.’
with nmetal. 25, Thus, the CWVP conpositions pursuant:to the presen:t’

i nvention are pref erablé% aCEﬁ?ll ied very close to the wafer being polished
i nstead of bévaler supfpre 4elatdhe pelishing past 3% Hencesthe dispensed compoyigion 48 kyd t he

case for so enti onal ar at t.ypi cal | to_6 inches
down-str eammﬁll%%& \rﬁg R tmog.lfontoﬁg\e/\%é)?i%!ﬁng &’P& ?@&"? rpg}ecg%égﬁﬁwé,fer SAAISKAE fieads to
reference tothdplgwtiation bhRafeMirabea6at us 30 can di spense Conposition A or
Composition B 30 through a di spenser 37 and onto a polishing pad 38 at a

I oc?t i on proxi mat MQrevcéﬁr’Je_the Chmlic&'l@pmsiﬁans W}@ﬁeﬁm}ﬂlﬂdﬁﬁﬂt toathe pgasalt\(lj\/af er
surface u i narijzation.. T ol ishing . pad 38 is carried on a
pl aten 40 an &'%nﬁ% ﬁﬁgel%“’g‘?deﬁr %lgo‘rl%tl'gleéﬁ?t%n 5o idglﬁ‘é%’ sysipms thahges t he

di spensed cosmasioh b@Nfof SxArlaTRREdRATPECS76, G260 iﬁ;ﬁ gﬁeg)oaé&gg%s per sed

radially outward such that it is delivered between t 529 21/
0 7/ 2 0 05 WherethysomnpBitBes arfdstivered trouglt Sicplaen focthpattishiangophd CB8P

Hence, the dj jtion 48.and the relative notion of the

pol i shi ng p%ﬁ%ﬁﬁ%ﬁg Rgﬁsre@gzth rel?%pﬁoﬁ’écﬁ%f‘ gPryc@PﬁingCtéf?nFa@Eﬁ%tht]Bﬂet he

pl anari zat i csxpofurwef fie coHpbEensB othRAAY BEsiddshBe £12E Bl 'cwmg'fﬁéeﬁﬂs and
process%_"p%suant to_the 3pr_esent 5 invention are wel | suited Tor

t hr ough+Pre-§r sx@nrieyBiguest3, ifd sohemyptie depietion oftetorbital CNBriwad immwhich die
exanpl e, Spegdf.am G 76, types of, equi pment.. where the
composi ti on?%ar e dJé(rnF&eS?(?aogl 5 t(?(rZ% ?ﬁ?ﬁ%hé’ gf’gégﬂa?% e RE0Z00F (PO BEENagt 1o he CVP
wafer being wﬁeﬁmmvehﬁmﬁh)bepﬁ@éhﬁd@maﬂKw the@@gatctifBS wak@Nicagt Wi th
little exposure toé} t he. conposi tions to other areas besides the face of the
CMP waf er | C&@PY of digpepging LMPgeagent(s)gypigatly repujtsdn smprovad distafegiontafére of an

orbi-tal Wpcbﬁﬁgsiﬁéhwhﬁﬂgbugaf chem cal conpositions (Conposition A _
Conposition B, or ozone 1tself) pursuant to the present invention can be

di spenskd di r ect More epedificaliyrtha €M ppdratunad ein inSlidb an wEsiES CNIP GegPensi ng

CVP r eagent typically resul.fs in i oved distribution of the

conposi ti ongé%p%%egﬁgﬁvsaé%.c%r%fiﬁé E{?é%p'%q cﬁﬂq MEy apparafs 3 HEnesssmycan

i nclude an onditat ckicheathposarms (CpdtPl Cohifsdddl B0 GRteBahen 60
C conposi

The CMP apparatus 30 can di Spense any ~one of the em ca i ons
( Conposi t i ofFQshegnpsiald P2 disppsedin ghpiaten 68 aitioh intthmos ghopermani fol d 62 .

di sposed I nodrfiGREAEWRE of@nhfg@ 640 e Iglohjsﬁinig%ag REFor dispensing any of these

20-  chemical compositions directly to a surface 54 of wafer 52 carried by wafer carrier

50. Thus, the dispensed composition 68 (Composition A, Composition B, or ozone &
| itself) is directly delivered between the wafer surface 54 and the polishing pad 66
) - such that the dispensed composition 68 and the relative motion of the polishing pad
66 with respect to the wafer carrier 50 leads to the planarization of wafer surface 54.

25 Figure 4 further outlines the CMP processes described herein pursuant to the
present invention. In particular, and with reference to Figures 1 and 4, the source of
oxygen is provided for delivering a flow of oxygen from the source to the ozone
generator for generating ozone. Once the ozone is generated it can be delivered to the
CMP apparatus 30 wherein the CMP process of metal is performed. Altematively,

30 the ozone can be dissolved in a refrigerated aqueous solution or a non-refrigerated
aqueous solution (optionally temperature controlled) to form Composition A. Next,
the refrigerated Composition A or the non-refrigerated Composition A can be
delivered to the CMP apparatus 30 wherein the CMP procésé; of metal is performed.

Alternatively, the refrigerated Composition A or the non-refrigerated Composition A
. =8




comuni cation with openings 64 in the polishing pan@G for disp S)(?_g; grby
“of these 2@voebetswal conpositions directly to a surface 54},@ ﬁ‘sé 05
carried by wafer carrier 50. Thus, the di spensed conpositi

(Conposition A Conposition B, or ozone itself) is directly delivered

bet ween t he ‘v besipted der IBtkr asabrithixedotithsin atgasies Kidxidg SecBiitddaked he

di spensed co sitl:on 68 and the.rel atjye notion of the polishing pad 66
with respect @%mP RGP OF ﬁ{ed}opl—rgﬁlggéatq RraPestiand Vﬁﬂhﬂ?&ﬁﬁ@éﬂ‘ﬁm waf er

surface 54. Compodsaitnss dhidly enBd deli pRLoce escri,bed

her ei n pur suant it;do t he Ffédshedr??%%i nven(%ezhgﬁ?dFﬁg%%ﬁa&aﬁ‘ggﬁﬁ\ﬁ%mﬁeference
to Figures 1 @8 paoceshef mefalis pedfbrmalx yematively Cvinposiiban eld beshea a flow
of oxygensfr%ﬁ&e source to the ozone generator for generating ozone.
Once the 0zone TS S%Gner ated it can be delivered to the CWM apparatus 30

wherein the CVP prihe@bsmieh] dRipkitions &ﬁg{g&ﬁ{Fgﬁsg&q éﬂf%ﬁéﬁ%ﬁyﬁlf% he ozone

can be dissolved in a refrigerated agueous so on or & Yer at ed

aqueous sol uFPBIPYESpt # singleiphateqrlishiag prozesso Howavies dhisd0ed AFtHERIRASH ON A,
Next , tion A or the non-refrigerated Conposition A

the refri t ed 0si -ref, N S
can be delivgr%cg‘gilghaﬁﬁggoﬁ%%ﬁtﬁwﬁ?%@t ored in dojpg elshppdishing, wingret al
i s perf or medanotWrtCNIP abiny6did stiBdeky i Ll he
non-r ef (r_i'(gerat ed Conposi ?i_énm,lé\(gj:% ﬁeg%%éﬁg%lﬁ%@%ﬁ&%m%3453
coul d be''st drregest-oPqreavst, itheulskbamiotetthati dzne fieel i mamiisooudvasiin Bighhe .
ref.rigerate Lt r..the n-refrigerated nposition Awth the
abrasi ve fo(rjcr(r)xls1 ﬁ%{é,séloﬁ} %‘%S%sxﬁﬁséﬁlﬁgﬁﬂletﬂﬁaﬁﬁgb‘m%@%%@ hegplied im\vp
appar at us ‘3@olisingiovld ihat hARnbSRSeE, AN thé 28k HO i’Sbi:BhRAL 1 Vel Y,
Conposition B could be stored (5 for |ater use. Theé chem cal conpositions

pursuant to € MRS HEr asRpemeightses math iydragsh pyroxétepiraglent similalysi ngl e phase
pol i shing pPrREEsSS V&t sl e { .pr f%,u e a r.e)., phase
pol i shing system |u? a ené?ﬂstogfsglr‘?%uz}c@?rﬁuﬁ’oé cg‘eﬁﬁéh%ﬁ‘fwﬂ%&fedusi ng
anot her 12vP vativipopirpran(s)ns sincsubseagpiesity 4l 866 $Shag ﬁgﬁaﬁidaﬁ%]%@yérge final
cl ean up 10 proc%ﬁs. Moreover., it should be poted that ozone itself is a

poi sonous gas i n"AE §FFSCHdRERter finthsy inclisles, arp aportast adiantegatn edditioretopr esent

i nvention shmulictalies anplek@bhihg on@8} sty I;J{h% ve, encl osed syst ens,
t hough the degree of danger igogorrel\h/\lﬁ}a%dwé%&t%hgosa ogihcfe ogrsnp&%am%ht see
wi t h ™ hydr oge®isated simre. dihisdvantage derivas Fpm ttle bt thai-testypioand@inidadns or

? lurries. GagsRidons ofNe p?&%ﬂ% ﬁ:lgclansdo%rgtgzlftlagh?g?oz%%g lzn(rata(-:I a pH that is not at an
20  extreme and typically have a pH in the range from about 2 to about 8. Thus, the -

chemical compositions pursuant to the present invention provide less aggressive CMP

_7 processing environments for oxide removal as compared to the pH ranges generally
) : known in the art (typically, pH ranges of 1 - 2 or 9 - 11). Overly aggressive removal
of metal or oxide as caused by typical low pH CMP solutions tends to hinder
25  planarization by removing oxide passivation layers formed in depressed regions of the
surface. That is, one mechanism by which planarization is achieved relates to the
formation of oxide layers on the surface that péssivate the surface against chemical
attack. Abrasion of higher surface regions in contact with the polishing pad thus
removes material more rapidly from these higher regions than from depressed regions,
30 notin contact with the polishing pad and partially protected from chemical material
removal by the oxide passivation layer. Ozone aggressively oxidizes metals, but, at
the typical pH ranges of 2-8 employed herein, oxide layers are not easily dissdlved.

Thus, less aggressive chemical attack on the oxide layer tends to preserve the
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15 with proper precautioﬁs}si nce they typically all itend to have _hj -
* oxi dation "Pﬁ\‘l’\e% . The present invention further includes %$M§Eﬁ?0,0.5

advant age 43P on to aneliorati ng or overcom ng one of € 0"t he
shor-tcom ngs of the known prior art as delineated supra. This advantage
derives fromidiRafigelayét) Badingo inpiovad pfigii-gioh. ACHHAOfkd isctﬁﬁcafzy sb@to
present invention containing-ozone have a pH that is not at an 20 extrene
and typi cal | gothplete the OME process. r ange from about 2 to about 8. Thus, the

chem cal conpositions. pur nt 0 the present invention praQyi L ess

S0 esai ve NP pPBe BRI b P ree o S A S LR Y e o 1o

t he pH range&nﬁﬁﬁﬁd’ﬁde'a\’godﬂﬂﬁﬁbﬁl&isﬁ?nﬁédoﬂﬁﬁi@ét@ﬁlabr&rs ibhtan @t Bé 1 - 2o0r,
9 - 11). Overly aggressive renoval of nmetal or oxide as .caused by typical

| ow pH CMP sedongicomtginingigagant(shotidie prezentinvenichzrrovisingsifacinpdepmsseki de

passivation | ayers farneq, in d ssed reqgions of.th rf . That is,
one nmechani s §}pﬁ?f?%wnplc%?%fenﬁgi%qunsc’%’gﬁ\{a&ﬂer&g’rogf Eygéﬁi %t%ﬁﬁleﬂlef ormation
of oxide | aygjlishiag Phﬂ‘ﬁ)rwrcbﬁﬁet WwhA theptishglpad iheocpefdtiag evietg@idest chem cal
attack. Abrasion o hll%her surface_regions in contact with the polishing
pad thus r cabassss fhecicpds tormdmarizaitndl y from t hese hi gher regions than from

d d i .3 4 R an !
depr essed 1 ogi ooy 30 fiokicbhle SARL Afallbrkilf OIS B S PAY CRRSopar t1al |y

AoV € passivation |ayer.
Qzone agor egsiatitdhi/thaxis akzal quite dhat toltypicaladxidikere. Fypeeaipl@iflaangdsnef 2- 8
enpl oyed herein, oxide | ayers are not easily dissolved., . Thus, | e‘ii‘io L
aggressi ve cersiy@hmagzedlysush oxmlizigg selatipas asrnrtricrgid ernificesiyRpedrqahleric o -0
21/307/ 2005 Bl 0 oF IS TMVET A @%[fﬁ'lé 4 padi to
i‘rﬁ%r oved pl gggrc%{gtlon.g‘gA m%i ‘fg{e%gﬁ% typl ??h Ig_ibt?’ise %srﬁ corrgfhgte t he
CVP pr ocess prebhae inemios itypically fofim talpdatimesexitle filu émdt icem thendefeledrabt y used
for tungsten remaval since.a good oxide filmigs, for op tungsten |ayers
in contact WP H’ée%"%ff@ﬁ%@%ﬁ%ya' ﬁ?ﬁf@@%&@%ﬁ?@%ﬁ?ﬁ@ﬁ?é’é@ﬂ} i nventi on,
provi di ng ethsictdtd WaPHRSARSH ar2GV & TS PERES QRld B Rbesedypalfomtuasi on of
el evated regi ons by contact with the polishing pad, or by contact with the
pol i shi ng pattier to poopup the Patiwin holiskegproadssasi ves, then |eads to :

pl anari zation. The campositions.of the present .inventi be used
Por Vb of 20 pi Ason TR Pt S SRR PGB, FRER tep e Bl Bt B BT o s er .
For. exanp! eperfidradet it tSCHE in dréedb intrédsa fisd dffRtviiess ofMaxibldiemiong.

solutions as nitric acid or nitric acid/ hydrochloric .
- Hence, the iridium process can also be benefited by employing the compositions

. 20 pursuant to the present invention by providing a strong oxidizing media fo oxidize the
film to iridium oxide that is then polished off. -
The compositions of the present invention are also useful for the planarization
) of films containing ruthenium and/or ruthenium oxide.
The compositions of the present invention could also be employed to co-act
25  with silicon such that it can be polished to obtain better surface films. For example,
~ should ozone morte rapidly form silica (SiO2) on the wafer surface, polishing removes
silica as very small particles, of 1-5 nm. Conventional CMP with a pH>9 typically
involves the formation of silicate species, [Si0O,] . Material removal in the form of
very small particles typicalty resulfs in a better surface fimish.

. 30 | Additionally, ozone has powerful oxidizing properties and tends to react
vigorously with organic molecules such as surfactants, shury stabilizers, and
chelators, among others, thereby decreasing the effective ozone concentration if such

.. additives are present in the CMP solution. However, to promote material removal,

ammonium salts, including anymonium chlorides, ammoninm nitrate and particularly
-10-




the preseniyd ywggkhon typically forma platinumoxide fil mgd

selectively renoved in elevated regions by the abrasive actlon 0 e pad
or by the pad in 15.. cooperation with the added abrasive. This process
coul d be r ep@anmﬂlymmadiomﬂmd:an he addeddo faanhmtwdhelpd;mhmaambahomghﬂmomy hi ng
process. Alsq, filns, such as iridi pi ca r equi. that an _oxi dation
process be &QF?IWPN%'&GB?QGWTX@WE eﬁﬂ’&l@?””r‘%“?ﬁ‘?ﬁ?”é fecti veness
of material renovaurthedfRE Dzohd\Gmi Be k4o eﬂqes&ccap-@iﬁ%o%s gﬁ&ﬁsﬁﬁged by
enpl oyi ng the conp05|t|ons 20 pursuant to ‘the present inventi

providing a $erdiyg wdicd] disngrergitineo boeaindodingpichleorgdtit polymets; fuileﬁampbe; de

Loo beer i PR RORR S i et GEOT R BLs A micH B Loon S e ©
o ut heni um ox pflgtherios: @%&ﬁmst ITRAS, (RE pleliiut Bix%ﬁﬁ&& célﬂ&ﬁ@héé&rioﬁﬁ’é&tgqt?dlﬁﬂ be

enpl oyed to co-act 25 th silicon such that 1t can be polishe obt ain
better surf aewgaficllow k@dﬁcwﬁﬁhps eThe pivownit ihventioralso centeraplatisyufgingn si | i ca

(Si2) on the waf er sur.f ac olis re s silica as very small
particles, of*fea" r?f“SEB%9§'ﬁ‘f Qﬁgﬁﬁlc{]éﬂ)gmoﬁﬁg‘ﬁ‘gpl-bg typical ly “involves the
formation of silixRi@veRdd @mpdsitio¥ n&uaﬂWéﬁfe'}ﬁéseﬁﬁﬁ%iﬁion'xﬁa)ﬁﬁbe form of
very small particles typically results in better surface finish. 30

Addi ti ol | yemplewpeseion aaligénghdard Hiskyand mcmglmmmmmmms (MBMSact
| t | ,
nng Chel at b HRDIS HIR BGH BENALER 35 A SN sfiopk e MER . “°"°

cojcent rat | m&ucﬁu@mémtypaﬂﬂy&mg&amlafement in the CMP sol ution. However.,
to pronote mat eri_al remval ammoni um_sal ts, including anmmoni um chl ori des
anmibni um ni t r at e BSARGEFOR.Eht BEFGR iuvgnban FRelgelss OXgYESIBRQr more of

PCT/ US02/ 03 D9 .
pol i shi ng rg?égséfé tﬁou‘%}q‘??l{s n%l%‘“%%ﬁﬁ ?&é@é‘%@%@éﬁ&ﬁsaﬁbﬁe used in
cgr't alC n Iéas@scliﬁnwooi;andlhypm?amg CW@r%dmssmfmetailzmldﬁowémlb}ect?sed Eo gpenk
-C=GC or - nds ronotin y. a ical chain reaction to brea
down typi calm%‘?rba&% OXE4Te P@ngtggéﬁ’?ﬁ Bem“’ garEpos]tiops bl epsentially

manuf act ur egeaRingPehindBidthisg Wﬁﬁﬁ%ﬂﬁ&%x?ﬁe%@%ﬂge P RE in thlcl%t her | .ow

k materials. Thus, theﬂgﬂesent i nvention Could be used to di rectly pol i sh
organi ¢ | ow formyitedrehst mplsing (MR prophesepefneial monweffitctive whils slivaratisspl at es -

purging present day jonic and complex waste streams, their associated treatments and their

}' aci d conbl nati ons. Ho@a\}/er t he ozone- cont ai ni ng{i:-‘[hem cal co izgz)cgj%

20 hazards.to the environment. In particular, CMP of copper is an example of the
effectiveness of the present mvention, leaving oxide films in low-lying areas of the
surface unetched, while the top layers are polished. Spin etching of copper is yet

) another area of application for the ozone-containing etchant compositions of the
present invention.

25 Those skilled in the art will appreciate that, given the present disclosure,
modifications may be made to the invention without departing from the spirit of the
mventive concept described herein. Therefore, it is not intended that the scope of the
mvention be limited to the specific and preferred embodiments illustrated and
described.

30
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ozone into existing abrasives to do |ow k polishing. Mreover, the
conpositions pursuant to the present invention maybe 10 enpl oye@q-f/oq7/2005
polishing hard disk and mcro electrical mechanical structures (HEMS).
Typical films for hard disks incl ud%LglhE, Cr, A, and Si 2, anobng ot hers.
MEMS structures are typically SiQ2,SrqQr Al netal. -' In conclusion, the
present invention aneliorates or overcomnmés one or nore of the shortcom ngs
of the known prior art by providing chem cal conpositions that 15 contain
ozone, and by providing CVP processes of netal and |ow k dielecfric
materials (orgdni c @ composition clor wthemicah cmechapisal PHMAEHRER STAPHEEAT| e
essenti al | |. eawvi behi nd_n I . han either oxygen or netal oxide
materi al s Wéﬁ?yﬁ‘?‘bﬁ%z@ﬁ]ﬂﬂ\@?gg@%gfgﬁg CWVP processes of netal nore
effective while elimnating present day ionic and conpl ex waste streans,
their associated treatnents_and fheiy 20 hazards-to the enyiron . .In
particul ar, CVB-of AoffJaposition,ss Ek‘gﬁlﬂ? ’B’f‘e’FH’eg’e fséb‘Finétﬁ% sa]'qgfrégi1 s
present i i ' ulhid, | i, bdtid, QpinkY uNEordd, ea8 @Y dolidinasivhf ace
unet ched, %%‘ﬁgﬂ’e@?ﬁﬁ ;g)rﬂsﬂgarlﬁe’ s?g%i? shedc'i.%slp?[n etngéh’i ng of copper is yet
anot her amieddf application for the ozone-containing etchant conpositions
of the present invention. 25 Those skilled in the art will appreciate
that, given the present disclosure, nodifications may be nmade to the

i nvention withgut dapeshpodrido asmin kinimpl,r furthef comprising vt i¢ast one addispe

described herein. Therefore, (it is_not intended that the scope aof t
i nvent i ons¥erted Fomea FeUR Kensiywe; of E“Q?RP‘%%?%'E‘?W’ e‘?ﬁﬁﬁiaﬁ@h?%n?fla&s r at ed
and desc?éﬁquisggwgééaggg%m@ﬂm&gof. 1. A conposition for chem cal

mechani cal planarization conpri'sing an aqueous solution of ozone and
abrasive particles. 2. A conposition as in claiml1, wherein the abrasive

pari ol s ar e gel okt 0l %s0h W PTShSLYIe Son i of bhdrin 561 1 2.

spinel, zirconlra, an conbrnat1 on er eof . conposition as in
claim1l, jdquebiesoltivas less thgn diat bewhich oneneddidractions occur.

5. A composition as in claim 1, wherein the concentration of ozone is less

than about 20 parts per million

6. A composition as in claim I, further comprising at least one ammonium

salt.

7. A composition as in claim 6, wherein said at least one ammonium salt is
ammonium catbonate.

8. A method of planarizing a surface comprising directing ozone gas onto

said surface and causing relative motion of said surface and a polishing pad in contact

therewith, wherein a fluid is present




selected froma group consisting of carbonate, bicarbonate, oxal,j.c @?I/g
formc acid, acetic acid, a glycol acid, and any conbination t e 905A
conposition as in claim1, wherein the concentratl on of ozone in the
aqueous solution is |less: than t hat at £h ozone interactions occur. 5. A
conposition as 4 n cl [ ein. the c ncentrat on. of . ozone i.s |l ess than
about 20 parts S;per nﬁe % a({,'g}rr'ﬁoasﬂ a&ﬁ“&@?ﬂ"%ﬂ%ﬂ“% °“F?J?‘i"ié‘1’r?

conpri si nmqubmssbhmm camimaing BzofBdrd calising) rélTROMLEGPBE Mid budfaeb a&hdh 6,
wherein s Pfﬁi t one tgmmnl umsalt is ammonium carbonate. 8. A nethod
of planari ﬁ@u%tp CORRCLHAE™MBI ng directing ozone gas onto said surface
and causing relative notion of said surface and a polishing pad in contact
therewith, wherein a fluid is present 21/07/2005 13 9. A method of

pl anarizing a 90 f ade methgsh s iimgladinr @ fuither corprising dbmsivé gaeticlaninasgid ous

sol ution ¢ 93&;_‘5%&90 ozone and causing relative notion of said surface and a
pol i shi ng 8 Th contact therewith. 10. A method as in claim9 further
conprising abrasive particles in said aqueous solution. 11. A method as in

claim10 whereip said a £P$S| ve particles are_selected from a group
consi sting of &fum fd2e@pe peip claigy 10, Whessimead ali*’ﬁﬁ%ﬂ#@%&ﬁﬁb@@ﬂ@@ﬂl
thereof. dgrou cﬂﬁﬁﬁﬁﬁnﬂ%ﬂnﬂ g ﬁh{'ﬂm st one
anmoni um sgll'tﬁ sald aqueguss'ﬁ!;cg] %cﬁa,oﬁﬁﬁéf?miﬁmf‘% as in claimi2
wherein said at |east one ammoniumsalt is amonium carbonate. 14. A

hod [ I I d
roma group coust &8 PR i 0 G, GRPBRaEt 1A i i <Acin

nmet hod assaidequeaissoRitioher ei n t he surface conprises a low k material. 16. A
method as in claim9 wherein the surface conprises a structure sel ected
froma group consisting of a hard disk and a mcro electrical nechani cal

structure. 17.13A me{ RQELGS ad %la%hfﬁﬁvof{@f‘eh? IR aSA! dadd o@‘é%ﬁ&ﬁﬁ”&ﬁﬂ °s

directing the aqueous solution at a | ocation proxin carrier
surf ace. ammonium carbonate.

14. A method as in claim 9 wherein the surface comprises a material selected
from a group consisting of iridium, iridinm oxide, and platiriiiin.

15. A method as in claim 9 wherein the surface comprises a low k material,

16. A method as in claim 9 wherein the surface comprises a structure selected

from a group consisting of  hard disk and a micro electrical mechanical stracture.

17. A method as in claim 9 wherein said directing comprises directing the
agueous solution at a Jocation proximate a carrier of the surface.

18. A method as in claim 17 wherein the Iocanon is less than one inch
downstream of the surface.




18. A nmethod as in claim17 wherein the location is | ess than o%e]Tz@:?p -

downst ream of the surface. 21/07/2005 14:19. A nethod as in cl 2005

wherein a pH of the aqueous solution is from about 2 to about S. 20. A
method as in claim9 wherein the aqueous, ol ut| on corrprl ses at |least one

reagent sel ect egh, [ 1 OyfcbPUp i R S iyhire LB faghanat e

ani ons, oxalic aci ormc aci acetl C ac , yco acl
met hod as #hout? to abodt 8.f urt her corrprl sing control I | ng a tenperature of the
aqueous solution. 22. A nethod as in claim21 wherein said controlling
conprises lowering the tenperature. 23. A method as in claim21l wherein

said control |i ra. conpimiectinf 4 d1g8 QtwHikin HNEaARYEP IS Horhfibes ddleadd
method as in claimQ, further conprising controlling a concentration of

ozone in toHE TERERELEAICCR ﬁ'PF’oﬁ 31“25’ consising of cadbonsic gnigng Digarpprate RRiCBS| d
control l'i Qﬁaﬁ@ﬁﬂ?&'&%ﬁicﬁ&ﬂt &9,5@%@%@%??:&3& ration of ozone such that it
ua

is less than or to 2 od as in claim9 conprising
spi n- et chi ng of the surface.

21. A method as in claim 9, further comprising controlling a temperature of
the aqueous solution.

22. A method as in claim 21 wherein said controlling comprises lowering the
temperature.

23. A method 3s in claim 21 wherein sajd controlling comprises refrigerating

the aqueous solution.

24. A method as in claim 9, further comprising controlling a concentration of

ozone ib the agqueous solution.

25. A method as in claim 24 wherein szid controlling com'plises controlling
the concentration of ozone such that it is less than or equal to 20 ppm.

26. A method as in claim 9 comprising spin-etching of the surface.




