WO 03/ 072672 PCT/ US03/ 06058 METHOD AND COWVPCSI TI ON FOR POLI SHI NG A
SUBSTRATE CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application
cl ai rs prwormsiy2ern United States Provisional Patent Appli @atriuses/odsSeri al
No. 60/ 359, 746, filed February 26, 2002, entitled "Copper CVWP Slurries Wth
Or gani ¢ Pol ymreMETHOD AND CONPOSITHOMFAOR AGLISNINGFSSUBSTRATE h appl i cation
is herein incorporated by reference. This application is also a
continuation-in-part of co-pending United States Patent Application Serial
No. 10/032, 275, filed Decenber 21, 2001, entitled "Polishing Conposition
and Tr e€ROSS-REFERENCE T6 RELATEDAPBRICAHONSNi cal 10 Polishing," [Attorney
Docket No. 5998], and co-pending United States Patent Application Serial

No. 10/ Y, 0@ P r
s onf BBl ool A Q0BT S S ro oAt el Abnlhonn
No. 569%krial H0.d6@/359, 7&p,pflledd%abmmaWﬁGw@OQEneanedr‘iﬁﬂP@EE@l\w Sleries életre

SRR R Pled S Pk 0 B Rt

conduct incerpoedted ibglreferarea Thidappliahiion iBadsoga oomithuatiomél-park df m—pelﬁcﬂlﬁ)@B]

Rel i abl r s,ub- m cr S r he ke
20 tech%’é‘ﬁ%@?ﬂ@ eForatFﬂEaﬁB{& 'aan%‘r}f? mg% @b%?é %ﬁ 5§ceér§o :?&Qégoo;tl on Y
|(4})/LSI) @nﬁtlemﬂt 'ﬂ?@lshlh {@@np@aﬂm an@ergeamﬁmlféwE&c)romc s@mrmo@ﬁ\deﬂmmc%w ces.
wever mts o circuit_t nol o e s in
di mefsi EHESWQ”?M tem%hogketn%sﬁ%ﬁdanu @ﬂ&oﬁﬂ@?ﬁ ré‘e‘&*" Pategﬁ k
addi t i ongblictiBRSEiP NG ANESS 066 Ma@adhlia lsszocﬂgl ératfiee “Pialfaﬁzdtlo(nnO@f
interconnects is inmportant to VLSI and ULS|I success and_to th % i nued
APdeudi: 5880

25 efforStUbﬁfbat?fhHs%gleéfr?@m’@'c%]é\q%‘?ha?'céhHo'dﬁjhéﬂq LAtoreyn st rat es

and di egnf@Qthppieatibh %\fr@relhmcefrwaﬂéa@y&e@rr&cfeor med using sequenti al
mat eri al deposition and material renoval techniques on a substrate surface

to formfeatures therei ayers of materials are sequentially
deposit&"\—‘aﬁﬁm ,' rnmost surface of the substrate may becone
non- pl anar across its surface and require planarization prior to WO

03/ Q%26 FRel@GT iiEMBiom6058 furt her processing. Pl anarization or "polishing"
is a process where material is renoved fromthe surface of the substrate

to for m[&oﬂeg%rb%ldl]nq/en?é/ of' thd” lp%@gﬁt RV iRR Felate to compositions and methods for

removing a conductive material from a substrate.

Background of Related Art

[0003] Reliably producing sub-half micron and smaller features is one of the key
20 technologies for the next generation of very large scale integration (VLSI) and ultra

large-scale integration (ULSI) of semiconductor devices. However, as the limits of

circuit technology are pushed, the shrinking dimensions of interconnects in VLS| and

ULSI technology have placed additional demands on processing capabilities. Reliable

formation of interconnects is important to VLS| and ULSI success and to the continued
25 effort to increase circuit density and quality of individual substrates and die.

[0004] Multilevel interconnects are formed using sequential material deposition and
material removal techniques on a substrate surface to form features therein. As layers
of materials are sequentially deposited and removed, the uppermost surface of the
substrate may become non-planar across its surface and require planarization prior to
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removal rates compared to conventional chemical mechanical polishing processes, and
20 modifying processing conditions, such as increasing pressure between a substrate and
polishing pad and increasing processing time, to improve removal rate have not proven
to be satisfactory in increasing removal rates and in some instances, increased dishing
and increased damage to the substrate surface. For example, increased polishing
pressure on substrate containing low dielectric constant (low k dielectric) materials
25 have been observed to form defects in the deposited material, such as delamination or
scratches from increased shear forces derived from increased polishing pressures.

[0007] Therefore, there is a need for compositions and methods for removing
conductive material from a substrate that minimizes damage to the substrate during

planarization.
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BRIEF DESCRIPTION OF DRAWINGS

[0010] So that the manner in which the above recited aspects of the present invention
are attained and can be understood in detail, a more particular description of

20 embodiments of the invention, briefly summarized above, may be had by reference to
the embodiments thereof which are iliustrated in the appended drawings.

[0011] It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not t0 be considered limiting of its
scope, for the invention may admit to other equally effective embodiments.

25 [0012] Figure 1 is a cross-sectional view of one embodiment of a polishing process

station.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

[0013] In general, aspects of the invention provide compositions and methods for

removing at least a conductive material from a substrate surface. The invention will be
3
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One Apparatus Embodiment

[0016] Figure 1 depicts a cross-sectional view of one embodiment of a “face-down”
25 process cell 200. The process cell 200 generally includes a basin 204 and a polishing
head 202. A substrate 208 is retained in the polishing head 202 and lowered into the
basin 204 during processing in a face-down (e.g., backside up) orientation. An
electrolyte, such as described herein is flowed into the basin 204 and in contact with
the substrate’s surface and a pad assembly 222, while the polishing head 202 places
30 the substrate 208 in contact with the pad assembly 222. The basin 204 includes the
pad assembly 222, a bottom 244 and sidewalls 246 that define a container that houses

4
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No. 6, 15®ot®ﬁ91rcostbuedorﬁbthemtér 12, 2001, which is hereby incorporated
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20 assembly 222 retained in the basin 204. A retaining ring 238 is coupled to the housing
214 and circumscribes the substrate 208 to prevent the substrate from slipping out
from the polishing head 202 while processing. One polishing head that may be adapted
to benefit from the invention is a TITAN HEAD™ carrier head available from Applied
Materials, Inc., located in Santa Clara, California. Another example of a polishing head

25  that may be adapted to benefit from the invention is described in United States Patent
No. 6,159,079, issued December 12, 2001, which is hereby incorporated herein by

reference in its entirety.

[0019] The basin 204 is generally fabricated from a plastic such as fluoropolymers,
TEFLON® polymers, perfluoroalkoxy resin (PFA), polyethylene-based plastics (PE),
30 sulfonated polyphenylether sulfones (PES), or other materials that are compatible or
non-reactive with polishing compositions that may be used in electroplating or

electropolishing. The basin 204 is rotationally supported above a base 206 by bearings
5



processing. A catch basin 228 is disposed on the base 206 and circunscri bes
the basin 204 to collect processing fluids, such as a polishing
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20 Typically, the conditioning device 250 includes an arm 252 coupled to a stanchion 254
that is adapted to position and sweep a conditioning element 258 across pad assembly
222. The conditioning element 258 is coupled to the arm 252 by a shaft 256 to allow
clearance between the arm 252 and sidewalls 246 of the basin 204 while the
conditioning element 258 is lowered to contact the pad assembly 222. The

25  conditioning element 258 is typically a diamond or silicon carbide disk, which may be
patterned to enhance working the surface of the pad assembly 222 into a
predetermined surface condition/state that enhances process uniformity. One
conditioning element 258 that may be adapted to benefit from the invention is
described in United States Patent Application Serial No. 09/676,280, filed September

30 28, 2000 by Li et al, which is incorporated herein by reference to the extent not
inconsistent with the claims aspects and description herein.
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si nul t apedects yheplpads mnytheepmoeasgu@dm sExampRies 8k §‘@Fﬁ5la§ﬁ hap mavm yiigedhasi n
204 and ?%%g I d
suppgpt |'ﬁgjegf§%§%?§§gs§2§$%&?ﬁe aS| n¥ %BH%]( rtﬁﬁﬁluﬁl ?ﬁggggﬁgo@” 222
gepul:ct edgd HASIEESO ¥®cameohg: bthee npmeheﬂs)s Costipgdisposed afwaitiuth@ lezgls. m«:me( t
ackin ric inser no
shown) ) ? %'ﬁ% @gﬁggql\/\é'%cg g£ 3%‘?%%3%983 %ﬂﬂgg “g?\d t he backi ng 207

or 20 eI ectrode 209 to regulate electrolyte flow through all or a portion
of the ¢wesjudsithe pradasseodhly PR8 indudes elementagomossing hpdle @nt anegdsppid o

uni form t f tod onal

bi as ap ISB h@?fz égnéggbe;cﬁgﬁﬁérﬁfcﬁl 5%]” Vsl the‘!"'éa%%é’ aﬁd EatHéée %aﬁbgg‘tép%ggd e s
gener al Isynddtameeulslwbya;lmplyhemevmgra)mgﬂd maobmemhly 62\2 from the hesine204 sogpl y 224

via_ a lead, . for exanple. | 25
subder atseryg bnad P48 BrelRaLs o BRS S 2 S pBS PR SR B io 20

[ 0025] TMﬁb@§h294 t he conductive pad 203, the backing 207, optionally, the
dielectric insert, and the el ectrode 209 are secured together to form an

unitary t QRipRRd senbl y
U020 RBRYTh g SR 352 bR FuRBY o EMRERAE B oo Bt ser
207, optbaoklag 12971t ﬁ'dned:aekmthO?anaywbe coyplagito 30 efasirode @69+« bd&lm @ﬁ@"t adher ed
or bond n [ I
backi ng Q?f Sf @S?%{é‘ eé\Pgérl ‘\rﬁ%c%még[s’te p%%r%j&%ﬁd/ﬁ] Fe%’? ‘Flta)g?O?tZO’SQ may
be Q@Jp@ébtnbxdembao re@.tlditecéteclmlmﬂm iaroLigin all loe agoitjon efdhe dondpctivevpad,

203. The conductive pad 203 is used to apply a uniform bias to the substrate surface

without the use of a conventional bias application apparatus, such as an edge contact.

The electrode 209 is generally biased as a cathode through a connection to the power

supply 224 via a lead, for example lead 223A, and the conductive pad 203, and

25 substrate, is bias as an anode for anodic dissolution in an ECMP process.

[oo25] Typically, the conductive pad 203, the backing 207, optionally, the dielectric
insert, and the electrode 209 are secured together to form an unitary body that
facilitates removal and replécement of the pad assembly 222 from the basin 204.
Typically, the conductive pad 203, the backing 207, optionally the dielectric insert, and
30 the electrode 209 are adhered or bonded to one another. Alternatively, the
conductive pad 203, the backing 207, optionally the dielectric insert, and the elecirode

209 may be coupled by other methods or combination thereof, including sewing,
7



7 WO 03/072672 PCT/ US03/ 06058 bi ndi ng, heat staking, riveting, screw ng
and cl anpi ng anong ot hers. Exanples of the conductive pad 203 are nore
fully di swbaseteérn United States Patent Application No. POr03830828 filed
on Decenber 27, 2001, which is incorporated by reference herein to the
ext ent biatlingnbeatstakirg riveling; sctewirg andreldmpieanena atheds-s Exasples dhifieei n. 5

0026] The, f - i shi i 6 | i ' . S.

ot oot OO PAE #0aite bl e BRERLY I UndR fatel Pafert! AfpiEafth NO. 1. =

Docket | No/038938] filed entDetde:mibe; REL aw,mlr’rdcm;sﬁmqp@rgta%by mierencehereiq shi ng, "
' . to . i i ' . hs 25-81

ooy ot SR BB ey AR R B athed Rpddl pna BlsclbBlighebghadr aptis 257 8L Bre

claims aspects and description herein. Simlarly 10 to face-u BOl i shing,
rel asi vpoza)t T face-govav i mbiishingt appanatus ds smbea fdlye disglosetidn BiecPaigde and/ or

ad. [00Q27] The pro S A S L Siny tform

Ctich asAphieatRg Rl BR 00, ST G 36 PSS Bufindl, PREKETNED eBod).

M rraTMeMakal OWRhSY sain Appainatad far eSubsinaker Flolishipg Avadrabhly assignedpis i ed

Materials, Inc., of Santa Clara, 15 I forni. Y stem

enabl i nﬁpB'I'%‘EM?@&'H%W%aPPW%'EﬁQﬁra@é?p%gféﬁF'%g'ﬁcﬁ@lg%ééé ﬁé%we%!%g#%rrﬁél

ESWDOS! td e &@érﬁd Enbbmoﬁ@stgg%mpnmainmpbmsml sagiption iRereins hBimjarly )
ositiaqn an rocess n_one aspect olishin S t hat

can !9l aFParf?%UPrBQ%P%',ng’sﬁ%ﬂt"%]"wﬁﬁeﬁ proé’%%dpPS&feﬁgd%eG%Hgﬁgﬁgy%&{ E@es

pol i shi BR.cHBAP AR/ Pad.conpri ses an acid based el ectrolyte 20 system one

or nore chelating agents, one or nore corrosion inhibitors, one or nore

i norgani ¢ _or_organi ¢ _acj alts, one or re . ad] ' a pH

bet ween [9BBuTNS r%ﬁ?asa?ﬁh%O%lﬁ‘,ayabepglspgﬂ?dggne%ﬁgh%%%%@gﬁ g‘?‘%‘éfetc ed from
the grogRiekioARCRHF Ssteaitel MineSYCRIPesystentiing the Miira®r Blesa QiR Sydtemat i ons
thereof and a solvent. It is believed that the polishin onpositions
descri badnidierase reasyRerciabt avallgole ifrept dWRaled oMAGRry Bhd %_5%?%3‘#‘?%

remgyal da%fq?niaf GRRfHeRkIlY CarfjBb Rt dhabfitl Bleatrosiuimesl, mdonarigal E5aNBhing t h
effective planarization of substrates and snooth surfaces after polishing.

[ 0029] Aisingdbe methes grsompesiign deaprireciheseis can beyged it ag\éﬁﬂt@%sef ul for

renovi ng copper, it is believed that the polishing conpositions also nmay
be used ﬁo?i%hi%céﬁjﬁ_ﬁﬁﬁiorpénd)blﬁesscp”dUC_t ive materials, such as alum num
platinu en, trtantum trtaniumnitride, 30 tantalum tantalum
i de’[oogg]b?rl gr’le s%legf, p?)'islh\llr(lagr éorﬁggsit?o%gtﬁ!wﬂ%%h%?asné[rigg rn?ecfgl's, sc&c s copper,
are provided. Generally, the polishing composition comprises an acid based electrolyte
20 system, one or more chelating agents, one or more corrosion inhibitors, one or more
inorganic or organic acid salts, one or more pH adjusting agents, a pH between about 2
and about 10, a polishing enhancing material selected from the group of abrasive
particles, one or more oxidizers, and combinations thereof and a solvent. It is believed
that the polishing compositions described herein contribute to a improved polishing and
o5 effective removal rate of conductive materials, such as copper, during ECMP with

effective planarization of substrates and smooth surfaces after polishing.

[0029] Although the polishing compositions are particularly useful for removing copper,
it is believed that the polishing compositions also may be used for the removal of other
conductive materials, such as aluminum, platinum, tungsten, titanium, titanium nitride,
30 tantalum, tantalum nitride, cobalt, gold, silver, and combinations thereof. ~ Other

8



8 WD 03/072672 PCT/US03/ 06058 material used in form ng conductive nmateri al
features on a substrate surface include barrier |ayer materials, for
exanpl e, wangabasm tantalumnitride, titanium and titani BEI/UsOY0doR, may
be renoved by the processes described herein. Mechani cal abrasion, such as
f r om contaterial wised in fiernpnag cemdquV@mtm/featumsrmlavﬁbstrﬁ’@ystlf@oesl@@luﬂ%

i t d

o o ect PRER IR riatePAR, fof S Aiel lafiali Sl Tl Wi Solue >
undopedniiidd, omay bar im'ndmd[t@%@] probesses| desicribed hergims i Méchanioat labtagmnan acid
based el egt t t | i cal £y t abl
nor 0. basieh &6 bt eryac Wdfe peRiid bod ndof bl BAV BH Uk i fopolle |20
e: eckr OFhéﬂhﬁﬁty ah® semevalcofagindubivee thatdrizty aablyalss rerhOve elialbdtoe matamlsl based
electro

yt es acetlc aci d. based, e roI tes onbi nations thereof.
Sui t abl &ciding eareer dep ?'P%nﬁxéjes?é[f‘i %&“ﬂaee‘gﬁ'F%% %Prﬁiltdgtt rol yte, such
as phosphoric acid and sulfuric acid, as well as acid electrolyte
deri vat {o08s, Th@c;bmhrmg caﬁpmﬂlonmmmﬁqsotaasabunbaséd selemmeefsys‘rém faci d

based el ectr.ol S uffer th n a
desired pmquugg,)éiec;r&)é M% ynggﬁ't%%%éf:'rdal?aes %lé:]»e‘%}%g‘éi]sy%%ﬁ?p‘lng@d lgw tabl e
?Cb gsbgiéﬁﬁnﬁhaecl’;ulﬂlrwt @8id rb@beweelgemwt@sdqmmphm@: 8a0|<{)hlmdolK gtoeizemomws

, such_ as 0S ri.c aci otassj um at e copper
bhodBhaPeToNaTeoR S HTPRARGLIE iseinacts PAFRHLBBSI9Y ! SRASATHRRBRRY ogen
phosp hatttﬁeré&ﬂ“"é%f%hcndmeé ERDONES sV@tém@Qn@lu&l lahaicRl Gre@tﬂ@ly(efﬁ@éﬁw hs such
as sulfuric acid, ammoni um hydrogen sul fate

| fat
or 20 cohpspharicordid tansk sgfuricTacid, i a8, aelli Qﬁhaﬁﬁds eE’é‘%lYt@n%%ﬁaéﬁ Ha‘flugu ate,
convent iy ﬂﬂﬁ&mﬁtjneaﬁ{cfsﬁétﬁﬁﬁﬁn MO YHEradd THKBQWDHBEBY eflchBlyREsy@H rhay &lepm ng

t he conposition Cri herein using the processes described herein.
[0032] Aufferthatcomsiogition iemaiitain Baissired PEJeYS) fQtRECGSESINGIA SHIFBIS: pr ovi ded i n
an amount between about 1 and about 30 percent by weight (wm.% or volune

(voh& ?Joshhéxa'%aegoapga.'téw@ractop blaééﬂ"éi&:tﬁilyté@brh@u@@dmﬁouwé )hafvmg a
practicing the processes, described herein. For exanple,

phosp hatpéloalmﬁt@ rgfﬁwarfﬁ@m DuSHEY @S0 GBASRHIIRHE p@Fd@’ePOtﬁﬁiiu'Bepmgé 8?%&“)%
conposi tcPB{;%erbgg m&m %hﬁzafrogjeﬁ %Hés&{b@@t(hﬂ-ﬁwﬁmﬁnﬁlanﬁﬂom@hght or

vol ume o hori ¢ acid may present in concentrations
up to 3bydrogen wlmspéa@nﬁth Kaheadnd &smwuad%ma%\an%l syligler 9uRt (S8« B0

[ 00331 4cAm% QlinhBdIRRthBROFSniFSGE RERBA(GHI.HEON, €BpbeH dbaraaast s can
20 comblnatlons thereof. The invention also contemplates that conventional elecirolytes
known and unknown may also be used in forming the composition described herein

using the processes described herein.

t

[0032] Alternatively, the acid based electrolyte system may be provided in an amount
between about 1 and about 30 percent by weight (wt.%) or volume (vol%) of the

25 composition to provide suitable conductivity for practicing the processes described
herein. For example, dihydrogen phosphate and/or diammonium hydrogen phosphate
may be present in the composition in amounts between about 15 and about 25 percent
by weight or volume of the solution. Phosphoric acid may be present in concentrations
up to 30 wt.%, for example, between about 2 wt.% and about 6 wt.%.

30 [0033] In any of the embodiments described herein, the chelating agents can bind to a
conductive material, such as copper ions, increase the removal rate of metal materials,

9



conductive material, such as copper ions, increase the renoval rate of

nmetal materials, 9 WO 03/072672 PCT/ US03/06058 and may al so be used to
buf fer orwadpwoste7t he pol i shing conposition to maintain a Pdediso&esop | evel
for processing a substrate. [0034] The one or nore chel ating agents can

i ncl udearebmEyualde beavsed tormfier omadiust floeqolishing epmpasiion BB fom t he
group of am.n r S, amde gr carboxylate 5 groups, dicarboxyl ate
groups,d%SHfPS’@‘Q'%8%35%?r8°8?55%§?%@%xy| groups, a m xture of hydroxyl and
carboxyl ate groups, and conbi nations thereof. The one or nore chelating
agent s peaa] aiteoona1of midee shélating agertie candicitdeneprapeunds heyingronecer MEF&i n. The

nmet al terials for r v + ' ' state,
Cuch ashipcion! Sy SRR Plromit Brfid 5 HNRE oY, Aidd i s, SRV °
group. Jhoeps udichivorplbteggroups, Ibcaraoxyiatadgrohps, neydibxylegreupsal as niixteee @ on t he

substrate, surface durin rocessi ng, and.,.r.e me [ from
the sub8Ydrgxd an fcgl&qu FHPURH 2 |°|°§}%"f%‘3'g§%f}£‘%%?’tf'i oﬁ]ﬂ%ra% ﬁd(’:rlﬁ\ Zeone or
mor e ¢hgheatinytagits hiayadis® incheRcsalts lof thechdiatingeagerib dascribed Yeagid. Bhout 15%
by vol une or wei

.ght, for exanple bet ween, about 0. 10 b %40
Vol e, taErRRAS i rodouR SUEh SbeoRPesangY b8 s d0s Pukeal Sl ghien & o
et hyl engdjai o YuRRg 6% @ftePRgaling viihad furgtisgaindroup.0 086 Fukotionpl groups
sui tabl e chel ati ng agents_ include co oulﬂg% g%‘sn'ggc oge. ore nore am ne and
ani 4@ f oaitbingritie rgetal pterialy erpaled ﬂ{j)ﬁ SRSl e Iing PTORes NG AN e,  di
Sthyl enphib AthB ndl8l iuRlibkafom hvalsagbrariase no acids,
et hyl enedi am netetraacetic acid, nethylformam de, or conbinations thereof.

20 [0037] Exanpl es of suitable chel ati,ng agents havi r
car boxy 0888 HheRedshing Gampostiop, may dE‘F'H&et t 9F i%orSC%Ié%Qﬁc%é%d{g agc?d,
oxal i ¢ gghdbnirafich Beffticnadticud®. fohahaabout SRy Ealuinadraveghtdfor lkaemple, one or

nore carboxyl ate groups include acetic acid, .adipLc aci ut yrpc,acid,
capric Beiwgen Ol %a@ng, akoxh A by vallme, °"g‘1"%‘9§tr i Eo%l%’fa(ﬁ'}a‘érl @iob'?/ ?c/° B¥i d,
forngi ¢\ aGhf orf i ichediditihd fagBeisedaiard enargtindy agemt.i ¢ acid, nmal eic
acid, m‘a’?foﬁmécoram ,tdggﬂ%%egt@g aciag, plsaem'tic aci dn,@ pht hal i ¢ aci d,
propionic acid, pyruvic_acid, stearic. aci val erj ci.d, an | nations
t her eof IQOPQOE&mPPéSz%yW%b'? ﬁ@eleﬁﬁ%@s%ﬂnﬁ{ﬁ*&f@m%’&gﬁ5?}91"% ong g’égﬁgo?%gani c
or or gaRifindGnd aalideS furBinfelioaps) agcha aghehglehadiamye)t diethilenpivibimirie, ng
conposi tion may include one or nore inorganic, or a]r ani c salttg at |
concent digthydenaiéaninenderiyatives hexadaming, AHING H9idsy ethylenediaminetetraacetic

acid, methylformamide, or combinations thereof.

20 [0037] Examples of suitable chelating agents having one or more carboxylate groups
include citrib acid, tartaric acid, succinic acid, oxalic acid, and combinations thereof.
Other suitable acids having one or more carboxylate groups include acetic acid, adipic
acid, butyric acid, capric acid, caproic acid, caprylic acid, glutaric acid, glycolic acid,
formaic acid, fumaric acid, lactic acid, lauric acid, malic acid, maleic acid, malonic acid,

25 myristic acid, plamitic acid, phthalic acid, propionic acid, pyruvic acid, stearic acid,

valeric acid, and combinations thereof.

[0038] In any of the embodiments described herein, the inorganic or organic acid salts
may perform as a chelating agent. The polishing composition may include one or more
inorganic or organic salts at a concentration between about 0.1% and about 15% by
30 volume or weight of the composition, for example, between about 0.1% and about 6%

10



30 volume or weight of the conposition, for exanple, between about 0.1 %
and about 6% 10 WO 03/072672 PCT/ US03/ 06058 by vol une or weight. For
exanpl e, wbw®awn729% by vol une or wei ght of ammoni um citrat e PCRAISObE0OSSEed | n

t he polishing conmposition. [0039] Exanples of suitable inorganic or organic
acid sabysoliumel ardeeightnBoi exanaple, abpot a%shyuvolsmab tos weighh 0§ aminonin ¢ératesuch as
anmoni um oxal a noni um ci t rat? 5 anmoni um succi nat e, nonobasi c

pot assi A e[‘\‘%?ﬁé”%ﬁﬂ'ﬁ'egﬁf}f@gﬁ' B citrate, tribasic potassiumcitrate,
potassiumtartarate, amoniumtartarate, potassium succinate, potassium
oxal at efoogg)dExamiies af isnitable heorahic ad digantsnadid ﬁaltanmiudejrarmndmpmt ardi um

salts of the carbpxyl ate acids, describe I t he
organi cP a@ﬁa'umsﬁ?blfss%r PreHUcC (?&'ﬂ%squf; o?ﬁssggﬁ'g&ﬁﬁ"ﬁ aetrgé%ﬁ"p%bjrﬁogig%’ In any
01;] the gﬁ‘thlLﬁfﬁ%Uemdﬁépmd&eﬂaﬁelpeta{ssmtrh?trater drbmsmrpotaﬂsuhntoiﬁreete ,ebagic event I
the oxidation or. corrosion o t sur f aces rmng a.lay JTateria
to reduPetagsiuMyCHias, z@ot@ﬁ%Hﬁ‘“céﬂ%rﬁFergﬁ@P?%Hmb A ?aéﬁsluﬁ SE‘@B@% Pted on a
subst r aESta%ﬂlhfrﬁ‘G)@alét@dand BEMBiMBliGHE e RDf. el‘\@d“tlbﬁdlbyt amanmlrh aylelrpcmissrmm eri al

f or med he corrosion inhi bltorsds&h%'ﬁu ates t ?{; fromt

surr ouné?'ﬁigoahé&amﬂx;}’{aée agid qespdbe InJBay alsgy e.LBS %859""['1 aC|d

el ect rogﬁﬁéﬁnq% cSMpbadns deetibdensrdlist rate surface to Iinit
eI ect rochem cal deposition and/or dissolution. The polishing corrp05| tion

i ncl ude between about 0.001 % about, 5. 0% t rganic
conﬁ@un@"ﬁ@vl'}@"y of 3 emgpd ?S %ﬁcrlgggﬁﬁre@ E%?M%’%@ﬁo paﬁg\gengbout
0. 4% by tw@bﬁaanon[&%ﬁbs%h%fmapéurfmé@ b§ iy QMayeniof bridteria te eavluicaok ude an
organi ¢ conpound havin

20 one or nore azol e gro of organic
conpounddnifdze Aoeraical l@?@@@.(ﬁ@ﬁsbet\fVﬂQﬂI mféer@z ﬁlggqgni%gzqgr Y suEXtrarl’{B surface and 9
er capt wgﬁﬁéﬂd&@b@ctrél vt Mhé 1dyer REMEALAAIFEANE bRNHe copbibnantibitsrs
sul

t her eof | e Corrosion inhibitors include filmform négs ents

that ar énstjales dhe osHseeRdBOMT B SUHAPNEND | HeclRNde-e and eiibiPniSHBRERES ©OFi azol e,
and 45ConRhRALLONG et @%&ngz‘ne%dl V%hiré!ﬁ’ts Adm DaRg o bR7 € sutfatélat! ﬁmlt

benzi'm dazol'e, triazo droxy,_amno, imno, carboxy, rrercapt o,
nitro aredbwokmm@alb@noswpecar@mmwdmryn diheoalishing cempesitish meay iprlude

i nhi bi t %% Q%L{t(tpéé é?‘l?i éﬁ'&t% 6‘90 b9 e ,#@%f li!ﬁ@%rg"’d?'ﬁlc cBﬁH‘p@Hﬁ@%aﬁﬁQng

ot hers. erna for non-limting

exanpl esa,zolmgrymskﬁdraxymp& Ibetweqmlm:t@plhaﬁé(o and aht?ﬁirﬁ)i "cfmhwa%lgfﬂihenol et hoxyl ate

sul fate, may be used in repl acenent
[0041] The one or more corrosion inhibitors can include an organic compound having

20 one or more azole groups. Examples of organic compounds having azole groups
include benzotriazole, mercaptobenzotriazole, 5-methyl-1-benzotriazole, and
combinations thereof. Other suitable corrosion inhibitors include film forming agents
that are cyclic compounds, for example, imidazole, benzimidazole, triazole, and
combinations thereof. Derivatives of benzotriazole, imidazole, benzimidazole, triazole,

25  with hydroxy, amino, imino, carboxy, mercapto, nitro and alkyl substituted groups may
also be used as corrosion inhibitors. Other corrosion inhibitor include urea and

thiourea among others.

[0042] Alternatively, polymeric inhibitors, for non-limiting examples, polyalkylaryl ether
phosphate or ammonium nonylphenol ethoxylate sulfate, may be used in replacement

30 or conjunction with azole containing corrosion inhibitors in an amount between about
0.002% and about 1.0% by volume or weight of the composition.
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30 or conjunction with azole containing corrosion inhibitors in an anount
bet ween about 0.002% and about 1.0% by vol unme or wei ght of the

conposi t iwn.03Aa126VD 03/ 072672 PCT/ US03/ 06058 [0043] The omeTarsosradoss pH
adj usting agents contribute to the pH adjustnment of the polishin

conposi foo4s). THEheng e freorequH pljusting lagepts| ¢astribnde do thro gt adethW Q&ﬂ'@et ween

bout 2 bout 1 f 6. Th
So??shi?@ g&%p‘%g"%sgi?nn%e.ﬁﬁ%&e Gggﬁt\gg(;@g&}lﬁd;{ﬁ%ﬁ%m?%ge%ﬁe or nore pa
adj usti ﬁmlﬁfagﬁdt@om a0, doraexdreple pbetmemen abpdlitof Gb2eh Amhchbb@ut QS%’hﬁydvol unme
or wei ght e e or e e S M
ot ovi dePgisPing: ool Boied P 3 RB3 AL R oT oy APETEr SRR T O™
EOWPS)SI égéﬁﬂs %Ve?é&ﬁb!&dbetﬁ%’tgmﬁuaba% an@ab%@ia%ﬁ%&iymﬁéurﬁ@% meigholofitiee of a
ase, such as potassjum r a ni um r ox inati ons
t her eof ON¢ 8F F° P'd@diqﬁ‘@”@ég‘?“r %dgﬁiqrq:rgmémpo%df éﬁ%ﬂ Ov%dlﬁﬁ@nggﬁ rlr%\&i
adj usti pg aﬂ@ﬁfah%dnaaﬁtréﬁ@n ke dxagn, cth@caodﬁoosft@h rﬁayﬁlimiltﬁie b@twebnwbut aC| ds,
such as acefic acid, citric aC|d, oxal i c aci Fﬁ{ ontal ni n
conponefilg end [abarh i0%BHYsYNIPE Of 2hase. sHFHAS @H{%ﬁ'b'gg rg)g ep%?ﬁ'?@'i“ﬂh
ph.osphaﬁgoﬁ'oxnagdorc&'ﬁtﬁlﬁ‘éﬁohgﬂw’%récﬁfefo%de@"chéﬂ‘dé‘éi’ﬂé’@'ﬁl’rﬁlbv&n thereof. Inorganic

aci ds as strong acids incl udlng sulfuric acid, nitric acid, and
conmbi nati ons_t hereof, may ﬁ % n t he i shi,n OSlI tion.
[ 004%] fPadIohke GF‘er%rréorﬁl-ﬁ"'éépih'ﬂng@g%@é lf‘ ‘f?é&b%lo n?%@?'ﬂ‘?ieoéeﬁ B for

exanpl ecarbB?*lﬁséélélén S BXizdetic %morbnnmal%}tdr@éah@l%cudorpr@epmnte&bmanﬂng her eof .
The anpunt o base used in the polishing conposition is. typi cg t he

anount ee@pPRRs t dnelugingt RhesPRMIC ofCithe jum; i BResphatese | evel
bet ween ts, aRd c@Pu%Watl thé ke ok QQ"aG&orﬁélhﬁ’Jd?ﬁhér‘é@f Wnofg?ﬁﬂ%dndéﬁ BuctY
conposi PIon eyt ncl ud ase and a conpound selected fromthe group

consi st pagtrong @G@isllﬁda@ﬂ@ sulgyricr aqid,zitrig aC&(;ﬂ“ﬂ(ﬁ%&h"ﬂﬁt'oﬁﬁ&%ﬁ% may &g d,
a iu hat nbi nat th f. |l
mpa Q’anﬁﬂ%ﬁ’?ﬁ"smﬁ%g‘%eot d}hosp ates, or conbinations er eo n

conposi ons a base and a corrpound sel ected fromthe

group identified herein, the conposition nma ri se bet \(/)een abo . 1%
and abo{04310The ®NByonHPIenRH FdiusHied gests HRY %QW@ e Hase °§@3‘§'HB about

25% by 58 a‘éHFuHPﬁydﬁ%kuaBtam nFuPr?h?@rB?i@HnQr é&h@:ﬁh@&wsfth@f@otherhsravmm@ﬂm sting
of acetic acid, citric acid, oxa acid, phosphoric acid

phosphabase uped instbe peligitngsetiarasiiongs tyrisaly H@& a@ﬁgnt reqiresip. adJust the pH

of the composition to the desired level between about 2 and about 10.

20 [0046] Alternatively, the polishing composition may include a base and a compound
selected from the group consisting of acetic acid, citric acid, oxalic acid, phosphoric
acid, ammonium phosphates, potassium phosphates, or combinations thereof. In
compositions which include both a base and a compound selected from the group
identified herein, the composition may comprise between about 0.1% and about 10%

25 by volume of the base, and between about 0.2% and about 25% by volume or weight
of the compound selected from the group consisting of acetic acid, citric acid, oxalic
acid, phosphoric acid, ammonium phosphates, potassium phosphates, or combinations

thereof.

[0047] The polishing composition includes one or more polishing enhancing materials
30 including abrasive particles, one or more oxidizers, and combinations thereof.

12



[0047] The polishing conposition includes one or nore polishing enhancing
materials 30 including abrasive particles, one or nore oxidizers, and
conbi nat iwe3bmesreof . 12 WD 03/ 072672 PCT/ US03/ 06058 [ 0028]/UShs/emd5s/ e
particles may be used to inprove the renoval rate or renpval of conductive
mat er i ajgaad)r Abrabive sarhicies ahsy der dsecetodimproge pthé i rehiovgl ratbrarsienevphof i cl es

may conprise up tqQ abouyt 35 wt.%of th ol,i shing. conposition durj
pr ocesgBﬂ@fUCRVé)é’E?ﬁEréiﬂ? 3&96‘? Buksiie S%’ﬁ%ﬁ% dlﬂ!%ﬁg'{ﬁ?‘!r&?aa‘braﬁw&ﬁar@lgﬁg. % of
gb_r fs L?’%a‘?ﬁddrﬁpﬁfis@%my?btﬁllt Bs MS’/@I&;f ;tjma pdlishipgl ¢o$.+mdsﬁion_cdwmgimclmssinbpw9]

ui tabl e abrasives particles include inorganic abrasives, polymeric
abr asi v&ancenyaton BaiaeR: 3R OtOrQér"é‘t)z.aﬁdn%lg‘ﬁ‘érﬁ ‘P{t-%’b&a%t?r@%lv%gﬁ?f%@gégw hat nay
be ugedpb skl inelRREKIAY ¥b@pbaifddide, but are not limted to, silica,
alum na, zirconiumoxide, titanium oxide, cerium oxide, germania, or any

ot her abrasiyes of netal oxides, known or 10 upknown, and have an average
si ze beimns%ﬂﬁﬁﬁ a?@%ﬁsa%ﬂaggmcl%@omﬂmc IREIVEPy Qﬁygﬁf'? zfg)f%s'\fer?()r gani ¢
abr asi v@gd hebtbiatidplsthigpsdine sforgdnidrabgasiveapafiicleanthat Ray ibevesdd o the
contenpl ates the use of abrasives having a | ower Mhs hardness {?B t he

pol i shi Rlpceisofdydsn but @seaet Timied dpy s, BTN, ArcgaLR} PKdeE: HEPM™ nay

al so be (abekftint 6xids g&nRMY, Cor 4Ry PMHeY BHradlddd of nfetab bRigky, elown ©F gani ¢
abrasives” or "organic particles.” "The polyneric abrasjives nay conprise

abr 48i vaneawmeand haue e averageadmbeivesn peeyingl intn ans 8k 000 PRY i al s
i ncl ud t ; : t
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pol ynet ha I nations thereof. [005 he pol yneric

abr asi véwentign isaniemplaies dhe sise SHatsasivest hpdng.ee IpwasoMehs ardresa i th®out 80,

and can .greater or |esser hardness. The pol yner abrasives may
al so be pé@%l’i(@&%lﬂ%ﬁt[lcﬁ% I norgani ¢ particles described herein, which can

result in reduced friction between a polishing article and supstrate and
may resU0060]i hhe pobumest akyasives, dessibad Aasein anay Baveateried 19fass rgikes and

ot hgr suyr OI% XM Yo e F: Yal ki 8. r
obr a5, o SRS AEFIGE BreRiveSCTBRERRE difas e ABIGaNRAANGLED THE BolBENTET
pad nat ebiasiest mayr coimpese nghresivel paiymers Mpaisdalisor nexRieples AoRPHMEAC to t he

Ui shi ial. | .
an be TR e EHRE nBlS foy R thethitry bR SRRy ATaRe R 2 e
abr asi veslyniainacrylanipile, arel domgiiatiode Yreseofof cross-1i nki ng

[0051] The polymeric abrasives may have a Hardness Shore D of between about 60

20 and about 80, and can vary to have greater or lesser hardness. The polymer abrasives
may also be softer than the inorganic particles described herein, which can result in
reduced friction between a polishing article and substrate and may result in a reduction
in the number and the severity of scratches and other surface defects as compared to
inorganic particles. The polymer abrasives may also be harder than the materials used

25 in any polishing pad materials to providé improved polishing performance as compared
to the polishing pad material alone.

[0052] The hardness of the polymer abrasives can be varied by controlling the extent of
polymeric cross-linking in the abrasives, for example, a higher degree of cross-linking
produces a greater hardness of polymer and, thus, abrasive. The polymeric abrasives

30 are typically formed as spherical shaped beads having an average diameter between
about 1 micron to about 20 microns, or less.
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produces a greater hardness of polynmer and, thus, abrasive. The polyneric
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e T Skl S R akal SREREESU DY Iihbils SR

mat er i abghglesssirked. 20 herein may al so be used with the polishing

corrp05| tion. The abrasives used in the conposition may be conbi nations of

t he | vV ted

 nof Bant0eafadiyRRY. iR phielC i acs, Rale Bk MR propees 18R 20
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[0055] Alternatively, inorganic particles coated with the polymeric materials described
20 herein may also be used with the polishing composition. The abrasives used in the
composition may be combinations of the polymeric abrasives, the inorganic abrasives,
the polymeric coated inorganic abrasives, depending on the desired polishing

performance and results.

[0056] One or more oxidizers may be used herein to enhance the removal or removal
o5 rate of the conductive material from the substrate surface. As used herein, an oxidizing
agent is generally an agent that accepts electrons from the layer or layers of a
substrate that is to be polished, oxidizes material thereon for more effective removal of
the material. For example, an oxidizer may be used to oxidize a metal layer to a
corresponding oxide or hydroxide, for example, copper to copper oxide. Existing
30 copper that has been oxidized, including Cu' ions, may further be oxidized to a higher
oxidation state, such as Cu?* ions, which may then react with chelating agents.
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the material. For exanple, an oxidizer may be used to oxidize a netal |ayer
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per oxi d@OSBb&Xémpﬁrﬁt‘Séﬁabl%ﬁ&'d@%bsd'ﬁa&d%é??ﬂ?‘ylﬂ’gg‘pgi'\é‘i’%(ﬁuéggomggun%gig%I e,

al kyl
i a, JEREUAg oy SHOfH oty fhaical ?E‘ﬁ“e’?2%‘*562%??§{’2‘@'é?}‘1d3‘§;;m§§°ELLE as
X

rmnoperleozludlag @lﬁeaah)tﬂroﬁﬁf'péfﬁ@ﬁldﬁaﬁ’@@awa@lssanbﬁrgﬁé‘@op‘?rﬂé' B iM% anpl e,
anmoni Y ped I?éHx?&e% cyétg%laésér’yf‘b&%&i%i’ %é\‘ibfll%@ox@ setcoasigul f at e,
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agen 0 gz eYatl|

el errent(ﬁ)‘?{g?lf%eg I'g es Boé‘?ggtb :aolﬁag?gpnﬂr ﬁ“ﬁf"g Bﬁngf ggﬁ?gagglﬁggznds

and comuassilam penbgidisiliae aamelonitmn peiulfates anﬂglﬁéQﬂSlmpo@cLi'f@W s®alteol ncl ude

but are not imte I
per br o' 8xysg9q1gouq9%r %ﬁ‘frgglé (?88'1%11@} ggﬂcgrebrogﬁfelo%pfggda{ﬁﬁ 5é’8’é're gnﬁé}gmgglb}cl ¢
nitrateyspdlts (such as ceriumnitrate, iron nitrate, 20 anmoniumnitrate),

perborate salts and perrranganat es. Other oxidizing agents include

br 21:? ﬁ@gsggglﬂ-%r §§(’3in Qﬁ?a%gﬁ als @4 %ﬁ irfo gc %fﬁ?)ouﬁ@dolcﬁr EoHibéund

um ceriumnitrate. he bal ance or remmi nder
of t he quoitaising o eiempntsnuts bighedbexidativadtatborxamples of dngrgamie COMGEUNdss a

Do e B R B Bh e L B S BRf thieiatoo 8o 33 of gar
anount s|iraitet toy pesodié acidn periddmtatsalif perbmrmolacghmegoromate salts, perchloric
acid, perchloric salts, perbonic acid, nitrate salts (such as cerium nitrate, iron nitrate,
20 ammonium nitrate), perborate salts and permanganates. Other oxidizing agents
include bromates, chiorates, chromates, iodates, iodic acid, and cerium (IV)

compounds such as ammonium cerium nitrate.

[0060] The balance or remainder of the polishing compositions described above is a
solvent, such as a polar solvent, including water, preferably deionized water, and

25  organic solvents, for example, alcohols or glycols.

[0061] Further, controlling the amounts and types of constituents of the polishing
composition, such as corrosion inhibitors and oxidizers, can result in tuning the desired
removal rate of the procéss. For example reduced amounts of corrosion inhibitor will
result in increase removal rates compared to compositions having higher corrosion
30 inhibitor rates; and reduced amounts of oxidizers will result in lower removal rates

compared to compositions having higher oxidizer compositions.
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conposition, such as corrosion inhibitors and oxidizers, can result in
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ef fectiven polishing conposition in pollshlng Of%ﬁ{] substrate
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Concent Pal orotsseliel ons B m B8 By Tee Ry e ASSHEf) o PARMERIRIMRIEY, o
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2o S B Bl S ARG Bk o Yoo i i1 0 by
20 agglomeration of abrasive particles in the polishing composition, and improve chemical
stability and reduce decomposition of components of the polishing composition. The |
one or more surfactants can comprise a concentration between about 0.001% and
about 10% by volume or weight of the polishing composition. A concentration between
about 0.01% and about 2% by volume or weight, for example between about 0.1% and
25 about 1% by volume or weight, of the surfactants may be used in one embodiment of

the polishing composition.

[0065] The one or more surfactants may include non-ionic surfactants as well as ionic
surfactants including anionic surfactants, cationic surfactants, amphoteric surfactants,
and ionic surfactants having more than one ionic functional group, such as Zweitter-
30 ionic surfactants. Dispersers or dispersing agents are considered to be surfactants as
surfactants are used herein. Compositions containing the polymeric abrasives are

stable over a broad pH range and are not prone to aggregating to each other, which
16
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derivatives, or conbinations thereof [0069] One or nore stabilizers nay be

present ji8sa8, GRESrs [ fith dsSelgttfiEdlyir88ibtiveladditives that reduce the conductivity
of the polishing composition may be added to the composition in an amount between

about 0.005% and about 2% by volume or weight of the composition. Suppressors

20 include polyacrylamide, polyacrylic acid polymers, polycarboxylate copolymers,

| coconut diethanolamide, oleic diethanolamide, ethanolamide derivatives, or

combinations thereof

[0069] One or more stabilizers may be present in an amount that is sufficient to

produce measurable improvements in composition stability. The one or more stabilizers
25 may be present in an amount ranging from about 100 ppm to about 5.0 weight percent

(wt.%). Non-limiting examples of preferred stabilizers include but are not limited to

phosphoric acids and phosphoric acid derivatives including

aminotri(methylenephosphonic) acid, 1-hydroxyethylidene-4-diphosphonic  acid,

hexamethylenediaminetetramethylene phosphoric acid, and diethylenetetramine
30 pentamethylenephosphonic acid, and derivative salts thereof.
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7, 2002 desckbethh Ahiled Staeer Paeat agpllyticreNer aota 1 soefiledt on May 2)X2082f not

i nconsistent with the clainmed aspects di S%Ingsure her ei. n. \&@10?% It has
tion

beehOob¥diciels {NGRIPOERIBL P fefefRnGe el o EKEENh J19t RSN

descri begihed gépbcifand dBEIBYGE hersihace finish, including |ess surface
defects, such as dishing, erosion (renoval of dielectric nmaterial

surroundi n tal features and 5.scrat ches, . wel |. as i mrov

pl anari t[‘397%o&§}asﬁﬁﬁﬂ“i %l%ﬁel’\ﬁ%ﬁi g‘ﬁ‘g S\’-'*P%[?é%§f9‘r’§?ssfq§)Wg]st%&%?h'ﬂgfgﬁlggégg?i ed to
t he subgfesaiRdneiRthad iapRele suHacEHinBh| Ricludineless fsarfacal defeetsgeuch as a
process apparatus, such as cel] 20Q descr.i bed abo(i/e, b% Eﬁgl"?ji nsg a, bi as
bet ween dighing, resignc(ramavainal sigleciricmaieral, sigounding: Retal JetHee) RIS, i al .
20 [18074krdidhedNaSwaiMBs fnsYovad pRhkst)y Ng process, a substrate 208 is di sposed
in the polishing head 202 used in a planarization process as shown in

Figure 1. The polishi n% head 202 nay be contacted with a polishing pad
assenbl I B 2in the range between about 0.01 psi and
about 1 psi, for exanple between

[0073] Power may be applied to the substrate having a conductive material layer

formed thereon in a process apparatus, such as cell 200 described above, by applying
a bias between an electrode and the substrate to remove the conductive material.

20 [o074] In an example of a polishing process, a substrate 208 is disposed in the
polishing head 202 used in a planarization process as shown in Figure 1. The
polishing head 202 may be contacted with a polishing pad assembly 222 to apply a
pressure in the range between about 0.01 psi and about 1 psi, for example between
about 0.1 psi and about 0.5 psi, to the substrate surface to be electrochemically and

25 mechanically polished.

[0075] The polishing pad assembly 222 is disposed in a basin containing an electrolyte
described herein. The substrate 208 is exposed to the polishing composition and
electrically contacted with conductive pad 203. A bias from a power source 224 is then
applied between the substrate 208 and the conductive pad 203. The bias is generally
30 provided to produce anodic dissolution of the conductive material from the surface of
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about 0.1 psi and about 0.5 psi, to the substrate surface to be

el ectrochem cally and 25 nechanically polished. [0075] The polishing pad
assenbl y WDd3jow6dt sposed in a basin containing an el ectrolpgrasosiesss i bed
herein. The substrate 208 is exposed to the pollshlng conposition and

el ect ri thel dupstrateta ct edrenit dbnsitynujutat abceit pad nillismps/chi’de ificlade propessing sour ce

224 is t et the ubstra d 203.
The bi a8 P@’%@E@Paﬁf’yb%’%v o 8"3’?“8&&%9"2%93‘(1?85@ QB9 Bbo AF

conduct iigarfipé/en? for afzamrmhfwbstratfeace of 18 WD 03/072672 PCT/ US03/ 06058
the substrate at a current density up to about 100 mllianps/cnR2 to include

b 05 antoot o fhie BE3HRF | e, YBusd i RRiler 2R3 APMico iy, BAURIR LBGh dFETBPPIL
may bHe Véquiireﬁhehm lpcrembvmggfugrjhli fmmhitbflns?l;q;mm su?erwéqtoo'rﬁgﬁ ?meay al$® be
suhbs

1 S beapalsgh e BipedieaEpliee Arediaton By i Wi AbRisdi eyt 2500 o

a const gehsifyWrveRdge €A FirdtMin parividy ﬁ@ﬁ dppliesa f:bmﬁ&nﬁmmspeurrent denbigyn
applies a constant reverse current densit for, a second time

t
peri od, OaNAItage 042 SeERNG fime; Pefiog, &8 dﬁaeéﬁéﬁg f'r%tsar?‘geseﬁ%%dcf‘ feRayas

co- pendiyagbried Rat6pending! BlS Neuterdt, 86Mal2R3. 65319,223; deritiietihOMetfiod Arﬁh
Appar atus For El ectrochem cal Mechani cal Pl anarization", | sslg%jegp{bzAprl I

22, 10002ppasgiischon Eleckeehgsaical Mécw'%fpé@f@*i%’"%r issHed $ny AR not
| NCONS| gl ig thr 'F@ced 'réfsfbn@éﬂeé‘rbm RN thedes@nP ot andtsiiskiteht LD The

bias is generally applie to the substrate surface exposed to the polishing
conposi tlaémed aspestpand displpeiredeRiBi ning material at a rate of about 15,000
A/mn, 15 such as between about 100 A/m n and about 15,000 A/mn. In one

enbodi Mpb710thd BRsiiS \(ERbIAAP PRSP e LBBPAE STES ierbodedl foetht is |ess
t han SWWO]A hi cl%l }tg@e ay‘ age nmay be applied to pir)owde a ?%M?g? rate

bet ween CQ@Q%'“Q‘D@ FemPYE &ﬁﬁp%beﬁiﬁa'n'QQO"O@teWh?tna ratso 9B RGO Ye | s
typﬁgal lsMcf?éQB?ﬁ\Féehoabtohf 6@ Biraini 443 AP P35,000 AN AnRMESmbadimanidriteat i on

for a perro time su |C|ent to renpve at |east a portl(?nr}cor all of the
desi r ed invention ahet: Firoserparhapiesal tq bOTOMOVR lie 195%ethaR 000t Fs: 408 f or

pl anar i %,g{ﬂg%et llﬂﬁ¥ gﬂbaz)i)ﬁ@& f b H@kd‘fé\f’ﬁbvd fatd Eet\l\;é%h'é%‘b‘ﬁgm@%’mh%d about

pl anari z IS as A passivation layer which
5, 000 A/min.

[0078] The substrate is typically exposed to the polishing composition and power
20 application for a period of time sufficient to remove at least a portion or all of the

desired material disposed thereon.

[0079] While the exact mechanism for planarizing the substrate is unknown, it is
believed that the planarization process is as follows. A passivation layer which
chemically and/or electrically insulates the surface of the substrate is formed from the
25  exposure of the substrate surface to the corrosion inhibitor, or other materials capable
of forming a passivating or insulating film with the material to be removed, for example
oxidizers, which can form oxidized layers, and/or chelating agents, which can for
chelating layers. A bias is applied to remove material or enhance removal of
conductive material, such as copper-containing material, from the substrate surface by

30 anodic dissolution.
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chemcally and/or electrically insulates the surface of the substrate is
formed fromthe 25 exposure of the substrate surface to the corrosion

i nhi bi t orwoss/omsher naterials capable of formng a passi Pagiusgs/eq0s8
insulating filmwith the material to be renoved, for exanple oxidizers,
whi ch cwnsd] OFfhe padstliatied |dyay esslatemal/ mmpo&weathmgjreg&rfmﬁmdiﬂ dissalationt or

chelatln las IS a epnv | noval
contt Ty RaRge R AR ong S tBlued dshier CBRY ST ol R PRBR AR 160

[sg 8; B ]r atTeﬁnm ﬂ)@q&‘asbwatlcaﬁle@@oﬂ‘pm dieas af wontant baveeH tﬁ@/;ﬁe?mealemsw agh3/ 068_58

e passjvation | ate or, su rre anodi ¢

di ssol umeoﬁ”prtréf?d SHeR tﬁi"nf% p%?gﬁsaé’mﬁ i°) “ﬁ'?oﬁ%&ﬁa eb%‘f v%cgnﬁéjrﬁe )@SB%% ate and

per ngabfgpskiitdh be togoRy bh@na@wg/adyem érwekpds@mamaerlmg copperet

bet ween the perneabl e _di sk and re substrate, such fr eak%t?f ormed on

the subgentainngsmrierale Hhegrassvatiuyayer s reaedih pERs W‘B‘H@E Péﬁﬂ§°

under | ysich haY&dessefBAVAIEYASE thd SubEides bwfm Q'QQF@(posé@@bppé’ﬂdwta’mﬁ@” al .

The passivation layer is retained in areas of no cont act such

as recegwdgriais than p@yglcaw eonnestasovitpihe eﬁﬁtﬁoa/é%soww %&%H@é!(f’e removed

copper - %ga,gld%gomﬂ@ﬁ erial is then electrically connected with the
electro gte solution and may be renoved by anodi ¢ di ssolution. 10 [0081]

The sel ective renpval of the paSSI vatj on er from F} qti)?\é ct with a
pol 18hi g8y The selectivy remayay al th %cﬂ?&ﬁ'&!’f‘ﬁ'% %SHHQHBPG tag&w e bi as

whi | e P@ﬁs@hr&i '&Qtlélé‘efd?aé@rﬂ;ﬂé' ebndaYifs pdd vabl exder &ld appliddbidsnwhpased
di ssol ution and/or renpoval excessi ve copper-cont ai ni ng%{naterl s from

passi varétaining &e pepsivaien Jﬁyet' He vallgyst aligws &Iy ingreasef] HisPAViBh ag/of he
renoval ré%o&ég%f eeaduRbi ﬁpgﬁécﬁ{télﬁinﬁ rHél@ﬁélEYﬂoﬁgpéé@vai‘lénﬁﬁé%spdfﬁénw thayer .

The increased dissolutio renmoval of the copper-containing materials

vm t hout sebgitade isudadeoin nelajien te @FQT&!"QW%P&BW candygiver matarigls wdedlyingdbRict i on
he 0 s becorpditiny s

For iEd- PRESSIOn RVEE, fift hsFeatédo o8Bt phaTcQHPer @ ephioorineys

surf aceme[taﬁmézwmmm a pasmvat'pn lamrdomnecbmermmealiows fioy insepasenirAgudiRG %hnodi ¢

dISSO|UIOn | ] r 0 u t I fRegM. th

| ower ef BRY %\éﬁ]gégoﬂrgé s(Jblg?ral% Q@'Hc? (%"Bjéréda?&t ée)\s@fe te ﬁgﬁﬁ%donvencm onal

pol i Shl mgsultingvie enpandesiplaprizatos of the substradg paifiabet o | ower shear forces and

frictional forces which make this process suitable for planarizing

[S)(L)I|b IS; L?i&aﬁ“%&ﬁ&ﬁalﬁe Rsthdvay f Wt GoliBRIRG S I YRSALEAE afdiiRstdrat e and
20 the substrate surface to be planarized with lower polishing pressures (i.e., about 2 psi
or less) than conventional polishing. Lower polishing pressures correspond to lower
shear forces and frictional forces which make this process suitable for planarizing
substrate surfaces sensitive to contact pressures between the substrate and polishing
pads, such as polishing low k dielectric materials, with reduced or minimal
o5 deformations and defect formation from polishing. Further, the lower shear forces and
frictional forces have been observed to reduce or minimize formation of topographical

defects, such as dishing and scratches, during polishing.

EXAMPLES:

[oos3] The following non-limiting examples are provided to further illustrate
30 embodiments of the invention. However, the examples are not intended to be all
inclusive and are not intended to limit the scope of the invention described herein.
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pads, such as polishing low k dielectric materials, wth reduced or m ni nmal
25 deformations and defect formation from polishing. Further, the | ower
shear forwe3amd72frictional forces have been observed toPCEFAS0H065S

m nimze formati on of topographical defects, such as dishing and

scr at chEgampleri:ng pol i shing. EXAMPLES: [0083 The follow ng non-limting
exanpl es are provided to further illustrate 30 enbodinents of the

i nvent i pog4] Ho'vepsr plated wakermmrsasolianed and pianadzateusingthedfobowing ipetishirg ve and

are not intended to limt. . th e | o) i ein. 20
WO 03/ 03FBRSS S MiRip 7 6%%@6‘?&;@??&%%”% 5 4}"%&@0%6’%?&03 g@ﬁrﬁ A&g?idr was
pol i sheMatgriAiglrfnaf Samsd GlaianGatifoenid.ol | owi ng pol i shing conposition within a

nodi fied cell on Refl ection(r) system available fromApplied Mterials,
Inc.®of Sant@Post Q?"at?y Yalime § mg.%{?ong 3§l§gut 6% by vol une phosphoric acid;

about 2% by aug s 81 ilids ethygeriedimingbout 2% by wei ght ammoni um citrate;
about 0. 3% by weight benzotriazol e;. bet ween about 2% and about 6% pot assi um

hydr oxi de toa%%g}‘t@/‘é(e'ﬁpf%mmgﬁﬁm Cirgi®i 5. about 0.45% by vol une of hydrogen

peroxi de; anghofl8izenby AdigMtbBhzoted®l e 2: 15 [0085] A copper plated wafer
was polished and pl anari zed usin

the follown ol.i shin C ition
wi thin a nodpgtwean abeyt 35 aﬂdR@PPgé%i Rﬂ’&ﬁsjur%§'¥@fgﬁi%eat9£f?‘a‘g? 8 P?Fgf?ﬁs%h i ed
Mat ¢4i aks, Inc. of Santa Clara, California. about 6% by vol une phosphoric
aci d; about 2% by vol une et hyl enedi am ne; 20 about 2% by wei ght ammoni um
citrate; aboalou 03&Ehy vellatetof fuARsen PaiXIde; agdt ween about 2% and about 6%

pot assi um hygroxidewhRrProvi de a pH of about 5;

Example 2:

15  [0085] A copper plated wafer was polished and planarized using the following polishing
composition within a modified cell on a Reflection® system, available from Applied
Materials, Inc. of Santa Clara, California.

about 6% by volume phosphoric acid;
about 2% by volume ethylenediamine;
20 about 2% by weight ammonium citrate;
about 0.3% by weight benzotriazole;
between about 2% and about 6% potassium hydroxide to provide a pH of about

about 0.45% by volume of hydrogen peroxide;
25 about 0.15% by weight of silica (SiO,) abrasive particles; and
deionized water.

Example 3.
[0086] A copper plated wafer was polished and planarized using the following polishing

30 composition within a modified cell on a Reflection® system, available from Applied
Materials, Inc. of Santa Clara, California.
about 6% by volume phosphoric acid;
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about 0.45% by vol une of hydrogen peroxi de; 25 about 0.15% by wei ght of
silica (Si2) abrasive particles; and deionized water. Exanple 3: [0086 A
copper plwoadowafier was polished and pl anari zed usi ng t hePColUuSo#ddoes
polishing 30 conposition within a nodified cell on a Reflection(r) system
avai | abl e f rapoubpil byedblurvbethyleslediamimg;. of Santa Clara, California. about
6% by vol une_ph oric acid. 21 \ 3/ 072672 PCT/ US03/ 06058 about 2% by
vol unme ethyﬁ%ﬁwg?ﬁﬂﬂﬂﬁ?QQHHUWOEM%B¥E@§:ght anmonium citrate; about 0.3% by
wei ght benzaiouaeaheby welghebenslitarble?% and about 6% pot assi um hydr oxi de to
provide a pH of about 5 6; about. 0.1 %Db igh gL'c I brasi ve
particles; dAdVeefspROH! A %?BPL.” ‘igé’@ﬁss\}%ﬂ Fﬁdraﬂée?éjpzd 6°?en€p|‘"®f%8§t ed to
embogli ngnts of the present invention, other and further enbodinents of the
invention may be devjsed. withaout departing fromthe 10 basic scope
t her eof , anoaqqli'éo'é‘c/bB\éwtelggF 8@?"'933(%&(25@1%@5%’@& Fleh&9) ai s that fol low. 22
WO 03/ 0d&BriZze&whtdyS03/ 06058 What is clained is: 1. A conposition for
renoving at |east a conductive nmaterial froma substrate surface,
conpri siopgy] Whileehalidiasael & aitdotad 16 embysiemits ofSthengresentrinventiohgebtaer ng
agents; one or nDre_corrosion_inhlbitorﬁ#%gne or nqéﬁc%nohﬁagic r organic
aci d sapid furies e(ﬂ?bQ‘i’ﬁF%'?tﬁquéT&} LYentay Big¥me qvisegr itk PBEMELIMREN about 2
andy @b%ésié%op@th@@o‘f,ia@'dﬁge SRR RGT FRdcsrhihecbis) Betertmisrtnanfolieav.gr oup of

S

abrasive particles, one or nore oxidizers, and conbi nations thereof;
and
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a solvent. 2. The conposition of claim1, wherein the acid based
electrolyte systemis selected fromthe group of phosphoric acid based

el ectrol ywe3/0%s7f uri ¢ acid based 15 el ectrol ytes, perchlperiusozeiods based
el ectrolytes, acetic acid based electrolytes, and conbinations thereof. 3.
The conyhat is claiméd éd:ai m 1, wherein the one or nore chel ati ng agents
include a conpound having one or nmore functional groups selected fromthe
group consi sgi al Ry | ps,

di car boﬁyl at'% Cgr %fsmoﬁ%ﬁ?%,ﬁ%%%m? aSta%an%ﬁgg&%ﬂgatcegnLl nat |ag%gostg%§|eof 4,
The conpofacei omnprﬁsnmg aim 3, wherein the one or nore chelating agents are
selected fromth of ethyl enedi am ne, hexadi am ne, am no
acids, 25 e%'h?ﬁ"iﬁg d;%?%gqqit?%g%gﬂh c acid, nethylformam de, citric acid,
tartmric aciahe mncneruhelaangdgemal ic acid, acetic acid, adipic acid,
butyric acid ric ac c acid, capryllc acid, glutaric acid,
glycolic aC|Q:{‘e‘?dPW§|C(9rr8§'°B "ﬁﬁ?@ﬁﬁl c acid, lactic acid, lauric acid, malic
acid, nalei %Mﬂnoﬂéﬁh@@&ﬂc@ﬁbf@an@dﬂ@k&lm acid, plamtic acid, phthalic

acid, propionic acid, ruyi c ac ste rlc ci.d e

conbi nat i onsOerBSe PEb g%ustwgfg#p@arw &Il-ﬁaqt\gp Lo%‘é?'é‘fﬂb@ﬁgetme or
nmore corr OSI&@ohé}h@bﬁﬁérﬁ:ﬁgﬁtmwm%ecyctdmfrematm Vaj:ogp @iEbraside YarieRsp72672
PCT/ US03/ 0605 he conposition o imp5 erein the one or nore

cor tQsi ORE PR P¥dizergy and cmiipatiensst L%"ﬁf’?ﬁ@ dgroup consisting of

benzotri azol ggoghtdazol e, benzim dazole, triazole, and derivatives of
benzotri azol e, i m dazol e, benzim dazole, triazole, with hydroxy, am no,
i mno, carboxy, nercapto, nitro and alkyl substituted groups, and

conbi nabi onsype ctoh'g{ 0Sbn of: clIiﬂﬁf CORR&RIN ki aefd BhsddNelectiolyed @ygtehheias one or

nore inorganic of organic salts 'conmprises ammoni um salts of ani ¢ aci ds,
pot assi a@estaﬂtfsomfth@rgjaw ©f abogehorisr acid diased Lleiplytehesuiyric aﬂfj asethe

conposi El'eef?olie %({[{ﬂ i tf'dfs@dtcglgct Me®! adBlicCadid BBeA1 SefifolREgaghd salts
are Sel 8CLed from the group of amoni um oxal ate, ammonium citrate. ammonium

combinations thereof.

3. The composition of claim 1, wherein the one or more chelating agents include a
compound having one or more functional groups selected from the group consisting of
20 amine groups, amide groups, carboxylate groups, dicarboxylate groups, tri-carboxylate

groups, and combinations thereof.

4. The composition of claim 3, wherein the one or more chelating agents are
selected from the group consisting of ethylenediamine, hexadiamine, amino acids,
25  ethylenediaminetetraacetic acid, methylformamide, citric acid, tartaric acid, succinic
acid, oxalic acid, acetic acid, adipic acid, butyric acid, capric acid, caproic acid, caprylic
acid, glutaric acid, glycolic acid, formaic acid, fumaric acid, lactic acid, lauric acid, malic
acid, maleic acid, malonic acid, myristic acid, plamitic acid, phthalic acid, propionic
acid, pyruvic acid, stearic acid, valeric acid, and combinations thereof
30
5. The composition of claim 1, wherein the one or more corrosion inhibitors have

one or more azole groups.
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succi nate, nonobasic potassiumcitrate, dibasic potassiumcitrate, tribasic
potassium citrate, potassiumtartarate, ammoniumtartarate, potassium
succi nat ewopezxsl um 15 oxal ate, and conbi nati ons t her eofPCI/USIHE5058
conposition of claim1, wherein the one or, nore pH adjusting agents

conpri s&. on&hercompositiasiad<laiml Bcwkerein the omee oy maue covwsiost inhigiters are

car boxyl i ' : | anli. ' I | ons
her o SosrsepRa e ge R S ISRl B0 T G 2R B LS RS HERIS, °10

t he gr owpdotienpatiass iafinbdmzdiriaxolde immiarolnj penzimjdhazold, digiazelad witbbydraxy,ons

whr o n R0 IRTR REMSDBRERE” g kv ABSUERTERRUR MhiorbBaBag | o

or cenbith@tobfons thereof. 11. The composition of claim1, wherein the one or
nore oxidizers are selected from 30 the group of peroxy conpounds, salts
of peroxy conmpounds, organic peroxides, sulfates, derivatives of sulfates,

conpounds COThaicaohip@sition ef e, whetdie tHe giest mox irdbagarde os bejadic saiid
conbi nations, thereof. 12. The, conpositjon o ' th

] i, :
conposi tSPBRIEEHAMBRUM salts\pf G5 @?@SP@?;%%G@ g]éé%é’\%\h%é%}fge%'%oo% 1 %

and abowomdilbations wdradit (Wt . % in volunme of total conposition of the acid
based el ectrol yte system between about 0.1% and about 15% by vol une or
wei g8t of the one or nore chelating agents; 5 between about 0.01 % and

about  1.40% byn¥QlopiPsibn \Wec@ith 70Wwhiehéin @LoRé ofRiofe ikRGAMS oPBrganty Sdifsor s;
bet ween about 0. 1% and about 15% by vol ume or wei ght of the one or, nore

i nor ganiage gielentehfion Mg @ram Pk aMRANIKBnOARBAL AMAUY A LEREUATIBIRIWY vol une
or wei ghtic8 aiteh‘?nﬂdbﬁgbtabﬁds@@m %Qra?%%ési@%&%ﬁﬂnﬁ@f?&fe, @idlde pordsabaut 30
by wei ght of abrasive particles; an _ _ _

citrate, potassium tartarate, ammonium tartarate, potassium succinate, pqtassmm

15 oxalate, and combinations thereof

9.- The composition of claim 1, wherein the one or more pH adjusting agents
comprise:
one or more acids selected from the group consisting of carboxylate organic
20 acids, strong inorganic acids, and combinations thereof;
phosphate-containing components;
ohe or more bases selected from the group of potassium hydroxide, ammonium
hydroxide, and combinations thereof;
or combinations thereof.
25
10. The composition of claim 1, wherein the abrasives comprise inorganic

abrasives, polymeric abrasives, or combinations thereof.

11.  The composition of claim 1, wherein the one or more oxidizers are selected from
30 the group of peroxy compounds, salts of peroxy compounds, organic peroxides,

sulfates, derivatives of sulfates, compounds containing an element in the highest

oxidation state, and combinations thereof.

12.  The composition of claim 1, wherein the composition comprises:
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t he remai nder a solvent. 13. The conposition of claim12, further

conpri sing between about 0.1% and about 15 25% by vol une or wei ght of the
one or nowe oewidizers. 14. The conposition of claiml, wh@CEusos/m®ss
conposition conprises: between about 1% and about 30% by wei ght in vol une
of total compebvadnoabolit 10heraciabiowaSet dlyewreight yiva. %)y i evglume dfetailen

about 0.19 9 V. I ight of the one or nore chelating
agents; %ﬁp&é@ﬁﬂ%@%éz%c{%%{e%/@éﬁ%%g&%@@: 0% by vol une or weight of the one
or nore cor betwesm abhit 0. t%rad dEuidéic powlunde donmight aibdlos ohe%rbgoreol une
or weigh f. the one or nore 25 inorganic or organic acid salts; between
about 0. oaél'ﬂaa%%ﬁﬁt 25% by vol unme or weight of the pH adjusting agent;
bet wesen aboubefivedth atrolit 194 a8 %bbyt v.0P4Ibe volumsesrgheigbff oft the cmeeoranoneor e

oxi di zers; and.30Q # he rem nder a solvent. 15. The conposition of claim]l,
wher ei n CtOHrQSPBr‘r%BQ' YPon conprises: about 6% by vol une phosphoric acid 25

WO 03/ 072672 hBiwlddSBB3 REER arrbatbdut 2890 1y wallume oe iwejdhe ot dhesheeor mveut 0. 3%
by wei ght benzotriazol e;, §%bout 2% by wel ght amoniumcitrate; between

about 29PYHANISIOE QIS #d §8fuine of pot assi um hydroxide to provide a 5 pH
of about 5; BeiwesNaERAW.19R. shd’asod 2B by VoIUKRY P WeidHt Wi the bHSadjusting

abrasi ves; and deionized water. 16. The conposition of claim 15, further
conp@i siag§nlibout 0.45% by vol ume of 10 hydrogen peroxide. 17. The

conposi tion ghdeH éaoédt 0\00¢ 'R abbE3E BRRRIHt bPAbrasIP phsiRs; apout 6% by

vol ume phosphori c aci
the remainder a solvent.

13.  The composition of claim 12, further comprising between about 0.1% and about
15  25% by volume or weight of the one or more oxidizers.

14.  The composition of claim 1, wherein the composition comprises:
between about 1% and about 30% by weight in volume of total composition of
the acid based electrolyte system;
20 between about 0.1% and about 15% by volume or weight of the one or more
chelating agents;
between about 0.001% and about 5.0% by volume or weight of the one or more
corrosion inhibitors;
between about 0.1% and about 15% by volume or weight of the one or more
25 inorganic or organic acid salts;
between about 0.1% and about 25% by volume or weight of the pH adjusting
agent;
between about 0.1% and about 25% by volume or weight of the one or more
oxidizers; and
30 the reminder a solvent.

15.  The composition of claim 1, wherein the composition comprises:
about 6% by volume phosphoric acid

25



about 2% by vol une et hyl enedi am ne; 15 about 0. 3% by wei ght benzotri azol e;
about 2% by wei ght ammoniumcitrate; between about 2% and about 6% by

vol une ofwpeBassirum hydroxi de to provide a pH of about 5PCahiso3/0d@585% by
vol une of hydroa,g:?o g}eroxi de; a%d 20 dei oni zed water. 18. A nethod of
processi ng a 0Bt PRV OINBeBIYEN 2GS posi ng a substrate having a
conductive maibeli @B By ReighOheR@trid¥glegon in a process apparatus conprising
a first electrode_and a second el ectrode, wherein the 25 substrate is in

el ectrical cARPHER7RYHRIgMARBEBHE @Irdgt r ode; providing a pol i shing
conposi tion hetwes atdie 254 asd alsd R 8Y4 B! Gojand df E@ta%gi'aﬂ ﬁ;fﬁréxide W@bﬁae al he
pol i shing conposition conprises: an acid based electrolyte systent one or
nor e Theb Pfﬁ@o%éénts; 30 one or nore corrosion inhibitors; one or nore

i norgani ¢ or b hdo i r ' j g s to provide
a ' pH bet weer?égbputé)ozﬁggg /égh%?o&fgg% b%’%%kﬁgj;gg%aé@%ﬂﬁ%c 6058 a

pol i shi ng enligittizeg waleleri al sel ected fromthe group of abrasive

particles, one or nore oxidizers, and conbinations thereof; and a solvent;
applying a bias between the first electrode and the second el ectrode; and

5 renovi 1y cdigucampesitiont of icklimf tmnfutther complising \eboobDet5% byl ugleme &f9. The
nmet j : erein the bias is applied to the substrate to

i ni ?ﬁgt gxygﬁégaég[po%‘?)gdéc{l\?ssol ution at a current density between about 0.01
mllianmps/cn2 and about 100 mllianps/cn2. 10 20. The nethod of claim 18,

phosphor 12 adrd caapater eCorat i Mo oS ioaehREur < act ol yi cs.

about 6% by volume phosphoric acid

about 2% by volume ethylenediamine;
15 about 0.3% by weight benzotriazole;
about 2% by weight ammonium citrate;
between about 2% and about 6% by volume of potassium hydroxide to provide a
pH of about 5;
about 0.45% by volume of hydrogen peroxide; and
20 deionized water.

18. A method of processing a substrate, comprising:
disposing a substrate having a conductive material layer formed thereon in a
process apparatus comprising a first electrode and a second electrode, wherein the
25 substrate is in electrical contact with the second electrode;
providing a polishing composition between the first electrode and the substrate,
wherein the polishing composition comprises:
an acid based electrolyte system;
one or more chelating agents;
30 one or more corrosion inhibitors;
one or more inorganic or organic acid salts;
one or more pH adjusting agents to provide a pH between about 2 and
about 10; '
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perchloric acid based electrol ytes, acetic acid based el ectrol ytes, and
conbi nations thereof. 15 21. The nmethod of claim 18, wherein the one or
nore chelwoimg7mgent s include a conpound having one or mece/dsasedosdnal
groups selected fromthe group consisting of am ne groups, am de groups,
carboxyl at e group3, Pelishigh8RYANSINg haeiial  salected Aram xirageoupgpb@besivend

combinat | ons JofiRiebne éPmefe oxligeREbPEobinglictsthédkor Wil & n the one or

nmore chel ating agents are selecte romt e group consisting of
et hyl enedi ani ne, Bé&gl@Mtan ne, anino acids, ethyl enedi ani netetraacetic

20 oL Y\ DY £6ias behiddn A8 il olRIbAY bffd Y Shooft BRlcllbig; AR . X2,1

acid, acetic I'pic acl aci oi ¢ acid,
capryi i ¢ 25 aeindyinglcandudtive atiterjal g‘b;mtbblcondimtlde n’iaiem&llla)/eaci d, fumaric acid,
| actic acid, lauric acid, malic acid, maleic acid, malonic acid, nmyristic
acid, plamtic acid, phthalic acid, propionic 'acid, pyruvic acid, stearic
aci d, val®ri dhaahethodoiiclaiomi8, nﬂhérennSthe beséobpplidd td ke seishatk ofinitataiam 18,

e T3 ar T B o RPol B PGy 33 2o ©

i nhi bi t orcD mllamsadnect ed fromt he gr oup consi sting of benzot riazol e,
i mdazol e, benzi mdazole, triazole, 27 WO 03/072672 PCT/ US03/ 06058 and
deri vati ves of benzotriazole, imdazole, benzimdazole, triazole, with

hydr oxy,20.aniThe, métﬁbﬂ@f cwhbwy\mer@ﬁ Q@dohad Uaséd @lei\ﬂﬂ@ly@é EY temUB sblekbtehed
groups, and conbi nat| ther he met hod aim 18, wherein

the one f&M A% ErQURAS PE Jic "‘éﬁ"bgﬁ??,d §'§Pttr‘§yte§0$kﬂﬁr'§@§'dah%ﬁﬁ# elpstidytes of

or gani ¢ ptiléric BeHAsEdNd|IEatdI \Aﬁlegf ad¥tdedti@ basedl BlecRolyté HIdN@dhBiRstidnaer eof .
26. The nethod of claim 25, erein the one or nore’inorgani c or organic

salts artBereph sel ected fromthe group of ammoni um oxal ate, ammoni um
citr@af e, ammonium succinate, nonobasic potassiumcitrate, dibasic
pota55| umcitrate, tribasic potassium citrate, potassiumtartarate,
armoni urd ar Theanethog af plaimu#s, subespinathe, onsoemBwre shelsling agentsadnelude a

conbi natdyysounBHaGiRl one or more functional groups selected from the group consisting of

amine groups, amide groups, carboxylate groups, dicarboxylate groups, tri-carboxylate
groups, and combinations thereof.

20
22. The method of claim 21, wherein the one or more chelating agents are selected
from the group consisting of ethylenediamine, hexadiamine, amino acids,
ethylenediaminetetraacetic acid, methylformamide, citric acid, tartaric acid, succinic
acid, oxalic acid, acetic acid, adipic acid, butyric acid, capric acid, caproic acid, caprylic

25 acid, glutaric acid, glycolic acid, formaic acid, fumaric acid, lactic acid, lauric acid, malic
acid, maleic acid, malonic acid, myristic acid, plamitic acid, phthalic acid, propionic
acid, pyruvic acid, stearic acid, valeric acid, and combinations thereof

23. The method of claim 18, wherein the one or more corrosion inhibitors have one
30 or more azole groups.

24. The method of claim 23, wherein the one or more corrosion inhibitors are
selected from the group consisting of benzotriazole, imidazole, benzimidazole, triazole,
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15 27. The nethod of claim 18, wherein the one or nore pH adjusting agents
conprise: one or nore acids selected fromthe group consisting of
car boxyl awe 0a/0ani c aci ds, strong inorganic acids, and c@®chiusat/iss

t her eof al ni, N onen one or nore bases selected from
the gr ou?fPA;fdseB}SEt‘atB(%l %%O&énﬁ‘é Fﬁ mﬁnzmdﬂw%mwle aMith dweeXiat i ons
t her eof ; aminog AT, edrbEXyS n’tdﬁﬁ;ﬂ@fmtrgﬁnd-ﬁh@ %Sﬂﬁﬁe@br Ip% Hhé-éomlﬁfﬁﬁﬁ@dsn the

abra5|ve conpr|se i norgani ¢ abrasives, "pol yneric asi ves,

conbi natt?‘S ther eof. 25 29. The net hod of claim 18 wher ei n the one or

nore oxidizers are selected from the group of peroxy conpounds, salts of

peroxy compounds, ganl Cc peroxides, sulfates, derivatives of sulfates,

corrpégtmdzs'5 cort&i THPWQ 0f daighdat Whﬁretmélﬂqtpgﬁ@gtmor@(indmamospegaeuc saits

conbi natddphs e

Conposi t? on g"g?ﬁﬁrﬁ@ggluﬁpgtﬁ\@%gy’tﬁ out 0 étr%) out 15%8%\,@ G@EH ?&?S\M(_)r% in

vol ume dfomkinations fafeesi ti on of the aC| d based el ectrolyte system 28 WO

03/ 072672 PCT/ US03/ 06058 between about 0. 1% and about 15% by vol unme or

vvel ght of the one or nore chelating agents; between about 0.01 % and about
1. 0% by 2ol uridednethed ghclath 26hwherein the anere morerinogianic drrdgdiit eaits are

bt &M& d 1 r wei ght of € one or, nore

iﬁo\;@:ni C or org%nrﬁfggag%sﬁf grﬁ?frﬁ% e#&i%gutan&nge}u%(f'" BuBHID ol ure

or wei grauceinatehenquebasic ystassgim &zgmrte,,dlibmmpetasabgubltrﬁte()lrllmub p@tgitilur_ili_g by
mai.nder a so e

ot hod Q" APaPRIoSEuPT hidteR: fiBPrim, P hiele R BB Ao BE 255

by vol urnxatate,\aedgiombirfatiohe theneofor nore oxi di zers.

15 27.  The method of claim 18, wherein the one or more pH adjusting agents comprise:
one or more acids selected from the group consisting of carboxylate organic
acids, strong inorganic acids, and combinations thereof;
phosphate-containing components;
one or more bases selected from the group of potassium hydroxide, ammonium
20 hydroxide, and combinations thereof;

or combinations thereof.

28.  The method of claim 18, wherein the abrasives comprise inorganic abrasives,
polymeric abrasives, or combinations thereof.

25
29. The method of claim 18, wherein the one or more oxidizers are selected from
the group of peroxy compounds, salts of peroxy compounds, organic peroxides,
sulfates, derivatives of sulfates, compounds containing an element in the highest
oxidation state, and combinations thereof.

30

30.  The method of claim 18, wherein the composition comprises:
between about 1% and about 30% by weight (wt.%) in volume of total
composition of the acid based electrolyte system;
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15 32. The nethod of claim 18, wherein the conposition conprises: between
about 1% and about 30% by wei ght in volune of total conposition of the

aci d basewoaBerernl yte system between about 0. 1% and abo®CTABYG/mP58/0l une
or wei ght of the one or e hel atj ng agents; 20 between about 0.01 % and
about % 0% byPSMeeTHRPY! ﬁ%wﬁa@wth& B Yalume Q& Weight, @fsthe Priendri mPteor s;

bet ween mmg@gbe{osgnd about 15% by vol une or weight of the one or nore
inorganic or organic acid salts; between about 0.1 % and about 25% by

vol ume or vveit?iﬁ‘ge% aboid O] “adindsabonl 1.096 by yelwme pewgishh obtheweneorimerend
about 25%rRsionahMiBRorgs Wei ght of the one or nore oxidizers; and the

rem nder a solvent. 30 33. The nethod of claim 18, wherein the conposition

conprd ses:  A58VRe6obt Qrbteurrd phedpHSkiby \adirde ais ovaighioefihe ameusremore

et hyl engfbBhRS %H:l)](?dl - by wei ght benzotriazole, 29 WO 03/072672
PCT/ US03/ 0@058 ra% ut %@?Séﬂ@\ﬁeu ght ammoniumcitrate; between about 2% and

about 6% by \RStWean alPouddt Hbsanthabouir2bo dy votumpe ovivesight of ke @H adjastings;

bet ween pt 0.1 % and about 0.15% by weight of silica abrasives; and 5
dei oni zed wdter. 34. The nmethod of claim 33, further conprising about 0.45%
by vol une of bejweenghout péediddenoul 80 B weidhe ofaitraside phirtidles; and 8, wherein t he

corrplcbsi tion ] X 6% by vol une phosphoric acid about 2% by
vol une et hyl gﬁ%@ﬁe&a &g‘geo t 0.3% by wei ght benzotriazole; about 2% by

wei ght anmoniumcitrate;
31.  The method of claim 30, further comprising between about 0.1% and about 25%
by volume or weight of the one or more oxidizers.
15 32. The method of claim 18, wherein the composition comprises:
between about 1% and about 30% by weight in volume of total composition of
the acid based electrolyte system;
between about 0.1% and about 15% by volume or weight of the one or more
chelating agents;
20 between about 0.01% and about 1.0% by volume or weight of the one or more
corrosion inhibitors;
between about 0.1% and about 15% by volume or weight of the one or more
inorganic or organic acid salts;
between about 0.1% and about 25% by volume or weight of the pH adjusting
25 agent;
between about 0.1% and about 25% by volume or weight of the one or more
oxidizers; and

the reminder a solvent.

30 38. The method of claim 18, wherein the composition comprises:
about 6% by volume phosphoric acid
about 2% by volume ethylenediamine;
about 0.3% by weight benzotriazole;
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15 bet ween about 2% and about 6% by vol une of potassium hydroxi de to

provide a pH of about 5; about 0.45% by volume of hydrogen peroxide; and
dei oni zedwaaBm®r26780 PCT/US03/06058

about 2% by weight ammonium citrate;
between about 2% and about 6% by volume of potassium hydroxide to provide a
pH of about 5;
between about 0.1% and about 0.15% by weight of silica abrasives; and
5 deionized water.

84.  The method of claim 33, further comprising about 0.45% by volume of hydrogen
peroxide.

10 35. The method of claim 18, wherein the composition comprises:
about 6% by volume phosphoric acid
about 2% by volume ethylenediamine;
about 0.3% by weight benzotriazole;
about 2% by weight ammonium citrate;
15 between about 2% and about 6% by volume of potassium hydroxide to provide a
pH of about 5;
about 0.45% by volume of hydrogen peroxide; and
deionized water.
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