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15 Field of Invention

[0002] Embodiments of the present invention relate 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
R0  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 VLSI and
ULSI technology have placed additional demands on processing capabilities. Reliable
formation of interconnects is important to VLSI 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



further processing. Planarization or "polishing” is a process where nmateri al
I's renoved fromthe surface of the substrate to forma generally even,

pl anar surface. Planarization is useful in renoving excess depo25 Aegust2006
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fooos] However, ECMP processes typically have been observed to have reduced
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.

[o007] Therefore, there is a need for compositions and methods for removing
conductive material from a substrate that minimizes damage to the substrate during

planarization.



SUMMARY COF | NVENTI ON [ 0008] Aspects of the invention provide conpositions
and nethods for renoving conductive nmaterials by an el ectrochem cal
polishing technique. In one aspect, a conposition is provided f%ﬁA?gé‘ﬁ‘cﬁppﬁg
at least a conductive material froma substrate 5 surface including an acid
" based el ectrolyte syste one or nore chelating agents, one or nore
corrosioMﬂé&QﬁWﬁ&lﬂﬂ nore inorganic or organic acid salts, one or
nore pH adjusting agents to provide a pH between about 3 and about 10, a
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enbodi ments of the invention, briefly summarized above, nay be had by
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conductive material layer.

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 illustrated in the appended drawings.

[oo11] It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to 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



described below in reference to a planarizing process for the renoval of .
conductive materials froma substrate surface by an el ectrochen cal

mechani cal polishing (ECMWP) technique. [oot4] The words and ph?%é@%“%%%
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cross-segjtqfegal view of one enbodi ment of a "face-down" 25 process cell
200. The process cell 200 general |y |ncludes a basin 204 and a polishing
head 202. A substrate 208 is retained in the polishing head 202 and | owered
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includes, but is not limited to, a composition that provides ionic conductivity, and thus,
electrical conductivity, in a liquid medium. Percentages of electrolyte components in
20 polishing compositions by volume or weight refer to percentages based on volume for
liquid composition components and percentages based on weight for solid composition

components.

One Apparatus Embodiment

[oo16] 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



4 25 August 2006 the pad assenbly 222. The sidewalls 246 include a port 218
fornmed therethrough to all ow renpbval of polishing conposition fromthe basin
204. The port 218 is coupled to a valve 220 to selectively drai#p Awgused046n
t he polishing conmposition in the basin 204. [0017] The substrate 208 and
“the pad assenbly 222 disposed in the basin 204 are 5 noved rel ative to each
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One polishing head that may be adapted to benefit fromthe invention is a

TI TAN HEﬂmﬁitsémel?é‘ro REYRF aW@Bl”Q heagrQRoith &k leash adiofaty sorbitale SweeRcat ed

in Santa Bre b8y tRereppot her exanpl e of a polishing head 25 that may
be adapt rengnéﬁ ene#’llht fromrthe i nvention is descrl bed in United States

Patent No. 6,159, 079, issued December 12, whi ch is hereby
i ncotfor WO Ther pelishing heask %Q%seeeraﬂy rcftgmértlﬁe ﬁé’?%ﬁfat? @Qﬁsqurmseorag%ssmgzm i's

e erar sh BREIGBAeE oo dfin iogy e oLyt PR g AEED(R),
bladder 216. The bladder 216 may be deﬂated when contacting the substrate to create

a vacuum therebetween, thus securing the substrate to the polishing head 202. The
bladder 216 may additionally be inflated to press the substrate in contact with the pad

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, perfluoroatkoxy 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



30 sul fonated pol yphenyl et her sulfones (PES), or other materials that are,
conpati ble or non-reactive with polishing conpositions that may_be use

el ectroplating or electropolishing. The basin 204 is rotati onalzﬁs’“gwg?)d‘{]ed
above a base 206 by bearl ngs 5 25 August 2006 234. A drive system 236 is

coupl ed t he, basin nd ro e ba, 204 dur i ro ing. A
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of port 18 di ose@ throu t? gf)ay 204 d r| n and/ or aftb rocessing. 5
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242. The outlet 230 flows polishing conposition or other processing fluid :
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olishin oSl t IOV Ql.i hn oston
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5 used to recover and reuse t he
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same or additional processing steps. 0021L Optional |y, d shown i n~Figure
Y

1, a coneRropesitiangdalery systsm may W@V@ﬁoml'é ?ﬁr@msmnethrn@gfb&se hottom t o
i odi Iy,
Phe. condei S Piceal ool pARAP pakind EaRASSRSP Hiflich 17 pag AedkBCB 1 Y.,

that i s catdattete tpplipbipgtpasiharcthdubsteaie. Alteomativelyo @i regyelingheysterdSight bess pad
asseqnpbly . 2 The. ¢ Ltioni N e . . 52 by a
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basi n 20rhayibel et he exieoddhé ussiuingarifactaring Redfitise palishingdcdnopasititnefot thehe pad
assenbly 222. Thcg 25 Icondl tion pg el enent 258 is typically a dianond or

si |i con SP@PHRAjiAl PigResHn ﬂﬁbe e patterned to enhance working the surface

of the pad assenbly 222 into a
[0021] Optionally, and shown in Figure 1, a conditioning device 250 may be provided

proximate the basin 204 to periodically condition or regenerate the pad assembly 222.
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.



predeterm ned surface condition/state that enhances process uniformty. One
conditioning elenent 258 that may be adapted to benefit fromthe invention
i.s described in United States Patent Application Serial No. 09/ 7aueysfF006
filed Septenber 30 28, 2000 by Li et at, which is incorporated herein by
reference to the extent not inconsistent with the clains aspects and
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may be wres, tapes or other conductors corg)atl e Wwth process fluids or
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i ncl ude 1nsu ate copper, grap tani um
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supporting conponents into the basin 204. [0024] The pad assenbly 222
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backi ng 207 may be couPI ed to an el e trode 209. A dielectric |nsert (not

shown) ngdthege Bf SPosleatrochamied] ¢ale be Hl?c?ﬂ%? gad eathode, maynhke USE@P% 207 or
fgeeLgﬁgﬁlgﬁﬁeﬁ&%sépw %%@r?@n@\hﬁg;hrueleatpgdfdse@mw.@mnoﬁl thleasﬁ«. B hh@n of

he conductive is used to apply a uniform
bi as1%0 inkerting amwap@d gseamakiy 2238 with digsh ﬁ%@trmeéam SHPRUHAGFRMREREND NG
appl i Cat{%%a@rﬁ yat us, such as an edge contact. The el ectrode 209 is
generally brrase as a cathode through a connection to the power supply 224

via a lead, for exanple |ead 223A, and the conductive pad 203, and
[0024] The pad assembly 222 depicted includes a conductive pad 203 coupled to a

backing 207. The backing 207 may be coupled to an electrode 209. A dielectric insert

(not shown) may be disposed between the conductive pad 203 and the backing 207 or
20 electrode 209 to regulate electrolyte flow through all or a portion of the conductive pad

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 replacement 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 electrode

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



25 substrate, is bias as an anode for anodic dissolution in an ECVP process.
[ 0025] Typically, the conductive pad 203, the backing 207, optionally, the
dielectric insert, and the el ectrode 209 are secured together t33 Augupt 2900
unitary body that facilitates renoval and replacenent of the pad assenbly
222 fromthe basip 204. _Typicall t he, conductive pad 203_ the, backi ng 207,
opt | onal Pinclie TeeLrRTp: ivathgesireving Mk SRREING atond Bhelt o ExsBRlediad i o
bonded t gomd\§ctive Palde203 Atd afor@tuledigclosdein Daitet States Aracht2Q3lichfieh Mcki ng
207, optionally the dielectric insert, Q:?\ the el ectrode 209 nmay he coupl ed

by ot her TREBRR?, Sled BhBEFRINPEI {10 o WNiGNHE INcerRRIaledvphEpference Berig et 2006
bi ndi ng, tﬂ@é&tﬁﬁwﬂi nsiste®ith dhe SBIMGUA BéhaRRhrfd AERLSGedHBRA, Ot her s.

Exanpl es of the conductive pad 203 are nore fully disclosed in United
‘States Patent Application No. 10/033,732, filed on Decenber 27, 2001, which
i s i nBor (oGl Zhe bipce-spwneRelishing: @PRaraius fie nesree iy ndiscioped i YienPatent h t he
cl ai med AigCl I iR [ T; | kghkiNg
ppar at usPpacbncSiridh 96, AP a8y fled vy {8 oo Do DEKE! RE; OPBID

10/ 151, 58atitidd |“Bidthady and, ApparatysAfero Subgtrade cRelishing,” 008Honly eagsigriesld t¢ Met hod

and ar.at Hs [ bstr | i.shi " Ly, assi 0 i

Vac er ai &pplied Mgl Pln B Sl deiabaBue 25 RBeBRY SRl SRR e

&ef erence tﬁeﬁe)ttbm r&)ﬂrﬁjtbhlsi@mfnt wilgahé ic}{ﬂimﬁfaspédm lahbﬁi_esbmtnmlmeiﬁc@nﬁam _
escription herein. Symlayrl. to face-u ishing, relative notion is

broviiBod deceen Ralshdn eliYe TALOR e PovBed RAINCsRhe: S!S BBy fharhe
process eRlctrod@@ndBYphg di sposed on a polishing platform such as the

‘Refl exion(r) CW SysPem the MrraTMCMP system and the MrraTM Mesa CWP

System which are comercially available from Applijed terials, Inc., of
Santa C #0871 The 059688 rGall 2 O0hiriavt b8 fligraped a1, a RAisbingcplaliphgsuch as the

el ectroc Leale j kst | M Qe SOORMPSSYd
descri be?&%‘gbnwggﬁ@@éﬁvgﬁgmﬁ ggéet&a %50 }Hséﬁliylﬁggjcgnn%om ti o%)t/éetm ’

Process nhixd8lare ncasmpercigiycavailablé sromgAppliedodMatenals, theat of abaplaakdaraze

comp!FscEelor 6 BRlonenf S SR g IR Einotnahiy edanial pERFRE | "

agents, @siagahe Metiddomroonspositionrdesbiibed Bereinroandre usedetol advagiagec or organic
acid salts, one or nore pH adjusting agents, a pH between about 2

Polishing Composition and Process

{0028] In one aspect, polishing compositions that can planarize metals, such as 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 z
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

25 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, cobalit, gold, silver, and combinations thereof. = Other
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-and about 10, a polishing enhancing material selected fromthe group of
abrasive particles, one or nore oxidizers, and conbi nations thereof agg 6a

solvent. It is believed that the polishing conpositions descri 2 UgsstetR

contribute to a inproved polishi ng and 25 effective rermval rate of

" conductive materials, such as cgp during ECMP with effective
pl anari zRatesiq! gped Jbé@’ﬂﬁ‘ﬁ%gorﬁj{\@“ t‘ﬁ”%! J?@taf?éso'hﬁtséﬁbsﬁéiei 3g. inplvde o]

Al t houghpiigr PRk %tyt@ﬁasorepe%mpl@ntarﬁénamp@értwsm Rifrld, Ha%tntg 5Rd tifpaY i Ng

copper, it Is believed that the polishing conpositions 0 may be used for
the renonitideomay herrentgyﬁdhbcvttheeprﬁﬁ@@tesade,scn heegin. alMeﬁhammal @bEasian m

t ungst en | b t cobal t,

gol d, Lflc'Ig'résaf?b'i'}naonrrt'é)| nab [ ongblﬁql e a@gglﬁgéﬂagi%% ni%}} ;U%gé%'irh et eri al

used % n ;blanmtngambmtuc\tal\ﬁé amdmttval mfamiam and cﬂlscarauM dalectsemhatedals ncl ude
for e tau ntalumnitride, titanium

b :
aﬁ(r:lrt?t aH%ﬁtngrﬁat(ﬁ'H@Op%VCBB OF@ t“rﬁé’"ﬁb lécé’g ciféggﬁt bed herein.

‘Mechani cal abrasion, such as from cont act wi th the polishing pad and/ or
abr asi veposonret&hdaqaousmdgtmmpsqstt@memdh@tsaaar atiy basbdr eletelytef systamufori ve

materials and al so renove, di el ec rlal |nc d|n car bon .doped
silicon BB?V@@%%IGCW%QEOWPCWO@{%M pgi rPaéﬁa IRy VF mPh'@C@S? i ng
conposi t gxinp18C| digfafic aBciaCbasPSAECtRINRES " PhsbBhdrits ta@m ftSHsedp 6@y,

el ect rical conducti vi ty. Suitable acid based el ectr ol éalst ens i nclude,

f or %xaPﬁfPB'OﬂétﬂCf%Pﬁ%e%éleG"@ﬁ%d agetic. afig| lgasag el@ﬁﬁ%ﬁﬂ%ra soMpinpiions
el ectr ol pbRsy, JsQut SreC%lb %ercﬂ@!e@trQlﬁ%f%&gﬁérﬁﬁﬁdﬂ!c%ﬁé‘ﬁacnﬁcét%bt?ol eﬁu&?é@‘j

el ectrol ytes', I nati ons Sui t abl e aci d base ectrol yte
syst enms phnslpbdec aanldaend siferic aoidy tas, wellcts agid eietrohherdesivatives, dncludiog f uri ¢

acid, as gripyat ' 1419)

pot assi u?nmﬁn @%@ﬁ& 2 g’(t)éteg E@Léﬁgsgtﬁ'\g Eg’as[ﬁl e CYC? as%dﬂ'glé&gcé/lgt[%esr}{@ ”’aywa%ggbuf fer
t he conplasidrtencdrposifiort @inmaintaohes desadaqoﬂrH Ileyeeior parcepsing @assibsiyate. substr at e.
15 [0031] Exanpl es of suitable acid based electrolytes i ncl ude conpounds

ohos Dhat BoRkERBIES 3 bl A ot SR Rav iR, RENDE: EofRothat Bhang ¢

( NHAH2 Pcyﬁqspcla@ngmpu(ﬁoﬁydstmgeas p;btmsphane a(:(d\tpb@)a@mm phasphaten{kaRagds havi ng

a sulfate rou furic ac hy ro en.sul fate
(N 2S5t Brismtrtes , amapaiom, b itoash: ihdtpbre HIBRHC T SRR on - & so
cont enpl wqeégémphomt@mmmmogl eqldr drip&sds having a sulfate group (SO,

such as sulfuric acid, ammonium hydrogen sulfate ((NH4).HSQO,), copper sulfate, or

20 combinations thereof. The invention also contemplates that conventional electrolytes
known and unknown may also be used in forming the composition described herein

using the processes described herein.

[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



known and unknown may al so be used in formng the conposition described
herein wusing the processes described herein. [0032] Alternativel the acid
based el ectrol yte system may be provided in an anount between abbdtsust 0§
about 30 percent by weight (wt.% or volune (vol% of the 25 conposition to
provi de suitable conductiyity for practicing t.he processes descrihed herein.
Eor exarpihe. may e Jgersosh e e o rafist o heliing RmRipon S AR & 1y
be presemfesiréd PR fIqsTbtésting & savBiand.s between about 15 and about 25
percent by welght or volume of the solution. Phosphoric acid nay be present
in concentrations up to 30 .% for exanple, between about 2 wt.% and
2bout 6. 18934, TBE opAors cslping agdiis GAD G HeramBRKIS, IBING RS PAM AT he
chel at i nguRGIBARAISgreaps SélReteddrém tl@@@@a?tdfféﬁ\ilﬁ@bﬁmp%' amﬁ@@ro@gs,%wwld@ns,
i ncrease the renoval rate of netal materials, 9 25" August 006 and nmay
al so Be @&uPs; dlicaipexyiater graups:sir-garBoXyiAte HPWRE, cldsosl! tareupPs, i@ maikiHieioh a
desired |, ~fO i se”.@s : e r
chel at i ng‘v%'g’g‘\ﬁl'fs? néa%arpﬁgflg%z d@%}rf%bun SER@WT%I)@%Z{ﬂ%rreBEm gﬂsf g'lr;lec{q} oﬁlglre
sel ect ed chelating hgentsoupy alsoainclude galisi pk theasheldingr agerds desoribex\Heneie. The
groups, dicarboxyl at r , tri-carboxyl roups,. hydroxyl groups, a
M wture SoRUBRlGR BrFRA sl acOpBlnd i AbbBradon St sBREERD. rhe
one or narer 2¢ belond,i d@ingoemafternigating Withi snfingtienas Yrowp. oThe ienctibahilgrongs agent s
described herein. The netal materials for renoval sg(ﬁr, as copper, may be
in alf ofrBRiINGHesmaial malgrpls epted on the,supsirgler sijriace hringpprapesyingeand
li gating bl thef MBI hiitérialg fronthe ShBst@ shirgdeal groups 10 can bind the
netal materials created on the substrate surface during processing and
renove the netal materials fromthe s%ﬁtrate surface. [0035] The polishiing
conposi t 18SIndle | RAUSHIAG SPMBPeSIIoR MaY: dude Rge dYefitase dhefating aqeims @t on
bet ween aBQRed ﬁ&ﬁ%%@nge;}gauéutllé%/ﬁynd/%wrﬁts% EWoﬂnﬁe of we@g,wleg%/mgté?t yeen
0

n
about 0. 1% ané about 4% by vol une or weight. For exanple, about

vol ume obetwgeghabastt Oetdyanchabeulr’h dyrejurpe onyeighis Rorehamale, rpostaiit ?p/y [ 0036)
Exanpiges 8fun?e”6#\§£%hﬁt &@hﬁ&hé@aﬁ&%’}h@ %é‘ﬁ&éﬁjg ﬁ%m%gﬂg%gﬁﬁt‘." ng one ore nore
am and u g p suc %yl enedi

ne am de ctional “groups, . as e m-ne,
di et hyl enetriam ne, diethylenetriam ne derivatives, hexadi am ne, am no

aci ds, eﬁqoyﬁ]eﬁmgies@tsgitaugmla@ng agents include compounds having one ore more
amine and amide functional groups, such as ethylenediamine, diethylenetriamine,

gr oups

diethylenetriamine derivatives, hexadiamine, amino acids, ethylenediaminetetraacetic
acid, methylformamide, or combinations thereof.

20 [oo37] Examples of suitable chelating agents having one or more carboxylate groups
include citric 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%
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. acid, methylformam de, or conbinations thereof. 20 [0037] Exanples of

sui tabl e chel ati ng agents having one or nore carboxyl ate group i.nclu
citric acid, tartaric acid, succinic acid, oxalic acid, and conﬁ?ﬁgﬁFgﬁ 06
thereof. O her-suitable acids having one or nore carboxylate groups incl ude
- acetic acid, adipic acid, butyric acid, capric acid, caproic acid, caprylic
aci d, glbyt\o:milme atweighty | ar examples iabput 3% bywiolimecorweigbhhelraromaoiug) citratet i ¢

aci d, arHé%BeﬁgéﬂEn Q?Pbﬁs %gom Iﬁdnc acid, malonic acid, 25 nyristic acid,

pl am ti C aci opionic acid, pyruvic acid, stearic acid,
val eric acid, and conbi nations thereof. [0038] In any of the enbodi nment s
descri beab3sk Examplashef swtab@mafgmc @r gaganic aciddsaltd includeagmperiummnes a

Tnor gan PR sl orEGidabie, B8gSOTRAT ab, APmEhivgL Bt ABRoRb T Hie: abou
15% Igy @nmohlun&mlm,Wnoﬁasmfmtamams:ittdté;rdlbésw petassiphecitrai, Wﬂﬂmcabout

0. 1% and about 6% .10 25 August 2006 by vol une . or wei ght. For exa
about - 2RIRPR FHEAEr PRGN JRrRiR nPBIRCERET dedaraie, POABIVE PHCG TS

pol i shi Npt4RARe skalbRN anll @ORBindieASR 8O Aditiohally, irhmBhidANASd 961a§§|i]ﬁ=ﬂ' c acid
salts include amoni um and potassiumsalts or organic acids, such a

amoni urbalis Hf Heccarbaxitip asids deserieed hsreimmayialse baé@eﬁaaSetherﬁsa@ma@p&
pOt ass! uslatglir“t’h@tcg gglh@ﬁé eeé}fﬁb@a%le% citrat e, tr i basic pOt assiumcitrat e,

pot assi um tartar at , anmmoni um tartarate, potassium succinate, potassium
oxal ate, and conbi nations thereof. Additionally, anmoni um and potassi um
sal t19 offoa4pk Iranbeithe gmbodinents desaibedderaiartee ﬁormoralrﬂublwés oregreysnt he

organt (a6 Lshaafdl biodroeldiaABRPSIARRDY I AAY Bt dliGhierdflo T804 ol N any

of the e escri erern COrrosi o ors can prevent
t he oxi daininsize cherm@al nderaction betaeah matef aic@pomed‘m ms@s&ateawrfaoefamht erial

to redu or mnpimze chem cal interactian n erial ited on a
substraﬁge SSHFrP‘é'ECEn%ﬁ@C"P&g&sﬁ%feda}‘ﬁfl ?fgma eEEE'?’ vx&g) 'gﬁ qr[,%;:éqn ﬁ%ﬁﬁ[erl al

f or med 3Nsméte? qnéralsﬁa@a fromi tihé asusroundiag! @lbasolytbe ahdr trags sfdp@f@§sb§ or
surroundi ng el ectro us pesse 5 mnimze

el edtr odﬂ'@?ﬁ"é‘?ﬂ e v ﬁ?trqc?'ﬁfﬂ'? e Cé’USE{) }5’5 fé(:’és"f%tel ierréceeltgct"FB‘chem cal
deposi t i ébtRRAéERICaPdsRitiohl aia/oerlgsmldns mrﬁgpai@ﬁm@%dmmnmymby GrchstR:

bet ween about 0.001% and about 5.0% b E/) ht of the organi c conpound havi ng
between about 0.001% and about 5.0% by welg t of the organic compound having

azole groups, for example, between about 0.2% and about 0.4% by weight.

[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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azol e groups, for exanple, between about 0.2% and about 0.4% by wei ght

[ 0041] The one or nore corrosion inhibitors can include an organi c compound
having 20 one or nore azole groups. Exanples of organic corrpouné§AHlavstr2@06
azol e groups include benzotriazole, nercaptobenzotriazole, 5-nethyl-

-benzotriazol e, and conbinations thereof. Oher sui tabl e corrosion

i nhi bi t 0iog43l ntheu@eer o1 Mo P afjustiggnagents Kaptrigute to,thei pH (ﬁﬁi‘ﬁ@ﬁﬂ‘sm ?"t?r
exanpl e, [ [ t

Der | vat | RAENAR QrinodiRIE Thelfrefirfon B of e Roishi coRiHEaiuaR! gy Bo baicen) '
hydr oxy, atzoit rd andnfbeut l:%\rfl@bﬁyamﬁiﬂ cb?b‘b’@en 1 PHOOfaﬂbplﬁlkﬂndsamﬁlﬁ utlé® groups

I | ud
rea and O BfirEASIER AT B e 8l RuET0 oAbt B8fH8 Y RRre b i, T or s,
for ron- égénté,lfogegammﬂ ebetwepml abaiuit Y. %wndeabmn 25p€hb§s pblalmze or warynbof the
nonyl phenol et hox I n repl acene

conj unct PFOWINOFE éiz" cﬁ”%@ﬂ@&?ﬂ‘?nﬁ%ﬁ%‘é‘?w ﬁer Bﬁo¥'dﬁr{§ %?fea‘rlﬁﬁ [fvelSet ween

about  (rg 9%2&/Wéﬁ'q:&bébl£raﬂorp%rbé’xah%lé”ﬁleoéoM@cbémSn ffaytiREluaeBdRbén @boutl1 25 -
August 2006 “10043] The one or nore pH adjustin <§. agents contribute to the pH
f

adj ust ne@l Yoand abopbil PEnP yolemaE A Pa%ﬁa SU‘Fh@Sd? %&ltrre@ymme ARMPHUMS hi ng
CompOst L o1BY, it M&fpﬁgtﬁé?é? t 1pNedRE dbsifdl pfi yepxanpl e, between a pH

of about |s I ng conp05|t|on may |nclude up to about
70 wt. % of the one or nore pH ad{mjtl ng 5 agents, for exar bet ween about
0. 29%CGandoeddd khexeng 1§ et agius @E?n'@fth@h@an bacorgani Sprtpra@jam eng

agents. ng%hln oY1 G6i e ven
concent r%rlf)éﬁﬁrﬁcrﬁg g éEE?efc %g%os”?d%érllé n%wfc &fgd %ﬁv?/teéegéne{ Sutg 0.1%
and aboutoniSnenys vohdn&ngf mobaw;c s&cld, asarpooakisi uphhgehates, depotaasmm um
hydr oxi d conpi
'b04a) Toioshalsy ang P BRRLRTbERe: i rBbbRliol (rtiE M el s B hien' s o
exanpl e, a5 §%ﬁg)a<ybsdnaadndg sutwichadls, ritriet acid, ariddcormbinhationsaibierbof,omay iafsoaci d,
phosphat e- cont ai n ?3% ngonent.s i ncl udi ng phosphoric acid, amonium
phos%nat%“s%'f‘é% lishing,BUPPRRAN: and conbi nati ons thereof, or a
conbi nation thereof. Inorganic acids, such as strong acids including
sul furi qoe4sl drhenbihes io® racnede atdmsongmgeats may dlseirohide awyasel sor exdmple, used
'n the pgétégs%rg% drg}) 8e ammomum hydroxide, or combinations thereof. The amount of

base used in the polishing composition is typically the amount required to adjust the pH

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

20 [oo46] 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.
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- [0045] The one or nore pH adjusting agents may al so i nclude a base, for
exanpl e, potassium hydroxi de, ammoni um hydr oxi de, or conbi natio the{%%.
The amount of base used in the polishing conposition is typical
anount required to adjust the pH of the conposition to the desired |evel

" bet ween t 0 , tivel he paljshi

conposi t'?%ﬁij n%ialﬁ\ﬁn%pgggﬁgg é.'gag eg%r?gggﬁg)'@éé\ﬁ%% é%’ﬁ%?%’%d}af‘? 5’?an h@%pghp

consi st ictglﬁoétn@cmatemaaacfrdn th'etsubﬁtratei shrfaoaedurlogamhdhlnghosmbaze cpar]ilmési

amoni um at es ot ass 0 or_conbji.natiqns thereo

Compos (PBACoRRT b 1€ PHAEC o W i hRe doliting coBRBSHNA SUBRG eicbasThomA he
group istpBEhtratRf hrRweem abbiten.00NRAR.SE hh@ abBBEY S5 WAV Jf 2B rdxdfe\eaclal erdy 0. 1%
and about 10% 25 by volunme of the base, and between about 0.2% and about 25%

by vol urke ¥iediBitlmhpolishingtqeERasHEBuUNd sel ected from the group consisting of
acetic acid, citric acid, oxalic acid, phosphoric acid, anmmoni um

_phosphat g FRAEEH! AtFaBDES PARIRS. inBludé GRGBRE] éﬁ?ﬁsnvé§1edcﬂ§%erld 8Brhslveshe
pollshlng conposi tion includes one or nore polishing enhanci ng materials 30

i ncl udi r@daﬁeaemaéorpﬁartfﬂerepfes Ingrganigr abrasive ddartiglow that mey berisedain His
th f. 0
ereo ét[%rcﬁﬁ AHAUSE, BRO%e I@Olcon gj‘g{ aghcse a‘ﬂﬁﬁnhbckﬁ«?rom t(%gdééﬁl‘@gmhﬂw | mprove

t he renova e or renoval ive materials strate
surface akide, repripol ogidengermanias b anp aotherc Rbmsiveayofcometal i eddasp knowabout 35

. % of th i C Ltion rin rocessi-ng. A _conc tiaon
bet vithn BGaPR008 1 le 98 e ansoteS e BeBEfF 20 fhg ARFEORE ARG e
usefl Id n Géreeraly, seitabt:gnmgm@abremes h&w 8 Mdhg ﬁatbh@sa&rmsﬂe\rfrtgan Baahd cdeeﬁ .
i ncl ude i norgani c abrasiv neri c ahrasives, conbi nati ons thereo
I nor@anl'evea'ﬁ'gas‘?%‘éerb%l?'teﬁc gsu h% aﬁ’éﬁ'vﬁéq’@é’g@ ‘?HOY"% ohscharAaess & el ude,
but are gpshihg BbmPesitih. silica, alumna, zirconium oxide, titanium oxide,
cerium oxi de, gernmania, or any other abrasives of netal oxides, known or 10

unknown, and_have an average s et ween about 20 nm_and about“ 1000 nm
Goner a) [050% TEANPEPGRNFE deBrikec Beom ey AR e FRioTiom & 351 OFANE { han 6,

and {ghe pdiyménpdridle GRrdspRERb, ab?b%nkhﬁbr%@e@’fora*é"rg"édldﬁﬁrti'&ﬁa‘é"’ng'hé poWRéridohs

hardness in the polishing conposition. [0050] | ymer abrasives
descri beabPrasyes rﬁn%fomps'éebébﬁaé'f’@rP@Mmﬁﬂca@a‘%@tfan| xamples of polymeric

abrasives materials include polymethylmethacrylate, polymethyl acrylate, polystyrene,
polymethacrylonitrile, and combinations thereof.

[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 provide 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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15 polyner particle abrasives", "organic abrasives” or "organic particles
The polyneric abrasives may conprlse abr asi ve pol yneric naterlals |'es
of polynmeric abrasives materials include polynethylnethacrylat W??hﬁ%ﬁyl
acrylate, polystyrene, polymethacrylonitrile, and conbinations thereof

[ 0051] The polynmeric abrasives may have a Hardness Shore D of between about
60 20 awasrabaiﬁ@ pglymesia @bgagivesdngy be mm@dgp@ave fungtionalsgreupHh £ GneRSOr The

pol ymer aﬁé‘%}ﬂ@tﬁ)na sfﬁhé’teh%ﬂ{ mh@,nfcsrhee' NI BHE 1 Ahb] eér%cfifécr'bed

her ei n, ch can re rlctlon bétween a pdlishing article
and subs mmemlamobmldyctnesmaterlah iensr whigbtdarerto henramevedufrorsr thensuibistrateserver ity

The pot yrenpapnan heolsbiptf I Ribdiars: § SRR auPandiioi 2hs 085, oy
pol i shi ngf paguiisats idatisg tpPogassingde Forexavpid, fotoerng tpeid eemMenaE irfshe
‘58FEﬁ;?dagnﬁsigéwhégop"'a#f%'s“&gs@dp %ééﬁ%w%@‘é?q%@ b HediEh (0 GRVS ) SN ¢
cross-li gkﬂdﬂﬂ d éhrbbﬂmbr@suye& pyﬁ@nhe ija«m)laehy@mﬁue @buﬁqgja%s MNith a high

cross-linkin produces grea er dness of polyner an hus, abrwasi ve.
The pol yn’élnmt fqmoaaervéécqm @ﬁ&omwe&qu to bff&#tﬁﬁdemvg%ﬁ@pnefaiorgmele meads

havi ng a tiar r ,

| ess. %Jgustaggggﬁ t6 (?85%%\%%%’(“%% ;/}frbr\ra‘%tlhg1 g@@g.g%@e%% aégnﬁ‘ogll I'ed to
have10 uncbnnpnamorgr suqb\sas e:hgla,tmgragemnts nolhe metaitmaieablsgfcmupmovaheauchaaee an
affini ty fo

| to C terial or uctive
mat e | o] CPRRR: RV 2R 1Ay PRRIOT sl SuER AT | ¢ 2 b BLp BingPbr T HEIG O,
t hereby {hid fuhafidraggidup. renediiattical gr@p@daﬁbinqetheahetal ﬁiatérrawmb@dswface 5
of a substrate durin 8r ssin Fqor ex np [ p Is e renoved in
Che" pol Tish SHESIFAD Udabe (g, BRRpE MO AP RURTHE: Inel BEte alssaRo o G5 1o
have an agpdimate 9hPade. a carboxyl ate group, a pyridine group, a hydroxide

group, ligands with a h| gh af fi n|ty for copper or conbinations thereof, to
bi nd the renoved c sed jn addjtjon to, or as

exa
subs#9t utossdls Bﬁd't'?’l'f@ H&npe me;rlcg&f@wead@ﬁ? gsiraplee cheicahpERertiesn o uch as
chel atingy %ﬂ?lét fhe Mn@i"éﬁrlasn%é Sfé ﬁlaﬁlefc%r a%m%m rNgdIadd arCRRRbne Y be

in any oxi i on state, such 1 , before, ring or after [l gating

with a feggregetieg tgreash. othies wbmi albévalthgrmmae@carabbawp& heeused mwitter i al s

creat ed PlHuced or no surfactant or no dispersing agent in the composition.

[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
25 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 substrate surface during processing and renove the netal materials from
the substrate surface. 15 [0054] Additionally, the polyneric abrasives have
desirabl e chem cal properties, for exanple, the polymer abrasi v&s Agigust 20
stabl e over a broad pH range and are not prone to aggregating to each

ot her, which allow the polyneric abrasives to be used with reduced or no
sur f act geas7pil ha@x'cuizan@asibegpmgemttinithe tpbhslmngmnpdsiltmm m[aﬁ)n)ﬁaioum tamgitg i vel vy,

my o sbebBeL B 0R"% 80 Hocln X% BYNGIEG o Teidite o pRERGEs BT n the |
conposi taboent 0BYe aAd @botl P mneolometd?emglhtynlararcembo@imemef tiidgolishinggani c

abr asi ves the polyneric co d |no anj c rasi ves, depending on the
desired 819°§Wpﬂgbe%@feﬂo?l?% %nl® ? ITES/‘ﬂ[VD‘éggTeCWe %Wé‘yéik‘?%”zers may

be used apsgddlisiteM AR o hﬁllﬁ§8&“§bsn@6n renmoval 25 rate of the conductive
material fromthe substrate surtface. As used herein, an oxidizing agent is

gener al lél an_agent that_ accepts el ect rons fromthe I ayer or |layers of a
subst r at@5glh Examplesof suitalle pxidiars iRiuge PEEOXEOBPPUNDS, iag-e 6AMPANdSIhat

ef fecti ygay @‘IQE’%@%'cna?g thr&@'n WE TR, %chaEOEUW%WﬁG%@P%&gkﬁezﬁfd ifyddegtsused to

oxi dize a ‘netal layer correspondlng oxXl| roxid for exanpl e,
copper tlmlmblpg)ereaowdd@germergmdﬁgpagatbopp@s, anthorganic pmende&imtltzmg fomcl udi ng

ons, ol O B BBy Bl A Pordlg e o8 I R8a e Fbeust8. Tosr]
The 1_0xu d;ndeﬂ t-batyl peropides élgfates dritesyifate dénvagvesolspdsas |nmum0p|ersurfamm
bt neen BRSNS TAYSHE0 4t YoES AOR NG JPLFEABH S BTGRONIUIT P B tA Font  of

the pol ippkisBmim gewmwsmrav@ arhﬁioh@ﬁﬂ pa&@@u@teoa bﬁs@thﬁﬂ easﬁ%tby S4lsupe or
wei ght of hydrogen gerom de is present In t corrp05|t|on

[ 0058] B@MI%“WUngﬁl ugh) s BW'Hmzlé?fgarPHB?tﬁo@ r'i'@)%)’ algo e,
compounggefhat may di sassociate through hydroxy radlcals such as hydrogen
per oxi de and its adducts including urea hydrogen peroxide per car bonat es,

and organic erOX|des i ncludi ng, for exanple, alkyl peroxides, cycllcal or
ar yl15per{Q9;'éPId »édizing | agrat o@érd@lsopé??aé'et'PE’Q&B'PdCO'mBO'dHH Qi atcqspReynd

per oxi deonigi ﬁ@éﬁauemt S RhReslVxidaRbh ¥RRe. BXSHIBS oMRHRSHIS tbhpd&fusand
and compounds containing an element in its highest oxidation state include but are not
limited to periodic acid, periodate salts, perbromic acid, perbromate salts, perchioric
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, chlorates, chromates, iodates, iodic acid, and cerium (V)

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 process. 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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di persul fates may al so be used including for exanple, amoni um

peroxydi sul fate, potassium peroxydi sul fate, anmoni um persul f at %sﬁnd ¢ 2006
pot assi um persul fate. Salts of peroxy conpounds, such as sodiu ugus

per car bonate and sodi um peroxi de may al so be wused. 15 [00s9] The oxidi zing
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rther ntro t.he anmounts and
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I nhi bitors and oxidizers, can result in tuning the desired renoval rate of

t he progems) AEl@rnaeNalypthe palidhing toaiposition mdiy nmrremﬁduldei élbd:thilyt@radﬂntlvbs resul t
in |ncrease renoval rates conpared to co i.tions hay her .corrosi on

30 i10hi BREEFIng S ERPressasS, £ r%nﬁ‘fﬁ'@és’o f Fﬂ‘?rfer%a 49 S'rég‘éﬁmpﬁngower

renoval dggh®Sto ﬁnﬁr@ﬁ@&hé%ffa@tn@h@ﬁ@%&h@@%hﬂﬁﬂg f&n’(pﬂo@iﬁ@ﬁ tﬁ@dﬂéﬁiﬁg of the
conp05|t|ons 15 25 August 2006 [0062] An exanple of a polishing

CoNpoSsi tSU@ﬁtf@‘@sﬁiﬁaﬁ@d reéampi%@ma@sa Hivgs TQ% §9Cfe%¢ theeioaizaljore Frtgicdni ne,
about 2% Dindfal g by Mfiglihg e GRuNioR: ot wegaés ofRhZRidithago! e,

bet ween 1/o an ut 3/o y vol unme or vvel ght or exanpl e, about
0 45% hyﬂapgmvnqneadws@eﬂ @muy embsilta@surtbma/veféhe abditiven maydeapiesent ipythe 5

v B R ReEaed A e AR T R B o Y
achi evedabybasery upaxthemlesired I‘Esultraftpopmltshmg further including potassium
hydroxide to adjust the pHto the preferred range. The renainder of the
pol i shi rfgoeg]o o(r)SeixéllnBP;‘ oﬁe %r more gﬁﬁac\f\%tg may be used in the polishing composition.
Surfactants may be used to increase the dissolution or solubility of materials, such as
metals and metal ions or by-products produced during processing, reduce any potential
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
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. [0063] Alternatively, the polishing conposition may further include

el ectrolyte additives 10 including suppressors, enhancers, |evelers,

bri ghteners, stabilizers, and stripping agents to inprove the efP Augysy 2Pfiss
of the polishing conmposition in polishing of the substrate surface. For
*exanple, certain additives may decrease the ionization rate of the netal
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pol i shi nepes)l O] exXemiplex dMAdelitives andhiddTORE of WhbRC le¥Blirty BBEntbewHRAdarien t he
pol i shing conposition. Surfactants nmay be used to increase the dissolution

.or sol uireadly definecphereinas additives hat suRpressisspiutia: eHTanb A8 the swjage lduct s
produced, difshAg PLEGSRY! dfentd SEHH @s@&%sd?&?&r”édr?ént%& dﬁ%hfﬁ@%%heﬂctﬂfe
abrasive particles 1n tthe poli1shing conposition, a | npr 6ve chem cal
.st abi | i tryatarals,r by uiobibilingotheo slectrochanficalorgactiens debfearhéhey @ldobhlytey and

conposition. .The or [re f C (1S tratjon

bet ween Cgﬁglﬂﬁtlvs. Bﬁ%?aé’nc?n%g o&frwio@o%%’%%'ipu%@eﬁtsnmqtgﬁ?‘ﬁo%%t%ﬁg&be&%fgélhi ng
corrpﬁsi tr?@crlioné\ oﬂo:ammnmtid»ronf tgaa‘eungaagera@bgnuéénod%mmbwg@uhd i%l%obwo%l urrehor
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of The’ SNUERSAT weial). E SHaBa bebisenatboh Dol 260 SbOHELHRY SabRg o
conp@si teidht of fHebabctidhre @BRItIGA cERBE uBd.f act ants may i ncl ude non-ionic
surfactants as well as ionic surfactants including anionic surfactants,

cationic surfactants, anphoteric surfactgn_ts and ionic surfactants having

mor e t hd9P6BnEeYRIRB cagemet iNGiae. Bude gl imjtedz je,i polvettyteneo glveok @dact ant s.
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surfactant’s used herein. Conpositions Containing the polymeric abrasives

are  stpaeress clascribedh hesein prrivde nyaraplgyed rint thpr elaetreplatinggrég sU¢m@st o each
her, i.ch. .l , ' . 3Si d
ot her %@éﬁn%e% ﬁa%ly%‘ﬁﬂgéé a38%|¥|ﬁ1'|de%"‘rnélﬁ]8|ng%MV&B@%PQP{A@ ;%o?@yc?%égl :13 ﬁ

with re o0 ‘surfactant” of no dispersing ag np
[ 0066] @nties-1aephihiatenestlfcnicl acidy 8saning1 ypiepanesutioniowcid, [4earvinbtoducangeit s,
whi ch are, broadly defined herein as additives that suppress dissol ution

current SYHCTRECE 1 f ace of

[0068] Suppressors, such as electrically resistive additives 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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5 a substrate. Leveling agents suppress dissolution current by attaching to
conductive materials, by inhibiting the el ectrochem cal reacti Or}% bets‘éﬁﬁ@6
the el ectrolyte and conductive nmaterial, and/or form depol ari zi g‘“&@

that limt electrochemcal reactions. A concentration of |eveling agents
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an anou mto about 5.0 weight percent (w.
Non-|im %I?n%ﬁgﬂxggct% ? pre %Brgre ‘stabilizers include but are not Ii m t ed
to phosphoric acids and phosEhorl c acid derivatives including . {
am not r i [peds1 Kiyhas bpho Pisenied)that supstrate pragessecewith| the qrediskingi gomposiioni ¢
acid, h r e:
di et hyI ecﬁéit%e éc{;ﬁn&ﬂe&?ﬂég%g@t@ﬁe@ﬁg{:gﬁé% ogghoﬁﬁzgg%:%&ﬁg&éjge?e% su | 3R salts
t her eof . duémng?,Semsgustrém@Bal t[)fOﬁHHctr/Zn:anmemit emrsomchn@nneﬂaérfeawmsp,l andf an
addijjve t ncl uded, i,n pol i shing conposition. Accelerators
i ncrgasescé%}a]ta‘ﬁ’8%%%%Sa'mﬂr3\ée&‘?lg'ﬁ%rq§f netal s disposed on the substrate
surface to increase netal renoval. The conposition nmay

Power Application and Processing:

[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 [oo74] 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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. incl.ude one or nore accelerators at a concentration between about 0.1% and
about 1% 5 by volune or weight, for exanple between about 0.25 and about
0.8% by volume or weight. Accelerators may include sul fur cont aﬁt‘i‘?ﬂj‘s‘ 2006
conmpounds, such as sulfite or di- sulfate. [0071] Further exanpl es of
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pol i She@vhnc[tPWﬁicoBtﬁat@@' by efagerie@dhére e ke 2%FeritSndll PEGSEStent whPRE! N
contai ning an electrolyte described herein. The substrate 208 is exposed to

t he pol icigiingd agraeivand displogwe heggiact rical |y contacted with conductive pad
203. A bias froma power source 224 is then applied between the substrate

208 and dohfy $ROBIAGLE n@r”aﬂy%gﬁhedﬂbeth@'%strétegﬁﬁ%&@'é oséY Rfﬂté' H&Qh’h? przgduce

anodi c (gl ssol ution of the tonductive material from txﬁe surface o
August ZOUOSition: 1 igrseYecepRar %pr&@nmgrma@éalsat @ rage b ahpelud 5,000 A/min,

m | Hsan@agﬁgg bbfvele CAb‘éﬂgugq @%lr@ga 3&'666 . U SR ARBYGIm AP o ik O

exa ween a out
invention where the copper matenal to be removed is less than 5,000 A thick, the
voltage may be applied to provide a removal rate between about 100 A/min and about

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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ve material, such_as copper - cont ai ni n%mmat erial, fromthe subs

pyssigdionnigyPt Hes drersesh disseluten andusmasbe thgosePerRenizitng
FHHEAS WRhoSUP BLEST&DN! 1AferCidFhEd thdr@dn AR fordh&@abet rédfiction of

the peaks formed on the substrate surface compared to the valleys formed thereon,
resulting in enhanced planarization of the substrate surface.

[0082] Additionally, removal of material by polishing and anodic dissolution allows for
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
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:

[0083] The following non-limiting examples are provided to further illustrate
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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.and nechani cal abrasion is provided between the substrate and perneabl e di sk
to renove the passivation |layer fromareas of contact between the perneabl e
disk and the substrate, such as from peaks forned on the substr @&SAwgust2B06e
from excessive 5 deposition or topography of underlying | ayers, and expose
"the underlying copper- containing material. The passivation |ayer is

ret ai nedgxdmgiegas of mnimal or no contact, such as recesses or valleys in
the substrate surface. The exposed copper-containing naterial is then

el ectri cpbday A edpsertmatedividiert as polvbibd ahil iplandfiked iising BslfaIBwirkepdlishmged by
anodi ¢ dissolution. 10 [Oog_é‘l Th? sel ectjve renova he passivation | ayer
i §iPRdied Gl

Ut | of t |
from pedfQMBRBIAS AR i08ha ritefiection® systegh avriabipdromn iwpliedi ve pad

203 undefiafhigis2 . bedamiaaNamh Cafifordigt @i ni ng the passivation layer in
.val l eys, allows for increased dissolution and/or renoval of excessive

coppér - cont aiabont6veleYeldne phosphotisssidiat i on-free portions of the substrate
surface in .r%b%hi E% %él&ﬂq.%@ﬁﬁ?é%ldia%in he conductive materials underlying

.the 15 passivatron ncreased di ssolution and renoval of the
copper - cont aiabiont2%mt weight ammiohiuaucitratepassi vat i on | ayer forned thereon

allows for increased reduction of . the peaks forned on the substrate surface
conpared to ﬂ%@“é@lﬁl/‘éé%wﬂﬂ&‘ﬁéﬁnzt%éarzggenz resulting in enhanced planarization
of the subst natwestabatey BAQSBbuYSHi dotaysalm Yydroside talpréfideat i bRhbdut

pol i shing and anodic dissolution allows for 20 the substrate surface to be

pl an i &8d with | ower polishing pressures (i.e., about 2 psi or |ess) than
conventi onal gpgl.{ 6250y LSMRE dPAhdBObABeRARRSHAGS COTTespond to Iower  shear
f k H )

forces and frictional forces whith this process suitable for

pl anari zi ng deiomizedwatesur f aces sensitive to contact pressures between the
substrate and polishing pads, such as polishing low k dielectric materials,
with reduced or mnimal 25 deformations and defect formation from polishing.
Furt her, 3 é wer shear forces and frictional forces have been observed to
reduce i ze formati on of topographical defects, such as dishing and

scratch rij i shi > : . , O 0.CL: Lipiting
oxantg) 0d0uga AL thel Blot Sl ek MeFTR and Btz H e eI BB oty
i nvent i @ompdsitenewithin e meodifigal esll en e Maflectitn@ndygsiemno dveilable from | Appiige and
are not intenlded toéi rpb t he sc}o e of the invention described herein. 20
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:
[oo86] 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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25 August 2006 Exanple 1: [0080] A copper plated wafer was polished and .
pl anari zed using the follow ng polishing conposition within a npdified _cell
on a Reflection(r) system available fromApplied Materials, | n@> Aggust2(i96,
Clara, California. 5 about 6% by vol ume phosphoric acid; about 2% by vol une
et hyl enedi am pe: . .3 % Db i niumcitrate; about 0.3% by weight
benzotri azol eﬁqb%?\,{ggﬁ@éﬁﬁéﬁ%ﬁ%ﬁﬁ ut 6% pot assi um hydr oxi de to provide
a pH of aboutabdld 2%; byleight @médShidy citate;ne of hydrogen peroxi de; and

dei oni zed water. EX le 2: 15 [0085] A copper plated wafer was polished and
pl anari zed us@WtPr@%WWt#&%@r'? ¥ng conposition within a nodified cell
on a Reflectigifebnapslies Mepadcubb% potasaidmMydrskiddit srovilesa pHIYE abBilit Sant a
Clara, California. about 6% by vol unme phosphoric acid; about 2% by vol une
et hyl®ne@i ami ne; 20 about 2% by wei ght ammoni um citrate; about 0.3% by

wei ght benzot gy | &; A ; A% assium hydroxide to
provi de a pH % &%@bﬁ/% bgg&é@go%?mggS%é@%@d}ggﬁgﬁéhggghg rogen peroxide; 25
about 0. d&ehirgdweteht of silica (SiO2) abrasive particles; and deionized
wat er. Exanple 3: [0086] A copper plated wafer was polished and pl anari zed
usi ng t hpod7p! Whiké nige forkgeihg rig dirécted doreotiddimentsidf ihen peesentl irfvieatiort,edtheron a

i T e

10  basic scope thereof, and the scope thereof is determined by the claims that follow.
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21 25 August 2006 about 2% by vol unme et hyl enedi am ne; about 2% by wei ght
ammonium citrate; about 0.3% by wei ght benzotri azol e; be2hAdIGESTR2008% and
about 6% pot assi um hydroxide to provide a pH of about 5 6; about 0.1 % by
wei ght of silica (Si Q) abrasive particles; and deionized water. [0087]
Wil e the foregoing is directed to enbodi nents of the present invention,
other and further enbodi nents of tgagAfgpenti on may be devised without
departing fromthe 10 basic scope thereof, and the scope thereof is

det er mi hed b méthoddfgroeessingta shbdttataycompriisg: AUGUST 2006 CLAIMS 1. A net hod

f i bst r at i sing:. di i bst,rat e .havi
conduct | ve. rEESTEE SRR PAT LA CORMRSh M ! IpERREs lReRifds compri sing
a first,gtashpoifusbsn 2 ficst Rl RELAOAR a WOSKEEIBctMR, wheresithate is in

i
el ectrical contact- \_M?Th ?%e second el ectrode; providing a polishing
conposi substmath &t inebastridabednitactt wish detseoatsl edenfrodpie substrate, wherein the

pol i shing conposition .c rises...an.acid based el ectrol yte system one or
ot e cheat i PV Gbs BolRB TR TiesiCBA bfgkm I et Aesitde SRR an o de
functi oRftreBI RS PolisHinCQOMPIRRINRBIprid&y: €of ; one or nore corrosion inhibitors;
one or nore organic acid salts; one or nore basic pH adjusting agents to
provi de a pH bet weearidbangtd electralytk syistsor; 6; abrasive particles; one or nore

gﬁlr .? ;ig.r s, and aor?eoclrvnei‘(prte ;chglg{irrl% erllgclen?s I%%lsnsgl a\{ ?etalstoar}l a{n?i)ﬂg rfunocrt\ibnél’jl g%(%)ps,t rate

an amide functional group, or combinations thereof;
one or more corrosion inhibitors;
one or more organic acid salts;
one or more basic pH adjusting agents to provide a pH between about 4
and about 6;
abrasive particles; one or more oxidizers; and
a solvent;
forming a passivation layer on, a substrate surface;
contacting the substrate with a conductive polishing article in the presence of the
polishing composition to remove at least a portion of the passivation layer, wherein the
conductive polishing article is in contact with a first electrode;
applying a bias between the first electrode and the second electrode; and

removing conductive material from the conductive material layer.
2. The method of claim 1, wherein the bias is applied to the substrate to initiate an
anodic dissolution at a current density between about 0.01 milliamps/cm?* and about

100 milliamps/cm?.

3. The method of claim 1, wherein the acid based electrolyte system is selected

from the group of phosphoric acid based electrolytes, sulfuric acid based electrolytes,
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contacting the substrate with a conductive polishing article in the presence
of the polishing conposition to renove at |east a porti o25HKUGUHST 2006
passivation | ayer, wherein the conductive polishing article is in contact
with a first electrode; applying a bias between the first el ectrode and the
second el ectrode; and renoving conductive material fromthe conductive
materi a oy R |.aj i i ks pplied to the
substr at)eerkl?%ﬁ? %?lta ibg%égeeéér&ogsﬁgsd ?‘E:etgiagisdo al%%c} %&gﬁﬁg&%ﬁg ¢ gfrrll'? §1§ 'telﬁrél@t y between
about Othedeofii | | i anps/cn2 and about 100 millianps/cnR. 3. The nethod of
claim1l1, wherein the acid based electrolyte systemis selected fromthe
group of phosphoric acid based el ectrolytes, sulfuric acid based

el ectrokyt esTpe gdihda ALIER 1, #88R1n BEHE bPMbfe aﬁla@ingag&qs glrafeh iRludees, acetic
aci d based el ectrol ytes, and conbi nations thereof. . The nethod of claim
1, wher ecomphmddnasingronemr enard finetiomed geapps seledted froprthe godupdensistimnpound
havi ng ope or re functional . groups selecte romthe gro consi sting of
Car bosy PEaE B Erouh iRyt SGs dstpRy e g iy P EaEHES and

conbi najye.pidg thereof. 5. The nethod of claim1l, wherein the one or nore
chel ating agents are selected from the group consisting of am no acids,

et hyl enedi am ne, hexadi am ne, and net hyl f ormam de, and conbi nati ons

t hereof . 6. e t ho f claim1, .wherein th ne or re cor i on

oot Sr s nibEmBTedGi Bl Myt A6 Bt Mote ShehiRe dbetfh o SRLEHET whor oi n
the oneyrlor&By @nSRHiAOST AinbRide] dtRYIenAiins HeRediftlire! B MBByHbRAn@ONSI Sti ng
of benzotriazole, 1nidazole, benzi'm dazole, triazole, and derivatives of
benzot r amkoinghinativind feoécd, benzi mi dazole, triazole, wth hydroxy, am no,

i mno, carboxy, nercapto, nitro and al kyl substituted groups, and

combi nations thereof. 8. The nethod of claim 1, wherein the one or nore

or gani cgsal t $he&RRHIAE R 1aRHATD Whefsin §Rlohe oPmof! GRRIsfondfhiBRorstalEsHd sim sal ts of
organi ¢ acids, or conbinations thereof. 9. The nethod of claim8, wherein

t he onemore amotegronpsani ¢ salts are selected fromthe

7. The method of claim 6, wherein the one or more corrosion inhibitors are
selected from the group consisting of benzotriazole, imidazole, benzimidazole, triazole,
and derivatives of benzotriazole, imidazole, benzimidazole, triazole, with hydroxy,
amino, imino, carboxy, mercapto, nitro and alkyl substituted groups, and combinations

thereof.

8. The method of claim 1, wherein the one or more organic salts comprises ammonium

salts of organic acids, potassium salts of organic acids, or combinations thereof.

9. The method of claim 8, wherein the one or more organic salts are selected from the
group of ammonium oxalate, ammonium citrate, ammonium succinate, monobasic potassium
citrate, dibasic potassium citrate, tribasic potassium citrate, potassium tartarate, ammonium

tartarate, potassium succinate, potassium oxalate, and combinations thereof
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group of ammoni um oxal ate, amonium citrate, ammoni um succi nate, nonobasic
potassium citrate, dibasic potassiumcitrate, tribasic p@Sas8GUSIc2a06at e,
potassiumtartarate, ammonium tartarate, potassium succinate, potassium
oxal ate, and conbi nati ons thereof 24 25 AUGUST 2006 10. The nethod of claim
1, wherein the one or nore basic pH adjusting agents conprise: one or nore

bases sghect §e ife@BdlITR 1M RvHRFeil He@e ok oY Basp<pId @djusimP Rdentd dwiprRY! de,
and conbi nations thereof. 11. The nethod of claim 1, wherein the abrasives

conpri se inorgani onabrmeieksses sefestedrfeam theadyoursofpadassimm bydrokidat i ons t her eof .
12. The nmethod of claim 1h @fhe{&ﬁi n { he .one. ortrmrg oxi di zers are sel ected
fromthe group ofMBEPEkY hydreidsrand combinatiogs thersoky " compounds, or gani c

per oxi des, sulfates, derivatives of sulfates, conpounds containing an

el ement in the highest oxidation state, and conbinations thereof. 13. The
met hod at. cl dhermethoghodcldim &, ivheraimiheibrdsiyes eomprisesinerganigtaheasiveabout | % and

about 30%@begiy‘éﬁb%ﬁifve%‘é@w{ﬁé@ghinng?\%tﬁaﬁg f total conposition of the acid based

el ectroP?/y Yo and about 15% by vol une or wei ght of
the one or nore chelating agents having at |east an am ne functional group,
an am de functional group, or conbinations thereof; between about 0.01 %

and abou2- 1. 3bs methad|afietainrl, wieggin thsfone e mereoxidizatsrase salestedbEpmithe nhi bit or s;

bet ween ab 0. 1% and abpu 5% u rowej f.the or nore

hor gan Bt grigkh ooyt 3t bl QPR SEC be Bhideb5alRBoS5, by vol ume
or wei glaeriaftivedef fatard) dosipondds edeihing AR arAt BBE highefl bxatationbaw, 30 by

wei ght of abrasive particles; and the renmainder a solvent. 25 25 AUGUST

2006 14nd qmbinstignsdheseofe] ai m 13, further conprising between about 0.1% and
about 25%

13.  The method of claim 1, wherein the composition comprises:

between about 1 % and about 30% by weight (wt.%) 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 having at least an amine functional group, an amide functional group,
or combinations thereof;

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
agent;

between about 0.01 and about 30 by weight of abrasive particles; and

the remainder a solvent.
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by vol une or weight of the one or nore oxidizers. 15. The nethod of claim1,
wherein the conposition conprises: between about 1 % and 2AJiGB8T20P6wei ght
in volune of total conposition of the acid based el ectrolyte system

bet ween about 0.1 % and about 15% by vol une or wei ght of the one or nore
chel ating agents having at | east an am ne functional group, an am de

functi opgl grRdRethoRlof CRIRI IRARIMBBcIRRIGY betRERRNt 6794 indlatikt 3553nd about

1. 0% by vol une or weight of the one or nore corrosion inhibitors; between
about Oby 96lamd calweight 6 themnewnimare oxidizges. ght of the one or nore inorganic
or organic acid salts; between about 0.1 % and about 25% by vol une or wei ght
of the pH adjusting agent; between about 0.1% and about 25% by vol une or

wei ght 9§ t hehORRIHIM JTela@n 19%WheiehLhs compBsitiecoBprigeder a sol vent. 16. The
net hod of claim1l, wherein the COHPOSI tion COH‘EI‘I ses: about G%giy vol une
y

phosphori ¢ abétweebahaut 29 Byd ghguy 48%dhyeighiadiva of totabeempasitdon ¢y wei ght

benzotrij}lazolcf}j' ﬁﬂ@ocgtolé% b% wei ght ammoni um citrate; between about 2% and
about 6 oet?)?l o B8R um hydroxi de to provide a pH of about 5;

bet ween aboubetQedn J6cun0. 135 antt adul D3y i br Eighi 41 the oabbAmbMes; and
dei oni zed water. 17. The nmethod of claim 16, further conprising about 0.45%

by vol uekelgingiagents having peleastian aminsiunstimatpowp 2e0@nide gunctiggalrgsedivd of cl ai m
1, wher g} cr]ongbr}rexatlco%gﬂ%%(}é on conprises: about 6% by vol unme phosphoric acid
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
agent;
between about 0.1% and about 25% by volume or weight of the one or more

oxidizers; and

the reminder a solvent.

16. The method of claim 1, 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;

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

deionized water.

17.  The method of claim 16, further comprising about 0.45% by volume of hydrogen

peroxide.
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about 2% by vol une et hyl enedi am ne; about 0.3% by wei ght benzotri azol e;
about 2% by wei ght ammoniumcitrate; between about 2% an2BAUGUSPRHY6 vol une
of potassium hydroxide to provide a pH of about 5; about 0.45% by vol une of
hydr ogen peroxi de; and deionized water. 19. The nethod of claim1, wherein
the polishing pad is a conductive polishing article and is electrically

coupl e gnt il RS OPlafl EOUAQHS 1@ BompSicHRLARMeY. ©f ai m 1, wherein the

polishing article and the substrate are connected at a polishing pressure
of about betabeertabywohtndphgsphoramatidbout 1 psi. 21. The nethod of claimi1,

further conprisj rovi di rel ati ve noti on between the polishing article
and the sub?ﬁ’Pg&i}gbgé’PY%%&ﬂﬁlfﬂ AB°c1 ai m 4, wherein the one or nore

chel ati ng ag@phi0. 39 ysRbight R zotkigdlet he group consisting of amno acids,

et hyl enedi am netetraacetic acid, citric acid, tartaric acid, succinic acid,

oxal i ¢ aci d,abauted% byansight asungriiemedtrale; butyric acid, capric acid, caproic
acid, caprylic acid, oyt ari | lvcoli.c aci.d, .farmaic acid. fumaric
Seid | ant ] detuihBoptsiagh afio RSk by PRERIds PofiSlifhn AR b e b LT
nyristigyagagbutpl am tic acid, phthalic acid, propionic acid, pyruvic acid,
stearic acid, valeric acid, and conbi nations thereof. 23. A method of
processi ng abeutid#5%tby, vobomeef kydsggendiesyyadd; apd a substrate having a
conductive teri %I Ialyer formed thereon in a process apparatus conprising
a first el eiFVHE N second el ectrode, wherein the substrate is in
electrical contact wwth the second el ectrode; 27 25 AUGUST 2006 providing a
polishing conposition between the first electrode and the substrate,

wher ei nl% he Thsimethpdigf elaim bswhérein thopglishngpadpet aerductivopelishing . 9 and about

6 W.%.in. vol une,of . i I system between about 0.1 %
and anctied SRy 3pLelel s S585 BRtGE,
20.  The method of claim 1, wherein the polishing article and the substrate are

connected at a polishing pressure of about between about 0.01 psi and about 1 psi.

21.  The method of claim 1, further comprising providing relative motion between the

polishing article and the substrate.

22.  The method of claim 4, wherein the one or more chelating agents are selected
from the group consisting of amino acids, ethylenediaminetetraacetic acid, 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.

23. 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

substrate is in electrical contact with the second electrode;
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chel ating agents having at |east an am ne functional group, an am de
functional group, or conbinations thereof; between about 26.A0GHSAnN2Gebout
1. 0% by vol unme or weight of one or nore corrosion inhibitors; between about
0.1 % and about 4% by vol ume or wei ght of one or nobre inorganic or organic
acid salts; one or nore pH adjusting agents to provide a pH between about 4

and about 6pridiRg h pOlidHnENARSEIRE BBV RS fifebREkSHE dndane bR uakoup of
abrasive particles, one or nore oxidizers, and conbi nations thereof,

wher ei n wharsimthe polisting pempositien eumpisese bet ween about 0. 001 and about 30 by

ight of th Pti d ¢ h . i di i b
about 0. 1% and aBEObathy Wi e Br R b st e Re oot i zer s

and contrefrblfe dyfemsubstrate with a polishing article in the presence of the
polishing conposition; applying a bias between the first el ectrode and the
second el ect r ode; befiwgen pbers Wi kg and Al tha/ley velwme ioaweighs of orreotomatUCt | ve
materi al | ayeﬁ.l t24' The hmell hog oft cl ai.m ﬁ13, .V\/nfi-rei n the o({% or,. m)tne

chel ating agSPt&TIRARAY hayine 2t edst anAiife FLCHoRal BrovRa o gPss Sf}‘“%f?na i de

functi onal g?ﬂjﬁ? oldontiiRdtiond theddtsT; t hereof , are selected fromthe group
consisting or e higl enedi am ne, hexadi am ne, am no acids,

et hyl enedi am net ebetaerabeut G030 ard abput bPYeli vduma od wetghb oheme ehs t her eof

25. The nethod of cl ai nfﬁﬁ%t \r/s\herei n the one or nore chelating agents further
i ncl ude a co%oéflﬁ%ij'%é?ﬂ g El)ﬁe’or nore functional groups selected fromthe

group consi sti ngbefiweeaaboutY. BYEandraboisi % Biy &auatxor vadightasfmp Br more
tri-carboxyl ate groups, and  conbi nations thereof. 28 25 AUGUST 2006 26.

The net hod ofnaganiqer@ganipesidisalithe one or nore chel ating agents are
sel ected fromthe gr onsi.sting of ciftric. Ciuéh rtari i g, succinic
acid, oxalic aci d,0 g%@%?‘loge Pr%%;&ﬁi‘?t“%uﬂgﬁ?c t(ét@fo&,m%ba y|b %@’egciah‘?ut?;aﬁ% c acid,
caproic acidagp@aprylic acid, glutaric acid, glycolic acid, formic acid,
fumaric acid, lactic acid, lauric acid, malic acid, naleic acid,
a polishing enhancing material selected from the group of abrasive

particles, one or more oxidizers, and combinations thereof, wherein the abrasive

particle comprise between about 0.001 and about 30 by weight of the

composition and the one or more oxidizers comprise between about 0.1% and

about 25% by volume or weight of the one or more oxidizers; and

contacting the substrate with a polishing article in the presence of the polishing

composition;
applying a bias between the first electrode and the second electrode; and

removing conductive material from the conductive material layer.

24.  The method of claim 23, wherein the one or more chelating agents having at
least an amine functional group, an amide functional group, or combinations thereof,
are selected from the group consisting of ethylenediamine, hexadiamine, amino acids,

ethylenediaminetetraacetic acid, methylformamide, and combinations thereof.

25.  The method of claim 23, wherein the one or more chelating agents further
include a compound having one or more functional groups selected from the group
consisting of carboxylate groups, dicarboxylate groups, tri-carboxylate groups, and

combinations thereof.
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mal onic acid, nyristic acid, plamtic acid, phthalic acid, propionic acid,
pyruvic acid, stearic acid, valeric acid, and conbi nati o028 AWb8dT2006. The
met hod of claim 23, wherein the one or nore corrosion inhibitors have one
or nore azole groups selected fromthe group consisting of benzotriazole,

i m dazol e, benzim dazole, triazole, and derivatives of benzotriazole,

i m dazobg, beRZindiHdaZPRIm 25! WhéRlrtthe Whé br MYFY B¥datind AhéMds are¥eRBtedCar boxy,
mercapto, nitro and al kyl substituted groups, and combinations thereof. 28.
The et frou th¢ groupicansiging M eiteic acidhartarie agd, sweeiniciaqesh galicacid, agetifani ¢ sal ts

conprises . ammoni um.sal ts @ rgani. ' . POt 3 . of . organi ¢ aci ds,
or con%?lgn’aat%%%c@hbeﬁ%%? a,‘“é’eﬁ%%?%cd&’fcr gfr%‘i'f%%&gcra glts}%cég? dzgirlrlt&)aﬁllcuaﬁmgx al ate,
ammoni UBlycélid dcad, FornPdid el Uinikic @tidafattic A0ddbasd &idehdRsdcid nedléic atid, di basic
potassiumcitrate, tribasic potassiumcitrate, potassiumtartarate,

anmoni ummalania aeid mayristie aeisls plamiticadd. phghtadic apidt prepionia askd PATWIC agid
conbi nat i ons_ thereof 29. The t hod lai m 23, wherein the one or nore pH
adj usti ﬁtﬁarécg%crlu‘i]’sv a%‘(r)lﬁﬁfll%s%r}dqcoélﬁn%n%}onﬁglﬁeé&gi ds selected fromthe group

consi sting of carboxylate organic acids, strong inorganic acids, and

conmbi nati ons thereof; phosphate-containing conponents; one or nore bases

sel ect ed’f r okhe methgd@iiglain 23eowhersinthe 9ol poRPECOIMPPARRIRIOIIdYORde, and
combi na t her , ' i : cl aim 23,
wher ei ngt gﬁa’aar%rg %s%q gﬁegss S%%rcr%raiquelﬁl ?%0%9 é%n%gé%{asﬁff?%gf%eg%?{mg%lglﬁr@?%g?%br asives, or
conbi naberaidalisle achzaadnt dericaieo bf banzetriaxsld) ingdszody, Bendmidaedled from t he
group of peroxy conpounds, salts of peroxy conpounds, organic 29 25 AUGUST
2006 ptiaselegdwih hydioxst amino darinQ£arbpxy, mercapipsrytre gnd alkyh$ibsttitedont ai ni ng an
el ement _j ' . ' fon state, and conbi nations thereof. 31. The
met hod g#orﬁg%’raalg(rin é@,ﬁﬁl\?\lﬁ%&éih%%ﬁie conposition conprises: about 6% by vol une
phosphoric acid about 2% by vol une et hyl enedi am ne; about 0. 3% by wei ght

benzotriazol g; ) , _ _ )
The method of claim 23, wherein the one or more inorganic or organic salts

comprises ammonium salts of organic acids, potassium salts of organic acids, or
combinations thereof, selected from the group of ammonium oxalate, ammonium
citrate, ammonium succinate, monobasic potassium citrate, dibasic potassium citrate,
tribasic potassium citrate, potassium tartarate, ammonium tartarate, potassium

succinate, potassium oxalate, and combinations thereof

29.  The method of claim 23, 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
hydroxide, and combinations thereof;

or combinations thereof.
30. The method of claim 23, wherein the abrasives comprise inorganic abrasives,

polymeric abrasives, or combinations thereof and the one or more oxidizers are

selected from the group of peroxy compounds, salts of peroxy compounds, organic
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about 2% by wei ght ammonium citrate; between about 2% and about 6% by vol une
of potassium hydroxide to provide a pH of about 5; betwe@f ABGUISTR20M6% and
about 0.15% by weight of silica abrasives; and deionized water. 32. The
met hod of claim 31, further conprising about 0.45% by vol une of hydrogen
peroxide. 33. The nethod of claim 23, wherein the conposition conprises:

about 6% By;q¥olsHifk Q*&gﬁ@;ﬁ%k 6f §fifates2QMBounds %ﬁtéﬁﬁi\;\%% et GARI am ne;

about 0. 3% by wel gﬁt enzotriazol e;” about 2% by i ght amonium citrate;
bet weenhigheu oxizktiamstaband cadsbibations themeofof pot assi um hydroxi de to provide a
pH of about 5; about 0.45% by vol unme of hydrogen peroxide; and deionized
water. 34. The nethod of claim 23, wherein the bias is applied to the

substrage t OThAidetiRfd®r3himaOUheref $:8 @bibbAitoéorRpdsr €nt density bet ween
about 0.01 mllianmps/cn2 and about 100 m | lianps/cnR. 35. The method of

cl ai m 23, whebait 6% bievglomiegphosphopadcids a conductive polishing article and

is electricall pupl ed w t he .second el ectrode. 30 25 AUGUST 2006 36.
The met hod o?b%tgfﬁf&ﬁ“{ﬁﬁéﬂyf‘?{‘eﬂ%@%% ishing article and the substrate are

connect ed at ,gR0I395 By, Aight BeRAdigazefe; about bet ween about 0.01 psi and about
1 psi. 37. The method of claim 23, further conprising providing relative
not i on bet weebput 2kebypvrighhammoarum eitigteand t he substrate. 38. A net hod of

processing a,substrate,,conphi Si Ag:. di $pOsi a substrate having, a
conducti ve ng?té"refléflg‘?@)?éfc a rggqbr?gtiglg’hb re i‘ﬁn? ﬂp tasﬁ%l?:gg OXIS5 40 Bfodgdecaorrpri si ng
a first ppistabb@de and a second el ectrode, wherein the substrate is in

el ectrical contact with the second el ectrode; .
between about 0.1 % and about 0.15% by weight of silica abrasives; and

deionized water.

32.  The method of claim 31, further comprising about 0.45% by volume of hydrogen

peroxide.

33.  The method of claim 23, 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;

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.
34.  The method of claim 23, wherein the bias is applied to the substrate to initiate an
anodic dissolution at a current density between about 0.01 milliamps/cm? and about

100 milliamps/cm?.

35.  The method of claim 23, wherein the polishing pad is a conductive polishing

article and is electrically coupled with the second electrode.
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provi ding a polishing conmposition between the first electrode and the
substrate, wherein the polishing conposition conprises: REHPGUSTC2006i d

et hyl enedi am ne; benzotriazole; amoniumcitrate; potassium hydroxide to
provi de a pH of about 5; silica abrasives, hydrogen peroxide, or

conbi nati ons thereof; and deionized water; contacting the substrate with a

pol i shi ng ar rthehRitod otffaﬁanﬂrzg§me&npﬂle§abﬁsm ArfiBle@d tIkOaIORAtE aRN; applying a
bi as between the first el ectrode and the second el ectrode; and renoving
conduct cumepted et 2 polishingrpressorecfrabout hepweamsabeonti 01 psiyapd abgg. 1 e et hod of
claim 38, wherein the conposition conprises: between about 1 % and about 30%
by weight in volunme of phosphoric acid; between about 0.1 % and about 15%

by vol ugg OrTH@hﬁtHonffcﬂhﬁﬂleﬂﬁﬂieﬁB@rﬂﬁisin%)ﬁ% RRNE ntbtdh bawad about 1. 0%
we

by vol une or weight of benzotriazole; between about 0.1 % and about 15% by
vol une the pobislting adicleandghe suhstrater at e;  bet ween about 0. 1% and about 25% by
vol ume or wei ght of potassium hydroxide; 31 25 AUGUST 2006 between about
0.01 and about 30 by weight silica, between about 0.1% and about 25% by

vol ume gg. mehghéth@aohy@b@gﬂ%dwbgﬁt@lem dgingonbi nations thereof; and the
rem nder deionized water. 40. The nethod of claim 39, wherein the

conposi tion @isppringesubstratsdayings dppdyadiva meateried sayep farmed dhaeabiax 2% by
g Mtk L TR
pot assi wiBsHEIOH dlectiieal RoMAEtARitAthe second electrode;
providing a polishing composition between the first electrode and the substrate,
wherein the polishing composition comprises:
phosphoric acid
ethylenediamine;
benzotriazole;
ammonium citrate;
potassium hydroxide to provide a pH of about 5;
silica abrasives, hydrogen peroxide, or combinations thereof; and
deionized water;
contacting the substrate with a polishing article in the presence of the polishing
composition;
applying a bias between the first electrode and the second electrode; and

removing conductive material from the conductive material layer.

39.  The method of claim 38, wherein the composition comprises:
between about 1 % and about 30% by weight in volume of phosphoric acid;
between about 0.1 % and about 15% by volume or weight of ethylenediamine;
between about 0.01 % and about 1.0% by volume or weight of benzotriazole;
between about 0.1 % and about 15% by volume or weight of ammonium citrate;
between about 0.1% and about 25% by volume or weight of potassium

hydroxide;
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pH of about 5; between about 0.1 % and about 0.15% by wei ght of silica
abrasi ves, about 0.45% by vol une of hydrogen peroxide, o5 AbGISE200Ms

t hereof; and deioni zed water; 41. The nethod of claim 38, wherein the bias
is applied to the substrate to initiate an anodic dissolution at a current
density between about 0.01 mllianps/cn2 and about 100 m |l ianps/cn2 and the

pol i shing argehwded 4Bk 0.0 asd'Buk 30 By Wefetit SiliBS HeBiecdlabBut ®PYd sldi Ng pressure
of about between about 0.01 psi and about 1 psi. 42. The nmethod of claim 38,

wher ei rabohie25330 by shiung qraveight of hydrege péroxidpoindsombinatians theresfzand i s

el ectrically,cou Igd wth the second el ectrode. 43. The nethod of claim 38,

further condh$ BRI dsiAniRedd¥aeh ati ve notion between the polishing article
3

and the substrate. 32

40.  The method of claim 39, 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;

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, about
0.45% by volume of hydrogen peroxide, or combinations thereof; and

deionized water;

4]1.  The method of claim 38, wherein the bias is applied to the substrate to initiate an
anodic dissolution at a current density between about 0.01 milliamps/cm2 and about
100 milliamps/cm? and the polishing article and the substrate are connected at a

polishing pressure of about between about 0.01 psi and about 1 psi.

42.  The method of claim 38, wherein the polishing pad is a conductive polishing

article and is electrically coupled with the second electrode.

43.  The method of claim 38, further comprising providing relative motion between

the polishing article and the substrate.
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