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semrconductor afers are reported by Tonshoff et al., "Abr sive Machining of
Silicon", published in the Annals of the International Institution for Production

Engineering Research, (Volume 39/2/1990), pp. 621-635. In each manufacturing

step, it is often necessary or desirable to modify or refine an exposed surface of
the wafer in order to prepare the wafer for subsequent fabrication or
manufacturing steps. In conventional semiconductor device fabrication schemes,
a silicon wafer is subjected to numerous processing steps that deposit uniform
layers of two or more discrete materials which together form a single layer of what
will become a multi-layer structure. In this process, it is common to apply a
uniform layer of a first material to the wafer itself or to an existing layer of an
intermediate constructed by any of the means commonly employed in the art, to
etch features into or through that layer, and then to fill the features with a second
material. Alternatively, features of approximately uniform thickness comprising a
first material may be deposited onto the wafer, or onto a previously fabricated
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(e.g., copper) and barrier layer or dielectric materials without inducing defects in
the surface of either material. The abrasive process must create a planar outer
exposed surface on a wafer having an exposed area of a metal and an exposed
area of a dielectric material.

[0005]  Chemical mechanical polishing (or planarization) (CMP) is an area in
semiconductor processing undergoing rapid changes. CMP provides global
(millimeter-sized dimensions) and local (micron to nanoscale-sized) planarization on
the wafer surface. This planarity Improves the coverage of the wafer with dielectric
materials and metals (e.g., copper) and increases lithography, etching and



exposed surface on a wafer having an exposed area of a
nmetal and an exposed area of a dielectric material.
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complexing agents. Examples of such working slurries may be found, for
example, in U.S. patent application Ser. No. 09/091,932 filed Jun. 24, 1998.
[0008] Variables that may affect wafer CMP processing include the selection of
the contact pressure between the wafer surface and abrasive article, composition of
the polishing pad, use of a sub-polishing pad, geometry of the grooves in the
polishing pad, type of slurry medium, relative speed and relative motion between the
wafer surface and the abrasive article, and the flow rate of the slurry medium. These
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[0013]  Another important area is to understand with regard to pH control and, if
possible, to adjust the slurries is the Zeta potential. The Zeta potential is a electrostatic
potential measurement of the interaction of the electrically charged double layer ions of
anions and cations that surround the inorganic polishing particles in a slurry. The Zeta
potential is dependent upon the nature of the polishing particle (e.g., Al203, CeOz, SiO;
etc.) and the slurry pH. Slurries that exhibit an undesired Zeta potential are typically
unstable and as a result the particles may settle from the slurry or agglomerate. This
can be very detrimental to its performance during the CMP polishing process.
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utilizing SUMMARY OF THE INVENTION
[0018]  The present invention provides an improved composition of slurries and a

process for the chemical mechanical polishing or planarization of semiconductor wafers.
[0019] In particular, the present invention provides (a) useful slurries necessary to
modify exposed intermediate surfaces of structured wafers for semiconductor
fabrication, (b) methods of modifying exposed intermediate surfaces of structured



the foregoing famly of working slurries. It is
especially desirable to provide working slurries that
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surfactant, viscosity nodifier, wetting agent,

| ubr i g.antopticrsily, a mistal or neetalidside pesdivatingpgentnal |y, a
st oppi ng conmpound to increase netal selectively.

[6021] | e i o A ' :
2025, | BoRIACS AR IS RN oG e pran. o
f abri cat iand tié likke, ®edi conduct or devi ce conprising the

steps of: a) providing a wafer conprising a first
mat erj al JAayhdlg, 2 sBPbiy @nctR8 % increase metal selectively.

[0021] In another aspect, the invention provides a method of modifying a surface
of a wafer suited for fabrication of a semiconductor device comprising the steps of:

a) providing a wafer comprising a first material having a surface etched
to form a pattern and a second material deposited over the surface of
the first material, ‘

b) contacting the second material of the wafer with slurry of the invention
used in conjunction with a polishing pad, the slurry comprising a
plurality of loose abrasive particles dispersed in a slurry, and

c) relatively moving the wafer while the slurry and polishing pad are in
contact with the exposed surface of the wafer until the wafer is planar
and comprises at least one area of exposed first material and one

area of exposed second material.



to forma pattern and a second material deposited over
the surface of the first material, b) contacting the
second material of the wafer with slurry of the

%’ﬁ\ég‘ﬂf‘”&? used in conjunction with a polishp@gu®athioses

e slurry conprising a plurality of |oose abrasive
particles dispersed In a slurry, and c) relatively
nmoving the wafer while the slurry and polishing pad

[00%2:1 0 | R{\%tﬁSPé@B&dumeB{‘?#t% nﬁ)éﬂﬂ(zﬁ Qréém&a& Bf leanflfé%t%@fﬂﬁ{t contain

nprises at [eas
metzat swfaﬁesepmd:md fifoirm slurnmtqfrtlmalmvantﬂomne area of
exposed second material. 7 WO 2004/ 044075
PCT/ US2003/ 034242 [0022] Anot her enbodi nent of the

i nvention arIE'EAILEDIIES@RIF?TB@N@EtTMEaIﬂ@TImt ain
t al urfaces d fromslurri.es,.of
0of3], ot Foh roraegh BE et BA-BICRS" SiShatR R ttggions to

corlvéftsdal |s‘|urhé§ |ﬁdﬁéé§é%€thefc@pﬁdr tdhtdval etesdfld alsvioftdrs buffering
sul fonated zwitterions to conventional slurries

actiondpdB@ 8MriYne copper renmoval rates and al so offers

[oo4{f f eThé‘ @hveﬂﬁbh Prb\}idbst@ﬁarﬁﬂww@rkir@oaeﬂraeyfsr USY f¥nb@Hfying or
provid wor ki ng slurries for use in

refiRiog lﬂsﬂrmgdmte SHERGas Hfpatiereechwafess suited fos seqiegnductor
fabﬁé:%)ﬁcﬁ{ ﬁ*ﬁ@ li’l‘@érﬁ oh atstd bﬁﬂ/]&é&rmti%% ‘?&%’tﬁltzﬁfg such working slurries to

ricat e I nvention al so provi des net hods
modify thezmtﬁg-mdm’ce worfreemyofssamicpaduater. nodify t he

[ooiﬂt er gRf é\pﬁ egyirfeqﬁv? RlonSHECRAMALUSTLE4 in di g@ﬁg&nnt% by

sirurries o |nven|on are characteri z
corspriging a salfonabed rwikttgriort ang ah oixidiging agdrt.onat ed

oof At B bR 58y e M mtrin
carsmbéivlatd the pﬁ-l/\oizjthe sluony in tenderired Irange tohaffeptivaly ptdmote a surface
L
corpef Piie et i SutealoGly 4tARS komThe Simdiating bRt Bevice. In
addmgg{nttr?éwﬁmtag ‘fémﬁﬁ ttb‘ts m\{egggh and d:haracteﬁiagnl?fg?]vm;gla nitrogen and -
suhie 2 Bioiesies 1) marcke SRPabte, ot Ption pbeC bR wnigh o
mlrmﬂizéﬁ iteS pﬁdb%hsnt??fbr b@ppé@gébgﬁti@f oo e backeofthe BRiton device.
1008865 ComBRS GOk e Phaeet ik ertin STEpl st il preferably
aqudeis 7of Laimmatdd mﬁerm‘n Bh @xmimgeagent rbmahawwmargatnﬂiﬁorshmg

contain a slurry, preferably queou

sul T ona
parfigles tQutiopally a1 phejating sgem %'QH?' Y Bpe6anHan R}ﬁt%lae @Qﬁ% OP’ﬂona"y
a pBSdivatiNgHent, optionally surfactants, viscosity modifiers, wetting agents,

lubricants, soaps, and the like.

[0028] A liquid carrier is used to produce the slurry. The liquid carrier may be
aqueous or non-agueous so long a the carrier is compatible in the environment in which
it will be used. The preferred carrier is aqueous.

[0029] As discussed above, sulfonated zwitterions of the invention are particularly
effective in various CMP slurries to effectively remove metal layers, barrier layers and
dielectrics found in electronic devices. In particular, slurries of this invention are useful
for the removal of copper on integrated circuits such as that produced in Damascene
structures.



particles, optionally a chelating agent, optionally a
secondary buffering agent, optionally a passivating
agent, optionally surfactants, viscosity nodifiers,

tfi ents, lubricants, soaps, and the |}
%ﬁé@frﬁgzﬁ. . rical éﬁﬁpg?sr/o)%m

iquid carrier is used to produce the s
The l.iquid carrier may be aqueous or non-agueous SO
long a the carrier is conpatible in the environnent in

oo oGP st T Bt G Bl i e soui
sulfonatedeawitberionofA vériety of/suifonatedavetigrionsincay be infroduced as the alkyl

am&ffe@L ye in various CWP slurries to effectively
nmetal |ayers, barrier layers and dielectrics

found in electronic RNRIM$CRIRY)SODM cul ar, slurries
his, inhventjon are, useful, for the renmoval of )
wh%r@ At RO 2 St BRG. IMEzoxidh VA bRoEn B Goigtogaring, an ary
IR Ehn fugtirelRsand R, My HeOAh&A4dén, E'alkyl aryl hydroxide,
CT/ US2 034242 [0030] CWMP slurrjes of

hydrﬂ%h@ndwtreaﬁ@mamya% SRbANG 6" 3b Akshano Sste) ysee be two to four
andM hay Bk %9d|%>yeﬁtéﬂ HIRAj or’sae\lké]fn'e%!al\ﬂh(ﬁwet%lJ 'aﬁﬁﬁé‘h?gm onlum ion. The

ZW tterions be 1 ntroduced as th kyl acl

prefgirad %ﬂfonatemme(rlensmg MMormﬂ@)eﬂ@r@ﬁulfmc aeid, (Be[N-
Moﬁfhoﬂhé‘]zﬂro Iulform.f gﬁﬂxﬁ i@!—%l{ﬂﬁ\%{?rglﬁé‘bth r i ﬁ{:@ﬁn@%&@’fe&c > acid,
PlpmazmabeN btsﬂaetbgeeaulfanllcwcld)a'}-w Mdtphblmb-ﬂd']ydroxypropanesulfonic

T e
Morphating)propanesiifdnid acidyrN-{2-Mytiaxgethgl)pipenaeinatN'-(@ratinanesulfonic
o) KPS RRmebimEh it 2 iSRS bt S it
hydvbxyeitin/ Jaed)2shyrrexyesopdresulforte acld, 3-[N -Tris(hydroxymethy
OB BB b R D Gy Bz
hy&oméﬁﬁr@boﬁdn’@%acﬂ) Wﬁ&r@lzﬁu@-l\o Wbﬁmh?@ﬁkgpropén&ulfomc acid), N-
(2- ijQer(*ﬁS; rqa;m; t‘Z%g}gp@gp;lg ?\Ec g@qlrseﬁluT Irl])lldcroxymethyl)methyl 3-
amﬁi‘ob?ﬁdd\ﬁgétﬂfb\‘lﬁi abid, )3 ﬁe‘f-B?rhétﬁy "t[- 2(h%d Rix'?éfh?ﬁé&'nfrféwc

aci d), N Tris(hydroxymethyl)ne
Py RHSRABRULIING, i 24 bk QycloHexyaribsthenesulfonic acid, 3-

(CM@Q%MI% lelﬁfﬂr&@ll &oba‘(rﬁﬁs%lfdrﬂ& %Eﬂnﬁ%lﬁefﬂ-ﬁeﬂﬁl Apropanol, 3-
Tri s xymet hy 1) nmet hyl am no) -
(Cyg:l Y'BW‘& ﬂp%i'ﬁegfﬂﬁ%“!fﬁi"ﬁ 'agish d

[Ooaiy 1( 2- sl s @rorRt Y 2WIRLIRGH Fhéy b s’tfltaLSI?;pfesent in a wide concentration

dr oxypr opanesul foni c_aci d), PIperazi ne-
rang®y Prefe(ablyx pauianated gmtteglgnmay kavesa qn)ncentratlon range from about

o.ogénggffibﬁgtrﬁdy{ﬁﬂ Fé?‘éiaﬁ lff&nrg %ﬁsﬁ{ @Qﬁ{beéb‘dlft 98! and still more
preferably from about 10 g/l to about 50 g/l

[0032] Preferably, the zwitterions concentration is maintained at such concentrations
to effectively maintain the pH in the desired range for copper oxide promotion and assist
in chelating the removed copper.

[0033]  Suitable chemical oxidizing agents include hydrogen peroxide, cupric
chloride; persulfates of ammonium, sodium and potassium; ferric chloride; potassium
ferricyanide; nitric acid, potassium nitrate, ammonium molybdate, potassium iodate,

9



am nopropanesul fonic acid, 3-[( 1,1-Dinethy 1-

2- hydr oxyet hyl ) am no] - 2 hydr oxypr opanesul foni c, acid,

2- (N- Cycl ohexyl ani no) et hanesul fonic acid, 3-

h | am no) - 2- hydr oxy- | - pr opanesul fon|

\%8%8[(]14% ! %/rret hyl -1 - propanol , 3 fcftsfossare

(Cycl ohexyl am no) - 1- propanesul fonic acid. [0031] The

sul fonated zwitterion may be suitably present in a

c

v AR SRRy RGO XONE, FrfHtdn mord Ko AbE Buch s
ferdcyanidg/ ammoniuso ferric GO TdY, |amnm@nﬁer@t@ltme yferrtccntratemmmomum

fort Gt CLrBH Mool bl pkiRe PFAFhERIHe, 3 Buty

perowidef pezraoetm mmmdpmtsmmc acndadlpeaurﬁmmb ad:ld,soctdsic acid, and salts

thefiad ST CoPabigaians theggh dheeneentBRGE i Oasiang.agpatin deionized

watda nfd}erandeé fremtdidut 0Iae G0gpBY Reight, Qﬁ&@}abﬂdo 02h6 40% by weight.
chem cal oxi di zj ng gents i ncl ude h en per oxi de
Wheig hydrogempefioxide; is yaed as the @ddigng éﬁ%ﬁ‘n tis{ypically presantdn an

aqmﬁéﬁu@fs‘éltﬁiﬁh at 8'cbhéerftfttioh '(\ﬁélghpﬁéréét&bg@)‘ withih EHeréﬂQé #8m about
nitric acid, potassiumnitrat anmmoni um no
0.5 tcahiau 6 ko BERTerablY A 2bold 00%do SbpaS . BHpaHMQSeaterably from
ab&mqrq%% gg?mej odi et hyl hydroxyl am ne, OXONE, transition
exes such as ferricyanide, amoniumferric

[0084)T A, TherﬁMﬁ slurry @anialscce¢antain @dditives suchoas a aolishing particles
(Bl 436 B AU B BIAS cgonts,
passivating dagentp esurtaetants, aiscositynmodifierss wiettingi ageats, tlbricants, soaps,
ancgh‘%elr ul furic acid, iodoic acid, and salts thereof,

hbi nati ons thereof. The concentrati on of the
[0085]i di rorgarigalrasive pﬁetioufatemnhayawoeje lnalgadedmglxhefwamng slurry.

Thé HroBnit riturstes Moy b so Meebqie e ferinldi i@ of 18 Méta

andyst th\ezileﬂgctﬂgEE)tamplés DfSSLIcmmarghrhlgz partieakitds inolude: SiOz, Alz0s,

| uti t
Cefld igHtiage i Sarhonate Galicloslicies ant HEnRh igxids. Theayerage
parllﬁl%su@! cﬂ’ftl@ésﬂlhdrgfa Wbé‘ﬁ&}lﬁteé shS61d Be xR tharl aﬁ%tmom%stroms
raIE; rom about 0% to about 5.0% [003

pre@,pblg lefsithar ghoud 209 fmﬂram addneierrefesaRly less ﬂ?ﬂ?" about 250

An@éﬂdnsstn mférabls:l mb%rk.ﬁglsmgcdnmﬁmas had 10% %Wéight preferably
araswe par icles celatln agen

(o5 s 1 By REpIgh o Protzraiaitihai s % dBoNeight iDgropiE particulates.
Altﬂkﬁgh' éﬂiaél\géaﬁérﬁcleb Wy KBdded BARPEMP SFky! CﬁlF" brb@esses using

I norgani ¢ abrasive particulates fray al so
threequmLﬁj@u)nah %rﬁgwwmc}ﬁj rgay, pe fixed to an abrasive pohshlng pad will

preferably provide for a substantially abrasive free slurry.

[0036] Secondary buffers may be added to the working slurry to assist in pH control.
As mentioned above, the pH can have a significant effect on the nature of the copper
surface, and the copper removal rate. The most preferred buffers are compatible with
semiconductor, post-CMP cleaning needs as well as minimizing the potential to induce
impurities such as alkali and alkaline metals in the slurry. In addition, the most preferred
buffers can be adjusted to cover the pH range from acidic to near-neutral to basic.
Mono, di and polyprotic acids may act as buffers, and when fully or partially de-

10



These inorganic particul ates may be used to increase
the renoval rate of the netal and/or the dielectric.
Exarrpl es of such i norganic particul ates include: Si02,

zirconia, calciumcarbonate, ¢ %
229 é?f“g’ and titani um di oxi de. The average %Qrﬁ ziog/ogun

SI ze of these inorganic particul ates should be Iess
t han about 1,000 Angstrons, preferably |ess than

profie W oSBRACR Hh PR Bo Rl e f R ol By acics ave

prefepreidabut sthefaikalllmu all(ﬁ]hbyeantblnm’ual safts ef theadaryoxylie asids may be

% bV. ' d f
uséya@?’%n%eséﬂ%?f B iR LR 18 o CEf Rl AR gy example,
di-dalsdxylic asidsetyl- daebcﬁﬁmedcms; dnhq:o@&rbbxﬂmacld@l\/l’referred contalnmg
ree-di mensj onal,, abrasjve

processe sin rt
corfgings NGYLE PRI TIPUE Atk PRI A aiG ARA, fataric Scid,
sud@lrrﬁzf é’él@trh%hdoé&d” gifipié aeldasénshﬁér@af Iaahlmgx@haé@mbv&ff Nitfogen

urry Secon fers e added he
conx@magrf@nmqundwheé nsayshléér th@ qéwwﬁtuma aspapiic a@%tgluiﬁ@wp acid,
hle?tﬁlQé( q%suﬁ%‘ %r@h‘n@a&nﬂﬁ"ﬁ@sﬁ/s?é Igé”twogﬁg Eﬁrﬁbsﬁ@ Biee-

per Te va

hydfaxsethymmlnntﬂs(hwsir@wererﬂesd)nnﬁjha@, g rlaﬂwdwwmhxb)lammmethane N-
(2- ﬁ@éﬁr‘ﬁ%ﬁi %G odlﬁ;%?ia agéﬂ 5 P@Elkgﬁg é&?ﬁétlﬁ'ﬁnﬁﬁga@ﬁﬂ?ropane

mnim zZf ng otentr al
tnethdnalamlaemd\l-aTriﬂlhydﬂexymtbyl)methy|glye|nsl uv NBusxzrhmi@xyetbyi)glycme

ond BB a5t R oA | e or o

invéMtiom, di and pol yprotic acids may act as buffers, and
ully or partially de 10 WD 2004/ 044075
008857 5oeesr SBa ot i nafer 01R R i b snEadckdwith the use of a
ché!éﬂﬁgf rﬁg@ﬁi}j bbkl)étsrﬁﬁlbﬂlﬂg a@@ﬁﬂhe GNIBR alurny cTﬁthé ineembr:'dsl' ke exidation and
referre ut, ot her a aline eart
disSYHaT eFoopRet s anDangad B the AdioR ot emPtradiy agents that bond to
copRP tEmRrtaskithe sSIyBiIy! cﬁﬁls}sﬁﬁbdl dapﬁs’ﬂ rﬁétapér c‘@bbﬂéﬁiﬂesﬁm water.
acids include, for exa rrB carboxylic, acid

[0038]; - Iy themarking slreies offhe Pfﬁﬂept @g?ra;m p?repmmsagent is always
preEs’[aﬁ’l‘C &'d (%il\cﬁﬁﬂi‘étﬁiri'ﬂ'd?ﬂ abS@t"CP@’P RS0 ds s/ vWJth Dghn@lﬁémb@anzatlon of

mal onic acid, oxalic acid, citric acid, .tartaric acid
copngEcha ipeefareel complexingagents apidseresalis of cittig) gxalie faipggipcetic, 2-

amﬁﬁ@tﬂ%ﬁéﬁéﬁgﬁﬁnk@dﬁcﬁ %fmln&h rﬁélﬁﬂ@neﬂ%bﬁbﬁlb Reid§ 9/ k&&éthyhdene-

ffer the sl urry Include: aspartic aci
1, lgdl-lphgﬁﬁ:l';png;ba@d anﬁ,d@tlmdem@n-awgepﬂg\ta(g}qjhmq@hosphomc acid). The
corﬁfeﬁir%{}%(m@% ?El%h ﬂiﬂgr@g%w%ﬂﬁg ﬁm%}ﬁ g B9 t?about 50%

by Welg_h@ rwdﬁemt;}yrﬁomw §%d:p put Hile &y weight and most preferably from 1% to
-1AG, ] - 2-1m nodi acetic acid,

abﬁ@&_ﬁéfé?ﬂel ‘hydr oxynet hyl ) net hyl am' noj pr opane,

[0089]) et Camobianiimhibitds ol passivalidg @aggntstang Wethknbwhdonyeopper. Copper

o Rl o G PSE A B K58 R0, AhaHANG  FETRY o i
alkblivee pH. The addition of passivating agent to the working slurry may protect areas of
a copper surface not yet in contact with the abrasive article from premature, excessive
removal by the oxidizing agent or control the concentration of the oxidizing agent
reacting with the exposed metal surface. The most widely used inhibitors for copper are
tolyltriazole, mercaptobenzothiazole and benzotriazole and their derivatives known as
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i nvention. [0037] Copper renoval fromthe wafer

surface may be enhanced with the use of a chelating
agent or conpl exi ng agent the CVMP slurry of the

i nvention. The oxidation and dissolution of i
WRRAHOAY by t he addition of conpl exi ng agent g&fﬂ%{ﬁﬁsmsf‘zn
bond to copper to increase the solubility of

di ssol ved copper netal or copper ‘oxi des in water.

azqu %8%%}@;[&% the vvor k'tn g fflg%gs&;gé@ég (ﬁ@ggéﬂengtin part of the
deswed Wﬁahﬁétlld?ﬂcrftéﬁm"(réﬁl@vél ereQ%uﬁabeGﬁl%tbémdl\plaﬁéwty) Dme p@ferred

t he pl anarj zati on of re ed Co Xin
conaaetﬁatsonae it weFKingsiugy @#’g‘g@i Rerr?"c“ a&i)al? W8 inthe ra ange etwden
abduf D8RSR/ hBoutd. 20'%‘ Prefirabty bERRSIATEYYUE 0 850% and about 0.15%

am not r i ( net hyl enephosphoni ¢ aci

andlmngmpr@f@jablmhehwreaboyt 0,057 Wﬂ)@%ﬂir@i W%cid and
[ooﬁmet hﬂ.@?l%P ﬂé“.h@&?féﬂ%ﬁéﬁﬁ%{ﬂ g?é‘ Q%BHQ&bﬁtﬁcﬁh%) :

concen ratl on t he agents 1n
corsenirationmafyaboutg.d % tocahout 09%o hyd!czim*oex Emmplemf swsfagtants included

polfiyEhE Bivson pabibraiehs BvaR HoivoRiakiNlenE bRl RBrTT

polmeﬂwlem lauryl &then pslyokryqibydene aetym;?elg ggﬂggﬁ%«:ﬂ stearyl ether,
0

pol Lﬁ"@o&%’apﬁ]ﬁﬁﬁgﬁﬁwrﬁ ﬁe@@; \ggl ally at neutral or

[001111]I dl Yhe §I|ukr§|df fiwe iptbntibhenadaliss compeise pisssdityanddifiers de athieve a

coalgR geRoIS! S0 B GeBURFTSR o AHOL 2D REMRGNSSS (BTN B Wscostty

mobiiers |ﬁélﬁ&@%[y©x“@ém§§lle\ﬂ%m URISPMBarbla drideCansbei™ avallable from
nt or control the concentration of th oxi di z
B. Fagmi"ch daose shiligs imtherqst wil gpreagiate that spdiarts, V'wgﬂy
moHiﬁS,Fs MdIGth¥r kissveh AdtitiveistRdysbd BAdEPRIAE wdiling slurry as may be
mgl triazol e, mercaptobenzothi azol e and benzotri azole
reqy

i partigdlar aplicalien.known as 11 WO 2004/ 044075

[ooﬁ’gf / U?ﬁ& as@%‘f?ﬁe?m%rﬁlo% ] él‘é?bbff\g:ﬁse Efs@o@w&mmd that

I vat1 ng agent
inhithés thecability of the systara to polishat ieast adedioal of oaeor mare fayees of a

mu[t. @y&&ggfﬁat@' ?Hé:’pbéf%)mr%q gﬂfeemrsﬁ&{ inafle waﬂaﬁ@apﬁg;wteﬁgt n

ercent age)
pemamtggebewbarntheaangn betwes abavi0.82%tand. abowus 20%, preferably

0,
selfoBRSER 41091 AR e 0 BRSNSt 0% anc
abgud®38] The slurry of the invention may al so conprise a

rfa f

00Zo 71858 S5 e PARSRIE L8 e AR ber 1 Esecond tver
ancﬂoi ored MGreaa@lt}m'mil layprs| of @ mpljitiayer sgbgtcaib and at least partially
_ oxyet th oxyet hyl en

oS TS P o RS b SRLB lASBEY B Broferay e
stopgihy @sbrpolid abRast stially isibies the removal of the second layer by the
slurry.
[0044] The term "at least partially inhibits" as used herein means that the system has
a polishing selectivity of the first metal layer:second layer of at least about 10: 1,
preferably at least about 30:1, more preferably at least about 50:1, and most preferably
at least about 100: 1. The stopping compound can be any suitable cationically charged

nitrogen-containing compound selected from the group of compounds comprising
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pol yoxyet hyl ene ol eyl ether and m xtures thereof.
[0041] The slurry of the invention may al so conpri se
VISCOSIty nodi fiers to achieve a desired viscocity of

out 5 cent|p0|se to about 25 centi poi se.
\79528‘%’ %% nodifiers include Pol yoxTM avai | a%?'g%zi%%’r‘ﬂg““
Uni on Car bi de and Carpool TM avail able from B.F.
Goodrich. Those skilled in the art will appreciate

t, f t
el e, SAdES B BTSSR, RhFPefite O SOl
stoprfiﬁgl bémﬁouﬁdsaalmrnblutdul for embl:epeétlom:ally BReged ;ﬁhmgen-contalnlng
slurr ention al so, co se a sto
corRRaIES ARlected rorh 1A PR of FOmBeTS TR SMGArE T dirgs amides,
imid%%' Pél‘?m@ﬁ's IHRASdF, andPdtires tiefreGM@hefeinMlesstopifg Sorfpound is not a
i -l ayer substrate. The preferred concentration in

sulfuh@owtgmmg@r@wmmwr@n@zgh cown%@wca&v Gharaedhas Heed

ner GRS i ;750 g ApoRicablpton at o
opelratingzih oﬁw@wswnsoﬁmamse@bmenm Rreferad simpl@g;p@mpounds

alsc? ﬁ%o@gbgltgﬁ :Egglgiég%rogﬂg'% dirfaBe tcﬁgrgfe'd’f e ﬁg@!collﬁg%ﬁﬁat is not to

or one or
be palisked. of a rrultl -l ayer substrate and at | east

Pl | o

0B, o B by AR S 0 g b Ay o b0t o

slursy imymifogmiyaoperimglthetwafessuirfagar t Thd wetting laigbntt cant lifeecatlomc

L AT S N MR TR T

[oomansm@ QhrrS/ han %b&tsemflﬁﬁﬁabalt lrfloPaz ﬁdwausm tsrePe ahoie prefepdbly from
yer: se r

abou 15°C 10 gheuX 8055 A a0 Biederanlyaiom gput 2036 18 bl B0C.

[004’7"]9f efnegHothért aép%%ﬁtthé‘h%htléﬁ Fﬂowd’ébda Fﬂb‘lho@bﬁﬁ'\%ﬂﬂhy a surface

| east about npound .can

of %lwyfeglﬁwta'é fer feaflwmnﬁa %@ﬁan@'&}or ﬂ?\ﬂ% GemPHSIRY éhﬂ staps of:

conmpogy)d Eﬁivﬁﬁb%@ WafeFchbiprid ngUePflﬂsft nYARERAUESng a surface etched
2004/ 044075 PCT/ US2003/ 034242 am nes,

conprisin
i mnﬁes rgﬁ @é@ a paiteraand gerndsmatasiab geposited onex i syrface of

thereof ﬁwﬁ ter?atl .0ppi ng conpounds al so i ncl ude,
for exanple, ‘cationically charged nitrogen-containing

conpo(idscertreting:dher sesartse negtetipl of empwierdsvith slurry of the

conpri sin S, e , I r
Chercor. ARG Suced iftSon BRAFE witd B HiSlisny BB Sthe slurry
conpound cempdsing asplufality mﬁnloaisaiaiyasiaa'ppanﬁdle@r dispersed in a
azol e corrgf&gpd Cationically charged as used herein

a

neans th fractlon(eg > 1 9% of the stopping
conpo(m)d redafvedy orcvirey thest wafee while the slurry and polishing pad are in

contact with the exposed surface of the wafer until the wafer is planar
and comprises at least one area of exposed first material and one
area of exposed second material.
[0048] The method is preferably directed to modifying intermediate surfaces of a
patterned wafer. The first material is typically a dielectric material with an
intermediate material or adhesion/barrier layer applied thereover. Some suitable
intermediate materials or adhesion barrier layers include tantalum, titanium, tantalum
nitride, titanium nitride. Other suitable intermediate materials or adhesion/barrier
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operating pH of the system of the present invention.
Preferred stoppi ng conpounds also are oppositely
charged fromthe surface charge of the netallic |ayer

[ t to be polished. [0045] The sl ur
%’ﬂ%&%@?ﬁ]ﬂ?my al so conprise a wetting agent {)%15{%206%%4242
assists the slurry in uniformy covering the wafer
surface. The wetting agent can be cationic, anionic,

layqTR Qo pistalsy e, SfiffHegoThe oBfsRffiadatdadiateg with the
firscatdial iehulld paitoradd ateab) Grdoved peds, €@MG, viag ras well as other
from about 15C to abo

f bl
strBhGeS K roq i Ghe SRBRONSHBIcr YoxEa, e SesortbR T i typically a

con@ﬂ@ﬁsf@fna@éri%ﬂ?%bbecfddefrd>rﬁ\tﬁéﬁ|umn sWé?ValdﬁﬁnL&nmhbﬁtéan:opper or
a surface a wafer suited for f g tion

alloys tfaergefngfdf@rﬁreéwaﬂn%r@oﬁ depadicylarlyadgriaddosnedifying condctive
surﬁg)vesr&%téﬂ.él havi r%sﬁxﬂmdlééé“ﬂ'gﬁ:afl s tHBAH bbat 0.1 ohm-cm.

I'n asur ace etched form attern and a second
In geaueeah anef@re@d)dieia@@rmm@tertahaawdhma\@c@e@ptrlet ganstanig{ess than

abd@%e” al; (b) contacting the second material of the
Wafer with sl urry of the invention used in.
[004%9nj uimcthiscaspect, theawpdting slunty quatginingehe isulfenated zwitterion and

'"°"<§%%Ege¢§@8‘%5% Bk ldg érjit}éﬁ ‘9‘%"‘{ oose abrasive particles

urry relatively noving the
[0050)f er Théimovetrteat bétwerep thedvafet a@thegpcpablr@;md accurs under

pre%ﬁer‘e&‘éﬁ%%“g%@er‘si"%ﬁ@@‘*%iﬁab@uﬁé 55 gbbyf 2 gHEBRSHBY yor n o

rangé froxpabeut J. QItﬁbbﬁm 15 psil arﬁhdosulmrefe&aug imh rangeﬂech about 1 to
The net efera

abcyf BoRaroti Helsbane il SI]PQtpadrmav p Solaf GRUEH fovkd agains sach

otheuatnt@rn@é} fﬂ@fﬁu@ﬁ cuﬂammrffaérﬁbn JEgiRl fahidrs atnam-gifdrin manner
dielectric material with an internmediate nateri

el EbIgTyRl § 1oy iation Sathiats TNALWEISy BpIdetgy dhe bass may also

oscldté 3PLVBrateNs GBI bR transRitiRg Bltfasehicambragbnd tHaagh tHe holder
l'ayers include tantal umhgt itanium tantalum nitride

or haseafipuAx@mMPle; githerdhadolighing Pedorithe viafrriath the polishing pad
and‘% %1%“ gréjfotél%erélaﬂ% bstre @the|1§s W@II%Q%W&%%d Imearl)é along

3/ 034242 layers 1 nclude netals, nitrid an

reladivej cgintrys of thawgtamangtrade sT %%@tﬂcmaémqkpﬂ h)rtsnéed of Fafgtion
bet%ggrthé‘\ua'fé}f%dédﬁm ﬁg%ébeﬁka TRAetweER 9Bk & RRB0 A

str ctures t hat roduce a
Prefemed: mtatienad speeds tms therpad aee aha spaed betweens1 Q g de 18P0 rpm,

and®more preferably between 10 rpm to 250 rpm and most preferably between 10
rpm to 60 rpm. Preferred rotational speeds for the wafer are between 2 rpm to 1,000
rpm, more preferably between 5 rpm to 500 rpm, and still more preferred between 10
rem to 100 rpm.

[0051] The CMP slurries of the invention may be used without the inorganic
polishing particles mixed in the aqueous medium. Rather, a fixed abrasive pad
whereby a fixed three-dimensional abrasive pad having numerous abrasive particles
extending throughout at least a portion of its thickness, is used such that removing
some of the particles during planarization eéxposes additional abrasive particles
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conductive material selected fromtitanium silver,
al um num tungsten, copper, or alloys thereof. The
present method is particularly adapted to nodifying

‘3@ dég)t{o\f? surfaces of materials having resbﬁ/ﬁé’ioﬁ%snn

ypically less than about 0.1 ohmcm
general, preferred dielectric materials will have
di el ectric constants |less than about 5. [0049] In

conk P 0B ARG A0 g T LGRS o BBt i

contisrizesi 2opl draiitaou’eabrb@l%(ﬁarfrdl@e ﬁmcbammsbetsmgn d Ibladwaf er

[ooézige,trlg hgg ahl n%ﬂg%%&%cl;ur 7 q?laocﬁggn{ércggng@otlon is mamtamed

betWb&h ﬁﬁ@fbked shvaeivel padeand Mhedfafer amilaoekpdded suefagbefithe wafer
15 psi and npst referabl in a range from abou

is p{ﬁ;‘@mang CORPrises & \l,%sépng 38f SXR9sK s&ganqirg{] cp uc]flve material
and #1858t dleflof ERHESLPHRL BPUicRAHIL matelR, drid thelxpREEd area of

fashion, circul ar fashion, spiral f ashi on
condyativemetarial Aad e expeged @J’ﬁﬁ@éldiql%éiﬂ? mﬁtemalalay Enasingle plane.

The Bl lcf ﬁﬁ%&lr%”nba i &We%%Bgloﬂ%ror%okhﬁtel?ﬁ%ela@ha%ﬁé?s such

oscillate or vi suc by transmtting
as an adbesion or batsieaiayens Usnatyidhe exnposesi dislectris meterial swdace is

ess?ﬁﬁgg) free gﬂ' fn3aht eyﬂ%d I%gé trﬁﬁéﬁ]ﬁ faztr%p rétholdl %Evﬁé %rxc?% Qc%ﬂlctlve

are rotate
mateviat. hAItmmhtwelyA,sre»mMal aftheaneigl layer thayi axpasé pnhl ’rdmg:urfaces of

el f th f el h tat]
theipbRYB1e BReEls” (ronile BodiRuBRY mel Gl Yy 8 Burface of
therwdfesfhlertuelpatﬂlcrmatehalémjm.eernehl laya;rto 10, 000 rpm
[0053@? T/ve 3l ragitﬂ%tplla r&%'e%%ﬁ(‘ﬁqﬁs Ifu(r)ri[ﬁt anvF?% t?ré?r%\ﬁ%p (P rcu%r in
sha eI #g61n tHe oMot an &Efbs;vl@rmﬁg a“hmtrw:ermdgée bﬁbieycuhfalawebfaswe

m Preferr rot.ationa r
disiygredyolarably SrRBti pro Al nEiste e scloperd beahsagve, pite may
alsc‘PBé Ve fornh BNan eval & of Qﬁy pél ridl bhépd@idh 4y tﬁﬁﬁgtﬁlﬁﬂ square,
tween 10 rpmto 100 005 grgThe CVP slurries

reCFﬁGU'?h\?é‘Htth%Hk%aﬁ*'t%@al@ﬁ g resl Abrasie pag mpyrhein the form of a

bru§’l‘i’I Heﬂmrﬂgtr@%ﬁh of S?olmt%ﬂéblly 'i‘eﬁeﬂéd 3l Hﬁﬁé%l\ﬂp ‘H)bli‘éﬁlng industry as
fixed abrasive pad whereb fixed

abraw%apm "ﬁié?l shbrasive sanerally &nayhe IRGEX tmméhe godification process.
Th@?&%&\/é‘ art P:?é Ha?'b%ﬁae‘?%?éi@&“tc{‘ﬂrobﬂbg}& Fgﬁ% t¥oub R &% altasive

portion o hi'ckness, 1's use t at renovi ng
coa@oqsnddbrthﬁebqs&m tolnegmil tha papsgoa o theAlumy,mediupy before, during or
aﬂ%%%!tl onal abrasive particles 14 WO 2004/ 044075
US2003/ 034242 capabl e of performng the
[0054] anaT he intertacefnuessure hetweep the abrasiveasticle aned wader suraee (i.e.,

the%@qtact pressure) is typically less than about 30 pounds per square inch (psi),
preferably less than about 15 psi, more preferably less than about 6 psi. Also, two or
more processing conditions within a planarization process may be used. For example,
a first processing segment may comprise a higher interface pressure than a second
processing step. Rotation and translational speeds of the wafer and/or the abrasive pad
also may be varied during the planarization process.

[0055] Recessed portions of the abrasive pad may act as channels to help distribute
the working slurry over the entire wafer surface. The recessed portions may also act as
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conprises a plurality of abrasive particles fixed and
di spersed in a binder. [0052] In this fixed abrasive
poI i shing nethod, contact and notion is naintained
he fi xed abrasi ve pad and the vvafer
ﬁgqé'g)ﬁ‘wgﬁrface of the wafer is planar and B ézoos%'}un
at | east one area of exposed second or conductlve
material and at | east one area of exposed fi rst or

chafibeln FE boib EeMRYE HedhorHitediu B EARE GRS Bnd bifer dgbis from the
waferaret aprasivaprticle imterfacg! dhplracessed Phriods enaycalso prevent the
phefiainanpa e iy 2t . St A r et ot BftgFEiEnak fo stick to o
becbmeabdiged adm&mwafér@uné@:t ric material surface is

[0056& nD\Mpt%lgcli%/ ﬁ{gécg;@ %@grg Prc eqrg\n,xg\? oﬁtﬁ%qﬁtg\;tre!s %lcross tthe surface of

the ie%f Behd psahshed ra@uaw@crd%% thé Surfdieadf th@]ﬁ@lishiﬁ@’péﬁ(%&‘cﬁscussed
he” surfaces of the internedi ate materi a

in U@ atnN@a SHER 9082 3h86E P, 2304 optiifel 26k 51300, ‘sfiﬁ‘r Petds,790;
e 5855 g o g S septR sl oo,

Varraruonmofsthe weden planarizafion prasess whigh éntploy Ry, @or@nuouSnbelt ora

oo, B e pB8 6 ol iy P, 450 AR B0 ey

subalitutimgna el er yoll ofdgxtbreds tueé-diperhsiofiabakrasiveicompasité ahad working
may. .. al.so in the formof an oval or of any

slur%ﬁ;agﬁ%\fen?ﬁ%pe such as triangul ar, square,

[0057E}Ct dﬁgilémbunta:i the Werldmd@urry\bf thermtantioh appligtetofthe @afer surface

. a ve in the formpf a [ uUs| bel t or

s el S S5 e el &f b afimefll ks iaier frpf the

surfab®, IRGhost Bhsds, itste 38 sufficient sﬁhl‘f%rﬁ@hé apeKifig@slury of the invention.
Abraswetaeroll exe

th .
It willisq P%QPPrGH'aEﬁdo*@é §°mg ?E’Z’aﬁfﬁ 55.%’ u” ngw%aﬁf&g%%thafa

secBRd E%F‘@ﬁ@ﬁrés@nipét%é %n@ﬁ@&loﬁgﬁteﬁﬁé@mcﬁtm t@bh@‘éllu of this
coat i n acking to

inveriiens T%!ISr%PCRB@i ﬁmﬁﬁvue%%theo&iﬁmﬁ gs fhe firgt SgP A mf:o g different.
TheT#rtﬁN I'eﬁé %rfd?é{dérﬂﬁéMSrkh@téWtybféﬁllyaHn@éb Yionakdui Mo to 1,000

and wafer surfac contact pressure) |

milliiigss/einuts, wré?gak@lwal(a? taéegmwef%mw&ge g8 @Q{Gé}r@?ermbe“"een
ab({u%?)(oz Hﬂ[ﬂﬁé@%%u{e‘sss than about 15 psi, nore

era ess an about 6 psi. - Also, two or nore

[00$31 oceEkg ﬂgfaﬁgrfmlﬂh Qitke wafqmrmayabq)ewahaated by ikpawp mortbads. One
prefg?éédt?ﬁet%c? i toFrﬂ%asg.ﬁéelgﬂél ﬁ% \(’ear"?% b the 'iNd?éroéif?l%%h RhicHSHEE Bés a

nmprise a ce pressure than a second
measuve eﬁ é‘onghrase‘band?mamlmabcatansdratcfmar@(chamarfae@deiegtSOThe wafer

sur{ﬁggii% efqr{%ag%c%ﬂéﬁ% ﬁ‘eti& %ﬁ'ﬁf%amdof f‘lg(gg?tgﬁiﬁatﬂeab\ég{ ’I@(ﬂ)

l'anar1 zat’i on “proce
Angstrotiso nore preférablyreagreater pheeomh abgut 400 Angstroras,mridseven more

prefially Mo idasgtinin e S ARG | o7y al'so act as

[0059] There can be numerous process steps for a single semiconductor wafer.

Therefore, a relatively high removal rate of metal layer is desired. With the CMP
slurries described herein, the removal rate will typically be at least 1000 Angstroms per
minute, preferably at least 2000 Angstroms per minute, more preferably at least 3000
Angstroms per minute, and most preferably at least 4000 Angstroms per minute. The
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15 WO 2004/ 044075 PCT/ US2003/ 034242 channels to help
renove the worn abrasive netallic particles and ot her
debris fromthe wafer and abrasive article interface.
The essed portions may al so prevent the

\2939\%%4 %he art as "stiction" where the abrg%%wgﬁu
article tends to stick to or becone | odged agai nst

the wafer surface. [0056] Methods directed toward

e B B S G S A g vt

surl’abe bpingipstcesged. aAltbmugrﬂt sensmilly desirablSto Rave a Nigh.removal rate,

177,908; 29 64: 5 486, 129: 5,23
the Eéroaiel afg prefeabiwilgiot B 60 Malas el aTIsepaiganed siface
f.nlswérm/&etoﬁégrapmeof the iWitferdupRea or ke e entrol YatHeadlasezation
the wafer planarization process which enploy either

pfo%ﬁsécﬁ'ﬁ'PWEous belt or a supply roll of sheet pad
{00401 erT}?é invenfiemis fFthiep Nludtratediinghe mon- IfﬁNn?'eS@nﬁﬂes set forth

enpl oyed by substituting a belt or roll textured,
beleWr ee- di mensi onal abrasi ve conposite and worki ng

slurry of this invention. [0057] The anmpunt of the

wor ki ng slurry of the invention applied to the wafer

surface is preferably sxampledt to aid in the

006 Pl SRl 58880 66 o d BB i promot

copbeommdveal fromksenticariductoy wafers h €oppeewaiessiwerd polishéd to using

cor RSP L B heRGed bl g o ooz

mefer peesdc rlative apiveafer ve?l@dmy)msmgl a&véfelcpressuredxﬂ BtRSj r{ot 20684

LT MU T e X T T
cc ﬁﬁrfrﬁlﬂﬁt(é@tat theT&tihtéH df\ﬁaﬂal'meffolrovﬂhg; rE@vah gatéd inwor ki ng

sl urr% %ﬁ S é es fromabout 10 to 1, 000
nangmeters(righie) alGdef erably 10 to 500

mllilifersimnute, and nor e prefefablRenh@bl\a@N dbout
25 to 250 mllili telsg'frVn nute. [0058] Th?mg,w ace
finish of the wafer may he evaluated hy knn\A netlhods.
One pr¢PEPk Mo AdSIEdd i s to neasur¢ the BF3Yal ue of
t he waf ¢r 15 gil PiparezingN, dtbigle-ovi des a| neas4a@s of
"roughnegpansdiifdnifBig) Ndi cate scrat¢hes or other
sur f ace curfaec s nraforglnl y

nodi fi ed t189ﬁ]2? Hy%?i‘yﬁy')%?rﬂéﬁé """" nd gr reat®t han about
1000 Andisetnanasuifomendd) pref erably n¢ greater than about

100 AngquTspgk, and even nore pref ¢rabl y s8me great er

t han ab"‘étm%n%mﬁaﬂa;p@gﬁesrk%@é&é Theére can be numenous

process sem conduct or waf er

Ther ef oreé50&/rel atively high rermoval rat®4bf netal
| ayer i g 2qR3Mofph6lino)dihtiestitosic 63iP
+ 50 gfl N,N-Bis(2-hydroxyethyl)-2- 520.9
aminoethanesulfonic acid

[0062]  An increase in the copper removal rate is seen due to the sulfonated
zwitterions.
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slurries described herein, the renoval rate wl|

typically be at |east 1000 Angstrons per m nute,

preferably at |east 2000 Angstronms per mnute, nore

referably at |east 3000 Angstrons per mnu

&9&?04W@1’%rably at | east 4000 Angstrons per ﬁfm?z@&/ouuz

The 16 WD 2004/ 044075 PCT/ US2003/ 034242 renoval rate

of the netal may vary dependi ng upon the CMP tool and

the type of wafer surfac processed. Although

it is generally desirabl e%ﬁh%% a high renoval rate,
[00631e r Ehis\exampie shqwsethereffobijveness oﬁth_ta sutfosated zgittenions in

C rom t he desired surf {n sh and/ or
magrg%E éﬁ@“@g ?WS%@@W(?QE% 38’1“ IQ%ke the control of
[00b41e pParpcdphal falllwadERGe Todpdris épﬂrbxm{aié?@@]cmeﬂ cm. The

invention is fyurther illustrated in the non-limting
coppes Was seaned qafhiadially at 48,V iBaaelutiom corieininp 5ﬂr9/lsS°dlum
hydtR88 Le669THF 3bhRcsitdse CAﬂéf%lb%ﬁﬁ\gofheSéHﬁpQF‘ﬂil%s rinsed in distilled

zwitterions in pronoting r rempval from
wates therdpunersed i %eﬁugurlwag&r Saﬁﬁ@né Videcoppern wasagaig rinsed in
dlsH%eratePomTerC' al slurry from FUJ im, PL-7102. The

wafer was rotated at 80 RPMé 0.62 neter per sec
{0063 at Composdionavere prsipatsd:as) ejgllewigndhe\ae@mmmiableoﬂ he

B8 0 BB L, AR g, Sevor

sulfunatddwmencmwemrlesied &dr tlpmdabmﬂyéo htdnhtar_m p‘rgovemmﬁmal hour period.

o r\
ot o SRRt )] e A B0y Sp o G g Agpance o
Pi per azi ne- N, N bi s( 2t 440 5 et Harf@etrf d"sa?&E()j) + 1 Fol
g/I N-(2 Hydroxyet hyl ) pl per azi ng- N H534. O
\4 (:‘l [Idﬁghm fomc—acrd)y— m—g‘/"l' +0.3350 Shiny
E‘erlgézl nol ) propapesui f oni @ amoq‘lm 50 g/1541. 3 .
+ 25 g/l 2-(N-Morpholino)ethanesulfonic 6.03 5.98 +0.3150 Tarnished
acid, sodium salt (-0.05)
+ 50 g/l 2-(N-Morpholino)ethanesulfonic 6.04 5.98 +0.3100 Tarnished
acid, sodium salt (-0.06)
+ 25 g/l 2-(N-Morpholino)ethanesulfonic 6.04 6.01 +0.3100 Tarnished
acid (-0.03)
+ 50 g/l 2-(N-Morpholino)ethanesulfonic 6.03 5.99 +0.3100 Tarnished
acid (-0.04)
+ 50 g/l N-(2-Hydroxyethyl)piperazine- 6.01 5.94 +0.3550 Tarnished
N’-(2-ethanesulfonic acid (-0.05) .
+ 50 g/l Piperazine-N, N'-bis(2- 6.01 5.86 +0.3300 Tarnished
ethanesulfonic acid) (-0.15)
+ 50 g/l 3-[N- 6.01 5.93 +0.3150 Tarnished
Morpholino])propanesulfonic acid (-0.08)

[0066] It is seen the solution containing only H202 resulted in a pH change of -0.38
while those containing the sulfonated zwitterions maintain the pH close to the original
value.
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2- (N- Mor phol i no) et hanesul fonic acid + 50 g/l

N, N- Bi s(2- hydroxyet hyl )-2-520.9 am noet hanesul foni c
acid [0062] An increase in the copper
o0 the sul fonated
5 PCT/ US2003/ 034242 Exanple 2 [006

S5 B4iet

ZWi tter

i ons.

r enoval
17

exanpl e shows the effectiveness of the sul fonated

zwitterions in
oxi di zi ng sol ution.

i nt o coupons appr oxi nat el
[0067s cThisrexampie berdparas lbyffans desoribed in the Hieratutedn those in this

ining 50 g/l
ds. After cleani

invé%@orﬁ1

ng,

sodi um hydroxi de at 60C for 30
t he copper foil

copp

rate i s
/US2003/034242
0%

mai nt ai ni ng pH during exposure to an
[ 0064, Bube $opper foil was cut
y 4 cm The

er

was rinsed in

[00d8]st i Clopder foivaxs ddemediastdiscassid im Exdnspié 2uThe cle=inedfoopper

R S L G
weight bhiteaoppsiYain ahd @ppédrbfice dithe coppérweresetattied®n

cont ai ned only 2% hydrogen per oxi de,

to 6.00. Several

PPt R& 34 ncire andithanaBg p e

the pH adj usted
sul fonated zwitteri ons were tested

Tor t gembosﬂibm Tty to I’rrﬂtlldh}il-ﬁl NnifECO V EFinalpfl 1[VE FIRENT Appearance
peri od. Conmpositionlnitia U—lEHi A .
Hr s, Vol t ageAppear ance of (A 9@5 vg Fng) Cu lggi I of Cu Fol
Hrs.) Bl ank6. 005. 62+0. 3350Shi 697"5()200%2 - oWt + |25
g/l (% Wt
2- (N- Mor phol i no) et hapesul f oni c6. 033. 98+0. 315§ kadepi $hed
| t{-0]05) + 50 g/|
2- (N- l\/b%%ﬂ'bl i no) et t hanesti?f ofi 285845, 9810, 410878ni dhed oty
aci d, @®¥d0s salt(-0/06) + 25 g/l (-1.84) (-1.6%) | Tamished
Z~+ 50 VP bR dirke T Nanesgiag ONi 6972349 Ud.48). J1WisIevddl S NaBlssolved
acid(-0.03) + 50 g/l +0.45)
2- (N- Morphol i no) et hamesul f oni ¢6, 035 §8+8 3100Tar ni shed
Y] gl( F.’c@a_sgimp Phosphate 6.01 0.1949 6.04 0.1975 Green
: (+0.03) (+1.3%) Coating on
Cu
+ 50 g/l 3-[N- 6.01 0.2116 5.18 0.21 11 Heavily
Morpholino])propanesulfonic acid (-0.83) (-0.24%) Tarnished
+ 50 g/l 2-(N- 6.00 0.1771 5.79 0.1784 Heavlly
Morpholino)ethanesulfonic acid (-0.21) (+0.73%) Tarnished
+ 30g/l Glycine 5.99 0.2237 6.21 Dissolved Dissolved
(+0.22)

[0069]

The *blank” composition exhibited a significant pH drift after 24 hours. The

copper was slightly tarnished indicating some degree of oxidation. The composition

containing citrate as the buffer/chelating agent maintained the pH but the very strong

complexing ability of citrate towards copper completely dissolved the copper foil

showing the aggressiveness of this buffer. The composition containing phosphate as

the principal buffer again maintained the pH but a heavy green film formed on the

copper surface, something undesirable in CMP applications. The composition

containing the sulfonated zwitterions-type buffers held the pH closer to the starting pH
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+ 50 g/l

N- ( 2- Hydr oxyet hyl ) pi per azi ne- 6. 015. 94+0. 3550Tar ni shed
N - (2-ethanesul fonic acid(-0.05) + 50 g/l

WPREARHT

3-[ N-6. 015. 93+0. 3150Tar ni shed

Mor phol i no] ) propanesul foni ¢ aci d(-0.08) [0066]

e RS SGbh SRaT

Bhlifed

se

&nge BPQ?mél‘lge?HJ

cont al ni ng

It

bt s o

N, N -bis(2-6.015.86+0.3300Tarnis
nic acid)(-0.15) + 50 ¢/ PEffus2003034242

is

agg;a‘sélmmaﬂabkzw dissohedthe coppertspiesimdne pH cl ose to the

original val ue.

Exanpl e 3 [0067] This exanple conpares buffers
described in the |iteratuEgampletrose in this

er f

8 saipiersilows B8 e
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i as the

Bl (ETEPEE-EDk80

oxndlﬂiﬁgfeﬁ.)%ﬂt arﬁu trbeeffe@isl mhélgwm@h@ﬁs-%é b‘uﬁérs24 hours and

whi £
changes in
loowpeawaﬁéﬁmﬁr

f?'h\é’a% gﬁ?ﬁ@

of the copper foil

gd g fiscpesadiin&xamp

le E The cleaned copper

sar\ﬁ@%’%ré lrﬁrﬂb@eﬂ'lﬁ{heol’dlébl/hb &%bm@ég‘ 'tlBﬁ?orl@hﬁid‘u?é &Q@Sﬁé\/@é@% pH,
apflﬁﬂi@@}@) ofaﬁgﬁmqnod ilm@qhangﬁ@ lrléeigmrgmlgywem;ecorded

st (- L. 0% il Bre wm.arc@t R Ohﬂﬁﬁﬂahw Solution Color
Ctrat e6 OOO 17226] 45D ss @ gl veq &; A‘_E% 0] _
gl / _Pot assi um Phosphat e6. )1%/359 49626%0.|1 after 5 Hrs
(+0. OBDXONE. 3% Coat | nd-@n Cu0.20190 g/3194 Blotchy Lt. Blue >
3-[ N- 62044). 21165. 180. 2111Heavi ly | (-2.06) Greenish/Blue
wfincrease in pH
+ 50 g/l Piperazine-N, N'-bis(2- 6.01 0.1972 5.46 Oxidized Clear
ethanesulfonic acid) (-0.55) | (Dull) Surface
+ 50 g/l Hydroxyethyl)piperazine- 6.02 0.2537 5.71 Oxidized Clear
N’-(2-ethanesulfonic acid) (-0.32) | (Dull) Surface
+ 25 g/l 2-(N- 6.00 0.2008 5.75 Oxidized Amber
Morpholino)ethanesulfonic acid (-0.25) | (Dull) Surface
+ 50 g/l N,N-Bis(2-hydroxyethyl)- 6.01 0.2103 5.63 Dark Brown Clear
2-aminoethanesulfonic acid (-0.38) Surface

[0072]

The composition containing only OXONE showed a change in pH of about -

2.06 units while those containing the sulfonated zwitterions-type buffers exhibited a pH

change of less than -1.0. The copper foil immersed in the OXONE only solution was

blotchy and unevenly etched. The surfaces of the copper foils immersed in OXONE

solutions containing the sulfonated zwitterions were evenly oxidized.

[0073]

Example 5
This example shows the use of hydroxylamine as the oxidizing agent and the

effects of the sulfonated zwitterions-type buffers.

20




Mor phol i no] ) propanesul foni c

acid(-0.83)(-0.24% Tarni shed + 50 g/1
2-(N-6.000. 17715. 790. 1784Heavi |l y

YL

(+0.22) [0069] The "bl ank"

) et hanesul foni ¢ aci d(-0. 21) ( +0. 73@,
yci ne5. 990. 22376. 21D ssol vedD ssol v
conposition exhibited a

g@ﬁgﬁoﬁﬂ(ﬁguz

significant pH drift after 24 hours. The copper was
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t h{
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2}

7

And 50 bib2-thMergketind)eihasesuliericon
vorrposi ti onl m'crai al Phl ni ti a

cob8 W

~CuA pHippeatosnce:

br e f8tor df

b . Very Lt. Blue
Sol uti on

\J I 1

oXONES. 000 TS5 o

OXONEG6. 000

4Bl ot chylLt.

e

Nncr ease

4-(2gg

i n (9% 5

Dk. Blue
D g/ |

D. 18305.

Dull) S
Q. 25375

160xb6.d2 zed(l etry Lt. Blue

rf + 50 g/l
H71 &'@? gd)i Zedggea;

The composition containing only hydroxylamine showed a change in pH of

hane%mno&ﬁgngsﬁgrhéjac{d 0. 55)

/1)(-2.06) G eenish/Blue w
Ei p e 502/ INN-Bls (2yarbiysthy-6. 01
t
} J/r{r oxyet ’1\/I nI perazine- 6

[0075]
about —0.46 units while those containing the sulfonated zwitterions-type buffers
exhibited a pH change of less than —0.10. The composition containing only
hydroxylamine was clear indicating either very little copper dissolution or cuprous ion
dissolved in solution. The hydroxylamine compositions containing glycine was deep
blue indicating rapid dissolution of copper to cupric ions. The hydroxylamine
compositions containing the sulfonated zwitterions were lightly colored showing
dissolution of cupric ions followed by complexation (indication of color implies
chromophores of copper-zwitterion complex).
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N - (2-ethanesul fonic acid)(-0.32)(Dull) Surface + 25
g/l 2-(N-6.000.20085. 750i di zedAnber
Mor phol i no) et hanesul foni ¢ aci d(-0.25)(Dull) Surface +

I Bi s(2- hydroxyet hyl)-6.010.21035. 6
%B&%@“gggr\l- 2- am noet hanesul foni ¢ aci d(-0. 38) g@pgzg(ésmsun
[0072] The conposition containing only OXONE showed a
change in pH of about - 2.06 units while those

cont ai ni ng the sul fonated i ions-type buffers
exhi bited a pH change ofE dihbie an -1.0. The copper

002l TVEKAEPIS ol nefisblor Aol TRyt g and the

effeatsref the dulfonaid kiEitteriohs:typesiffersrafter fongoexposureUtiches Tt aaghper.

i tterions Le evenl xi di zed. . EX le 5,[0Q073

0o " The At BB Baved s Hiebitad T EFBPIR2 o dhé flpaned copper
sarpleslinerd Bnragset inthd folleving cbmpbsitions foh 6 Houkd andtieshges in pH,

ZWi tteri ons-tﬁe buffers, 20 WO 20044044075
change G019 i conpel pieRXROSKISdP the plectialytes) andtbe changes
in sdRutich TolbF Sfe tetokdePl € 2. The cl eaned copper sanples

were inmersed in the follow ng conposition for 5 hours

and changes in pH and the changes in solution col or

W\Cg{ Q:oh(ﬁé"g%ﬂeﬂ- SL?mo sgﬁnhnﬂl thniﬁancUg l"““‘iFEQIipHp Ebgimaricsa.n Solution
or pH - Saftern rs. r# . Q185. ear

(0.50 M NROH) (-0, 43) + 50 g1 1" #Mer PR | "W | coorate

N - bi s(2-5.995. 96Verly Lt. Purpl®s-et han&&u) f gni c(% Wt of Test
acid) (-0.03) + 50 g/l Change)

) a7 S 2=5q85 5195 Ltes BHuer fhopte B

et hanesul foni ¢ aci d)(-0.05) |+ dé?d‘sgll 8 0'20‘2" L. Blue
3- [NNBNBRY i no]) pr apanesul flonl ¢6. 025. G61H . (-5.76%)

+Biowd PBtasspineCitate d( - 0.[06)6.0¢ 50 .2204 6.17 0.0128 Lt. Blue
2- (N- Mor phol i no) et hanesul f oni c5. 986.101Vgfgy Lt . (B4

+ 50 gl/ Potassium Phosphate 6.00 0.2541 5.85 0.2448 Lt. Blue
(-0.15) (-3.7%)

+ 50 g/l Piperazine-N, N'-bis(2- 5.99 0.2108 5.54 0.1760 Lt. Blue
ethanesulfonic acid) (-0.45) (-16.5%)

+ 50 g/l Hydroxyethyl)piperazine-N'-(2- 6.00 0.1851 5.31 0.1458 Lt. Blue
ethanesulfonic acid) (-0.69) (-21.2%)

+ 50 g/l 2-(N-Morpholino)ethanesulfonic 5.98 0.1981 5.69 0.1524 Green
' acid (-0.29) (-36.2%)

+ 30g/l Glycine 6.01 0.2082 5.89 Dissolved Lt. Biue

(-0.12)

+ 50 g/l N,N-Bis(2-hydroxyethyl)-2- 6.01 0.2430 5.62 0.1960 Dark Blug

aminoethanesulfonic acid (-0.39) . (-19.3%)

[0078]  The “blank” composition containing only hydroxylamine showed a —1.18 unit
change in pH and had a modest weight loss of about 5.67%. The use of citrate and
glycine maintained the pH of the solution but aggressively attacked the copper foil
resulting in excess dissolution of the copper. Similarly, the use of a phosphate buffer
maintains the pH during the test but the surface of the copper foil is covered with an
unwanted, green copper phosphate coating which is difficult to handle during CMP
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aci d(+0.03) + 30g/1 G ycine6.015.99Dk. Blue (-0.02) +
50 g/ N, N-Bi s(2-hydroxyethyl)-2-6.015.92Very Lt. Bl ue
am noet hanesul foni ¢ aci d(-0.09) [0075] The conposition
caont ai ni ng only hydroxyl am ne showed a chang
‘38&894/0919.7%6 units while those containing theFChHSZ{BMI[Bh“
sul fonated zwitterions-type buffers exhibited a pH
change of |less than -0.10. The conposition containing

anl r.Qx 1N Ll ear .gndicatin i.t he er
protftses, TR B AMRBratRyfio &Rt bifbis Snlindelast Eoher
dissidhtixjri yntmﬂihlgirf&érpg-lkbétaqrithg@ the_rmelm’ftér%sc()jlgmm.i’ﬂhé p@serfwce of
YGj he was ep.. bl ue indi cating r.api i ssol ution ,
colfefder swifpnetest Alterons-bufRred, Solltit indlicRles some.deares o cupric
corfiplekation athbsée baféreonat ed zwitterions were lightly
col ored showi ng dissolution of cupric ions foll owed
by conpl exation (indication of color inplies
chromophores of copper-zwitterion conplex). 21 WO
2004/ 044075 PCT/ US2003/ 034242 Exanple 6 [0076] This
exanpl e shows the use of hydroxylam ne as the
oxi di zing agent and the effects of the sulfonated
zwitterions-type buffers after |ong exposure tinmes to
copper. [0077] The copper foil was cleaned as
di scussed in Exanple 2. The cl eaned copper sanples
were inmersed in the follow ng conpositions for 5
hours and changes in pH, changes in the weight of the
copper after exposure to the electrolytes and-the
changes in solution color were recorded.
Conpositionlnitial pHnitial CuFinal pHFina
CuSol uti on Wi ght (A pH - 24Wi ght Col or at Ei
(gnms.)Hrs.) (% W of Test Change)
Bl ank6. 010. 21504. 830. 2026Lt. Blue (0.50 M
NH20H) (- 1. 18)(-5.76% + 50 g/l Potassi um
~CGitrate6.010. 22046. 170. 0128Lt. Blue (+0.16)(-94.1%
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+ 50 gl/ Potassi um Phosphat e6. 000. 25415. 850. 2448Lt .
Blue (-0.15)(-3.7% + 50 g/l Piperazine-N,
N - bi s(2-5.990.21085. 540. 1760Lt. Bl ue et hanesul fonic

@&&93490&9}7%‘5) (-16.5% + 50 of| PCT/Y52003/034242

roxyethyl ) pi perazi ne-N -(2-6.000.18515. 31
Bl ue et hanesul fonic acid)(-0.69)(-21.2% + 50 g/l
2- (N- Mor phol i no) et hanesul f oni ¢5. 980. 19815. 690. 1524G ee
n acid(-0.29)(-36.2% + 30gk:
G yci ne6. 010. 20825. 89D ssol%@ﬂ%. Blue (-0.12) + 50
g/l N, N-Bi s(2-hydroxyet hyl)-2-6.010.24305. 620. 1960Dar k

W%%V&%Fgeﬁa&t hanesul foni ¢ aci d(-0.39).(-19.3% [0078]

conposi tion containing only hydroxyl am ne
showed a -1.18 unit change in pH and had a nodest
wei ght | oss.of about .5.67%. The use_of cifrate and
1. o1 yRPHEYIBEH &1 REGEHARE 8 AHEHCR o1 Walet syiad for fabrication of a
serfigon@soddvicex thesllieg comprisiagper foil resulting in
excess dissolution of the copper. Simlarly, the use
of & pRAWRAREdEMteton, rmi ntai ns the pH during the

tesd, buah dxitizingbfane of the copper foil is covered
with an unwanted, green copper phosphate coating

whi®h Rdigyikeardeft to handl e during CVP 22 WD
20Q4/0 sses. The use of
Q4 6@@%@@%%@&% %%gﬁ\éuf

sul fonated zw tterions- ers exhibit nodest
copper optienallyl acheatingagenti nt ain the pH better than

h - i | f I i
{ e SupBtoRd e secniahPRurie e ABBRESNCE D motor 1
Ln}su.cabpﬁonaﬂ&?oa ¢a§8imizgfa$en’pg_r;: ggggl/ egz;iAfgn by gese

uffers. . . |
o1 Betcra rfastins) YRtBsy Foutied Aot 3genfs. ticlRangs. soaps.

a surf ane thd like,anfler suited for fabrication of a

sem conduct ar device, the slyrry conprising: a. a
sul'f ongPlgalys ¢ $bppipy compotind

2. The slurry of claim 1 wherein the sulfonated zwitterion agent is selected having
the structure:

R1R2-N-(CR3R4)xSO3zM
where Ry and Rz may be an alkyl, aryl, hydroxide, hydrogen, a hetro atom ring, an aryl
ring or an alkyl ring structure, R3 and R4 may be a halogen, alkyl aryl, hydroxide,
hydrogen, a hetro atom ring, an aryl ring or an alkyl ring structure, x can be two to four
and M may be hydrogen, an alkali or alkaline earth metal, amine or ammonium ion.

3. The slurry of claim 1 wherein the sulfonated zwitterion is selected from: 2-(N-
Morpholino)ethanesulfonic acid, (3-[N-Morpholino])propanesulfonic acid, 2-[(2-Amino-2-
oxoethyl)amino]ethanesulfonic acid, Piperazine-N, N'-bis(2-ethanesulfonic acid), 3-(N-
Morpholino)-2-hydroxypropanesulfonic acid, N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid, 3-(N-Morpholino)propanesulfonic acid, N-(2-
Hydroxyethyl)piperazine-N'-(2-ethanesulfonic acid), N-Tris(hydroxymethyl)methyl-2
aminoethanesulfonic acid, 3-[N ,N-Bis(2-hydroxyethyl)amino]-2-hydroxypropanesulfonic
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b. an oxidizing agent, c. a liquid carrier, d.
optionally, an inorganic polishing particle, e.
optlonally, a chelating agent, f. optionally, a

con buffering agent, g. optionally, a

§§‘de’ g agent, h. optionally, surfactant ECT’US”WOMMZ
VISCOSIty nmodi fiers, wetting agents, |ubricants,

soaps, and the like, and i. optionally, a stopping

aciy TS ATauRtesfy HirehyBimipE Dhyastcidhobliforic peic. N-2-
hydroxyethyl)piper&zin&RB; {R-hERokyrSaIRiguiftrsic @cid), RiperaBiRe NN isis(2-
nyPiprogaresifshic bl Noi2-EenayhiiereSnd e BosaResuiapic
amﬂ%rr]\gﬂis hgctirgxiiméthgﬂm;tnmgi?éaknlﬂclb%rbp%rﬁésgg@rglcEu@l;d ?ﬂ%ﬁﬂ@ﬁi&hw 2-
Y oR R EBING A Be T oRAnEs ol St d-Morry be
Cyﬂﬁﬁéﬂ%ﬁmoﬂhﬂééﬁlfém@ém@' Myc%eﬁﬁé%&ﬁrﬁdroﬁﬂﬂb’f@péﬁesulfon|c

amoni um_ i on. 3. lurr laim 1
ac'@tﬂ'ﬁﬂ“@@‘gdnﬂml"t@pp@?pl,l %(Cyélpbexsé@nmobrﬁrprgpqnesulfonlc acid, or

Eﬁ/b ge) et hanesul foni c aci d,
%@IeF r phol i no]) pr opanesul fon| c acid, 2-[(2-Am no-2-
oxoet hyl ) am no] et hanesul foni ¢ acid, Piperazine-N,
N gl . A . _
b, BT EOORT AR B ey e BRI
0. 1egﬂitn®bh’at%gdl.f oni ¢ acid,
3- (N- Mor phol i no) propanesul fonic acid, N (2
Hydr oxyet hyl ) pi perazi ne-N -(2-et hanesul fonic acid),
5. N- Trhesglonrd iroeigimet fyHeyain theypH Rariesriromed foaiesul f oni
aci d,
3-[N, N-Bi s(2-hydroxyet hyl)am no] - 2- hydr oxypropanesul f o
6. Ni CThHAsIBy 3PB14INY 4 4ehEreithd mﬂﬁgle@%ﬂﬂl‘é%ewéteﬁi frém thé group

corynq%éﬁogﬁ%f% gﬁg%({% ﬁp@%@\?@ld&&@@mhtes of ammonium, sodium and

potBysliAXiefid bR Pobeesite flrridydnidsd At/ i@ Rroidssitlnh Aiiate,
acid), Piperazine-N ,N -bis(2- h droxypropanesul fonic
amganipm molybdate potassium iodate, hydroxylamine; diethylhydroxylamine,

OX@N%TEN@{/Q%M@HWMEMH%?&! EOTA arhRoRLAPRIES Sitrbte) Firic citrate

ancmmmaﬂw B pralatey uaachydregen pefrXdp eastiLe Peraxisa. benzyl
per@ﬁlki@; dﬁyﬂlftyl Jpeilo)@!é"“bbl;ﬁgeﬁc add, I'%Hopersglfunc acid, dlpgrsuéfuz ¢ acid,

am noj - r oxy tgr opanesu oni C,
lodwldaw@sdﬁaaﬁihﬂs?@ftqnamgym& efesf.aci d,

3-(cycl ohexyl am no) - 2- hydr oxy- I - propanesul fonic

7. The slurry of claim 1 wherein the concentration of the oxidizing agent is within the
range from about 0.5% to about 15%.

8. The slurry of claim 1 which contains inorganic abrasive particles.
9. The slurry of claim 8 wherein the inorganic abrasive particles is selected from the

group consisting of SiO2, Al203, CeO,, zirconia, calcium carbonate, garnet, silicates or
titanium dioxide.
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acid, 2-Am no-2-nethyl-I-propanol,
3-(cycl ohexyl am no) - 1- propanesul fonic acid, or
m xtures thereof. 4. The slurry of claim1 wherein

t ion of the sulfonated zwitterion i
%8%8(8%410?% about 100 g/I. 5. The slurry in C;ﬁc{l/{r{]%?mouzn
wherein the pH varies from2 to 11. 6. The slurry of
claim1 wherein the oxidizing agent is selected from

10 By oE P8R 7 Wbl nobidHoRRE BTN bitfilef 8 Led n the

sluppt assium ferric chloride, potassiumferricyanide,
nitric acid, potassiumnitrate, ammoni um nol ybdate
pot assi um i odate, hydroxyl ami ne, diethyl hydroxyl ami ne,

11.0XCiYie sltiey of elgimm i dehereinaiffenist tneast OHRJ/No H00gNi um
ferric citrate, ferric citrate and amoniumferric
oxal at e, urea-hydrogen peroxi de, sodi um peroxi de,

12.benpyd sluﬁ?bﬁélbﬁﬁ?ﬂ vhieréin e ¥écdrBBR)BUHRr IS 368 of Qm?fi‘dnihm alkali
nmonopersul furic acid, dipersulfuric acid, iodic acid

or glkaline:arth metal 83t of e MenQ. dj o8 iqarkoxylis acid, anramIng agid 9r
[ t l g

PEEpRERLARd, o B HiRign! eRARG PAEo oF kot iereor

15% 8. The slurry of claiml| which contains inorganic

abr ' (1P
18 e T Ty Bf Sl ¢ Sonthinld 8 pheyivathoach Shdheth HeSHBhfe
tol;@tnazxpiepmamaptabegzcﬂhlasolear ban2@8azaBe02i zirconl a,

cal cium carbonate, garnet, silicates or titanium

di oxi de. 25 WD 2004/ 044075 PCT/ US2003/ 034242 10. The
14.s| uTheyslofry of elaim 13 wherein thencoricentration af the pasdivating agent is within

particles are u LH th sl ur, 11. The slurry of
tnef3abls, Befiaellabolit G Ozb R stk P20, 1o 1 g/ Lo T00

g/1. 12. The sI urry of claim1l wherein the secondary

buf al kal i | kal i
5.car (19 Hf Pt <afe T fesdiiaHgectatts opischaty sidsufese: ety agents
lubﬁeamgbngoé}ﬁae%ed phosphoni c acid, or a

ni trogen-containing zwitterion or a conbination

“thereof. 13. The slurry of claim1l containing a
16.P2STHe/SLFrp 6f QBN Y WHRRIR e fhfherataRd isiffom EBJ)MH*OPCQG absut 70°C.

mer capt obenzot hi azol e or benzotriazole. 14. The slurry

of claim 13 wherein the concentration of the
17.pas asmaﬁhw of gl Wh%ré% afidast A stbBMAG cBRIPVERE WRR APolishing

25% and_ about
selectlwty of the first metal Iayer second layer is at least about 5:1, wherein the stopping

compound is a cationically charged nitrogen containing compound.
18.  The slurry of claim 1 wherein the liquid carrier is a non-aqueous solvent.
19.  The slurry of claim 1 wherein the liquid carrier is water.

20. The slurry of claim 2 wherein the sulfonated zwitterions are introduced as
ammonium or potassium salts or mixtures thereof.
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15. The slurry of claim1 wherein surfactants,

viscosity nodifiers, wetting agents, |ubricants or

soaps are used. 16. The slurry of claim1l wherein the
erature is fromabout 10C to about 70C.

g'%%?“yo &Sclaim 1 wherein at |east one stopp}ﬁy&%&m‘mz

conpound with a polishing selectivity of the first

netal |ayer:second |layer is at |east about 5:1,

21.cnat oty B S8R R Wfiralf 3 B 5m 50 ftS B5af B f@ugkier the abraded

metdl. claim 1 vvherei nthe liquid carrier is a non-aqueous
solvent. 19. The slurry of claim1l wherein the liquid
carrier is water. 20. The slurry of claim2 wherein

22.t hetiga $iligp of @ldmi WiviHeRdih BN il &tirg ddent lscsévbowd fréfngalts W citric,
or potassiumsalts or m xtures thereof, 26 WO

'mlma‘PQﬂM@'W"P@FV'WQEQ)WQGQ wlnotm@emylﬂnpyh%pr@m afid) 1-

chal to sequester the
hyd]rgil‘ﬁgﬁ)glb@néﬂ F& @bbﬁlg?w %Flre;h crl laim 1 wherein the
ammeata(mgtlu@@ﬁphwvhgalcéaeldal andghycisigl ts of: citric,
i m nodi acetic, 2-am noethyl phosphonic acid,
am notri (met hyI enephosphoni ¢ acid) 1- hyd
23.r ox'plta $iyiry obdeint 1 whegigin phestiing agentas d:atitbmic,r@rli@‘lie.tndnioninc.

amﬁﬁ% %ﬂﬁg@ﬁ%lﬁﬁgqg&mﬁgg%p c) acids and glycine. 23.

urry 0 érein a wetting agent is
cationic, anlonlc noni oni nc, anphoterlc fluorinated

TG Y P T AR A

serﬁi@ﬁh@mdu!uvm cdmvprtsmgammtewofg the steps of: a.
provi di ' a first terla avin

surdac® Cgﬁ@ﬂ%m%f\fqrﬁeﬁc rr%si{{qogflgsé Fr}gteo{ﬁgj aving a ace et %eg to form

mat er i @l paieRPand 8 eSO mahRiabdéposred olerithe slifagd of the first
mat er i aI b. contacting the second material of the

waf er \m%ﬁr'ﬁiol ishing pad in the presence of the

Wori N@oftabfing/thefseebid MateriahBfthe. wadtel @ith ¥&llshinPyad i the
the wafer or polishing pad while the second materi al

is In P&Qﬁﬂ’ﬁ%f’fW%"I’P%‘"E(ﬂ'qrﬁh‘i’f@a"ﬂ)‘aﬁal']‘ til an exposed
surf aC‘?eIQﬁvélyhﬁ\o\’)ﬁégﬁ? {N%fé?ld'f‘ sthugg{1 an\gﬂm ’cl‘r%es%ceﬁd alis in

one area oOf ‘expos I rst teri one area
expose@ogtggb\ﬁ@ awolishing pad until an exposed surface of the wafer is planar

and comprises at least one area of exposed first material and one area of
exposed second material,
wherein the slurry is comprised of:

(a) asulfonated zwitterions,

(b)  an oxidizing agent,

(c) aliquid carrier,

(d) optionally, inorganic polishing particles,

(e) | optionally, a chelating agent,

) optionally, a secondary buffering agent,

(g) optionally, a passivating agent,

(h)  optionally, surfactants, viscosity modifiers, wetting agents,

lubricants, soaps, and the like, and
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wherein the slurry is conprised of: a sul fonated
zwitterions, an oxidizing agent, a liquid carrier,
optional Iy, inorganic polishing particles,

a chelating agent, optionally,
g'g) ?%@Z%’Oﬁbufferl ng agent, optionally, a pa g?’\‘)%%"?%”é’““
agent, optionally, surfactants, viscosity nodifiers,
wetting agents, |ubricants, soaps, and the |ike, and
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st oppi ngﬂcon'é’ ﬁ%@allg;c% &ﬁ@'&#&?’ﬂ%ﬁ@f(g? aiofn Izznahe?/ei ﬁ
t he pollshlng particles are in the conposition.
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claim 24 wherein no polishing particles are used in
'n11. 28. . The t hod of, claj.m.24 wherein the L.
58, meton.af Heima iereld 6 olfiindclen afs ighd onuthe polishing
adhe slurry conprising a plurality of |oose abrasive
particles dispersed in a slurry, the slurry
contacting the netal |ayer of the wafer by the

27 aPPTRE R dtlcidife4 \Dﬁér’eﬁm{n‘g?u%ﬁﬁh p%?t;clég“%erq%%mﬁc@

claim 24 wherein the first er| ctr
material and the second nmaterial is a conductlve

28,18 nat 'ﬂ{é @btho%%f cHiYA ﬂ%ﬁ@@.ﬂ@ ‘Iﬁbﬁétﬁﬂ$éa ﬁéél‘ 4 Qlﬁr anda

urther conprises a overlng
polwm@r D@d,rthe SW@OMFIS"@B pluraditynaftionse aﬁrasVapmrtlz@,s dlspersed ina

sluwg She'sh, nvf’b%n?é?fﬁﬂg e ?ﬁ%tdmﬁa%g Ibfs’f[he'v?af%rf &{ﬁ?;ﬁ%&;hﬁloﬁ% He

lected’fromt group c I'ng
polishingegrad. al um num tungsten, tantalum tantalum
nitride, tungsten nitride, tantalum oxide, tungsten
oxi de, silica, copper, or alloys thereof. 28
29. The method of claim 24 wherein the first material is a dielectric material and the

second material is a conductive material.

30. The method of claim 24, wherein the wafer further comprises a barrier layer
covering the dielectric material.

31. The method of claim 29, wherein the conductive material Is a conductive metal
selected from the group consisting of titanium, silver, aluminum, tungsten, tantalum,
tantalum nitride, tungsten nitride, tantalum oxide, tungsten oxide, silica, copper, or
alloys thereof.
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