FRI CTI ON REDUCI NG Al D FOR CMP BACKGROUND OF THE

| NVENTI ON [0001] Integrated circuits are nade up of
woédzitenss of active devices forned in or on a PCT/US2006/041420

substrate, such as a silicon wafer. The active devi ces

are chemcally and physically connected into a

substrate and are interconnected through the use of

mul til evel interconnects to formfunctional circuits

hi one manufacturing process, a dielectric substrate

Is patterned by a conventional dry etch process to

form hol es and trenches for vertical and hori zontal

i nt erconnects. H(} éh}ﬁg@ﬂ:fmggﬁq:éﬁdgpn

optionally coate th a diffusion barrier |ayer

and/ or an adhesi on- pronoti n&FI a fol | oned by

deposi tion of BASKAROENE OFcT EIWE%TIQMnChes and
[00012%‘3 ﬁgtyeggem&al TRERAAL 6B of RRNoRD b ferfveMakide f(?%}?/egrm orona

fo reduce esso nmet a
substrats, mhlas asilidos wifec k’ﬂ@@twé dt:hecsiarﬁfctxsmmallyand ipbysically connected

into a s %/ quhes I eoc? aye Ighq}ge eyo%rm\aﬁlﬁ]?vigtgltt?rg?r}ﬁeﬁté to form

y|ng EXpPOose
functlbxlim ccrcmchl In aﬂxe\mmfadtﬂﬁk@ﬂ»robesspmeMec&ie substhateiiCpatterned by a
trate i.s .contacted

ol i in ,, the surface.o
convefyfonel A b Biossr BoRmBARles GRS SR ot Yectifaignd horizontal
intercGHEPRN _Hl’hx_fe,pa&uﬁhii aﬁrfiben@ khéilfbﬂﬁglnﬂ@ﬂcoa‘?éﬂ ilvﬁh lal@ffusion barrier layer
co sitions as olL.ishing slurri
and/ox SR AdRSHIOY-FEORD AP 24 ek B demoariog o armsﬁa{elséfafefe@l the trenches
and h&led. UCheénicalghedliai e Bb]nﬁﬁlng @MP§ iy thas emBloye@ité Addubé the thickness of
the surface wth acgglsmg ad saturated with the

the metal layer; ayyweld ap B thickpessof dha Ubsion haaialaxer gnd/opadhesion-
prom(ﬁf?llg'lﬁﬁér Nhtfl AP rdyHSdidfeBricNMHI RS edRsE&ARES fUn‘hth the circuit

surface materials of the substrate being polishe
devicgj t her by converting the surface materials to softer,

r il f .
0007780 A R T U I B st i
polishang ¢amnpasitianhandaopel shing cvatrenént| swhc%@rpdlishmgqiaﬁs Rohishing '
wmpé’szt?‘%n\/sgélsg*ngakﬁ RP%%H%(SZIPF?%%§P gc%gle cEﬁIa% LI?LBQ‘ra&Ug nafdrial in an
aqueoaplugar iuﬁhm'ﬂ aphkeditor asirface by colnectirig ﬁhnsdrface with a polishing pad

rfac oftepollshn 003 'cti al o
sarurafed vl e ol stiRp B pB B . CRGinichl S hoats o e pfHing compositions
are thaughs td whet with fadsceanatetihie of thefsabstraié béihg ppulslinalh Eitiger pgtonverting

ith a pol]ish osi.ti nt r ebhet ween .during the ..
the suffyt uieR8ls 5 B8, TR SRk PP B MY bt B el which
denvaﬁeusi ae glbai lléglofveﬁ B?dn@:]lchaﬁlﬁﬂ a‘&tigﬁ bf &te&b‘r/zis@vdgaﬁﬁﬁﬁl &id/drhtBe
es SCr n 0 t.he subst.r apra
polishite Rt PL 1P SrAETBS SUTG P HE 4 el AbF rermgved by mechanical action

alone.dRi @ﬂanaippmaﬁénst bR abedshvacqn/bauhged QR bl€aceWTshe ﬁél%hmg pad.
n additiaon, frictional heating of the polishin ad

|
(0003} e foghipaslfpregs Fotpliingdeam dhrrelatig mesiqg ofthe aHstraigurface and
the suffatd &if the pSliétAhEPAEVith@ polishing composition therebetween during the

polishing process can lead to defectivity of the device being formed on the substrate via
damage of the lines by scratching of the substrate by abrasive particles and/or the polishing pad
and via delamination of the surface layers from the substrate. In addition, frictional heating of
the polishing pad at the pad/slurry interface can lead to premature pad failure. Strategies to
reduce frictional forces, such as incorporation of surfactants into polishing compositions, use
of polishing pads composed of softer materials, or reduction of force applied to the

substrate/polishing pad interface often result in the reduction of removal rates of the materials



reduce frictional forces, such as incorporation of
surfactants into polishing conpositions, use of
w@eioraingy pads conposed of softer nmaterials, BET/US2006/041420
reduction of force applied to the substrate/polishing
pad interface often result in the reduction of renoval
rates of the material sbeing polished, which can result
in increased processing tines, thus reducing
t hroughput and increasing overall unit costs. [0000]
Further, in efforts to reduce the capacitance between
conductive layers on microel @&tronic devices and thus
being h&&h@ﬁr\gﬁﬁ%ﬁ cm ?esf.lfthq Hﬁ?&%e@gfo%g ﬂ% @ﬁme%’% egllﬂcg?% throu%hput and
I Ces can operate, mater havi ng Tower diel®&ctri
uwnmmng@Namﬂsnmmmmmthe connnnly used silicon dioxi debased

ieI rics el e ed to rOV|de tric
oooof', 1 55H 5 BB FFTeRBe PR b DR B g R ke on
microéle@rdi¢ devicesamstthmd toriatreasecths ﬁtegmrmyldrypaddcdt Mﬂch the devices can

ani.c ma and org ani c
operat s BN E PIE PcE o= Raldnl Br REBPE Bisgblicep dioxide-
based Aledébtii€s 8 Being AoV toprevFidakiectrithl sblatiamb&wyepn Cirusit lines.
non- porous, Such materjals are ne&gﬁnlcally softer

or
Examplgs Af lowy diclssin copsdat matssglsdyrically meludegrganic polypiep materials,
morgaﬁ?csér{d/orgm @6£bud \did1 @i etk &Rl RAN bRAMLEA Br cdrhpd¥telodlgdic and
esirable to incorporate |ow dielectric
morga@mn@mﬁ@lsmb@h AP HeiPRTANSE MoBToIRNS: STuch materialy ate meghppically
soﬁer dnl 4111(9)%' cﬂgmﬁp lbﬁsédchxl':’l%btln'cg Gnd B HORVGRIY @8hged during device
em cal - mechani cal polishing (CW) systens %

manufpgmr@ hit iepulchbe bighisadasirabletth énqosparpteiloy dirlostae §0@ﬁmt mgaterials into
semlcgr?dUc?oqllg#ig&%s \Wﬁ eesrt lolgé? §l§lE 9 Ptlilge?)&g]cogwﬁﬁbné d?l%?ﬁical-mechamcal

remal n chem cal - an ca shing conpositions
polishﬁtg(@ng) syseenesxfor ipbli slngg tmd;ucfade 6f the tresoitipodemiees during

Substrat es rc:%ngShlng conmponents. These and ot her

Smn'% vanrévesr%P TREE nvention, as well as additiona
[0000] NV éI’ﬁUSye né@bitetaiiss, fomlhémlbel-mpcimm'al pblishing ¢renpositions and systems

descr | | n of the inv |on8§{ov1g§d her ei n.

BRI EF
exhibigin S92 G RBSHTERI 16D & PEIRATS RS 5“5«9?%51 other

advantugedeniheahvertionaai weéll apalditdiad eyt vereatunes, pall rbahbﬁ@eﬂt from the
substrate conp r|S|n3 a) a polishing conponent
descriptipn.pf (g IRYEIHOR RECY B¥nsi sting of a polishing pad,

an abrasive, and a conbination thereof, (b) a
wat er - sol ubl e BRIHR:&UMMAWDG)MTHE IN’VMDL@N

10001Fy; 4 FentiBborkist & RsraicRbieaanichl epligupg SysporhFr folishing a
substrﬁﬂéb;‘é(‘rl’p@isﬁ)g @4 péﬂéhlf«l@&(ﬁﬁporv&hﬁéeﬂbdled Eembthe gfoudp®nsisting of a

pol |sh|ng systemis 8 to 12. The invention further

pohshmgom a8 abrarwe iy atoreBaiihetrofebha watearselpble,piicie fympound in
an maués&%&éh% tpmh&@o TR{RGr $RETR Irolf%s?@»T (® anqsaaa@ﬁ{gl d8nfhat oxidizes

substrate w a _chem cal - mechani cal poli shing system
at least pags of 9isHbstaty, and (I Water. e eedndemgi of ghe Ié%’tsb’dlgfsb’étﬁﬂ g to 12.
The iffVeRPn ARARE fdvidks A m&hB@ b SiiniiZally-mechanically polishing a substrate,

which method comprises (i) contacting a substrate with a chemical-mechanical polishing
system comprising (a) a polishing component selected from the group consisting of a polishing
pad, an abrasive, and a combination thereof, (b) a water-soluble silicate compound in an
amount sufficient to provide 0.1 wt.% or more of S10;, (c) an oxidizing agent that oxidizes at
least part of a substrate, and (d) water, and (ii) abrading at least a portion of the substrate to
polish the substrate, wherein the pH of the polishing system is 8 to 12.



pad, an abrasive, and a conbination thereof, (b) a
wat er-sol ubl e silicate conmpound in an anount
wa@do7itedient to provide 0.1 wt. % or nore of Si PCT/U8300a041420
oxi di zi ng agent that oxidizes at |east part of a
substrate, and (d) water, and (ii) abrading at least a
portion of the substrate to polish the substrate,
wherein the pH of the polishing systemis 8 to
12. BRI EF DESCRI PTI ON OF THE DRAW NG [ 0002] The FI G
illustrates a nethod for determ nation of the
coefficient of fricti on for & chemi cal - mechani cal
pol i shing pr FRORESERHE bRN E
I NVENTI ON [08%§]§§T [ nvent| on provi des ngEH
[0002} herithealf IGmléurmta;aI mgtbbd &4 deterininaonaf shepnafbieipnt of frgtion for a

pal i g a water-soluble silicate
Chemlcal 8‘3&%81 an a%)p % SBufficient to provide 0.1 wm.%

or nore of SiO, an oxidizing agent that oxidizes at
| east part RETAISERNESCRIPTION (&t BHE INVENTION he pH

ft ol i 3 ..
oousE, % RPLGHLASy BLES SRSt by TN VBTN comprising
a poh:mixhg edmpxgxenq rpestet-saablefsilichee @Immiund lin am amanntcsuifficient to provide

i shin tem The anpunts onent
0.1 wi¥ oo R 31, 38 iR AR, oot @it ot RP Tt O popatrate, and
water,Pohdreini thg pHGTARS pblishing $YsRESisE tbelQNI B wakegnd zimyecqmponents
t he wei ght, of, t he wat er ngd any onent.s, di ssal

dissolyed qr {5 BRSSPI g RUBHPERRBIRBIOEA T BRI Shgchanical

pohshhrsg SR8t Bl ArhOEAL BEtHE RHPoREHRS ké‘diﬂeﬂ Befin &eﬂﬁlsé@&h ﬂ@ total weight
an abrasive, and the conbination of a pgl i shin

of the@saslsma comPaniian Poless qtheririsemied (e the Wsight ahthe wier Fand any

comp&%?ssdds%l%rbr%sﬂeﬂd@@meﬁéih)t able form (e.g., abrasive
articles). The "abrasive can be fixed on t he polishin

[0004Bad Hmpcdmhmrpoquﬁmga selpgted fom theerormernsissips néiagolishing pad,
an ab&h@e H%e chﬂﬁmQQbﬁ §hj Bshslﬁh?lg Sl arfCarPdbYasivh. L @3h Gbrasive is present,

p0|S|ng pa are known in the art.
the abi@d)@B;anmsn aby alslrtabée fmm (see..cabyasivs pagtitles)a ihgsibyasivefasn be fixed on

the po%)éﬂqg Gd aL&]/Sr éné{ngi g %ﬂatg %o ) %rg[ ﬁlﬁp?ﬂ?(}egéﬂttl%e&hﬁr 'f‘ﬂgpohsmng

np rise car
pad canavebory rudtabhe p@ﬁdhing @adi,i rhany dfhwehigh asessknogviaingbe en be a

oly artlcl copf.e arti cl e, e abrasive
[OOOSE o flgebzrl{))'asxv Se:ez%‘ny su1ta graglv&e orlggcalingp 61} abr;t\shve can be natural

or synfiedtial arﬂi(d:aih&:olniprse |n&ﬁil€tdudd’ ombidee nigride) maﬂmmmm ragd dlie like. The

al'u ceri zZirc -f.ormed product
sbrasif P et b8 A FoBaRGITAEA 5 AE PRAFLOI o d RETPETFRSrably comprises
a metgldxideC | rgfetahdy,ahe iry-:tdl imﬁigam sﬂ&@écage?mretgi'@i;ﬁc(ﬁﬂsi&ﬁng of alumina,

,. aver article dianme of .20 nmto 5 m )
ceria, (SlifHeri i, SRS IO PATDE Al SO taTS Hiraedo J0e abrasive
partmﬁ:@ﬁﬁh@dlgl Isdvé @nQAlverd@e paiticle FL(elH) dverdge, paf‘tQ:l@ ﬂiahﬁzté’rﬂ@f 20 nm to

of 50 nmto 250 nm or 75 nmto 200 nm

500, Breferabl g sheabrgsve sadtislssbavedn PYFrﬁgﬁeP%Plsﬁﬂ(e. °fé0 fm to 400 nm
(e.2., 406 oHOOIRA, 3511506 Fo BSERARPENEAm to 200 nm).

[0006] When the abrasive is suspended in the water (i.e., when the abrasive is a component

o

of the polishing composition), any suitable amount of abrasive can be present in the polishing
composition. Typically, 0.01 wt.% or more (e.g., 0.05 wt.% or more) abrasive will be present
in the polishing composition. More typically, 0.1 wt.% or more abrasive will be present in the
polishing composition. The amount of abrasive in the polishing composition typically will not

exceed 20 wt.%, more typically will not exceed 10 wt.% (e.g., will not exceed 5 wt.%).



of the polishing conposition), any suitable anmunt of
abrasive can be present in the polishing conposition.
wayrasdihy, 0.01 w.%or nore (e.g., 0.05 wt.%OT/URINE)41420

abrasive will be present in the polishing conposition.

More typically, 0.1 w.%or nore abrasive will be

present in the polishing conposition. The anount of

abrasive in the polishing conposition typically wll

not exceed 20 wt.% nore typically will not exceed 10

w.% (e.g., will not exceed 5 wt.%.Preferably, the

amount of abrasive in the poMishing conposition is

05,wt . % t o Rt °

Prefer lyo)he f) %b\ggsﬁo atﬁg Rgﬁghqr% g%)@éﬁgé% ISQ)&S Wt A; of)w} %, and
moreﬁr&fdrﬂh&@lpﬁ%ﬁhlhgrtpfad (e.qg., polishing surface)

100075 Tt S B e Stk PR B . Bisning urfco.
Sunabml)dlﬁhin@g)a@ﬁﬂaluaa O£ OERIPIE Bvaidi afid hérablovep polshitis maills: Moreover,

ing density, hardness, thickness, conpressibjli.t
smtablng?ﬁﬁmyg PRISCEB SOmEN BN HUARF eslymsy of v ?ltwsb s, thickness,
com r@Ps%ﬂlHls ablﬁlijl th @@Ao@m@ Qbaﬂr&hﬁpﬂeﬁb%dl ded dﬂﬁrembﬁuﬂus Suitable

pol yvi'nyl chlori d gﬁv yvi nyl fluorid nyl on,

Polyrﬂpﬁu@@e%rf?fcﬁ#mplﬂ , pelyviorirlend epapvég%ﬂuorm pepyflugracarbon,
polycaﬁ'gl)ﬁ/a% HRyesk?) M&Mlﬁﬁepolgeﬂmﬁa gﬂ)&{e}’ PSS hIARE polyurethane,

yrene, propyl ené, roducts t her éof,

polysmemqampeglenmqoémed[mws tlmeoéoqnﬂgmwe% thereod
[00085\1at orhe O[I?cﬁlbs ‘&%&F{eﬁé&nlﬂ&%s%s §' ld grago Qgiﬁ)igyl@% }Gg?d The water-

| cate COfT'pOUI’] can e any Ssul
solubleatlimateswimpsiusd sah be anye swtabpowatgr-selublersilidaje cqrhpound. Desirably, the

water-\é’s\?*alggeés?g%a@g% é&LL 1@%.8 aﬂ%ﬁ\%g%{gfrjs_ig%}tgn Iaelféﬁlblt{ﬂ%t&%ter-soluble
silicate compomali issebetedcﬁami t}ier group hmsgsthup)fqmttssmm silicasé, sodium silicate,

poms%géé%ﬁqg]ﬁl Ialn ﬁa ¥ Odﬁwﬁ%tég :l\ﬁ%tg%{r%fg akgf, ihe water-soluble silicate

comp@hﬂlfiepaﬁkslumtdﬂlﬁacawt er - sol ubl e silicate conpound is

ot assi um qubIe silicate
1000950, B 3o LG S pRPOLSSHHEHE TRABR Btk G icperan be siicat
glasseS] bufoateegleésa§ &&&ypl&my piebered b3 IH S tedfiperhtupd ﬁl@ioln)bf silica sand with a
r epar ed e fusion of silica sand

suitab{g glialy mg pawpgurgi i r%w@eﬁﬁts&ﬁ gofessigm caghanateh,

[0010f 2" bAREBORIbIPALiBfEd MVQRE BaEAA1GDrm I8 R4 mSiO, nH,0, where M is an
ter-solubl e silicates have the general formula M

alkali aratpleierted fragp diceropp sonpstgiofispdivet: Rptasgmanddithiugand m,

referrécht% z&r@y&oam' AMd DNerehe AQHbEBS rﬁateglassmy ﬁnﬁq{%?,tr@dp@%vely, per
m referred to as the nodul us, and are

mole ﬂfJMb@r Tate mesiudus ulsﬂ@znaha rajof $ig rfeMfoeWB weight atip @f SiO; to
M,0 %OQOEJH&)IP%%&H #5dditse thi %oﬂl?t)ﬁhoﬁ 3F b@te‘?fsolgb@alk&h metal silicates.

ratio of SiO Is al so comonl
The meslatistro cambe ambsntahlae rasitpesionzene rnbea(@e- 3 e myire), typlcally 1to4,

and e Bploel o ek 28 RS2 20O B2 0 *71 o more).

[001 11 ypi Inad ﬂ:ry:fetraimnthodandltnﬁlesvatyrpscﬂuhlb yilizate@ompoand)is, pcﬂagium
silicat'é %a\?r’fn% a general tformu'la »0O-mSiO, wherein the modulus m (e.g., the molar ratio of
SiO; to K»0) is a positive nonzero number. The potassium silicate can have any suitable
modulus. Desirably, the modulus is 1 or more. Preferably, the modulus is 2.8 to 3.9. More
preferably, the modulus is 3 to 3.6.

[0012] The water-soluble silicate compound is present in aqueous solution in the polishing
composition. A method of providing the water-soluble silicate compound is to dissolve a solid

form of the water-soluble silicate compound in water to provide a solution. Alternatively, a



[0011] hi a preferred enbodi ment, the water-sol uble

silicate conpound is potassiumsilicate having a
w@eoenadiis or rul a K20 nSi 2 wher ei n t he nodul usP@T/(82006/041420

the nolar ratio of SiOto K20) is a positive nonzero

nunber. The potassiumsilicate can have any suitable

nmodul us. Desirably, the nodulus is 1 or nore.

Preferably, the nmodulus is 2.8 to 3.9. Mre

preferably, the nodulus is 3 to 3.6. [0012] The

wat er - sol ubl e silicate conmpound is present in agqueous

sol ution in t he polishing coﬁposition A net hod of

concs - A B8 D 5 S o AP BB f i e

desire@ QBM&dtldnﬂoﬂ\&E&VatérOdetﬂh’ bﬂh&at& cdflpatth@ i solution. Various grades of
Alternatively,. acaoncentrated sol ution of

potassggp &flegts; AP BT FESHE SLIBHPRL R EF AT Vit sppgreally, wherein

the soRBfoAs AreldhBradsized dy tsRAEN AL B8RS of iR s\ﬂ?da%s-lﬁ@dl ubiheir
silicate _conmpound In solution. Various grades of

prepargfipmasi Wit asi Wi %o 102 2R W FaiKak) i N2:295the splytipph sZacien, Inc.
(Clevé’l@{de oY fndPQ 'dcfi"pérﬁtl@@m{ég' by, ’PA’)hﬁé &8 nidj$t suppliers of both solid

solutions are characterize the ‘particul ar nodul us
forms ghd selatigns ¢ﬁmtes§lu§%é@wﬁtﬁ aﬂﬁép uprsheateit i on, as wel |l as

%
[0013)2't Aﬁl&}l@.ﬁ g&\q aﬂﬁn ﬁjﬁ% 3f58 6'%1%& ‘gg%{xéﬁb} hydrothermal
processea leeyelﬁ@rsgs:onmgmdc €. 2 WBiOm jsaurce ispohéted withfagbeaus solutions of

potassz%é :h dlfo%c{é:':‘%na ! c&rf%ﬁ(idgﬁ leQ)‘ate%qgrﬁggrla %Ji/io 8’} 1@9 dExamples of

m Si queous” s ons o p assium
suitabld hydeethernad] pooaeaseser protiadtivmcb flaguénidrsotutimnsat potassium silicate are

) r oc e j SilJ joxide (e.g., SiO)
d‘Sdog‘?fﬁngzgi Eétfr‘égg@é%ﬁwdéq%%;ﬁ@-sm uti ons of potassium
[0014]1yd rThe ;ﬁﬂ:shﬁ@&fonqmdi'ohidfmlse mfhshh@vs@t;eda éae]rmmr&tsu fa@y suitable

amouxbtr %/é]é%g/ r@?-gsu{;&ség%(ﬁ? es Of Z(gelé‘%%gf ! heé{ﬂ% water-soluble

silicatp @bmpSuntdprekdrit Gt ;ﬁmehﬂg&ah@aadon s é:tpisessaahsembmex ght percent of

and 5, 0014] The lishin .
810, n,rswﬂségy. W ateT- Pﬁ'@gkoﬁﬂe%% ehase H“ég?r&??léﬂéel%‘ﬁff water and

any céibpdreilsQliAeREatth&Eint NEwWIRbe in&?btdbd ehat kid oRhla “Si0,” is a formal
ound. Cenerally, the content of the water-soluble

represgnqg? ipny tocallay i thel capWation of thepmoupbef waterrsolublesiisats %ﬁnpound

use‘fulI 1ﬁ R PEIRBR LA dstoneL fhles PEF BB RburRE thark¥r (B rgO\éhg&ng RYlutions or
he wat er-sol ubl e silicate conpound, based on

solid fioana Pt wetegtieluble silieate C@mao'aﬁi; Of FAMOHFIPMRPQSitiong |a9 éescnbed herein).
- r - " i "
TypchB.lg)e, éﬁe% %élﬁg{n%dé%%gh 2 Opﬂsgg g.\f’f’lbi%&\/t &'grér fsﬁlrumél Alicard &mpound to
providsg). t wt&b pomoog (& £1e0.2hovie cofmaret®e? Wtdb abmere il we¥tar more, 1.5
o u e ol it )
o SERBRPE USEA phho 100, KD OIS0, profrvly comprses
sufficeot whieossluble sslmctatdcdmpmddb pwa»tiéq: 8 30/% ok Eess (¢.gcAtvg.% or less, or 4

wt. % rol:tl.gso %}p g&ef:obf Wi, a/r PP fé%) o?@? oﬁg’hsﬁnﬁg édsﬁ?o% most preferably
comanN‘@tZSS\&’s%smfﬂ‘ wt:%e 1i¢. gwat5€wt %otbwbwe%s ot il @\Ett% te dmpunalf Si0,.
[OOISi)_o5 o })q%hgl%cogpo%t% o&?lée? p(?%{%}lg’lg’ s]?'9§§12n5wvr\41prg/§,)e(s)raln TRIdE izing agent
that oxidizes at least a part of a substrate. Any suitable oxidizing agent can be used in
conjunction with the invention. Suitable oxidizing agents include inorganic and organic per-
compounds, bromates, nitrates, chlorates, chromates, iodates, iron and copper salts (e.g.,
nitrates, sulfates, EDTA salts, and citrates), rare earth and transition metal oxides (e.g., osmium

tetraoxide), potassium ferricyanide, pbtassium dichromate, iodic acid, quinones, and the like.

A per-compound (as defined by Hawley's Condensed Chemical Dictionary) is a compound



Ww.%or nore, or 2 w.%or nore) of Si2. The
pol i shing conposition preferably conprises sufficient
wowrten4dod ubl e silicate conpound to provide 8 RET/USING/041420
less (e.g., 6 w.%or less, or 4 wt.%or |less, or even
3 w.%or less) of Si2. The polishing conposition
nost preferably conprises 0.25 wt.%to 5 w.%(e.qg.,
0.5 Wm.%to 4 w.% or 1 w.%to 3 w.% of S Q2.
[ 0015] The polishing conposition of the polishing
system conprises an oxidi zing agent that oxidizes at
| east a part of a substrate. ()Any sui tabl e oxi di zi ng
e ti ..
conta%% étl agp 81% gs}orﬁggnt@sr-l 0 18 % %k%ﬁ%n&ﬁ&%@ a'n%'i‘ément 1n 1ts
hxghestrogadutmnpmtc oExmup’lds of dmmpmtrﬂs collllairnlag etsl¢as¢ bhepeabeyg group include

but arf Apf Hred o b EEoerphiR 81t S08GTE&R b perliptrogepperonide and

percafdadhhtds aigarlic @El@ktde@ Budliﬁs&ienﬁdﬁdﬁﬁo)(lee @eraceticthdid) and di-tert-butyl

perox%jﬁ::: %?og)élﬁ%gn)l fa}t%é gr%h bqi @Pcf ?&rlp ulprgnroxlg(ie Examples of
compBErhdsCRARIMAL ah aﬁm%i imﬂm@ueslfl@wicﬁﬁsn CanRbRAE b ainealimited to
Dicti onar%{q i s a conpoundcontai ning at | east one
perlocb@ p@;éypgp romic ac1éopﬁgbw ¢ %papqphlgng@md, perchlorate
salts, ﬁkt%gﬁe tacx'dnpérbérahé &h‘t@sz{nd%rﬁil%éaﬁﬁtét Pt Ferabla M &8d{ng agent is
onmpounds’ cont al ni ng | east one@geroxy group 1 nclude
selectb@: frogy thegoup ¢ansisting pﬁhh@reg@geemp o¥oidaies.appgmpnganates, persulfates,
n
i QU L A R, e RBERD AN, 88 M imoncs,
combp@txoxs thereofie Minre prederablyd theanxddidingtagent is potassiperiostatd or hydrogen
bRpnoper sul fates (SCs2 ), dipersulfates (S202 ), and
sodi um per oxi de. Exanpl es of conpounds containing an
[0016¢] en@itenithe oxldlzlmnggaigmt 1sc»<sa¢tathemx1¢1mgagemtodaud1avb aty suiwble cation.

not.limte i.odi.c ac:| iodate salts
Non-ifiinel atrblesi ot SBE ParforB ihdud £ 8 BRh SoriPohiban, apd the tike.
[0017rper cW}mnaheosxaijixsg agRt Bor quinad, the (adiaiigrigentsaintii;, angiiditable

anat es ferab t he oxi.di.zi.n ent 1S
quinoBE| NBPaUbRnS FKEREIeS 06 Al ks BT Berar s, Berdgatponss
naphtﬁ&ﬁlﬁiid)&@ andoAliraguinPRssEN@a i e, cafl fbé%uﬁéct&xﬁt@& at any available
dr.ogen peroxyrmnosul fate sul fates, ybdat es

POS“‘P’é Pithcany; spptaple SuBTEYCR{(E) O GRMRIBARRNS %fﬁa I o refimeed substituents

includd 86864 thai\@fn?e&'bﬁfb@lﬁtﬁrmr)érmﬁﬂﬁalﬂmﬁéfzth@ QuABREin ih water of the
pot assi um_i odat e or drogen peroxide. [0016] When the

polishing EPTRPPYtieny ePhitable %1b§‘a'luFmSt1Wéu‘5§( M thonhmagtion, hydrpxyl, amino,
monodRYEardiRY, dikikyBifo, %ifo% ac{\p RatbloRy L bREspRYAERICRS sﬁfs therof, and
suitabl € cations include potassium ammonium and the
combijrjakiens therepf] Ingreembediment, dhe awgorgjissubstiutgd gyithnasdeast one hydroxyl
groupy | rlﬁ o?ﬁ%r%h?doﬁﬂnéﬁ? g@g?lb@ls%ﬁg t?ﬁeﬂeh HhCatqdsp Qﬂf adlc substituent or

imti ng exarrp SUul pa qui nones 1 ncC
a salt blmqu Preforedbly, theagtHedsd qu¢ acdissubstitdentnis seleaied frometbe group
b y
consémmg &gﬁg&% ta%ﬁf] cg%o%*it ErH éﬁgsgggltﬂ%: taglgn tl\?&;% ;Jr@@%a%ly, the at least one
ac1d1q:snhsls'a1t|uant| isnglfarfic 3@1&:15{%+SQ&|I11 dt witlt bé epp:edxa@dbhau thelecitlic substituents
are caléam ??lg%o lé IFS)% th a n i ?s;rgar %rgl%{ég Ipl{nlnlt)%}' {1% rac%*c %uﬁstltuents can exist

as an acid, salt, or when d1- or polysubstituted can exist as a partial salt (e.g., a monosalt of a

perox

disulfonic acid). Quinones having acidic substituents can be supplied for use in the inventive
polishing composition in either acid form or salt form. Preferred anthraquinones are selected
from the group consisting of anthraquinone-2,6-disulfonic acid, anthraquinone-2-sulfonic acid,
anthraquinone-1,8-disulfonic acid, anthraquinone-1,5-disulfonic acid, acid blue 45, salts

thereof, and combinations thereof. Preferred benzoquinones include 1,4-benzoquinone and



pol i shing conposition. Suitable substituents include,
W thout limtation, hydroxyl, am no, nonoal kyl am no,
walc@khydiasm no, sul fonic acid, carboxyl, phosphpei/vs2006/041420

acid, salts therof, and conbi nations thereof. In an

enbodi nent, the quinone is substituted with at | east

one hydroxyl group. In other enbodi nents, the qui none

is substituted with at | east one acidic substituent or

a salt thereof. Preferably, the at |east one acidic
substituent is selected fromthe group consisting of

sul foni ¢ acid, carboxyl, and?phosphonic acid. Mre

25RO PR enebiindle SRR P RBR AR AT pipbnoguinone-4-

sulfoncacitl andssallts thereefnt s are capable of forming salts, and

o018} " Uit b S9REE ke Sk Aone vl d A6 ke SHBSLILHERYR potishing
systenp@dsirablysit il trilvest rhare (g, X mds oempad, or lmSbbrtméee, gr 5 mEM or more).

nonosal t a,.di sul fonic acid). i nones havjing,aci

The cageritione e e e p freiaatshine SomosthonBe AL | ifor Less
(e.g., RO M 8hie8g o IO dri16d3, bNO.¢INI e lesa)X | Thd ddsifed todntration of oxidizing

form Preferred anthraqui nones are selected fromthe
agent ganRfAChisYSr byiany SBr2AAMfReY Sh bR v 808P O Wofkite 2Rertde of the
oxidizBp 4PeAOBHsBP BA 1ife WeighPBf the Ifetéhand any components dissolved or suspended

_ant hr aqui none-1, 8-di sul foni c acid,
thereimim the aepparasien-af tse pelishinesiomposttion acid bl ue 45, salts
[0019% hergRfholiRRiEl g GONBINNBS 'acliﬂ-ﬁ of 8¢S £2f Prf&r8bK! febolishing system has a

enzoqui nones i ncl ude 1I,4-benzoqui none ]
pH of §1iel2 ] mdrergrefesably P ta 1pe The gl efcthe polshing pyséem can be achieved and/or

_ ) e A ) .
ARG e, WA SRR LG v
compriseiaptt adigstegenpH ibuffetieg pgdnitsiti axproungtesi thewoef.oAqtémms solutions of
water-%&hh%?sil?&%&efg%}l%eﬁn g% {a?rgeld%arlrdslgs]ég%ogl:ofrég?c%é gl?%gs (e2.g.[ﬂa\ﬁ(ali metal

silicatex) o€ pripasdd Wrhyafrotheinil Progssgdave b Btromgly basic pi o)l 1 or more, being
oSBT G101 e . BB ek con e

adjustétbHideSitedCHNEABITYiAk iaGirofflybabidi salulignagenitercsdlutie silicate compound
by the bRt URROBITQRBORH G Fho e SLAAIAR Yrd) et s present to
obtainWhé Géﬂire@%l—t. hen B QEH AR cafl be RYBARBIN ﬁ{dddﬁ@s‘%g %Qm%bund. For
suspended therein in the preparation of the polishing.

example, rtgegﬂtqdﬁﬁ.tormn bopnyFaitgile pdf SHENS FRAUEH 1A 250dcp fheglesged final
pH. Ex@mples Jrs@itaRi s idchfieRMrcH]d) dcsideSicRiNphspHdriREcRS afl the like.
to 11, nore preferably 9 to 11. The pH of the
The pi ¢an bhiinggeaspd ifedasireh by gherdditiapeef asitpngrbasei Kxamplegopstrong bases
. ) g | g '
o8y S IR G, SRl R o ..
tetramigthfylasminpgiuagleydroxide).-a conbi nati on t hereof . Aqueous

ol utj 0 . i J:j.cat i ned
00205 0! T it e BB Bl B RMRUBE, VB PEG
phosphatks, aettets}, boratps, apaneduimsahy,dndithelikel Wheoadsdfesingagent is used to

o B S oA B i e BB e REBR G been v

be addedltd e pudisBingtsysoennto neatralize sufficient M,O to provide the desired pH. The

polishing system can comprise any suitable amount of a pH adjustor and/or a pH buffering
agent, provided such amount is sufficient to achieve and/or maintain the pH of the polishing
system within the ranges set forth herein.

[0021] The pH of the polishing system can be adjusted at any suitable time. For example,
the pH can be adjusted after addition of the water-soluble silicate compound to the polishing



adjusted if desired by acidifying a strongly basic

sol ution of water-soluble silicate conpound by the
w@oa7iikams of a sufficient amount of an aci d t oPCT/US2006/041420

neutralize sufficient MO that is present to obtain

the desired pH The pH adjustor can be any suitable

pH adj usti ng conpound. For exanple, the pH adjustor

can be any suitable acid strong enough to produce the

desired final pH Exanples of suitable acids include

nitric acid, acetic acid, phosphoric acid, and the

i ke. The pH can be increased if desired by the

compfion 0 BouiRk £¥n BE3EscrbEd TBAD. RacSHLRRAES water-soluble

silicate @bmpalund alasrmambeiaddeddo ake pielishinggcomposition, wherem the polishing

comp %ﬁeﬁ?{”g?n(?elﬁh %‘Fggnr?g Um 3 dogﬁ%;l)gil;)ﬁa%ﬁ) OZ‘BJLF[“E/ Bbgﬁqlng agent such

that t}feQIesﬁéfdiﬁH'l@obtﬁhﬁﬂ ahaf ESmpREShISS of the rvﬁii@'ssolﬁb”mﬁiﬂhlchltmcompound
salts, .and the_ |ike. \Wen a buffering agent is used.to

with thepalshing,eorpppsifon: Ha spY|qtassismpodirasnty, the pHgfjthe palishing system is

ad,us&aqsﬂétp@m Jrhat (sgf bi dk ebtfal it RE hﬁtﬁuﬁ&?nt will be
ded to the pol |sﬁ|n nIaﬁstemto neutralize sufficient

[0022M O The prlishingesystemn Qixinally CRMPiTefed GRITQsin inlibatps {iean a film-
fonmgggg%?ﬁzfﬂﬁ&ﬁ%nsiﬂhﬁﬁm @analgg)zﬁﬁl su b% CBHO% lﬁ?ﬂlﬁ{tor for any

ferin agent DTOVI SUC anount
compengnt(syothe substrateh Rreferahipy) the compsiominhibites lp&lcoppqrmrr0510n

. .0al i ' e .

i 53O EATRE I L B P88 A S5 B, or misore

of corapoundy, thai facibitaes ullﬁébniFaJmne)farmlsavaﬁdlelapd:ﬂ (tenaldéssolution-inhibiting

layer)eg'rtll alﬁctaa%g a aInIt% o%q}gl t a@:e bink %11 g | %sfc’ bl }ﬂ% gltOl‘S include,
conpound PERE

I'NgCOMPOSI |on o e po
for examke mtmged@enraubegl hétefcmynhc fordpairided Thlmunbsmrﬁ u&ubltor desirably

compffs S RPokihe- S ot AR RrG R . proromes
corros'i@rﬂﬁ&ihltdrﬂﬁlchmﬁprll S-&ﬁaﬁals,ufi yatiesdle, d¥Lsttiagdle deplimidazole,

ter .and/or a pH buffering a ent. such t hat t he .
benmgé‘ qi %evgatbw én’lu?‘?ﬁ%‘bgj g’é r‘?%i”&?lé" ﬁ%’JI]PMj gRiRgygimino-,
carbo)ﬁf?—t ﬁfer@@tdi bhi€roS, iuréd aihfouF 8P SUAIRy MubBtitubel RPivaGRéstBereof. Most

npasi ti on, In still other enbaodi nents, the pH of the

preferﬁBlYp hsicqerosipaiahibiter ig grlested from thqﬁomwm&ws% penzotriazole, 1.2,3-
triazofe: 12,4- tidzold) En i tafsd tHére(t)ih enﬁ);kbiismtg%»steﬁm%@& inVeftion can

pol I shing system optionally ngrlses corr osi on
compfiphiny fudteblejamount g 'ﬂlﬂcmreﬁlmlrvgh iemtGenerdly, thanabishigg composition

of the! JilisBink Qst&Rolpridby0 85 WAL fo P%WE gnolod % 4 Q'F]%f 8t 0.02t0 0.2
%&Qz'conponent s) of the substrate réf erab

rthe §erpsi¢mi ito8r is a copper-corrosion |nh|b|tor

[0023?n hi ’EK@%r teﬂI tmn%g&mgr'cgﬂrpn@e Q{er &%&% o er additives.

IS any co oun m xture o COﬁpOUﬂ
Such achhtlvefsaoclhdt anyespitahle susfagant anl/of rhgologisal cantiod ng¢nay Spitable

- 0 i ki er.) e .
L S ETEIEE N e
polyeteotrokysdsomonmdnc lsitfactants, rephpladerid srfagteatspfleprinated surfactants, mixtures

ens contai ni ng heterocyclic conpounds. The
thmeé? 4%% 25 i nhi bi tor desirably

[0024] The polishing system optionally further comprises an antifoaming agent. The anti-
foaming agent can be any suitable anti-foaming agent. Suitable antifoaming agents include,
but are not limited to, silicon-based and acetylenic diol-based antifoaming agents. The amount
of anti-foaming agent present in the polishing composition of the polishing system typically is

40 ppm to 140 ppm.



conprises one or nore 5- or 6-nenbered, heterocyclic,
nitrogen-containing rings. Preferred corrosion
w0 ndorhidies s i nclude 1,2, 3-triazole, 1,2, 4-tri arol/@s$2006/041420
benzotri azol e, benzi m dazol e, benzothi azole, and
derivatives thereof, such as, for exanple, hydroxy-,
am no-, imno-, carboxy-, nercapto-, nitro-, urea-,
t hi ourea-, or al kyl-substituted derivatives thereof.
Most preferably, the corrosion inhibitor is selected
fromthe group consisting of benzotriazole, 1,2, 3-
triazole, 1,2,4-triazole, an8 m xtures thereof. The
ol i t f n ]
0025£ 'lsngsl prlﬂlsﬁ% E?e (%qt}l%ﬁal'l ﬁ%@l}e{é (g ) ﬁﬁ&‘b Cat%g&d%eﬁgg ¥1o|cxde can be
any smmblemcléé‘;lfogemrmeam isotnazolinbhebipoides Aihegursymmt efﬂnomde used in
ris s()OO %to .%(e.9.,.0.01.t9. 0.5
the pofighiby sgxiem W eqly 5 1R o3 perbsanidlsp gt fomerite 400 pom.
[0026] 0023]e pUlighing! doﬁﬁio@@oﬁ)bﬂlﬁ’@dlﬁhin@l’b@lsﬂem édmﬂiel‘;ﬁ'épared by any suitable

ri ses. one or .nore ot ditives iLtiv
techmﬂ%n}ow of sk predmogmdg gﬁledaﬂal}eo?ﬁr ?’(‘:‘éﬁ composition can
be prep@el iPh bARAr comithlodld pfocety. f@@rte@iﬂlys ﬁhd"ﬁdli&ﬂﬁng doMposition can be
exanpl e, cationic surfactants, anionic surfactants

prepargd by spEibining dheckampanghis dherpefin sny ordarr fiketter scomponent” as used

herexnﬂ%ﬂ@éﬁhh&&l&ﬂ ﬁr@é%&ﬁ&ié (e é | H&%&l%t@&eﬁ%ﬂl@l‘étsﬁ%ﬁe compound, etc.) as
m xtures thereof, and t ke. [0024] The pol i shing

well ag gy é‘?ﬁlbﬂﬂﬁl% af m,grffdmth@cg c%hmiv% exateinsodighle sigaiesgmpound,

oxuhﬁ@ antifoam ng agent can be any suitable
a.il-Poan1ng agent. Suitable antifoam ng agents

[0027] nc|Theepolishingamosposttiohiofithecpblisbingsiybtegoalsd aarebe progided as a

conce&?a% Wh?&# égé%eg&eé;lggo%fm%?%fs\&g@ ﬁ}|1 ﬁggr%gﬁ&tesamqm‘? oPWRHP brior to use.

In such anpodiotlimentpthetpobishiog c&hpmﬁ@ysmmntrytplcaa chlylprlse &abrasive, a

water PTGl R P PISTHBE kb B S Akl i et pon

dilutiohfithdtendeheate deith i:oip;ﬁdm‘mé ematint &b dtegzadh cdmgonent of the
bi oci de. . The unt of b|00|9e used in the polishing .. .
polishiggompasifiancalh b prgsept jhihepgisipe cpmPosiHER Bt & gpapttyvithin the
approprsaté&d@%&l&d&%v@mea&o&ﬁﬁﬂmﬂéﬂe P& dxaltiplé) thOaBras ¢, iaGhater-
the polishing system can be prﬁggred b ,agé )
501“b1§ ﬁil’t"é‘ﬁl CQ"tpé’é‘Hﬁ’l fﬁ‘l?é”“ ‘ﬁ‘ﬁ agPNL Gan CAC, Pe PGS ¢angeRrate n an

amouritkhatli®d tinfest(B ., 3 times! BRIAG], bSH tiRiksy SRR tHanQRe e&{beh@anon recited
prepared in a batch or continuous process. Generall

aboveifpreash|cOEmORENt ORI Wheh the copcenirats is siluted with ap saal Wﬁ’glme of

water E@g 8 QERARRMirfed WL @feq'uﬂl AYmEE 8fWvated 1 4 &furzn volumes of water,
ngonent as used herein includes individ

respeqnwglw cagh campeanent will e psgsgpt inthe é@h%’@mwmr@p@m@rb@ta@ amount

withintHEP %&g set%ﬁh hbése fUEIeitcha& niibhefi0 %ﬂﬁu Bk, 95 W,l]] be understood by

I ngr ents (e.g. rasive, water-so le"silicate
those ofordinandskithin thezarh ghargmmeentrase car) corft@i 2N apPraprists frattiongf the

water gxoegprﬁéh glineoﬁmﬁfpoii%ng %xjnf&gélﬁgn ﬁ%’éﬁd@ﬁo@n%&reﬁm tﬁg water-soluble
rovided as a

silicate compound, oxidizing agent, and other suitable additives are at least partially or fully

dissolved in the concentrate.

[0028] Any of the components used in conjunction with the invention can be provided in
the form of a mixture or solution in water. Two or more components then desirably are
individually stored and subsequently mixed to form the polishing composition of the polishing
system. In this regard, it is suitable for the polishing composition to be prepared (e.g., for all
the components to be mixed together) and then delivered to the surface of the substrate. It is

also suitable for the polishing composition to be prepared on the surface of the substrate,



concentrate which is intended to be diluted with an
appropriate anount of water prior to use. In such an
wendadigrent , t he polishing conposition concentPEL/@Smas041420
conprise an abrasive, a water-soluble silicate
conmpound, an oxi di zing agent, and water in anmounts
such that, upon dilution of the concentrate with an
appropriate amount of water, each conponent of the
pol i shing conposition wll be present in the polishing
conposition in an anmount within the appropriate range
recited above for each conpob&nt. For exanple, the
thron BRIGRIRof e UBOARY Ol e ltfife S IBIRRU rom b ot maregistnce
sourcéspwaprehprthamcompratentsp f2he pmu(gacognposwqrﬂ nrest at thet sumfase of the
substr ate ég gt :taor e)é)ac t-eo?{c-)tﬁs%%tn@ﬁ thtep 8 Co %1 ra‘i gwfélgﬁ I(t:.lléengomaqonents of the
pohshmg cbrhpﬂsﬁcbmdrb delvered uﬁﬂhewnffakmeofahe B‘wse'ate((eeg the @livered amount of

vol unes er, .3. equal volu .or .
the pafiilyr PRrriERs BF Aol d S B mpb S 0BT Can Dol &l iriBlaqdns potishing
procesy dnkl/di@luﬁhﬁﬂﬁi polishirdggofsk, éfab? it ﬁ(klh iftﬂb &hirifgwhafdo‘,teﬁﬁtics, such as the
amount wit hin nges set forth above for eac
polishinggats, oh the pealis ’l‘?grsi’fﬁ?g‘ ef%fli | be understood by those
[0029Pf OTKH Pshingkdonpdsitiont@n delsupplR LAGRPatRIL §B8Rm comprising a

contain an appropriate fraction of the water present
waterisplublfesikigate porgppynsh pa gxdizips seatomd; Wateh dblternativaly, the water-

solubltet}ﬁicakr@m’é}ﬁftﬁfi and lvwgér%aﬁ Ible's d}gﬁlfedq{q 218330 &Jnté?ﬁérdbﬂd Aoxidizing agent
agent her suit abl Itives are at |east
can btpwpphaql inya ggcond Icpytamegwhwem dryi fore of @m 8 solutigner dispersion in

[ S [
watery el A hrnch S o 0D B S s A koo dibitor,
can beaplag@l mtthofirst angvat eecond wontemersporer tbmipgn@mes Fhghermore, the

[

compgr?e%udﬂ%é( %rrt ﬁ}r %:ghx ? Ie% (Sjasﬁc 'gér’_r;glgd fornt %ﬁgﬁg Q&Jnf‘onents in the
correspohdisf icngtaBies tanbe inrthe Iﬁmrm ofgraaqheous dispersiontoalsblatibnr Moreover, it

i suty 0 7 ZoimpnGRT B B e ot BB RS ° i sl pit vatues,or

alternaifi&dly ar lﬁd/et sinlilag o evémegquadfpH heluSSJ biftah @peondlticonponkGuch as an

t abl.e for t st on to. repare
sbrasi3 13 5018, PR D FURRHET SUBSF ATLTT S TR Toap Jragr The
ox1dlilﬂi1§ag3ﬂff§émﬁ51}sls Qbppiia d@p&ﬂa{ﬂny ﬁ@mCtﬁHBﬂ&t tbRPohidrAETbE e polishing

nor e, di sti nct, source eby.t he conponents of

comp?wéorbm SKPRY R8s ibYitBhe Sutorayith fhe Pt cagepagentsigs the polishing
comp&ditisd {8y befote usede. gl NEwB&! St Ie& pribt@d usd, N (ﬁiytd?%ssq;'ilﬁ;? to use, 1

the flow rate at which the conponent s of the §0|IS i ng
hour qrdegsPEior topsead @ mjapies aF kg POk lRaIse, Arflaminugg of lgss prior to Uise). Other

two-cSMRRkf, ¥ ehrbt ofmord E6ntalaEd, ¥EhmBFhaRIRUSE the totBEnents of the polishing
parti cul ar conmponents of 'the poli shi nq conposi tion)

compesitiorhare yithin & lgiovdedgeprtians 06@F¢1§ﬁb’r§§ pigbess. and/ or
[003Ofj ur i Wik ae RAponbhd 8r %%ﬁ&ﬁn #ﬁpostxt%ﬁ ofithe pBH%}hﬁ% 5y3%m can be

aracterlstlcs such as the shin rate
comblpeql weh |bﬁ§>l’%9fsft‘@m5h<§ﬂa bereuse, [hmgﬂpormés pbthiegiolishing composition

can bé:&{mme& hto& &%ﬂg%%w ds89 AR%u 1208 fielRAS KR%EmH y‘ﬁ&‘ﬁmof—use refers

npri si
to the pomt at whwh the polishing composition is contacted with the substrate surface). When

the components of the polishing composition are to be combined using point-of-use mixing,
the components of the polishing composition are separately stored in two or more storage
devices.

[0031] In order to mix components of the polishing composition contained in storage

devices at or near the point-of-use, the storage devices typically are provided with one or more



wat er - sol ubl e silicate conmpound, an oxidizing agent,
and water. Alternatively, the watersoluble silicate

wae eovgawids and wat er can be supplied in a firstPCT/US2006/041420
contai ner, and an oxidi zi ng agent can be supplied in a
second container, either in dry form or as a solution
or dispersion in water. Optional conponents, such as
an abrasive, a surfactant, and/or a corrosion
i nhi bitor, can be placed in the first and/or second
containers or a third container. Furthernore, the
conponents in the first or skEcond container can be in

e _conmponents in.th COr L6sS
flow 5 il e 5P REPE RS i iR 68 ERGRER P cgpposicion
(e-g., the phaddriibn tha subdiraensieface). tBy theseint &fibw linal’ i deant a path of flow from
. ,CO0 nents in the first or seco containers t ave
an ind Y PR SR 4 Do o Y BpeRb et ey The one or
more 6w ¢iieslctitbth leddtdiveatiyies thel goidro el 61 at ﬂﬁQﬁ&Oﬂh@ﬁhore than one
such as an abrasive |s a solid, it may bhe suppli

flow lige ayased; fvQypympes; of the flgw lgl%% ke sompingdiag any mt foto a single flow
line thQNegdsZﬂoriHe penbrdesi mhieilmbﬁe §H§3 9% 1Hedne SRRt BbW 1ideR gz .., the

he ot her conponents of the polishing conposition an
1nd1v1q1\5al Eomvlinrs @r acombingghflaw dinghean first leadiiq pneg ¢ranererndthe other devices

i -

5. FEPRQERIEn el AL AIAIBAS, LG bARES Ll AR ot s
of the gpmpenant(syse, 1 hour or less prior to use, 10 minutes
[0032Er l’ﬂrcééo%{éloggntts Q)g (%i?]etepaolll%fenrn:b %%%1?188 a.L %ﬁgielg\r/égg& {o f Qe gomt- of-use
mdeptmdnﬂ!tilm(ﬁg pths cofpbhents arepizhizeted tothe ﬂmbsqgmh isstfagegwhereupon the
com S| hi the ed of one of
compRRASE b At BhBupoE o GBS0 i BB s appines
immedaﬁtetmleefpm ddnlve:r}gommmm-bf ose. @orhpenenad dre bompiredSimmediately

betore¥lvas MepdGhehte if Hebars S enFnl S Ml R to reaching
the polif-of @i rﬁeﬁra’iﬂy Dss Baars steb@xld%q:irﬂir-t@f'eakiﬁﬁag ﬂ?éﬂ(bihi -bf-a&f more
rs to the p0| nt at

rei the term' 0|nt- I ef
prefergiy S¢ s lpaqwgﬂpﬂ GREERE RGP o g8 e HAapERS to the
dehveﬁ}ubﬁthé bMpshEdtasahe pmﬂafw@(ecg) NpeReMHpon&its hiteombined at a

pol i shing conposition are to be conbi ned using
dlsperﬁaronpoafnoagrés lsRiapgcombiaed oirpraediately b@fomféelwsm toithe,point-of-use™
if theyCanEQﬁb{deQ Rvitif 53R B?f@tﬁlﬂt-éﬂt%e&chrﬁs Withi®fi YBF fhe point-of-use or
st orage devi ces, [0031]  I'n order to nix conponents of
even within  §|cis pf theg pemmésm (o8& withital sedefithe peigt afesedevi ces
t
onsaf S e bl i i P 505 KPG8 of o polisting
system atgdiombinedapriasde reashimegdhe poiat-pEuse, the mnmnentsmﬁ bgsembined in
e
the ﬂoQJ Lbié{%adtocgéﬂsvgg g g@ﬁ%&s bﬁh&%ﬁ%ﬁ ithe b 54% fpd rﬁhﬁ‘xgg ?rée“w
Altempavﬂymnefdromrk:roé mhtaﬁhow iges Catulzhd gito aalglelrlgﬂﬂvmerte rfaqlbtate the
combihﬁ?orpg{} W (g_f 0 {ﬁ%%f %e on%ggo ']H’p}{ Sult églr&erglxg é&/lce Tri)e used. For
one or nore nes AN eac rectd
examppegithe mitingdeyicecan beia nhezle as &t (digt a tnghqn’etsare mlef cbrq et) through

wmchl(g\lgﬁg)r hxiodg ?f g’%in%?nt%)lnﬁ?ts A ltgtpﬁtéfeg}g %%%{}Q)%Sng d%vwe canbea

container-type mixing device comprising one or more inlets by which two or more components

of the polishing composition are introduced to the mixer, and at least one outlet through which
the mixed components exit the mixer to be delivered to the point-of-use, either directly or via
other elements of the apparatus (¢.g., via one or more flow lines). Furthermore, the mixing
device can comprise more than one chamber, each chamber having at least one inlet and at

least one outlet, wherein two or more components are combined in each chamber. Ifa



line that |eads to the point-of-use. Furthernore, any
of the one or nore flowlines (e.g., the individua
wo b@wihdines or a conmbined flow |ine) can firstPCEES2006041420
one or nore of the other devices (e.g., punping
devi ce, neasuring device, mxing device, etc.) prior
to reaching the point-of-use of the conponent(s).
[ 0032] The conponents of the polishing conmposition can
be delivered to the point-of-use independently (e.g.,
t he conmponents are delivered to the substrate surface
mhereupon t he conponents arel2n xed during the

contalgmh él’el x%r(g Q'*e%figé u%e%F .‘1{/"2’519&'%%@ CWC n];rgfe(x:'@)ri ?gmggneps a m1xmg

mechdAnisp oo firther ﬁcdltamrﬂse aadbinbtioredf tt ebmpbﬁéms eMiging\re¢chanisms are

t he t - of - i f the conmhi ned | e t.h 10
genertBkhiel i bt tiapd Hicluds siyrers, STsnets Sgators baddied il gas sarger
Syﬂmﬁ§3ﬂxMBﬁne@ seconds prior to reaching the

oi nt - of -use, pore preferably l ess than 1 second prio

[0034] o Ehecimiverfiarnirther provisies aarethesd ofralishinga fubstwals agmséhe polishing

systerh B8scHiBld K6feih. OThd MtHoaBIPBREMHI Sz Abub Mt Vniprit (i) 88ntacting a
e conponents are conbined_at a dj spenser).

substr(@@r?pl@h@m%oramnam@ rabishingsystempapdi(ipabrading pofemoving at least a
pomoﬂ@f'tﬂ’eesr%sﬁ'&ek@ o]ﬁ)ﬁi e s@fstidfe” I f they are conbi ned

hin 5 mof the point-of-use, such as within 1mof
[0035] h_e Inmapticubdr, thean o@pEthejinyemtion tomprises the lsteps of (i) contacting a

1. Nbas .

s e 0 S0 58 Ao hmpon,
water{solublesihicate oorppetind mrancﬂmcttme sx;fdimeshtorlgowbtﬂehwaf/eor more of Si0;,

| [
an Ox@lzr]r;? %e%{ glaé &81n dﬁ) 208 éig otfll E&re{j{: oa\%dlvlyar;tgr thgleem the pH of the
polishied syes&alned; 8§ © IXHeng (ln)mbrmfmgl sﬂewthlmuiort diftthe sebstfatesto polish the

‘bnﬁ{X'ng device. Alternatively, one or nore of the flow

SUbSURChes can lead into a mxing device to facilitate the
[0036F O Mbinniztdrdan witm&hv&ﬁfoﬁa the subgr#te Bﬁﬂwﬁd&lﬁshed\mith the polishing

S I n1X| devi.c he used | e,
systexﬁg Cﬁ% gggxiebrb any f}gt lents l%ueor t?:gd @)f(%'xneﬁgmh?r&}?n 1s particularly
well-sRite$ e ROEFHj@nion vaith a Eﬁ@rﬂ@glhm%ﬂiﬁibai PBli Hin g W MAPY hpparatus.

t he components flow. Alternatively, the m xing device

Typically, the.apparaiis comerses pplataiyhigh. ehanda usens in §1°H§“ gpdhas a

veloci®y ﬂ@fe@ul'ti‘ﬁ@ﬁx%rbﬁal""ﬁh@d? $r¥rcQfar FRHRNCH PURNERS Padin dofict with the
osition are introduced to the nlxer and

pol i shing co
platengnd|ragigpg aﬁ@ntga plagen Whembinghotign. @nd eisermintaat holasosvbsirate to be
pohsh%& 'bk &Hﬁcmg(%d hevig ety &) @E shifadd¥r tHQ bOlistRhg PRE The pohshmg

er directly or via other elenents of "the apparatus

of the(sebsgrate takes plaec by thesubstrate heing méased irFegntact it e pplighing system
of the%géﬁg,gher G\ i PhE gallgﬂﬂg[,a&&owﬁ GelaBP0 t d%% sﬁﬁé}{% "wit@AE dther

avi ng one | et an | east "one
compensntseef thehelishing systeno thenahebv eronpoaretotabradesandarigiored pprtion of the
2 [ X|ng device is
subsufR30 o AT BOE ae oo BBl B L MR oy Ses i xi ng
[0037}e c HEle snlmslratefcan bheny hatable substeatt filsat ¢ocdpahlxt afdeingf palisked by the

invenfive ma Ht The su%( LS &%Ccr(])%{]ﬂnssremmegtlals (e.g., copper, tantalum, aluminum,

titanium, molybdenum, and the like), metal alloys (e.g., stainless steel, cobalt-chrome, and the
like), semiconductors (e.g., gallium nitride, gallium arsenide, and the like), ceramics (e.g.,
silicon carbide), polymers (e.g., polycarbonate), optical materials (e.g., sapphire, zinc sulfide,
zinc selenide, and the like), diamond, and insulating materials.

[0038] The substrate can comprise any suitable microelectronic substrate (e.g., an

integrated circuit, metals, ILD layers, semiconductors, thin films, MEMS, magnetic heads) and



generally known in the art and include stirrers,
bl enders, agitators, paddled baffles, gas sparger
WG ymrand 3 vi brators, etc. [0034] The inventi onP€T/UE1086/041420

provi des a nethod of polishing a substrate using the

pol i shing system descri bed herein. The nethod of

polishing a substrate conprises (i) contacting a

substrate with the aforenmenti oned polishing system

and (ii) abrading or renoving at |east a portion of

the substrate to polish the substrate. [0035] In

particular, the nmethod of th&invention conprises the

[ ] S r at
can g:%g%rgﬁns(e z)nﬁr gﬁﬂ%@%ﬂﬁ&?«aﬁﬁr }r%lltg%&g’yogtng%x\fc%g ‘rsia%er r‘e B4 metal conductive
layer)p d’lrcfsi‘abtbg ticcompeah Bryer canpiases rtarszdhubl Mom Ibmmahéy,dha'pnhmdte further
akgpfént sufficient to ’E}E dl ia gﬂe d

“mp%f%z“, meAl BYPTAHOPBIE IRt hat® BRYIaH0% st car“e‘%\ ¢ M5HY prace, porous
metal @kide, glabss bfgiinés pcﬂpﬁbeﬂ)ﬁhﬁhnaﬁﬁh @k ginic jsdi‘l?m@i'j o?fan¥ Beher suitable high or

pol i Shl to 12 abr ad] at ) )
tow-kfigasting ey T Tetularing 8y ire SRR OrhBRTeS B difjoriic material which
hasaéilétb%fﬁcﬁé&stab{)@ﬁﬁ]s ok lova&cor dance with the i nventi on,

t he substrate can be polished with the polijshin

[0039% st EvareRlet o1 oaudiRler o romstail-es dow Astiglepiaio maaqxels ipplude but are

not hﬂﬁwﬁﬂﬂmm{ehﬁ)pwm%h an)x!l&e ax%}g aswaﬁszwodeﬁéd sifilbr Bss such as
use 1 n conj unction wt nenlca - nmechani cal

carborp éppmlhgm( @wﬁeéﬁ@é})aﬂu@nnarsdp%b%;andtoneanaspmtemawuch as
ﬂuon%ﬁ@%ﬁ@&?ﬂ&rﬂ!a@éd 1&‘&% &b (y}?l dtNTHe fo 'ksthélgctﬁgg E&be porous or

as a velocity that res romor ital [ 1 near,
nonpagpuse | Exammpdes efinarews low cpglepmm@telpdel afgpazows lwtrom,lspmuloxane or

porouk S 1000 S 1 200 800 P g
depositedsidicon parbam filmsJowdempérature éepqsltt:dh 8i-QyCffdus, arfd ltnhélyl doped
poroubBlieE"PA%RRN, ENERRLSL OGS B DRI AHDSALARE LRSS alass ora
ca:bomhepqabdnhsdrn dngxmpst em of t he [ nvent ion, and by t he
[00405) ol I%F %&a%@ﬁ(ﬂgo ﬁlp ll%}felllg L I %lo?g#r}ﬁﬁgxggga‘iﬁwes for redﬂctxon of the
coeffitiRr eheicBe BssosiatedSwitlp cldniiealemactthnialPylishingdof 4 subdtrdte, while
t.he subst r@ Folaas to polish at |east a portion of
maintpipngacentable polishipg atesrhe substrate can be any

[0041E ui t pldiRbs asd cheagﬂaamg furhePadthprisek aheh By PSlishidEshdpoint

the inventive nmethaod. The substrate can conpr i se
detectwét systeny, anany of whigls are knowindp the ar| Eeshaignesifor igspesting and
monitBBhy Wﬁhm@"iﬁo&gﬁb& bKéﬁ}zmg‘ﬁ%ﬁi oradth&}iﬁdlﬁﬁoxg )reﬂected from a surface

starnl ess steel, cobalt-chronme, and the
of the substeathargdngra ip ghepart. Qawabéuntm msp%rélon@a lmqrqung of the progress of

the po"ﬁ@ﬁl‘ﬁg g&eséﬂzﬁhtr%eu t%%)subgt?a[t@maﬁ? ORsKkd endblek %Endetenmnatlon of

carb ol yca onate optlca
the pqhﬁhlegueaﬂspopéz lge thg aipﬁgﬁmr@tloxz ohwhen kg teaemazfr the polishing process with

respe&%ﬁ?hqﬁ;ulﬁggb%&.l i ke), dianond, and insul ating
naterl al s.

[0042] The following example further illustrates the invention but, of course, should not be

construed as in any way limiting its scope

EXAMPLE
[0043] This example demonstrates the reduction in the coefficient of friction observed in
the polishing of a substrate comprising tantalum using the inventive method.
[0044] Similar substrates comprising a 250 nm layer of tantalum were polished with

different polishing compositions (Polishing Compositions A and B). Each of Polishing



[0038] The substrate can conprise any suitable
m croel ectronic substrate (e.g., an integrated

wa@poocaidi3 metal s, |ILD | ayers, sem conductors, POMI/NS2006/041420
films, MEMS, magnetic heads) andcan further conprise
any suitable insulating, netal, or nmetal alloy |ayer
(e.g., netal conductive layer). Preferably, the netal
| ayer conprises tantalum More preferably, the
substrate further conprises a netal |ayer conprising
copper. The insulating | ayer can be a netal oxide,
porous netal oxi de, gl ass, o¥ganic pol yner,

cOmpﬁél %Hé 0. .%}‘%‘?chex‘?& aﬁ’cﬂbf z@%&z, oF Potaf8LE iodate in water

|nsu ating layer. e i nsulating layer
ata pfboéf br%ﬁsyllrtgaﬁpmpesagoraBoﬁuethmqnta;nma$ ati% of ppiiasstiuth silicate.

[0045]dI eI %tséi) (‘tTa?esr\%r% %h%d%f 6? seéo%\ﬁg PSI\?\E gq%?;q: ?ﬂgl)é(}q?shmg pad on

Ctric-cons
a Logxfﬁ&h Md}dﬂl CDmpbllusiIEr bsihg ﬂreefoﬂoWnig pnltshﬂmgtpmélheterst né.8 kPa (2 psi)
oped si di.oxi de, an or i,cal l di fi iIico
downii R SeesSerp ke SIERTEH ABESHTE PETRORE BlmRodE <%0 rpm
camerf Y&, 1166 neldnfia pbHshin@ B6mPoGasH SoWarhsy hsd ﬁsesararpdnﬁuremane
uori nated.an unfluorlnated paryl ene an yi m de.
pohshrns@arioxkpuomra RAlishings thegpmpralggtegtas dst erﬂawfsﬁ resistivity

measuberead. €es of porous low dielectric materials are porous
hydr osi | sesqui oxane_  or porous et hyl si]sesqui oxane,

[0046],5r Gihs copfficient of frigtion was datermingd B thsgelationghyp of the displacement

of the Eﬁﬁ@?ﬂ?&%&%ﬁﬂ@ $bligfin bﬁ)érﬁt%h fPthB eYct igk & atell BY friction between the
tenperature p03|ted Cfilns, g met hyl “doped

polishipgpadsnd ithe substrates Bﬁ’@mnyg toy the Fl@s @lr@prwgtacaymcnwe alisplacement

R R T
came@sﬁémmf thérpolisher(A0) ovithed BanS0) tt.herﬂ@dmcm dhlsgtacerh@t of the
camer a& eﬁria I'cef E qu)t) I ﬁ“ltﬂ%si?gﬂlq%&ggoﬁlgl g&ce gfnerat\ﬁ\:ﬂ drmng the

em ca anl c ng or a su
polishﬂ%l afttlae suhsgatas cespttecbinea glainige h’l thg ausphe yolthgiOdflthe sensor. A

r abl t.he. appar at us rther ses an.in
calibraon g VTG ER B 61 e “GEEBLP R volfaR < otion of
known/Mdrédapplied k@ﬂw%ai‘rﬁbrtsheﬁ o b dirdatdindihastd e cemgn e&isi dfdhe carrier

and nonitqrin pol i shi rocess. by an
shaft. /g ergge g‘?‘ﬁ% P fegtip dhe 96@3?&?@%&%?@% ng ekpgfiments was
detemhh&i fFoRSthe dhlebrafiéh KidO¥asing thdBvedde ougRRivioBBEY ovérlie 60 second
i nspection or_nonitoring of the progress of the

polishing, tiree, Fie prestieeat of Fintive s ppscallated figet s atfadr?g)wnforce
pressup@blo; Bedaeesuaakzﬁ@ (sdjeaggﬁgtetherbeﬁgm@gpm Piv® ﬁa&hlﬂs&éc{iﬂuon n="F,/

H{)OI nt, i. t he determ nation of when
P. Th?éﬁ ﬁawéetﬁémveﬁh%ﬁﬂﬁg process with respect to a
particul ar substrate. [0042] The follow ng exanple

TabﬂéJ' IRFRRE of PbthssiurA SHcatd|8n CO¥ MM dn® Bf PHEtioPAndCPAHtSI@mM Removal Rate

should not be construed as in any_way Limti nn4 ts
PolishingonhpoAiMiinE Removal Rate (A/mm) Coefﬁcnent of Friction (p)
A (comparative) 339 0.45
B (invention) 300 0.35

[0047] As is apparent from the results set forth in the Table, the presence of 3 wt.% of
potassium silicate in the inventive polishing composition resulted in an approximately 20%
reduction in the coefficient of friction observed in the polishing of a substrate comprising a

layer of tantalum, while the tantalum removal rate was decreased by only approximately 12%.



[0043] This exanpl e denponstrates the reduction in the
coefficient of friction observed in the polishing of a
wastitEti® conpri sing tantal um usi ng the i nvenPCTmES2006/041420
nmet hod. [0044] Simlar substrates conprising a 250 run

| ayer of tantalumwere polished with different
pol i shing conpositions (Polishing Conpositions A and
B). Each of PolishingConpositions A and B contai ned
0.5 wt.%of ceria and 0.20 wt.% of potassiumiodate in
water at a pH of 11. Polishing Conposition B further
contained 3 w.% of potassiuMsilicate. [0045] The
Ths, B B EE S PR i e RGPPSR 658 Pty the polishing
comp@itiorsdidrmethod gf tHednbeaitloawi ng pol i shing paraneters:
13.8 kPa (2 psi) downforce pressure of the substrate
agai nst the polishing pad, 66 rpm platen speed, 70 rpm
carrier speed, 160 nmL/m n polishing conposition flow
rate, and use of a pol yurethane polishing pad.
Fol | ow ng polishing, the renoval rate was determ ned
using resistivity neasurenents. [0046] The coefficient
of friction was determ ned by the rel ationship of the
di spl acenment of the carrier shaft during the polishing
operation to the force generated by friction between
the polishing pad and the substrates. Referring to the
FIG, a non-contact capacitive displacenent sensor
(10) electrically connected to a recording device (20)
was positioned adjacent to the carrier shaft (30) of
the polisher (40) with a gap (50) therebetween.
Di spl acement of the carrier shaft caused by force F
(60) resulting fromfrictional force generated during
the polishing of the substrates resulted in a change
in the output voltage of the sensor. A calibration
curve was obtai ned by nmeasurenent of sensor output
vol tage as a function of known force applied to the
carrier shaft in a direction normal to the centra
axis of the carrier shaft. The average force Fa
applied to the carrier shaft during the polishing
experiments was determ ned fromthe calibration curve
usi ng the average output voltage over the 60 second
polishing time. The coefficient of friction mwas
cal cul ated fromforce Fa and downforce pressure (70)
of the substrate (80) against the polishing pad P (90)
fromthe equation: m= Fa / P. The results are set
forth in the Table. Table: Effect of Potassium
Silicate on Coefficient of Friction and Tantal um
Renoval Rate [0047] As is apparent fromthe results
set forth in the Table, the presence of 3 wt. % of
potassiumsilicate in the inventive polishing
conposition resulted in an approxi mtely 20% reduction
in the coefficient of friction observed in the
pol i shing of a substrate conprising a




| ayer of tantalum while the tantalumrenoval rate was

decreased by only approximately 12% Thus, the results
w@boowhigiexanpl e denonstrate the friction redurBtT/U82006/041420

achi evabl e by the polishing conposition and net hod of

the invention. CLAIMS 1. A chem cal - nechani ca

pol i shing system for polishing a substrate conpri sing:

(a) a polishing conponent selected fromthe group

consi sting of a polishing pad, an abrasive, and a

conbi nation thereof, (b) a water-soluble silicate

conpound i n an anount sufficl@nt to provide 0.1 wt.%

or nore OSi2, (c) an oxi .&hag agent that oxidizes

at | east part of a substrate, and (d) wat er, wherein

the pH of the pollshln systen1|s to 12. 2, The

pdi i shPnehesyealaneshenicabpolishing gyatem forprlishing & subsiatgpemprising:

silica(® C0ﬁﬁﬂhﬁhﬁng@o&@bﬁﬂitedleétrcdIﬁdnlnﬂme%roupconsmtmg of a polishing

consi sting naq{amwaﬁa oG AdhURE || cate, \
tasl

potaSS|un1 I cate,’ an |un1ne asilTicate, 3.
The pof@shi Agralsissalphlesi ’&F‘tﬁ‘%‘?\“}l’o & @7 amppgt sufficient to provide 0.1
wat er - sol ublva.9% iok maé ef sigpound is potassi umsilicate.

4. The ( ?r: ;%F:ogg:}iz;ﬁ’:g taggﬁt%at ?dlgés at l%?ﬁﬁ* 5‘% % g\.?ostrateh%nd

pot assi present 1n an ano
to proWde OY%’VW.%or more of Si2. 5. The polishing

syst emwdikereih &epIS of iMegiotishingRestp@tiagoum si l i cate has
a SiO KO nolar ratio of 2.8 to 3.9. 6. The polishing .
s¥st enmlbe pelistiing Systesh of elaimtlhwheretim i watesdliblgisdicatescompound is

selectél £bAAhK uFS[Uoﬂglsﬁl@é bPpdthsstink Silrdate; sodiurhRAidAf, b@ﬁhsﬂﬂm

wherein the OXIdIZIng agent

e alm
metas@’é?‘&?‘@ﬁ qdﬂlgfhn?‘ﬁ%s’ %% p consisting of hydrogen
pg r oxi 4ge bﬁ%%gysté}ﬁ LiFeiada @a(a&%reupﬁfesw+tt3€§cﬁﬁble silicate compound is

drogen peroxynonosul fate sul fates
POtassf‘EPls}l’é’aWr trate, nitrates, quinones, and corrbl nati ons

t Qer eOfl'he %oh;i-ug Qfstérﬁ P% n%héi)és {v%@re% t € 5‘paotzrgsm‘tr)n Mggtg is present in an

t he poli's
amounyjsy lentttmrweh@ﬁ%vt%oswp@ﬁ%@z n the water. 9 The

pol i shi t.em of cl 8 wherein the abras ve
81 cot AACPPETERE S R CER: S Bhe RS G g a SIOxIO
molargatia ¢f3.820 BGoni a, and conbi nati ons t her eof.
6. The polishing system of claim S, wherein the potassium silicate has a Si0,:K,0

molar ratio of 3 to 3.6.

7. The polishing system of claim 1, wherein the oxidizing agent is selected from
the group consisting of hydrogen peroxide, iodates, permanganates, persulfates, hydrogen
peroxymonosulfate sulfates, molybdates, ferric nitrate, nitrates, quinones, and combinations
thereof.

8. The polishing system of claim 1, wherein the polishing system further
comprises an abrasive wherein the abrasive is suspended in the water.

9. The polishing system of claim 8, wherein the abrasive is selected from the
group consisting of alumina, ceria, silica, zirconia, and combinations thereof.

10. The polishing system of claim 1, wherein the polishing system comprises a
polishing pad and an abrasive wherein the abrasive is fixed to the polishing pad.

11. The polishing system of claim 1, wherein the water-soluble silicate compound is

present in an amount of 0.5 wt.% or more.

12. The polishing system of claim 1, wherein the pHis 9 to 11.



10. The polishing systemof claim1, wherein the

pol i shing system conprises a polishing pad and an
w@beoaaioaes wherein the abrasive is fixed to thePCT/US2006/041420

pol i shing pad. 11. The polishing systemof claiml,

wherein the water-soluble silicate conpound is present

in an anobunt of 0.5 w.%or nore. 12. The poli shing

systemof claim1l, wherein the pHis 9 to 11.13. A

met hod of chem cally-nechanically polishing a

substrate, which nethod conprises: (i) contacting a

substrate with a cheni cal - m8@hani cal polishing system

conpri si ng pol.i shi ng conmponent. sel ected frQq
th gréuaeteeégk ghwgﬂbrnﬁcmqa&mm jshyng a sybsteats, a@v@&neﬂwd
comprizesl a conbi nation thereof, (b) a vvater-sol ubl e
silic co |
0.1 \Nt&f/o orE[;Br)rrg%tl"fel ansél%gﬁ z ; an oxi @%ﬁiﬂ gagﬁoq\éhﬂlg system
oxi di zes at CPBBE$INGart of a substrate, and (d) water,

and (ii) ab(adi ng palisHiegsémporat dledtedfrofntie gttuptdoatisting of a
to polish the substrate erein h

pol i shi ng systenpllts}’én%%a&fh %?Qw?m ;‘lf%%tahgkfo ereOf

13, wherei n(he waatater-sobibidpsilicatp Pp@apémt@mwmsufﬁment to
sel ect ed from t hgrcgm&xmm%bsmdagop&cgpt assi um

silicate, spdiumsiligal eéﬁ}én%ha?ﬂxx 1ze]sa e%s!tl Iax"it % sug&rate and

sodi um et a YR cg‘?om
wher ei n the(df)/at eWaER!N%@I e silicate conpound is

pot ass{iym s albﬂaaﬂltg&t 1ekéx. aﬁT of'Bf the@ubstraté i polikh the substrate,
wher ei n,t he i.cat e |slspgtesle2nt i n an anount

suf fi cfvgﬁli 1 oe[?r o%ftg‘gpﬁ l%n%\fyss}cr% horeé of Sio. 17.

Th@ nemgﬂleﬁfodcdf%ﬂdﬂnll@a tvolf{gﬁeg@ma M}@r Qﬁﬁﬁlé §m§me%mpsaﬁ&ls

Selec‘ﬁ?fﬁ&h%mt‘? &Pﬂﬁ‘inf‘g ‘%ﬁ?@?aé?‘ﬁmt%ﬁ Caé%tsa‘é‘é‘f‘h?ﬂlg‘?tf”u ROMASEINLs
metasificge Gihdisodpmoietasilicatel o of 3 to 3.6. 19. The nethod of
claim 13, wherein the oxidizing agent is selected from
the gr Shemethedioficlaim 1 Wheeain e e sivkle silicagsompound is
potassii@ Bitieganat es, persul fates, hydrogen

16. The method of claim 15, wherein the potassium silicate is present in an amount
sufficient to provide 0.25 wt.% or more of SiO,.

17. The method of claim 15, wherein the potassium silicate has a Si0,:K;0 molar
ratio of 2.8 to 3.9.

18. The method of claim 17, wherein the potassium silicate has a SiO2:K;0 molar
ratio of 3 to 3.6.

19. The method of claim 13, wherein the oxidizing agent is selected from the group
consisting of hydrogen peroxide, iodates, permanganates, persulfates, hydrogen
peroxymonosulfate sulfates, molybdates, ferric nitrate, nitrates, quinones, and combinations
thereof.

20. The method of claim 13, wherein the polishing system further comprises an
abrasive wherein the abrasive is suspended in the water.

21. The method of claim 20, wherein the abrasive is selected from the group
consisting of alumina, ceria, silica, zirconia, and combinations thereof.

22. The method of claim 13, wherein the polishing system comprises a polishing
pad and an abrasive wherein the abrasive is fixed to the polishing pad.



per oxynonosul fate sul fates, nolybdates, ferric
nitrate, nitrates, quinones, and conbinations thereof.
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system further conprises an abrasive wherein the

abrasive is suspended in the water. 21. The net hod of

claim 20, wherein the abrasive is selected fromthe

group consisting of alumna, ceria, silica, zirconia,

and conbi nati ons thereof. 22. The nethod of claim 13,

wherei n the polishing system conprises a polishing pad

and an abrasive wherein the grasive is fixed to the

pol i shing pad.23. The nethod of claim 13, wherein the

waBer - Jbk metkodsof dlaat B3, odrepeinthe watepsalukletsilicateagpmpound is present
lnmmbfgf5@t@wm0§bor nmore. 24. The nethod of claim

3, wherein the pHis 9 to 11. 25. The nethod of claim
134 wh&he infethiddeofSdldiat I Rtvehetainiid g€ ss @itael.al | ayer. 26.
The nmet hod of claim25, wherein the netal |ayer

c8fpr i Joe mashndofislainpl3, whezeinthawiistofte epmprisese metal layer.
TS eGSO AL HERBRHF PRE GBeRPSRies tantarn.

I
gg?]g[ 'amﬁ%o ﬂgdd%ie&& %6 V@ye %‘g&ﬁa{;ﬁ%o@g} ;;xjis gcopper

\Mzsr ei IThk h&.ﬂ%cﬁéﬁﬁ&fﬂ L3, Ivmeeémuse B stPAtE a&hgakésk dlelectnc layer
30, The nethod of claim 28,

d
which agra dlge%tﬁl‘écgng %tf?fsiorllgygr i's carbon-doped silicon
di Q@X | dghe Fethod 6f dRMPE vier&h ﬁierﬁlgl%cmm%e? '1§7ar{ &%}axélcally modified

5 strate further conprises a netal |ayer.
St lcorhﬁ d of claim31l, wherein the netal |ayer corrpri ses

t gpt al ey g‘l?b"t:'l? T&eclm f@ %kﬂ:t'elﬁ lt}?é (mel%gmcvl\% % &r{)(ﬂl =doped silicon

.. netal urther corprises cop
dioxide.
31. The method of claim 28, wherein the substrate further comprises a metal layer.
32. The method of claim 31, wherein the metal layer comprises tantalum.

33. The method of claim 32, wherein the metal layer further comprises copper.



