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[0004] One way to fabricate planar copper circuit traces on a dielectric substrate is
referred to as the damascene process. In accordance with this process, the silicon dioxide
dielectric surface is patterned by a conventional dry etch process to form holes (i.e., vias) and
trenches for vertical and horizontal interconnects prior to deposition of copper onto the
surface. Copper has the property of being a fast diffuser and can move quickly through the
underlying dielectric layer to “poison” the device. Thus, a diffusion barrier layer is typically

applied to the substrate before deposition of copper. The diffusion barrier layer is provided
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oxidize very rapidly in these polishing compositions. Additionally, because of the difference
in standard reduction potentials of ruthenium and copper, copper suffers from galvanic attack
by ruthenium in the presence of conventional ruthenium polishing compositions. The
galvanic attack leads to etching of copper lines and a resulting degradation of circuit

performance. Further, the wide difference in chemical reactivity of copper and ruthenium in
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DETAILED DESCRIPTION OF THE INVENTION

[0004] The invention provides a method of chemically-mechanically polishing a
substrate. The method of polishing involves contacting a substrate comprising at least one
layer of ruthenium and at least one layer of copper with a polishing system. The polishing
system comprises (a) a polishing component selected from the group consisting of a polishing
pad, an abrasive, and a combination thereof, (b) hydrogen peroxide, (c) an organic acid, (d) at

least one heterocyclic compound, wherein the at least one heterocyclic compound comprises
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metal oxide, glass, organic polymer, fluorinated organic polymer, or any other suitable
insulating layer having a high or low dielectric constant. When the insulating layer
comprises a silicon oxide, the silicon oxide can be derived from any suitable precursor.
Preferably, the silicon oxide is derived from silane precursors, more preferably from oxidized

silane precursors such as tetraethylorthosilicate (TEOS).
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thereof. Most preferably, the negatively-charged polymer or copolymer is selected from the

group consisting of poly(2-acrylamido-2-methylpropane sulfonic acid) and
polystyrenesulfonic acid.
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any suitable time. For example, the a-alumina can be treated with a negatively-charged
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polyvatyl@sohods, nplons ela’(;umdllas& Lsytghctmmblserk isgymenis pOLyterappoBtatomatics,

ﬂuorc%qgr%(y ,ng)ppqugg) gqgﬁl}rﬁ(g P 3§1§S é];/%;’gjg)ﬁﬁ tipg O/gathgn%g 1c%!>ss-

linke®pblySlefing pBB/@th@% ﬁ@lyesf@&ls | Yoy 5te, RS @ineriVRbBRUS lenes,
sui t abl e poli shi ng pads can conpri'se any suitabl’e

~ copolpietsrand bl epa@ib@epscthgmef end méxturks and blendscthnreps coformed
prod@fglt}{g@egfy?lg }n%{turgfth pe yvi nyl fl uoride, nyl on,

uor oca ycar onate pol yester, polyacryl ate,

[0013@o| y@h@pnxshmlpuebmyhmany@ﬁhmasxty,m@mwseﬂﬂbkﬁ@s
@_yrene pol ypr opyl ene, el astgners, poi ur et hanes,
Comp}if»‘éﬂ% Fe ALY tp E1bpERG WRSRLOBPTespioN Wﬁﬁg)mmeé%wm@dulﬁg;l Hiegpolishing

pad cél‘?fu)l’/tgr Do Csé(cﬁ;}h&g' sﬁltﬁl#@ﬁ%{h%d §ﬁﬁ¥£b?@hl§t}188§ a8 casting, cutting,

ropol yners,
reaction ggsction mkcédhng,ahpum@t bﬂawemoldiﬂ@ casmpletsmnoﬂnphhmg, kaneing,

therm§ iR Bicatne U sGemr R ang eciyirRulpe, The polisting pad can

comprise a solid monolith or can comprise pores. The pores can be open-celled, closed-

celled, or a mixture of open and closed cells.
[0014] The polishing composition comprises hydrogen peroxide. The function of the
hydrogen peroxide is to oxidize at least a part of the substrate. The hydrogen peroxide can be

supplied from any suitable source. Hydrogen peroxide is commercially available as an



copol ynmers and bl ock copol yners thereof, and m xtures
and bl ends thereof, coforned products thereof, and
wWOorRoorasms3 t her eof . [ 0013] The polishing pad caPCTiES®06/039956

any suitable density, hardness, thickness,
conpressibility, ability to {ebound upon conpressi on,
and conpressi on nodul us. e’ pol i shing pad can further
be produced by any SU|tabIe nmet hod. Suitabl e nmet hods

aquepycolidion dmwhten gt varloub chbent Samt | b
70% g‘%@cﬁ ﬁnfbl ow_nol_di ng, cgn'pr egslﬁglﬁaﬁrlr%%g/‘l’ §V/Wg0%0% (#w), and
6 orms fl’éﬂgﬁﬁl Aegfoxide npﬂ@modglm p&cﬁb@&ﬁg calcium
ad can

l'i shi
peroﬂdﬁ, @.i;u:l giggg@ggn Iﬁ ﬁﬁfeoﬁgltcﬁ Ii]@ raEea%e ggﬁigqgleééyleg%g whephdssolved in
waterpé’,r@@rab 7 thsehydpegen petdxédd, is 1095Rd S hh 8§ueoPk ﬁu%ﬁ(t ure

F0014] The pollsﬁ

[OOIng op fp]? ﬁl cl osed cells.
& SAPPOSIEEN Kymipaseive gay oxitabée arﬁblmtfohﬂ RgdrbSéh
peroxaﬂe fﬂypldaﬁyl,rtﬁgﬁﬂﬂhﬁ%ggaﬂnﬂﬁgf;ugntggmg ISC%LPZ@IEWE: ﬁrgggrea(le gaE) t1 W%

of the substrate

or MOgg, o L e 6 pF W@mf hydriogabpeosider PR ferkyI¢r Bg ?Bhﬁﬁﬁrg&%ﬁosmm

; e as anaqueous sofutlo
;Zmﬁ@?b%{?} SE Rt UL BB e o Wrdé$8hgf3ﬁi¥mgaxv/pm}ox1de
ore pera Whepal'ilsllﬂ W 0 o
Wt.%) 3&1 i de incl uéleé)so Smogerc gon(ggﬁ Pgﬂ Cl ?rré)(%'gw lwt%to 5
70) S8 PEKIOgEn ¥ ﬁagne3| um peroxi de, which liberate free

[0016]1ydr1q1g 188k n di ssolved in water. Preferably,
t he hydr olgené)gde FOUTRISER AT 82T 2gifl- SYeendeiscids useful in the

polishigg cgmpositior ﬁﬁhﬁﬂ]e cﬁﬂﬁxﬂﬁlﬂc AcdN 43 sﬁHfHﬂ@ Sbib o?re%eargl?l the polishing
Come%lq MRhSe-a0y. S t abl e amount of hydrogen pero de"
ypi carPik tal‘Fé’r V1ig Aridg Neorinuising esamplosipf mﬁt@BleQaﬁ%xyhc acids
% or

\ dwtna%nﬁf
o) of P s hoit, Ruho . T 898 BhgpSlcri e vt

acid,
gggﬁsﬁo@qpﬁlit@ rCislo taptaiis esid28luvdni®add, heSsidBtig ?1%19( I:Iag-xd\%si{}é%lc acid,

| es of hydrogen pe
or any Qérb%g e qr %11?%%%%%)93@ (%f ki, theongaoempeid setartfridacid.
[0017] wt %Wlb bb apprebinfed.iBat th@-an éh{lgne% c\%boﬁy lig ﬁClg%gz{S]? qugsg dn the

I Ng~ COmposl

formog r@g¢ 0016 The polis
hS (J§§nla6n%fé]is(§t @rgampmuacsadisomeﬂlkle) hﬁla&lﬁeorpéél Cpimaﬁ]galt
aci ds and sul f oni

thereofC FOPE&JIO @ar'tr@%% %%E(%% 28“1[ a§ s A VED 3p B1I0PT el Giesalss itseeof,

aci ds. Préfer
Furthergnogey IlebQWh(I:acadsl 1dclu&i@@-bb$13ﬂﬂcﬂgn€§ gﬁﬁ%& %an Q;Els S Iéltlea X of an
Cl

0 aC| ds i nclude mal onic sucernt
acid Sal?gft% § clipngd grovpa diod ekmle,lgiycamsdncmaé blgcias) eﬁawell as acid

salts thc&edﬂr IF@rtﬂ@ihﬂ)re %bﬂﬁ'c@ﬁwoﬁﬁcﬁ%&ﬁ 'ﬂ.gqcp? gwga%{aﬁ},%;{qc@ﬁ% g@helatlng

gl uconic acid, imnodiacetic
agent (¢, ‘é’fﬁ?mc@éililll‘)@)%yﬂds endthedieyo car boxyl ic acid.
[0017]

0018 prq-f he organic acid is tartaric acid.
,[r 1 he ﬁ)?ﬁ%ﬁn%‘t’%?%%ﬁ CARPTIF Y suipllremounnetthe organic acid,
yp1calbfatlie@x>11bh1ﬁg a6rhPSsitee eoRiribs 6 Sf for
or 0.05 \&ﬁ"/ a netal salt, a anﬁmg%?ﬁ%éﬁ Iimo%?r(etghz)?(}li Wik, or more,
oa(glrgored?r QL Wg"/g)axrgam agal Preferably, the polishing composition
comprises 5 wt.% or less (e. g, 4 wt.% or less, or 3 wt.% or less, or even 2 wt.% or less)
organic acid.
[0019] The polishing composition comprises at least one heterocyclic compound, wherein
the at least one heterocyclic compound comprises at least one nitrogen atom. The at least one
heterocyclic compound acts as a corrosion inhibitor, preferably a copper-corrosion inhibitor

For the purposes of this invention, a corrosion inhibitor is any compound, or mixture of



t hereof. For exanple, tartrates include tartaric acid,

as well as nono- and di-salts thereof. Furthernore,
weambosoplils ¢ aci ds including basic functional grEUPS2006089956

exist in the formof an acid salt of the basic

functional group. For exanple, glycines include
glycine, as well as acid sal8s thereof. Furthernore,

some conpounds can function both as an acid and as a

oA AR S Bl e e et 6o apd e L
layerpoy asSleast a%bﬁm@fﬁflﬂlﬁﬁ sfacé BEhEHR Rt ‘t%ﬁig%pol&ﬂéﬁ CR lcbffper-cgrrosmn

the polis osition conprises 0O % 0
mhlb(t@r 5. any eomowd tb@tdamhtatqs th@fonrna‘@@n affa I%smatmleyer@m dpper. The

f bl th
et S PPN oA e B Mnlyodel S b o o
morelSe@s p-moemiRerod, héteicytles SitrdpenRYLRIInIMind Prefb@8® borrosion

9] .Th lish tion
inhib RGNl i doh Bilsado R briseviel | 8 ddonpas o
benzinlale, beeiORR, RS SLAGMCL] BaRBIRAN, AOUPLLEE T Bhonss

| east one nitrogén atom bne
aming- fiivan ¢akox e, asrapoermivsi, areat m]mbblreho or alksfl'é‘i@@ﬁﬁkdd ®rivatives
For_ .t he purposes of this

s BB BT, O o b B e S oot sy
consmﬁr)gtdﬂb%nﬂftﬁ%@tﬂ'l@matzbﬁt 1.ha Cﬂgllakéléta‘flﬁ Iﬁ@&&ﬁtﬁ%@{)f Ofhed Johshlng

a aSS|vat|on Iayer (1.e ssol ution
comppgi{ian pf g inentiemern @ngmrst IaID}’I swfablcremamnt dfthe aDIeaitlme

hoter B¢ Coth ot Mo R TP RRBOHECT brhates i 105 i.5% or more
(e.g., pa)s SNt\P,aTor aford, ay 61026 vt BPRIore, HRB.0B&HEL, Qpﬁf&ég%f@%%b@gone

rising at | east one nltrogen atom desir
heterqgg Eig‘? saousd e Prstergply cths polishing ersnimsitisn, COHW@QSS)}:WQ% ar, less

(e.g., U'St\fftoﬂ%?léég’q}r@'ﬁ' rdrn&§ or e(lglfl ﬁr 1" ed)/é ieg% of(%flle at least one

i nhibitors |nclude ut - are no
heterotydlj@eonmiomndl e, 1,2, 4-triazole, benzotriazol e,

d d atives thereof,
o020 ST A2 0L ez L pReL e, and derl vat L ves, Lhereo
derivatiat BO¥6T as FRIGRMcBrocyRlit oM aﬁ "’I’refe#alﬂiyp ltﬂee;?o"hsln%g system

al kyl - substi t ut ed derlvatlv s thereo ‘
compm%gm@@p@zolqaq éheagol¢ ketstocyrlie dostpennd yinlthis ﬁrﬁtmﬂidﬂdndbrﬁ the

polish e A EFiob APl b5k Bl Bt Sl eomomeen GO0 Wofio.s w2

benzoffaeoleah aitviré frefauh10 910507 Bto bN &y BB JHRALEAN
gl e anbunt of the at | east one

(0] i se any Sulta
[OOZIﬁePEP 86§<9 @n@gﬁ@@ﬁp@dhe FYshineat gygtem q@mbs gtieasga firstand at
least a%@msﬂ&érg cfi® g&ﬂ{l% 5911 99 é@ton é SRR &;{fggrﬂ)l_y%l%girst

Yo Or N
heteronmhe)confpohﬂrbcc&ﬂlpriseabénzoﬁmzhletoe th@Mﬁétiv@ 683U Ghe at least/ one

lishi tion conprises 1 w
second hétpSE e Xompb el Grirtiss Hiazo 58 » dsrivigiveshoseo oaat st s

prefer@ly €¥8pries I WM-1%,6fe. |1\@§s§ bréi’éraﬂl@eth@tﬁrét%"éltsegocgfcﬁc compound
heterocycllc conpound
comprises benzofriazole and the second heterocyclic compound comprises 1,2,4-triazole.

The polishing composition of the polishing system of the second embodiment typically
comprises 0.005 wt.% or more (e.g., 0.01 wt.% or more, or 0.025 wt.% or more, or 0.05 wt.%
or more) of each of the first and the at least second heterocyclic compound. Preferably, the
polishing composition of the polishing system of the second embodiment comprises 1 wt.%

or less (e.g., 0.5 wt.% or less, or 0.25 wt.% or less, or even 0.1 wt.% or less) of each of the



[0020] In a first enbodi ment, the polishing system

conpri ses benzotriazole or a derivative thereof as the
wa@odog/okster ocycl i ¢ conpound. Preferably, the ppdT/BEkiong039956

system conpri ses benzotriazole as the sole

het erocyclic conmpound hi this first enbodi nent, the

pol i shing conposition of theé polishing syst em

preferably conprises 0.001 wt.%to 0.5 wt.

first SRINEO b [ed% % Rnd ﬂ?tef&?@tfocrfﬁ{q%ﬁggl ﬁqecgtg%g? ﬁ%&% péhsgmgt he

W . % benzotri azo
Compfélrtlpé ot ssycmdeamlmdnmnt slempﬁéesloaﬂsmd% tf) lzr‘tﬁtth %q0g. @toz{wt % to 1
0 erocycli c compoun n i's Sécon
wt A)é%‘ﬁ(zgs %%ﬁ&) %g S e)P)aPé |a>;r31/1chJée of ‘ihg%rﬁ@né theoag é&as@ec«nrqjmmdcychc
compoondir i ses benzotriazole or a derivative thereof and
the at | east one second heterocyclic conpound
[00224 o rp e palishingzceoipesition apti@rally abinyeisdshEstRSFhonRNEHATOTE: funotion

of the%h%gﬁ ; g(!t é’ch %ngcg%%gﬁll %ﬁggﬁﬁ%{?lﬁ%ztg% E@Iﬁ%agoeffai ra’? lbelast one

optiore tentdltuina edreal @chifide 158€ W%f@l;ﬁlﬁglgﬁ%% dFasG8 oéjoggeﬁ(t gf the

1,2,4-triazole. CO”DOS

1nven{1%npnﬁha iﬁ]: #s ngg,]gmgqad tof 1 -gmosqudmemb Oddlﬁlﬁﬁ;bhomc ac1d

hydromb@neolf 1 enhp]libsphomh@czlﬁlcﬁ@lk Hb% @E d t
het erocf%ui c co ound.’ Pret erab}ls “t he%g |all§§§%9honates and

m1xtur68 I%eag plpcgm #d syis eepnemnt fththe geh:shmg composition
Fine aads ] don 6
of the Iggtrﬂn.y%ﬁﬂwlé t?/(oﬁ%reﬂtrée@fsog @u?{yp \?QX tl%: W“i’%ln&cgmpp%gél} of the

pohshmg sgg{@m Wil qongfrise 8101 antdo th1& vaiY (£250.15809762. 5 wt.%, or 0.2 wt.%

He | i In other words, the polishing
tol ngr)rpggl%%/p%oﬁ% n%é(ysecond errbodl ment conprises 0.01
[0023]wt %hie @oBshibg B6rhoset
% tgb 0.5 wt /gb ° lonaﬁ%géalm ; n%? % foam & coé‘?’?é’“?ﬁ&"%?nsmg
an eth‘?r SRYP. s@@oﬁ#ﬁcﬂf@t @ﬁ]@ﬁ:@d@mm‘: worppond dompRERPIn FhE group is, at least
|y cqonprises a

i partPR R ony 2 SRR Rl RT onf obfipta Biieswe s sty nicide

layer. .Aglysanauledmmmmcqmmmab@m A6ih£ 88 8thle
3 t%nta urr?rg?ﬁ fan ‘F&du%omunc“on

of. _an .at st. one opti onal
with theipyengan, é;fg?mlwemyp unish 8% pied iiersim s atsy wmpduad compaihg two
nitrogeBfatdhewhid QRéid e pot limte
9 hydrgxye?gé/ﬁ ﬂté"lﬁe- H?EE‘%% %%B’Fﬁ ée%%‘ioals can }la"e any suitable
spatial grrpigentent pithintthe dnepitospianing. 86+ élample, thedmtr(igen atoms can be

[ th h h
bondedﬁhl‘rgf%ﬁg %aggr? aqrp arr}g@ntgxﬁ@g%g%ﬁ&gop@%?%gs @aﬁ%igﬂekgrhte the nitrogen
atoms. pfhm&pf; Qllib’:lmﬁrﬁgerfjdt@ihg Mhd gﬁdp’)é gg%ﬁ R%%ﬂl%lé ch‘uab %’c nt%(r} alxjcry%ﬁc

ereof. | f present,

chain, CEr é%ﬁ{iﬂpﬁapﬁésﬁmtﬂ@hl ng conposition of the invention
pically the

at ncentration but t
[0024] lf?rﬂ‘ﬁll n %g%}lt)ogn? Orine the apjine %rgpp,éﬂ qygn@gnglye@ﬁn\)qeumsubsututed

(e-g., Mdnmr-m&és DorQlibuthtufl (g Swith oY
119 St e O gl b g2 oo

contalmng gr%upss. Bepen\%ng on the number of atoms to Wh1ch each nitrogen atom is

bonded, the nitrogen atoms can be charged or uncharged. Of course, when a nitrogen atom
assumes a quaternary configuration (e.g., is bound to four atoms), the nitrogen atom bears a
positive charge. Thus, the diamine compound can exist as a free base (e, 8., Wherein both
nitrogen atoms are unprotonated), a mono addition salt of an acid (e.g., wherein only one

nitrogen atom is protonated), or a bis addition salt of an acid (e.g., wherein both nitrogen



[ 0023] The polishing conposition optionally conprises
a di am ne conpound conprising an ether group. The

wo eovensoem of the di ami ne conmpound conpri si ng aPCEUR®NG6/039956
group is, at least in part, to suppress the polishing
rate of an at |east one optional tantalum or tantal um
nitride layer. Any suitabl el@ianm ne conpound
conprising an ether group can be used in conjunction

atomy\faﬂefbrétbﬁatb@)v eA‘édoPcﬁ lg tgé g%lr}rlglr% > & Iragougagn%aiﬁytg%ggn@ﬁé%ne or

herein, is any

more\gRpgtar- ;ﬂn@\asdppropm)atam ne groups. The nitrogen atonms can
arrangenent within the

[OOZéJaveT 0y sui t abl eoulﬂgagl al ang:
i am e CHHPoeTIRoURE comREsRs|ab leagtnne sittter grypmp, atdonan comprise
more ligankxaie detkr %Mu%%l A atsp% p}% pdl mc)mz%qr &%&1%5{%%Pﬂpggnd

group of atons can
comppiging gk leastiane ettiet goyee.at twrsor mnthedﬁﬁé}%\lﬂs)/c&rbefdenved from the

t of I h
comblsiBh 8P, He "G it omeunC o Gy e e?ﬂygerr@;;rdeawmpylene
ox1def ‘(orpnwlge b NigeAHi 41Ring "p@}j@thef nﬂ% %? rtglé ?(1)1ramgr?eg sotr]ilRObIP% gomprising

unsubstituted (e.g., -
an ethep group 1,3 pelyether Gamnsy éflqra plﬁferabb'nt}mdﬂamme @bmpound comprising

o oD 5} P ERAL R e A sertilGane ditowns s Asomaeund

nu
compriging ail 8 ratupe hinedr@tBindANing €hre 6 3% SR WmIMHNBS ﬁg%%egatoms

a nitrogen atom assunes a quat er
lncom@zs#?ff ot %?@ﬁﬂ(féla@ Hleéﬂ@@bme@mefdwmnabm’&) ﬁlrtﬂlbﬁsubstltuted at

any availbb1e Pesitiah r Thu
.y di am %e co npwc})@g%@cgﬁﬂ)&)% Bfe Ssbsct é’gg’ﬁ) eéample of a trioxa-
tridecagigatiasnine b@uta’olmfomsegmoammommh umﬁo&@iaﬁt@dﬁ 10&riBPAP, 13-
e

trid n salt of an acid (e.g., wherein only on
H ecglg??%ﬁgln atomis protonated), or a bis addition salt

[0026]of dthe @olishif® cempoial

gt or?g?éd)l chco? di ngcl%%ogﬁ%&d%ﬁym %gﬁgg%}ﬁgﬂ%%ﬂﬁ%?amme

CompoUgf CHBPIIHBEPR icer giospokf presest, pradertisly- th@%ﬂmﬁﬁlg composition will
r ] nd conprises at
comprADBARGL A 1 TPk RO afhe S ity S aGe diaviibe prmpemd

ComprEMganegheDlgpot(pe , a polyether diamne). Also, the
und conprising at | east one ether group

di a C
[0027] ( Ie 3:11 W%n;gg cqreRasitionisan comprigss) dispensibge aghet | EeainpleOof suitable
disperdi re .nono
ispersid}ageat¥ithfatd ﬁ’rﬂ)s?]% lfc\égn&ed é%ragl aC}Jsp %BWS%' @ngE 11(&;@]’{101%%&3

units, such as e

compopadsy |Pg1@fembly, mlmhsp:hramg ﬁ@np@a)tﬁﬂ%?ﬁyhc%rcﬁf & a%l%neﬂmgt@ylic acid,
0 0 an ether group is a

and mo% ? {}ebl (rHJg)mcFyélc agg{ \%@rbpréspe@mtye pqlg;ém@i camiposition of the

pollshlﬁ@ﬂjm&hm orBPTE 0001 vt t&h, @% Gr@ gp ol tg Q%) pE the dispersing

trioxa-tridecane di am ne. triroxa-tri
agent. j g g conpound conprising a 13 atom | i near chai n havi ng

C%}n%rrs .and two nitraogen atons i ncor porated

t hr
[0028] t%%%ﬁlﬁl%ear QHEON Canhave apy swable pihe Reaferably st pelishing
compog;‘a(m hess of pH bhé o $21B8dre HEFQELIHT t0 9. The pH of the polishing

composition can be achieved and/or maintained by any suitable means. More specifically,

;—

the polishing composition can further comprise a pH adjustor, a pH buffering agent, or a
combination thereof. The pH adjustor can be any suitable pH-adjusting compound. For
example, the pH adjustor can be any suitable acid or base strong enough to produce the
desired final pH. Examples of suitable acids include nitric acid, acetic acid, phosphoric acid,

and the like. Examples of suitable bases include potassium hydroxide, ammonium



any avail able position with one or nore suitable
substituent groups. An exanple of a trioxatridecane
waelr@mosis13ui t abl e for use in conjunction w th PEEUS2006/039956
invention is 4,7,10-trioxa-1,13- tridecane di am ne.
[ 0026] The polishing conposition can conprise any
suitabl e anount of the di ah ne conpound conprising an
et her group. If present, preferably the polishing
1.t i i . 0 0 .
o RRRE R lgn G RRRS AR, The Wtk od oy B s
buffericg agent, Sonexasaple phesphgtes petafes) MRT74tesT hmnpalivrs kaltsg and the like.

e RS G CORRE 5 SRR R ST SS2TRL55, e

bufferigg t, préxGa&issuch afhoBX 6 88HicRACLoRIRRPE SRBSEMERIROHRFS of the
referably, the dlsper3|ggﬂg ent is a polyacrylic acid
0

polishing cempasitiomevitkio thd taogescie reiibr e preferably a

pol yacrylic acid. Ven prese h ol i shin
00291 80 BEKhsbpe TprpRait PrRAERS Mgt HieBlhes e dEmproger
additived. . Sfech @dditiSesinclé enPsuitaBleQlirfh@ait. ahd ik r1%old¥ical Béntrol agent.
__ dispersing agent. [0028] The polishing conposition can.
Suitablg gydacians @ekugabfpéemplprcéwmwﬁct% apjenicsrriagjants, anionic

[ . e 0
polyci GIRRT, AniyC RReRuB, Broflollo dttaciBs ARE MR hab
mixturesrtiéroof, amd thiedikeed by any sui tabl e nmeans. More

speci fically, the polishin onposi tiqn can further
100301 oy ReliSbpngiqopeitioR PHCRA KBS SPTRGSS G8 i ogRIE agent.
The wﬁ%iﬁ?tagﬁﬁ chi'BE 8 suithBR Rk BAh#S18EntC Aith6le A Foaming agents
sui t abl'e " pH adj ust1 ng conmpound. For exanple, the pH
includegtijtiase oot lpsitedde, siligorsbdsed bidacatyilehiodiobhswdsntibnging agents.

eno . roduce the desiyed . final pH Exanpl.es, of
The aniieh el R Hefed Mt b Rotshit coBfosiaih Miciiy® 40 pom o
140 ppphosphoric acid, and the |ike. Exanples of suitable

pp . . . . :

bases incl| ude potassi um hydroxi de, ammoni unhydr oxi de,
[0031] andThendligbingyrmpasiipy APERraHy kirther camaripss aduedies. | Hip biocide
can be Qx%%ﬁﬁaﬁl%%ﬁ&dea 2 bR %sn?ﬂifagcﬁ o8 pRARIY Th Wnount of biocide

exanpl €, phosphates, "acetates, borates, anmnoni um
used ingh¢ palishimgdohipesitiok eypiddile ipdppsitd 300 ppnpasd pieferatdaiz 10 ppm to
5 conprise-any suitable anpbunt of a pH adjustor and/or a
“OOPP’EFH buffering agent, provided such anmount is sufficient

[0032] f: 8 Mcﬁiéﬁin@%%m%bsiﬁ@h BifbdorbhRe by Ay §1ﬁﬁbfé%é_l§ﬁkh{[égr8%réxj of

nposition wthin the ranges set” forth herein.
which ath énpeh isthosgskilbedpioghe ardnToprolshaiglcpmipositine carcbaprepared in a
batch 208,QF hor & ot h?{F adgi t&lve{g. Such addi.tives. i ncl udgb
atch of SOPTPYSIFP &8y FPATE It PRI BR & RERC TG PR 5 ROREPEFT DY
combirRGeiht compbictlpd Beuf nalydnddy. TRE kdphecolPbn@anPhsRd herein
catjonic surfactants, anionic surfactants, anionic

includeg indpeitedl ipgrpdieats (- gonbresive hydiopeae perakisle, aspHe e ¢c.) as well
as any é&ﬁlﬁiﬁﬁoﬁ%ﬁng&éﬁ% i(@.g.t, gﬂaﬁ%,fh?ﬁrto%@ﬁ ﬁeroxide, organic acid, at least
one heterocyclic compound, etc.).

[0033] 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



m xtures thereof, and the Iike. [0030] The polishing
conposition optionally further conprises an
wa@edo7fossnd ng agent. The anti-foam ng agent canPGBEUS2VP6/039956

suitabl e anti-foam ng agent. Suitable antifoam ng

agents include, but are not_ limted to, silicon-based

and acetyl enic diol-based artt i f oani ng agents.. The

anmount of anti-foam ng agent present in the polishing
substreRMeGghi RAvdry BF 8l dovhpodeftd o%@bbﬁsﬁ@c&@ﬁﬂsﬁ[&% tw&8r more
. . polishing conposition optionally further ‘conprises a
distingjisgeicere WiEreby Itheenngmnents off theqolislsiog terbpesitiironeetey tHeourface of

e an 4 sothi azolj none. bi oci de. , The .ampunt , of
the suff Pl R ol P ARG R B Rie M A P Ty Bl g sprpmnens
of the ppHshit®cRbsRIvmM ar@ el iver & t6 Higdduyfab & ofitfle Bt R0 tHRRIivered
[0032] The polishing conposition can be prepared b
amourdof the pardenla comppneitiel thamplshiig commesitign cmmtemfy prior to the
. ' ' T lj shi itibon . . .

plish 56 LG e g 50 AT A ERTRBI il
such aGtinepalishing ritheofiid pelishiig sysemdsalidred can be prepared

y nmbi ni.ng the conponents thereof in any order. The .
[0034fer e&&ﬁﬁ%ﬁ%ﬁemp%%ﬁ%@a SRR 1pdi 2 @1on8 @ackage s YAtem §pmprising

hydrop S8 88 La 0§§:13%1:Cac)i(?, B ﬁ%t\bﬁe hB%AC &?obr?%ﬁ%g??’g%d Jyater.

organi ¢ acid, .) as well as an
Alternativelpdhe atgeniceciy, at laist ase haterobyadicagepopet, axd dater can be

AL [ RN LR T —
as a sdlOHiAGHHt&Tdr A & Bolid®riT¥ 8N kb ABmGRICaBRINRIYY OF86hA] BotPSnents,
formof a mxture or solution in water. Two or nore

such ag gpgbrgsive. Phosrhenigeasids abd ¢ digming eeipdudd sbinprising ae dthen @roup,
t ' f t he i shi conposi tion
can bRSEN S A S04 0 B PS50 TR ey o
in the sathé¢ edaitindrovitlt the hpdloigshp&rgxide and sy bther dxadibRghRpenar ed
egq%.lg. for all the conmponents to be_m xed together) )
Furthetmare, fhecoRprnepst Bk st somaingonn be ibfirytipen sims thegaanponents in

a secoh® cMtFiRerSiah bR R heBEm bPs Ecﬁlehﬁﬂiﬁ rﬁ&?&osct}.hg&o%r} 1¥L1I8re¥396r, the
prepared on the surface of thesubstrate, throug
compaehts v the foft orkecond wpommetsscanfhatdiédiffecani pHivatues, or alternatively

conposi tion fromt r re_di sti.nct sources, ereb )
S“bstaf“ﬁag%c%%% g pveB Grugly it a&ﬂ?% hitg OBB%% SPTPHE agn abrasive
is a soliflgt Sy baSEplitd biliter Sh BS) folh Or €€ a Shixtuf intWier. The hydrogen

point-of-use). In eithér case, the flowrate at whi cgh

peroxigle desitaldydm suppdied fepataselp ditoins thicother epmpertientsorf the polishing

.V . u e the .gubstrate (i.e.. t
comp o EATERARARE <3 SREC iR RRlRt RehbaSae diife
polishinglcomipbsigor sivpdgbéfornysegap., Deverk oe leeslpidr tofusé,a ddyeor less prior
{ pol i shi process and/or durjng the polishing process,
to use,gl RGYr OR LEFS PHQS 1 &FS: 4 ATHGUiSh OF et BRATSP vees 1 migaie aadess paor to

use), oPAlrb&HY Athd Fifk-ofUse! BErRNrb-IBhAGS ¥ HEL &ﬁn@etc%hﬁa%er,

combinations of the components of the polishing composition are within the knowledge of
one of ordinary skill in the art.

[0035] The polishing composition of the polishing system also can be provided as a
concentrate which is intended to be diluted with an appropriate amount of water prior to use.
Preferably, the hydrogen peroxide is provided separately and not as a component of the
concentrate. In such an embodiment, the polishing composition concentrate can comprise an

optional abrasive, organic acid, at least one heterocyclic compound, and water in amounts



[0034] The polishing conposition can be supplied as a
one package system conpri sing hydrogen peroxide, an
woee@anssiaci d, at | east one heterocyclic conmporeUSznNe039956
water. Alternatively, the organic acid, at |east one
het erocycl i c conmpound, and water can be supplied in a
first container, and the hylér ogen peroxi de can be
supplied in a second container, as a solution in water
such tﬁ’e[t ﬂbn iRAbh O f12" Hﬁc(e‘ﬁtrgbe’wﬁpﬂi %ﬁ@x af &ﬁ@%}?‘}vaﬁr each
Opti"onal component's, such rasive
compaentiof thedoléshttigavimpesitionmpall fod pmsammn md;g)lmhlngbbmposumn in an
ra can be aced in th st and/ or secqnd
amourlgitE e RepRpriigtard- s Hebor cat atoRoTs S0t rple, the
optlonﬁp&brhsﬂvé REsBRTRIE 2 A11BAE oMd ﬁ&e&@fclﬁ&%@ﬁﬁbgﬁm @@1{ 8a6h9R present
any other oxidizing agent. Furthernore,
in the @@m@tm@tﬁ isan gmeurdt thag is Z:bmtea(e@ﬁ tiowas, Hetithes, dr §'t1fr®s)1g‘reater than
the co?%egﬁgtlo egﬁ JT%% g%g’eaép m%g@o&feﬁ? ont ﬁ ﬁ{e-cgﬁcpen?rate is diluted
with abeg@dwelumd d&ﬁmﬁ@r@ @nendgaal volides \ﬁzilt&SB e@ﬁal%ﬁﬁﬂé% of water, or 4
contai ners can have different pH val ues,
equal yolpraenat VoteT: yespassivelih qagh cgmpement wll b@preeané in thgwalishipg

oo g R SR B Dy 00, oo

Furtheamoﬂ: ad willibeunderstaideyry. tha’sree)ﬂmy@imgemmﬁrme(md ehéiaaicwtdw can

li.ed separately fromthe ot her conponents of
contaip %@%P%ﬁ? RGOLQIRIdRs PrishPEesent s thedigl pltphing cgmpopifion in order

to ensir8 %ha% 'ﬁ% Heflic sl léagt%r%tﬂ%?éro&@ﬂ? Q&ﬁﬂ&ﬁldo%mf Hfer siutable
pol i shing conposition shortly ore use week
additivgs areeasdeast pastialtyoorfsldy diksalesd inrthé¢ emsepratar t o use, 1
ho l.es 10 m nut e rior
(003610 DeGigiFife Biings Bete i iy petenol B edRpetind e
open cir06it poleftial Of rithéhiui &ie Jol¥ehife Bbd E&@t’ian RS0tV 88138 (e -2, 40
nmor e contai ner, conbi nati ons of the conponents of

mV ordess)- sﬁs Wgwe,lbkw, W Aisgidlapimetalnwhieh amwml@ag@l mntmﬁewhen
1mmer9§d A’ é(teg ?) t{h an eﬁ:cfrg l3["(51’1‘1{1 £ g%l%gﬁhc g O| I hl ncqcell a first
Corrpo on 0 "'Ng syStem al’s0 care

metal, ;ﬂtajadode,dxfﬂsco&ode (Ecgm)ﬁ@ltze) aMaledWerl rateithirein %dldtlﬁ tlﬁk&absence of
th an apE,r opriate anount of water prior to

di |
the socgag e FABOdITElTe theytiPangencigh fisatodpevitrGiodeat o slower
rate thédeﬁ @\Fcﬁl@inyth@%eﬂ&t ofdRe first RIERP. n?ﬂﬁ dl‘?\f/m% & RRERN s fon

I'n such an enbodi nent, the polishing conmposition
process trtbe poﬂemlué d@ﬁeremmﬂ’ptwm thmt\mmmatsaiﬂhwhnaﬂle\deﬁferemc@an itlee open

N TR LN T VT T

metal i ahlel o BROTsGuheticd FiRitturelof ‘ﬂ’ﬁat &éotro@ﬁ@ hvlﬁ&i‘@éﬁﬁ:ﬁ@ atQfast in
the polishing conposition wll resent in

part onghe canieRgaiugidhe eqrappnients o t}m&;@nﬁm wig,tthe pHi anei the temperature of

e BEPVBEHNE 18R 55 SELARRLC 00 PR RATROREBLs e o
metals &bmlpﬁsmg tlongalheti etelioyiedni the GrmdOMBAE oAt Q&&ﬁlfhnbﬁfectrolyte will

resent in the concentrate in an anount that
Lead togg tipg 0§a galyanip ggent 4 The magnitygde of the &%%a)m“g%mlé%s directly

relatedtB @ rate of corrosion suffered by the anodic component of the galvanic cell, which

—

in this case is copper. Advantageously, when the open circuit potential difference of copper
and ruthenium is less than 50 mV, the rate of corrosion of copper resulting from galvanic
coupling with ruthenium is sufficiently reduced to allow for effective control over the copper

polishing rate and to reduce copper etching by the polishing composition.



the concentration recited above for each conponent so
that, when the concentrate is diluted with an equal

wao oloaoso3ed water (e.g., 2 equal vol unmes wat er, PGI/E§286/039956
vol unes of water, or 4 equal volunes of water,
respectively), each conponent will be present in the
pol i shing conposition in ad4anount within the ranges
set forth above for each conponent. Furthernore, as

il d.h f hnary skill (in.th
on e R G 00 e S B ™
compdsitiil da@be Afieabired Weihg enpfigsbletméthod. N pattivalarlalsbfhingthod for

conposition in order to ensure _that the organic acid,
deterngjping elpstroghramilichpigelipastics of Biefdtisdotentiadmarmie pelarizatione
ddiyt. i r i i ' -
0038F O HERARLE 2 bE SRR, MY et SR B g
systenDéésesibed hdreindiyeiny Glitahlé fecidgent Thal method opthe invantior 1se

. open cjrcuit _potential of rut]ieniumjn the polishin
particy] el 18 u%mrﬁen&nﬁu&wﬂ%é.cgc?@c&i;rrm}waecafggl ing{GMP)
D e e I, it N AP, L g and
has a waloatyabatrredults éronf arbitala ligearvawirculeeotion,m @olighing #nad ;m contact

. [l i rst t.al,, de, will o] .
with tplaten 2 iovine Rk e tielen YPRE P ARG PR ERESL S £
substr@ té BEpSIREeN Yy BhtattinglRH MRSM G REbNratc BRLISE &PME surface of the
netal , the cathode, wll corrode at a slower rate than

polishing naduThe palishies abibe Aestrate talips place by thresubbtratg heing placed in -

A e t (o) . h

comad 5 ORI L8 AERGAR-C TP BB IR Fab Mippongoy gncrty
the poliktenglpid @oemgeclativd foehopdbtrate rwith thepiie@rbingbneiis éfitRe polishing

two netals in the particul ar el ectrolfyte. The open )
systeng thepahetwesas sorsita pbigfle anduemgne aporipnfdhs subsyate and thgreby polish
at least HRGIH AR FOfe LfBS-p@t ure of the el ectrolyte, which

degengs at Ei east In part on the concentration of the
[0039F onpuhantagemislyt, e ieV@dive alejitod, allokhes fpttonanbof the selectivity for the

., tenperatyre of the system conprising the netal and the
polishiEgt<GPYAEe ORI HaeBbYGTEILSRNE FFE SHEe gPe (g fyer and
optiondP#t3éait S MRhiafind thybh & kv iscdefibd hWeR bsttRerafBlofkiR polishing

are in contact wth an electrolyte will lead to
rate ofamgdaiesy icompared 40 Helpedisting e elmsecomth differgntileyrde ot sublstrate

comptgsgrl}g\_/ %Pajygrngfgrlrljlﬁyf%ﬂﬁnﬂ %deA {aﬁgrtdf%géﬁ%r%g gﬂ%ﬁ@mﬁ@%&%&%ﬁ% 81fe copper

Si ered € an C’ conpone
layer Wil beagvlish&ratl diffwenichtes. NTicallys a@fecobferd R &Fill overcoat the
Advant ageousl y, when the open circuit potenti al .
ruthengyrp {ayie p abic pgHpune pregess wih xstapmpye q%eéglkt Hdke otsrlying

coppet ¥fer @l whPbEB Dy Ble (ORRSENERSMCh 14 8Rvith copper still
available dottedpolishiaf IspaterfLo Wiehfbedt coppecandtmthentmesretabig] abbetp ehe
.. polishin ate and to reduce.co r etchin he
polishfi% bRl thaie &l CrbeT ToUeR S ian Byt it hin i Fate of
rutherPh BokidtAhg, e SHPBERYEHEn 88 oV thHRIMed M hibh 1d38s RAlisIERY All/or
conposition can be neasured using any suitabl e nethod.

erosiopopthetdoppérdayey. usef ul net hod for deternining
[0040@'()??%{:@%35,? %%{ébsg%?e;c?o%ﬁzpisli v It ?eséstognqu}ge%lo%rdtﬁenium, at least one

layer of copper, and at least one layer of tantalum or tantalum nitride, the layers of ruthenium,
copper, and tantalum or tantalum nitride will be polished at different rates. Typically, the
layer of ruthenium is between the copper and tantalum or tantalum nitride layer, and thus the

tantalum or tantalum nitride layer will be the last layer to be exposed to the polishing system.



[0038] In accordance with the invention, the substrate

can be polished with the polishing system descri bed
wheoogiop3lnyy any suitabl e techni que. The net hod BET/URM06/039956

invention is particularly well-suited for use in

conjunction with a chem cal - mechani cal polishing (CWw)

apparatus. Typically, the affparatus conprises a

pl aten, which, when in use, is in notion and has a

tn ong Enrieapotn e aliSha s R TG PRe ST BB aide 10 him fpdhe
polistRhFaRR _fMFgginnHQ“oWdtﬁbnhﬂﬁ sethat htaWe Br tahtalith h@Ade dithe

a carrier that holds a substrate to be polished by
remocdrwithout supjetivg thevdopgert lager sudyer tharatherivg layer te gverpelishing. In

ot iRl HR SRR 8: Pt BE (RO A & cdhlifcrably less

substrate being
than tB&PS1aGingWhieh fdr_h;%ﬁpﬁl an8 MbMetteyisieso thht the k4@ vk it@alum nitride
and by the polishing conmponent, generally the

layer pas} 404 by hgfopiRiae Fyer. ngliparodishipg of thetRere #pd rptherivm/pyess, the
. .t.he e . i i

prist R G MRRTL 3y had 0 BB AL ey ot
nitridé.ne substrate and thereby polish at |east a portion of

the substrate. [003 vant agepusly, the inventive .
[0041)ot KBHCRRT GUBESH DL DI B R CaTscEY o ERUpGe favhersin
the pcﬁﬁhﬁ%@?s@&n %f)mgri%ék%ﬁ 14 e TIPS dySli O SorBboun@dinpPiBRg benzotriazole

ruthenfum layer, at |east one Copper 1ayer, and
and capprigs atbstantinbpso triarele thetbehziriszejeis belbetedde contripute o

efined. herein _as.the ratio of the lishing rate .of.
formifRp of AP TEOREA 10 PHEPRE telePhansiE thr Copedh fofthine ree.
In the§é EfiBEBRbnts AU keledtiVity fOHRIIshRERT @@%ﬂ& cspgred td et leadt one
rut henium and a | ayer of copper, the_ ruthenium]|ayer

rutheritgn leyes icisgpead andyeefenably is Ao s (ashedi onlesyiof £ oF &st). In other
nat e bcal |y, ot ' :

o B T P IE 5D SR WALty OHSEARR Wponnc
compfibing betizppinzele dnd thadote, piefetablydvB-tyazode, dopmearpetitiye for surface

. and then will begin rerr%vi ng the underil%ri n‘g r.ut qeni um, d
sites qrpgRpPeRetNeRIBp &t leattitvp helgracyelin comnoUpHRrepgty B fi fg passivate

: [

rim GISHAE RS, Bk BRBB B ARSI S b
coppp@blistinguptd sich it it sebaativiyy fpr @atishing dfepppercoveatruheyfium is

. rut heni um pol i shing, the co | ayer. can.b s

increfS g YO 20 e P BB, B e elsRay o o pelisine gfcopres

comphfed viRRRAKhing Ve Futhé3RAQhn Bk BbdtAlled in tHR iBventie boiadhéng system by
conprising at |east one |layer of ruthenium at |east

the choies dfaljeiype fnd eqnsentratipng ofheteregyalic samppagdsyprefent in the polishing
t ant al or..tLant al nitride, the layers of ruthenium

°°mp8%1§8%9f’t'}?8%?81‘%h§%ﬁ %fsté@‘or tantalumnitride will be

[004)0! | sB@adtcatbeid firrppiithihgcemposiygi slonylly téreptisey @phodphonic
rut heniumis between the, copper and t al

acid andfir &I diAIAP CPINBRMISPBIPTISHIRAT AL SFH®- tUAPH G ivpbshing

b QAL BB bh St dpckmstoigeie
comppisinigshietigr gaup, the polistit@éystemoextititst el ineneadetl rérdeval sate for
tantal%;imr,ﬁaé gcgmlt)a?e& \?v%h a similar polishing system comprising neither compound. When
the polishing composition comprises a diamine compound comprising an ether group and
substantially no phosphonic acid, the polishing system exhibits a reduced removal rate for
tantalum, as compared with a similar polishing system comprising neither compound. Thus,

inclusion of a phosphonic acid or a diamine compound comprising an ether group into the



polishing rates for copper and for ruthenium so that
tantalumor tantalumnitride can be renoved w t hout
W@y esi3ihg t he copper |ayer and/or the rut henP@MUBZN&039956

to overpolishing. In another enbodi nent, the polishing

rate for tantalumor tantalumnitride is considerably

| ess than the polishing ratlés for copper and for

rut heniumso that the tantalumor tantalumnitride

i

polishi R oA Gl IR of e B BRI B0 Dikper and
ruthengzm, dz@@ﬁéy@cbp@m}mmgwyﬂemfor a suitable rermval rate

DI T TR ERENT R N AL

be cor@ﬁﬁb&ﬂésr[ﬁahﬁwapﬁhﬁhﬁ?{tpgco@gl I shing system conprises at
| east one heterocyclic compound conpri sing

[0044ben ﬂ&wmhﬁbm@emdnmtsppﬂg@@ inithe exantpiles ge;aenaﬂyuwoéwdlw;e ofa

comm%x@?allrlgrea%@abﬁ %hﬁg@;}grg 3 3{1@121[ %k_}?a? {}rﬁrsggdj @8‘5?{8? pressure of the

substritb @p£ihyt thiesblshing philecPBPSIEteR @bdedNAdID Y Bheartitr dpBeEe
enbodi ments, the selectivity for pollshlng of copper
conpared to the at | eaEXONELE! heni um | ayer is

[0045]:)(;“(:i W@@?Sﬂe oﬁlrs%?th% trheZ'enggoxgﬁrl 146 %Si%r g%s@nné & s%ﬁara% AUbstrates

comprpailg Eippag nalysien) mmmhjém 908 aailicos .asidetdgﬂedﬂteé ﬁmlfwl‘ﬁbkélﬁrated
(o40) I‘Sﬂ enzotri azol e an triazol e
from tﬁ#ﬂgﬁgff%rﬂmﬁlfa $ aghipyq é&]aw e methodoffhe rventinn. f Hie silison.pide

dielectPicn®sied) iCRRPRY 98! “‘@@@S’t’ﬁ@reﬁt | east two heterocyclic
compounds results in a | ess passivated filmon copper.

[0046] n tfh‘eesﬁemdmts dipodiuhsrates, 6&Ch®fpmhohsillbstgit®yseparmdy comprised

conpe MBS, B PG PR, PR hgRBH SO0 e abAF

compdsﬁlom craisbiag Coelpakitéas AOB! Ci BZAIEEY. 'eh 8FrRAorBRLBions
Thus, the selectivity for ollshlng of copper conpared

conmprised A 756 Yo ﬂrﬁémamaﬂw@tﬁ:én’vlmﬂ eegotivdy-changedpolaener.).§ we % of
tartané ;ﬂ: rkt\!v’é’ ) mg{h%géfgex?Xﬁtg ea{HdWOSt f&? %CJ}OAI&?S ; ;625 é)ggﬁfryhc acid

’concéent r ns* 0 terocyclc conpoun
d1spersant taha pHaifi’8sthinrgatero Mobishihg O)@nq)bsftlbﬁ Apaiditdiallg csivtainedn.0278

W% QERETGHERION GNr (008 s Yb b BHGHRE1S LA At B0SH.% of 4.7,10-
tnoxa.@@r&la@caﬁeaﬁﬁﬂﬁ@ msprpo%m Rnfbbigbn B Hﬂlon\mﬁ e%&tﬁﬁgd

pol i shi ng conp05|t|on conp ses a phosp onlc acl
0.027 8wt od bbnmtﬂlqzoho angdl Q0B et (%)abhﬁﬂetnami@ r Pcshshmga(ﬁompcksetxon C

... Qrou the I bi,ts an.ingc
aadiiFie BopehinGy B2ty T a S FoRpieRatoniy FHOCA P 00303
wt.% dmbmlmm@les m&d E0UE QDS b51,03-1H8)d18 PO AR HposiipD t he
| i shing conposition conprises a diam ne conpound

addltm@élrlﬁpwréﬁuagi @A veOhef aginstps(mathytonepioaphanig 4gid)n8.0303 wt.% of
benzot?g%ge%gﬂ 'OCO4§%Q% o% ?,2,@%#3&31'3.’ @Shs?%ﬁ?gt égnml(;c))(srfﬁc?n E adgltlonally

renmoval
contained 0.6 wt.% of ammotns(methylenephosphom'c acid) and 0.0303 wt.% of

benzotriazole. The polishing pad employed was a closed-cell thermoset polyurethane pad.
[0047] Following polishing, the removal rates (RR) for copper, ruthenium, tantalum, and
TEOS were determined for each of the polishing compositions, and the results are

summarized in Table 1.



tantalum as conpared with a simlar polishing system

conprising neither conpound. Thus,

i ncl usi on of a

w@b@spsisns c acid or a di am ne conpound conpri SPEYUSIV06/039956
ether group into thepolishing conposition allows for

tailoring of the tantalun1se|ect|V|ty,

relative to

copper and rut henium exhi di't ed by the polishing
system [0043] The follow ng exanples further

Tableil ! | ustrate the invention but,
—constryed as in any way |i

of course,
iting its sco

e.

shoul d not be
[0044] The

Polishiski shiBGAexEAZnentETD ef | exTHPA (CuRR elRuRRes [TaRR  |[TEOS
Compyesitenmal| (wit.%onvortvel |Use.%Bf gweotimer|(A/alihy @vaiihabllemin) [RR
pol i shiing apparatus with 18.8 kPa |(2 psi) downfgrce (A/min)
A pr essur@,@bgtl@o@ubsd@gﬁue gal NSU |Wdgg PoigR Ny [Rav, 17
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D copper | GUIDRA OGS, 1t0int al uhD0and A 2211 cdd/8xi de203 | 43
E _ diel ect Pi®0%mter i all Gener at 84 from316 224 136 38

tetraet hyl ort hosi I [ cat e achi evabl e by the nethod of

con

S

t he ,i nventi on

(00481, 5~ s ppmageny gfo

separ at
removqigggs 0

contal ;95?8%%}1%&&?&% %}zgﬁll > Q

e cOﬁpos

y conprised copper,

terlw

ri.c
Tt harohie Cohopiapns A-E
exh1b1&§tp‘éh§ﬁm$ Sulctiviths tfér%ﬁﬁer &@Pﬁt&fmﬂm bEN45UBSLE: Ptﬁﬁh useful

rut henium tantal Um an

Tf%mmw Phhmn&c‘dnmsmcmstfk pHIG, shd nghlch
0?8%@%?}% F él‘gag Bel?éf:tl\)dtlecs/’f% copper over

ruthen@nabLappraitnaeit 26: 1w 81 afheﬁ@apbmlmg CHapERELrIB] WHTEk comprised

% of tartaric aC|d 3 w.%of

hydr ogen

benzotﬁéi’-%%@éw had-tragsde, qrhisted a pplisinseselsstiB0lop spRRes OYer C
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Conposi t
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homc ac1g) exhibited
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contained 0.6 w
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ur et hane

Xhach comprised

Thus, the results of this example demonstrate the capability of the inventive

polishing system to () polish substrates comprising copper and substrates comprising

ruthenium at substantially similar rates and with controllable selectivities, and (b) polish

substrates additionally comprising tantalum at variable tantalum polishing rates.




TECS were determ ned for each of the polishing
conpositions, and the results are sumari zed in Table
wQ@ 200alobis13d [ 0048] As is apparent fromthe resuPCBHUSENG6/039956
forth in Table 1, Polishing Conpositions A-E exhibited
pol i shing selectivities for copper over ruthenium of
1.4: 1 to 3.0: 1, with usefldl rermoval rates observed
for ruthenium Polishing Conmpositions A, B, C and D,
whi ch contain both benzgtahgm@ ¢ and 1,2, 4-triazole
exhi bited polishing selectivities for copper over
[0050} ut Aent saperste subpirass mmsgngzco@pqr tushéhium, tahtehmasind TEOS, were

polishi 4 ERAARIBERRORD CoumahiSiuE 4, bF Fopigs Behed i
negatxﬁ& %ﬁﬁﬁgmﬂ bMyﬁ@f GORPSF ofty@arid Atid) BNk LR di'ﬂly&rogeliperomde 0.05
i shing nposi tion A, V\hlchco rised O % of

wt.% of Pylcqsp@r&erﬁ3e>palya§rYllsa@lﬁ%ﬁ@é@ﬁ@ aﬁavﬁ%@f (TTD),

v AR R0 10 SOORE e A D T
water. ST ﬁql1shﬁ1gr;ﬁdteh1ped}¢d wek e thetimbplastic p@ibﬂ&ﬂiaﬁ@picﬁé@npﬁsing a

) e>§£u y Pol j shing Conposition A was approxi mately
mixtugg o3 plos ¢RF8 €4t al um pol i shing rate exhibited by

ol | g%’ﬁ@ t
[OOSHPO |P§hf)ﬁgl rrp%zllgtt:hgﬁesn% éfal"ﬁtté%rfopéc%p@%%utﬁ cohlté‘grlcair?e
TEOSavdre deteinsihad tang Hlenephitsspihforth én debld2, exhi bi t ed
Tabl ?pproxi mately 1.3 to 1.6 tinmes greater renoval rate
4 or tantal um as conpared wth Polishing Conposition B,
Cu RRTAGRiHONPT | RERRGA/ATh0T T 1 BTARRA/BRMOPNOSP'PBOS RR (A/min)

355 acl ) FITa by~ POT TSHI g CP[IppST tT O A—amu Pht TS g

e ad thay TT

uunpU:n ton S = whi-ch—eormptt+sed—etrther—F Ot
am not ri s(nmet hyl enephosphoni ¢ acid), respectively,

[0052]ex higyiit epbal&PBrone iR edults &t gsrth RAtablen ahé datidhtho/Rléctitiey

TECS renoval rate observed for Polishing Conposition
exhibifgd byrhe nvertiys nodicking sytene wvasr't[§,3n]ofor copper over ruthenium, 2.05:1 for

[ 0049] Thus, the
COppeIaéeUsegF@EAI%%WE%TE%@Q@%D% zh he capability of
the inventive polishing systemt o (a) pol i sh
substrates conprising copper and substrates conpri sing
rut henium at substantially simlar rates and with
controll able selectivities, and (b) polish substrates
additionally conprising tantalum at variable tantal um
pol i shing rates. EXAMPLE 2 [ 0050] Four separate
substrates conprising copper, ruthenium tantalum and
TECS, were polished with a polishing conposition
conprising 0.7 w.%of a-alumna treated with a
negativel y-charged polyner, 0.8 w.%of tartaric acid,
3 w.%of hydrogen peroxide, 0.05 wt.% of Al cosperse
630 polyacrylic acid dispersant, 0.6 wt. % of
am not ri s(nmet hyl enephosphoni c acid), and 0.0303 wm. %
of benzotriazole at apH of 8.4 in



wat er. The polishing pad enpl oyed was a thernopl astic
pol yur et hane pad conprising a m xture of closed and
woep@n/ossid s. [ 0051] Fol | owi ng polishing, the rpomDU§1006/039956
rates for copper, ruthenium tantalum and TECS were
determ ned, and the resultz set forth in Table 2.
Table 2 [0052] As is appar At fromthe results set
forth in Table 2, the polishing selectivity exhibited
by the inventive polishi @gAqygt emwas 1.23 :1 for
copper over ruthenium 2.05: 1 for copper over
t bnt al fmpethorhofichsmicalyaneqhanindhy Rafisbingra substrate, which method
comp Ft alum CLAIMS 1. A nethod of chemi cal |l y-nechanically
pol'i shing a substrate, which nethod conprises: (i)

cont aci) ng eontdekiag aaﬁl&st@wmm;ﬁlsﬁg adleabitlla @R Of halydium and at
]{? ruth n| u and at | east one |ayer of copper with a

%ﬁWE% ﬁP%ranﬂbé Chegpicalyneshanissh RobisHine Sysiem comprising:
ol i shing
of a poli SE@E‘; Rl e Rn L SILC 08 RROHE SABRERI of
t hereof, (D) hy dpcdxghmg@ad mxu abmsn(e;:andamem@amcm taerledf
(d) at Ieah(é et eroc c conmpound, wherein the at
| east one ?er ‘PgeBP@ nd conprises at |east one
nitrogen atem aftbreficwalier. (ii) noving the
pol i shing conponent “rel ative to the substrate, and
(iii) abradidhg a@t 1¢aeh@;¢e Tmtqymypllcmompomidewhaﬂ@m uhaaeleusm one
olish the subs erein he wat er an
gny conponent s T’X?gh C%Wp‘%lﬂ’ﬁlpc éﬁest zﬁé?’aéf fes %‘WBg?noatom
12, wherein the a’ﬁi Ieast one Iayer of rutheni um and at
| east one | ayer of copper are in electrical contact,
and wher ei €l he W#e% er ence between the open circuit
pot entg:al [ tial
Pt her im0 CE B peBfink SonBORR EALRH L) aRhETH an®s

suspe r(ded tabexdéngnatileasb poition bf ﬂﬁssabst&te fohligk tH&sdb@fate
stem conprises

claim1. wh th | i shi an
where 5y 8 G g6 e RBPASR ol opehanendsd e is 6 o 12,

whereiW@k&4t least one layer of ruthenium and at least one layer of copper are in electrical

contact, and wherein the difference between the open circuit potential of copper and the open
circuit potential of ruthenium in the water and any components dissolved or suspended
therein is 50 mV or less.

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

3. The method of claim 2, wherein the polishing composition comprises 0.01
wt.% to 5 wt.% of abrasive.

4. The method of claim 2, wherein the abrasive is selected from the group
consisting of alumina and silica.

5. The method of claim 4, wherein the abrasive is a-alumina.

6. The method of claim 5, wherein the a-alumina is treated with a negatively-
charged polymer or copolymer.

7. The method of claim 6, wherein the negatively-charged polymer or copolymer
is selected from the group consisting of poly(2-acrylamido-2-methylpropane sulfonic acid)

and polystyrenesulfonic acid.



3. The method of claim2, wherein the polishing

conposition conprises 0.01 w.%to 5 wt.% of abrasive.
wda@200Thso3net hod of claim2, wherein the abrasi VECT/ES2006/039956

selected fromthe group consisting of alum na and

silica. 5. The nethod of claim4, wherein the abrasive

is a-alumna. 6. The nmetho@0of claim5, wherein the

a-alunmina is treated with a negativel ycharged pol ymer

. .7.. Th hod of , al. i the . ..
(F)lrég g? P%%/yng{}ﬁg Pé gl&lfgérﬁ;}@%rb&e ngb%#%te:ﬂg&; I rgsg§ %gohshmg
pad al%f ﬁ%&ﬁb@v&ﬁ@fﬁn%@drﬁ%@i@ fREd to the polishing pad.

0 2-acryl am do- 2- met hyl propane sul foni c_acid) and .
pél yst FThemethokfof ulatm &¢ ndiegin thiagohthingeprarosiion; gepprises 0.1 wt.%

wherei n the polishing system conprises a polishing pad
toswé'r@(’@?}’%é‘?ﬁﬁﬁ?le’{%ﬂ erein the abrasive is fixed to the

Pebi ShiTRgnRERd o cladhi€, KBkRackhe br@hi aridbis seleeted font fhe group
_pol i shing conposition conprises 0.1 w.%to 5%% of,
consistipe o getpniescikstecinie aoidTaEipicacido okt adf.dnaioacidysdrie arid;
. the organic,.aci.d.i. - f. e Lt hag
sy Sy A o4, BBLASL BB es L upoBnTE Rt L
agild, makietadid claintli0] whaeindthe gtgaoicraeid ia¢ptariciacidaci d,

g o Coac o LLA0H BRG0S0

one h%‘é}%\%ﬂéﬁl& & .pgﬁﬁ&; sdld PG tBE bdup sénsisting ofeRImeieblect ai4m
., wherein the pollshing conmpoSition conprises at
triazoleg Bazotireolkchermrijetdle, benzntioarmde,sofl eenbimatiowsythengef.

rQu i sti f. 1.2 -tri e, 1 4- .tri
bdizor riPaziied afrnaybeie R ERUTimg sty Ghdites
benzdt@Wdidnat i ons thereof. 13. The method of claim 12,

wherein the polishing conposition conprises, . )
bdrzot Mhazsthed of4laimhd, wbersirthe Potishinghsorsposiiay mprisp0-005

Wt-%gf?bgéﬁ%t%ﬁ%%gf’r?z&fon conmprises 0.005 wt.%to 0.1 w.%

5. The met hod of claim 13, wherein
t hg. polThs kg dcarahasi 13, emefein theeoliddngedmspssition further comprises
1,2,4-triazole. 16. The method of claim1, wherein the
1,2,4%@170khi ng conposition furt her conprises a dispersing
agent . thimelflfy JEIARG %he?éiﬁ'tﬂ@cpl)ﬁshﬂc’ji@ 86:8hkifidtefurther comprises a

di'spersing agent 1s pdlyacrylic acid.
dispersing agent.

17.  The method of claim 16, wherein the dispersing agent is polyacrylic acid.

18.  The method of claim 1, wherein the polishing composition further comprises a
phosphonic acid.

19.  The method of claim 18, wherein the phosphonic acid is selected from the
group consisting of 1-hydroxyethylidene-1,1-diphosphonic acid,
aminotris(methylenephosphonic acid), N-carboxymethylaminomethanephosphonic acid, 1-
hydroxyethane-1,1-diphosphonic acid, dialkyl phosphonates, dialkyl alkylphosphonates, and
mixtures thereof.

20.  The method of claim 1, wherein the polishing composition further comprises a
diamine compound comprising an ether group.

21.  The method of claim 20, wherein the diamine compound comprising an ether

group is a polyether diamine.



18. The nmethod of claim 1, wherein the polishing
conposition further conprises a phosphonic acid. 19.
wab@7osBhod of claim 18, wherein the phosphoni BCHUZH06/639956

sel ected fromthe group consisting of

| - hydr oxyet hyl i dene-1, | -di phosphoni ¢ aci d,

am notri s(net hyl enephosphoni2¢ aci d),

N- car boxynet hyl am nonet hanephosphoni ¢ acid, 1-

hydy oxyet hane- I, |.-.di phosphoni ¢ aci d, dial kyl .

sk o ho i el PLFIRYR T Rt pivtiete Qe fompisss s legst one
layedd¥es®@lim. 20. The method of claim 1, wherein the

pol i shing conposition further conprises a diam ne
cotpounbhacwaibed of elginad2,evimeeindhcombstrate gomfties atlehgdnelayer of

T MR T T T
cl24.m 1Thevhethed of &lbien $0BdrkiatselebtivityBF pEINRTE @Pperdds compared

| east one layer of tantalum 23. The method of claim
to ruthoniugis 2 fesBhe subst r at e conprises at |east one |ayer

of 54 ut ' | . .

Lt ol U ok SPGaRE 25 AN ol B test B Pifpises 3 ratrial
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ol i shing capper. as conpared to rutheniumis 2 or
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SUlBst 1 afi hithb6F clGRP WRESInAndRI & ¥ @] 9.t hat is not

copper or ruthenium and selectivity for polishing

ei ther copper or rutheniumas conpared to the materia

t hat does not conprise copper or rutheniumis 2 or

| ess. 26. The nethod of claim1, wherein the pHis 7
to 9.



