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i nvention rtajns to chem cal - mechani cal polishing corsg)oa ti ons and
nmet hods. OF THE | NVENTI ON [ 0002] Conposition

for planarizing or polishing the surface of a substrate, especi aI I y
for chem cal -mechani cal polishing (CM]), are well known in the art.
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di oxi de [0060a} ziThedmientivroperthins i blmrrpcdl@chmycaﬂ:pmmhmgtwmpouao@eanér ally
used in C@mo' unction with a polishing pad (e.g., polishing cloth or
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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 f)ﬁor 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



[ 0005] Tantal um and tantalumnnitri de have found w de acceptance in the
i ndustry | ayer materials and are typically

substrat e%ﬁ?/ pzys?{:al vapor deposition (PVD). However, %q[{s%&dp%ﬁ%s
defining circuits are being reduced in size to the 65 nmand 45 Tun
scal e, one concern is to avoid degradiang the current carrying
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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



BRI EF SUMVARY OF THE | NVENTI ON [ 0003] The i nvention provides a nethod
of chem cally-nmechanically polishing a substrate, which nethod

conpr i ses“(qglo"?,’%‘f?lécti ng a substrate conprising at | eafCTENN0F/A3P836 of
rut henium and at | east one | ayer of copper with, a

chemi cal - mechani cal polishing system conprising (a) a polishing '
conmponent selected fromthe group consisting of a polishing pad, an
abrasi ve, and a conbi nation thereof, (b) hydrogen peroxide, (c) an
or gani ¢ @evaptional polashingcompositiensresudts i wilelyodiffenpgmates of wirmweli in chémicalt
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substrate is abraded to polish the substrate. The watér and any
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[ 0006] TR BAPTasives 1d agopbination thefepf, Korhydmepn perekida (c) ansarbanic arid,|(@yeasr .

least one heterocyclic compound, wherein the at least one heterocyclic compound comprises
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WO 2007/ 050313PCT/ US20061039956 5 [0007] The polishing conponent is
sel ected roup consisting of a polishing pad, an abrasive,
and the c§%§%ﬁ?@§8% of a polishing pad and an abr asi ve PCI{USZ}6/039956
abrasive is present, the abrasive can be in any suitable form(e.qg.,
abrasive particles). The abrasive cane fixed on the polishing pad
and/or _can be in particulate formand suspended in the water. The
polishin% pad can be any suitable polishing pad, many of which are

known i rft lea¥ oag pitropem etefr red (shvvatst. vEheqatishing eamyponentiiamoucdslative toghe
for exarngh&rtd MR ARERE] ;‘E{I&BGI?S‘E tﬁ@sﬂ%@ﬂdé Bl v %[}5 e ’su%%q eC Ahe water
e, car e, n the Trk

conprise netal oxi rde, nitri car bor um an e.
The abr @il vey edngonents dissoluedyw|syspended dharéio fermothe polishitgadmpasitipr bithe The

abrasiv i i tal _oxide. .Pref I t he t al

oxi do. 1 2oLEiad Bieh, PR S8 BulEbB eRbodtion Eh STl T or
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t her eof . re_preferably, .the rasive, s alumna or silica. Mst
prefer aﬁ’F&’%e’E‘ ORER 8’1?%’311?06%1“@&’3%?1??5& §ndat|h§ PR Grgutt pplential I‘?gr‘"glb‘?nﬁ’éli‘ {pdhe
conpri seslishin dofipdsitioh NESCRAVAS 166€ PeHRndidfy of HBYohBnéid REitddterdn &t

al um na, such as funmed_al um na, The abrasive particles typically have

an aver X8wdonths tefad wejghtof the polishing spmpesitinnruniess athgrvisanasdd (a5 theoveight
to 500 asi i
0 5l %me%%‘érf%%%y o ﬁﬁeﬁtggﬁﬁlﬁ g?gﬁs?blgdgﬁﬁl}??‘fq%fg)an aver age

particle size o 0run'to 4 00 nm or 50 nmto
250 nm [M05F5 hetsubstel qompyisesjabBad owh layert dfeutheniamiané atleasp oisleger of

a- al um : Al - ] N treated with a
egat | v npef efRtine B8 ANa Slork e AbullA B A0, Bhe hibSEkERI i) 2
(e.qg., . bptiosallydiothenconeprisomnt st ohe eyerof tamtadym OWhen lpsdsent) thebptjonal 4t least
all) of - the a-alum na can. be treated wth egativel.y-charged

pol g/rrer OBt t"%%qb’gl X%rr".an%glsﬂ%sﬁéﬁj?%e}ﬁm? 5’%’6{%?}%1%’?&%?&3 gjﬁ%t %‘?ﬁr‘mﬁ an
be a{l_y &Tihélﬁbxhh ypok yﬁ?bseﬁfbema@{h&%lﬂ’east Bhefaafalh layer dhe thet at least on_et
negativel y-charg ol ymer or copol ymer conprises repeating units
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of acr yPptataEm-gontpigingrempeind: Whenghe taptakusm layereompriserstpetn tridle, the
mal ei ¢ gRhye § ' Dinft i o e .

(et hac%f}u oyl %g%ee%éh%fggﬁﬁ%% c g(%:&ﬁ sttgg}l%ne%lgldse 1'?"0’1;“ A& d,
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-(ne C [ .combi nat.i er.eo S
or ef or aprupet f Ea S COBURRRL Rl BouBer AN RS ata Sobo edesentad
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e
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negativel y-charged pol yner or copol ymer can be separ 0
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a- al um Qa1 Qide) BlaBO biealcDHa1yes Hltinated 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).



[0011] When the abrasive is suspended in the water (i.e., when the

abr asi ve 'v§o goo%%gﬁnent of the polishing systen), any S,%g_éﬁ?@gm%n%unt

of abrasive present in the polishing system Typi

wt% or nore (e.g., 0.01 w.%or nore) abrasive will be present in the
poI i shing conposi ti on of the polishing system Mre typically, 0.1
W% or nore abrasive will be pr esent in the polishing conposition.
The ano f rasive in the 0I| osition.typically wll
nor excdpBo oSN ap el pe o b einees g sppihg pad
Wi || notanex@sioe sad \Me dnbitdtieh 6f #5dlishing ped amrabrasfveamf@saby@meris liﬁrbﬁnt,
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for ex arpphﬁungmdm hg Peshsudebld polishisiaypar s qfdvhmbeare lsgavgnin the art.
f1 uoroc 3? g eabfis %’iﬁ’ mﬁr%%fﬁﬁé ?Jram 0%&%&5 e{r;]léttﬁ ARV PG natural
ene, y re y
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ol 'n aIco nyl ons, nat and rubbers. . styrenic
D Y e EbRHEEBE0 S0 0% oI Br A0t YOG e HHRREY dusicB kSlees
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The pol ng pa 38795011 nonott Cior can co

pores. Ws0pm,@s78am tbe00pm)- cel | ed, cl osed ceI | ed, or a m xt ure of
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oxi di zetrédted WIS h nogakiREll- cﬁﬁrgédlﬁ)lﬁﬁ&sdrrcaﬁ(ﬂymaih Fob yEHQ0€ s \ﬂf%@i(hﬁf:b @an
be supplied fromany suitable source. Hydro eroxide_ is

commer ctQPE-¥P AhFagTe-15158 "ﬁs/a 6 GHMONRCPTAYDS AT @%FFM?@@GMQEW?’@‘

aqueOUSuwéamtp@negawag% d YRy QU ¢ gt %Eh@éh‘ilveﬂy%hx‘g’é& ﬁ&yl%ér/ﬁr
(wWww, 50%(ww w). Solid fornms of hydrogen peroxid
i ncl udecwmpmmﬁ&l@polmmrm@m@x |Pa@ferah1ydthmgm§fplymharged

Pt o, déor efer bféélpl?lﬁlaéo 3}%{ ogeﬁgg| OXI Qﬁ&t%hg& tﬂ@%@ugk&ﬁ%}{

wat er . e I's provid S an a ueous
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P 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.
[0010] The a~-alumina can be treated with a negatively-charged polymer or copolymer at

any suitable time. For example, the a-alumina can be treated with a negatively-charged



[ 0016] Th&pol i shing conposition conprises an organic acid. Organic
acids useful in the polishing conposition include carboxylic acids
and sul f oY@20W#PW313 preferably, the polishing conpositiFSAS3WEPINs a
carboxylic acid. Non-limting exanples of suitable carboxylic acids
include malonic acid, succinic acid, gdipic acid, lactic acid, maleic
acid, malic acid, citric acid, glycine, aspartic acid, tartaric acid,
gl uconic acid, imnodiacetic acid, and fumaric acid, or any
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1,2, 4- trlazol mxt%’res t hereof. The po i shi ng conposi ti on of
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[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



[0020]In a first enbodi nent, the polishing system conprises
benzotriazole or a derivative thereof as the sol e het ero?‘{cl iC

conpound. V¥ #OEPXBI3,  the polishing system conprises bdfZRPINIFE as

the sol e heterocyclic conpound. In this first enbodi nent, the

pol i shing conposition of the polishingysystem preferably conprises
0.001 wt.%to 0.5 wt.% benwtriazole and nore preferably 0.005 wt.%to
0.1 Wm %pefaRbiui | 02111 n a second enbodi ment, the polishing
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nitride Iayg‘?x.1 Usef Ui p gg‘% 8%%@’ glasogic 5o, pigodiacntiseeidosnd famaric acid,

i nvent 6 GFERoKHEC Inamine egrbonylﬂc latid! Bebfdrfbly, the organic acid is tartaric acid

1- hydr hy ke - -di p honi ¢ aci d,
ami not ;P?@g(?];ret ffyﬁ?;%gﬁégéeﬁﬁq P:ﬁaigl& ag(?rpmenuoned carboxylic acids can exist in the
N-car b&@ﬂmitah t @rg.,romethhaite phAasHR b-Akn j 3- . .
hydr ox%gltegﬁr}%}% 1, ~di %rtlroseghoni C aci.d%a%%ﬁfé%eb%gﬁlﬁo?faﬁséﬁw salty |
al kyl pﬁosp oA SEIPle, farthates include tariqgie eeif, asfweliras simio, atid\@i-aRomBReNi €
aci d cBwtheengre,eadokylidadid¥8ngbihs Bl & sition of the invention at
any Su%étﬁﬁ%*te ﬁ% cenyr ati on butlhggé)s:ﬁgfém&;&@r%o?&%ﬁ%‘lﬁfgnéléﬁﬁ%épfﬂbn of
che Pl Ml ua*;;%%*“""“ﬁ"‘“ o o bt Bt e, el Ao e
to 2. theeo O IF of .t he sphonr ¢ acid. e
pol i shi nlﬁ conposi tion %’g%)%lgna %ﬂné%ﬁhgcg@ng)o& Bfnseidastps anlslating
conpr i 28PN §C-&nCeEieineamige acigs amithe fike)ct i on of the di ani ne conpound
conpr ifee a : i at least in part, to suppress the
pol i sh[' nlrgsgr a’?fgl% %,? ﬁ%hrll%%eogs 1 SHRCERTISE Ay Suitable amormiorf thaorgatiemoid.
ni tri dePicalse the palishingiearagiisitioncasipfies OQUP A4 BE o SRR b QQ) avﬁr??t her
gr oup o£8.05 R oy %gorh’r%r%Oﬂng tion with the inventi S5 R0 gemore,
conpound, as’ used herern, B¢ OLgHNcAsHp Staferaimtpe pelishing svenpokitibOgen
at ons CoAPIEshs Holi adedsie.gaFivies, of R i.trogen afong, can have any
sui taP,légmgﬁaai al arrangenent wit hibﬂgﬁrt%]{g{?% %%%Sﬁ’e&cegf’r’bgﬁ‘ﬁ% oHgss)

, the™

exanp nitrogen atons can be bonded directly to each other, or

an i nf08i9eni Wge glishipg @bmPbaIdh SADRERRIALS L Re, NI t rogen

" cast one heterocyclic compound, wherein
e 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-

o corrosion inhibitor.,
or the purposes of this invention, a corrosion inhibitor is any compound, or mixture of
v ¢



atons. Further, the nitrogen atons, independently or together, can be
part of a jc _chain, or formpart of a ring structure.

[ 0024] Eacﬂ"(ﬁﬁ%ﬁlégggiﬁ atomform ng the am ne group, i ndeﬁgﬁﬂjéﬁ'{ofv)‘}?”%an
be unsubstitutecl (e.g., -NH2 or -N1131) or substituted (e.g., with
one or nore carbon-containing or hetergp-atom containing groups).
Dependi ng on the nunber of atoms to which each nitrogen atomis
bonded, the nitrogen atoms can be charged or uncharged. O course,
when a rfoRmopRds, hetkrilitnissihefomaticatof mpassivation lagerr(he.] Ddiséutibn-inhibiting

bound t . 1. i n om.,bears .a si,tive charge.
Thus. ¢ ney &t n A0 pork iEafthd LOBE0 PSR e ROEHL 5 comppapapsion
both ?i tinkigider inagrmpoend thpr fabitinadsanl fomtaatimmagskaitvtaﬁ&?lag)éd dn @ppd The
aci e. in.on one.nitrogen atomis protonated), or a bis
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group ( &R0 IR~ farhesye merdapto- grtserputpa~c thivupe-,cbe mlkybsulfstitued deivatives
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exanpl e, of trjoxa- tridecane diam ne sul use I'n

conj un c?ei%rﬁ)%ﬁ"[' ‘Fﬁi‘és»i ROt Wigh oF kess oreven-O  wh¥%aor les)df the atdesstore

di ar ai nmer{)@gg@}cmgmggj i shing conposition can conprise any suitable
anount of the diamne conpound conprising an ether group. If present,

pr ef er al§P30]t helnpofinssembeginentythe polisbingwystém compises Beroffazile ofat 0 1
W . % ( edeBivative- t . 9 f th i am ne _conpound conpri sing
an et her a?_ou Sﬂé fdgtgi %efﬁlg%ﬁgef%ﬁ@]%&&%‘g sﬂf’feg%l?pyc the ROGsEPE swstem
di sper stomprisesdanzotripralepis de sole Istirb@ybliecdtipned. Sinhis 3& RhbolAdnt 48
phosphq.i:G.:a¢l r.gank.¢ acj.ds, tin oxides, and phosphonate
conpou ﬂ{? g .gh“gée"?“e"rﬁ_‘ﬁg@ o t ﬁ’ﬁé’ °%§’%%sry§ﬁewg’f§gféﬁiy qogpﬂsﬁcﬂ-‘gf)ﬁc‘i’ty%it@ 0461tds or
a poly {benmwv le:apd ﬁrmirdpre&mblm.tops m.%ffte Pﬁ%ﬂ%@e&yﬁ%fd lic acid. Wen
presen [OOﬁTe HR'a'second %m%g i Oei‘L tllleop%lighing sy%tem comprises at least a first and at

least a second heterocyclic compound. In this second embodiment, preferably the first

heterocyclic compound comprises benzotriazole or a derivative thereof and the at least one
second heterocyclic compound comprises triazole or a derivative thereof, and more
preferably comprises 1,2,4-triazole. Most preferably, the first heterocyclic compound
comprises benzotriazole 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



pol i shing system conprises 0.001 wt.%to 0.5 w.%(e.g., 0.01 to 0.1

wt. % of ing agent. [0028] The polishing conposition can
have any &ﬁ??@kﬁgﬁiﬁ—( Preferably, the polishing conpoNﬂf?ﬁOoﬁQ@EOF pH

of 6 to 12, nore preferably 7 to 9. The pH of the polishing
conposi tion can be achieved and/or maigtained by any suitable neans.
More specificall y, the polishing conposition can further conprise a

pll adj ffer agent, or a conbination thereof The pH
adj ust orﬁltcsg’{nndtgge %ﬁ?ﬁsgﬁffc? qger%‘?l}’f Ligenminound gingases ovonds, thepolishianpl e, the

pH adj ustontposition bﬁthaséboﬁ&l bﬁaﬁ@dlﬁeﬁ’t%ﬂlp%ig% llbgﬁg%tlso} 02%‘3/‘% egg:ﬁ {,%?ng/ogg:fge

the desir g f| | es of su

acetic a‘@i ) pﬂ-@s 6rt99 5&(& ‘) ofardixtire of thi éirst Endlip bElBasd becoHd h&@ﬂo@ychc
bases i ma,{ﬂ@a@l(pot assi um hydroxi de, ammoni um 11 hydroxide, and
tetraal kxl ammoni um hydr oxi de. The pH buffering agent can be any

sui t abl d09224 ferTh@O&gle ng porhyusition apidrally b&ﬁpﬁﬁé@h@ﬁ@spﬁ&ﬁ& 3L8SThORLALSS
anmoni urye gqlgs ‘pqs a{é The oI i shing conposition can conprise
any sui tagfr@h r?ount 0 as&b‘}?fsﬁl’ ingraese Sie polisking tate ef 4nray leagtamie
provi de@p taatahmmbrﬂaﬁtahmiﬁxtrm effer.t O e pH
of the ﬁg} 4}1 r{@om ti ?n V\Aetm t%egﬂ:ﬂgﬁ ggﬁg%a m %Q%n%’% #ﬁ]’
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pol i shi MgheEveRsionat any sieblo natdexytrafuon bhﬂypleﬂfmh% fsasshﬁig eaf Blob{iRgb e
agent t uitabl e anti-foam ng agent .
Sui tabl@g?\%?%gggén?%gl age%gs %lor%éﬁmg Hﬁt/" é’rge Ono¥t- 46 tai2tSett-Yooor 0.2 wt.%
si | i corfodaied) efithle phosplydnénaaid. di ol - based antifoaming agents. The
anmount nti sent in the polishing conposition
typi cal 6 3?3 41(")ﬂ p%%sﬁgg E%BPFH#P["@%@]’-}YW@“BWGF 8/diangne commsind comprising
opt i onalnlejhef gnoup_eﬁ‘he:ﬁiﬂipﬂiérsa%th@mbhhﬁfélcgﬁ poulli&o H&h 6n e&%n be an%/{
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500 ppdayeandngpsleﬁame@mmnégo n 0032] The poli shi
corrposmot{; can be prepar ed ;HQEMI %O%’léa{gféi ﬁ%lBeuﬁ‘?Bﬁ?/CQﬁ Ph
are kn Frioe. didirming compeund, awassd Héreingie hnyslsumuﬁ@ Mﬁﬂ:sﬁh@@voc an

be prepar &aamgwlgﬁq, cess. Cenerall
pol i shi nfcorﬁpoa tion %xg{i]e @e pr e%gl%e%sot;@l CEFRSER AR ﬁlstcﬁ‘éz%‘@ﬁﬁﬁﬁ@?ﬂbb
t her eofPaRl aifengement withiprthe diemine’ conmppami Ror einpls ek 5 SinhtdAELMGES

di b h
ch o, ool SRR PR Dol S R R our & HireBpae dpiosen

abr asi Q/témsh ethsydhe &-og:eﬂaﬂﬁns@d deén: r,ocyclic
corrpouaﬁmf liﬁn;l Eu[t0q§3 }] the corrt%gdr{g@ s usﬁgﬁéﬁ&ggfr‘]%un ?lf o% wth
en n

the inv fon c
[0024]  Each nitrogen atom fonmng the amine group, independently, can be unsubstituted
(e.g., -NH; or -NH;") or substituted (e.g., with one or more carbon-

B containing or hetero-atom
containing groups). Depending on the number of atoms to which 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.g,, 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



the formof a mxture or solution in water. Two or nore conponents
then desirably are individually stored and subsequently m xed to form
t he pol i sWAGX8¥EE5iti on of the polishing system |n tRGTAIR643956 | t
is suitable for the polishing conposition to be prepared (e.g., for
all the conponents to be m xed toget hgr) and then delivered to the
surface of the substrate. It is also Jitable for the pol i shi ng
conposition to be prepared on the surface of the 12 substrate,
 through #ems gepyoteated)e Asoordimglynths dininiﬂdmmhh&hia?%rﬂi@?&ﬁfﬁée%ﬁeg om
“two or ”Hxﬁz%ogﬁxﬁ&j'i'aﬁga&ﬁ%ﬂogﬁlﬁte wher eby the conponents of the polishing
conposition neet at t surfate of the substrate (e.g., at the

poi nt - of [0028) , The dhmirerconpsand dohprikdsaMeaioRe @i?hex"@%ﬁé} BEart @Y

ghent s
of the i S osition ar elivered to the s ace of the
substra{)ﬁeunl(3 %Qﬂegﬁ‘gp %‘8??%&&11’03}&%@5@1 ing)h Alggatheidiamiine compquadent s of
t he pol i whipriging atripas bhd ehor 2. &b ' t he, pal i shi.n
process caPngl Oﬁ during. the p%els\iips {%ng p"?%rgseirggmeggrc?%&)ﬁg?b?ﬁ?vﬁgiﬁiog’r#‘ﬁg
char act ePFOPRAQ oldyopthige, PHEo RN AeRgURity Bich ef ethilenpoxids bi grgpysatit €m
i's alteroxille, th @e34deTdBndaP hiaghi LA an,.be, supplied as a one
package sy te% co,r?pri si ngaﬁx&%ﬁ}%&&%%ﬁ%& r?l?wlﬁﬁﬁ&gp%ﬂi’id&?mﬁfmng
| east orf8 Rt FPR @ nokyethengisunint. Mord pred¢rably, thé tramiad dovifloVnd &dGprisi g
or gani C aaeihgh ] 0 ocvelic. co und, and water can b
suppl i ed in.agrfa?prlsst%lg{)))ﬁatogﬁﬁ%?l%ﬁgﬂ dt g"r?ffﬁ' EnehaBiRe drea eompobied
suppl i e§oMprisingsetbatdmdinvanihair having Heres Oyt Mris And B Shitfed dlodls SO1 1
form (eyugo &%imtﬁ)eeh%arconat,ﬁg .%ﬁnal components, stch as an
abr asi ve, lSIQIOSphOI’iC Act S eh gt i HexeTifRecane dpminecas badmiter supstintedahier

group, ewravhitabid pusitibniwith B drinidré suRABIE ShbsAREN HokRN LG or.a.third
cont ai nﬁ-fdeca%ét%%lz&h t @i ally not in the Eamf: c%ﬁ%a@e%}%{eﬁf? oxa-
hydr ogen” pér ol aﬁli'ffg ﬁ;"rd’tsﬁé’rcoéklﬁﬁﬁozii%@lfégmnﬁdﬁjsﬂ%mbﬁa-l,uﬂe :
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such that, upon dilution of the concentrate with an appropriate amount of water, each
component of the polishing composition will be present in the polishirig composition in an
amount within the appropriate range recited above for each component. For example, the
optional abrasive, organic acid, and at least one heterocyclic compound, can each be present
in the concentrate in an amount that is 2 times (e.g., 3 times, 4 times, or 5 times) greater than
the concentration recited above for each component so that, when the concentrate is diluted
with an equal volume of water (e.g., 2 equal volumes water, 3 equal volumes of water, or 4
equal volumes of water, respectively), each component will be present in the polishing
composition in an amount within the ranges set forth above for each component.
Furthermore, as will be understood by those of ordinary skill in the art, the concentrate can
contain an appropriate fraction of the water present in the final polishihg composition in order
to ensure that the organic acid, at least one heterocyclic compound, and other suitable
additives are at least partially or fully dissolved in the concentrate.

[0036] Desirably, the difference between the open circuit potential of copper and the
open circuit potential of ruthenium in the polishing composition is 50 mV or less (e.g., 40
mV or less). Asis well known, two dissimilar metals which are in electrical contact, when
immersed in or contacted with an electrolyte, form a galvanic cell. In a galvanic cell, a first
metal, the anode, will corrode (e.g., oxidize) at a faster rate than it would in the absence of
the second metal. Correspondingly, the second metal, the cathode, will corrode at a slower
rate than it would in the absence of the first metal. The driving force for the corrosion
process is the potential difference between the two metals, which is the difference in the open
circuit potential of the two metals in the barticular electrolyte. The 6pen circuit potential of a
metal in an electrolyte is a function of the nature of the electrolyte, which depends at least in
part on the concentration of the components of the electrolyte, the pH, and the témperature of
the system comprising the metal and the electrolyte. Thus, the potential difference of the two
metals comprising the galvanic cell when the metals are in contact with an electrolyte will
lead to production of a galvanic current. The magrﬁtude of the galvanic current is directly
related to the 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.
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[0037]  The open circuit potential of copper and of ruthenium in the polishihg
composition can be measured using any suitable method. A particularly useful method for
determining electrochemical characteristics of metals is potentiodynamic polarization.
[0038]  In accordance with the invention, the substrate can be polished with the polishing
system described herein by any suitable technique. The method of the invention is
particularly well-suited for use in conjunction with a chemical-mechanical polishing (CMP)
apparatus. Typically, the apparatus comprises a platen, which, when in use, is in motion and
has a velocity that results from orbital, linear, or circular motion, a polishing pad in contact
with the platen and moving with the platen when in motion, and a carrier that holds a

. substrate to be polished by contacting and moving the substrate relative to the surface of the
polishing pad. The polishing of the substrate takes place by the subsﬁate being placed in
contact with the polishing system of the invention, and by the polishing component, generally
the polishing pad moving relative to the substrate,A with the other components of the polishing
system therebetween, so as to abrade and remove a portion of the substrate and thereby polish
at least a portion of the substrate.
[0039]  Advantageously, the inventive method allows for control of the selectivity for the
polishing of a substrate comprising at least one ruthenium layer, at least one copper layer, and
optional at least one tantalum layer. Selectivity is defined herein as the ratio of the polishing
rate of one layer compared to the polishing rate of a second, different layer. In a substrate
comprising a layer of ruthenium and a layer of copper, the ruthenium layer and the copper
layer will be polished at different rates. Typically, the copper layer will overcoat the
ruthenium layer so that the polishing process will first remove the bulk of the overlying
copper layer and then will begin removing the underlying ruthenium layer with copper still
available to the polishing system. When both copper and ruthenium are available to the
polishing system, if the rate of copper polishing is significantly greater than the rate of
ruthenium polishing, the copper layer can be overpolished, which leads to dishing and/or
erosion of the copper layer.
[0040]  Similarly, in a substrate comprising at least one layer of ruthenium, 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.
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In one embodiment, the polishing rate for tantalum or tantalum nitride is similar to the
polishing rates for copper and for ruthenium so that tantalum or tantalum nitride can be
removed without subjecting the copper layer and/or the ruthenium layer to overpolishing. In
another embodiment, the polishing rate for tantalum or tantalum nitride is considerably less
than the polishing rates for copper and for ruthenium so that the tantalum or tantalum nitride
layer can act as a stopping layer. After polishing of the copper and ruthenium layers, the
polishing system can be altered to provide for a suitable removal rate of tantalum or tantalum
nitride. '

[0041]  Without wishing to be bound by any particular theory, in embodiments wherein
the polishing system comprises at ledst one heterocyclic compound comprising benzotriazole
and comprises substantially no triazole, the benzotriazole is believed to contribute to
formation of a highly passivated film on copper, thereby reducing the copper polishing rate.
In these embodiments, the selectivity for polishing of copper comparéd to the at least one
ruthenium layer is reduced and preferably is 4 or less (e.g., 3 or less, or 2 or less). In other
erﬁbodiments, wherein the polishing system comprises at least two heterocyclic compounds
comprising benzotriazole and triazole, preferably 1,2,4-triazole, the competition for surface
sites on copper between the at least two heterocyclic compounds results in a less passivated
film on copper. In these other embodiments, the polishing system exhibits an increased
copper polishing rate such that the selectivity for polishing of copper over ruthenium is
increased relative to triazole-free embodiments. Thus, the selectivity for polishing of copper
compared with polishing of ruthenium can be controlled in the inventive polishing system by
the choice of the type and concentrations of heterocyclic compounds present in the polishing
composition of the polishing system.

[0042]  As noted above, the polishing composition optionally comprises a phosphonic
acid and/or a diamine compound comprising an ether group. When the polishing
composition comprises a phosphonic acid and substantially no diamine compound
comprising an ether group, the polishing system exhibits an increased removal rate for
tantalum, as compared with 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
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polishing composition allows for tailoring of the tantalum selectivity, relative to copper and

ruthenium, exhibited by the polishing system.

[0043]  The following examples further illustrate the invention but, of course, should not

be construed as in any way limiting its scope.

[0044]  The polishing experiments reflected in the examples generally involved use of a

commercially available polishing apparatus with 13.8 kPa (2 psi) downforce pressure of the

substrate against the polishing pad, 90 rpm platen speed, and 93 rpm catrier speed.
EXAMPLE 1

[0045] This example demonstrates the removal rates for polishing of separate substrates

comprising copper, ruthenium, tantalum, and a silicon oxide dielectric material generated

from tetraethylorthosilicate achievable by the method of the invention. The silicon oxide

dielectric material is referred to as “TEOS” herein.

. [0046] Five similar sets of four substrates, each of which substrates separatély comprised
copper, ruthenium, tantalum, and TEOS, were polished with five different polishing
compositions (Polishing Compositions A, B, C, D, and E). Each of the compositions
comprised 0.7 wt.% of a-alumina treated with a negatively-charged pol&mer, O.é wt.% of
tartaric acid, 3 wt.% of hy&rogen peroxide, and 0.05 wt.% of Alcosperse 630 polyacrylic acid
dispersant, at a pH of 8.4 in water. Polishing Composition A additionally contained 0.0278
wt.% of benzotriazole (BTA), 0.048 wt.% of 1,2,4-triazole (TAZ), and 0.08 wt.% of 4,7,10-
trioxa-1,13-tridecane diamine (TTD). Polishing Composition B additionally contained
0.0278 wt.% of benzotriazole, and 0.048 wt.% of 1,2,4-triazole. Polishing Composition C
additionally contained 0.5 wt.% of aminotris(methylenephosphonic acid) (ATMPA), 0.0303
wt.% of benzotriazole, and 0.048 wt.% of 1,2,4-triazole. Polishing Composition D
additionally contained 0.6 wt.% of aminotris(methylenephosphonic acid), 0.0303 wt.% of
benzotriazole, and 0.048 wt.% of 1,2,4-triazole. Polishing Composition E additionally
contained 0.6 wt.% of aminotﬁs(methylenephosphonic 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.
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Pol i shing Conposition E, which conprised benzotriazole but no
1,2,4-tT4 ble exhlblted a pollshlng select|V|ty for copper over
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Conposi L_QD_D_B._\MJTLQCWQ% cbnpri sEOFTD.  P674 shi h2B6Conddgilt i ofg7C,
D, and whi ch co(hﬁ%mme@%&n bt ri s(hebhyl en@phosphai® ¢ dciod), |43
exhi bi t e _approxi|n®k033y| A. 3 tlw 1.6 t|oes gr eat@r rleapaval [r13ge T ¢Bg
tantal um as corrpar ed with Polishing Conposition B, which conprised no .
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Pol i shi*fBOBhFseF<qbssryed @r f%ﬁn&m cBolshing&eomperitines ATH S, riod D, which
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am Not faitSdxMEifad b9 PORIRSPORRISitRAI 0 triazole
at a pH of 8.4 |§ wat er. The E)ol Eﬁhﬁgnggg" Qﬁ’oé\éeg?%/a&)()ﬁ%é)
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fort h Femmesiion B, whigth¢amyiseduo mnpﬁdscmmylaepmpha%awa). Finally,
‘ Polishing Composition A and Polishing Compositions C-E, which comprised either TTD or
aminotris(methylenephosphonic acid), respectively, exhibited TEOS removal rates that were

31% to 78% the TEOS removal rate observed for Polishing Composition B, which compnsed

neither TTD nor aminotris(methylenephosphonic acid).

[0049] Thus, the results of this example demonstrate the capability of the inventive
polishing system to (a) 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.




Ta M (A/mn) TECS RR (A/mn) 355 289 173 43 [0052] As is apparent
fromthe results set forth in Table 2, the polishing selectivity
exhi bi t ed YWY 200/858BKyent i ve polishing system was 1.23: 1 PRAYU2H6{9a4956
over ruthenium 2.05:1 for copper over tantalum and 1.67:1 for
rutheni umover tantalum 19 CLAIM5 1LgA nethod of

chem cal | y-nmechani cal |y polishing a substrate, which nethod
conprises: (Ocontacting a substrate cor]r;f)ri sing at | east one |ayer of
rut heni um EXAMPLE 2

[0050]  Four separate substrates comptising copper, ruthenium, tantalum, and TEOS, were
- polished with a polishing composition comprising.O.7 wt.% of a-alumina treated with a
negatively-charged polymer, 0.8 wt.% of tartaric acid, 3 wt.% of hydrogen peroxide, 0.05
wt.% of Alcosperse 630 polyacrylic acid dispersant, 0.6 wt.% of
aminotris(methylenephosphonic acid), and 0.0303 wt.% of benzotriazole at a pH of 8.4 in
water. The polishing pad employed was a thermoplastic polyurethane pad comprising a
mixture of closed and open cells.
[0051]  Following polishing, the removal rates for copper, ruthenium, tantalum, and
TEOS were determined, and the results set forth in Table 2. |

. Table 2
CuRR (A/min) Ru RR (A/min) Ta RR (A/min) TEOS RR (A/min)
355 289 173 3

[0052]  Asis apparent from the results set forth in Table 2, the polishing selectivity
exhibited by the inventive polishing system was 1.23:1 for copper over ruthenium, 2.05:1 for

copper over tantalum, and 1.67:1 for ruthenium over tantalum.



and at | east one |ayer of copper with a polishing pad and a

chem cal - mechani cal polishing conposition conprising: (a) an abrasive
consisting of a-alumna treated with aqegatively-charged pol ymer or
copol ymer, (b) hydrogen peroxide, (c) an organic acid, (d) at |east
one heterocyclic conpound, wherein the at | east one heterocyclic
conpound conprises at |east one nitrogen atom (e) a phosphonic acid,
and wat er, v (ii) noving GIEIMS| i shing pad relative to the
substrate, and (ii1) abrading at |east a portion of the
substrate to polish the substrate, wherein the pH of the water and
any conponent sldi ss& vasghasy of udisatierdly-mesbpnirally; polithing % substeptfouhih
wherei n t%ﬂﬂic})&?ﬁgespne | ayer of ruthenium and at |east one |ayer of
copper are I1n elecCtrical contact and are in contact with the

pol i shing conpositi@n, wetasting &sabsiiatef emeprisengbastlease one tayeo p€ mthenium

circuit potenti f co r and the open circuit potential. of .
Ut hent um i - tidest SRR e soBRF AR eoliitipebiacy s imehenical
therein i s abopdlishihgtWn@bsitiesSompristhgvherein a selectivity for

pol i shing copper as conpared to rutheniumis abqQut 2 or |ess. .

2. The nethod of clai m 1 wheteiabrasie SONSISHEngl conpuaing i Beatebnpith ses
about 0.01 wt. % to about 5 Weoq 0B ciabs@$oUSner or copolyiner] N€ Method of
claim1, wherein the negatively-chdrged pol ymer or copolyner is

sel ected fromthe group Gdnsihydiaggn péroxide,

polY(2 scryiam do.2 et g by SROGaRASEN © 201D a0 L
t he polishing conpositi qd) compriesesnahetetochclic vdmpdint owabeit the astleasto
of hydrogen peroxi de. one heterocyclic compound comprises at least one nitrogen
atom,

(e) a phosphonic acid, and
® water,

(i)  moving the polishing pad relative to the substrate, and

(iii)  abrading at least a portion of the substrate to polish the substrate,
wherein the pH of the water and any components dissolved or suspended therein is about
6 to about 12, wherein the at least one layer of ruthenium and at least one layer of copper
are in electrical contact and are in contact with the polishing composition, 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 about 50
mV or less, and wherein a selectivity for polishing copper as compared to ruthenium is

about 2 or less.

2. The method of claim 1, wherein the polishing composition comprises

about 0.01 wt. % to about 5 wt. % of abrasive.

3. The method of claim 1, wherein the negatively-charged polymer or
copolymer is selected from the group consisting of poly(2-acrylamido-2-methyipropane

sulfonic acid) and polystyrenesulfonic acid.



5. The method of claim1l, wherein the organic acid is selected from

t he group consisting of malonic acid, succinic acid, adipic acid,
lactic acid, malic acid, citric acid, gyycine, aspartic acid,
tartaric acid, gluconic acid, imnodiacetic acid, and furnaric acid.
6. The nethod of clainms, wherein the organic acid is tartaric acid.

7. The nethod of claim1, erein the poljshing conmposition conpri.ses
at |east one héter o%b&lq‘?fh‘%ﬁﬁ&!ﬂﬂ‘a geW Eeiadthe (RONSRIAG PrPaptes feMerisetg
of 1,2, 3- tapbid20l 1. % 1cfatbut § W22QbERyd? fdxdkol e, benzi m dazol e,
benzot hi a?g?%mand conbi Hati ons th}érg%?% 8. The method of claim
7, wherein the polishing conposition conprises benzotriazole. _

9. The nmethod gf cl @hénfethothef elafin tievieedin I BbakiRNRASiid k&l8cted MM HES
about 0.005 w. %to about 0.1 wt. % of benzotriazole. . . 10. The
met hod of gEqugicRngstingrdmealanie peidpyicrisisi asisl adinisasid: lastic peidy malic acid, citric
conpri ses ,lig2,daiht | ﬁﬁ&l’ﬁ@ acid, tarfaric 3did, lhéod?c‘iL&i&’,gnﬂﬁocﬁéc%h@‘a&d, Wehflafc
t he polishing”conposttion Yurt her “cohprises a I spersing agent.

12. The netidod of claim 11, wherein the dispersing agent is

pol yacrylic acid. 13. The method of claim1, wherein the
phosphonic acid is selected fromthe group consisting of

1- hydr oxyet hyl pdeneThe metiog hbelpin fi whegein ¢he organic acid is tartaric acid.

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

N- car boxynet hyl am nonet hanephosphoni ¢ aci d, o . .

1- hydr oxyet hané- 1, 1TkR prBogHSflamabi wherein dbapolispingsjomeaitien compepae At
al kyl phos%&”ﬁk%eﬁ&%lim%%ﬁﬁd sQE&EP FromP the group consisting of 1,2,3-triazole,

1,2,4-triazole, benzotriazole, benzimidazole, benzothiazole, and combinations thereof.

8. The method of claim 7, wherein the polishing composition comprises
benzotriazole.
9. The method of claim 8, wherein the polishing composition comprises

about 0.005 wt. % to about 0.1 wt. % of benzotriazole.

10.  The method of claim 8, wherein the polishing composition further

comprises 1,2,4-triazole.

11.  The method of claim 1, wherein the polishing composition further

comprises a dispersing agent.
12. The method of claim 11, wherein the dispersing agent is polyacrylic acid.

13.  The method of claim 1, 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.



14. The method of claim1l, wherein the polishing conposition further
conprises a diam ne conpound conprising an ether group. 15.
The nmet hod of claim 14, wherein the dif{n' ne conpound conpri sing an
ether group is a pol yether diam ne. 16. The method of claim
1, wherein the substrate further conprises at |east one |ayer of
tantal um. 17. The method of claim 16, wherein the substrate
conprises at | ddst dhe methed af chirh hEniwhencth sheopelishieg weerpositien afiirther
| east one tant.al ur‘(rla.l ayer and the at. | east one copper |ayer.

18. The m&PRBESGSA é?%’%?nc‘l%l,’o‘{mecl"&pﬁs‘t“ﬁén§@Brsgr?'é‘f‘e further conprises a
material that is not copper or ruthenium and selectivity for

pol i shing eit h% CORRE '}neﬂ{odr&t{l 15]1 YN DGR qpea?ﬁgniﬁeoc%rg ourrrlgtc%gnip%lsinéglﬁt
does not conpriSe copper or rutheniumis abou or S. :
The net hodthef grolipisma polyathee rdédniing.ne pH is about 7 to about 9.

16.  The method of claim 1, wherein the substrate further comprises at least

one layer of tantalum.

17.  The method of claim 16, wherein the substrate comprises at least one layer
of ruthenium disposed between the at least one tantalum layer and the at least one copper

layer.

18.  The method of claim 16, wherein the substrate further comprises a
material that is not copper or ruthenium, and selectivity for polishing either copper or
ruthenium as compared to the material that does not comprise copper or ruthenium is

about 2 or less.

19.  The method of claim 1, wherein the pH is about 7 to about 9.



