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[ 0001] This invention pertains to a nethod of providing controlled

el ectrochem cal polishing of sem conductor substrates. BACKGROUND OF
THE | NVENTI ON [ 0002] Pol i shi ng processes are used in the nmanufacturing
of mcroelectronic devices to formflat surfaces on sem conduct or
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of copper arge scal & 1ntegra cat 1 ons
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process layers wherein a deposited material, such as a conductive or insulating material, is
polished to planarize the wafer for subsequent process steps.
[0003] Due to its desirable electrical properties, copper is being increasingly utilized in
integrated circuit fabrication. However, the use of copper presents its own special fabrication
problems. For example, the controlled dry etching of copper for ultra large-scale integration
(ULSI) applications is very costly and technically challenging, and new processes and
techniques, such as damascene or dual damascene processes, are being used to form copper
substrate features. In damascene processes, a feature is defined in a dielectric material and
subsequently filled with the conductive material (e.g., copper).
[0004] In order to ensure that the different features of relatively small integrated circuits
(e.g., less than 0.25 micron or less than 0.1 micron) are sufficiently insulated or isolated from
one another (e.g., to eliminate coupling or “crosstalk™ between features), dielectric materials
with low dielectric constants (e.g., less than 3) are being used in the manufacture of
damascene structures. However, low k dielectric materials, such as carbon doped silicon
oxides, may deform or fracture under conventional polishing pressures (e.g., 40 kPa), called
“downforce,” which deformation or fracturing can detrimentally affect the substrate polish

quality and device formation and/or function. For example, relative rotational movement



[0004] In order to ensure that the different features of relatively
small integrated circuits (e.g., less than 0.25 mcron or |ess than
0.1 mcron) are sufficiently insulated or tsolated from one another
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dielectric materials with | ow diel ectfic constants (e.g., less than

3) are I N sed. i.n the manuf.acture .of da stpuctures

rwever PR Ha e P TR bRed R P B bR i SR ece it
oxi des, foy aldef elersubitrate acthds R4 dfben edbwanthitendlo R t6PbRE 1L ISMEES
(e, 9., 40 kPa), called "downforce," which deformation or fracturing

can det erﬁ%’rﬁaéldwmé@ﬁa@_é’taffﬁﬁéu@ﬁwjf@ﬂ@hlﬁél ish quality and device
formati qpooand/ ahnd sl 9 poﬁg{in%?(ﬁﬂﬁétﬁfe 2Bl (g.%.,rcgﬁﬁ})' iﬂqg\h d%&qgm

2 between the substrate and a polishing pad undéer a‘typic
downf or cedteials Witldiedeced os dmimal dafeats falroeitthedeen Subpoliditee sonduaiie matdrial

def ' f or.m. ' whi ch
ot r1 mente PR B Ral R BRI PRGOS el R0
pol i shi rgndnotickiotterd fromt esitatrate f@fge by elepphpmical dissoldioal vedler i ¢

materials with. reduced _or mnimal, defects for thereon is . to polish
he  conduRL TR EE PR P oT W eRter ST B L It CHRPRRt 1St ng
(ECVP)  teephniisHae SMIESEEsERC IThE glé@fochenRyeliSOREbE tsi péefoMéEhy Aplfihpam a
substrate surface by el ectrochenm cal dissolutiaon while concurrently

pol i shi SECFR@OSIBYF Bias biiern # exlrdeandratnrie safacg i 8ioyR ceptistived to
convent iRl REQREIR .S fac o 8ls@es A mBeIEca 8l 1t SRR1YEN LA ALS

per f or med by‘%gpl ying an electric potential or “bias between a cathode
and substeekgnicas polishing comppsliive conductive materials froma substrate

; . ‘ . | : . ) L cal
Dol i o Hoy0eE o FHEE BBl BRe B bl s B o R AR IR R IR B AR
el ect r octrepastiadns wechafoucdivithiolthedrt, figy, ¢ ayost théseriectachehscdl anscblanitdl hi n
A s D L N IR
exanpl e sudgo@ed tlggasitedorad @abetehiita setliantlBEdlishRB e binf &iti FrRGhant:Gait

pol i shi ng, conpositions y.exhibit polishing rates conparable with
convent PBEAIPECRfSS ﬁ%@?é%@%@ltmw&%mxah%wé%wﬁw vithautdfppnewder 8§ of an

excessi ¥gyHoNH ST xcddtihe HnBIcBOSuk AleXleRB0lHes or electrochemical-mechanical |
el ectrochem cal - mechani cal polishing conpoSitions can cause excessive

di shi ngpelishingecogmasitiens ope carse exdeativagishing efdhe ¢anduotive nesterdal ovhielf caphe

di el ectr] i hi D j f ch

Gi Shi ng a0 o808t me HMSech ARRALAR T APopRELARGE al SOl eliihe Tkt

addi t i odahingahe eiosios céir fimheteadstu bst-watfensembadef addittnad sndvataltsefrorh diyer
mat eri al i.sposed beneat h.the conductiyve erial.and/or .dielectric
Tat or 1 aFsiHe BTG Reh bttt B B ey R B R loy i SR
desi r ablaed/eiuHblettyic whiegial, andiproégeta subltitte sopfacthavhg sedsftioamanieblotuilhe
el ectr olhuhERneRbLHNHTES TEariaRgt of he Hleer& Gralh, @ Need Tor an

[0007] Accordingly, there remains a need for an electrochemical-mechanical polishing
method that exhibits relatively high removal rates of substrate material at low downforce
while minimizing dishing and erosion of the substrate. The invention provides such an
electrochemical-mechanical polishing method. These and other advantages of the invention,
as well as additional inventive features, will be apparent from the description of the invention

provided herein.

BRIEF SUMMARY OF THE INVENTION
[0008] The invention provides a method of polishing a substrate comprising (i) providing

a substrate comprising at least one metal layer, (ii) contacting the substrate with a polishing



met hod that exhibits relatively high renoval rates of substrate
material at | ow downforce while mnimzing dishing and erosion of the
substrate. The invention provides such an el ectrochem cal - nechani cal
pol i shing method. These and ot her advantages of the invention, as
wel | as additional inventive features; wll be apparent fromthe
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conpri s{oego)( i ) The invention further provides a method of polishing a substrate comprising (i)

providing a substrate comprising a copper layer and a tantalum layer, (ii) contacting the
substrate with a first composition comprising a liquid carrier and an electrolyte, applying a
positive electrochemical potential between the substrate and an electrode in contact with the
first composition, and selectively removing at least a portion of the copper layer from a
surface of the substrate, (iii) contacting the substrate with a second composition comprising a
liquid carrier and an oxidizing agent for tantalum in the absence of an applied
electrochemical potential, and selectively removing at least a portion of the tantalum layer
from the surface of the substrate, and (iv) contacting the substrate with a third composition
comprising a liquid carrier, an electrolyte, and copper ions, applying a negative
electrochemical potential between the substrate and an electrode in contact with the third

polishing composition, and selectively depositing copper onto the copper layer.

DETAILED DESCRIPTION OF THE INVENTION
[0011] The present invention is directed to a method of polishing a substrate using a
combination of chemical and electrochemical processes. In particular, the method comprises
(1) providing a substrate comprising at least one metal layer, (ii) contacting the substrate with
a polishing composition comprising a liquid carrier and an electrolyte, (iii) applying an

electrochemical potential between the substrate and an electrode in contact with the polishing



provi ding a substrate conprising a copper |ayer and a tantal um | ayer,
(i1) contacting the substrate with a first conposition conprising a
liquid carrier and an electrolyte, applying a positive
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suitable high or low-« insulating layer. In some embodiments, the substrate preferably
comprises a copper layer and optionally a tantalum layer. More preferably the substrate
comprises a copper layer and a tantalum layer. In other embodiments, the substrate
preferably comprises gold.

[0014] In a first embodiment, the substrate is polished by a combination of chemical and
electrochemical processes, where the particular chemical and electrochemical processes are
selected to have opposing effects. In particular, an oxidizing electrochemical potential is
combined with a chemical reducing agent or a chemical oxidizing agent is combined with a
reducing electrochemical potential. The application of chemical and electrochemical
processes having opposing effects in a method of polishing a substrate comprising a metal

layer is expected to produce more controlled polishing or deposition of the metal layer and/or

reduced defectivity.



Sui tabl e substrates include, but are not limted to, integrated
circuits, menory or rigid disks, netals, interlayer dielectric (ILD
devi ces, sem conductors, mcro-electro-nmechanical systens, ‘
ferroelectrics, and magneti c heads. The netal |ayer can conprise any
suitable nmetal. The netal |ayer can be any suitable netal |ayer.
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6 metal surface so as to increase the activity of the netal surface.
Typically, the polishing conposition conprises 0.01 w.% or nore
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periodate salts, romc acid, aci d,
per chl oriﬁméey%ﬂldrsipnspé Chomial E)mtmnarg}ans lacwompemsiadoh’&unmat lpest omngrAnIt €s.

consi ot FHGP0F BB B0 Bk hakad e ERaL 1 g B0 iR gen

pelr ?XI d@xaﬂnma@ Gfld;o(m’poﬁﬁ@s, cﬁn&d@hg 8t lemﬁlﬁrﬁﬁ@()y)grﬁlﬁ Ihﬁm@e bIrRRORE @Y to
sul fite, nonoperox 0S t.e, nonoper oxyhypophosphat e,
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compounds containing an element in its highest oxidation state include but are not limited to
periodic acid, periodate salts, perbromic acid, perbromate salts, perchloric acid, perchlorate

salts, perboric acid, perborate salts, and permanganates. The oxidizing agent preferably is



agent, The anount of oxidizing agent present in the polishing
conposition desirably is sufficient to effectively renove at |east a
portion of the nmetal |ayer froma surface of the substrate.

Typi cally, the polishing conmposition conprises 0.01 wt.% or nore
(e.g., 0.05 wt.%or nore, or 0.1 wt.%'or nore) oxidizing agent, based

on the Lght.of the liquid,.,.carrier an ny c nen i ssolved or
suspende ec?%%@%? rtIﬁ © HREP %rrs?sgﬁg Rgt’r?%’r@r%%s |T$I|n§eﬁs’ g?qglgatet%y%ﬁ%‘i[ﬁ@yérg ﬁ%ﬂi ses
10 wt . Ypemxidedspbehlorites,odutesYmonopedss, sulifiie,anidenky lselisg, oxi di zi ng
agent, based on the weight of the |iquid carrier and an onponent s
Rt R I i e SR e
pol i shi REloGRYROBHERIR, SRITRLES PSrntanbardate, Eohackic 400, enl ek RfRRhfedd: 1
to 8 w.% md nost preferably 0.1 to 6 wt.% oxidizing agent, based
on t he WP gFfizHE ageel mogprederebly iy kydreged paivid€onponent s di ssol ved or
suspend er i : i L apphd -
substr a?@ lggn giél e585&{5}%&%‘?"5&%@%tg‘?%‘%tgg‘ggﬁ‘?{eabof rdéglgFfa%e %glﬁézhlég/ or
count er agdnt.nbhe dneowast b Eoridizingt dgentginesmitda theglishing agmpapeinn, deFiably is
negati ve t i appl ied shoul d_be bel th en.circui otenti al
o "t he ' SUBSRE 5poBRR 808 AL 8508 oP et SBRE st B SR R | 2
i s aboveulishate POV gLl khe @lishiyd cog pasitmabtipties, 0.0 owt. Bxanmpdre (c.£.n0.0he

omO nV to - jrably the potential. i W enou

range of 0 mv. De n I h
to prev@vﬁy" aiate g CCat oy PRoTebPER LI e 4 e eI it of S i e
range ofnd z{n?frﬂom%gnéﬂt/s &i@scﬂ%&%rw%)eh&fd%&éiﬁf ThabbNshide@nRRb@BALRS 1S i N
the range of from-40 mV to -200 mV. Wien the substrate conprises
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copper et peraptises 1 prere palsssy/(ctene ighIor ks oF 63tt% Ohlesn) CXIdiFBE a%rbh al

is 100 I : i i j -
copper Phoch oo B rdb ¥ SAToLNG ARGRY Chbilchs RLBOL & efferliBPiein.
front siré preferrad dmbndioppashengelishiok compdsitom. comppises Q.1 ¢ael0 wt.%, more
el ectrocheni,ca ot.entd, al i |l t.ween . AT rface t he
Subet r P RTERD RS sSNnd Rof BB DM ko IR GO gl bR e
conposi wietyht ofahelliquid egaier wal alyaotiposdeydicalvep ot enpealeditiseraippl | ed
bet ween ba surface of .the supstrate and a . second. ectrode in
cont st RF e Br R R PG EtBBert Pofe B ol 08 Tl s
appl i ed cifbleRerdelibiihg 9H8/bARINBTadinge tHRUBRLY TR dRMINE oRIzSkdead e
potential capabl e of oxidizi ng the netal |ayer of the substrate.

F

Typi cal R§gativheotersial epriedsheda Pp Aelopdhoeren eyt pefeuial phtks e 1yisepf the
Lot e pot
cireul ’frgc@ TR ARL ?&tdp@iée@ otkdif ﬁ‘l%IB_é\Le t%%ﬁ%nt?{l) f(%‘gg/d%féﬁ %ﬁ%ﬁ@on, for

PreferaBy the positive potential is 5C . m
negat i vexqutlem fhelrargspififen 0 ooV re-88GoR . sResirable tad paterdias isdeweaseghdan

b ' g al ' f fanhh
R L e e
subst r até/. Tylpieqabfieyablit, tiee praemial sén petraneiofifroms-40 mY te-208mngé Bfhed thel

™ 10 - SUBTHG SOTRE SRR R CEBSbarEraRoULe PR e £ ReP BT Phe

second eobhedi BFB0D oV 1dsh ehanANesicheitciippdtanial dbithé vogpeerayeonpri ses any
sui tabl e oxidi zi ng agent and/or a rg uci ng agent _as defacri bed above

with redifBdt t o eieconf eatoodinBeit Stgfe SRRPTISRY R HPRIGHT AP ORISR ORP2SINE

third eghodimeat A bB&HSURSIHFREELCATRENEASs SNRE beRen HAMNEGH: WIFFRBJT ihs
polished using a nmulti-step nmethod.” In one step of the multi-step

net hod, stlstrats ahde fiagtelactodointcanteeldvitli thh pelishingsompepipesi quf grAregative
conpri si oW i e I I I Lt

ol oot r oehenfrar Rt BRI ShopBa @R GERLR Uit SuBoRRSbd 2 Reond
el ect r odkcirslednndretedt with the pbléshing @mpositipo sTld psite patntid apeliescpitieel y

remove at | east ortion of the co r_laver fr - f. he
subst r a?@?‘! Slu%é?f %écg%ﬁ%)sgf‘tg ] a%%e Wesu%[ﬁ? POISHE, C?Peag %1003,&%%9% ﬁ]te)g%ert&altt e
i's cont agkest tié fdds@ats e TOPidallyn MRqRisitive potemiy is FiongV @rdakaydheh thaopdner

circuit oxidation potential of the metal layer of the substrate. Preferably, the positive



[ 00231The first, second, and third conpositions described above with
respect to the third enbodi nent of the invention can be the sane or
different. For sone applications, it is desirable for the first and
second conpositions to be the sane. In,particular, it my be
desirable for the first and second conpositions to have a copper to

Cant al e _ . . PPE]
st ¢ abl RO LA pY Y o0 N Ot B8Ry Dol BopiRBR e LUP ol b
Typi cal | supsttabeecan fhie oy switablegiotdntial dapalde 6 f @uetetacfingthetelifect dfitlst oxadiding

d it T f. th it . .
Con} anct RRCR A RETHO & BRBOOT NG 1o HE nOBH Brioa B gye Botenti
descri beid if e rdnBOSL0 HAN® -SOMPONEMLRrdbly, tHveegatinRaditdntiang ithe tiigye O by

enbodi ments of the invention. 9 [0024] The polishing conpositions of
any of tR 'ermP8dt YehtsP @é’éﬁgi08@60?1@?%?%?18&9%%@%Wftl}rﬂ?%wo’%dorrpri se

an abr asiyR dfnenf§8ihs tnvieti RS RAIRORAE: BHPBEENS suildbee GREB I \HEeRANIRE
any suitabl e abrasive and can be ‘present in the polishing conposition

in any sadcfusilecaganiong described awya npihaespepido i firsi qrebadémend @I Hetinyeationr
synt het i nd ' ' r | ( :

oY oar 02t os, B EOTRE AR I SRR B i dpatup end s

gl ass, galibodusidymmulésth noethae, In oae kg ef thaintulti-diep natitbd e shibkmie iThe

abrasive desirably c rises a netal oxide, Suitahle al_, oxi des

et ude eard St E B E e PR i S s e A R B S b R,

silica, meitivaelettdchanical pdidntiahis applg@dridtiedn tigsubaraieshdunodetiode in contact

t her eof ,aintgﬁ?onbi nations thereof Prefer abl% t he net alfcthi de |

sel ect ed" i BATEHETYPBHPTE1FS PTG VY TR 3 Least ROFAop oftht poppeniayer

conbi nat4Qng sirhRE 8Phe st¥i¥raRUITh 8RERnARRY B 1R ARLRD INVEhER MDA RFLS/NT
conposition. Typically 0.01 wt.%or nore (e.g 0.1

in the polishin . | . 01 ' ., 0.
W % or 9¢epleeted &Ygth@.sgcqnd compesitiert eompsisingsi Naidwartiensad sp oxishiging peephor
pol i shi i td ' i shi
Ponosi 1 o AaARRR O heBREn? pap NN d RlBoRFabiclel =08 RIS

t ypi cal ligmoid 4t least a prteed tBOtantal¥y layer o yip safabyoftht kubstttee kreddrd20

w.%(e.g., wll .not exceed, .10 . 9. 025 n.an,abrasive is_ ..
b esent Fo e BUPRAL RGEED dcuPtraltis comacbren Al SORASLER Sfpwrisne
pr ef er ald lyquidscagdr] @i dedtloyyts taad beppel hvls tvhilee aogdtiob dleteddiomidabpbthstial is
suspensi on_of abrasjve particJes in the liguid. carrjer. | 1 oi dal . .
Sty 1 pPiEr e gh Sy FASFERDF T Soareebp Bish B bo kARSI osion
In the c@nt&xdelRfivdiPisposR¥siHet Bito iR cRPEABYFEThS tS}%f‘tfds' slereadp ith
col | oi dal IQly stablné ?féj V\heﬁﬁ{ehe gbr aso?ge ?% pl acse into a 10%Verr‘17v1

gr aduat eigspest!th fgehirherabegdimenied theon¥eniing cembiyraraedert ibpnyspartisitar ordey.
hours, the.dj § ] Lon of rhisli€8ad e t he
Dot t om ST R B e s s B e
concent rdesirabte tofcappottthe térdistepttiséore 8y s6@ndistepf t he graduat ed cyl i nder

(0T BT S Y U A oGS 0l
than or egieaimdnoofthdinventton, cafbBlthe safiE]oy A{fEert. BoomeHpplivaious ik
L T et R e e 16383 bk s S e b nd BB 12538V 1 9
desirable for the first and second compositions to have a copper to tantalum selectivity of 10
or less. For other applications, it is desirable for the first and second compositions to be
different. Typically, the third composition is different from the first and second
compositions. The components of the compositions used in conjunction with the third

embodiment of the invention are as described for those same components in the compositions

of the other embodiments of the invention.



[ 0026] Duri ng conventi onal chem cal - mechani cal polishing processes, a
conpl exi ng agent typically is used to enhance the renoval rate of the
substrate | ayer being renoved. The el ectrochem cal bias applied to
the substrate and polishing conpositian in an

el ectrochem cal - mechani cal polishing process can provide a renoval

rate conpezfbl eThopodishigs esthgdsittdAaBf idyadf tlatdndobRtlertS §GriBediRRdh €Xi N
agent in a cqgnventional chem cal -mechanj cal. poli Shlkzr,]sgq rocess. As a
a

resul t, tAenallyiPithsy cpmpPRTeri@EPTaTERYO ANt IR @RS therBRaiateofTheygbrasive can
bstrat t
Substratyge aln?¥§ﬁa]b eeabgaszvetaﬂ@c r?d%&f‘%entr 1§§Fﬁ p%ﬂ%ﬁ@@oﬁigbsfﬂ%% %%?&1ta}lgle

removal ) poSsible 1n an el ect hem c ani c
process dewoheRor axqunilethe sbrasive dahbs satwiat ersyithekic, (and ean cémprise certain hard

Chat o ORISRl RR SRl YR oD BER e bl 3550 S8 1 o
t he r enssdorundtie, mbtal o:idd, alnbilef mtﬂdaﬁarﬂltmlﬁlfeo dherdbealvekiesifabiypginiiied ©

the substr i shj tio | e al so_ i nproving the

uni f or m P2 d’fx“gugﬁﬁ%é ng@f&?g@ﬁ@%?@ Oxfdrfféseﬂ‘é?t?‘gﬁPWgtLE% SPRSIERE of
any of tdrenedhdiliorbss, efrecd i titave @éﬂnﬁﬁwcaﬂfoﬁﬁbdi ?ﬂﬂ'ulzﬁé tidsdthetd
conpri se any suitable c gpleX|ng %%g The conpl exi ng agent is an
sui t abl eoBREwRiien thaefi Praferablaihe Bofd §xid isrelsciag fiom fhe B5oup aHpEr)o
parti cul athva, shf‘ca n&Rhalanh Q%xtil 111@&0143?1?&?50@%&& LilabYe & 5‘@1‘{ %ﬁaﬁr%ﬁ@%}&a%eoe
substrate, I n solution and can enhance the renova

| ayer bamwgntrxe r&mmhslﬂmgmmmﬂ@ub%plaalb' 0. Qlom%]o@lmram g, ehevtdbiongooy,

COMP! eXig SARALS r i b8 TRAPY AL PAGke B5AARL S RGL IR0y BLEHRE AR
or gani ¢ aci ds, Or i ctional nic acl t ronal” organi c
aci ds (ewgght oﬁthtelpbhshmg @mpokitiot. gﬁlm ama@unt offab{=8ivg. in tighesiphiagicomacsition

o gani o Srany (AP exepeadd e Aol s el RERR P S v e

mal i ¢ acix8ded 1grwiazt,)ur ated organic acids, anino acids, aronatic am no
acids (e. ant hrani | i c_acid, |coI|n|c acid, hy dr ox pICO|InIC

aci d), 32;§iho| | WoerghBipess p@ﬁ@ﬁ #yihe p@%m@@@oaﬁm ¢ BPIHETE More
speci fi cald¥siti ﬁbéb?y s G@ihcﬁamsg&ta%ie CORRAEXING QRN & tH& s %kdﬁg&

for exanp carbonyl "compound acetyl acetonates, and th

like), sibrpivepeticlsoryhatiesd carigr C«d@éiaést@@htyaﬁ@ers f@ahmawqm@ of gk
the i kes].wépeﬁiq &éﬁﬁgﬁ‘hﬁ% ﬁ&&e%ﬂée%go m%ndBBH&al;\%Q&x? &’éﬁ&? (e.g.

gl ycol ate gl uconat'es, | Cc acl er eof , and
t he | i keplloidally stabis &, wlmndhqnaﬁrgsams btaxe;d iatoes! OQenggradmm Alieder and allowed

pht hal ates, citrate cC t.es artrates s, edetates.(e.q.,
i bot aedh S EHTA o P TRHE 5o PE SR BPrera e PaFOgr S rficts
cont ai NiifgheWdGoMI'SONEINSE tiilrddvated o@cndfe@([Bﬂ)hﬂS@imﬂ Hml)rDdpise coapéehtiakion of

| i ke. Suitable chelating or conplexing %ents al so g/a |nc(£3% f or
exanpl e,Pagficles i fhe top %)rmg‘bﬁ aedpsekeviiady U] & e Ré &Hg/ ed by the
pyrocat §GRA oonBHERHUH Af‘ivlartmie%nﬂi"ch‘é aBfakide c&ﬂﬁbs&féﬁ ([C}(ﬁ)texﬁﬁ%f g/ml) is less than

am ne- cont ai ni ng COITpOUI’] S ( .g., ammoni a, am no acids, am no

al cohol or egial to @5 {i-e,, (Bt PdIA Aés, Tl@mlqewé[lﬁ] k“émC]ﬁﬁ%raé}ydﬁé@sémnor
sui t abl fegﬁ%]%gﬁl%gp%feﬁ&ﬁ%% ?19%2&1%?\0”1 depend on the type of

substra bei ng polished. Preferably,
the conpbeé6] ng lagmgtconsenaenaé@hed1calrmmhamga1gpm}pngm¢s¢ss@a, agomplexing

nonocar boxyl i c CI ds CI ds..tri

pol ycar baﬁ?ijllwpéc jigjased On‘?“ﬁ%n egf%% moé{%cfatg Shibe Ry ?Sﬁ%{i@% ?‘?V{ere %&%grk}géed The
pr ef er abfigtrotemicObit gilivg uﬂ@e Blibstrate aed patseﬁgfcbﬁa@mmhen graup
conS|st|ng of lactic acjid tarlc acid, cjtric acid, nal onaglégmd

pht hal i Cl&Epeheny aeﬁliwema%mils BE PEWETSCaR Bioy1de g1EoSRliTite faingaralieds pi

aci d, ”%&a@er@l@dn%at%ﬁﬁhé&us%@ HoonsAbdityddest iA6IcOnvdRtiedlicRsicalCindehanical
2- hydr oxybutyric aci roxybutyric acid, 2-nmethyl lactic aC| d,

al ani ne,Pogjsjes PFQCGSSaM %quh’értb%ﬁbﬂﬁé(ﬁ‘éi eifertitieli sontErldhe Faruak ofithe gbsratpe

layer (e.g., the removal rate and the uniformity of removal) possible in an electrochemical-



appreci ated that many of the aforenentioned conpounds can exist in
the formof a.salt (e.g., a netal salt, an ammoniumsalt, or the
like), an acid, or as a partial salt. For exanple, citrates include
citric acid, as well as nono-, di-, ang tri-salts thereof. [0028] The
conpl exi ng agent can be present in the polishing conposition in any

sui t abl emaderinil polisHRLERbLESSs béddenes @@ﬁbﬁ@yl Mthagsithatiohs Pif S8 BlectrBcHehBoal -
pol i shing conpaqgsition in an anmount of 01l wt.% or nore, preferably

0.05 wt. @@%Wnﬁ%rp@hs%@owéq%ﬁ%wew ffwmth%ad%mwélg ageel B e used to

pr ef er ably Qe FndMbi I 08 ccff]?tro?thel?@ﬁﬁﬁl e ét{i'ﬁ')u{a%% ‘@%?EQHBCI% niddlBias o lied
pol i shing conposition. The conplexing agent typica present i

t he pol itskbaty sﬁtarﬁfp@@pml@inng wnapvsémmﬁnle efso mopwm%l@rumﬁesmty of sfckr abl y

composi (PR 86301 T RS DRe C B HPLbr fty GG AReEENeEbeshs erien

pol yner i@n opmmiaﬁx lfuigleaq&mbnsalaﬁ}n guitablel cﬂm@ﬂﬂinglagmt t '@h@ditﬁnpiéxm@ kgerdis dnfye

conpl exin dab ve.. Suitaple polyneric c exl ng
agent s |Sﬁg?@%§h @8%&{5 @(VF“] STidfse {n@tag@ & 68?@%)6 1?‘&1%)“1“&1 to be
pol ysul fHmag paﬁiau§ renBlel] HINBS sutbeteCARBIuAGE 4@NGn bARKEOThe THBoval rate of
pol ymeric conEIeX|n g agent can bhe present in the polishing

conposi tthewe la&ﬁ)})e@@ﬂ?%ﬁ‘i’eé T totsubstgisi cal Iy 5 wt. % or | ess of the
pol yrrerl npl

00301 Rt har 15 PR SR8 ol SR cekih kD ok R L L 1
of the idifsaeticnahorganie reds, bfhprtiosdwrgangracidogialtifinatial pxgrnigiacids (e.g.,
filmfor rr i suitable ..
corrosi ShF e B ERpemic AR TR, BRosB R R b B B S R S B e
in any mgM@sa;mntgalﬂ'qmdsa(b gy lactibecid,anetiod ilavtic beil)j thitirdr acids nadlic
organic ¢ oun nt ai ni ng, a het er.oat om cont ai ni functj J oup
o oxarfpiih U ae(es e iED S0 MO AT eGP (r-E- gt <0
conpounisiibit adtd, heRGtypdBnH-acidy, BorfRIHAE oM BHRINOGHE Livatdiond(eas, t he
active functlonal graoup,. wherej n_the heterocyclic ring contalns at

| east orf&taHiel rMﬁéﬁﬁPS‘flﬁﬁ%HYP%‘ia@FéBPlﬁﬁn& %é‘roaﬂalfemg.aswts mlm Tudss forg

sel ect e_d:x&ﬁ}lﬂg‘ daBSngr & oﬁf?dls(b 3t 1aBGy198etchnates, 3mb 'iﬂe"%ﬁ@j Simplle 3arﬂo;¥ylht@§€él &£
benzotri azo benzi m dazol Benzot hi azol’e, and m’xt ures ther eof
Nbst pr ebetrtahagy] cerh@isd@ﬂqa@@d thie dilve)s earhetydases cdutainingmmess iome hytiphylt or s
of tria I

conposi t u% gﬁ?g a g‘%%&r F}%ﬁgéﬁb%lggoq}%g% g& %1{10%? a%ﬁg%l%%rggé@gggk a?éfi aht .
The sur ftag bmhpolyaarbbwlaay(egu dxalates, Iﬂnhaﬂaamst cifrbteg nokcomies pertprassmiatatdsn

Lorr bot e TRE LA EERAT Bl ARkl BTHMie SR A el caneining,

sur f act ant s mBRAIBIRIC asd/6:f RObSHOhE gréuRhakield 1kes Buftalt all@ingrxt ur es
t her eof , and the li ke Preferably, the polishing osi tion

conpr i sESTUAIHBHIAEHIL ST PR fore%@n@f tr, SOy LRGPp RiF &+ RGHISBRI o
sur f act gicol, § Bat8dndY, [poradi n@aﬂﬁc B@ahy&&m@uh&g SOEnsiHE bty corBunds

anount of” sur ct ant tpypl cal IS 0001 wt.%to 1 wm.%
(e.g., ammonia, amino acids, ammo alcohols di-, tri~, and polyamines, and the like). The

choice of suitable chelating or complexing agents will depend on the type of substrate layer
(e.g., the type of metal) being polished. Preferably, the complexing agent is selected from the
group consisting of monocarboxylic acids, di-carboxylic acids, tri-carboxylic acids,
polycarboxylic acids, amino acids, and combinations thereof. More preferably, the
complexing agent is selected from the group consisting of lactic acid, tartaric acid, citric acid,
malonic acid, phthalic acid, succinic acid, glycolic acid, propionic acid, acetic acid, malic
acid, oxalic acid, salicylic acid, picolinic acid, 2-hydroxybutyric acid, 3-hydroxybutyric acid,

2-methyl lactic acid, alanine, glycine, salts thereof, and combinations thereof. It will be



12 (preferably 0,001 wt.%to 0.1 w.% or 0.005 wt.%to 0.05 wt.%
based on the weight of the liquid carrier and any conponents
di ssol ved or suspended therein. [0032] The polishing conposition of

any of the enbodi mnents can have any s :ltabl e pH Typically, the
pol i shing conmposition has a pH of 13 | ess. Preferably, the

ek It ' :
pol i shi ng)ﬁfeg{gpi(asch&t|ﬂ%¥§g?héage\f@§l:n91§tho§e%écir%lfoﬁﬁds( cean%mst%t&é (f)o'rr]nl%flogg sgt Eﬁrﬁ'bf

| ess, or ess) shing conpo
1 or noremétel glt, arganpmompnehlt, d0BSBET e aplk, afaskipertipbbdlis Hongrample, citrates
conpositj

n,can. be..achi eved and/ qr intained i.n any suitabl e manner.
Nbr e spe“g‘}‘?lec%{%cyafndt ﬁsewg%f‘% lglﬂ?(ﬁg‘%é@%% “f%‘gg}‘?w@;’n further conprise a
pH adj usfoz8] a it duiflenidgeagentbe pedsed ICQRPbRh O rieRieRin dyeulible
adj ustor can he an}/ sui t abl e pH adj usti nl%,conpou,nd,. or exanple, the
pH adj ustRE ah/PhE %ﬁ%ggmﬁaﬂﬁgaswﬁ@ée,se SRR SXITROSIURAWD A um
hydr oxi dgaougf off). GORFRIRHARE, driera8810. 058t RIFr Bk, %dr@grggsg%i& 043 RE, any

sui tabl e buffering agent, for exanple, phosphates, es, borates,
amoni urieral and moghpretdsebly PRevt. YPleemets bashd oy thedatpbweightonf terolisingr i se

any suit . ' : ! ' ,

o ot ded o RRE: e Rhfeia ARhUSHENAD MRl i L g o6 by
of the podushefri® weidfpoksss, iposferabliytdi wt.% helessbered osdlte thtal tvighesfahe.

[ 0034] The..pol i shi ng..conposition of any of the enbodi ments optionally
further p@&%ﬂ?@%‘)&pogﬂlognti f oami ng agent. The anti-foam ng agent can be
any suitjatdoe anhisofmeambodinf@snt is dSiabRé &rchidt bioBMenig cagipRkmglap&ltude,
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ppm of the polymeric complexing agent is present in the polishing composition
[0030] Optionally, the polishing composition of any of the embodiments of the invention
further comprises a corrosion inhibitor (i.e., film-forming agent). The corrosion inhibitor can
be any suitable corrosion inhibitor and can be present in the polishing composition in any
suitable amount. Typically, the corrosion inhibitor is an organic compound containing a
heteroatom-containing functional group. For example, the corrosion inhibitor is a
heterocyclic organic compound with at least one 5- or 6-member heterocyclic ring as the
active functional group, wherein the heterocyclic ring contains at least one nitrogen atom.
Preferably, the corrosion inhibitor is selected from the group consisting of 1,2,3-triazole,
1,2,4-triazole, benzotriazole, benzimidazole, benzothiazole, and mixtures thereof. Most
preferably, the composition comprises dual corrosion inhibitors of triazole and benzotriazole.
[0031] Optionally, the polishing composition of any of the embodiments further
comprises a surfactant. The surfactant can be any suitable surfactant and can be present in
the polishing composition in any suitable amount. Suitable surfactants can include, for
example, cationic surfactants, anionic surfactants, nonionic surfactants, amphoteric
surfactants, mixtures thereof, and the like. Preferably, the polishing composition comprises a
nonionic surfactant. One example of a suitable nonionic surfactant is an ethylenediamine

polyoxyethylene surfactant. The amount of surfactant typically is 0.0001 wt.% to 1 wt.%



[ 0036] The positive (anodic) or negative (cathodic) potential can be
applied to the substrate in any suitable manner. Typically, the
apparatus which is used to carry out the electrochem cal part of the
nmet hod conprises at |east two el ectrodgs, one of which is subnerged
in the polishing conposition and the other of which is coupled to the
substrat refélﬁ’cg @mme/eto%i%%,@w@@; w%cc@l@msaﬁk %gbése@oﬁmé@ﬁ%f%

t hr ough con ﬁctlve polishing 'pad and/or th en of the polishing
apparatU@Fmiwm@@@hdamvqﬁﬂﬁﬁqﬁﬁéﬁﬁﬂvﬁhéS@W@@kﬁ@ﬁ@@ntyplcaIIy are
connect
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time, and then a constant potential can be applied to the el ectrodes
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the substrate can be performed in any suitable order. The electrlc
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the pH of the polishing composition within the ranges set forth herein.

[0034] The polishing composition of any of the embodiments 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 typically is 40 ppm to 140 ppm.

[0035] The polishing composition of any of the embodiments optionally further
comprises a biocide. The biocide can be any suitable biocide, for example an isothiazolinone
biocide. The amount of biocide used in the polishing composition typically is 1 to 50 ppm,
preferably 10 to 20 ppm.

[0036] The positive (anodic) or negative (cathodic) potential can be applied to the
substrate in any suitable manner. Typically, the apparatus which is used to carry out the
electrochemical part of the method comprises at least two electrodes, one of which is
submerged in the polishing composition and the other of which is coupled to the substrate, for
example, either directly coupled to the substrate or through a conductive polishing pad and/or
the platen of the polishing apparatus. In such an arrangement, the electrodes typically are
connected to a power source and an electric potential or bias is applied to the electrodes so
that a positive or negative potential is applied to the substrate. The power supply can be

adapted to apply a constant current or constant potential to the electrodes and the substrate.



1. A nethod of polishing a substrate consisting of: (1)

providing a substrate conprising at | east one netal |ayer, (1)
contacting the substrate with a polishing conposition conprising a
liquid carrier and an el ectrol yte, 3 (iii) applying an

el ectrocheni cal potential between the Substrate and an electrode in
contact i Lh.it he Bl lsh Q&l@ﬁﬁp&ﬂeﬂé%ﬁ1be\Q?Itﬂ{e@'t@ﬁﬁ'eﬁé%%Bde(saa}ldltopﬁlbstrate
appl i ed potential tot substrate 1s positive and ol I shi ng
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the a ential .to. t ub . i.shi
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the subsiyeatifeiSe. aPQHE-vAYM oPotehfatbout 300 mv | ess than the open
circuit [%otentlal of the nmetal |ayer of the substrate; and
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pot ent i S Ve. a n e e
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di al kyI am ne boranes hlyg %%mn salts thereof, and conbinati ons

t her eof APPHFEIARVHE/BPTS8L 1, wherein the appl ied potential is
negative and the



oxidizing agent is selected fromthe group consisting of peroxides,
persul fates, ceriumsalts, iron salts, and conbi nations thereof 5.The
met hod of claim 1, wherein the polishi,ng conposition further
conprises an abrasive. 15 6. e method of claiml1, wherein

t he polishing conmposition further conprises a conpl exi ng agent.

7. The nethod of claim6, wherein the conplexing agent is an organic
acid selected fromthe group consi €LMYDf nonocar boxylic aci ds,

di carboxylic acids, polycarboxylic acids, am no acids, and

conbi nati ons t her eof 8. The method of claim®6, wherein the

conpl exi ng agent Alfietiéd 6CpEhingQMubSiEtPEhdRfOOS] Sting of acetic
acid, citric acid, lactic acid, malic acid, malonic acid, oxalic

aci d, pol yacryl i &) aci Brovidipg wub@traf&cempaﬁlaaﬁhl@astgpmeffé ayghd
Conb' najtl ons t he( 5Of contrilctl négthe sﬁgstpél% Q\gﬁjx 9 oﬁLl?hg]cgmp%ﬁél? : éﬁ?mg a

conpl exi ng agent “I's a conpl exli n

met hod of Cﬁ@Mdm&mewmﬁfﬁiﬂcmhﬂywolIShlng conp05|t|on has a pH of

about 6 or less. . : , :

(i)  applying an electrochemical potential between the substrate and an

electrode in contact with the polishing composition, wherein either (a) the applied
potential to the substrate is positive and the polishing composition further comprises a
reducing agent for the metal or (b) the applied potential to the substrate is negative
and the polishing composition further comprises an oxidizing agent for the metal,
wherein the positive potential applied to the substrate is about 50 mV to about 800
mV greater than the open circuit potential of the metal layer of the substrate, and the
negative potential applied to the substrate is about 100 mV to about 300 mV less than
the open circuit potential of the metal layer of the substrate; and

(iv) removing at least a portion of the metal layer from a surface of the

substrate.

2. The method of claim 1, wherein the electrolyte is selected from the group

consisting of sulfates, nitrates, phosphates, and combinations thereof.

3. The method of claim 1, wherein the applied potential is positive and the
reducing agent is selected from the group consisting of formaldehyde, hypophosphorous acid,
phosphorous acid, sulfurous acid, ascorbic acids, borane, borohydrides, dialkylamine

boranes, hydrogen, salts thereof, and combinations thereof.

4. The method of claim 1, wherein the applied potential is negative and the
oxidizing agent is selected from the group consisting of peroxides, persulfates, cerium salts,

iron salts, and combinations thereof.

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

an abrasive.



11. The method of claim1l, wherein the polishing conposition further
conprises a corrosion inhibitor. 12. The method of claim1
wherein the polishing conposition furiher conprises a surfactant.

13. The method of claim1l, wherein the substrate conprises a copper

| ayer and optionally a tantal um |l ayer. 14. The method of claim
1, wherein the substrate conprises a gold |ayer. 15, A nethod
of polishin§ a sdbsrehed efhgim kivgrein the polighing p@mpit;&!ilmﬁmthsu@mmama
conpri sj t one netal |ayer, wherein the substrate conprises
a Pfon?b§%¥$g%%&§ﬂﬁ an opposi ng back surface, (ii) contacting

the substrate wth a polishing conposition conprising a |liquid

carrier and7an ehgethahyd &f cldf 6 1 e &hh hB% Shif b¥&nic aci
el ectrochem cal potenti al bé%%een’?vge¥rontcs %%%g ggmfﬁe%shﬁgP¥é?%d
and a féleged efrent rtbde giroupc aonsistingy afh o cpdlok gl Naridsy Miraibokgic amlds,

appl yi ng a neggtive el ectrochem cal potential between the back
surfacgg%?mﬁﬂgﬁgﬁﬁgFrﬂ?gméﬁﬂbdngéPHﬁ%”@Pﬂ%ﬁ?ﬁﬂ in contact with the
pol i shi ng conposition, and
8. The method of claim 6, wherein the complexing agent is selected from the
group consisting of acetic acid, citric acid, lactic acid, malic acid, malonic acid, oxalic acid,

polyacrylic acid, tartaric acid, alanine, glycine, and combinations thereof.

9. The method of claim 6, wherein the complexing agent is a polymeric

complexing agent.

10.  The method of claim 1, wherein the polishing composition has a pH of about 6

or less.

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

corrosion inhibitor.

12. The method of claim 1, wherein the polishing composition further comprises a
surfactant.
13.  The method of claim 1, wherein the substrate comprises a copper layer and

optionally a tantalum layer.

14. The method of claim 1, wherein the substrate comprises a gold layer.

15. A method of polishing a substrate comprising:

(1) providing a substrate comprising at least one metal layer, wherein the
substrate comprises a front surface and an opposing back surface,

(ii) contacting the substrate with a polishing composition comprising a

liquid carrier and an electrolyte,



(iv) renoving at least a portion of the nmetal |ayer fromthe surface
of the substrate. 16. The nmet hod of claim 15, wherein the
electrolyte is selected fromthe group consisting of sulfates,
nitrates, phosphates, and conbi nati on® t her eof 17. The net hod
of cIain115, wherein the polishing conposition further conprises an
abr asi ve. 18. The met hod of claim 15, wherein the polishing
conposi tion furt k&) c@miyiing@spoaitiwo eisicenéheien @ntential betweechGhe Fhat surface

met hod of cI |n t he compl exi n ani ¢ .acid
selected frd l}e ¢ %5?%%’“ c?n@’is Feﬁtér%f rﬁﬂ’i‘%é’gg‘ﬁ@‘x?ﬁP@ QE gomposmon and
di car boxyl i Qp}ﬂﬂ'ngsa @@bﬂf@%ﬁ@ﬁ&éﬂeﬁn@a@' entAN Bw&G 4% b8 surface of the
conbi nati ons t her eof . The nethod of claim 18, wherein the

conpl exi ng &&éﬁﬁeﬁgd§éP%@@éﬁmﬁpéwmﬂhé&@WWubﬂEﬂﬁ%&bmgngmpmmmmean¢
acid, citric aci | act Ci malic,.aci oxal

aci d, polyacryli @ hei F F (%1 %t?lF%St cl?oa“"‘bf’gmen‘Eetag#a}/%ﬁ %m ﬂé\ﬁaurface of the
conbi nat i onsubistigeeof 21. The nethod of claim 18, wherein the
conpl exi ng agent is a polymeric conplexing agent. 22. The

nmet hod of claim 15, wherein the polishing conposition has a pH of

about 6 or &SS. The metho@Sef diBn M5! RALeR el @edolyte iVRGEGE fbREthe group

pol i shing conposition further conpri ses
consisting of sulfates, nitrates, phosphates, and combinations thereof.

17. The method of claim 15, wherein the polishing composition further comprises

an abrasive.

18.  The method of claim 15, wherein the polishing composition further comprises

a complexing agent.

19.  The method of claim 18, wherein the complexing agent is an organic acid
selected from the group consisting of monocarboxylic acids, dicarboxylic acids,

polycarboxylic acids, amino acids, and combinations thereof.

20.  The method of claim 18, wherein the complexing agent is selected from the
group consisting of acetic acid, citric acid, lactic acid, malic acid, malonic acid, oxalic acid,

polyacrylic acid, tartaric acid, alanine, glycine, and combinations thereof.

21.  The method of claim 18, wherein the complexing agent is a polymeric

complexing agent.

22.  The method of claim 15, wherein the polishing composition has a pH of about

6 or less.

23.  The method of claim 15, wherein the polishing composition further comprises

a corrosion inhibitor.



a corrosion inhibitor. 17 24. The nethod of claim15, wherein

t he polishing conmposition further conprises a surfactant. 25.
The nmet hod of claim 15, wherein the pglishing conposition further
conpri ses an oxidizing agent for the tal. 26. The net hod of
claim15, wherein the polishing conposition further conprises a
reduci ng agent for the netal . 27. The nethod of claim 15,

wher ei n t he 24ubstlhgmeetadefrqlaies! % vdhspgie the pojishing samppsitiom Airthgr gomprises
t ant al yry,Jaysl;: 28. The nmethod of claim15, wherein the

substrate conprises a gold | ayer.

25. The method of claim 15, wherein the polishing composition further comprises

an oxidizing agent for the metal.

26.  The method of claim 15, wherein the polishing composition further comprises

a reducing agent for the metal.

27.  The method of claim 15, wherein the substrate comprises a copper layer and

optionally a tantalum layer.

28.  The method of claim 15, wherein the substrate comprises a gold layer.



