1 CONTROLLED ELECTROCHEM CAL POLI SHI NG METHOD FI ELD OF THE | NVENTI ON [ 0001]
This invention pertains to a nethod of providing controlled el ectrochem cal
pol i shing of sem conductor substrates. BACKGROUND OF THE | NVENTI ON [ 0002]

Pol i shing processes are used in the manufacturing of mcroel ectronic devices
to formflat surfaces on sem conductor wafers, field em ssion displays, and
other nicroelectronic substrates. For exanpl e, the manufacture of
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whi ch derornmation or urrng ¢ rinentally affect the substrate
polish [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



quality and device formation and/or function. For exanple, relative
rotational novenment 2 between the substrate and a polishing pad under a
typi cal CMP downforce can induce a shear force along the substrate surface
and deformthe low k material to formtopographical defects, which can
detrinmental ly affect subsequent polisaing. [ 0005] One solution for polishing
conductive materials (e.g., copper) in lowdielectric materials with
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lead to erosion of the dielectric material. The topographical defects resulting from such

dishing and erosion can further lead to non-uniform removal of additional materials from the
substrate surface, such as barrier layer materials disposed beneath the conductive material
and/or dielectric material, and produce a substrate surface having a less than desirable quality
which can negatively impact the performance of the integrated circuit.

[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



BRI EF SUMVARY OF THE | NVENTI ON [ 0008] The invention provides a nethod of
polishing a substrate conprising (i) providing a substrate conprising at

| east one netal layer, (ii) contacting the substrate with a polishing 3
conposition conprising a liquid carrier and an electrolyte, (iii) applying
an el ectrochem cal potential between_the substrate and an el ectrode in
contact with the polishing conpositio ,  Wherein either (a) the applied
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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
(i) 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



[ 0011] The present invention is directed to a nethod of polishing a
substrate using a conbination of chem cal and el ectrochem cal processes. In
particul ar, the nethod conprises (i) providing a substrate conprising at

| east one netal layer, (ii) contacting the substrate with a polishing
conposition conprising a liquid carrier and an electrolyte, (iii) applying
an el ectrochem cal potential between the substrate and an electrode in
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porous metal oxide, glass, organic polymer, fluorinated organic polymer, or any other

suitable high or low-k 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.



sel ected to have opposing effects. In particular, an oxidizing
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solvent molecules (e.g., water molecules). Solvated electrons can be produced by a number
of different processes, such as the radiolysis of water (e.g., using y-rays) or the photolysis of
an appropriate solute (e.g., F e(CN)s" or I). Typically the reducing agent is selected from the
group consisting of formaldehyde, formic acid, hypophosphite, hypophosphorous acid,
phosphorus acid, sulfurous acid, ascorbic acids, organoboron compounds such as borane,
borohydrides, dialkylamine boranes, hydrogen, salts thereof, and combinations thereof.
Preferably, the reducing agent is selected from the group consisting of formaldehyde,
organoboron compounds, salts thereof, and combinations thereof.
[0016]  The polishing composition can comprise any suitable amount of the reducing
agent. The amount of reducing agent desirably is small yet sufficient to retard the rate of
oxidation of the metal layer and/or to reduce the number of defects on the surface of the

substrate. While not wishing to be bound to any particular theory, it is believed that the

addition of a small amount of reducing agent acts to reduce the number of oxides on the



bor ohydri des, di al kyl am ne boranes, hydrogen, salts thereof, and

conbi nations thereof. Preferably, the reducing agent is selected fromthe
group consi sting of fornmal dehyde, organoboron conpounds, salts thereof, and
conbi nati ons thereof [0016] The polishing conmposition can conprise any
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bromates, bromites, nitrates, chlorates, chlorites, hypochlorites, chromates, iodates, iron and

copper salts (e.g., nitrates, sulfates, ethylenediaminetetraacetic acid (EDTA), and citrates),
cerium salts, rare earth and transition metal oxides (e.g., osmium tetraoxide), potassium
ferricyanide, potassium dichromate, iodic acid, and the like. A per-compound (as defined by
Hawley's Condensed Chemical Dictionary) is a compound containing at least one peroxy
group (--O--O--) or a compound containing an element in its highest oxidation state.
Examples of compounds containing at least one peroxy group include but are not limited to
hydrogen peroxide and its adducts such as urea hydrogen peroxide and percarbonates,
organic peroxides such as benzoyl peroxide, peracetic acid, and di-terz-butyl peroxide,
monopersulfates (SOs>), dipersulfates (S;05”), and sodium peroxide. Examples of
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



ferricyani de, potassiumdichromate, iodic acid, and the |ike. A per-conpound
(as defined by Haw ey's Condensed Chem cal Dictionary) is a conpound
containing at | east one peroxy group (--O--0O-) or a conpound containing an
elenment in its highest oxidation state. Exanples of conpounds containing at
| east one peroxy group include but ar e;not limted to hydrogen peroxide and
its adducts such as urea hydrogen peroXxi de and percarbonates, organic
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pot ent i ghbstréte! PYpHiOMOK BhE dpPlied potential is above the potential for hydrogen evolution, for
example, in the range of from 0 mV to -800 mV. Desirably the potential is low enough to
prevent metal dissolution. Preferably, the potential is in the range of from -20 mV to -300
mV. More preferably, the potential is in the range of from -40 mV to -200 mV. When the
substrate comprises copper and tantalum, preferably the applied electrochemical potential is
100 mV to 300 mV less than the open circuit potential of the copper layer.
[0021] In a second embodiment, the substrate comprises a front surface and an opposing
back surface. A positive electrochemical potential is applied between the front surface of the
substrate and a first electrode in contact with the polishing composition, and a negative
electrochemical potential is applied between the back surface of the substrate and a second
electrode in contact with the polishing composition. The positive potential applied to the
front surface of the substrate can be any suitable potential capable of oxidizing the metal
layer of the substrate. Typically, the positive potential is 900 mV greater than the open

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



prevent netal dissolution. Preferably, the potential is in the range of from
-20 "W to -300 nV. More preferably, the potential is in the range of from
-40 mV to -200 mV. When the substrate conprises copper and tantal um
preferably the applied el ectrochem cal potential is 100 nmV to 300 nV | ess
than the open circuit potential of the,6 copper layer. [0021] In a second
enbodi nent, the substrate conprises a §ront surface and an opposi ng back
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the third polishing conposition

respect to the third embodiment of the invention can be carried out in any particular order.

Typically the steps are carried out in the order recited above. In some cases it may be

desirable to carry out the third step before the second step.

[0023]  The first, second, and third compositions described above with respect to the third

embodiment of the invention can be the same or different. For some applications, it is

desirable for the first and second compositions to be the same. In particular, it may be

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.



so as to selectively deposit copper onto the copper |ayer. The steps

descri bed above with respect to the third enbodi nent of the invention can
be carried out in any particular order. Typically the steps are carried out
in the order recited above, In sonme cases it may be desirable to carry out
the third step before the second step. 4 0023] The first, second, and third
conposi tions described above with respect to the third enbodinent of the
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colloidally stable if, when the abrasive is placed into a 100 ml graduated cylinder and allowed
to stand unagitated for a time of 2 hours, the difference between the concentration of particles
in the bottom 50 ml of the graduated cylinder ([B] in terms of g/ml) and the concentration of
particles in the top 50 ml of the graduated cylinder ([T] in terms of g/ml) divided by the
initial concentration of particles in the abrasive composition ([C] in terms of g/ml) is less than
or equal to 0.5 (i.e., {[B] — [T]}/[C] £0.5). The value of [B]-[T]/[C] desirably is less than or
equal to 0.3, and preferably is less than or equal to 0.1.

[0026] During conventional chemical-mechanical polishing processes, a complexing
agent typically is used to enhance the removal rate of the substrate layer being removed. The
electrochemical bias applied to the substrate and polishing composition in an
electrochemical-mechanical polishing process can provide a removal rate comparable to or
greater than that attained using a complexing agent in a conventional chemical-mechanical
polishing process. As a result, the ability to effectively control the removal of the substrate

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



suspension through tine. In the context of this invention, an abrasive is
considered colloidally stable if, when the abrasive is placed into a 100 n
graduated cylinder and allowed to stand unagitated for a tine of 2 hours,
the difference between the concentration of particles in the bottom50 m
of the graduated cylinder ([B] in tergg of g/m) and the concentration of
particles in the top 50 m of the graduated cylinder ([T] in terms of g/nl)
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I ncl Ude’ed];tgtres (e.g., dipotassium EDTA), mixtures thereof, and the like), carboxylates containing
one or more sulfonic and/or phosphonic groups, and the like. Suitable chelating or
complexing agents also can include, for example, di-, tri-, or polyalcohols (e.g., ethylene
glycol, pyrocatechol, pyrogallol, tannic acid, and the like) and amine-containing compounds
(e.g., ammonia, amino acids, amino 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



exanpl e, carbonyl compounds (e.g., acetylacetonates, and the like), sinple
carboxyl ates (e.g., acetates, aryl carboxylates, and the I|ike),

car boxyl at es contai ni ng one or nore hydroxyl groups (e.g., glycolates,

| actates, gluconates, gallic acid and salts thereof, and the like), di-,
tri-, and poly-carboxylates (e.g., oxalates, phthalates, citrates,
succinates, tartrates, nalates, edetates (e.g., dipotassium EDTA), m xtures
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The pol ysuitehle amonml Eypiegllygtendorrosion 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.%



can be present in the polishing conposition in any suitable anmount.
Typically 5 wt.%or |less of the polyneric conplexing agent is present in

t he polishing conmposition [0030] Optionally, the polishing conposition of
any of the enbodinments of the invention further conprises a corrosion
inhibitor (i.e., filmformng agent). The corrosion inhibitor can be any
suitabl e corrosion inhibitor and can be present in the polishing conmposition
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Cptlonalpywﬂpﬁégﬁééﬁil E%%%%WPP@ﬁ(%g AUM8F)t he embodi ments furt her

conpri sefea3;sur frae pﬁrbtftheBmSlﬁﬁg E@ﬁf)@smonccaﬂ bO LI BHI/bARLRSddfiRgk@Nt and
can be present in pol i shing conposition in any suitable anournt.

Sui t abl esuiablearanas é\/l@rarspwfcqawethe pJishingampestioncean; forihes compfisea Bt s,

her eof . “icte R MR, B S SR Brre B TS VB e R Tl 5
noni oni CpHudﬁlaﬁﬂg%anoﬁﬂE Fotarphplepthe aHudjust@bban Wt&@ﬂuﬁl lsydlrdxa&d, 8ddiurhs an

et hyl ene m ne pol yox%/%thyl ene surfactan The ampunt of surfact ant
typi cal | Y Qige, gaeonipn bydrexide. of agpmbinaligs Fr@?fab’ﬂgmibwfiemg a%net@mo a4 wt. %

or 0. 005, Mt syifa HIQbQEfQﬁ%‘@gen@fop d@&B#ﬁat@?'aQ&&T?%gé#@T%e po s I%%hc?r and

any conporients di ss or suspen eréin
conp05|tm©mk0fThnyﬂmhnghenamﬂmuimmmbsmnanmhamﬁbkngn@uﬁbﬁprapHmanypicaIIy,

compost { P e BRRng 8o e ieR ol R0 G e b mefu gy ™ ™

| ess) . TipipEadfle Ql_dhl@l‘ﬂ P&hbSti FWGwiEABR S hiide® et Hdigh Rerbill of 1 or nore (e.g., 2
or nore). [0033 of the polishi ng1 conposition can be achieved and/ or

mai nt ai n9834In akhe p@lugtnat?p@pﬁﬁh%ﬁa f anyof Bregpbefimenty epjionallefugberi shi ng
t ent ,
coni nat %%f%ﬁ%%ne%#@%%%%h?fﬁe;?lg%%naﬁg‘a gt B b8 SunHBlE g BbaBgET O @

conpoundagekn rSudatxblaphﬁpamMg agthtadjchisie,dut emmobmpied s siliven- bqsdd and de, sodi um

hydr oxi de, . anmp X|de or .a . conbi nation_.thereof he pH.buffering
yent caftehEmGHgr G Ssrarne pER g e gBRE Sfan dN e RSB B
acet at esyo]RRIALERposHBIHidAN 518 4b Hpmand40 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.



the like. The polishing conposition can conprise any suitable anount of a pH
adj ustor and/or a pH buffering agent, provided such anount is sufficient to
achieve and/or maintain the pH of the polishing conposition within the
ranges set forth herein. [0034] The polishing conposition of any of the
enbodi ments optionally further conpriﬁgs an antifoam ng agent. The
anti-foam ng agent can be any suitableanti-foamng agent. Suitable

anti f oam e incl t. 11 m: L4 nd

et yi onih oS By Rpnii o85Gy Bl v blLERE dOeleSlode QIARBRRATT, o

pL es enlt tor atflret pefiod oStimagnd ]gtmas;iohitan r;:bt;epiizd&gﬂl e ayplidd tq)mmeteflatlrdd?e? aquEi [ 0035]
The polishin onposi tion any of the enpodinents optjonally further

conpri segurﬁatr%rﬂ Geticeconfireriad BEFEE BaohEmbodmenrian Hep it epawe FOPstERanpl e an
i sot hi azglddeRe cRb@ft fifentidis t%ﬁﬁat@ém@e?ﬁﬁgxgﬁxédgﬁ%ﬁ( BuifaBfe @dr! F‘ae ng
conposition typicallys 1 to 50 ppm preferably 10 to 20 ppm [0036] The
posi ti veelgetriodoteitia mpplegde theeldctraddsadi/of sybstrantimbe eastabtorappbeé ediado t he
substrate in a sultable.nanqer" Typi cal ly, the apparatus which is used to
carry ou?v?ﬂﬂ?eqéﬁe%bV@E?EWﬁ%%ﬂeﬁ§§pt of the nethod conprises at |east two

el ect r odgma7one Tht M¥M e fipslishsdpb RibSiede Adeotdiey B hd BREMONCANPOSArtib@sutand t he
ot her of which is coupled to the substrate, for exanple, either directly
coupl ed %altwﬂgmggppaé@tés-o?ulﬂahlle@lr@ﬁoeine@mhwﬁa@ecabmlggmgr@@me%ﬁnd/ or the
platen o i.Shig: a ) I odes
Fypi cal 1 EHS B B A e e B o U P CT b s
i s appl i agplicatibinBulsicetién Noe 2082301 t1haAr Ad, 20021001 92860k 1,12002013094patlent i al is

appl i ed t rat The power I n be _adapted apply a
const ant 5@%(&29?@53%2@5@46&1@%4 gq%gﬁ)é){@‘ﬁ% ‘%ﬁé&@ ?IBE‘E‘?“ ii&’ftﬁg substrat e.
13 In cahh@dafoRWROdsMB¥s3. A2 constant current can be applied to the

el ectrodes and/or substrate for a first period of tinme, and then a constant
potential can be applied to the el ectrodes and/or substrate for a second
period of tinme. In such enbodinents, the steps of applying a constant
current and constant potential to the substrate can be perforned in any
suitable order. The electric potential applied to the el ectrodes and/or
substrate can be constant or can be varied overtine (i.e., a time-varying
potential). [0037] The nethod of polishing a substrate according to the

i nvention can be carried out on any suitable apparatus. Suitable

el ectrochem cal - nechani cal polishing apparatuses include, but are not
limted to, the apparatuses disclosed in U S. Patent 6,379,223, U S. Patent
Application Publication Nos. 2002/0111121 Al, 2002/0119286 Al, 2002/0130049
A,



2003/ 0010648 Al, 2003/0116445 A, and 2003/0116446 Al, and Internati onal
Patent Application WO 03/001581 A2. 14 CLAIMS 1. A nethod of polishing a
substrate conprising: (i) providing a substrate conprising at |east one
metal layer, (ii) contacting the substrate with a polishing conposition
conprising a liquid carrier and an elgctrolyte, (iii) applying an

el ectrochem cal potential between the lhbstrate and an el ectrode in contact
wi th the polishing composition, mheQﬁi {ther (a) the applied potential is
positive and the polishing conposition rther conprises a reducing agent
for the l.netah nosthdduf pohishigpphitettatpobapdisigd: | S negative and the polishing
conposition f@éther ,gpnprises an oxj di zing agent for the netal, and (iv)
renovi ng at |@hst REOYEingiasHberate qoanssingat Jeasi ope metayeur f ace of t he

substrate. i) TheoRRLAAHe e Witk ; ; S sel ected
fromthe gr ouu) cons ?%t ' ng glfl&gﬁe%gqeas{mrﬁ@tﬁ g g‘t)lggﬁlﬁ{lg%% atsg1 %Ha }198
conbi nat i ons d¢dmigrend an 8lectfdigtenet hod of claim 1, wherein the applied

potential is sitive.and the reduci.n nt is_selected fromthe. group
consi sting of(gllf or rf&P eflecfg'rBPl?ﬁn?:wﬂ@gW?gﬁ%Wﬁgﬁﬁug rate Wﬁﬁﬁgﬁﬂ%r ous

aci d, phosphonsntagiwith B bbvhedsScodositioR SAHRIN 6itlRS (4 She QpUBNPREKIIN is
conpounds such as borane, borohydrides, dialkylam ne boranes, hydrogen,

sal ts t her eofRostivg an¢ theipichghingermuasiion dirthes cormprisepra resydingfagent &rha, wher ei n
t he applied ntia ' 4l zi:ng. ted from
the group co%glétglt %rr@ ﬂc}% a%g%g%%{ é@ﬁ%@eﬁéﬁﬁ agr{aetgé 5‘%:1{e§g}n§%g§1§%’?{s“,§n ;ﬁ‘lr?égglcsal ts,
and conbi nat | @aprisésemenxidizing agdne forelidractapndl ai m 1, wherein the polishing
conposition further conprises an  abrasive. 6. The nethod claim1l,
wherein the géyi sﬁm@wggﬁﬁols%ﬁt@meﬁm@f ﬁ’ﬁé?et?:lé%bﬁf g _%erpa% exiGalagent . 7.
The met hod OfTid Al of MIRY Elvihel P16 QIERk o105 AR rdr BB IARLRLAS |

sel ected fromthe group consisting of ocar boxyl1 ¢ acids,” dicarboxylic
aci ds, pol splfaieh oidyatéscplmsplabsss, arhdondizationsthereofl conbi nations thereof. 8. The

met hod O§. cl afhng rgeﬂu‘)’g] & C?ai.ilrlll 1t, QV erce?nanle %f)%lpe% p% %Q;[d iis Sos%t‘le\!'eea%%%ge Je(ril?c%gt he group
agent is selected from the group consisting of formaldehyde, formic acid, hypophosphite,
hypophosphorous acid, phosphorus acid, sulfurous acid, ascorbic acids, organoboron
compounds such as 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.
6. The method of claim 1, wherein the polishing composition further comprises a

complexing agent.

7. The method of claim 6, 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.

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.



consisting of acetic acid, citric acid, lactic acid, nmalic acid, malonic
acid, oxalic acid, polyacrylic acid, tartaric acid, alanine, glycine, and
conbi nati ons thereof. 9. The method of claim®6, wherein the conpl exi ng agent
is a polyneric conplexing agent. 15 10. The method of claim1, wherein the
pol i shing conposition has a pH of 6 or, less. 11. The nethod of claim1,
wherein the polishing conposition furtiRer conprises a corrosion inhibitor.

12. The th of claim 1, wherein.the.polishing conposii.i further
conpri ses’a Qﬂlﬁ’ﬁ‘%{ﬁ‘?g‘?ﬁ&a@é’ B e RY g‘iﬂ%ogﬁuﬂﬂgﬁ]@’ ioggtoﬁgs%ubst rate

conpri ses,a CRRRESthdEYRIaiAND wihekdiPMe hbNshid doaHodtieM ket bompkes dNe net hod of
claim 13, wherein the applied el ectrochenmcal 'potential is negative and is

100 nV terReion i@kibitsss t han the open circuit potential of the copper |ayer.

16, A mobnod Gr eIt SR th O S LA ST Rnie S (Oeti at e

conpri sisugfacthntl east one netal |ayer, wherein the substrate conprises a
front surface _and an oppqsing_ back surface, (ii) contacting the substrate
with a porishihggoe ol WhgTRg the svhytrate|comarises acappeTdsyeh Rl gtionally

el ect r ol yh&miukd Jaldr @PPI Ying a positive el ectrochem cal potential between the
front surface ofa the substrate and a first electrode in contact with the
pol i shi nigt. corfhesndthahofateadmaldpiviienen thaappdigd eievieochbmatal patbeia saleggdeend i al

bet ween t back rface of the substrat n second el ectrode in contact
with thd® E@?f“s%ﬁor‘@ﬂé% ec§§ﬁ’taf‘ ,Opgﬂalr%lil%o%?rgﬁ,ﬂvﬁh%C%pq #¥t a portion of the
metal |apyser fremdthal SWdiace wkreidi®e suRehte@bRpriseb 4-golh@yéret hod of cl ai m 16,
wherein the electrolyte is selected fromthe group consisting of sulfates,

ni trat esl6 phaspiEe ST pelirdingonwbeizate eveprisiig? eof 18. The nethod of clai m 16,
therein £, B0 |20 ERTS AL OTRLBEPLO0,  ABRAS St T
conpl exi ng ageniprisQ. froh sunfae had awbppokiag addsurfaber ei n t he conpl exi ng agent
's an organi c(ﬁ)aci %or?tgclzt%%t‘ ﬁg substrate with a polishing composition comprising a liquid
carrier and an electrolyte,
(iii)  applying a positive electrochemical potential between the front surface of the
substrate and a first electrode in contact with the polishing composition and applying
a negative electrochemical potential between the back surface of the substrate and a
second electrode in contact with the polishing composition, and
(iv)  removing at least a portion of the metal layer from the surface of the substrate.
17.  The method of claim 16, wherein the electrolyte is selected from the group consisting
of sulfates, nitrates, phosphates, and combinations thereof.
18.  The method of claim 16, wherein the polishing composition further comprises an
abrasive.
19.  The method of claim 16, wherein the polishing composition further comprises a
complexing agent.
20.  The method of claim 19, 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.
21.  The method of claim 19, 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,



fromthe group consisting of nonocarboxylic acids, dicarboxylic acids,

pol ycarboxylic acids, am no acids, and conbinations thereof. 21. The nethod
of claim 19, wherein the conplexing agent is selected fromthe group
consisting of acetic acid, citric acid, lactic acid, malic acid, nmalonic
acid, oxalic acid, polyacrylic acid, tartaric acid, alanine, glycine, and
conbi nations thereof, 16 22. The met hod6of claim 19, wherein the conpl exing
agent is a polyneric conplexing agent. 23, The nmethod of claim 16, wherein
t he polisBéng Ebapetiodiafelaiad dawhereinfthescaompléxdngagendis a pphisnaristchoglexingc] ai m
16, mhere%gﬁghe pol i shing conposition further conprises a corrosion

i nhi bitor. . The nethod of claim 16, wherein the polishing conposition
further copriTesmathodwfthirhds] whetin tHd @ ligkhE o6npdsitidrtiana BBl ot @rledisn t he
pol i shing_compaosition further conprises an .k oxidizing agent for the netal.

27. The nét-hodlls methad of ehim lAcvlarein therqbishing oA stErRfbEher cOmprisestaner

conpri ses 4 agent for the netal. 28. The nethod of claim 16,
wherein t%(gross{?glgwrﬁg{hgr'conpri ses a copper layer and optionally a tantal um

| ayer. 2925.TheThembihdd of claimil 6) witereintterpalishihd eorspdsstionafigtheredmpiissez a gol d

| ayer. 30._.A nethod of polishing a substrate, the nethod conprising the

st eps of_Wgacﬁﬁ?Bvi ding a substrate conprising a copper |ayer and a tantalum
layer, (i, comi@abihbd of BGind ¥OSIHALIR théldollsifng wr&ﬁosﬁmﬁ&ﬁﬁh&'c&apﬁ@mﬁ! sing a
liquid carrier and an electrolyte, applying a positive electrocheni cal

pot ent i al o¥idzingagentiier thabttalate and an el ectrode in contact with the first

conposi ti.on, d sel ect |vel enovi.ng at...l.east a portiaon of the copper
| ayer from'a :@}ﬁrggtéocg?fglﬁgx;ég@%}'%g{epepfqn}g COMOTHP RETHE Pate with a
second conRpasig sgent e meiang a liquid carrier and an oxidizing agent for

the tantalumin the absence of an applied el ectrochem cal _ potential, and
sel ectivetdy r &ﬂwvﬁBO%P ¢laiay {6, horri ﬁﬂsﬁulzﬁrratewenxp&ﬁ%a PP 2R om t he

surface qfytibhg {al@#h Eayepnd (iv) contacting the substrate with a third
conpositigh cormprising a“'liquid carrier, an electrolyte, and copper ions,

appl yi ng 29. nedarcimethed ef¢laiot he wiberdin {he sebstratalcomptivesengold layer.
30. A method of polishing a substrate, the method comprising the steps of:

@ providing a substrate comprising a copper layer and a tantalum layer,
(i)  contacting the substrate with a first composition comprising a liquid carrier
and an electrolyte, applying a ﬁositive 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 the 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.

31.  Themethod of cléim 30, wherein the first and second compositions are the same.

32.  Themethod of claim 31, wherein the first and second compositions have a copper to

tantalum selectivity of 10 or less.

33.  The method of claim 30, wherein step (iv) is carried out before step (iif).



t he substrate and an electrode in contact wwth the third polishing
conposition, and selectively depositing copper onto the copper |ayer. 31.
The net hod of claim 30, wherein the first and second conpositions are the
same. 32. The nethod of claim 31, wherein the first and second conpositions
have a copper to tantalumselectivity of 10 or |less. 33. The nethod of
claim 30, wherein step (iv) is carried bt before step (iii). 17 34. The
met hod of claim 30, wherein the first or second conposition farther
conprises34 chbgpmesird gr slgen 80, wsreirHe firaitassecose cemapsitigolurthpreeoainiisesie fir st
or second &ﬂg&g Lt has a pH of 6 or |less. 36. The nmethod of claim 30,
wher ei n t%e |r§%E%$ﬂsecond conposition further conprises a corrosion

i nhi bi t or35,37, Thewaetied bddaid 36, veliepsiBthe fiskter stcont lkempogitsin loas agd ofilor
conposition further conprises a surfactant. 38. The nmethod of claim 30,
wherein t¥& first or second conposition further conprises an abrasive.

36.  Themethod of claim 30, wherein the first or second composition further comprises a
corrosion inhibitor.

37.  The method of claim 30, wherein the first or second composition further comprises a
surfactant.

38.  Themethod of claim 30, wherein the first or second composition further comprises an

abrasive.





