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COMPOSITION AND METHOD FOR POLISHING
ALUMINUM SEMICONDUCTOR SUBSTRATES

BACKGROUND OF THE INVENTION
[0601]  Integrated circuils are made up of mitlions of active devices formed mwrona
subsirate, such as a silicon waler. In one manafschring process, o dielectric S‘a;bsimi:e B
patterned by a conventiong dry eteh process to form holes and trenches for vertical and
harizontal intercomnects, The patterned surface 1s then optionally coated with a diffusion
barrier layer and/or an adhesivn-promoting faver, followed by deposition of a metal laver (o
i1l the renches and holes. Chemical-mechanical polishing {CMP) 15 emploved o rednce the
thickness of the meial laver, as well as the thickness of the diffusion barrier laver andior
adhesion-promoting laver, nnul the underiying dieleciric layer ts exposed, thereby forming
the et device.
166062] Ome way io fabricate planay metad circuit traces on a silicon dioxide substrate i§
referred 1o as the damascene process, In accordance with this process. the sticon dioxide
dielectric surface having optionaltly a layer of silicon pitride deposited thereon is patternad by
applving a photoresist, exposing the photoresist to frradiation through a patiern to defing
trenches andior viss, and then using a conventional dry etch process to form holes and
renches for vertical gud horizontal interconnects. The silicon witride fmcnons gs & “hard
mask” to protect the silicon dioxide surface that 15 not part of the trenches andior vias from
damage during etching. The patlerned surfhoe 15 coated with an adhesion-promoting fayver
such sy titaniom or tantalum anddor a diffusion barsier laver such as ttamum nitride or
tantahmy nitride. The adhesion-promoting laver and/or the diltusion barrier laver are then
over-coaled with a metal laver. Chemical-mechanical polishing is employed to reduce the
thickness of the metal over-laver, as well as the thickness of any adhesion-promoting laver
andior diffusion barrier layver, until 5 planar surfnoe that exposes elevated portions of the
stlicon oouide surface is ohiamed. The vias and trenches remain filled with electricatly
condyctive metal forming the circuit inferconnects.
f0063]  Tungsten and copper are most frequently used as the electnically conductive metal.
However, alurminmm, which had besn used in garlier generation processes to fabricate ciront
interconnects via sublractive processes such as etching techmigues, has been under wereasing

consideration for use in dammscene processes. The combination of alumimen and tHanium



offers potentially lower resistivity than other metal / barrier layer combinations, with
corresponding potential improvement in circuit performance,

[0004) Polishing compositions for aluminum damascene structures comprising alumina
abrasives treated with sulfonate-containing polymers or copolymers have been described.
While the sulfonate-containing polymers or copolymers are intended to confer colloidal
stability to the alumina abrasives, the presence of other polishing components such as
complexing agents, topography control agents, and surface treatment polymers can result in
displacement of the sulfonate-containing polymers or copolymers from the alumina abrasive
particles, with the result that colloidal stability of the polishing compositions is compromised.
Interparticle agglomeration leading to large particles can lead to scratching and other surface
defects on substrates being polished. Thus, there remains a need in the art for improved

‘methods of polishing ajuminum-containing substrates.

BRIEF SUMMARY OF THE INVENTION
100051 A first aspect of the present invention provides a method of
chemically-mechanically polishing a substrate, which method comprises (i) providing a
substrate comprising at least one layer of aluminum, (ii) providing a polishing pad, (iii)
providing a polishing composition comprising (a) an abrasive consisting of o-alumina
particles, wherein the a-alumina particles are coated with a copolymer comprising at least one
sulfonate monomer and at least one monomer selected from the group consisting of
carboxylate monomers, phosphonate monomers, and phosphate monomers, (b) a complexing
agent for aluminum, and (¢} water, (iv) contacting a surface of the substrate with the
polishing pad and the polishing composition, and (v) abrading at least a portion of the surface
of the substrate to remove at least some aluminum from the surface of the substrate and to
polish the surface of the substrate, wherein the polishing composition has a pH of about [ to
6, and wherein the abrasive is colloidally stable in the polishing composition.
[6606] A second aspect of the present invention provides a method of
chemically-mechanically polishing a substrate, which method comprises (i) providing a
substrate comprising at least one layer of aluminum, (ii) providing a polishing pad, (iii)
providing a polishing composition comprising (a) an abrasive, wherein the abrasive
comprises particles having a negative zeta potential in the polishing composition, (b) a
complexing agent for aluminum, (c) at least one alkyldiphenyloxide disulfonate surfactant,
and (d) water, (iv) contacting a surface of the substrate with the polishing pad and the
polishing composition, and (v) abrading at least a portion of the surface of the substrate to

remove at least some aluminum from the surface of



the substrate and to polish the surface of the substrate, wherein the polishing composition has
a pH of about 1 to 6, and wherein the abrasive is colloidally stable in the polishing
composttion.

[0667] There is also disclosed a chemical-mechanical polishing composition comprising
(a) a-alumina particles coated with a copolymer consisting essentially of at least one
sulfonate monomer and at least one acrylate monomer, (b) an organic carboxylic acid, and (c}
water, wherein the polishing composition has a pH of 1 to 6, and wherein the abrasive is
colloidally stable in the polishing composition.

[0008] There is also disclosed a chemical-mechanical polishing composition comprising
(a) an abrasive, wherein the abrasive comprises particles having a negative zeta potential in
the polishing composition, (b} an organic carboxylic acid, (¢} at least one alkyldiphenyloxide
disulfonate surfactant, and (d) water, wherein the polishing composition has a pH of 1 to 6,
wherein the abrasive is colloidally stable in the polishing composition, and wherein the
polishing composition does not comprise a compound of the formula: (X%),-L wherein X”
represents tetrazole, 1,2,4-triazole, 1,2,3-triazole, or benzotriazole, and wherein L represents

a linking group.

DETAILED DESCRIPTION OF THE INVENTION
[6009] The invention provides a method of chemically-mechanically polishing a
substrate, which method comprises (1) providing a substrate comprising at least one layer of
aluminum, (ii) providing a polishing pad, (iii) providing a polishing composition, (iv)
contacting a surface of the substrate with the polishing pad and the polishing composition,
and (v) abrading at leasf a portion of the surface of the substrate to remove at least some
aluminum from the surface of the substrate and to polish the surface of the substrate. The
polishing composition comprises (a) ¢-alumina particles coated with a copolymer comprising
at least one sulfonate monomer and at least one monomer selected from the group consisting
of carboxylate monomers, phosphonate monomers, and phosphate monomers, (b) a
complexing agent for alaminum, and (c) water. Alternatively, the polishing composition
comprises {a) an abrasive, wherein the abrasive comprises particles having a negative zeta
potential in the polishing composition, (b) a complexing agent for aluminum, (¢) at least one
alkyldiphenyloxide disulfonate surfactant, and (c) water. In both situations, the polishing
composition has a pH of 1 to 6, and the abrasive is colloidally stable in the polishing

composition.
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8816 The atwasive can be apy suitable abrasive, for example, the abrasive can be nasural
or synihetic, and can comprise metal oxide, carbide, sitnide. carborundum, and the like. The
abrasive also can be & polvmer particle or a coated particle, The abrasive desirably
comprises, consists essentially of, o consists of a metal oxide. In a preferred embodiment,
the metal oxide is slumina, The aluming can comprise, consist essentintly of, or consist of
any suitable phase of glununa, for example, s-alupuna, y-ahoning, S-alunung, fmed aluming,
and combinations thereol. Most preferably, the metal oxide comprises, consists essentially
of. or consists of e-ahanine, When the abrasive comprises g~-aluming, the abrasive also can
comptise other forms of aloming, such as fomed aluming. In sowe embodiments, the

~ abrasive consists of w-ahminag,

[o8i1} The abrasive can have any suitable averape particle size (e, average particle
diameter). In particular, and especially when the abrasive is alondng, the abrosive can have
an gverage particle size {e.g., aversge particle diameter) of 13 1w or more (e.g., 20 nm or
more, 3t nm oy mote, or 40 nm or more, or 50 nm or more, or 75 mm or morel.  Alisrnatively,
ov 111 addition, the abrasive can Bave an average pariicie size of 250 nm or less {e.g., 200 nm
o tess, or 150 mm or less, or 125 e or less, or 180 nrn orless). Thuas, the abrashve can have
an average particle size hounded by any two of the above endpoints. For example, the
abrasive can have an average particle sive of 15 mm to 250 am, 20 nn o 200 nm, 30 am (o
200 p, 30 nm Lo 150 wm, 40 nm 10 250 am, 40 om0 200 am, 40 om o 50 pm. S0 nm o
250 mon, 50 nm do 200 sm, or 50 nm o 150 mm. In dus regard, particle size refers to the
diameter of the smatlest spheve that enconpasses the particle,

[ 2] CIman embodiment, the sbrasive pacticles are freated with a copolymer comprising
al least one sulfonate monomer and al least one monomer selected from the group consisting
of carbogylate monomers, phosphonate monomers, and phosphate monomers. In a preferred
embadintent, the copolymer comprises a combinaiion of ai least one sulfonate monomer and
at least one catboxylate monomer. Preferably, the sulfomaie monomer is selecied fom the
group consisting of vinyl sulfonic acid, 2-(methacryloyloxy)ethanesaifonic acid, styrene
sulfomic acid, 2-porvlamide-Z-methylpropane sallomic acid, Preferably, the other monomer i3
sefected from the group consisung of acrviic acid, methacrylic acid, fiaconic acid, maleic
acid, malerc anhydride, vinylphosphonic acid, 2-{methacraviowy)ethyviphosphate, and
combinations thereof, More preferably, the other monomer comprises af least one
carboxylate monomer and most preferably comprises at least one sorviate monomer. In

particular embodiments the copolymer s selected from the growp conaisting of polvacryvlic
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acid-vo-polvacryiamido-2-methyipropane sulfonic acid, polyacevhic acid-co-
polystyrenesulfonic acid, and polyvinyiphosphonic scid-co-polvarviemide-2-methvipropane
sulfonic geid.

0613  In another embodiment, the abrasive particles are ireated with a negatively-
charged polymer or copolymer. The negatively-charged polymer or copolymer can be any
suitable polymer or copolymer. The negatively-charged polymer or copolymer preferably
comprizes at least one sulfonste monomer which is different than the copolyvmer cormnprising
at least one sulfonate monomer and at least one monomer selected from the group consisting
of carboxvhale monomers, phosphonate monomers, and phosphate monomaers. Preferably, the
negatively-charped polyiner or copolyier comprises repeating wnits selected From the group
consisting of vinyl sulfonic acid, Z-(nethacrvioviony)ethanesulfomic acid, stvrene sulfonic
acid, T-acrvlanudo-Z-methvipropane selfonic acid, and combinations thereaf Most
preferibly. the negatively-charged polymer or copobymer is selected from the croup
consisting of poly(2-scryiamido-Z-methylpropang sutforic agid) and polysivrenesulionic
acid.

4] The abrasive pariicles can be separately treated with a polywaer or copolymer prior
to addition to the polishing composition. Any suitable method can be used io treat the
abragive particles with the polymer or copolymer. For example, the abrasive particles can be
freated with the polvmer or copolymer under high shear conditions using, for example, a
Waring blender. In other embodiments, the abrasive particles can be treaied with the polymer
or copeiviner i sity doring preparation of the polishing composition. The polymer or
copolymer can be added af any tme daring the preparation of the polishing composition,
either before the addition of the abrasive particles, sumuliansously with the abrastve particles,
or after addition of the abrasive particles, with one or more of the other components of the
polishing composition added or pressnt at any sutfable fime,

[5815] Desirably, the abrasive comprises, consists essentially of, oy consisty of abragive
pavtictes that have s negative vela potential at the pH of the polishing composition. In some
embodiments, the abrasive panticles, when untreated, can have a posHive zeta potential at the
pH of the polishing composition, but have a negative zeta potential af the pH of the polishing
composition opon restment with @ pobymer or copolymer as described herein. Tn other
embodiments. the abrasive can be an untreated abrasive having a negative zeta potennal st
the pH of the polishing composition. Non-limiuting examples of abrasives comprising

partictes having a pegative zeta poteniial at the pH of the polishing composition clude
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wet-process silica and fumed sitica. The zela potential of a particle refers to the difference
between the electrical charge of the tons surrounding the particle and the electricad charge of
the bulk solution (e.g., the liquid carrier and any other components dissolved therein},

0816} The polishing composition comprises & complexing sgent for alwnimum. The
complexing agent for alnminum can be any suitable complexing agest. Prefersbly, the
complexing apent for aluninem 18 an organic carboxylic acid. More preferably, the
complexing agent for aluminnm is selected from the group consisting of malonic acid,
phihalic ackd, lactic acid, wrtarie acid, gluconie acid, citrie acid, malic acid, glycolic acid,
maleic avid, and combinaiions thereof

(06177 The polishing composition can comprise sny sultable amoum of the complexing
apent for shuninum. The polishing composition can contain 0.3 wi% or tore, e.g.. 0.2 wi%
or maore, 0.3 wil or more. 0.4 wi.% or more, 0r (.5 w.% or more of the complexing agent
for ahumbnun, Altematively, or in addition, the polishing composition can contain 3 wi.% or
less, 2., 2.5 wi% or less, 2 wi% or tess, 1.3 wi % or less, ov 1 wi.% or less of the
complexing ageni for shuninwm, Thas, the polishing composition can cmﬁprisa the
complexing agent for shuminum in an amount bounded by any two of the above endpoints
recited for the sbrasive particles. For example the polishing composition can comprise 0.1
w210 3w, T wiB i 2.5 wil%, 0. wi %10 2 wi%, 03 wi% o I wi%, 0.3 wil {0
25w, 0.3 wi% 10 2 wt%, 0.5 w990 3 widb, 03wt o 23w, or S wede to 2
wi % of the complexing ggent for alumisum.

[8818]  The sbrasive desirably is suspended in the pelishing composition, more
specifically tn the water of the polishing composition. When the shrasive Is suspended i the
polishing composition, the abrasive preferably is colloidally stable. The term colloid refers to
the suspension of abrastve particles in the water. Colloida! stabiliny refers w the mainienance
of that suspension over time. In the context of this nvention, an abrasive s considered
eotloidally stable if, when 3 suspension of the abrasive in water or i the polishing
composition is placed into 8 100 mi gradeated cylinder and allowed to stand wnaghiated for a
time of 2 hours {e.g., for g time of 4 hours, or for s tme of 8 bours, or for g time of 24 howrs,
or for & titne of one week, or for 3 time of 4 weeks, or for a timwe of 16 weeks), the difference
Between the concentration of particles i the bottom 50 wl of the graduated cvlinder ([B] in
terms of g/ml) and the concenivation of particles in the top 50 ! of the graduated cylinder
(IT] in terms of géml) divided by the initial concentration of particles in the abrasive

composition ((CHa lerms of pinl) s fess than or equal 1o 0.5 Qe B~ {THACT =05,
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The value of [BRTECT desivably iz less than or sgual 10 0.3, and preterably s less than or
equal o 0.1

[an19 The polishing composition optionally further comaprises an agent that oxidizes
abumimupn. The agent that oxidizes aluminum can be any agent having a suitable oxidation
potential at the pH of the polishing composition. Non-limiting examples of suitable oxidizing
agents include oxidizing agents setected from the group consisting of bydrogen peroxide,
organic peroxy acids, persulfaie, nitrate, periodate, perbromate, bromate, ferric salts, and
comhinations thereof.

LhiRe The polishing composition can comprise any suitable amount of the agent that
oxidizes ahmminum, The polishing composition can contsin 0.1 wi.% of morg, e.g., 8.25
wt.% oF more, 0.3 wi % or more, 075 wi % or more, of 1 wibh or more of the agent that
oxidizes alumisum, Alternatively, or in addition, the polishing compostiton can contain 5
wi % or less, e, 4 wior less, 3 wt % or less, 2 wit% orless, or T wi% or less of the agent
that oxicizes alwminum, Thus, the polishing composttion can comprise the agent that
oxidizes slumisum b an amount bounded by any two of the above endpoints reciied {or the
abrasive particles. For example the polishing composition can comprise 0.1 %% 10 5w,
025wt % 103 wi, 03wt to 3w, 075 wili o 2 wids, 1 wiMiio 3 wil, or T wile
t0 2 wi.% of the agent that oxidizes abmminum.

[8621} The polishing composition optionally further comprises a swihctant. The
surfactant can be an anionic, non-tonic, of & kwitterionic surfactant. Advantageously, the
presence of the sorfactant in the polishing composition improves the colinidal stability of the
polishing composition, stabilizes the particle size of abrasive particles, and/or improves the
wpography of semiconductor wafers that are polished with the polishing composition.
Nem-Hmiting examples of suitable surfactants melude polysulfonates, polyearboxyiates,
notyphosphonates, polvaleobols (e.g., polyvingt alcohols), copolymers comprising monomers
selecied from the group consisting of sulfonates, carboxyiates, phosphonates, sleohols, and
combinations thereof, |

g2y In a preferred embodiment, the surfactant is an alkvidiphenyloxide salfonate

surfactant. Typically, the alkvldiphenvioxide sulfonate surfactant has the structure:

{\\g 7 GWJ\‘{\AEM&/’:}“WR
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wherein R is 8 C-Cap, prefevably Ce-Caa, more preferably Co-Can Hinear or branched,
saturated or unsaturated alkyl group, whersin the alkyl group optionally containg one or more
heteroatoms selecied from the group consisting of O and N, and whergin X 15 H or g cation,
ey, an atkall metat cation or alkaling eartly cation {e.g., sodinm, poiassivm, tithhme, caleinm,
magnesian, and the kke), Examples of sutable alkvidipheoylonide sulfonate surfactanis
melude surfactants commercially available from the Dow Chemical Company (Midland, M)
usder the irade names Dowfax™ 241, Dowfax™ 3B2, Dowfag™ 8390, Dowfag™ CéL,
Drowdfax™ CHIL, snd Dowlh™ 30399,

(023 The polishing composition can comialn anv suitable ameunt of the sorfactant,
Thus, the polishing composition can comain 0.001 wi.% or more, gg., 0003 wi % or more,
61wt or more, 8.05 wi% or more, 41 wi% or more, .2 wi.% or more, (0.3 wi % of
more, 04 wi % or more, or 0.5 wiL% or move of the surfsctant. Alieratively, or in addinon,
the polishing composition can comain 2 wi% or less, eg., 1.8 wi% or less, 1.6 wi% o loss,
1A wibo or less, 1.2 wi% or less, or 1 wi% or fess of the surfactant. Thus, the polislung
cOmposition can comprise the surfactant i an amownt bosnded by any two of the above
endpoiuts recited for the surfactant. For example the polishing composition ¢an comprise
DAL wi% 10 2 Wi, .05 wi% to L8 wiM, 01 wil to Lewih, 0.2 wi% io 1.4 wil¥,
3wt to L2 wir%, 04 witbs o 1.2 w9, ar .5 wi% (o L wi% of the surfactant. |
fo8244 Dresirably, the polishing composition dosgs not comprise 2 compound of the
formuts: (X 4L wheretn X° represents tetrarole, 1.2 4-tiarole, 1,2.3-triazole, or
benrotriazele, wherein L represenss a Huking group, for example, wherein L represemis a
linking group having a valence of 2 or move which comains a1 least one group selected from
the group consisting of ureido groups, thivureido proups, wmide groups, ester gronps,
sulfonamide groups, sutfonureide groups, hydroxy proups, carbamate groups, ethey groups,
arping groups, carboxy groups, sulfo groups, and helerocvelic groups, and n i3 an integer of 2
OF IRTE,

{0625)  Desirably, the pohshing composition will have a pH of 1 or more {e.g., 2 or more),
Prefembly, the polishing composition will bave 8 pH of 5 or less {e.p., 4 or Tess, or 3 or lass),
More preferably, the polishing composition will have apH of 2iod (e.g.. 2 0 3).

[06267  The pH of the polishing composition can be achieved andfor mamtsined by any
suitable means., More specifically, the polishing vomposition can further comprise a pil

adingtor, a pH buffering agent, or a combination thereo!. The pH adiustor can be any suitable
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pH-adinstmg compound. For example, the pH adiusior can be nitric a¢id, polassium
hydroxide, anmnonium hvdroxide, or combinations thereof. The pH baffering agent can be
any suitable buffering agent, for example, phosphaies, sulfates, avatates, borates, smmoniam
saiis. and the like. The polishing composition can comprise any suitable amount of g pii
adjustor andfor a pH buffering agent, provided that a suitable smount of the baffermyg agent s
usad o achieve and/or mainiaim the pH of the polishing composiiion within the ranges set
Hwih herein,

270 The polishing composiiion optionally comprises & flm-forming agent e a
corrosion inhiblor), The Bime-formung agent can be any suitable [m-Torming apent for any
component{s) of the substrate, Preferably, the film-formmg agent is a copper-corrosion
inhibitor or a tengsten-corrosion inhibuor. For the purposes of thix invention, a lm-fvming
agenl is any compound, or mixhwe of compounds, that facilitates the formation ol g
paasivation layer {Le., s dissolution-inkibiting laver) on at least & portion of the surface being
pofished. Usaful Alm-foroung agenis inclade, for exqunple, nitrogen-containing heteronvelie
cotnpoaids. The fle-forming agend deskrably comprises one or mare 5- or G-membeared,
heterovvclic, nitrogen-containing rings.  Prederred ﬁ}m«{i}m}ihg agent inchade 1,2 3-riazole,
1.2 duriazole, benzotmarole, benrinnidarole, benwothiarole, and dentvatives theveof, such as,
for example, hydroxy-, amino-, imine-, carboxy-, naercapto-, nilro-, wrea- | thiourea-, or alkyl-
substituted devivatives thereoll Most prefezably, the Ahm-formuing agent is selected from the
gronp cansisting of bewzotnaesle, |2 4-twiazole, and mixtures thereof

LY The polishing composition can contain any suiable amount of the fihn-forming
agent. Thus, the polishing commposition can coniain L0001 w3 or more, e.g., G.0003 wi%
or wore, G001 wi % or more, 8.00% wi % or more, RO wi% or mone, or .1 wi.% or more
of the fibm-forming agent. Allernatively, or in sddition, the polishing composition can
comtain 2 wi% or fess, eg, L8 wils orless, Lo wi% or less, 14wl or dess, 12 wileor
less, or 1 wi% or less of the film-forming agent. Thus, the polishing composition can
comprise the film-fonming agent in an amount bounded by any two of the above endpoinis
recited for the film-fornung agent. For example the polishing composition can comprise
(10681 Wil to 2 wi %, 0003 witl to L8 wi, .01 wi% to 1.6 wi.2%, or 0.1 wi% 1o 1wt%
of the film-forming agent,

[0€29]  The polishing composiuon optionally further comprises a biscide. The biocide

cair be any suitable biocide, for example, an isotinazolinone biocide, The amoun of biocide
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used in the polishing composition typically is 1 ppm o 500 ppm, and preferably is 10 ppmio
208 ppm.

8830  The polishing composition can be prepared by any suiiable technique, many of
which are known o those skilled in the art. The polishing composition can be prepared in s
butch or continuous process. Genexally, the polishing composition can be prepared by
combining the comaponents thereof in any order. The term “component”™ as used herein
includes individual ingredients {e.z., abrasive, conplexing agent for aluminum, agent that
uxidizes ahuminem, surfactant, optional film-forming agent, optional biocide, ete.) as well as
any combination of ingredients {e.g., abrasive, complexing agent for shuniinum, agent that
oxidizes almminum, surfactant, optional film-forming agent, options! biocide. etc.),

{68313 For example, the abrasive can be dispersed in water. The complexing agent for
alumimum, optional surfactant, optional film-forming agent, and optiona] biocide can then be
added. sud mixed by any method that is capable of incorporating the components into the
polishing composition. The agent that oxidizes atuminum, if wiilized, can be added at anv
time during the preparation of the polishing composition. The polishing composition can be
prepared prior to use, with ope or more components, such as the agent that oxidizes
aluminum, added 1o the polishing composition just belore use {e.g., within 1 mimyte before
use, or within | hour before use, or within 7 davs before use). The polishing composition
also can be prepared by mixing the components at the surface of the substrate during the
polishing operation.

f08331  The polishing composition can be supplied #s a one-package svstem comprising
abrasive, complexing agent for aluminem, agent that oxidizes aluminum, surfactan, optional
film-fornung agent, optional biocide, and water. Alternatively, the abrasive can be supplied
as & dispersion in water in & first container, and complexing agent for alunsnun, surfactant,
optional film-forming agent, and opiiona! biocide can be supplied in a second container,
esther b dry form, or as a solution or dispersion in water, The ageni that oxidizes ahuuninumn
desirably is supplied separsiely from the other components of the polishing composition and
15 combined, ¢.g., by the end-user, with the other components of the polishing composition
shortly before use {e.g.. | week or less prior 1o use, 1 day or lass prior {0 use, © hour or less
prior io use, 10 minutes or less prior o use, or | minote or less prior (o use). The components
i the first or second container can be in dry fonm while the components in the other
comamer cant be in the form of an agueoys dispersien. Moreover, {1 is suitable for the

compoenents 11 the first and second contatners 1o have different pi values, or alternatively o
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have subsmantaily sindlar, or even sgual, pH values, Other two-container, or three or more-
container, combinations of the components of the polishing composition are within the
knowledge of one of ordinary skill in the art.

[8633]  The polishing composition of the inveniion alse can be provided s a concentrale
which is intended o be diluied with anappropriste amoant of water prioy o use, Insuchan
embodiment, the polishing composition concenirate can comprise the abmsive, complexing
agent for alumimem, surfactant. optional {im-forming agent, optional biocide, and water,
with or without the optional agent that oxidizes shuminum, i amounts such thal, upon
ditution of the concentrate with an appropriate amount of water, and the optional agem that
oxidizes aluminum if not wlready present in an appropnate amount, vach component of the
potishing composition will be present m the polishing composition in an mmount within the
approprisie range recited above for each component. For example, the abrasive, complexing
agent for almminum, surfaciant, optional film-fonming apent, and optional biocide can cach be
present in the concenwation in an amount that is 2 dmes {(2.g.. 3 umes, 4 tmes, o 5 thnes)
greater than the concentyation recited above for each componesnt so that, when the concantrate
is dituted with an equal volume of (e.g., 2 equal volumes of water, 3 equal volumes of water,
or 4 equal volumes of water, respectively), along with the optional agent that oxidizes
alumbnem in 2 suitable amount, egch component will be present i the polishing compostiion
in an amount within the ranges set forth above for each component. Furthenmore, as will be
understood by those of ordinary skill in the avt, the concentrate can contsin an appropriate
fraction of the water present in the fingl pelishing composition i ovder o ensure that other

componsas are ot least portially or fully dissolved in the concentrate.

EXAMPLES
[834]  The following examples further Hlostrate the invention but, of course, should ant
be construed as in any way Hmiting is scope.
(0635 Inthe following examples, the polishing experitients were conducted using a
three-platen Mirra polisher (Apphied Materials; Santa Clara, CAY. The polishing parameters
were as follows: Polishing was conducted on platen 1 intwo phases; phase | at 24.2 kPa
downforce, phase 2 at 13,8 kPa downforee using s D'L00 polishing pad {Cabot
Microelectronics Corporation, Aurors, IL). Plalen 2 was used for buff cleaning. The

subsirates consisted of ttanum-lined patiemed silicon diovide-coated silicon wafers
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avercoated with alaminenm. The sebstrates comprised a paftern comprising 10 pm lines

separated by 1 pm spacings.

EXAMPLE L
166361 This example demonsirates the improvement m defectivity achievable by the
potishing compositions of the invention, when used to polish substrates comprising ahominum
deposited on titanium-tined featores on a dielectric laver,
86371 Two substtaies ware separately polished with two different polishing
compositions, Composition 1A and Composition 1B, Eacl of the polishing composiiions
contained 1.5 wi % of lactie acid and 3 wi% of hvdrogen peroxide in water ata pH of 3.4,
Compostiion 1A {cowparative) further contained 0.5 wt.% of v-alumina treated with 1150
ppm of polyacrvlaming-2-methyipropane sulfonic acld. Composttion 1B (invension) further
comained 0.5 wi% of g-shunina treated with 11350 ppram of polvacrylic
acid-co-polvacrylanido-2-methyipropane sutfonic soud. Composition 1C (compasative)
farther comtamed 0.5 wi% of o~alumina (reated with 1150 ppm of polyacrvhic acid.
Composition 1{ was not coloidally stable and therefore wag not used m potishing subsirates.
[H38] Following polishing, the substrates were cleaned, and the defectivity was
inspected by an AIT wafer inspection system {KLA-Tencor; Milpitas, CA). Normalized toal
defects were determinad as the ratio of scynued images (o wal wumber of images multiphed

by the defect count, The resulis are set forth w Table 1.

Table
Composition ' Soifonaie Monomer | Molecular Weight | Normalized Total Defects
{molar %} of Polymaer or
Copolymer
1A {comparaiive) | 100 ' 20000 1D
1B {inveniive} - 28 000 ;A
IC (eomparative) | 0 36000 ] WA

10639]  Asis apparent fom the results set forih in Table 1, the use of Composiiion 1B,
which contained e-aluming weated with polvacrylic acid-co-polvacrylamudo-2-methyipropane
sulfonic acid, resalied in approgimately 20% of the novmabized totad defects as observed with

thie use of Composition 1A, which contained o-alumina trested with
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polyacrylaming-2-methyipropane sulfonic acid. Composition 1B was coltoidally stable for at

least & months, while Composition 1A maintained colloidal stability for 7 to 60 days.

EXAMPLE 2
(00401  Thiy example demonstrates the mprovernent in defectivity achievable by the
polishing compositions of the invention, when used to polish substrates comprising ahuninum
deposited on titanium-lined features on a dielectic layer.
{38417 Five subsirates were separately polished with five different polishing
compositions, Conpositions 2A-28. Each of the polishing compositions contained 1 wi% of
factie acid, 3 wi% of hydrogen peroxide, and 1000 ppm of Dowla™ 8394 {an
alkyidiphenyloside sulfonate surfactant) in water at 8 pH of 3.4, Composition 2A
{comparative)} further contained .5 wi.% of o-aluming wemed with 11530 ppm of
polvacrviamdne-2-nrethylpropane seiuaic acid. Compositions 2B-2E Unventive) farther
contgined 0.5 wi % of g-aheming treated with 1130 ppim of polyascrylic
acid-co-potvacrvlamido-2-methyvipropane sutfonic acid copolymers having varying molar
nercentages of sulfonate-containing monomers and having varying molecular weights as set
forth in Table 2.
- [ou42 Following polishing, the substrates were cleaned, and the defectivity was
inspected by an AIT wafer inspection system. Total serateh defects were determined g5 the
nuniber of images with scratches as observed by the AIT svstem. The resulls are set forth in
Table 2.

Table 2

§ Composition - Sulfonaie Monomer | Molecular Weight Total Scratch Defects
| {modar %65 '
2A {comparative) o0 RO 2227
2B {invendive} 25 { 30000 ' 33
3¢ Gnventive) e 1000 e
213 {inventive) ‘; 17 24000 34
IE (mvemntive) i4 7400 47

[043] As is apparert Fom {he resulis set forth in Table 2, the use of Compositions
2B-2E. all of which comained c-aloming treated with polyseryHoe acid-co-polynerylamido-2-

methylpropane sulfonic acid copobymers, resulled in approximately 1.5% o approximately
ViPaL AN By : k
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2. 1% of 1ol scratch defects as compared with the use of Composition 24, which contamed

p-aluming irested with polvaceviamino-2-methyipropane solfome acd.

EXAMPLE 3
{0644  This example demonsirates the improvement i defectivity achievable by the
pobishing compositions of the wvention, when used to polish substrates comprising shumipum
deposited on titanium-lined features on a dielectric layer,
88451 Three substrates were separately polished with three different polishing
compagitions, Compostiions 3A-30C. Each of the polishing compositions comtained 1 wi% of
factic acid and 3 wi.% of hvdrogen peroxide in wailer at 3 pH of 3.4, Composition 3A
(comparative} further contained 0.5 wi% of e-alumaina treated with 150 ppm of
polyvacrylamino-Z-methylpropane sutfonic acid and 1000 ppm of 2 polycarhoxvlic acid
pobymer having & molecular weight of 100,009, Composition 38 {invention further
congained 0.5 wi. % of o-shuning reated with 1130 ppm of polyacrylamine-T-methylpropane
suifomic acid and 10400 ppm of Dowfax™ §3%0 {an alkvidiphenylovide sulfonate surfaciant).
Composttion 3C (invention} further contained 0.5 wi % of g-alumina tregted with 1130 ppm
of polvacrylic-co-polyacryviamido-Z-methyipropave sulfonic acid bt did not farther contaln
any additional potymer or copolymer. The treated c-ahumina abrasives bad a negative za1a
potentigl in the polishing compositions.
[bade6] Following polishing, the substrates were cleaned. The amount of ghuminum -
dishing was measuwred, and the defectivity was mspected by an AT wafer Inspection system.
Total seratch defects were determined as the nombey of images with scratches as observed by

the ATT svtiam. The results are set forth 1 Table 3.

Table 3
L omposition Additive Diighing (A Total Seratch Defecis
3A (comparative) Polyoarhoxylic poid | 61 190040
38 (inventive) Dorpefin (Y™ 8390 | 42 168
3C (inventive) None 550 75

{Ga47] As is apparent from the resalts set forth in Table 3, the use of Composition 3B,
which contmned 1000 ppm of an alkvidiphenvioxide sulfonate surfactant (Le., Dow{ay™
8390y, resulted in approximately 8.4% of total scraich defects as compared with the nse of

Compositton 3A, which contained 1000 ppm of 2 polyearboxylic acid polymer, The use of



WO 2013/843400 PCT/US2012/054390

Composition 30, wiuch contamed cealuming treated with 1150 ppm of podyacrylic-co-
polvacrylamido-2-methylpropane sulfome acid but did not further contain any sdditionsl
copolymer, resubted in approximately 2.5% and approximately 30% of 1otal scratch defects gs
comparad with nse of Compositions 3A and 3B, respectively. However, the use of
Composiiion 3C resolted In dishing which was spproximately 5 times grester than observed

with the use of Composition 38,

EXAMPLE 4
[0048]  This example demonstrates the improvement in delectivity achigvable by the
polishing compesitions of the invention, when used to polish substrales comprising aluminam
deposited on tlanfom-lined {eatures on g dietectnic lnyer.
{649} Three substrates were separately polished with three different polishing
compositions, Compositions 44-4C. Each of the polishing compositions contamed (1.5 wi
of a-ahuming treated with 1150 ppm of pelyacrvlic-co-polyacrviamido-2-methylpropang
sulfomic agid, 1 wi.% of lactic acid, and 3 wi.% of bydrogen peroxide in water at o pH of 3.4,
Composition 44 {control) further contained 100G ppm of 3 polvearboxvlic acid polymer
having & molecular weight of 106,000, Composition 48 {comparative} further conlained
100 ppm of Calsoft LASYY (a C-Cys linear alkylbenzenesulionate). Composition 4C
{invention) further comatned 1000 ppm of Dowlax™ €390 {an alkyldiphenyloxide sulfonate
surfactant).
(0858} Foliowing polishing, ihe subsirates were cleanad. The amount of ahoninom
dishing was measured, and the defectivity was inspected by an AIT wafer inspection system.
Total scratch defects were determined a5 the mumber of images with scrafches as observed by

the AIT sysiem. The results ave st forth in Table 4,
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Table 4

Composition Additive Al Removal | Dishing (A) Total Seratch

Rate Defects

| (A/min)

4A {contrei} Polvearboxyvlic | 1900 44 | 2500

acid |
4B (comparative) | Calsoft LAS9S | 1900 &7 2504
Drowhae™ 8390 | 2300 66 32

A {ivantion)

[o0a1

As Is apparvesd from the resulls ser forth i Table 4, fnventve Composition 4,

which contained an alkyidiphenyioxide disulfonate surfactant (Dowling™ 83905 a5 the

additive, exhibited approximately 1.3% of total serateh defeets as compared with control

Composition 44, which contained a polycarboxylic acid as the additive, and Composition

48, which contstned a UpaCig Hinear slhvibenzenesulfonate {Calsolt LASS as the additive.
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CLAIM(S):

1. A method of chemically-mechanically polishing a substrate, which method
comprises:

(1) providing a substrate comprising at least one layer of aluminum,
(i)  providing a polishing pad,
(iii)  providing a polishing composition comprising:

{(a) an abrasive consisting of o-alumina particles, wherein the
g-alumina particles are coated with a copolymer comprising at
least one sulfonate monomer and at least one monomer selected
from the group consisting of carboxylate monomers,
phosphonate monomers, and phosphate monomers,

(b) a complexing agent for aluminum, and

(c) water,

(iv)  contacting a surface of the substrate with the polishing pad and the
polishing composition, and '
(v) abrading at least a portion of the surface of the substrate to remove at
- least some aluminum from the surface of the substrate and to polish the
surface of the substrate,
wherein the polishing composition bas a pH of about 1 to 6, and wherein the abrasive is
colloidally stable in the polishing composition.

2, The method of claim 1, wherein the copolymer comprises a combination of at
least one sulfonate monomer and at least one carboxylate monomer.

3. The method of claim 2, wherein at least one carboxylate monomer comprises
at least one acrylate monomer.

4. The method of claim 1, wherein the complexing agent for aluminum
comprises an organic carboxylic acid.

5. The method of claim 4, wherein the organic carboxylic acid is selected from
the group consisting of malonic acid, phthalic acid, lactic acid, tartaric acid, gluconic acid,
citric acid, malic acid, glycolic acid, maleic acid, and combinations thereof,

6. The method of claim 1, wherein the polishing composition further comprises
an agent that oxidizes aluminum.

7. The method of claim 6, wherein the agent that oxidizes aluminum is selected
from the group consisting of hydrogen peroxide, organic peroxy acids, persulfate, nitrate,

periodate, perbromate, bromate, ferric salts, and combinations thereof.
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8. The method of claim 1, wherein the polishing composition further comprises a
surfactant.
9. The method of claim &, wherein the surfactant is an alkyldiphenyloxide

disulfonate surfactant.

10.  The method of claim 1, wherein the substrate further comprises at least one
fayer selected from the group consisting of tungsten, titanium, titanium nitride, tantalum, and
tantalum nitride.

11. A method of chemically-mechanically polishing a substrate, which method
comprises:

(i) providing a substrate comprising at least one layer of aluminum,
(i)  providing a polishing pad,
(iii)  providing a polishing composition comprising:
(a) an abrasive, wherein the abrasive comprises particles having a
negative zeta potential in the polishing cémposition,
(b} a complexing agent for aluminuim, |
(c) at least one alkyldiphenyloxide disulfonate surfactant, and
{d) water,
(iv)  contacting a surface of the substrate with the polishing pad and the
polishing composition, and R
(v) abrading at least a portion of the surface of the substrate to remove at
least some aluminum from the surface of the substrate and to polish the
surface of the substrate,
wherein the polishing composition has a pH of about 1 to 6, and wherem the abrasive is
colloidally stable in the polishing composition.

12. The method of claim 11, wherein the abrasive is selected from the group
consisting of wet process silica, fumed silica, and surface-coated o-alumina.

13.  The method of claim 11, wherein the complexing agent for aluminum
comprises an organic carboxylic acid.

14.  The method of claim 13, wherein the organic carboxylic acid 1s selected from
the group consisting of malonic acid, phthalic acid, lactic acid, tartaric acid, gluconic acid,
citric acid, malic acid, glycolic acid, maleic acid, and combinations thereof.

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

an agent that oxidizes aluminum.
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16. The method of claim 15, wherein the agent that oxidizes aluminum is selected
from the group consisting of hydrogen peroxide, organic peroxy acids, persulfate, nitrate,

periodate, perbromate, bromate, ferric salts, and combinations thereof.



