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COMPOSITION AND METHOD FOR POLISHING
ALUMINUM SEMICONDUCTOR SUBSTRATES

BACKGROUND OF THE INVENTION
{0081} integrated circuits are made up of millions of active devices formed in or ona
substrate, such as a silicon wafer. In one manafacturing provess, a dielectric substrate is
patierned by a conventional dry etch process to form holes and trenches for vertical and
horizontal interconnects. The patierned surface 1s then optionally comted with a diffusion
barrier layer and/or an adhesion-promoting fayer, followed biv deposition of a metal laver to
fill the trenches and holes. Chemical-mechanical polishing ({CMP} iy emploved to reduce the
thickness of the metal taver, as well as the thickness of the diffusion barvier laver andior
adhesion-promoting laver, until the underlying dielecinic laver s exposed, thereby fornung
the circuit device.
{0662} One way to fabricate planar metal Qrawit traces on a siheon dioxade substrate s
referred to as the damascene process. In accordance with this process. the stlicon dioxide
dielectric surface having optionally a fayer of silicon nitride deposited thereon 15 patterned by
applyving a photoresist, exposing the photoresist to irradiation through a pattern to define
trenches and/or vias, and then using a conventional dry etch process to form holes and
trenches for vertical and horfrzontal imerconnects. The silicon nitride functions as a “hard
mask” to protect the silicon dioxide surface that 15 not part of the trenches and/or vias from
damage during stching. The patlerned surface Is coaled with an adhesion-promeoting layer
such as titantum or wastalom andfor a diffusion barrier laver sach as titanium nuride or
tantalum nitride, The adhesion-promoting layer andfor the diffusion barrier laver are then
over-coated with a metal fayer. Chenncal-mechanical polishing is emploved to reduce the
thickness of the metal over-layer, as well as the thickness of any adhesion~-promoting layer
and/or diffusion barrier layer, until g planar surface that exposes elevated portions of the
silicon oxide surface s obtained. The vias and trenches remain filled with electrically
conductive metal fornung the circwit interconnects.
{00603} Tungsten and copper are most {requently used as the electrically conductive metal.
However, aluminwn, which had been used in earlier generation processes 1o fabricate clrout
mterconnects via subtractive processes such as etching technigues, has been under increasing

consideration for ase in damascene processes. The combination of ahimimnm and tianim
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offers potentially lower resistivity than other metal / basrigr laver combinations, with
corresponding potential improvement i circuit performance.

[0604] Polishing compositions for aluminum domascene structures comprising alumina
abrasives treated with sulfonate-containing polymers or copolyvmers have been deseribed,
While the sulfonate~-contaming polymers or copolymers are intended to confer collmdal
stability to the alumina abrasives, the presence of other pohishing componenis such as
complexing agents, topography control agents, and surface treatment polymers can result in
displacement of the sulfonate-containing polymers or copolymers from the ahnming abrasive
particles, with the result that colloidal stability of the polishing compositions 1s compromised.
Interparticle agglomeration leading to large particles can lead to scratching and other surface
defects on subsirales bemg polished. Thus, there remains a need in the art for improved

methods of polishing ahanimen-~-containing substrates.

BRIEF SUMMARY OF THE INVENTION
0065 The invention provides a method of chemically-mechanically polishing a
subsirate, which method comprises (1) providing a substrate comprising at least one laver of
alumipem, (1) providing a polishimg pad, {in) providing a polishing composition comprising
(a) o-alumina particles coated with a copolymer comprising at feast 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,
angd {¢) water, {iv) contacting a surface of the substrate with the polishing pad and the
polishing composttion, and (v) abrading at {east a portion of the surface of the substrate to
remove at feast some alununum from the surface of the substrate and to polish the surface of
the substrate, wherein the polistung composition has a pH of | to 6, and wherein the abrasive
is collordally stable i the polishing composition.
[0666]  The mvention also provides a method of chemically-mechanically polishing a
substrate, which method comprises (1) providing a subsirate comprising at least one layer of
alumnum, (1) providing a polishing pad, (3 providing a polishing composition comprising
{a) an abrasive, wherein the abrasive comprises particles baving a negative zeta potential in
the polishing compostiion, (b} a complexing agent for aluminum, {¢) at least one
alkyldiphenvioxide disulfonate surfactant, 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 1o remove at least some aluminum from the surface of



WO 2013/043400 PCT/US2012/054390

the substrate and to polish the surface of the substrate, wherein the polishing composition has
a pH of 1 1o 6, and wherein the abrasive is colloidally stable in the polishing composition.
[0687] The mvention further provides a chemical-mechanical polishing composition
comprising {a) o-alumina particles coated with a copolymer consisting essentially of at least
one sulfonate monomer and at least one acrvlate monomer, (b) an organic carboxyhe scid,
and (¢} water, wherein the polishing composition has a pH of { to 6, and wherem the abrasive
is colloidally stable m the pohishing composition,

LY The mvention additionally provides a chenyical-mechanical polishing composition
comprising (a} an abrasive, wherein the abrasive comprises pariicles having a pegative veta
potential in the polishung compesition, {b) an organic carboxyhic acid, (<) at lesst one
alkvidiphenyloxide disulfonate surfactant, and (d) water, wherein the polishing composition
has a pH of | 10 6, wherein the abrasive is colloidally stable in the polishing composition, and
wherein the polishing composition does not comprise 1 compound of the formula: (X)L
wherein X represents tetrazole, 1,2 4-friazole, 1,2.3-tnazole, or benzotriazole, and wherein L

represents & linking group.

DETAILED DESCRIPTION OF THE INVENTION
[(1009] The mvention provides a method of chemically-mechanically polishing a
substrate, which method comprises (1) providing g substrate comprising at least one layer of
aluminwm, (1) providing a polishing pad, (1i1) providing a polishing composition, (iv)
condacting a surface of the subsirate 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
alununum {rom the surface of the subsirate and (o polish the surface of the substrate. The
podishing composition comprises (a) a~-alanuna particles coated with a copolvimer comprising
at least one sulfonate monomer and at least one monorser selected from the group consisting
of carbaxyiate monomers, phosphonate monomers, and phospbate monomers, (d) a
complexing agent for aluminum, and {c) water. Alternattvely, 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 alumimom, {¢) at least one
alkyldiphenyioxide disulfonate surfactant, and {¢) water. In both situations, the polishing
composition has a pH of 1 to 6, and the abrasive is colloidally stable 1 the polishing

COMPOSIIoN.
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[0 18] The abrasive can be any suitable abrastve, for example, the abrasive can be natural
or synthetic, and can comprise metal oxide, carbide, ninde, carborundum, and the tike. The
abrasive also can be a polvmer particle or a coated particle, The abrasive desirably
comprises, consists essentially of, or consists of a meial oxide. In a preferred embodiment,
the metal oxide s aluming. The alumina can comprise, consist essentially of, or consist of
any suitable phase of alunusa, for example, g-slupusa, y-ahuning, S-alupuna, fwved ahnsina,
and combinations thereof. Most preferably, the metal oxide comprises, consists essentially
of, or consists of a-ahemina. When the abrasive comprises a-alumina, the abrasive also can
comprise other forms of alummung, such as fumed alumina. In some embodiments, the
abrasive consists of s~-alumina.

{0611} The abrasive can have any suitable averape particle size {i.e., average particle
diameter). In particular, and especially when the abrasive is aluming, the abrasive can have
an gverage particle size (e.g., average particle diameter} of 15 nm or more (e.g., 20 nm or
miore, 34 nm or more, or 40 nm or more, or 30 nm or more, of 75 mim or more). Alisrnatively,
or i addition, the abrasive can have an average particle size of 230 nm or less {e.g., 200 nm
or less, or 130 no or less, or 125 am or fess, or 100 sm or less). Thus, the abrasive can have
an average particle size bounded by any two of the above endpoints. For exanmple, the
abrasive can have an average particle size of 15 nm to 250 am, 20 nny to 200 nm, 30 ant o
200 nm, 30 nm o 150 nm, 40 nm to 250 wm, 40 nm (0 200 mm, 40 nm to 150 nm, 50 nm to
250 nm, 50 nm to 200 om, or 50 nm to 150 nm. In tus regard, particle size refers to the
diameter of the smallest spheve that encomypasses the particle,

12} In an embodiment, the abrasive particles are treated with a copolymer compnising
at least one sulfonate monomer and at least one monomer selected from the groap consisting
of carboxviate monomers, phosphonate monomers, and phosphate monomers. In a preferred
embodinment, the copolvmer comprises a combination of at lgast one sulfonate monomer and
at least one carboxylale monomer. Preferably, the sulfonale monomer 13 selected from the
group consisting of vinyl sulfonic acid, 2-{methacrvlovioxy)ethanesulfonic acid, styrene
sulfonic acid, 2-acrylamido-2-methylpropane sullonic acid. Prefergbly, the other monomer i3
sefected front the group consisting of acrylic acid, methacrylic acid, Haconic acid, maleic
acid, maleic anhydride, vinylphosphonic acid, 2-<{(methacrovloxy)ethylphosphate, and
combinations thereof. More preferably, the other monomer comprises at least one
carboxylate monomer and most preferably comprises at feast ong acrylate monomer. In

particuiar embodiments the copolymer is selected from the group consisting of polvacrvlic
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acid-co-polvacrviamido-2-methylpropane sulfonic acid, polvacrylic acid-co-
potystyrenesulfomie acid, and polyvinylphosphomie acid-co-polyarviamido-2-methyipropane
sulfonic acid.

[0813]  In another embodiment, the abrasive particles are treated with a negatively-
charged polymer or copolymer. The negatively~-charged polyraer or copoelymer can be any
suttable polymer or copolymer, The negatively-charged polymer or copolymer preferably
comprises at least one sulfonale monomer which is different than the 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. Preferably, the
negatively-charped polymer or copolyvmer comprises repeating umits selected from the group
consisting of vimyl sulfonie acid, 2-(methacrvloyloxylethanesulfonc acid, styvrene sulfonic
acid, 2-acrvianmudo~-Z-methylpropane salfomc acid, and combinations thereof. Most
preferably. the negatively~charged polymer or copolvmer is selected from the group
gonsisting of polv(Z-scryvlamido-2-methyipropaneg sulfonic acid) and pelysivrenesulivuic
acid.

[0014]  The abrasive particles can be separately treated with a polymer or copolymer prior
to addition to the polishing composition. Any suitable method can be used to treat the
abrasive particles with the polymer or copolymer. For example, the abrasive particles can be
treated with the polymer or copolvmer under high shear condittons using, for example, a
Waring blender. In other embodiments, the abrasive particles can be treated with the polymer
or copalviner in sipu during preparation of the pohshing composition. The polymer or
copolymer can be added at any time durmyg the preparation of the polishing composition,
either before the addition of the abrasive particles, simutltaneousty with the abrasive particles,
or after addition of the abrasive particles, with one or more of the other components of the
polishing composition added or present af any suitable timea.

[0815] Desirably, the abrasive comprises, consists essentially of, or conusts of abrasive
partictes that have a negative xeta potential at the pH of the polishing composition. In some
embodiments, the abrasive particles, when untreated, can have a positive veta potential at the
pH of the polishing composition, but have a negative zeta potential at the pH of the polishing
composition apon treatment with a polvmer or copolymer as desceribed herewn. In other
embodiments, the abrasive can be an unireated abrasive having a negative zeta poteniial at
the pH of the polishing composition, Non-linmuting examples of abrasives comprising

partictes having a negative zeta polential at the pH of the polishing composition mclude
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wet-process silica and fumed silica. The zeta potential of a particle refers (o the difference
between the electrical charge of the ons surrounding the particle and the electrical charge of
the bulk sotution {e.g., the liguid carrier and any other components dissolved therein},

{0616} The polishing composition comprises a complexing agent for aluminum. The
complexing agent for alunmnan can be any suitable complexing agent. Preferably, the
complexing agent for alununum is an organic carboxylic acid. More preferably, the
complexing agent for alununum is selected from the group consisting of malonic acid,
phthalic acid, lactic acid, tantasic acid, gluconic acid, ciric acid, malic acid, glyeolic acid,
maleic acid, and combinations thersof

[0617} The polishing composition can comprise sy suitable amount of the complexing
apet for atununam. The polishing composition can contain 6.1 wi.% or more, e.g., 0.2 wi%
or mare, 0.3 wit.% or more, 0.4 wi.% or more, of 1.3 wit % or more of the complexing agent
for aluminum. Alternatively, or in addition, the polishing composition can comtain 3 wi.% or
less, e.g., 2.5 wi% or less, 2 wi% or less, 1.5 wi% or less, or T wi.% or less of the
complexing agent for shuninum. Thus, the polishing composition can comprise the
complexing agent for ahunimem b an amount bounded by any two of the above endpoints
recited for the abrastve particles. For example the polishing composition can conyprise (3.1
wi, % 10 3 wi9%, 0.1 wiS to 2.5 wi%, 0.1 wi% 10 2 wi%, 03 wid 10 3 wib, 0.3 wi% to
2.5 wL%, 0.3 el % to 2 wi%, 0.5 wit.% to 3 wit%, 0.5 w9 10 2.5 wi %, or 0.5 wi S to 2
wi.% of the complexing agent for alominam.

0618 The abrasive desirably is suspended in the polishing composition, more
specifically in the water of the polishing composition. When the abrasive 1s suspended in the
polishing composition, the abrasive preferably is collowdally stable. The term colloid refers 1o
the suspension of abrasive particles in the water. Collowdal stability refers to the maintenance
of that saspension over time. In the context of this lnvention, an abrasive is considered
colloidally stable if, when a suspension of the abrasive in water or in the polishing
composition 1 placed into a 100 mi graduated cylinder and allowed to stand unagitated for a
nme of 2 hours {e.g., for a time of 4 hours, or for a time of B hours, or for a time of 24 hours,
or for a time of one week, or for a time of 4 weeks, or for a time of 16 weeks), the difference
between the concentration of particles i the bettom 50 wi of the graduated cvlinder ({B] in
tenms of g/mil) and the conceniration of particles in the top S0 ml of the graduated cylinder
{11} in terms of g/ml) divided by the inttial concentration of paﬂicies in the abrasive

composition ({C] m terms of g/mi) is less than or equal 1o 0.5 Ge., {{Bl - TN 2 0.5
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The value of [BI-{ THIC] desirably is {ess than or equal 10 0.3, and preferably is less than or
equal 1o 0.1,

{0619} The polishing compuosition optionally further comprises an agent that oxidizes
aluminum, The agent that oxidizes alununan can be any agent having a suitable oxidation
potential at the pH of the polishung composition. Non-limiting examples of suitable oxidizing
agents include oxidizing agents selected from the group consisting of hydrogen peroxide,
organic peroxy acids, persuifate, nitrate, penodaie, perbromate, bromate, ferric salts, and
combinations thereof.

[(1020] The polishing composition can comprise any suiable amount of the agent that
oxidizes aluminum. The polishing composition can contain 0.1 wt.% or more, e.g., .25
wi.% or more, 8.5 wi.% or more, 0.75 wi.% or move, or | wi.% or more of the agent that
oxidizes alunumam. Alternatively, or in addition, the polishing composition can contain 5
wi% or less, e.g., 4w % or less, 3wt % or less, 2 wi.% or less, or | wi% or less of the agent
that oxicdizes aluminum. Thus, the polishing composition can comprise the agent that
oxidizes atunmnum in an amoant bounded by any lwo of the above endpoints reciied for the
abrasive particles. For example the polishing composition can comprise 0.1 wi.% to S wit.%
023 wi % 104w, 0.3 wif% o 3 wib, .73 wi%% 10 2w, T wi% to 3 wi%, or T wi%
0 2 wi.% of the agent that oxidizes aluminum.

{0621} The polishing composition optionally further comprises a swriactant. The
surfictant can be an anionic, non-i0nic, of a awitterionic surfactant. Advantageousty, the
presence of the surfactant in the polishing composition improves the colloidal stability of the
polishing composition, stabibizes the particle stre of abrasive particles, andfor improves the
topography of senmiconductor waters that are polished with the polishing composition.
Non-limiting examples of suitable surfactants include polysulfonates, polyvearboxyviates,
polvphosphonates, polvalechols {e.g., pobyvinvi alcohols), copobymers comprising monomers
selacted from the group consisiing of sulfonates, carboxylates, phosphonates, aluohols, and
combinations thereof,

06224 1n g preferred embodiment, the surfactant is an alkyldiphenyloxide sulfonate

surfactant, Typically, the alkvidiphenvloxide sulfonate surfactant has the structure:
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wherein R s a Cy-Cap, preferably Ce-Can, more preferably Co-Cry linear or branched,
saturated or unsaturated alkyl group. wherein the alkyl group optionally contains one or more
heteroatoms selecied from the group consisting of O and N, and wherein X is H or a cation,
e.g.. an alkali metal cation or alkaline earth cation {e.g.. sodwam, potassium, lithium, calcrum,
magnesium, and the like). Examples of suitable atkyvidiphenyloxide sulfonate surfactanis
include surfactants commercially available from the Dow Chemical Company (Midland, Mi}
under the trade npames Dowfax™ 2A1, Dowfax™ 3B2, Dowlax™ 8390, Dowifax™ CelL,
Dowfax™ C10L, and Dowfax™ 30399

{0623} The polishing composition can contain any suitable amount of the surfactant.
Thus, the pelishing composition can contain 0.001 wit.%s or more, g.g., 0.005 wi % or more,
.00 wi % or more, 0.05 wi % or more, 3.1 wi ™ or more, .2 wt % or wmore, (.3 wi % or
move, 0.4 wi.% or more, or 0.5 wt.% or more of the surfactant. Alternauvely, or in addition,
the polishing composition can comfain 2 wi% or less, eg., 1.8 wi% or less, 1.6 wi% or less,
14wt % or less, 1.2 wit.9 or less, or 1 wi % or less of the sinfactant. Thus, the polishing
composition can compnise the surfactant in an amount boonded by any two of the above
endposats recited for the surfactant. For example the polishing composition can comprise
0001 wi% 1o 2 wiL%, 0.05 wi% to LE wit%, 0.1 wi% o 1.6 wi%, 0.2 wi% to 1.4 wihy,
0.3 vl %% 10 12w, 04wt (o 1.2 wi%, or 0.5 wi% o 1 wi% of the surfactand.

{06241 Desirably, the polishing composition does not comprise a compound of the
formutar (X)L wherein X° represents tetrarole, 1.2 d-trazole, 1,2 3-triazole, or
benzotriazole, wherein L represents a hinking group, for example, wheretn L represenis a
linking group having a valence of 2 or more which containg at least one groap selected from
the group consisting of ureido groups, thioureide groups, smide groups, ester groups,
sulfonamide groups, sulfonureide groups, hydroxy groups, carbamate groups, ether groups,
amino groups, carboxy groups, sulfo groups, and helerocyclic growps, and n 13 an integer of 2
OF BT,

00254 Desirably, the polishing composition will bave g pH of | or more {e.g., 2 or more).
Preferably, the polishing composition will bave a pH of S or less {e.g., 4 or less, or 3 or less).
More preferably, the polishing composition witl have apHof 2 to 4 {e.g, 2 to 3).

[0026]  The pH of the polishing composition can be achieved and/or maintsmined by any
suttable means, Muorve specifically, the polishing composition can further comprise a pH

adjustor, a pH buffering agent, or a combination thereof. The pH adjustor can be any suitable
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pH-adjasting compoungd. For examyple, the pH adiastor can be nitric acid, potassiam
hvdroxide, amumonium hydroxide, or combinations thereof. The pH bulfennyg agent can be
any suitable bufferimg agent, for example, phosphates, sulfates, acetates, borates, ammoniun
salts, and the like, The polishing composition can comprise any suitable amount of g pH
adjustor andfor a pH buffering agent, provided that a suitable amount of the buffering agent is
used to achieve and/or maintain the pH of the polishing composition within the ranges set
forth herein.

027} The polishing composition optionally comprises a film-formung agent {1.e., a
corrosion inhibitor). The film-fornung agent can be any suitable film-forming agent for any
compounent{s) of the substrate. Preferably, the film-forming agent is a copper-corrosion
mhibitor or a tungsten-corrosion mhbitor. For the purposes of this invention, a film-forming
agent is any compound, or mixhwe of compounds, that facilitates the formation of g
passtvation layer (i.e., & dissolution~-intubiting laver) on at least a portion of the surface being
polished. Useful fum-fornung agents inchude, for example, nitrogen-containing heterocyelic
compowds. The film-forming agent desirably comprises one or more 3- or G-membered,
heterocyelic, nitrogen-containing rings. Preferred film-forming agent mnclude 1.2 3-triazole,
1.2 d-triazole, benzowmarole, benzinudazole, benzothiaeole, and derivatives thereof, such as,
for example, hydroxy-, amino-, imine-, carboxy-, niercapto-, nitro-, urea-, thiourga-, or atkyl-
substituted derivatives thereof. Most preferably, the film-formmy agent is selected from the
group consisting of benzoinarole, 1,2 4-triazole, and mixtures thereot.

06281 The polishing composition can contain any suitable gmount of the film-forming
agent. Thus, the polishing composition can contain .00GT w9 or more, e.g., (L0005 wt %
or more, 0.001 wi.% or more, G.003 wt.% or more, 0.01 wt.% or more, or .1 wi.% or more
of the film~forming agent. Allernatively, or in addition, the pohishing composition can
confain 2 wt.% or less, e.g., 1.8 wio or less, 1.6 wi% or less, .4 wi% orless, F2 wilo or
less, or 1 wi % or less of the ilm-forming agent. Thus, the polishing composition can
comprise the film-forming agent in an amount bounded by any two of the above endpoints
recited for the film-fornung agent. For example the polishing composition can comprise
(.0001 wi% (0 2 wit.%, 0.005 wi% to LB wi%, 0.01 wi % to 1.6 wiBe, or 0.1 wi% to hwi %
of the film~fornung agent.

{0029}  The polishing composition optionally further comprises a biocide. The biocide

can be any seitable biocide, for example, an sothiazolimone biocide. The mmount of biocide
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used i the polishing composition typically is 1 ppm 1o 500 pym, and preferably s 10 ppm 0
200 ppm.

{0030} The polishing compaosition can be prepared by any suitable technique, many of
which are known o those skilled in the art. The polishing composition can be prepared in a
batch or contnuous process. Generally, the polishing composition can be prepared by
combining the components theveof in any order. The term “component™ as used berein
inchudes indrvidual myredients {e.g., abrasive, complexing agent for aluminum, agent that
oxidizes alominam, swriactant, optional film-forming agent, optional biocide, ete.} as well as
any combination of ingredients (e.g., abrasive, complexing agent for alununum, agent that
oxidizes aluminom, surfactant, optional film-forming agent, optional biocide, etc.).

{0631} For example, the abrasive can be dispersed in water. The compdexing agent for
aluninum, optional sorfactant, optionat film-formung agent. and optional biocide can then be
added, and nuxed by any method that is capable of incorporating the components into the
polishing composition. The agent that oxidizes alununum, 1futilized, can be added at any
sime during the prepaation of the polishing composttion. The polishing composition can be
prepared prior to use, with one or more components, such as the agent that oxidizes
alumimn, added 1o the polishing composition just before use (e.g., within 1 minute before
ase, or within 1 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.

06321 The polishing conposition can be supplied as a one-package system comprising
abrasive, complexing agent for aluminum, agent that oxidizes ahumimam, surfactant, optional
film-fornung agent, optional biocide, and water. Alternatively, the abrasive can be supplied
as a dispersion i water in a first container, and complexing agent for alanunum, surfactant,
optional film-forming agent, and optional biocide can be supplied i a second container,
etther inn dry form, or as a solution or dispersion in water, The agent that oxidizes alununum
desirably is supplied separately from the other components of the polishing compositiom and
is combined, e.g., by the end-user, with the other components of the polishing conyposition
shorily before use {e.g., | week or less prior fo use, 1 day or less prior to use, 1 hour or less
prior to use, 10 minutes or less prior o use, or 1 minute or less prior to vse). The components
in the first or second container can be m dry form while the components in the other
container can be i the form of an agueous dispersion. Morgover, it is suutable for the

components i the first and second containers 1o have different pH valoes, or altematively to
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have substantially similar, or even equal, pH values. Other two-container, or three or auore-
container, combinations of the compoenents of the polishung composition are within the
knowledge of one of ordinary skill in the art.

{0633} The polishing composition of the invention also can be provided as a concentrate
which s intended 1o be dilued with an appropriate ammount of water prior o use. In such an
embodiment, the polishing conposition concentrate can comprise the abrastve, complexing
agent for ahpninum, surfactant, optional flm-forming agent, optional biocide, and water,
with or withoul the optional agent that oxidizes aluminum, in amounts such that, upon
dilution of the concentrate with an appropriate amount of water, and the optional agent that
oxidizes aluminum if not already present in an appropriste amount, each component of the
polishing composiion will be present in the polishing conyposition in an amount within the
appropriate range recited above for each conponent. For example, the abrasive, complexing
agent for aluminum, surfactant, optional filim-forming agent, and optional biocide can cach be
present in the concentration i an amount that is 2 tmes {e.g., 3 times, 4 tmes, or 5 times)
greater than the concentration reciied above for each component so that, when the concanirate
is diluted with an equal volume of (e.g., 2 equal volumes of water, 3 equal volumes of water,
ot 4 equal volumes of water, respectively}), along with the optional agent thay oxidizes
aluminum i g suitable amount, each compenent will be present m the polishing composition
in an amount within the ranges set forth above for each component. Furthermore, as will be
undersiood by those of ordinary skill in the art, the concentrate can contain an appropriate
fraction of the water present in the fingl polishing composition i ovder to ensure that other

components are at least partially or fully dissolved 11 the concentrate.

EXAMPLES
[0034]  The following examples {further Hlustrate the svention but, of course, should not
be construed as in any way luniing its scope,
[0635] in the followmng examples, the polishing experintents were conducted using a
three-platen Mura polisher (Applied Matenals; Santa Clara, CA}. The polishing parameters
were as follows: Polishing was conducted on platen | mtwo phases: phase 1 at 24.2 kPa
downforce, phase 2 at 13.8 kPa downforee using ¢ D100 polishing pad (Cabot
Microelectronics Corporation, Awvora, IL). Platen 7 was used for bull cleaning. The

subsirates consisted of ttamume-lined patterned silicon dioxide-coated silicon wafers
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gvercnated with aleminum. The subsivates comprised a pattern comprising 10 wm lines

separated by 10 pm spacigs.

EXAMPLE ]
[0636]  This example demonstrates the muprovement in defectivity achievable by the
polishing compositions of the vention, when used to polish substrates compnising aluminum
deposited on titamum-hined features on a dielectric layer.
00371 Two substrates were separately polished with two different polishing
compositions, Composttion 1A and Composition 1B, Each of the polishing composiiions
coniamed 1.5 wi % of lactic and and 3 wi% of hvdrogen peroxide in water atapH of 3.4
Composition LA {comparative} further contamed 0.5 wt % of w-alumina treated with 1150
ppm of polyacryvlamino-2-methylpropane sulfonic actd. Composition 1B (invention) further
condained 0.5 wit.% of c-shunina treated with 1130 ppm of polvaceylic
acid~co-polyacrviamido-2-methyipropane sulfonic acid. Composthion 1C (conparative}
further contained 0.5 wt.% of o~aluming treated with 1150 ppm of polyacrvlic acid.

Composttion 10 was not colloidaily stable and therefore was not used in pohishing substrates.

038} Following polishing, the substrates were cleaned, and the defectivity was
mspected by an AIT wafer mspection system {KLA-Tencor; Milpitas, CA). Normalized total

defects were determined as the ratio of scamned images 1o total number of images maultiphed

by the defect count. The results are set forth in Table 1.

Table |
Composition Sulfonate Monomer | Molecalar Weight Normahized Total Defects
{molar Y} of Polymer or |
Copolymer ‘
PA {comparabive) | HIU 20000 0
1B {inventive} 20 30000 21
IC (comparative) |0 56000 NA

[0639] As is apparent from the resalts set forth in Table 1, the use of Composition 1B,
which contained v-ahmmina treated with polvacrylic acid-co-polyacrylamido-2-methvipropane
sutfonie acid, resalted i approximately 20% of the normalized total defects as observed with

the use of Composition 1A, which contained o-alumina treated with
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polvacrviamine-2-methyvlpropane sulfonic acid. Composition 1B was colloidally stable for al

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

EXAMPLE 2
[06840]  This example demonstrates the muprovement in defectivity achievable by the
polishing compositions of the vention, when used to polish substrates compnising aluminum
deposited on titamum-hined features on a dielectric layer.
00411 Five substrates were separately polished with five different polishing
compaositions, Compeostiions 2A-2E. Each of the polishing compositions contamed | wit.% of
lactic acid, 3 wi% of hydrogen peroxide, and 1008 ppm of Dowlax™ 839G {an
atkyldiphenyloxide sulfonate surfactant) in water at a pH of 3.4 Composition 2A
{comparative} further contained 0.3 wi.%% of g-alimina treated with 11350 ppm of
polvacryvlanune-2-methy propane salfonic acid. Compositions 2B-2E {inventive} further
contained 0.5 wit.% of v~ahanina treated with 1150 ppm of polyacrylic
acid-co-polvacryviamide-2-methvipropane sulfonic acid copolymers having varying molar
percentages of sulfonate-containing monomers and having varving molecular welghts as set
forth in Table 2.
[(19421 Following polishing, the substrates were cleaned, and the defecthivity was
mnspected by an AIT waler inspection system. Total scrateh defects were determined as the
nunber of images with seratches as cbserved by the AIT system. The results are set forth in
Table 2.

Table 2

Composition Sulfonate Monomer | Molecular Weight Total Scratch Defects
{molar %)

2A {comparative) 100 204506 2227

2B {inventive} 25 30000 33

2¢ (invenitve) 20 21000 43

2D (nventive) 17 24000 34

2E (inventive) 14 7400 47

[(043] As iz appavent from the results set forth in Table 2, the use of Compositions
2B-2E, all of which contained o~alurming treated with polvacrylic acid-co-polyacrylamido-2-

methylpropane salfonic acid copolymers, resulted i approximately 1.5% to approximately
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2.1%% of total scratch defects as compared with the use of Composition 24, which contained

g-alumina treated with polvacrylamino-2~-methvipropane suHonic acid.

EXAMPLER
{0844}  This example demonstrates the muprovement in defectivity achievable by the
polishing compositions of the vention, when used to polish substrates compnising aluminum
deposited on titamum-hined features on a dielectric layer.
00451 Three substrates were separately polished with three different polishing
compositions, Compostiions 3A-3C. Each of the polishing compositions comtained 1 wi% of
lactic acid and 3 wt.% of hvdrogen peroxide i waler at a pH of 3 4. Composition 3A
{comparative) forther contained 0.5 wi% of o-alumina treated with 150 ppim of
potyvacrylamino-2-methylpropane sulfonic acid and 1000 ppm of a polvearboxylic acid
polymer having a molecalar weight of 100,000, Composiiion 3B {mvention) lurther
contained 0.5 wit.% of u~ahanina treated with 1150 ppm of polyacrylamimo-2-methylpropane
sulfonic acid and 1000 ppm of Dowfax™ 8390 {an alkyldiphenyloxide sulfonate surfactant}.
Composttion 3C {invention) further contained 0.5 wi % of g-alummna freated with 1130 ppm
of polvacrylic-co-polvacrviamido-2-methvipropane sulfonic acid but did not further contain
any additional polymer or copolymer. The treated g-aluming abrasives had a negative xola
potentigl 1 the polishing compositions.
[0046] Following polishing, the subsirates were cleaned. The amount of sluminum
dishing was measwred, and the defectivily was mspected by an AIT wafer inspection system.
Total seratch defects were determined as the number of images with scratches as observed by

the AIT system. The results are sel forth in Table 3.

Table 3
Composition Addiive Dishing (A} Total Scratch Defecis
3A (comparative) Polycarboxyhe acid | 61 13000
3B {inventive) Dowfax ™ 8394 42 1600
3C (inventive) None 7 209 475

{0647} As 1s apparent from the results set forth in Table 3, the use of Composition 3B,
which contained 1000 ppm of an alkvldiphenyloxide salfonate surfactant (e, Dowlax™
8390}, resulted in approximately 8.4% of total scratch defects as compared with the use of

Composition 34, which contained 1000 ppm of a polyearboxylic acid polymer. The use of
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Composition 3C, which contained c-alumina treated with 1130 ppm of polyvaciyvlic~-co-
poltvacrylamido-2-methylpropane sulfonic acid but did not further contain any adduional
copolymer, resulied in approximately 2.5% and approximately 30% of total scrateh defects as
compared with use of Compositions 3A and 3B, respectively. However, the use of
Composition 3C resalted in dishing which was approsimately 5 timnes grester than observed

~t

with the use of Composition 38,

EXAMPLE 4
j0048] This example demonstrates the improvement in defectivily achievable by the
polishing compositions of the invention, when used o polish substrates comprising alominam
deposited on titantum-tined features on a dielectric laver.
[0049] Three substrates were separately polished with three different polishing
compositions, Compositions 4A-4C. Each of the polishing compositions contained (1.3 wi%
of w-alumina treated with 1150 ppin of polyacrylic~co-polyacrylamido-2-methylpropane
sulfonic acid, 1 wi.% of lactic acid, and 3 wit % of hvdrogen peroxide i water at a pH of 3.4.
Composttion 44 {contrel) farther contatned 100G ppm of a polycarboxylic acid polymer
having a molecudar weight of 100,000, Composition 4B {(comparative} further contamned
HI0O ppo of Calsoft LASYY {a T-Cy inear slkylbenzenesulfonate). Composition 4C
{invention) further contained 1000 ppot of Dowfax™ 390 (an alkvldiphenyloxide sulfonate
suriactant).
[6658] Following polishung, the subsirates were cleanad. The amount of aleminum
dishing was measured, and the defectivity was inspected by an AIT wafer inspechion system.
Total scratch defects were determined as the number of images with scratches as observed by

the AIT system. The resulis are sel forth m Table 4.
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Table 4
Composition Additive Al Removal | Dishing (A) Total Scratch
Rate Detects
{Afmin)
4A (control) Polvearboxylic 1900 44 2500
acid
4B (comparative) | Calsoft LAS99 190} 67 25300
4C {invention) Dowfax™ 8390 | 2300 66 32

[0051]

As i3 apparent from the resulis set forth m Table 4, inventive Composition 4C,

which contained an alkyldiphenvioxide disullonate surfactant (Dowlaxs™ 83903 as the

additive, exhibited approximately 1.3% of total scratch defects as compared with conirol

Composition 4A, which comtained a polycarboxylic acid as the additive, and Composition

4B, which contained a (:-C i bnear alkyvibenzenesultfonate (Calsoft LASYY) as the additive.
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CLAIM(S):
1. A method of chenically-mechanically polishing a substrate, which method
CONprises:

(1) providing a substraie comprising at least one layer of aluminum,
(i1} providing & polishing pad,
(ul)  providing 8 polishing composition comprising:

{a) g-aluyming particles coated with g copolymer comprising at
least one sulfonate monomer and at least one monomer selected
from the group consisting of carboxyvlate monomers,
phosphonate monomers, and phosphate monomers,

{b) a complexing agent for alunvinum, and

{¢) witer,

{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 subsirale {0 remove at
feast some aluminem from the surface of the substrate and to polish the
surface of the substrate,
wherein the polishing composition has a pH of 1 to 6, and wherein the abrasive 15 collodally
stable 1 the polishing composition.

2. The method of claim 1, wherein the copolymer comprises a combination of at
least one sulfongte monower and ot feast one carboxylate monomey.

3. The method of claim 2, wherein at least one carboxyiate monomer comprises
at least one acrvlate monomer.

4. The method of claim 1, wherein the complexing agent for sluminum
coniprises an organic carboxyhie acud.

3. The method of claim 4, wherem the organic carboxvlie acid is selected from
the group consisting of malonic acid, phtbalic acid, lactic acid, tantaric acid, glocomic acid,
eitric acid, malic acid, glycolic acid, maleic acid, and combinations thereof.

6. The method of claim 1, wherein the polishing composttion further comprises

an agent that oxidizes ahomimon,

7. The method of claim O, wherein the agent that oxidizes alunuinam is selected
from the group consisting of hvdrogen peroxide, orzanic peroxy acids, persulfate, nitrate,

periodate, perbromate, bromate, ferric salts, and combinations theveof.
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8. The method of claim 1, wherein the polishing composition hurther comprises a
surfactant.
9. The method of claim 8§, wheren the surfactant 1s an alkyldiphenyloxide

disutonaie surfactant,

1. Themethod of claimi 1, wherein the substrate {urther comprises at least one
layer selecied from the group consisting of tungsten, titapm, titanium nuride, tantalinn, and
tantalum nitride.

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

{N providing a substrate comprising st least one layer of alominum,
{it}  providing a polishing pad,
(i} providing 8 polishing composition comprising:
{a}  an abrasive, wherein the sbrasive comprises particles having a
negative zeta potential in the polishing composition,
{t a complexing agent for aluminum,
{c}  atleast one alkyldiphenyloxide disulfonate surfactant, and
(¢} water,
{iv})  contacting a swrface 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
feast some glumdnum from the surfitce of the substrate and to polish the
surface of the substrate,
wherein the polishing composition has a pH of 1 to 6, and wheremn the abrasive is collodally
stable in the polishing composition.

12, Themethod of claim 11, wheremn the abrasive iz selected from the group
consisting of wet process silica, fumed silica, and surface-coated q-alumina.

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

14,  The method of clatm 13, wherein the organie carboxvlic acid is selected from
the group consisting of malonic acid. phthalic acid, lactic acid, tartaric acid, gluconic acid,
citric ackd, mahc acid, glycolic acid. maleic acid, snd combinations thereof.

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

an agent that oxidizes alepunom.
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16, The method of claim 13, wherein the agent that oxidizes alominum i3 selected
from the group consisting of hydrogen peroxide, orgamc peroxy acids, persulfate, nitrate,
periodate, perbromate, bromate, ferric salts, and combinations thereof.

17, A chemical-mechanical polishing composition comprising:

(a)  o-alumsna 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 wheremn the abrasive is collodally
stable in the polishing composition.

18, The composition of claim 17, wherein the copolvmer comprises 30 meole%s to
90 mole® of the acrylate monomer and 10 mole% to 30 mole? of the sulfonate monomer.

19, The composition of claim 17, wherein the composition further comprises an
agent that oxidizes a metal.

280, The composition of claim 17, wherain the composition furiher comprises a
surfactant.

21, The composition of claim 20, wherein the surfactant 15 an alkyldiphenyloxide
disutonaie surfactant,

22 A chewmical-mechanical polishing composition comprising:

(a) an abrasive, wherein the abrasive comprises particles having a negative

zeta potential in the polishing composition,

(b} an ovganic carboxylic acid,

() at least one alkvidiphenyloxide disalfonate surfactant, and

{dy water,
wherein the pelishing composition has g pH of 1 10 6, wherain the abrasive is collowdally
stable mn the polishing composilion, and wherein the polishing compasition does not comprise
a compound of the formula: (X ,~L wherein X represents tetrazole, 1,2 4-triazole,
1,2 3-trigrole, or benzotriarzole, and wherein L represents a hinking group.

23, The method of claim 22, wherein the abrasive is unmodified wei process stlica
or wet process sthea modified with anionie functional groups.

24, The method of claim 22, wherein the abrasive comprises e-alumina particles
coated with a copolymer consisting essentially of at least one sulfonate monomer and at least

one ﬂc_ryia{e MORner.
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23, The method of claim 22, wherein the complexing agent for alwmiman
comprises an organic carboxyhic acid.

26, The method of claim 25, wherein the organic carboxylic acid is selected from
the group consisting of malonic acid, phthalic acid, lactic acid, tartaric acid, pluconic acid,
eririe acid, malic acid, glyeolic actd, maleic acid, and combinations theseof.

27, The method ol claim 22, wherein the polishing composition further comprises

an agent thai oxidizes aluymimuon,



