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(57) Abstract: The present invention provides an acidic aqueous polishing composition suitable for polishing a silicon nitride-con -
taining substrate in a chemical-mechanical polishing (CMP) process. The composition, at point of use, comprises 0.01 to 2 percent
by weight of a particulate calcined ceria abrasive, 10 to 1000 ppm of at least one cationic polymer, optionally, 10 to 2000 ppm of a
polyoxyalkylene polymer; and an aqueous carrier therefor. The at least one cationic polymer is selected from a poly(vinylpyridine)
polymer and a combination of a poly(vinylpyridine) polymer and a quaternary ammonium-substituted polymer. Methods of polish-
ing substrates and of selectively removing silicon nitride from a substrate in preference to removal of polysilicon using the composi-
tions are also provided.
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1
COMPOSITIONS AND METHODS FOR SELECTIVE POLISHING OF S1LICON
NITRIDE MATERIALS
FIELD OF THE INVENTION
[0001]  This invention relates to polishing compositions and methods. More particularly, this

invention relates to methods for polishing sificon miride-containing substrates and compositions

therefor.
BACKGROUND OF THE INVENTION
[0002] A semiconductor wafer for integrated circuits typically includes a substrate, such as

silicon or gathium arsenide, on which a plurality of transistors have been formed, Transistors are
chenucally and physically connected to the substrate by patterming regions in the substrate and
layers on the substrate. The transistors and lavers are separated by interfevel dielectrics (ILDs),
comprised primarily of some form of silicon oxide {$10;). The tansistors are interconnected
through the use of well-known multilevel interconnects. Typical multilevel interconnects are
comprised of stacked thin-films consisting of one or more of the following materials: titanigm
{11}, titaniam aitnide (TIN), tantalum (Ta), aluminum-copper (Al-Cu}, aluminuar-silicon (Al-S1),
copper {Cu), tungsten {W), doped polysilicon (poly-Si), and varions combinations thereof. In
addition, transistors or groups of transistors are wolated from one another, often through the use
of trenches filled with an insulating material such as silicon dioxide, silicon nitride, and/or
polysiticon. During semiconductor manufacture, various layers of the aforementioned materials
must be removed i order to form the various components of the circuits on the wafer, which
typically is achieved by chemical-mechanical polishing (CMP),

0003}  Compositions and methods for CMP of the surface of a substrate are well known in
the art. Polishing compositions (also known as polishing slurries, CMP slumies, and CMP
compositions ) for CMP of surfaces of semiconductor substrates {e.g., for mtegrated circuit
manufacture) typically contam an abrasive, various additive compounds, and the like.

[0004]  In conventional CMP techniques, a substrate carrier or polishing head is mounted on
a carrier asserbly and positioned in contact with a polishing pad in a CMP apparatus, The
carrier assembly provides a controflable pressure to the substrate, urging the substrate against
the polishing pad. The pad and caruier, with its attached substrate, are moved relative to one
another. The relative movement of the pad and subsirate serves to abrade the surface of the
substrate to remove a portion of the material from the substrate swrface, thereby polishing the
substrate. The polishing of the substrate surface typically is further aided by the chemical
activity of the polishing composition (e.g., by oxidizing agents, acids, bases, or other additives

SUBSTITUTE SHEET (RULE 26)
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present in the CMP composition) and/or the mechanical activity of an abrasive suspended m the
polishing composition. Typical abrasive materials include silicon dioxide, certum oxide,
atuminum oxide, zivcowwm oxide, and tin oxide.
[0005]  In general, CMP involves the concurrent chemical and mechanical abrasion of
surface, e.2., abrasion of an overlying first layer to expose the surface of a non-planar second
layer on which the first faver is formed. One such process is described tn ULS. Patent No,
4,789,648 to Beyer er ¢f. Briefly, Bever ef &, discloses a CMP process using a polishing pad
and a slurry to remove a first layer at a faster rate than a second laver untif the surface of the
overlying first faver of material becomes coplanar with the upper surface of the covered second
layer. More detatled explanations of chemical mechanical polishing are found m U.S. Patents
No. 4,671 851, No. 4 910,155 and No. 4,944 836
[0006]  U.S. Patent No. 5,527,423 to Neville, e o/, for example, describes a method for
chemically-mechanically polishing a metal laver by contacting the swrface of the metal layer
with a polishing slurry comprising high purity fine metal oxide particles suspended in an
aqueous mediom. Alternatively, the abrasive material may be incorporated into the polishing
pad. U.S. Patent No. 5,489 233 1o Cook ef el. discloses the use of polishing pads having a
surface texture or pattern, and UL.S. Patent No. 5,958,794 to Bruxvoort ¢f of. discloses a fixed
abrasive polishing pad.
{0007]  Although known CMP shurry compositions typically are suitable for limited
purposes, many conventional compositions exbibit unacceptable pohshing rates and
correspondingly unacceptable selectivity for removal of insulator materials used in wafer
mangfactare. In addition, many known polishing shurries produce poor film removal traits for
the underlying films or produce deleterions film-corrosion, which leads to poor manufacturing
yields.
[0008]  As the technology for integrated circuit devices advances, taditional materials are
being used 1 new and different ways 10 achieve the level of performance needed for advanced
integrated circuits. In particelar, silicon nitride, siticon oxide, and polysilicon are being used in
various combinations to achieved new and ever more complex device configurations, In
general, the structiral complexity and performance characteristics vary geross different
applications. There is an ongoing need for methods and compositions that allow for the removal
rates of silicon uitride, silicon oxide and polysilicon materials 1o be adjusted or tuned during
CMP to mieet the polishing requirements for particular IC devices.
{0009]  For example, there is a continuing need to achieve rapid silicon mittide removal rates

for many IC device applications. Traditional polishing starries have been designed for "stop on
SUBSTITUTE SHEET (RULE 26)
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silicon nitnide” applications, such as in shallow tench isolation (ST, Typical STI slurnies
utitize silica abrasives at high pH and high abrasive concentrations to achieve reasonable silicon
nitride removal rates. The use of high abrasive particle concentrations has been assoctated with
a high level of scratch defects in the polished devices.

{0010]  Thete is an ongoing need to develop new polishing methods and compositions that
provide relatively tugh rates of removal of silicon mitride and for selective removal of silicon
nitride in preference to polvsilicon, silicon oxide, or both. The present invention addresses these
ongoing needs. These and other advantages of the invention, as well as additional inventive

features, will be apparent from the description of the invention provided heyein.

BRIEF SUMMARY OF THE INVENTION
{0011} The present invention provides an acidic aqueous polishing composition {e.¢., having
a pH of 2 to 6) suitable for remsoval of stlicon nitride from a surface of a substrate m a chemieal-
mechanical polishing (CMP) process. The composition comprises @ particulate caleined ceria
abrasive, at least one cationic polymer, optionally a polyoxvalkylene polymer, and an aqueous
carrier, The at least one cationic polymer 1s selected from a poly(vinvipyridine) polywmer and a
combination of a poly(vinylpyridine) polymer and a quaternary ammomum-syhstituted polymer,
such as a quaternary ammoninm-substituted acryvlate or methacryiate polymer,
[0012]  The abrasive concentration i the composition is 0.01 to 10 percent by welght (wt
%), preferably 0.03 to § wt %. Preferably, the concentration of the abrasive in the composition,
at the point of use in the present methods, is in the range of 0.01 t© 2 wit, more preferably .05
to 0.5 wita, The concentration of the at least one cationic polymer in the composttion is in the
range of 10 parts-per-mithion {ppim) to 100,000 ppm, preferably 15 ppm to 10,000 ppm. At
point of use, the composition preferably comprises 10 ppm to 1000 ppm of the at feast one
cationic polymer, more preferably 15 ppm to 100 ppm for each cationic polymer present. Ina
preferred embodiment, the polyoxyalkylene polymer is present in the composition at a
concentration i the range of 10 to 200,000 ppm, more preferably 200 to 160,000 ppm. At pomt
of pse, the composition preferably comprises 10 ppm to 2000 ppin of the polvoxyalkylene
polymer, more preferably 200 ppm to 1000 ppm.
{00131 Insome preferred embodiments, the polvoxyalkvlene polymer comprises a
poly{ethvlene glveol) polymer (1.e., 8 PEG) having an average namber of ethylene glycol
monomer units in the range of 200 to 2000, more preferably 300 to 1500 monomer units. In
other preferred embodiments, the polyoxyalkylene polymer comprises a poly(ethylene glycol)-

co-pedy{propylene glyeol} block copolymer, such as a poly(ethylene glycol}-end capped

poly(propylene glycol), i . 4 PEG-PPG-PEG black copolymer
poly(propytene glyeol). i AL HHTE SRR T bR 58]
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[0014]  Insome preferred embodiments the at least one cationic polymer comprises a
combination of a poly(vinvipyridine) polvmer and a quaternary ammonium-substituted acrylate
or methacrylate polvmer, €., 10 to about 90 ppm of a poly{vinylpvridine} polymer and 15 10
100 ppm of a guaternary ammoniune-substitoted acrylate or methacrylate polymer, at point of
use.
{0018]  Inanother aspect, the present invention provides a chercal-mechanical polishing
method for polishing a silicon nittide-containing substrate with the CMP composition described
above. A preferred method comprises the steps of contacting a surface of a silicon nitride-
containing substrate with a polishmng pad and the agueous polishing composition, and causing
relative motion between the polishing pad and the substrate while maintaining a pottion of the
polishing composition in contact with the surface between the pad and the substrate for a time
period sufficient to abrade at least a portion of the substrate swface. The polishing composition
comprises, at point of use, 0.01 10 2.0 percent by weight of the particulate calcined ceria
abrasive, 10 to 1000 ppm of the at least one cationic polymer, 10 to 2000 ppm of the

polyoxyalkylene polvmer, and an aqueous carrier, as described above.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]  FIG. 1 provides a graph of removal rate for silicon oxide (Oxide}, polysilicon
{PolySi), and silicon nitride (Nitride} obtained by polishing blanket wafers with selected

compositions of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
{6017 The present invention provides compositions and methods for polishing 4 siicon
mitride-containing surface. In a preferred embodiment, a composition of the present mvention
comprises an acidic agueons camier comamning 0.01 10 10 wi®s of a particulate calcined cenia
abrastve, 10 to 100,000 ppm of at least one cationic polymer, and optionally, 10 to 200,000 ppm
of a polvoxyalkylene polymer.
[0018]  The particulate calcined ceria abrasive can be present in the polishing composition at
& concentration in the range of 0.01 to 10 wi%. Preferably, the ceria is present in the CMP
composition at a concentration in the range of 0.05 to 5 wt%. At point of use, the cenia abrasive
preferably is present at a concentration of 0.01 1o 2 wi%, more preferably 0.05 10 0.5 wi¥ (e.g.,
0.1 10 0.3 wit%), The abrasive particles preferably have a mean particle size in the range of 30
nm to 200 am, more preferably 73 nm to 125 nm, as determined by laser light scattering

techuiques, which are well known in the art.

SUBSTITUTE SHEET (RULE 26)
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[0019]  The particulate abrasive desirably is suspended in the polishing composition, more
specificatly in the aqueous carrier component of the polishing composition. When the abrastve
15 suspended n the polishing composition, it preferably s collowdally stable. The term “colloid”
refers o the suspension of abrasive particles in the Hqguid carrier. "Colloidal stability” refers to
the maintenance of that suspension over time. In the context of this invention, a cerla
suspension 1s considered collowdally stable if, when the certa suspension s placed into a 100 mL
graduated cylinder and allowed to stand without agitation for a time of 2 houss, the difference
between the concentration of particles in the bottom 50 mL of the graduated cvhinder (B} 1n
terms of g/ml.) and the concentration of particles in the top 50 ml. of the graduated cylinder ({T]
it tenms of géiml) divided by the total concentration of particles w the abrasive composition ({C]
1 terms of g/ml.) 1s less than or equal to 0.5 (e, ([B] - [TPHAC] £ 0.35). The value of {({B}-
FTTVC] desirably is less than or equal t0 0.3, and preferably is less than or equal 1o 0.1

[0020]  Asused heremn and i the appended claims, the term "calcined ceria” refers to a
ceriuni{ 1V oxide material formed by heating (calcining} a hydrated certum oxide or a
decomposable precursor salt or mixture of salts such as cerram carbonate, certom hydroxide, and
the bke. In the case of a hydrated certum oxide, the material 18 heated at a temperature sufficrent
to remove water of hydration from the cerium oxide material {e.g., at a temperature of 600 °C or
greater). i the case of precursor salts, the salts are heated at temperature above the
decomposition temperatare of the precursor {e.g., 600 *C or greater) to form CeQ; (ceria) and at
the same time drive off any water that may be present or formed. The ceria can nclude amounts
of stabilizing dopant materials such as La and Nd, if desired, as is known in the art. Typically,
calcined ceria particles are highly crvstalline. Methods of preparing calcined certa are well
known i the art.

{0021}  The compositions of the present invention are acidic, and preferably have a pH i the
range of 2 to 6, more preferably 3 to 6. The acidity of the composition can be achieved andior
maintained by inclusion of @ buffering material including an acidic component, which can be
any iorganic or organic acid. In some preferred embodiments, the acidic component can be an
worganic acid, a carboxyvlic acid, an organophosphonic acid, an acidic heterocyclic compound, a
salt thereof, or a combiuation of two or more of the foregoing. Non-limiting examples of
suitable inorganic acids include hydrochionic acid, sulfiric acid, phosphoric acid, phosphorous
acid, pvrophosphoric acid, sulfurous acid, and tetraboric acid, or any acidic salt thereof. Non-
liniiting examples of suitable carboxvlic acds include, monocarboxyiic acids {e.g., acetic acid,
benzoic acid, phenylacetic acid, 1-naphthoic acid, 2-naphthoic acid, glvcolic acid, formic acid,

lactic acid, mandelic acid, and the Iike), and polycarboxylic acids (e.g., oxalic acid, malonic
SUBSTITUTE SHEET (RULE 26)
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6
acid, succinic acid, adipic acid, tartaric acid, citric acid, maleic acid, fumanic acid, aspartic acid,
ghutamic acid, phihabe acid, isophthalic acid, terephthahc acid, 1.2, 3 4-butanetetracarboxylic

acid, taconic acid, and the like), or any acidic salt thereof. Non-limiting examples of suitable

DEQUEST® 2000LC brand amino-tri{methylensphosphonic acid), and DEQUEST® 2010
brand hydroxyethylidene- 1, 1-diphosphonic acid, both of which are available from Solutia, or
any acidic salt thereof. Non-limiting examples of suitable acidic heterocyelic compounds
include nric acid, ascorbic acid, and the like, or anv acidic salt thereof.

{0022} 1o some embodiments, the cationic polymer component comprises a
polv{vinyipyridine) polymer, such as poly2-vinylpynidine), poly(4-vinvipyridineg), &
vinylpyridine copolymer, and the hke. Vinylpyridine copolymers useful in the compositions
and methods of the present invention include copolymers comprising at least ong vinvipyridine
monomer {e.g, 2-vinylpyndine, 4-vinyipyndine, or both) and at least one comonomer selected
from a nonionic monomer and a cationic monomer. Non-limiting examples of nonionic
comonomers inclade acrylamide, methacrylamide, N-vinylpyrrohdinone, and styrene. Non-
limiting examples of cationic comonomers inchude diatlylamme, dunethyldiallylamine, a 2-
viny-N-methylpyridinium halide (e.g., chloride), a 4-vinvl-N-methylpyridinium halide (e.g.,
chloride)}, 2-{diethviaminoethylstyrene, 2-(N N-diethylaminoethy!) acrylate, 2-{NN-
diethylaminoethyl) methacrvlate, N-{Z-{N,N-diethylaminoethy]} methacrviamide, N-{2-(N,N-
diethylaminopropyl) methacrvlamde, a salt of any of the foregomg {e.g., a hydrochloride salt),
an Ne-guaternized derivative of any of the foregomg (e.g., an N-methyl quaternized denivative),
and the hike. In addition, relatively small proportions of anionic monomers (e.g., acryhe acid,
methacrviic acid, styrenesulfonic acid, 2-acrvlamido-2-methvipropase sulfonic acid (AMPS),
and the like) can be included in the copolymer, so long as the proportion of anionic monormer to
cationic monomers is sach that the copolymer retains an overall cationic charge.

{00231  In some other embodiments, the cationic polvmer component comprises a
combination of the poly{vinylpyridine) polymer as described herein and a quaternary
ammonium-substituted polymer, such gs 3 quaternary anmmoniyn-substitated acrylate or
methacrylate polvmer, Non-limiting examples of such quaternary ammontom-substituted
acrviate or methacrylate polymers include polv{methacrviovioxvethyl trimethylammonium
halide) polymers, polv(acryloyloxyethyl trimethylammontum halide) polymers,
poty{methacryloyloxyethyl dimethytbenzylanmmonium halide) polymaers, poly{acrvloyloxyethyl
dirsethylbenzylammoninm halide} polvimers, and the hike. Preferably, the halide connter-ion of

the quaternary ammonium group is chloride.
SUBSTITUTE SHEET (RULE 26)
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[0024]  The cationic polymer can have any suitable molecular weight. Typically, the
polishing composition comprises a eationic polymer having a weight average molecular weight
of 5 kDa or more (e.g., 10 kDa or more, 20 kDa or more, 30 kDa or more, 40 kDa or more, 30
kDa or more, or 60 kDa or more) cationic polymer. The polishing composition preferably
comprises a cationic polymer having a molecular weight of 100 kDa or less {e.g., 80 kDa or less,
70 kDa or less, 60 kDa or less, or 50 kDa or less). Preferably, the polishing composition
comprises a cationic polvmer having a molecular weight of 5 kDa to 100 kDa {e.g., 10 kDa to 80
kDa, 10 kDato 70kDa, or 15kDato 70 kDa.
[0025]  The polvoxyalkyiene component, also known as a poly{alkvlene glveol), canbe a
homopolymer or capolynier (e.g., a block or random copolymer) comprising a plurality of
oxyatkylene monomer waits {1.e., alkylene glycol monomer units, such as ethylene glyeol,
propylene glyeol, butylene glyveol, and the like). For example, the polvoxyalkylene polymer can
be a poly(ethyvlene glyveol) polymer, a polv{ethylene glycob-co-poly{propylene glycol)
copotyiner, and the like. The polyoxyalkylene polymer preferably comprises, on average, 20 to
2000 monomer units {e.g., ethylene glveol, propylene glycel, and the like), more preferably 200
to 2000 monomer units {e.g., 300 to 1300 monomer units). Such polymers are frequently
referred to in the art by the type of polymer and the average number of monomer units, e.g.,
polty(ethylene glycol}-300, abbreviated PEG-300, which refers to a polv{ethylene glycol)
polvmer having an average of 200 ethylene glyeol (CHCH:O), units, and therefore having a
number average molecular weight of 3080 x 44 = 13200 Daltons.
{0026}  In one preferred embodiment, the polvoxyalkylene polvmer is a polyoxvethylene
polymer, i.¢e., a poly(ethylene glycol) polvmer. In other preferred embodiments, the
potvoxvatkviene polvmer comprises a poly{ethviene glycol}-co-poly{propylene giveol)
copolvmer block copolymer, such as a PEG-PPG-PEG block copolymer, e.g., PLURONIC L3
from BASF, which reportediy has a number average molecular weight of around 1100 to 1200
and includes a PPG core having an average or 16 propylene ghveol units, which is capped on
each end with an average of 2 ethylene glycol monomer vnits.
{0027]  The compositions and methods of the invention provide useful silicon nitride
removal rates and selectivity for remioval of sthicon nitride over removal of polysilicon. The
compositions of the invention also typically provide moderate silicon oxide removal rates. In
some particularly preferred embodiments, the silicon nitride removal rate is 700 Angstroms-per-
minate {A/min) or greater and polysilicon removal of less than 100 A/min (typically less than 25
Afmin) when polishing a silicon nitride or polysilicon blanket wafer, respectively, on a table-top

CMP polisher at a down force of 3 pounds-per-square inch {psi}, a platen speed of 100
SUBSTITUTE SHEET (RULE 26)
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revolutions-per-minute (rpm), a carvier speed of 101 rpm, and a polishing sturry flow rate of 150
millititers-per-minute {ml/min} with a D100 polishing pad. The silicon oxide removal rates
typicaily are less than 400 A/min under the same canditions.
j0028]  The polishing compositions of the invention optionally can clode one or more
oxidizing agent (e.g., to oxidize a component of the semiconductor surface, such as a metal
component). Oxidizing agents suitable for use in the polishing compositions and methods of the
present invention include, without limitation hydrogen peroxide, persulfate salts {e.g.,
ammonium monopersulfate, ammonium dipersulfate, potassinm monopersulfate, and potassium
dipersulfate), periodate salts (e.g., potassium periodate), salts thereof, and a combination of two
or more of the foregoing. Preferably, the oxidizing agent is present in the composition in an
amowunt sufticient to oxidize one or more selected metallic or senconductor material present i
the semiconductor wafer, as is well known i the semiconductor CMP art,
0029}  The polishing compositions of the invention can also optionally include suitable
amounts of one or more other additive materials commonly inelnded in polishing compositions,
such as metal complexing agents, corrosion inhibitors, viscosity modifying ageats, biocides, and
the hike.
0030}  In preferred embodiments, the polishing compositions further comprise a biocidal
amosnt of a biocide {e.g., an sothiazolinone composition such as KATHON® biocide, available
from Rohm and Haas).
{0031}  The agueoas carrier can be any aqueous solvent, e.g., water, aqueous methanol,
aqueous ethanol, a combination thereof, and the like. Preferably, the agueous carrier comprises
predominatety deionized water.
[0032]  The polishing compositions of the invention can be prepared by any suitable
technigue, many of which are known to those skilled in the art. The polishing composition can
be prepared 1n a baich or continuous process. Generally, the pohishing composition can be
prepared by combining the components thereof in any order. The tenm “component” as used
herein includes individual ingredients (e.g., ceria, acids, polymers, buffers, oxidizing agents, and
the like}, as well as any combination of ingredients, For example, the ceria abrasive can be
dispersed in water, combined with the polymer components, and mixed by any method that s
capable of mcorporating the components into the polishing composition. Typically, an
oxudizing agent, when utilized, is not added to the polislung composition until the composition is
ready for use m a UMP process, for examiple, the oxidizing agent can be added just prior to
witiation of pohishing. The pH can be further adjusted at any suitable time by addition of an

acid or base, as needed.
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{0033}  The polishing compositions of the present invention also can be provided as a
concentrate, which is ntended to be diluted with an appropriate amouant of aqueous solvent {e.y..
water) prior to use. In soch an embodiment, the polishing composition concentrate can inclode
the various components dispersed or disselved in aqueous solvent in amounts such that, upon
diletion of the concentrate with an appropriate amount of aqueous solvent, each component of
the polishing composttion will be present in the polishing composition 1 an amount within the
appropriate range for use.
[0034]  The nvention also provides a method of chemically-mechanically polishing a silicon
nitride substrate, e.g., for selective removal of stlicon nitride relative to removal of polysilicon.
The method comprises (1) contacting a surface of a silicen nitride-contaming substrate with a
polishing pad and a polishing composition of the mvention as described herein, and {11} moving
the polishing pad relative and the surface of the substrate relative to one another, while
mantaining at least a portion of the pohishing composition between the pad and the swrface,
thereby abrading at least a portion of the surface to polish the substrate.
[0035]  The polishing compositions of the present invention can be used to polish any
suitable substrate, and are especially useful for polishing substrates comprising silicon nitnide, as
well as substrates containing silicon nitride and polysilicon andfor silicon oxide. The
compositions of the present invention provide relatively high sihicon nitride removal rates at
abrasive levels low enough to avoid excessive scratch defects. In particular, the formulation and
pH of the CMP composition can be varied to vary the silicon nitride removal rate. In addition,
the relative rate of silicon nitride removal exceeds the rate for removal of polysilicon and silicon
oxide. This selectivity is an additional asset for nse in polishing modem semiconductor
materials with relatively narrow oxide line widths.
[0036]  The polishing compositions of the present invention are particalarly suited for use in
conjunction with a chenncal-mechanical polishig apparatus. Typically, the CMP apparatus
comprises g platen, which, when in use, is in motion and has a velocity that results from orbital,
linear, anddor circular motion, a polishing pad in contact with the platen and moving refative to
the platen when in motion, and a carrier that holds a substrate to be polished by contacting and
moving relative to the surface of the polishing pad. The polishing of the substrate takes place by
the subsirate being placed in contact with the polishmg pad and a polishing composition of the
tnvention and then moving the polishing pad velative to the substrate, 50 a5 to abrade at least a
portion of the substrate to polish the substrate.
{0037] A substrate can be planarized or polished with a polishing composition of the

invention asing any suitable polishing serface (e g, polishing pad). Suitable polishing pads
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mchude, for example, woven and non-woven polishing pads, grooved or non-grooved pads,
porous or non-porons pads, and the like. Moreover, suitable polishing pads can comprise any
suitable polymer of varying density, hardness, thickness, compressibility, ability to rebound
apon compression, and compression modulus, Switable polymers include, for example,
polyvinyichloride, polyvinylfinoride, nylon, fluorocarbon, polvearbonate, polvester,
polvacrylate, polvether, polyethylene, polvamide, polyurethane, polystyrene, polypropylene,
coformed products thereof, and mixtures thereof
[0038]  Desirably, the CMP apparatus further comprises an in situ polishing endpoint
detection system, many of which are known in the art. Technigues for inspecting and
monitoring the polishing process by analvzing light or other radiation reflected from a surtace of
the workpiece are known i the art. Such methods are described, for example, in ULS. Patent
No. 5,196,353 1o Sandhu ez o/, ULS, Patent No. 5,433,651 to Lustig ef al, U.S. Patent No.
3,949 927 to Tang, and U S, Patent No. 5,964,643 to Burang ef /. Desirably, the inspection or
monitoring of the progress of the polishing process with respect to a workpiece being polished
enables the deterntination of the polishing end-point, 1e.| the determination of when to terminate
the polishing process with respect to a particalar workpiece.
j0039]  The following examples further illustrate certain aspects of the invention but, of
course, should not be construed as m any way limiting its scope. As used herein and in the
following examples and claims, concentrations reported as parts-per-mitlion {ppm) are based on
the weight of the active component of mterest divided by the weight of the composition {e.g., as

railligrams of component per kilogram of composition}.

EXAMPLE 1
0040  This example illustrates the effect of cationic polvmers on removal of silicon mitride,
polysiticon, and silicon oxide.
{0041}  Polishing compositions were used to separately chemically-mechanically polish
sificon nitride, silicon oxide, and polysilicon blanket wafers on an Applied Materials
REFLEX{ON® CMP apparatus. Each of the polishimg compositions comprised an aqueous
shary of 0.2 wit % calcined ceria {Advanced Nano Products Co., Lid,, "ANPY, average particle
size of 100 nm), i deionized water ata pH of 4. Additional components of the CMP
compositions are shown in Table 1, in which "Quat” refers to poly{methacrelovioxyvethyt
trimethylammonium chioride) from Alco Chemncal (Alco 4773); 4-PVP refers to poly(4-

vinylpyndine}; and 2-PVP refers to poly (2-vinylpyndine).
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Table 1.
Example Ouat, ppm 4-PVP, ppm 2-PVP, ppm
1A 30 0 0
1B 0 30 0
1C 0 0 30
iD 13 30 ¢

{0042]  Each composition was used to separately polish 300 mm diameter blanket wafers of
silicon nitride, polysilicon, and plasma enhanced tetracthylorthosilicate-derived silicon dioxide
{PETEOS) on a REFEXION® CMP apparatus with a D100 polishing pad at a downforce (DF)
of 3.5 psi, 4 polishing head speed (HS) of 100 rpm, a platen speed (PS) of 10 rpm, and a stuery
flow rate of 250 mL/min, The pad was conditioned in sifr with a 3M A165 conditioner. The
observed removal rates (RR} for sificon nitride (Nitnde ), polysilicon {PolySi) and PETEOS
{Oxide), in A/min, are shown in Table 2. Removal rates obtained at a DF of 2 psi and HS/PS of

93/93 rpm, are shown in parentheses.

Table 2.
Example Nitride RR PolySi RR Oxide RR
TA 1669 2808 {39) 2585
1B 828{(403) 1o (%) 391 (247)
1C 950 {465) HH{13) 383 {207}
i 1257 (998) H{10) 371224

[0043]  The results in Table 2 demonstrate that the polv{vinvlpvridine) polymers or a
combination of poly(vinylpyridine } and guatemary ammonum-substituted polymer provided
very pood nitride removal rates (>800 A/min), low polysilicon removal rates (<20 A/min), and
moderate oxide removal rates (371 to 391 A/miny under the specified polishing conditions. In
addition, the results at the lower DF of 2 psi indicate a synergy between the pely{vinylpyridine)
and the guatermized polymer, since the removal rate at fower downforee did not decrease as

significantly for Example 1D compared to Examples 1B and 1C.

EXAMPLE 2
{0044]  Evaluations similar to those in Example | were performed on g Mirra polisher.
Surprisingly, the observed polysilicon removal rates in the Mirra runs were considerably non-
uniform (within wafer), exhibiting areas of very high and very low polysilicon removal.
Addition of a polyoxyalkylene polymer, such as a PEG or PEG-PPG-PEG copolymer,
surprisingly greatly improved the polysilicon removal uniformmty on the Murra polisher and
provided the desired, consistently low, polvsilicon removal rates. Compositions comprising

various polyoxyalkylene polymers were prepared and evaluated under the following conditions:

D100 pad with in xitw conditioning as described above, DF of 3 psi, PS/HS of 100/101 rpm, and
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a sturry flow rate of 130 mL/min. Each of the compositions comprised 0.2 wit % ANP calcined
cenia, 30 ppm of poly{d-vinylpyridine), and 15 ppm of poly(methacrvloyioxvethyl
trimethylammonium chioride) at a pH of 4 in water. The polvoxyalkylene additives and the
observed removal rates are shown in Table 3 (PL31 is PLURONIC® L31 from BASF, a
polvipropylens glveol) block copolymer with polv{ethylene glveol) end blocks, PEG-PPG-
PEG).

Table 3.
Example Nitride RR PolvSi RR Oxide RR

2A {control), ceria only 251 320 1887
28 {reference), no PEG 938 219 254
2C, 300 ppm PEG 1450 028 16 244
2D, 800 ppm PEG 1450 9235 17 134
2E, 800 ppm PEG 300 942 82 228
2F, 500 ppm PL31 794 16 216
205, 1000 ppm PL31 745 20 193
2H, hydrated cerig, no PEG 852 1106 274

{0045  The results in Table 3 demonstrate a high level of selectivity for removal of nitnide
relative to polysilicon. An examination of the polished waters demonstrated a good within
wafer aniformity for the polysilicon wafers polished with the polyoxyaltkylene polvmers (ie.,
PEG and PEG-PPG-PEG polymers).

{0046]  Inaddition, 8 composition comprising hvdrated ceria in place of ANP caleined ceria
simitar to Example 2B (no polvoxyvalkylene polymer) was evaluated. This example surprisingly
provided a selectivity for removal of polysiticon over silicon mitride which is directly opposite
the selectivity observed with the compositions of the present mvention which utilize calcined

cori.

EXAMPLE 3
[0047]  Additional aqueous compositions comprising calcined ceria at 0.1, 0.2 and 0.3 wt %,
poly(d-vinvipyridine) at 0, 30, 60, and 90 ppm, poly(methacrvlovioxyethy] simethylanmmonium
chloride} (Alco 4773} at 0, 135, and 30 ppm, and PEG-1450 at 0, 800 and 1300 ppm were
evaluated by polishing blanket wafers of silicon nitride, polysilicon, and PETEQS on a Mirra
polisher (DF of 3 psi, D106 pad conditioned 7a yitie with a 3M A163 conditioner, PS/HS of
100/101 rpm, sturry flow rate of 150 mL/in, The formulations of the compositions are shown

i Table 4.
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Table 4.

Example (wt % Ceria} 4-PVP, ppm Quat, ppm PEG, ppm
3A{02) pH4 { { 0
3B(0.2),pH4 30 13 8§00
3C(0.2).pH 4 30 15 1500
D02}, pH 4 60 13 800
3E{D2),pH A4 90 15 800
IF(02), pH 4 90 30 &00
3G 0.1), pH 4 30 15 800
JH{O.1), pH 4 90 30 800
31(0.3), pH 4 60 15 300
3{0.2),pH 35 30 15 800

[0048]  Polishing results are provided in Table 5.

Table 5.

Example Oxide PolySi Nitride  Nitride/PolySi  Nitride/Oxide
RR RR RR Selectivity Selectivity
3A 1971 387 466 1.2 0.2
3B 279 16 907 36.9 3.2
3¢ 257 6 R78 1363 34
3D 144 13 842 62.6 5.9
3B 73 20 831 41.2 Pl
3F 73 10 G914 1.1 12.6
3G 170 60 770 12.9 4.5
3H 29 8 725 §9.8 248
31 182 33 833 26 4.7
3 207 96 887 92 43

[0049]  The results in Table § demonstrate a high level of selectivity for removal of nitnide
relative to polysilicon and silicon oxide over the range of abrasive concentration, cationte
polvmer concentration and PEG concentration evaluated. Decreasing the pH from 4 10 3.5
resalted in an increase in the PolySi rate and a decrease of selectivity (compare 3B to 31}
Increasing the PEG concentration slightly lowered the removal rates for each substrate (compare
3B and 3C). Increasmg the 4-PVP concentration from 30 to 60 to 90 ppm lead to a modest
linear decrease in Oxide and Nitride removal rates, but did not significantly affect PolySi
remmoval rates. A fower concentration of ceria tended to decrease the Nitride and Oxide rates,
but increase the PolySi rates {compare 38 {0 3G or 3E to 3H). In addition, the pohished wafers
exhibited similar, generally flat Oxide and PolySi removal profiles.

{0050  Ina separate experument, the effect of pohishing time on removal rates was evaluated.
The observed PolySi and Oxide removal rates were relatively unaffected by varying the
polishing time from 30 seconds to 90 seconds, whereas the Nitride removal rate increased 3-fold

from 400 to over 1200 over the same time period.
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{0051}  Evaluation of patterned polysilicon wafers also afforded low levels of polysilicon

removal in agreement with the low polysilicon removal rates observed with blanket wafers.

EXAMPLE 4
0052} Selected compositions from Example 3 (le., 3B, 3C, 3F and 31} were evaluated by
polishing 300 nuu blanket waters of silicon mitride, polvsilicon, and PETEOS on a
REFLEXION® polisher (e, as used in Example 1) under the following conditions: DF of 2
psi, IC1010 polishing pad with Seasol conditioner, PS/HS of 100/83 rpm, slurry flow wate of 200

ml/min. The polishing results are shown in Table 6, and graphically in Fig. 1.
Table 6.
Composition (wt % Ceria) Oxide RR PolvSi RR Nitride RR
3B (0.2}, pH 4 254 10 893
3¢ '?} pH 4 244 10 887
3F{02), pH 4 159 6 924
31{0.2), pH 33 221 10 8§56

{00531 The results in Table 6 demonstrate that the same high selectivity for removal of
nitride relative to removal of polvsilicon and silicon oxide observed on the Mira polisher are
also provided on a REFLEXION® polisher.

[0054]  Preferred emboduments of this invention are described herein, including the best
mode known to the inventors for carrving out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The nventors expect skilled artisans to employ such variations as
appropriate, and the wventors intend for the mvention to be practiced otherwise than as
specifically described herein, Accordingly, this invention includes all modifications and
equivalents of the subject matter recited i the claims appended hereto as permitted by
applicable taw. Moreover, anv combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS
i An acidic aqueons polishing composition suitable for polishing a silicon nitride-

contamning substrate in a chemical-mechanical polishing (CMP) process, the composition
comprising:

(a)  0.01 to 10 percent by weight of a particulate calcined ceria abrasive;

(by 1010 100,000 ppm of at least one cationic polymer selected from the group
consisting of {a) a poly(vinyipyridine) polyvimer and (b) a combination of a polv{vinylpyridine)
polymer and a quaternary ammonium-substituted polvmer;

{¢}  optionally, 10 to 200,000 ppm of a polyoxyalkylene polymer; and

(d)y  anaqueous cartier therefor,

2. The composition of claim | wherein the abrasive is present 1n the composition at
a concentration in the range of 0.05 to § percent by weight.

3 The composition of claim | wherein the at least one cationic polymer s present
i the compeosition at a concentration i1 the range of 15 to 10,000 ppm.

4. The composition of claim | wherein the polyoxyalkvlene polymer is present in
the composiiion at a concentration in the range of 200 to 160,000 ppm.

5. The composition of claim 1 wherem the polyoxyalkylene polymer comprises a
polty(ethylene glycol) polvmer, a poly(ethylene glyveol-co-poly(propylene glyeol) block
copolymer, or a combination thereof

6. The composition of claim | wherein the polvoxyalkylene polymer comprises a
poly(ethylene glvcol) polymer comprising an average number of ethvlene glveol monomer units
in the range of 300 10 1500,

7. The composition of claim | wherein the quaternary ammonium-substituted
polymer comprises a quaternary ammonium-substituted acrylate or methacrylate pelymer.

8. The composition of claim | wherein the poly(vinylpyridine) polymer comprises
poly(d-vinvlpyridine).

9. The composition of claim 1 wherein the poly(vinylpyridine) polymer comprises
poly(2-viaylpyridine}.

10, The composition of ¢laim 1 wherein the polv(vinylpyridine) polymer is a
copolymer comprising at least one vinylpyridine monomer and at least one comonomer selected
from the group consisting of a nonionic menomer and 4 c4tionIc MONOMEY.

11, The composition of claim 1 wherein the at least ong cationic polyiter comprises a
combination of a poly{vinvlpvridine) polymer and & quaternary ammonnm-substituted acrylate

or methacrylate polymer.
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12, The composition of claim { wherein the at least one cationic polvmer comprises a
combination of 10 {0 90 ppm of a poly{vinylpyridine) polvmer and 15 t0 100 ppm ofa
poly(methacrylovloxyethyl trimethvlammoniom hahde) polymer.
13, The composition of claim 1 wherem the agueous carrier comprises detonized

water,

14, The composition of ¢latm | wherein the composition has a pH o the range of 3 to

15,

nitride refative to polysilicon m a chemical-mechanical polishing (CMP) process, the

14

An acidic aqueous polishing composttion suitable for selective removal of silicon

composition comprising:

()  0.05t 5 percent by weight of a patticulate caleined ceria abrasive;

(b} 1510 10,000 ppm of at least one cationic polymer selected from the group
consisting of {a) a poly(vinylpyridine) polymer and (b) a combination of a poly{vinylpyridineg)
polymer and a quaternary ammmonium-substituted polymer;

(¢} 200w 100,000 ppm of a polyoxvalkylene polvmer selected from a poly(ethylene
glveol) polymer, a poly(ethylene glycol)-co-poly{propylene glycol) block copolymer, or a
combination thereof, and

{d}  anaqueous carrier therefor;

wherein the composition has a pH in the range of 3 t0 6.

16, The composition of claim 15 wherem the at least one cationic polymer comprises
a combination of 10 to 90 ppm of a polv{vinylpyridine) pelyimer and 15 to 100 ppm ofa
poly{methacrylovloxvethyl trimethylammonium halide) polymer.

17.  The composition of claim 15 wherein the polv(ethylene glveol) polymer
cowmprises an average number of ethylene glycol monomer units 1w the range of 200 to 2000,

18, A chemical-mechanmcal polishing (CMP) method for polishing a surface of a
substrate, the method comprising abrading the surface of the substrate with a composition of
claim 1, wherein the compaosition, as used, comprises 0.01 to 2 percent by weight of the ceria
abrasive, 10 to 1000 ppm of the at least one cattomic polymer, and optionatly 10 to 2000 ppin of
the polyoxyalkylene polymer.

19, The method of claint 18 wherein the surface of the substrate comprises silicon
nitride, polysilicon, and silicon dioxide,

200 A chemical-mechanical polishing (CMP) method for polishing a surface of a
substrate, the methed comprising abrading the surface of the substrate with a composition of

clatm 135, wherem the composition, as used, comprnises 0.05 10 0.5 percent by weight of the cena
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abrasive, 10 to 100 ppm of the at least one cationic polymer, and optionally 200 to 1000 ppm of
the polvoxyalkylene polymer.

21, The method of claim 20 wherem the surface of the substrate comprises silicon
nitride, polysilicon, and siticon dioxide.

22, A chemical-mechanical polishing (CMP) method for selectively removing silicon
nitride from a sarface of a substrate in prefevence to removal of polystlicon, the method
comprising the steps of:

{a)  contacting a surface of a silicon nitride- and polysilicon-contaiming substrate with
a polishing pad and an acidic aqueous CMP composition; and

(by  causing relative motion between the polishing pad and the substrate while
mamtaiing a portion of the CMP composttion in contact with the surface between the pad and
the substrate for a time periad sufficient to abrade silicon nitride from the surface;

wherein the CMP composition comprises:

{1) (.01 1o 2 percent by weight of a particulate calcined ceria abrasive;

(it} 101to 1000 ppm of at least one cationic polymer selected from the grounp
cousisting of (a) a poly{vinvipyndine) polymer and (b} a combmation of a poly{vinylpyridine)
polymer and a quaternary ammoniun-substityted polymer;

(i) optionally, 10 to 2000 ppm of a polyvoxyalkylene polymer; and

{iv}  anaqueous carrier therefor,

23, The method of claim 22 wherein the at least one cationic polymer of the CMP
composition comprises a combmnation of a poly(vinylpyridine} polviner and a quaternary
ammoniun-substituted polymer.

24, The method of claim 22 wherein the quaternary ammonium-substituted polymer
comprises a quaternary ammontum-substituted acrylate or methacrylate polymer,

25, The method of claim 22 wherein the guaternary ammonium-soubstitated polymer
comprises a poly(methacrviovioxyetbyl rimethylammonium halide) polymer.

26, The method of claim 22 wherein the at teast one cationic polymer of the CMP
composition conprises at least one polymer selected from the group consisting of a poly{2-
vinylpyridine) polymer, a poly(4-vinvipyridine) polymer, and a copolymer comprising at least
one vinyvipyridine monomer and at least one comonomer selected from the group consisting of a
nowionic monemer and a cationic monoemer |

27, The method of claun 22 wherein the polyoxvalkylene polvmer of the CMP
cotaposition conyprises a polv{ethylene glycol) polymer, a polv(ethvlene glvcol)-co-

poly(propyiene glyeol) block copolymer, or a combination thereot.
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28 The method of claim 22 wherein the CMP composition has a pH in the range of 3

to 6.
29, The method of claim 22 wherem the surface of the substrate alse comprises

siticon dioxide.
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