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[0003] Conventional CMP compositions and methods typically are not entirely satisfactory
at planarizing substrates. In particular, CMP polishing compositions and methods can result in
less than desirable polishing rates and high surface defectivity when applied to a substrate.
Because the performance of many substrates is directly associated with obtaining a planar and
defect free surface, it is crucial to use a CMP composition and method that results in a high
polishing efficiency, selectivity, uniformity, and removal rate and leaves a high quality polish
with minimal surface defects.

[0004] Polishing slurries that provide high polishing rates on silicon metal oxides and low
polishing rates on polysilicon, also know as "reverse poly" or "oxide stop on poly" slurries, are
desired. Such slurries are needed in the processing of various integration schemes including
floating gate electrodes. The difficulty in achieving high oxide-to-polysilicon selectivity is
believed to be due to the very facile removal of polysilicon in typical dielectric slurries (for
example: high pH silica-based slurries).

[0005] In conventional polishing slurries containing ceria, the use of low levels (below 0.5
wt. %) of ceria can lead to local areas of overly high removal. This is demonstrated in FIG 1
wherein, on wafer (2), features (1) represent examples of local areas of high removal and each

contour line represents a 10 nm topography change into the wafer. These isolated regions of
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average molecular weight of at least 500 g/mol.

BRIEF DESCRIPTION OF THE DRAWING
[0008] FIG. 1 is a topographical representation of local areas of high removal on a silicon-
containing wafer.
[0009] FIG. 2 is a graph of the removal rate (A /min) versus the measurement point across
the diagonal on a 200 mm diameter silicon dioxide containing wafer with local areas of high
removal, and on a 200 mm diameter silicon dioxide containing wafer with no local areas of high
removal.
[0010] FIG. 3 is a graph of the thickness (A) versus the measurement point across the
diagonal on a 200 mm diameter polysilicon containing wafer polished with a composition
containing no surfactant, a composition containing 150 ppm of a polyoxyethylene alkylphenyl
ether nonionic surfactant, and a composition containing 400 ppm of the polyoxyethylene
alkylphenyl ether nonionic surfactant.
[0011] FIG. 4 is a graph of removal rate (A/min) versus the molecular weight (g/mol) of the

hydrophilic portion of nonionic polyoxyethylene alkylphenyl ether surfactants in a composition

used for polishing a polysilicon containing wafer.
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[0015] The present invention provides methods and compositions for polishing silicon-
containing substrates, which lower and preferably eliminate local areas of higher removal on the
substrate (e.g., provides low levels of pitting, staining, spotting, and the like).
[0016] The present invention is particularly useful for reducing local areas of high removal,
even when the ceria concentration in the CMP slurry is less than 0.5 weight percent of the
composition (wt.%) (e.g., less than 0.2 wt. % or less than 0.1 wt. %) ceria. The concentration of
ceria used is typically greater than 0.005 wt. % (e.g., greater than 0.01 wt. %). Preferably, the
ceria is in a concentration of 0.005 wt. % to 0.5 wt. % (e.g. 0.01 wt. % to 0.1 wt.%).
[0017] The ceria abrasive can have any suitable primary particle size. The primary particle
size desirably is measured by a laser diffraction technique. Typically, the abrasive has an
average primary particle size of 200 nm or less, preferably 180 nm or less (e.g., 160 nm or less,
140 nm or less, or 120 nm or less). Typically the abrasive has an average primary particle size of
at least 10 nm, preferably at least 20 nm (e.g., at least 40 nm, at least 60 nm, or at least 80 nm).
Typically the ceria abrasive has an average primary particle size of between aboﬁth nm and 180
nm (e.g. 40 nm to 120 nm).
[0018] The CMP composition preferably is resistant to particle agglomeration, such that the

average agglomerate particle size is 300 nm or less (e.g., 250 nm or less, or even 200 nm or
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thereof. Polishing additives bearing these functional groups and having a pK, of 4 to 9 include
one or more compounds selected from the group, consisting of an arylamine, an aminoalcohol,
an aliphatic amines, a heterocyclic amine, a hydroxamic acid, an aminocarboxylic acid, a cyclic
monocarboxylic acid, an unsaturated monocarboxylic acid, a substituted phenol, a sulfonamide,
a thiol, and a combination thereof. Preferably, the polishing additive comprises one or more
compounds selected from the group consisting of an arylamine, a heterocyclic amine, an
aminocarboxylic acid, and a combination thereof. Any of the foregoing polishing additives may
exist in the form of a salt, for example a salt selected from the group consisting of hydrochloride
salts, hydrobromide salts, sulfate salts, sulfonate salts, trifluoromethanesulfonate salts, acetate
salts, trifluoroacetate salts, picrate salts, perfluorobutyrate salts, sodium salts, potassium salts,
ammonium salts, halide salts, or the like.

[0021] The arylamine can be any suitable arylamine having a pK, of 4 to 9. Preferably, the
arylamine is a primary arylamine. The arylamine optionally can be substituted with one or more
substituents selected from the group consisting of Cy.1z alkyl, C,.2 alkoxy, C ¢.12 aryl, carboxylic

acid, sulfonic acid, phosphonic acid, hydroxyl, thiol, sulfonamide, acetamide, salts thereof, and
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aminopropionitrile, dicyanodiethylamine, 3-(dimethylamino)propionitrile, salts thereof, and a
combination thereof. The aliphatic amine can also be a hydrazine. Preferably, the hydrazine
comprises one or more compounds selected from the group consisting of hydrazine,
methylhydrazine, tetramethylhydrazine, N,N-diethylhydrazine, phenylhydrazine, N,N-
dimethylhydrazine, trimethylhydrazine, ethylhydrazine, salts thereof (e.g., hydrochloride salts),
and a combination thereof.

[0024] The heterocyclic amine can be any suitable heterocyclic amine having a pK, of 4 to
9, including monocyclic, bicyclic, and tricyclic amines. Typically, the cyclic amine is a 3-, 4-, 5-
or 6-membered cyclic structure comprising one or more nitrogen atoms and one or more other
atoms such as carbon, carbon and oxygen, carbon and sulfur, and the like. Preferably, the cyclic
amine is a 5- or 6-membered cyclic structure. The heterocyclic amine optionally is substituted
by one or more substituents selected from the group consisting of H, OH, COOH, SO;H, PO;H,
Br, Cl, I, F, NO,, hydrazine, a C; g alkyl (optionally substituted with OH, COOH, Br, Cl, I, or
NO,), a Cs.12 aryl (optionally substituted with OH, COOH, Br, I, or NO,), C(O)H, C(O)R (where
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diazabicyclo[5,4,0]undecene-7 (DABCO), hexamethylenetetramine, piperazine, N-

benzoylpiperazine, 1-tosylpiperazine, N-carbethoxypiperazine, 1,2,3-triazole, 1,2,4-triazole, 2-
aminothiazole, pyrrole, pyrrole-2-carboxylic acid and alkyl, halo, or carboxylic acid-substituted
derivatives thereof, 3-pyrroline-2-carboxylic acid, ethylpyrroline, benzylpyrroline,
cyclohexylpyrroline, tolylpyrroline, tetrazole, 5-cyclopropyltetrazole, 5-methyltetrazole, 5-
hydroxytetrazole, 5-phenoxytetrazole, 5-phenyltetrazole, salts thereof, and combinations thereof.
The heterocylic amine also can be an imide, an aminidine, or a barbituric acid compound. For
example, suitable imides include fluorouracil, methylthiouracil, 5,5-diphenylhydantoin, 5,5-
dimethyl-2,4-oxazolidinedione, phthalimide, succinimide, 3,3-methylphenylglutarimide, 3,3-
dimethylsuccinimide, salts thereof, and combinations thereof. Suitable aminidines include
imidazo[2,3-b]thioxazole, hydroxyimidazo[2,3-a)isoindole, salts thereof, and combinations
thereof. Suitable barbituric acids include 5,5-methylphenylbarbituric acid, 1,5,5-
trimethylbarbituric acid, hexobarbital, 5,5-dimethylbarbituric acid, 1,5-dimethyl-5-
phenylbarbituric acid, salts thereof, and combinations thereof.

[0025] The hydroxamic acid can be any suitable hydroxamic acid having a pK; of 4 to 9.
Suitable hydroxamic acids include formohydroxamic acid, acetohydroxamic acid,

benzohydroxamic acid, salicylhydroxamic acid, 2-aminobenzohydroxamic acids, 2-
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Suitable cyclic monocarboxylic acid, compounds include benzoic acid, C;.12-alkyl-substituted
benzoic acids, Cy.12-alkoxy-substituted benzoic acids, naphthalene 2-carboxylic acid,
cyclohexane carboxylic acid, cyclohexyl acetic acid, 2-phenylacetic acid, 4-hydroxybenzoic
acid, 3-hydroxybenzoic acid, 2-piperidinecarboxylic acid, cyclopropanecarboxylic acids (e.g.,
cis- and trans-2-methylcyclopropanecarboxylic acid), salts thereof, and combinations thereof.
Especially preferred polishing additives are 4-hydroxybenzoic acid, cyclohexane carboxylic
acid, benzoic acid, salts thereof, and combinations thereof.
[0028] The unsaturated monocarboxylic acid can be any suitable unsaturated
monocarboxylic acid (e.g., alkenecarboxylic acid) having a pK; of 4 to 9. Typically, the
unsaturated monocarboxylic acid is a Cj.¢-alk-2-enoic acid. Preferably, the unsaturated
monocarboxylic acid comprises one or more compounds selected from the group consisting of a
cinnamic acid, a propenoic acid (e.g., acrylic acid, 3-chloroprop-2-enecarboxylic acid), a

butenoic acid (e.g., crotonic acid, 3-chlorobut-2-enecarboxylic acid, 4-chlorobut-2-
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aryl ( Oﬁ’ltekglﬂ?ole }?SllrﬁU%Bhﬁéftlﬁéih)\Mlﬁggl%late, mercaptoethylamine, N-trimethylcysteine,
glutathione, mercaptoethylepiperidine, diethylaminopropanethiol, salts thereof, and
combinations thereof.
[0032] When the polishing additive is an arylamine, the polishing additive preferably
comprises one or more compounds selected from the group consisting of aniline, anthranilic
acid, an aminophenol, orthaﬁilic acid, salts thereof, and combinations thereof. When the
polishing additive is a heterocyclic amine compound, the polishing additive preferably
comprises one or more compounds selected from the group consisting of imidazole, quinoline,
pyridine, 2-methylpyridine, 2-pyridinecarboxylic acid, a pyridinedicarboxylic acid, 2-
quinolinecarboxylic acid, morpholine, piperazine, a triazole, pyrrole, pyrrole-2-carboxylic acid,
a tetrazole, salts thereof, and combinations thereof. When the polishing additive is an
aminocarboxylic acid compound, the polishing additive preferably comprises one or more
compounds selected from the group consisting of glutamic acid, aspartic acid, cysteine,
histidine, salts thereof, and a combination thereof. When the polishing additive is a cyclic mono-

carboxylic acid compound, the polishing additive preferably comprises one or more compounds
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weight preferably is a number average molecular weight. Compounds having a very high
number average molecular weight may afford a viscosity increase that is detrimental to the
slurry handling, polishing performance and slurry stability. It is therefore preferable to use a
surfactant having a hydrophilic portion with a number average molecular weight below
1,000,000 g/mol (i.€., below 100,000 g/mol, below 50,000 g/mol or below 10,000 g/mol).
[0035] The lipophilic portion of the surfactant can be a silicone-free fragment containing a
hydrocarbon moiety where there are 6 to 30 hydrocarbon units (e.g., 10 to 20 hydrocarbon
units). Preferably, the hydrocarbon moiety is an alkyl group, an alkyl substituted aryl group, an
alkoxy-substituted aryl group, and an aryl-substituted alkyl group or an aryl group.

[0036] In addition, the surfactant can comprise any acetylenic glycol surfactant comprising,
consisting essentially of, or consisting of a tetraalkyldecyne head group and an oxyethylene tail
group, such as 2,4,7,9-tetramethyl-5-decyne-4,7-diol ethoxylate. The surfactant also can be an
amphiphilic nonionic surfactant such as a polyoxyethylene alkyl ether and a polyoxyethylene
alkanoic acid ester, wherein the alkyl portion thereof is a Ce.30alkyl, which can be saturated or

partially unsaturated, and is optionally branched. For example, the amphiphilic nonionic
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al i phat Lﬁy%ipﬁ'fﬁc o§y£'§1t-&§n9§i¥ﬁllgi p%rfi‘&ﬁ (., folyoxyethylene, polyoxyethylene and
polyoxypropylene, or polyoxyethylene and polyethylene, or an alkyl polyglucose, an
ethoxylated ester or diester of an alkyl glucose). The block or graft copolymer can comprise
combinations of the above hydrophilic portions, for example a polydimethicone portion bound
to a polyoxyethylene and a polyoxypropylene copolymer, and the like.
[0039] The surfactant preferably is hydrophilic, as can be determined by the surfactant's
Hydrophilic-Lipophilic Balance (HLB) value. The HLB value is an indication of the solubility
of a surfactant in water and, thus, is related to the wt.% amount of the hydrophilic portion of the
surfactant (e.g., the wt.% amount of ethylene oxide). The surfactant HLB value can be
approximated, in some cases, for nonionic surfactants containing an ethylene oxide group as
being equal to the weight percent (wt.%) amount of the ethylene oxide groups in the surfactant
multiplied by 20, giving a value between 0 and 20. A low HLB value indicates a lipophilic
surfactant (i.e., having a small amount of hydrophilic groups), and a high HLB value indicates a
hydrophilic surfactant (having a high amount of hydrophobic groups). Nonionic surfactants
having an HLB of 10 or greater have been classified to as being "hydrophilic" nonionic

surfactants, whereas nonionic surfactants having an HLB of less than 10 have been classified as
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aryl grou 0036] In.addition, fact an acetyl enic
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can conprise a pol yoxyethylene |lauryl ether, a polyoxyethylene cetyl ether,
a pol yoxGMhslpges. st earyl ether, a polyoxyethylene ol eyl ether, a

pol yoxY(ﬁ)W?»Y' en?hé@&%%x?tya[t?oheof biocide used in the polishing composition is typically in the
range of 1 to 50 ppm, preferably in the range of 10 to 20 ppm, based on the liquid carrier and

any components dissolved or suspended therein. Examples of suitable biocides include an
isothiazolinone biocide. |

[0044] The concentration of anti-foaming agent present in the polishing composition
typically is in the range of 5 to 140 ppm based on the liquid carrier and any components
dissolved or suspended therein. Suitable antifoaming agents include polydimethysiloxane
polymers (polydimethicones), and the like.

[0045] The polishing composition described herein also optionally comprises one or more
metal complexing or sequestering agents. For example these may comprise mono-, di-, tri- and
poly-carboxylic acids (e.g., EDTA and citric acid); mono-, di-, tri-, and poly-phosphonic acids
(e.g., DEQUEST® phosphonic acids, and the like), as well as mono-, di-, tri- and poly-amines.
[0046] The present invention provides methods and compositions for polishing silicon-
containing dielectric materials at a higher removal rate relative to silicon-containing
semiconductor materials. Typical silicon-containing dielectric materials include, for example,

silicon dioxide, boron silicates, phosphorous silicates, borophosphosilicate glass (BPSG),
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t he et hiitheut ligitatéony thagpmpasitians agd preghads of the presen invention are also particularly

useful for polishing substrates comprising germanium.

[0048] Any method of determining the quality of the surface uniformity may be used. For
the purposes of describing the present invention the following measurements will be used,
without limitation. A diagonal removal rate profile is the removal rate profile measured
diagonally across the wafer and can usually be described by a polynomial equation of order 5
and lower as shown in FIG. 2. For example the removal rate of a film can be calculated from the
difference of the thickness before and after polishing using ellipsometry. If there are many
events of local areas of high removal, the polynomial fit is poor as evident by a low least square
correlation (R%). The presence of fewer local areas of high removal improves the correlation.
Thus, the square of the correlation coefficient, RZ, for a 5" order or lower least-square fit of the
diagonal removal profile can be used as a convenient tool to evaluate the surface quality of a
polished wafer. In particular, an R? value of 0.5 (50%) or greater, preferably at least 0.6 (60%)
or more, and preferably at least 0.7 (70%), indicates that the surface of the polished wafer is
relatively free from local areas of overly high removal (e.g., pits, spots, stains, and the like).
[0049] Another effect of local areas of high removal is to increase the within-wafer non-

uniformity; however, this parameter could be largely due to global phenomena such as low



mul tiplied by 20, giving a value between 0 and 20. A | ow HLB val ue

I ndicates a |ipophilic surfactant (i.e., having a small anpbunt of
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use in CWP slurries. [0043] The concentration of biocide used in the
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t
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anti- oam n elpet fo lgv?llsnegnéxalrnrrl)léshﬁ%rtggrl 1|llﬁshtlrartle th%cirrlr\?ecr)x?llo% Ib(l:)lt of course, should not be
construed as in any way limiting its scope.

EXAMPLE 1

[0053] This example demonstrates the effectiveness of compositions of the present invention
for reducing local areas of high removal on PETEOS and polysilicon wafers. In the present
example
[0054] PETEOS (silicon oxide) and polysilicon (poly) wafers (200 mm diameter) were
polished with several CMP compositions of the invention using a conventional CMP apparatus.
The CMP slurries that were evaluated contained 0.1% ceria (100 nm diameter, mean particle
size), 1600 ppm of 2-pyridinecarboxylic acid (polishing additive), and ammonium hydroxide to
adjust the pH to 5. Each slurry also contained a surfactant in the amount shown in Table 1 or
Table 2. A slurry that contained no surfactant was also utilized for comparison purposes. The
polishing parameters used to polish the wafers were as follows: down force pressure in the range
of 20.2 kPa (2.95 psi) to 21.0 kPa (3.05 psi), platen speed 110 rpm, carrier speed 101 rpm, and
flow rate 200 mL/min. An EPIC® D100 (Cabot Microelectronics Corporation, Aurora, IL)
concentrically grooved pad and in sizu conditioning were used on the polishing tool for polishing

the wafers. The wafers were polished for 120 seconds each. The thickness of each wafer was



typically is in the range of 5 to 140 ppm based on the liquid carrier and
any conponents dissol ved or suspended therein. Suitable antifoam ng agents
i ncl ude pwbydiomattsygsi | oxane pol ynmers (pol ydi net hi cones) pCarus2a0am0428ke.
[0045] The polishing conposition described herein also optionally conprises
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1)

mat er i @hen T8Vl el ectric constant ess—b'é.g.,si)on’?\ sjlicon
it ri depsopid IGERAD®ICOS90 (Bivdnséd)i con.| Poly 5.6 Clean

150ppm LEUTENSOL® NP-40 (Invention) | Poly 5.7 Clean

400ppm IGEPAL® CO-890 (Invention) Poly 6.6 Clean

400ppm LEUTENSOL® NP-40 (Invention) | Poly 3.3 Clean

400ppm LEUTENSOL® NP-40 (Invention) | Poly 5.4 Clean

[0055] The results in Table 1 demonstrate that surfactants comprising a lipophilic alkoxy-
substituted aryl group and a hydrophilic polyoxyethylene group having an average mol. wt.
greater than 500 g/mol are effective to reduce localized regions of high polysilicon and PETEOS
removal.

[0056] FIG. 3 shows the loss (pre polish — post polish thickness) profiles of wafers polished
with slurries containing 0, 150 and 400 ppm of IGEPAL® CO-890. The results indicate that
addition of the surfactant smoothed out the profile across the diameter of the wafer. The degree
of smoothness can be quantified by fitting the thickness (y) to the linear position (x) at the 49
measurement points to a second order polynomial expression. The following equations and least
squares fits (i.e., the square of the correlation coefficient expressed as a percentage) were

obtained from the combined data from all wafers at the surfactant levels shown:



Wthout |imtation, the conpositions and nethods of the present invention
are also particularly useful for polishing substrates conprising gernmani um
[ 0048] Amworretomadhisof determ ning the quality of the surfPatasamwvonsity my
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[0059] Clearly the presence of the surfactant in the compositions of the invention lowered

the events of local high removal rates as seen by the reduction in the average pit depth.

EXAMPLE 2
[0060] This example demonstrates the effectiveness of using a composition with a non-ionic
surfactant wherein the hydrophilic portion has a number average molecular weight at least 500
g/mol for polishing silicon wafers at a low polishing rate. PETEOS and polysilicon square
wafers (4 cm?) were polished with several CMP compositions of the invention using a
conventional CMP apparatus. The CMP slurries used were similar to the slurries used for
Example 1 with respect to pH, ceria concentration, and polishing additive. Each slurry also
contained a surfactant in the amount shown in Table 3. The polishing parameters used to polish
the wafers were the same as in Example 1 except that the flow rate was 100 mL/min and the

polish time for polysilicon wafers was 30 seconds. The thickness of each wafer was measured at



[ 0051] When used with the above described substrates, the nethods and
conpositions of the present invention provide within-wafer non-uniformty
val ues prwbepsiiyisbower than 20% (e.g. | ower than 15% oPCirasesooohesl 10%) .
Addi tionally, a dishing nunber of less than 80 nm on a profile of 1 to 5
mm (e.g., less than 50 nm | ess than 286nm or | ess than 10 nm 1s obtained
when t hé egwalhowecedpinisapioss theaner ofithe wafess preeand posi-patishing.sFable 3 glapws the
EXAMPLE T f h ention
but, of oclosglgrgél]ate ﬁ? T:Egkn%}w %ogyséé r}{)vrvg%r ‘Wtﬁ I'h 8&8&4 '!l(% Cro a?mE’E %aHWS scope.
EXAMPL Esirfdc@s3IThe i srage aiohdcalad wwgﬁtomiee}syd&dnﬂuleﬁé elecb lsMﬁtheﬁﬁTﬁﬁle 3.
conpositions of the present invention for reducing |ocal areas of high
removal on PETECS and polysilicon wafers. In the present exanple [0054]
PETECS (silicon oxide) and polysilicon (poly) wafers (200 mm di aneter) were
polished with several CWMP conpositions of the invention using a
conventional CMP apparatus.. The CVMP slurries that were eval uated contai ned
0.1%ceria (100 nmdianmeter, nean particle size), 1600 ppm of

2- pyridi necarboxylic acid (polishing additive), and anmoni um hydroxide to
adjust the pHto 5. Each slurry also contained a surfactant in the anount
shown in Table 1 or Table 2. A slurry that contained no surfactant was al so
utilized for conparison purposes. The polishing paranmeters used to polish
the wafers were as follows: down force pressure in the range of 20.2 kPa
(2.95 psi) to 2 1.0 kPa (3.05 psi), platen speed 110 rpm carrier speed 101
rpom and flow rate 200 mL./mn. An EPIC(r) D OO (Cabot M croel ectronics
Corporation, Aurora, IL) concentrically grooved pad and in situ
conditioning were used on the polishing tool for polishing the wafers. The
waf ers were polished for 120 seconds each. The thickness of each wafer
wasneasured at 49 equal |l y-spaced points across the dianeter of the wafer,
pre- and post-polishing, and the standard deviation of the difference in
total thickness for each wafer, pre- and postpolishing was determ ned. The
percent age of the determ ned standard deviation conpared to the total

t hi ckness difference was then cal cul ated as a neasure of polishing
uniformty. Because, |ocal areas of high renoval appear as spots due to the
refraction of light through silicon
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expres ed Sﬂﬁveﬁtlcﬁbr rpIIGIEBﬁL‘@ C\%QQ bt ned £ A t he
waf er s |at 9'(1henmnyfacmmL®€®d99 shetn: @. Nd7&urfagta3i2y x 0.0238x2 +
2. 54264 +R#ddtion); |HSEPABRD-59250 pgym surfagdoant : |y =560 353x2 - . 081x| +
8583}. 8”/ r(qu-mjior(l))m I@%PAPB%%BTM%”“ Y 248 4397x?2 2-66480 ﬂ44x_ +12%75_ 1.p;
R2 = 9§ 00577 d.l | HTe—nrethods—and—conposi tions_or thirs T nventTon
create (H‘V‘?I‘F‘g‘)f hals XL@CQ 9881 yndifl ol eqdh¥ onsor 238 oselythdhtheit
obt ai ned Wgtnhenaogjo VIGEPABR §0-SOVP ] cé@fpossi t i df00cont ai niXA% no [surfadbant Aas
evi dendegs Gymgahave)i [gha/rRORIC®alrIE [ Wren | he mathod of thas i nyenti o400i S
appl i ed. 15-|_(*3$x§pafan§e5” tpﬂlﬂ@l\ﬁ%gﬁut B he posg;zsp_ol I $hi ngaeurflace ofget he
ent (ol Crigsiyd T RIS ol T TR 21T SRR T )
ot GEeSer1 e otar—afreas Hgr—Tenoval i by
a di shi H:LW&NIF@ LIIIQIP 0ff%%n; at o8 f arge n]!955 os¢ope (]ﬁﬁl\/h 5
profil g sxz(amnpaiﬁam)e PLURDUCPLIE |essd th of 3sach af APNWb4reasur emeo on
waf er s t 1@ rRdcd QPP PMsaf | GEPAlGr) CO 8369 | N[ Tabl e4pd t he
nmeasur g M ROHER 17E£T €S TP @ ppgiiTe[neaj fhefcentefgof The
vafer, 21 (comparative) | PLURONIC® 17R2 | 400 430 2537 320
22 (invention) | PLURONIC® P84 150 1672 2358 80
23 (invention) | PLURONIC® P84 400 1672 2231 40
24 (invention) | PLURONIC® F38 400 3760 2487 140
25 (invention) | PLURONIC® F108 50 11660 2204 60
26 (invention) | PLURONIC® F108 150 11660 2278 60
27 (invention) | PLURONIC® F108 | 400 11660 2130 20
28 (comparative) | SILWET® 7280 150 240 2690 512
29 (comparative) | SILWET® 7280 400 240 2688 522
30 (invention) | SILWET® L7607 150 750 2554 490
31 (invention) | SILWET® L7607 400 750 2607 472
32 (invention) | SILWET® L8600 150 1575 2643 382
33 (invention) | SILWET® L8600 400 1575 2701 302
34 (invention) | SILWET® L-7600 150 3000 2616 320
35 (invention) | SILWET® L-7600 400 3000 2715 284
36 (invention) | SILWET® 7001 150 9000 2362 100
37 (invention) | SILWET® 7001 400 9000 2159 80
38 (comparative) none 0 0 2136 450
39 (comparative) none 0 0 2559 400
40 (comparative) none 0 0 2842 350
41 (comparative) none 0 0 1785 420
42 (comparative) none 0 0 1781 422




refers to a profile near the edge of the wafer, and "mddle" refers to a
profile between the center and edge neasurenents. Table 2: AFM Di shi ng Dat a.
[ 0059] dwarbyw/timsopr esence of the surfactant in the compodisteconss2sf t he
invention |lowered the events of |ocal high renoval rates as seen by the
reduction in the average pit depth. EXAMPLE 2 [0060] This example .
denonst K86tk t Haeakatackomvkabiss arsfplogecin FIGe dnfpand 6 dGn iha plot @A pplashing

ver ont AR RuthsGraE SR L RS e RS RANREE aRVERAR dRleCh 7
rate. PotaRcRn&RdtiPelffesddtisized psHlery&hyRhEpsitioAs sitPilluegites heldrop atremaval rate
several CMP conpositions of the invention usi na@a conventional

CwvP
appar at When thedydphilicnolyeyethydenevpele wéiisereater fhat 5A@ sanek FIG<S isagr]ot of

Example_ L. w th r [ Q J iishi_ng additive.
Each sl él}sﬁqnér%tc?%gﬁ% L}?S}r%%agg’ asf%r ! a@ﬁénwsﬁrﬁ%ﬁsg‘?%ﬂﬁs g’éﬁégméﬁmn Tabl e 3. The
pol i shi pgy@apasmi@lescopsBther Suifadtirsth withedifedear gol yeyethlenesdain lasgths, dadanpl e
1 except that the flow rate was 100 m_/qln and. t he (PIO“Sh time for

pol ysi | Hshatgmthe dooninsemovalgatsnuhere fieapalyryeihvienc srolewt s geselsr that SORe4eel ed
at9 equ C ] 3 iy . %ng ..

post - poﬁnlg%,’?g.é' @g’ﬁgb@&g%ﬁo‘ﬁg E‘SQE%F?Q“EP %lgglﬁ‘gé}gw oréa{ll'gi%n Elgrrkld poln}psl}sllrilgcon
waf er s wgthotylatedpolyidinmethkone odpmil ymegswy faciaotssvigudifffecena polyox Fetbylene chage

nmol ecul ar i ght. of the hydraphile is al g0 shown in Table 3. Table 3:

Pol i shi ﬁagt%tag'g.ﬂ[‘%@ﬁﬂs th,drogdn zempp ahrats siherest SPBIYBP‘ES?@]ISHF HIOI-‘—[‘I ‘t‘i 19ygregfet ng
6. Flgiﬂﬁh560$%ﬂghot of polishing rates on polysilicon wafers using a slurry
conpri sing pofyoxyet hyl ene al kyl phenyl ether surfactants with different

si zed pol yoxyet hyl ene portions and illustrates the drop in renoval rate
when the hydrophilic polyoxyethylene nol. w. is greater that 500 g/nol.
FIG 5 is a plot of polishing rates on polysilicon wafers using a slurry
conpri si ng pol yoxyet hyl enepol yoxypr opyl ene copol ynmer surfactants with

di fferent pol yoxyethyl ene chain lengths, and illustrates the drop in
removal rate where the pol yoxyethylene nol. w. is greater that 500 g/ nol.
Finally, FIG 6 is a plot of the polishing rates on polysilicon wafers
using a slurry conprising ethoxyl ated pol ydi net hi cone copol yner surfactants
with different polyoxyethylene chain |engths, and illustrates the drop in
removal rate where the pol yoxyethylene nol. w. is greater that 500

g/ nol . CLAI M5



1. A chem cal -nechani cal polishing (CW) method for polishing a
silicon-containing substrate, the nethod conprising the steps of: (a)

cont acti /yoaosumfimee of a silicon-containing substrate wcrhisaoogobizghi ng pad
and a CMP conposition conprising; (i) an aqueous carrier, (ii) a ceria
abrasive, (iii) a polishing additive belting a functional group having a
pKa of 4 to 9, and (iv) a non ionic StitkABdSant conprising a hydrophilic

portion and | pophilic porti .wh in the hydrophilic .portion has a
number ‘aver a@éhﬁﬁ}% sfpegha laﬂﬁsr}’é‘?g @é@lpgﬂ?@?c’do%r H?‘Sﬁﬁé‘?%aﬁtﬁ&%%&&%l% he CMWP
conposisubffatake Meddompriding!tBS Stepd & causing rel ative notion between the
pol i shing pad and the substrate while maintaining a portion of the CWP
conposition in cof@ aontagiingha surdacs dfstsiligon-coptaining debsiratd with @ peligbing padh and

t he surf of thei. substrate, thereby polishing the substrate. 2. The CWP
met hod or V¢l ARSI hydrophilic portion has a number average

nol ecul ar wei ght ﬁfarﬂ%@oﬁ{mﬁe@r hi gher. 3. The CWP nethod of claim1l
wherein the polishing additive is a heterocyclic am ne. 4. The CWP net hod
of claim 1 wherei(@)@leripabiagivpng additi ve i s an anminocarboxylic acid. 5.
The CWP net hod of.¢| al - rel el Shd | §.1 ' d om
t he group consi stﬁlﬁgég@séwgéﬁgﬁ%%gﬁngg f%}?l Bﬁglté gﬁi%ir%n)égg b?@%gg&gma%d
acid, a cyclic nofocatidoic sarfactadt comprisivepd hydrophilioportiar doba/lipaphiled d, a
substituted phenol, a. sulfonam de, a.thiol, salts thereof, ?nd Qgﬁ;ﬁ% i ons
thereof . 6. PRHEOINPeizHt hishydrophilic RAMHOMARY 2RYMPFHAVRIAEF Sitirqular ek

conprises a o1 hyl T, : Id.l wherein the
sur f act ant h%@%%%%&%bhﬁﬁpﬁ:&?éilgg%%ﬁv{%%g%ﬁéﬁ%% }?ég?hgl%’ t he range of
8 to 20. 8. The QMlpcasinpodlative mictiom tetwibsartbe polisteng pad @k thasubstrapy whds a

ol yoxyet.hyl ene al kyl her. .. . .
poly ymaln anﬁng a port}/onpor}%ﬂcy bl\/ﬁ; c06mposmon in contact with the substrate to abrade at least a

portion of the surface of the substrate, thereby polishing the substrate.

2. The CMP method of claim 1 wherein the hydrophilic portion has a number average
molecular weight of 1000 g/mol or higher.

3. The CMP method of claim 1 wherein the polishing additive is a heterocyclic amine.

4, The CMP method of claim 1 wherein the polishing additive is an aminocarboxylic acid.
5. The CMP method of claim 1 wherein the polishing additive is selected from the group

consisting of an arylamine, an aliphatic amine, a hydroxamic acid, a cyclic monocarboxylic acid,
an unsaturated monocarboxylic acid, a substituted phenol, a sulfonamide, a thiol, salts thereof,
and combinations thereof.

6. The CMP method of claim 1 wherein the hydrophilic portion comprises a
polyoxyethylene group.

7. The CMP method of claim 1 wherein the surfactant has a hydrophilic-lipophilic balance
(HLB) value in the range of 8 to 20.

8. The CMP method of claim 1 wherein the surfactant comprises a polyoxyethylene
alkylphenyl ether.

9. The CMP method of claim 1 wherein the surfactant comprises a polydimethicone
copolymer.

10.  The CMP method of claim 1 wherein the surfactant comprises a polyoxyethylene-

polyoxypropylene copolymer.
11.  The CMP method of claim 1 wherein the pH is 2 to 7.



9. The CWP nethod of claim1l wherein the surfactant conprises a

pol ydi met hi cone copol yner. 10. The CMP nethod of claim1l wherein the
sur f act anwocompnises a pol yoxyet hyl enepol yoxypr opyl ene @®opaisgoneo4281. The
CWP nmethod of claim1l wherein the pHis 2 to 7.12. The CW nmethod of claim

1 wherein the surfactant is present i n2fhe CWP conposition at a .
concent2at i TheiGMP mesthethefeclaim bwherein e sorfagantip preses. in threCocarnastipnot

claiml wherein the,ceria i.n_the osition is present at a
concep?rcg??eélﬁa@?nﬁl:%ﬁg e.“&ﬁ"@t?@’amg%ﬂﬂ. The CWP nethod of claim 1
wher ei n3t he The (IMP infethdtEo{dViint P {Heltetis iPIhe TCMP cdinpasition ¢epickatit apm of
0.0l wt. %to 0.1 w. % 15. The nethod of claim 1l wherein the ceria

abr asi vendeagatign efRPQyWt.JeitaBAyWiarticl e size of between 10 nmand 180 nm

16. The, met f i i : rl:a.abr as| ; i mary
parti cﬁ‘é’ Si ?@gm&%%ﬁn&fﬂﬁ ﬁ{m?%ﬁﬁ}eﬁﬁ‘%ﬁ%hgi’?&‘e%%@ﬁ?ﬁ? g{? a\??%\g a
pH of Zoventratish GGI0 L Prhits OrigvaRs.aqueous carrier containing a ceria
abrasive, a polishing_additive bearing. a_functional group .having a pKa 4
to 9, and a ethad of glaim d cyherein dbgATiasabirs e IS A SN RTasE ETIPRFY P%Hg]&r%zeap

i poph})gti“;‘eelngtnhp%%d/\/ggg;&hn the hydrophilic portion has a nunber average

nol ecul’ar wei ght 0 g/nmol or higher. 18. The CMP conposition of claim
17 whenéi n tTie methbdof alaim d ovhmréiadke cerjacibyasiwedids \ahawerage pyihpne pyrticletsirerof

poi yeli RERFRRETeabl JhER: 20, The OVP composition of claim 17 wherein the
surfacyant QOARIP SKSpSsiteH NRINES PtloFTeR AUk AT B6ARYMLIAE An GREYUY FBfrier

containing a ceria abrasive, a polishing additive bearing a functional group having a pK, of 4 to

9, and a non ionic surfactant comprising a hydrophilic portion and a lipophilic portion wherein

the hydrophilic portion has a number average molecular weight of 500 g/mol or higher.

18.  The CMP composition of claim 17 wherein the surfactant comprises a polyoxyethylene

alkylphenyl ether.

19.  The CMP composition of claim 17 wherein the surfactant comprises a polydimethicone

copolymer.
20.  The CMP composition of claim 17 wherein the surfactant comprises a polyoxyethylene-

polyoxypropylene copolymer.



