
SILICON POLISHING COMPOSITIONS WITH HIGH RATE AND LOW DEFECTIVITY
BACKGROUND OF THE INVENTION [0001]Silicon wafers used in electronic devices
are typically prepared from a single crystal silicon ingot that is first
sliced into thin wafers using a diamond saw and then ground to remove
surface imperfections arising from the sawing process. The silicon wafers
thereafter typically require a final polishing step to provide surfaces
having very low surface roughness before the silicon wafers are acceptable
for use in electronic devices. 100021Current methods of performing the
Final polishing of silicon wafers often employ polishing compositions that
contain silica as an abrasive in an aqueous carrier and further comprising
additives such as amines or quaternary ammonium salts as polishing rate
enhancers. Conventional polishing compositions for silicon wafers generally
require over 10 minutes of polishing in order to remove 10-20 microns of
silica. [00031Polishing compositions are desired that can be used to polish
silicon more quickly to improve throughput and more effectively utilize
production capacity. It is well known to use amines in Silicon slurries to
increase the removal rate. However, the use of amines in polishing slurries
is accompanied by an increase in particle defects and haze on the
substrate. Further, in view of environmental concerns such as waste water
treatment regulations, the use of amine additives is undesirable,
100041Thus, there is a. need in the art for improved chemical-mechanical
polishing compositions exhibiting a high removal rate, low particle
defects, and low haze. BRIEF SUMMARY OF THE INVENTION 100051The invention
provides a chemical-mechanical polishing composition comprising an
abrasive, a rate accelerator: a polysaccharide, a base, optionally a
surfactant and/or polymer, optionally a reducing agent, and water.
100061The invention particularly provides a chemical-mechanical polishing
composition comprising a) silica, (b) one or more organic carboxylic acids
or salts thereof, (c) one or more polysaccharides selected from the group
consisting of a hydroxyalkylcellutose" carrageenan, and xamhan gum, (d) one
or more bases, (e) optionally one or more surfactants and or polymers, (f)
optionally one or more reducing agents, (g) optionally one or more
biocides, and (h) water, wherein the polishing composition has an alkaline
pH. 100071The chemical-mechanical polishing composition in accordance with
the invention desirably exhibits a high removal rate, low particle
defectivity, and low haze. Moreover, at  least some embodiments of the
polishing composition in accordance with the invention have a low solids
content, thereby being of relatively low cost. 100081The invention further
provides a method of chemically-mechanically polishing a substrate with the
inventive chentical-mechanical polishing composition. Typically, the
substrate comprises silicon. DETAILED DESCRIPTION OF THE INVENTION
100091The invention provides a chemical-mechanical polishing composition
and a method of chemically-mechanically polishing a substrate (e.g.,
silicon wafer), wherein the polishing composition comprises one or more
polysaccharides and one or more rate accelerators. Applicants have found
that conventional amine rate accelerators lead to increased particle
defects and increased haze in polished substrates. [00101In an embodiment,
the chemical-mechanical polishing composition comprises, consists
essentially of, or consists of (a) silica, (b) one or MOM' organic
carboxylic acids or salts thereof, (c) one or more polysaccharides selected
from the group consisting of a hydroxyalkylcellulose, carrageenan, and
xanthan gum, (d) one or more bases, (c) optionally one or more surfactants
and/or polymers, (f) optionally one or more reducing agents, (g) OptiOnany
011e or more biocides, and (h) Water, Wherein the organic carboxyhc acid is
selected from the group consisting of dicarboxylic acids, amino acids,
hydroxy acids, amino-carboxy substituted pyrazine compounds, and
amino-carboxy substituted triazole compounds, and wherein the polishing
composition has an alkaline pH, [OW I]The polishing composition of the
invention desirably exhibits a high removable rate when polishing a
substrate according to a method of the invention. For example, when
polishing silicon wafers in accordance with an embodiment of the invention,
the polishing composition desirably exhibits a removal rate of 500 Ahnill
or higher, preferably 700 Almin or higher; and more preferably 1000 ikimin
or higher. 100121Moreover, the polishing composition of the invention
desirably exhibits low particle defects when polishing a substrate: as
determined by suitable techniques. Particle defects on a substrate polished
with the inventive polishing composition can be determined by any suitable
technique. For example, laser light scattering techniques, such as dark
field normal beam composite (DCN) and dark field oblique beam composite
(DCO), can be used to determine particle defects on polished substrates. A
substrate, especially silicon, polished with the inventive polishing
composition desirably has a DCN value of 4000 counts or less, e.g., 3500
counts or less, 3000 counts or less, 2500 counts or less, 2000 counts or
less, 1500  3 counts or less, of 1000 counts or less. Alternatively, or in
addition, a substrate, especially Si licon, polished with the inventive
polishing composition desirably has a .DC() value of 2000 counts or less,
e.g,, 1500 counts or less, 1000 counts or less, or 500 counts or less..
100131The polishing composition of the invention desirably exhibits a low
.haze when polishing a substrate, as determined by suitable techniques. For
example, dark field, narrow acceptance, normal incidence beam (DNN)
measurement from a laser light scattering technique can be used to measure
haze on polished substrates. A substrate, especially silicon, polished with
the inventive polishing composition desirably has a haze (DNN measurement)
of 0.2 ppm or less, more preferably 0.1 ppm or less, and most .preferably
0.05 ppm or less. [0014.1The chemical-mechanical polishing composition
desirably consists essentially of: (a) silica, (b) one or more organic
carboxylic acids or salts thereof selected from the group consisting of (i)
dicarboxylic acids of the formula: HO2C CR1R2 fl-co2H wherein n is an
integer of 0-8 and each of Ri and R2 is independently selected from the
group consisting of hydrogen, a hydroxy group, and CI-Cr, alkyl groups, or
RI and R2 together f01111 an oxo group, and when n is 2 or more, the bonds
between the CR1R2 groups are independently selected from the group
consisting of single, double, or triple bonds; (ii) amino acids of the
formula: R2 R1 R3 '1'/I)CCO-F1 wherein each of RI, R2, Rs, and R4 is
independently selected from the group consisting of hydrogen, an aminoalkyl
group, a carboxyalkyl group, a hydroxyalkyl group, a -(C'I-12)"- group, and
a ---(0-1--C1-1-), group connecting either RI or R2 with either R3 or R4,
wherein n is an integer of 1-6; (iii) aliphatic hydroxy acids of thrmula
(1): (R3R2R1C)  C091- - wherein n is an integer of 0-8 (i.e,, n is 0, 1, 2,
3, 4, 5, 6, 7, or 8), and each of R -Rs is independently selected from the
group consisting of hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at
least one of R' -R3 is hydrox y or hydroxyalkyl; or aromatic hydroxy acids
of formula (2):  



4 .5(:):DH  wherein n is an integer of 1-5; (iv) carboxy substituted
pyrazine compounds; and (v) carboxy substituted triazole compounds, (c) one
or more polysaccharides selected from the group consisting of a
hydroxyalkylcellulose, carrageenan, and xanthan gum, (d) one or more bases,
(e) optionally one or more surfactants and/or polymers, (f) optionally One
or more reducing agents, (4) optionally one or more biocides, and (h)
water, wherein the polishing composition has an alkaline pH. [00151As
described herein, the polishing compositions are prepared as concentrates
for cost effective shipping and then diluted prior to poliShing. The
polishing composition concentrates can be diluted from 1:1 (e,g., one pan
concentrated slurry to I part water) up to 1:50 or even 1:100 or more.
[00161The abrasive, e.g., metal oxide particles such as silica, can be of
any suitable form, such as wet process metal oxide particles (e.g.,
wet-process silica particles), fumed metal oxide particles (e.g., fumed
silica particles), or combinations thereof. The abrasive preferably is
silica. Wet-process metal oxide (e.g., silica) particles generally are
substantially spherical in shape, while fumed metal oxide (e .g,, silica)
particles generally are chain-like aggregates of primary particles.
100171The silica can be or comprise wet process silica (e.g."
condensation-polymerized or precipitated silica particles).
Condensation-polymerized silica particles typically are prepared by
condensing Si(011)4 to form colloidal particles, where colloidal particles
are defined as having an average particle size between I urn and 1000 mn.
Such silica particles can be prepared in accordance with U.S. Patent
5,230,833 or can be obtained as any of various commercially available
products, such as the Akzo-Nobel Bindzil 50/80 product, the Nalco DVSTS006
product, and the FLISOPL414, PL-1SL, PL-2, PL2L, PL-3, PL-3H, PL-3L, PL-5,
PL-6L, PL-7, PL-7H, PL-10H, PL-SH3 and PL-20 products, as well as other
similar products available from DuPont, Bayer, Applied Research, Silbond,
Nissan Chemical, Clariant, and others. 100181The silica can be or comprise
fumed silica. Fumed silica particles can be produced from volatile
precursors (e,g., silicon halides) in a pyrogenic process by hydrolysis
and/or oxidation of the precursors in a high temperature flame (H2/air or
H2/CH4/air) to  produce the finned silica. The solution containing, the
precursor can be sprayed into a high temperature flame using a droplet
generator, and the metal oxide can then be collected. Typical droplet
generators include bi-fluid atomizers, high-pressure spray nozzles, and
ultrasonic atomizers. Suitable fumed (also known as pyrogenic) silica
particles are commercially available from producers such as Cabot,
Tokuyama, and Evonik Degussa. [00191The silica can have any suitable
average particle size (i.e., average particle diameter). The silica can
have an average particle size of 4 nm or more, 10 urn or more, e.g., 15 am
or more, 20 nm or ITIOre, or 25 rim or more. Alternatively; or in addition,
the silica can have an average particle size of 200 nin or less, 150 mil or
less, 120 run or less, e.g., 110 nn or less, 100 urn or less, 90 DM or
less, 80 um or less, 70 MD or less, 60 urn or less, 50 urn or less, or 40
urn or less. Thus, the silica can have an average particle size bounded by
any two of the above endpoints. For example, the silica can have an average
particle size of 4 am to 200 urn, 10 um to .100 um, 20 urn to 100 nrn, 20
urn to 80 urn, 20 nin to 60 TIM, or 20 nrn to 40 nm, For a non spherical
silica particle, the size of the particle is the diameter of the smallest
sphere that encompasses the particle. The particle size of the silica can
be measured using any suitable technique, for example, using laser
diffraction techniques. Suitable particle size measurement instruments are
available from e.g., Malvern Instruments (Malvern, UK). 100201The polishing
composition can comprise any suitable amount of silica. The concentrated
polishing composition can comprise 20 wt.% or less of silica, e.g.: 15 wt.%
or less, 10 wt.% or less, 8 wt.% or less: 9 wt,% or less, 8 wt.% or less, 7
wt.% or less, 6 wt.% or less, 5 wt.% or less, 4 wt.% or less, 3 wt.% or
less, or 2 wt.% or less of silica. After dilution, the polishing
composition can comprise 0.001 wt.% or more of silica, e.g., 0.01 wt.% or
more: 0.1 wt.% or more, 0.5 wt.% or more, or 1 wt.% or more of silica.
Thus: the polishing composition can comprise silica in an amount bounded by
any two of the above endpoints recited for silica. For example, the
polishing composition can comprise 0.001 wt.% to 20 wt.% of silica, or
0,00i wt.% to 15 wt.%, 0.001 wt.% to 10 wt.%, 0.001 wt.% to 8 wt.%, 0.001
wt.% to 6 wt.%, 0.001 wt.% to 5 wt.% of silica, 0.001 wt.% to 2 wt.%, or
0,05 wt.% to 2 wt.% of silica. hi a preferred embodiment, the polishing
composition comprises, at point of use, between 0,2 wt.% and 0.6 wt.% of
silica. 10021jThe silica particles preferably are colloidally stable in the
inventive polishing composition. The term colloid refers to the suspension
of silica particles in the liquid carrier. Colloidal stability refers to
the maintenance of that suspension through time. In the context of this
invention, an abrasive is considered colloidally stable if, when the
abrasive is placed into a 100 mi.: graduated cylinder and al:lowed to stand
unagitated for a time of 2 hours, the difference between the concentration
of particles in the bottom 50 mL of the graduated cylinder ([8] in terms of
glml.,) and the concentralion of particles in the .top 50 ml., of the
graduated c.ylinder (fri in terms of glmL) divided by the initial
concentration of particles in the abrasive composition [C] in terms of
g/mI.,) is less than or equal to 0.5 (i.e., t[13] [Till[C] < 0.5). More
preferably, the value of [B]-[T]/[C] is less than or equal to 0.3, and MOSt
preferably is less than or equal to 0.1. [00221The inventive polishing
composition comprises a rate enhancer in combination with a polysaccharide.
Sutprisingly, a rate enhancer in combination with a polysaccharide and,
optionally, a polymer or surfactant can provide a chemical-mechanical
polishing composition that exhibits a high rate removal, low particle
defects, and low haze, [00231The rate enhancer desirably is one Or more
organic carboxylic acids_ In an embodiment, the polishing composition
comprises one or more organic carboxylic acids, salts thereof, and/or
hydrates thereof, selected from the group consisting of (i) dicarboxylic
acids, (ii) amino acids, (iii) hydroxy acids, (iv) carboxy substituted
pyrazine compounds, and (v) carboxy substituted triazole compounds. Not
wishing to be bound by any particular theory, it is believed that the
carboxylic acid activates the polishing particle (e. g. silica) or
substrate (e.g. silicon) by forming tn,Tercoordinate compounds (e.g.,
pentacoordinate or hexacoordinate silicon compounds). [00241The polishing
composition can comprise any suitable amount of one or more organic
carboxylic acids. The polishing composition can comprise 0.0005 wt.% or
more of the organic carboxylic acid(s). e.g., (1005 wt.% or more, 0.05 wt.
% or more, 0.5 wt.% or more of the organic carboxylic acid(s).
Alternatively, or in addition, the polishing composition can comprise 2 wt
.% or less of the organic carboxylic acid(s), e.g., 1.5 wt .".10 or less,
1,0 wt.% or less, or 0,5 wt.% or less of the organic carboxylic acid(s).
Thus, the polishing composition can comprise one or more organic carboxylic
acid(s) in a total amount bounded by any two of the aforementioned
endpoints recited for the organic carboxylic acid(s). For example, the
polishing composition can comprise 0.0005 wt.% to 2 wt.%, 0.005 wt.% to 2
wt,%, 0,005 wt.% to 1 wt.%, 0.005 wt.% to 0,05 wt.%, of the organic
carboxylic acid(s). In a preferred embodiment, the polishing composition
comprises less than I wt.% of the organic carboxylic. acid(s).
[0025iSuitable organic carboxylic acids include dicarboxylic acids of the
formula:  WO 2012/030752PCT/US2011/049629         7 H02CR1R2-- -C 2H
wherein n is an integer of 0-8 (i.e., n is 0, I. 2, 3, 4, 5, 6, 7, or 8).
In an embodiment where it is 2 or more (i.e., 2, 3, 4, 5, 6, 7, or 8), the
bond(s) between the CR1R2 groups are independently selected from the group
consisting of single, double, or triple bonds. In preferred embodiments, n
is 0, I, or 2, more preferably n is 1 or 2. [0026]^          In embodiments
where n is 2 or more and the bonds between the CR R" groups are double
bonds, the configuration of the double bonds is (E), (Z), or a mixture
thereof, including a racetnic mixture. Maleic acid is an illustrative
dicarboxylic acid wherein n is 2, and the bond between CR1R2 units is a
double bond having the (Z)-configuration. 10027]Typically, each of R and R"
of the dicarboxylic acid is independently selected from the group
consisting of hydrogen, hydroxy, and ( -C6 alkyls (i.e., methyl, ethyl,
propyl, isopropyl" butyl, isobutyl, sec-butyl, pentyl, isopentyl"wc-pentyl,
eo-pentyl, hexyl, isohexyl, sec-hexyl, and no-hexyl), or RI and R2 together
form an oxo group. In a preferred embodiment, each of R' and R2 of the
dicarboxylie acid is independently selected from the group consisting of
hydrogen, hydroxy, and CI-C.1 alkyl, Or RI and R2 together form an oxo
group. In a particularly preferred embodiment, each of RI and R2 of the
dicarboxylic acid is independently selected from the group consisting of
hydrogen and hydroxy. 100281Non-limiting examples of suitable dicarboxylic
acids include malonic acid, methyl malonic acid, dimethyl malonic acid,
butyl malonic acid, maleic acid, sodium mesooxalate monohydrate, tartaric
acid, malic acid, oxalic acid, and mixtures thereof. 100291In a
particularly preferred embodiment, the dicarboxylic acid is malonic acid or
tartaric acid. [00301Suitable organic carboxylic acids include amino acids
of the formula: R2 R' R3 hr 'CO2H R4 wherein each of 1R1, R. R3, and R4 is
independently selected from the group consisting of hydrogen, an aminoalkyl
group, a carboxyalkyl group, a hydroxyalkyl group, a -(CH2)"-" and group
connecting, either R' or R2 with either R3 or R4, wherein n is an integer
from 1-6. 100311An illustrative amino acid is glycine, wherein each of Ris
hydrogen. 



[00321Fhe aminoalkyl group desirably is an amino Ci-C6 alkyl group (e.g.,
aminomethyl, aminoethyl, aminopropyl, aminobutyl, aminopentyl, or
aminohexyl). An  illustrative amino acid comprising an aminoalkyl
substituent is lysine, wherein one of R1 or :R2 is an aminohutyl group and
the remaining 1 R4 substitutents are hydrogen, 100331The carboxyalkyl group
desirably is a carboxy Cj -C6 alkyl group (e.g., carboxy Me thy!,
carboxyethyl, carboxypropyl, carboxy b tyl, carboxypentyl, or
carboxyhexyl). Illustrative amino acids comprising a carboxyalkyl
substitutent include, for example, aspartic acid and glutamic acid, wherein
one of R1 or R.2 is either carboxymethyl (aspartic acid), or carboxyethyl
(glutamic acid): and the remaining - -R4 substituents are hydrogen Another
illustrative amino acid comprising one or more carboxyalkyl substitutents
is nitrilotriacetic acid: wherein each of R. and R2 are hydrogen and each
of R.' and R4 are carboxymethyl. 100341The hydroxyalkyl group desirably is
a hydroxy C1-C6 alkyl group (e.g., hydroxymethyl, hydroxyethyl,
hydroxypropyl, hydroxybutyl, hydroxypentyl, or hydroxyliexyl). An
illustrative amino acid comprising a hydroxyalkyl substituent is serine,
wherein one of R1 or R2 is hydroxymethvl, and the remaining R1-R4
substituents are hydrogen. Another illustrative amino acid comprising one
or more hydroxyalkyl substitutents is bicine, wherein each of R1 and R2 are
hydrogen and each of R' and R' are hydroxyethyl, [00351^          The amino
acid can be a cyclic amino acid wherein one of R /R- and one of R3/R4 tre
connected via a -(0-1- group, wherein n is an integer of 1-6n is I, 2, 3,
4, 5, or 6), thereby forming an aliphatic hetereocyclic compound, in a
preferred embodiment, n is 4. Pipecolic acids, picolinic acids and prolific
are an illustrative amino acid wherein one of R.1/R2 and one of fe/R4 are
connected via a -(C/I2)4- group or a --(C1-1--C1-0, group. [00361In
accordance with the invention, amino acids can have any suitable
stereochemistry as appropriate (e.g., D-,.1?-,and mixtures thereof,
including racemic mixtures). 100371Suitable organic carboxylic acids
include aliphatic hydroxy acids of the formula 3 2 R R C 02H wherein n is
an integer of 0-8 (i.e., n is 0, I , 2" 4, 5, 6, 7, or 8), and each of R
-R' is independently selected from the group consisting of hydrogen, alkyl,
hydroxy, and hydroxyalkyl, wherein at least one of R1-R-' is hydroxy or
hydroxyalkyl in a preferred embodiment, n of the aliphatic hydroxy acid of
formula ( I) is an integer from 1-3.  9 [0038jThe a.lkyl group of the
aliphatic hydroxy acid of formula (1) is typically a alkyl group (e.g.,
methyl, ethyl, propyl, butyl, pentyl, or hexyl). Typically, the
hydroxyalkyl group of the hydroxy acid of formula (1) is a hydroxy Cr-C.6
alkyl (e.g., hydroxymethyl). In a preferred embodiment the hydroxy acid of
formula (I) is an aliphatic hydroxy acid. Illustrative aliphatic hydroxy
acids of formula (1) include, for example, lactic acid, glycolic acid,
24hydroxybutyric acid, and dimethylolpropionic acid. 100391Suitable
carboxylic acids also include aromatic hydroxy acids of the formula (2):
COOH  wherein n is an integer of 1-5. The aromatic hydroxy acid can have
any suitable substitution pattern (e.g., art/o-, meta-, paro-substituted,
and/or mono-, di-, tri-, tetra-, and penta-substituted). Non-limiting
examples of suitable aromatic hydroxy acids include 3,4,5-
trihydroxybenzoic acid (i.e., gallic acid), 4-hydroxybenz01c acid, 2-
hydroxybenzoic acid (Le." salicylic acid), 2,4-dihydroxybenzoic acid,
2,3-dihydroxybenzoic acid, and 3,4-dihydrobenzoic acid, 100401Suitable
organic carboxylic acids include carboxy substituted pyrazine compounds.
illustrative suitable carboxy substituted pyrazine compounds include, for
example, 3-aminopyrazine-2-carboxylic acid, 5-methyl-2-pyrazine carboxy he
acid, and pyrazine-2-carboxylic acid, illustrative substituents of the
carboxy substituted p)",-razine include linear and branched Cj-C.6 alkyl
groups (e .g., methyl, ethyl, propyl, iso-propyl, butyl, iso-bUtyl,
see-butyl; tert-butyl, pentyl, isopentyl, sec-pentyl, tert-pentyl,
neo-pentyl, hexyl, iso-hexyl, sec-hexyl, fert-hexyl, and neo-hexyl) and
linear and branced C.1-C6 alkoxy groups, and C4-.C10 aryl groups (e.g.,
phenyl, benzyl, naphthyl). The C647.10 aryl groups may be substituted or
unsubstituted, 100411Suitable organic carboxylic acids include carboxy
substituted triazole compounds. Illustrative carboxy substituted triazole
compounds suitable for the present invention include, for example,
3-amino-1 ,2,4-triazole-5-carboxylic acid. Illustrative substituents of the
carboxy substituted triazole compounds include linear and branched C1-(7.6
alkyl groups (e.g., methyl, ethyl, propyl, iso-propyl, butyl, i-butyl,
sec-butyl, tert-butyl, pentyl, isopentyl,sa:-- pentyl, fent-pentyl,
neo-pentyl, hexyl, iso-hexyl, sec-hexyl, tert-hexyl, and neo-hexyl) and  10
linear and branced Ci-C6 alkoxy groups, and C. :-C aryl groups (e.g.,
phenyl, benzyl, naphthyl). The C.6-00 aryl groups may be stibstituted or
utiSubstituted. 100421The polishing composition comprises one or more
polysaccharides (e.g,, modified cellulose ether, or complex carbohydrates)
as a theology modifier. The one or more polysaccharides can be one or more
modified cellulose ethers or one or more complex carbohydrates (e.g., gums
such as xanthan gum, guar gum, karaya gum, carrageenan gum, or pectin, and
sodium hyaluronate). Not wishing to be bound by any particular theory, it
is believed that the polysaccharide enliances the chemical-mechanical
polishing performance of the polishing composition by adsorbing to the
surface of the silicon wafer thereby increasing the polishing activation
barrier between the particle and silicon substrate thereby improving
roughness by polishing the raised areas ("hills") faster than the lower
areas ("valleys") thus reducing roughness, providing a protective barrier
between the particle and substrate that facilitates particle cleaning,
modifying the viscoelastic properties of the polishing system, for example,
by acting as a thickening agent in the composition, improving the
wettability of a polishing substrate,. and/or stabilizing the silica
dispersion of the polishing composition. 100431in an embodiment: the one or
more polysaccharides are selected from the group consisting of
hydroxyalkylcelluloses. carmgeenan, and xanthan gum. In a preferred
embodiment, the polysaccharide is a modified cellulose ether (e .g., a
hydroxyalkylcellulos Illustrative hydroxyalkylcellulose ethers include
methylhydroxyethyl cellulose (HEMC), methylhydroxypropyl cellulose (1 IPM(
hydrOxyethyi cellulose (RE('), methyl cellulose (MC) and hydroxypropyl
cellulose (H PC). 100441In a particularly preferred embodiment, the
hydroxyalkylcellulose is hydroxyethyl cellulose. [00451The polishing
composition can comprise any suitable amount of the one or more
polysaccharides. The polishing composition can comprise 0.0001 wt.% or more
of the polysaccharide(s), e.g., 0.001 wt.% or more, 0,01 wt. % or more of
the polysaccharide(s), or 0.05 wt% or more of the polysaccharide(s).
Alternatively, or in addition, the polishing composition can comprise 0.5
wt.% or less of the polysaccharide(s), e.g.. 0.1 wt.% or less of the
polysaccharide(s), 0.05 wt.% or less, 0_03or less, or 0.02 wi..% or less of
the polysaccharide(s). Thus, the polishing composition can comprise one or
more polysaccharides in a total amount bounded by any two of the
aforementioned endpoints recited for the polysaccharide(s). For example,
the polishing composition can comprise 0.0001 wt,% to 0.5 wt.%, 0.001 wt,%
to 0.1 wt.%, 0.001 wt.% to 0.05 wt,%, 0,001 wt.% to  11 0.003 wt.%, or
0.001 wt.% to 0.002 wt.% of the polvsaccharide(s). In a preferred.
embodiment, the polishing composition comprises, at polish, 0,06 wt,(31,.)
of a polysaccharide (e.r4,, 570-630 ppm). In another preferred embodiment,
the polishing composition comprises 0.0030of a polysaccharide28-32 pint)),
at point of use. [00461The polysaccharide can be of any suitable molecular
weight. For example, when the polysaccharide is a modified cellulose ether
(e.g., FIFIC, HEW:, FIPMC, and HIP(I), the average molecular weight can be
300,000 g/mol or less, e.g., 250,000 gimol or less, 200,000 g/mol or less,
150,000 iilmol or less, 100,000 g/mol or less, of 1 00,000 g/mol or less.
Alternatively, or M addition, the average molecule weight can be 10,000
glmol or more, e,g., 20,000 Onoi or more, 30,000 gimol or more, 50,000
glmol or more, 75,000 Ono or more, or 100,000 g/mol or more. 'Thus, the
molecular weight of the hydroxyethylcellulose can be between any two of the
aforementioned endpoints recited for hydroxyethylcellulose. For example,
the molecular weight of the hydroxyethylcellulose can be 10,000 ternol to
300,000 g/mol, 20,000 glinol to 200,000 g/mol, 50,000 Ono' to 150,000
glmol, 50,000 g/mol. to 100,000 gimol, or 75,000 gimol to 100,000 gfmol. In
a preferred embodiment, the average molecular weight of the
hydroxyethylcellulose is 80,000 Ono! (e,g., 83,000 gimol). [00471When the
polysaccharide is xanthan gum the average molecular weight is 



typically 300,000 gimol. 100481In keeping with the Mvention, the average
molecular weight of carrageenan is such that the polishing composition is
enhanced as described herein. 100491The polishing composition comprises at
least one base. 'The base(s) can be any suitable base(s). In sonic
embodiments, the polishing composition contains at least one base that is
an inorganic base, for example, an alkali metal salt (e.g., potassium
salt). Typically, the one or more bases are selected from the group
consisting of alkali metal hydroxides, alkali metal carbonates, alkali
metal bicarbonates, and borates. As known in the art, suitable alkali
metals include, for example, lithium, sodium, potassium, rubidium, cesium,
and franciurn. [00501In a preferred embodiment, the one or more bases are
selected from the group consisting of potassium hydroxide, potassium
carbonate, and potassium bicarbonate. 100511In a preferred embodiment,
examples of suitable borates include boric acid, potassium borate and di
potassium borate. [00521The polishing composition can comprise any suitable
amount of the base(s), such that the pH of the polishing composition is
alkaline. In particular, the pH of the polishing  compositions is greater
than 7. In a preferred embodiment, the pH of the polishing, composition is
8-12 te.g,, 8-10, 8-11, 9-10, 9-11, or 9- I 2), mt:)re preferably the pH is
9-11 9-10 or 9.5). 100531The polishing composition optionally comprises one
or more surfactants. A typical disadvantage to the presence of surfactants
is often a reduction of the overall removal rate for the silicon StiffaCe .
The absorption of surfactants onto the silicon surface acts to reduce the
contact of the abrasive particles with the silicon at the surface, and
since contact of the abrasive particles with the metal surface is the
primary mechanism by 'vhich the silicon surface is abraded: the removal
rate is reduced, often below useful rates, thereby limiting the usefulness
of surfactants in polishing compositions. However, the presence of one or
more surfactants in the inventive polishing composition advantageously
improves the haze or DC() defectivity, 100541The One or more surfactants
can be present in the polishing, composition in any suitable amount. If the
amount of surfactant(s) is too low, then no advantage is observed with the
addition of the surfactant. If the amount of surfactant( s) is too high,
then a reduction in the removal rate is observed. The amount of the
surfactant(s) can be 0.1 ppm or more, 0.5 ppm Or more, 1 ppm or more, 5 ppm
or more, about 10 pp,m or more, 20 ppm or more, 50 ppm or more, 100 ppm or
more, or 200 ppm or more. Alternatively, or in addition, the amount of the
surfactant(s) can be 1000 ppm or less, 800 ppm or less, 600 ppm or less,
400 ppm or less, or 200 ppm or less. Thus; the polishing composition can
comprise one or more surfactants in a total amount bounded by any two of
the aforementioned endpoints recited for the surfactant(s). For example,
the polishing composition can comprise 10 ppm to 1000 ppm, 20 ppm to 800
ppm, 50 ppm to 400 ppm: or 100 ppm to 200 ppm of the surfitctant(s). In a
preferred embodiment, the amount of the surfactant(s) in the polishing
composition is 5 ppm. In atpreferred embodiment; the amount of the
surfactant(s) in the polishing composition is 150 ppm. In addition,
surfactants can be incorporated with any useful co-solvent. [0055.1The
surfactant(s), when present, can be any suitable surfactant(s). Typically,
the surfactant(s) will be selected from the group consisting of nonionic
surfactants and anionic surfactants. In a preferred embodiment: the
surfitctant is a nonionic surfactant. Illustrative nonionic surfactants
include acetylenic diol surfactants and hydrophobate.d polyethylene glycol
surfactants,  13 100561Illustrative acetylenic clic)l surfactants are the
SURFYNOL products that are commercially available from Air Products. An
example of a SURIPY.NOL' surfactant is SURFY-NOLvm 104 (i.e.,
1,4-diisobuty1-1,4-dimethylbutynediol), which is a nonionic wetting agent
and molecular defoamer available as a waxy solid, a liquid, or a
free-flowing powder. [00571Illustrative hydrophobated polyethelene glycol
surfactants are the 1GEPAL ethoxylated, nonylphenol polyethers available
commercially from Stepan Company. An example of an IGEPAC surfactant is
IGEPAC CO-730, also referred to as nonoxyno1-15 and BRIJ'F'N793 an
ethoxylated cetyl alcohol. [00581Other illustrative nonionic surfactants
include copolymer surfactan comprising siloxane units, ethylene oxide
units, and propylene oxide units. The structure of the aforementioned
copolymer surfactants can be linear, pendant, or trisiloxane type.
Preferred examples of such copolymer surfactants are commercially available
as the SILW ET family of surfactants, with a pendant structure, available
commercially from Momentive Performance Materials, The copolymer surfactant
comprising siloxane units, ethylene oxide units, and propylene oxide units
can have any suitable molecular weight or structure. 100591Suitable
nonionic surfactants also include polymers comprising acrylic esters.
Preferred polymers comprising acrylic esters comprise acrylic ester
monomers substituted on the alcohol component of the ester monomers with
fluorine, e.g., wherein at least one hydrogen atom of the alcohol component
is substituted with fluorine. Preferred examples of such polymers
comprising acrylic esters are commercially available from 3M as TN1 FLUORAD
surfactants. [00601Suitable nonionic surfactants further include linear
polymers of ethylene oxide comprising a perfluorinated alkyl chain at one
terminus and a hydroxyl group or alkyl group at the other terminus.
Preferred examples of such polymers include the ZONY Cm line of surfactants
that are commercially available from DuPont. 100611Suitable nonionic
surfactants additionally include copolymers of ethylenediamine with
ethylene oxide units and propylene oxide units. Preferred examples of such
copolymers include the TETRONIC family of block copolymer surfactants that
are commercially available from BASF. 100621In another preferred
embodiment, the surfactant is an anionic surfactant, especially at least
one selected from a sulfonic acid, sulfate ester, carboxylic acid
surfactant, phosphate and phosphonate or phosphoric acid ester surfactant.
Sulfonate salts having the general formula FI4CI-1,],-$04- are prefimed,
wherein 11 typically is an integer of from 1 to 18,  14 An example of such
an anionic surfactant is sodium dodecyl sulfate(SOS). Some examples of
phosphate surfactants are Zonyl FSE (fluorinated) and Huntsman PP 1198.
100631The polishing composition optionally comprises one or more polymers.
The polymers can be any suitable polymers_ One or more polymers e.g., a
urethane polymer or acry late polymer) typically are included in the
polishing composition to adsorb to the wafer surface or to improve the
rheological properties of the polishing composition. Illustrative polymers
include polyethylene glycol polyurethanes or water-soluble acrylates.
100641Suitable polyethylene glycol polyurethane polymers include, for
example, tbe BORCHI Gel products commercially available from OMG Borchers
GmbH. Illustrative B0RCI-11" Gels include BORCHI" Gel 0024, BORCHr Gel
0434, BORCI-11" Gel WN SOS, BORCHI" Gel USN, and BORCHIII`' Gel PW25, all
of which act as associative thickeners: The BORCH1TM Gels are polyethylene
glycol polyurethane polymers based on the general structure:    wherein the
degree of ethyoxylation and alkvlation, represented by m and n,
respectively, varies. Alternately, the polyurethane structure can be based
on any suitable multifunctional isocyanate such as, for example, toluene
dilsocyanate (TD1), 4,4- methylenebisphenyldiisocyanate (MD1),
hexamethylene diisocyante (1-1D1), FIDI-trimer, and polymeric-MDI. Not
wishing.  to be bound by a particular theory, it is believed that
polyethylene glycol polyurethane polymers, especially the BOIZCI-lem Gels,
adsorbing to the surface of the silicon wafer thereby increasing the
polishing activation barrier between the particle and silicon substrate
thereby improving roughness by polishing the raised areas ("hills") faster
than the lower areas ("valleys') thus reducing roughness, providing a
protective barrier between the particle and substrate that facilitates
particle cleaning, or form a non-covalent network within the polishing
composition, thereby stabilizing viscosity, in particular under high shear
conditions. [00651The polyethylene glycol polyurethane polymers can have
any suitable molecular weight: The molecular weights of BORCH1 Gel 0434,
BORCHI Gel WN 50S, and BORCH14 Gel PW25, as determined by gel permeation
chromatography, range from 10,000 g/mol to 40,000 glmol depending on the
degree of etboxylation and alkylation. 



15 00661BORCI-II" Gel 0024 is a liquid, glycol ether-free, non-ionic
polyurethane based thickener that is used to produce Newtonian flow in the
medium and high shear range. BORCHI" Gel 0024 can be used in combination
with other low-shear thickeners (e.g., BORCHr Gel PW25 or 13ORCHI'm Gel
1LW44,) to modify the thelogical profile of a composition. BORCHI" Gel 0024
has a density of L04- LOS Wcm3 and viscosity of 2,000-10,000 mPa-s, as
measured at 23C. 100671BORCHI" Gel 0434 is a liquid, glycol ether-free,
non-ionic polyurethane-based associative thickener that is free of
solvents, alkylphenol ethoxylate (APED), HAPS (Hazardous Air Pollutants),
and tin compounds, and has a largely Newtonian theological profile, BORCHI-
Gel 0434 forms a non-covalent network within a composition to stabilize
viscosity, in particular at higher shear. BORCH1" Gel 0434 has a density of
1.01-1.05 gem' and a maximum viscosity of 15,000 mPa-s, as measured at 23C.
[00681B0RCH1 Gel 1,75N is a liquid, glycol ether-free, non-ionic
polyurethane-based thickener manufactured using aliphatic isocyanates,
BORCHI" Gel L75N functions as a flow promoter in emulsions and as a
stabilizer in aqueous systems, and improves the theological profile of
emulsion by adsorbing at the surface of dispersed particles. BORCHI'm Gel.'
.75N has a viscosity less than 9,000 inPa-s, as measured at 23C. ZM
[00691Other examples of suitable polymers are the DSX associative thickener
products available from Cognis. The DSX' thickeners, based on polyether and
polyurethane derivatives, are pH-independent and are free of solvents,
alkylphenyl ethoxylates (APE0s), and heavy metals. Not wishing to be bound
by theory, it is believed that the hydrophobic terminal and side groups of
the DSX' thickeners combine to form networks that serve to increase
viscosity of the polishing composition. An illustrative DSX" thickener is
DS-X" 3000 having a density at 25 "C of 1.05 glcm3, a viscosity of
4000-6000 mPa-s, and a solids content of 30%. 100701In some embodiments,
the polishing composition comprises one or more water- soluble acrylate
polymers. A suitable example of a water soluble acrylate is BORCHr Gel A LA
available from OMG Borchers GmbH. BORCHlim Gel A LA has the following
properties: liquid with a viscosity at 20 'C of 25,000-60,000 inPa-s;
non-volatile content 9-11%; pH > 8; and a density at 20 'C of approximately
1.05 g/cms". Other suitable water-soluble aciylate polymers are the A
LCOGUM" L Series products commercially available from AkzoNobel. The
ALCOGUM" L Series products are acrylate-based emulsion copolymers that
serve as theology modifiers to facilitate a reproducible viscosity in the
16 polishing composition. Suitable examples of ALCOGUM L Series products
include ALCOGLIM" L15, L31, and L283. 100711ALCOGUMIM L-15 is an
acrylate-based emulsion c.opolymer supplied at 30% active solids in water
having the following properties: pH of 2.2-3.0; solids of 29-31%; viscosity
of 10,000-15,000 (pH 9_0, NaOH: 25 'V, 10 rpm), 2.5% (dry). [00721ALCOGEThe
L-31 is based on an ethyl acrylatemetbacrylic acid copolymer. ALCOGUM L-283
is an acrylate-based emulsion copolymer supplied at 25% active solids in
water, and is a hydrophobically modified, alkali-soluble emulsion polymer
(e_g., a HAS E thickener). ALCOGUM L-283 has the following properties; pH
4.5-5.5; solids 24-26%; viscosity 30,000-52,000 cPs, 2.0% (dry), (pH 9.0,
NH4011. 25 C, 10 rpm); density at 25 ""C of 1.05 kg/L. [00731In some
embodiments, the polishing composition comprises one or more polymers that
act as a thixotropic agent. An illustrative thixotropic agent is BORCHr Gel
Thixo 2, which is a thixotropic agent and thickener of non-polar/weakly
polar nature. 10074iThe polishing composition optionally comprises one or
more reducing agents. The reducing agent(s) can be any suitable reducing
agent. One or more reducing agents can be included in the polishing
composition to increase removal rate and improve defectivity when using
soft polishing pads and low removal polishing pads (e.g., C1E(IAL" 7355).
Illustrative suitable reducing, agents include sulfite salts, for example,
potassium metabisultite. [00751The one or more reducing agents can be
present in the polishing composition in any suitable amount_ If the amount
of reducing agent(s) is too low, then no advantage is observed with the
addition of the reducing agent. If the amount of reducing agent(s) is too
high, then an increase in substrate haze or a loss of colloidal stability
can be observed. The polishing composition can comprise 0.0001 wt.% or more
of the reducing agent(s), e.g., 0.001 wt.% or more, 0.01 wt,% or more, 0. 1
wt,% or more of the reducing agent(s). Alternatively, or in addition, the
polishing, composition can comprise 0,5 wt.% or less of the reducing
agent(s), e.g., 0,4 wt.% or less, 0.3 wt.% or less, 0.2 wt,% or less, or
0.1 wt.% or less of the reducing agent(s). For example, the polishing
composition can comprise 0.001 wt.% to 0.5 wt.%, 0.01 wt.% to 0.4 wt,%, 0,1
wt.% to 0.3 wt.% of the reducing agent(s). in a preferred embodiment, the
polishing composition comprises, at polish, 0.07 wt.% to 0.15 wt.% of a
reducing agent, especially 0.1 wt, % of a reducing agent (e.g., 975-1025
ppm). In  1.7 another preferred embodiment, the polishing composition
comprises, at polish, 0.02 wt.% to 0.05 wt,% of a reducing agent,
especially 0.04 wt .% at a reducing agent (e.g,, 375425 ppm). 100761The
polishing composition optionally comprises one or more biocides. The
biocide(s) can be any suitable biocide, for example. Dowasil 75, or
1-(3-chloroallyI)-3,5,7- triaza-l-azoniaadamantane chloride. The amount of
biocide in the polishing composition typically is 1 to 500 ppm, preferably
I 0 to 20 ppriA, at point of use. 100771The polishing composition comprises
water. The water is used to facilitate the application of the other
components of the polishing composition to the surface of a suitable
substrate to be polished or planarized. Preferably, the water is deionized
water. The polishing composition can be prepared by any suitable
te.chnique, many of which are known to those skilled in the art. The
polisbing composition can be prepared in a batch or continuous process,
Generally, the polishing composition can be prepared by combining the
components thereof in any order. The term "coMponent" as used herein
includes individual ingredients (e,tz.., silica, organic carboxylic acid,
polysaccharide, optional surfactant andlor polymer, water, etc.) as well as
any combination Of two or more of the ingredients (e.g., silica, organic
carboxylic acid, polysaccharide: optional surfactant and/or polymer, water,
etc.). [00781It will be understood that any of the components of the
polishing composition that are acids, bases, or salts (e.g., organic
carboxylic acid, base, andlor alkali metal carbonate, etc.), when dissolved
in the water of the polishing composition, can exist in dissociated form as
cations and anions. The amounts of such compounds present in the polishing
composition as recited herein will be understood to refer to the weight of
the undissociated compound used in the preparation of the polishing
composition. For example, the weight of an alkali metal carbonate (e.g.,
potassium carbonate), when present, refers to the amount of the salt,
including both potassium and carbonate; as provided by its empirical
formula (e "g,, K2CO3), 100791For example, the organic carboxylic acid(s),
the polysaccharide(s), the base(s), and optionally the surfactant(s) and/or
polymer(s) can be dissolved in water by the addition of the organic
carboxylic acid(s), the polysaccharide(s), the base(s), and optionally the
surfactant(s) and/or polymer(s) to water in any order, or even
simultaneously. The silica then can be added and dispersed by any method
that is capable of' dispersing the silica in the polishing composition. The
polishing composition can be prepared prior to use, with one or more
components, such as the base, added to the polishing composition shortly
before use (e.g., within 1 minute before use, or within 1 hour before use,
or within 7 days before use).  18 The pH can be adjusted at any suitable
time, and is preferably adjusted prior to the addition of the silica to the
polishing composition. Ihe polishing composition also can be prepared by
mixing the components at the surface of the substrate during the polishing
operation, 10080The polishing composition can be in the form of a
concentrate Which is intended to be diluted with an appropriate amount of
water prior to use. For example, the silica, the organic carboxylic
acid(s), the polysaccharidets), the base(s), optionally the surfactant(s)
and/or polymer(s), and any other suitable additives can each be present in
the concentrate in an atTIOUllt that is 2 times (e.g., 5 times.; 10 times,
or 15 times, or 20 times, or 1.(10 times, or even 200 times) greater than
the concentration recited above for each component so that, when the
concentrate is diluted with an equal volume of water (e,g.. 2 equal volumes
water, 5 equal volumes of water, or 10 equal volumes of water, or 15 equal
volumes of water, or 20 equal volumes of water, or 100 equal volumes of
water, or 200 equal volumes of water, respectively), each component will be
present in the polishing composition in an amount within the ranges set
forth above for each component. Furthermore, as will be understood. by
those of ordinary skill in the art, the concentrate can contain an
appropriate fractiOn of the water present in the final polishing
composition in order to ensure that the organic carboxylic acid(s), the
polysaccharide(s), the base(s), optionally the surfactant(s) and/or
polymer(s), and other suitable additives are at least partially or fully
dissolved in the concentrate, preferably fully dissolved in the
concentrate. Unless otherwise specified, the samples are made as
concentrates with the concentrations specified and then are diluted with 19
parts of water per part of slurry by weight. 100811The invention provides a
method of chemical-mechanical polishing a substrate comprising (i.)
contacting a substrate with a polishing pad and the chemical-mechanical
polishing composition as described herein, (ii) moving the polishing pad
relative to the substrate with the chemical-mechanical polishing
composition therebetween, and (iii) abrading at least a portion of the
substrate to polish the substrate. 100821Although the polishing composition
of the invention can be used to polish any substrate, the polishing
composition is particularly useful in the polishing of a substrate
comprising silicon, for example, silicon wafers used in the electronics
industiy. in this regard, the silicon can be undoped silicon, or it can be
p-type silicon doped with boron or aluminum, in addition, the silicon can
be polysilicon. The inventive polishing composition and method of use
thereof are suitable fbr the final polishing of silicon wafers as produced
19 from silicon single crystals by diamond sawing and rough grinding, as
well as for edge polishing of silicon wafers and for use in the reclamation
of silicon wafers by polishing,. 100831Advantageously, silicon substrates
polished using the inventive polishing method exhibit low surface
roughness. Surface roughness (R"), which is defined herein as the
arithmetical mean of deviations from planarity, can be -measured using any
suitable technique. Suitable techniques include stylus profilometry and
optical profilometry, using instruments available from, e.g., Veeco
Instruments (Plainview, NY), as well as atomic force microscopy. Typically,
the inventive polishing method produces a surface roughness on silicon
wafers of 20 or less (e.g,, 14 A or less, or 12 A or less, or 10 A or less,
or even 8 A or less), xvthen measured using an optical profilometer.
100841'The DCN, DCO, and DNN haze measurements were done on a KILA_Tencore 



SP1 at a 120 nm threshold. 100851The polishing method of the invention is
particularly suited for use in conjunction with a chemical-mechanical
polishing apparatus. Typically, the apparatus comprises a platen, which,
when in use, is in motion and has a velocity that results from orbital,
linear, or circular motion, a polishing pad in contact with the platen and
moving with the platen when in motion, and a ctinier that holds a substrate
to be polished by contacting and moving the substrate relative to the
surface of the polishing pad. The polishing of the substrate takes place by
the substrate being placed in contact with the polishing pad and the
polishing composition of the invention, and then the polishing pad moving
relative to the substrate, so as to abrade at least a portion of the
substrate to polish the substrate. 100861A substrate can be polished with
the chemical-mechanical polishing composition with any suitable polishing
pad (e.g., polishing surface). Suitable polishing pads include, for
example, woven and non-woven polishing pads. Moreover, suitable polishing
pads can comprise any suitable polymer of varying density" hardness,
thickness, compressibility, ability to rebound upon compression, and
compression modulus. Suitable polymers include, for example,
polyvinylchlori de, polyvinylfl uoride, nylon, fluorocarbon, polycarbonate,
polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane,
polystyrene, polypropylene, cot ormed products thereof, and mixtures
thereof. Soft polyurethane polishing pads are particularly useful in
conjunction with the inventive polishing method. Typical pads include but
are not limited to SURFIN" 000, SURFIN" SSW1, SPM3100 (commercially
available from for example, Fruitless Technologies), POLITEX1 or Fujibo
POLYPAS" M 27,  WO 2012/030752PCT/US2011/049629 [00871Desirably, the
chemical-mechanical polishing apparatus further comprises an in situ
polishing endpoint detection system, many of which are known in the art.
Techniques for inspecting and monitoring the polishing process by analyzing
light or other radiation reflected from a surface of the substrate being
polished are known in the art. Such methods are described: for example, in
U.S. Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,511 U.S.
Patent 5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent
5,838447, U.S. Patent 5,872,633, U.S. Patent 5,893,796, U.S. Patent
5,949,927, and U.S. Patent 5,964,643. Desirably, the inspection or
monitoring of the progress of the polishing process with respect to a
substrate being polished enables the determination of the polishing
end-point, i.e., the determination of when to terminate the polishing
process with respect to a particular substrate. EXAMPLES [00881These
examples further illustrate the invention but, of course, should not be
construed as in any way limiting its scope, 100891Unless otherwise
specified, the polishing conditions in Examples 1-18 were as follows; a
Planar 472 polisher with 20,3 cm p-doped silicon wafers at 37.9 kPa down
force., 74 rpm table speed, and 150-200 mf../min polishing composition flow
rate. The pH of the polishing composition was adjusted with potassium
hydroxide. All polishing compositions were prepared as concentrates. The
concentrates were diluted for polishing using a weight ratio of 1 part
concentrate to 29 parts water. [00901The following abbreviations are used
throughout the Examples: removal rate (RR); molecular weight (Mw);
hydroxyethyl cellulose (ft E( ); methyl hydroxyethyl cellulose (MeHEC);
malonic acid (MA); tartaric acid (TA); gallic acid (GA); xanthan gum (XG);
carrageenan (( ); lactic acid (LA); pipecolie acid (PA); glycine (Gly );
aspartie acid (Asp); 3- amino-1,2,4-triazole-5-carboxylic acid (AT('A);
sodium dodecyt sulfate (SDS); aminoethylpiperazine (AEP):
dimethylolpropionic acid (DMPA); piperazine. (P); BORCH " Gel (BG); and
COCINIS DSX"43000 (DSX 3000). EXAMPLE 1 [00911Tlhis example demonstrates
that polishing compositions of the invention, which comprise silica, an
organic carboxylic acid, a polysaccharide, a base, optionally a surfactant,
and water, can exhibit good overall substrate polishing properties.
[0092iSilicon substrates were polished using a SURFIN 000 pad commercially
available from Fujimi Corporation under the same conditions with 6
different -polishing  WO 2012/030752PCT/US2011/049629 21 compositions
identified as Polishing Compositions 1A-I F. Each of Polishing Compositions
1A-1F contained (a) 0.2 wt.% Ens PL2 silica particles, at point of use, (b)
the organic carboxylic acid TA or MA in the concentration set forth in
Table 1, (c) the polysaccharide HEC (MW 80,000 glinol) or XG in the
concentration set forth in Table 1, (d) sufficient potassium hydroxide to
provide each polishing composition with a pH as set forth in Table 1, and
(e) water. In addition, Polishing Composition 117 contained a surfactant,
namely SURVYNOC 104, 100931Similar silicon substrates were polished under
the same conditions with 2 other, comparative polishing compositions
identified Polishing Compositions C I and C2. Both Polishing Compositions
Cl and C2 contained 6 wt.% Fuso PL2 silica particles in water (0.2 wt% at
point of use), with sufficient potassium hydroxide to provide each
polishing composition with a pH as set forth in Table 1. Polishing
Composition C 1 did not contain either an organic carboxylic acid or a
polysaccharide. Polishing Composition C2 additionally contained HEC (MW
80,000 glmol), but did not contain an organic carboxylic acid. 10094iThe
substrate removal rate (RR), defectivity (both DCN and DCO), and haze
(.DNN) were determined for each polishing composition, and the results are
summarized in Table I . TABLE I Comp, Carboxylic Acid Polvsaccharide pH. RR
DCN DCO DNN        Haze  12.pial (ppm) 



. Atininl (counts)  (counts)          _  ppa,--- Il         CI none. none
7.6 13 70000 70000 2,779 C2 none HEC (607) 9.8 ' 664 1888 368 0,175 IA  TA
(120)  HEC (607)  8.1  124  11868  3868  0.017 1B TA (8000) 



XCI (607) 9.5 250 1193 1145 0.198 IC MA (5547) XCI (607) 9.4 499 33924 786
0.503 1Di TA 8000) H EC 607) 9.5 1534 7779 2647 0.077 1E TA (8000) HEC
(607) 9.4 1678 3444 524 0.167 I F MA (5547) HEC ((07) 9.5 1631 2918 324
0.094 nilditionnliv r.ontnintal ";7 nnm SI IRFYNOE .1104  [0095iAs is
apparent from the results set forth in Table 1, polishing compositions of
the invention can provide a good balance of substrate removal rate,
defectivity, and haze. EXAMPLE 2 [00961This example demonstrates the effect
of the organic carboxylic acid and polysaccharide concentrations on
substrate removal rate, defectivity, and haze of polishing compositions of
the invention.  WO 2012/030752PCT/US2011/049629 [00971Similar silicon
substrates were polished 'using a SURFIN'im 000 pad commercially available
from Fujimi Corporation under the same conditions with 6 different
polishing compositions identified as Polishing Compositions 2A-2F. Each of
the polishing compositions contained (a) 4 wt.% Fuse P1,2 silica particles,
(b) the organic carboxylic acid MA in the concentration set forth in Table
2, (c) the polysaccharide HEC (MW------ 80,000 glmol) in the concentration
set forth in Table 2, (d) sufficient potassium hydroxide to provide each
polishing composition with a pH as set forth in Table 2, and (e) water. 



[00981The substrate removal rate (RR), defectivity (both DCN and DCO), and
haze (DNN) were determined for each polishing composition, and. the results
are summarized in Table 2, For ease of comparison, the information
concerning Polishing Compositions Cl a C2 from Example 1 is included in
Table 2, TABLE 2 Comp. M A  IIEC p pli. RR  DCN DC()  NN  Haze  f)ptrt)
(ppm)  (Aimin) (counts) (counts)          Cl none none 7.6 13 70000 70000
2.779 C2  none  607 9,8 664  



1888 368  0.175  2A 3540 1007 8.5 0 70000 70000 L982 2B 3540 207 8,2 422
12156 549 0.163 2C 3540 207 9,9 1011 3289 249 0.378 21) 5547 607 9.6 1574
286 266 0.054 2E 7540 207 8,4 1045 40771 3477 0,251 2F 7540 207 9,9 1479
2427 



296 0.289  [00991As is apparent from the results set forth in Table 2,
polishing compositions of the invention can provide a good balance of
substrate removal rate, defectivity, and haze. In particular, higher
amounts of both an organic carboxylic acid, e,g., malonic acid, and a
polysaccharide, e.g., hydroxyethylcellulose, as evidenced by Polishing
Composition 2D, exhibited an improved substrate removal rate, improved
substrate defectivity, and improved substrate haze. EXAMPLE 3 1001001 This
example demonstrates that polishing compositions of the invention, which
comprise silica, an organic carboxylic acid, a polysaccharide, a base,
optionally a surfactant, and water, exhibit good polishing properties.
[001011Similar silicon substrates were polished using a SURFIN'im '000 pad,
commercially available from Fujimi Corporation, under the same conditions
with two polishing. compositions identified as Polishing Compositions 3A
and 3B, which contained (a) either 4%  23 colloidal silica that has been
surface modified with organic agents (Fuso PL2.:, 52 nm diameter) or a
fumed silica (Cabot L90; 90 m2/g, surface area), (b) 5547 ppm .malonic
acid, (c) 607 ppm HEC (MW 80,000(d) potassium hydroxide, and (e) water,
101001The substrate removal rate (RR), defectivity (both :DCN and DC0)" and
haze (DNN) were determined for each polishing composition, and the results
are summarized in Table 3, TABLE 3 Comp, Silica RR DCN DCO DNN      Haze
tAimin) (counts) (counts)       - ;      (ppm)    



3A colloidal 11452 1249 869 0.084 3B  fumed silica 1269  565  706  0.064
101011As is apparent from the results set. forth in Table 3, both colloidal
(wet-process) silica and filmed silica, when included in polishing
compositions of the invention exhibit good substrate removal rates with low
substrate defectivity and good substrate haze. EXAMPLE 4 1101021This
example demonstrates that polishing compositions of the invention, which
comprise silica, an organic carboxylic acid, a polysaccharide, a base, and
water, can exhibit good overall polishing properties, 101.031Similar
silicon substrates were polished using a 5PM3100 polishing pad (under the
same conditions with 4 different polishing compositions identified as
Polishing Compositions 4A-4D. Each of Polishing Compositions 4A4D contained
(a) 4 wt% Faso PL2 silica particles, (b) the organic carboxylic acid
malonic acid, pipecolic acid, glycine, or lactic acid in the concentration
set forth in Table 4, (c) 607 ppm of polysaccharide HEC (MW 80,000 glimol),
(d) sufficient: potassium hydroxide to provide each polishing composition
with a pH as set forth in Table 4, and (e) water, [01041The substrate
removal rate (RR), defectivity (both DCN and DCO), and haze (DNN) were
determined for each polishing composition, and the results are summarized
in Table 4. For ease of comparison, the information concerning Polishing
Composition C2 from Example 1 is included in Table 4.  WO
2012/030752PCT/US2011/049629 24 TABLE 4 Com)  Carboxylic Acid (PPD.11 None
............ )1i  RR Almin  DCN  t.c.gi,m), 1888 DC0  Lc.12111Its)  368 ,
DNN      



Haze C2  9.8 , 664          0.175  none       Dicar )oxylic Acid     4A1 MA
(5547) 9.3 1490 , 3189 26400.115  Amino Acid     4B PA (6880)  9,8  814
16415  6550.107  



4C2  Gly (4000)  9.6  791  11795  5420,101 ,   Hvdtvv Acid     4D
L.A.(4800) 9.1 1080 19277 17910_095  average of 3 runs - - average of 2
runs [01051As is apparent from the results set forth in Table 4, polishing
compositions of the invention can provide a good balance of substrate
removal rate, defectivity, and haze. In particular, the presence of an
organic carboxylic acid, as evidenced by Polishing Compositions 4A-4D,
exhibited an improved substrate removal rate and improved substrate haze,
while maintaining reasonably good substrate defectivity. EXAMPLE 5
[0106jThis example demonstrates polishing compositions of the invention,
which comprise silica, an organic carboxylic acid, a polysaccharide, a
base, optionally a surfactant, and water, can exhibit good overall
polishing properties. 101071Similar silicon substrates were polished using
a POL1TEXTm Reg II polishing pad under the same conditions under the same
condition with 11 different polishing compositions identified as Polishing
Compositions 5A5 K. Each of Polishing Compositions 5A.-5K contained (a) 4
wt.% Fuso PL2 silica particles, (b) the organic carboxylic acid TA or AEP
in the concentration set forth in Table 5, (c) 607ppm polysaccharide HEC
(MW - 100,000 glmot), MeHEC. XG, C, or XCi in the concentration set forth
in Table 5, (d) sufficient potassiuM hydroxide to provide each polishing
composition with a pH as set forth in Table 5, and (e) water.
[01081Polishing Compositions 5A-5C, 5F-511, 5J, and 5K did not contain a
surfactant_ Polishing Compositions 5D, 5E, and 51 further contained 37 ppm
SURFYNOL" 104, 80 ppm 1GEPALTm CO-730, and 37 ppm SURFYNOC 104,
respectively,  WO 2012/030752PCT/US2011/049629 10i991Similar silicon
substrates were polished using a POLITEX Reg II polishing pad under the
same conditions with 2 other, comparative polishing compositions identified
Polishing Compositions C3 and C4. Both Polishing Compositions C3 and C4
contained (a) 4 wt.% FIB() Pl..2 silica particles, (b) no organic
carboxylic acid, (c) 607 ppm 1IFIC (MW 100,000(d) sufficient potassium
hydroxide to provide each polishing composition with a pH as set forth in
Table 5, and (e) water. 101101The substrate removal rate (RR): detectivity
(both DCN and DC0)" and haze (DNA) were determined tbr each polishing
composition, and the results are summarized in Table 5. TABLE 5 Comp,
Carboxylic Carboxylic ( ppm)  pH    RR . , . . (.k / M1 n) DCN  . ( C 0 iA
n tS ) 



DCO  COUMS DNN  A.cid      Haze  Wm),      ippn2)         C.61 none HIEC
607) 9,2 672 29516 477 0.59 C71 none HEC (607) 9.4 767 34201 1146 0.68



5A1 TA (8000) FIEC (607) 9.1 1396 12139 403 0.41  TA (8000) HEC (607)  9,4
1356  9277  330  0.18          5C 5D' 5E TA (8000) TA (8000 TA (8000) MeHEC
607) MeHEC (607) MeHEC (607) 9.3 9 6 9.5 1033 874 63 30199 7036 5243 298
381 3021 0.26 0.11 



0.36         5F TA (3340 X(.3 (14( ) 10.4 403 294 269 0.28 5G  TA 0000)
XG(140)  10,0  618  320  228  0,29  5H TA (800 XG (607) 9.4 506 471 367
0.17 512 TA (8000) XiCi (67) 9.2 386 1593 136 0.16         



Si TA (8000) C(607) 9.3 742 1710 274 0.18 5K AEP (8000) XCi (607) 9,9 4065
45966 52770 6.37  'molecular weight of HEC is 100,000 gimol additionally
contained 37 ppm SURFYNOL" 104 f ' additionally contained 80 ppm 1GEPAL
C0-730 101111As is apparent from the results set forth in Table 5,
polishing compositions of the invention can provide a good balance of
substrate removal rate, defectivitv, and haze. EXAMPLE 6 101121This example
demonstrates polishing compositions of the invention comprising silica, an
organic carboxylic acid, a polysaccharide, a base, optionally a polymer,
and water.  WO 2012/030752PCT/US2011/049629 [Of 13iSimilar silicon
substrates were polished using, a SPM3100 polishing pad under the same
conditions with 5 different polishing compositions identified as Polishing
Composition 6A-6E, Each of Polishing Compositions 6A-6E contained (a) 4
wt.% Fuso PL2 silica particles, (b) 0.55 wt.% malonic acid, (c) 607 ppm HI
C (N,INV eee, 83,000 g/mol), (d) potassit - hydroxide to adjust the pH to
9.6, (e) water, and (f) optionally a polymer, specifically a hydrophobated
polyethylene glycol polyurethane as indicated in Table 6. 101141The
substrate removal rate (RR) and haze (DNN) were determined for each
polishing composition, and the results are summarized in Table 6. TABLE 6
Comp, Polymer (ppm) RR (A/min) DNN  Haze    (ppm). 6A1 none 1497 0.068 613.
DSX 3000 (60) 690 



0.025 6C. DSX 3000 150) 281 0, ) .9 61) DSX 3000 (300) 300 0,01.6 6E2 13G
PW25 150) 733. 0.030  average of 3 runs - average of 4 runs [01151As is
apparent from the results set forth in Table 6, polishing compositions
containing either COGNIS DSX'm 3000 polymer or BORCHr Gel PW25 polymer
exhibited an improved substrate haze as compared to the same polishing
composition without any such polymer. EXAMPLE 7 101161This example
demonstrates polishing compositions of the invention comprising silica, an
organic cattoxylic acid, a polysaccharide, a base, and water. This example
further demonstrates the effect of the molecular weight of the
polysaccharide on the substrate removal rate exhibited by the polishing
composition. [Of 171Similar silicon substrates were polished using a
8PM3100 polishing pad under the same conditions with 3 different polishing
compositions identified as Polishing Compositions 7A-7C. Each of Polishing
Compositions 7A-7C contained (a) 4 wt.% Fuso P1,2 silica particles, (b)
0,55 wt.% malonic acid, (c) 607 ppm HEC having a molecular weight between
83,000 -- 1,300,000 as indicated in Table 7: (d) potassium hydroxide, and
(e) water, 101181The substrate removal rate (RR), defectivity (DC0), and
haze (DNN) were determined for each polishing composition, and the results
are summarized in Table 7.  WO 2012/030752PCT/US2011/049629 TABLE 7 Com)  .
AveraRe MW ofs HEC 83,000 250,000 RR .,2k /min  DC..0  (c911.klt)  486 317
.DNN     Haze 7A 713  911 731 



.-.in     0,042 0.036 7C 1,300,000 662 412 0.038  [0119]As is apparent from
the results set forth in Table 7, the polishing composition containing HEC
having an average molecular weight of 83,000 gimol exhibited a higher
removal rate than similar polishing compositions containing HEC having
higher molecular weights. EXAMPLE 8 [0120iThis example demonstrates
polishing compositions of the invention comprising silica, an organic
carboxylic acid, a polysaccharide, a base, and water. [0121]Similar silicon
substrates were polished using a SPM3100 polishing pad under the same
conditions with 8 different polishing compositions identified as Polishing
Compositions 8A.8 H. Each of Polishing Compositions 8A-8H contained (a) 4
wt.% Fuso PI,2 silica particles, (b) an organic carboxylic acid in a
concentration set forth in Table 8, (c) 607 ppm HEC (MW 83,000 gfmol), (d)
potassium hydroxide, and (e) water. [0122]The substrate removal rate (RR):
defectivity (DCO), and haze ([)NN) were determined fof each polishing
composition, and the results are summarized in Table S. TABLE 8 Comp,
Carboxylic Acid (wt, *,..0) RR (A/min) DCO DONN     Haze    . - (counts)
ppni 82 8B  &carboxylic acid  maionic acid (0,55) methyl maionic acid
(0.62)  



744 936  997 875  0.075 0.290 8C  dimethvi malonic acid (0.70)  913  681
0,060 8D butyl malonic acid (0.85) 1040 1 100 0.063 8E 2-butyl malonic acid
(0.85) 869 939 0.058 8F sodium mesooxalate monohydrate (0.96) 939 779 0.057
hydroxy acid   . 8G DMPA (0.71) 372 544 0.019  'I ' - 10-COr. :',T
,SltbSiiiifiei trazmne         81/4 ATCA (0,68) 609 



277 0.036  WO 2012/030752PCT/US2011/049629 [0123jAs is apparent from the
results set forth in Table 8, polishing compositions of the invention can
provide a good balance of substrate removal rate, defectivity, and haze,
EXAMPLE 9 101241This example demonstrates polishing compositions of the
invention comprising silica, an organic carboxylic acid, a polysaccharide,
a base, optit-mally a polymer, and water. This example further demonstrates
the effect of a polymer (e.g., BU PW25) and base concentration on substrate
removal rate: detectivity, and haze exhibited bythe polishing composition.
1101251Similar silicon substrates were polished using a SPN43100 polishing
pad under the same conditions with 5 different polishing compositions
identified as Polishing Compositions 9A-9E. Each of Polishing Compositions
9A-9E contained (a) either 4 wt.% or 5 wt.% Fuso PL2 silica particles, (b)
either 0.55 wt,% malonic acid (MA) or 0.68 wt,% 3-amino-1,2,4-
triazole-5-carboxylic acid (ATCA), (c) 607 ppm H EC. (MW 80,000 g/mol), (d)
potassium hydroxide in the amount indicated in Table 9, and (e) water,
Polishing Compositions 9B-E additionally contained 150 ppm of BORCHI Gel PW
25 as a hydrophobated polyethylene glycol polyurethane. 10.1261The
substrate removal rate (RR), defectivity (and haze (DNN) were determined
for each polishing composition, and the results are summarized in Table 9.
TABLE 9  Silica Carboxylic .- KOH BG PW25 .,. RR (Aimin) DCO DNN
Haze  ..., (-wt,%) .Acid .Comp,. ; (-wt. %) .- (ppm)  . (counts),       



. .        (ppm)   9A 4 MA 0.75 0 939 1399 0,067 9B 4 ATCA 0,46 150 753
3251 0.054 9C  S  KFCA.  0.46 150  930  2366  0..057  90. 4 .ATCA 0.54 1.50
904 1306 0083 9E 5ATCA 0,54 150 950 



4227 0.080  101271As is apparent by the rest Its set forth in Table 9,
polishing compositions of the invention can provide a good balance of
substrate removal rate, defectivity, and haze. EXAMPLE 10 101281This
example demonstrates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polysaccharide, a base,
optionally a polymer, and water exhibit good polishing properties_
101291Similar silicon substrates were polished using a SPM3100 polishing
pad under the same conditions with 10 polishing compositions identified as
Polishing Compositions 10A-  10,1. Each of Polishing Compositions 10A-10J
contained (a) 4 wt .% Fuso PL2 silica particles, (b) either malonic acid or
dimethylolpropionic acid in the concentration set forth in Table 10, (c)
607 ppm HEC (M.W - 80,000 almol), (d) potassium hydroxide in a
concentration set forth in Table 10, and (e) water. Polishing Compositions
1013-101 further contained 150 ppm BORCH1 PW25 as a hydrophobated
polyethylene glycol polyurethane P lymer. 101301The substrate removal rate
(RR): detectivity (DCO), and haze (DNN) were determined for each polishing
composition, and the results are summarized in Table 10. TABLE 10 Comp.. %
Solids  K . H Wt. %) RR D CO DNN  Haze Ha   ,-,,,A.,.  ,... mm) (counts)
.. . , _,- wisnu,        10A1 4  



0 (MA)2 0,75 1488  746  0,077  101B 4 0,7 0,46 809 3209 0,083 10C 4 0.7
0.66 135 1527 0.102 IOD 10E 4 4. 1,1 LI 0,46 0..66 747 88 1017 1954 0,076
0.047 1.0F 10Ci 4.5 5 0.9 0.7 0,56 0,66 194. 102 1373 1599 0,092 0.077 1.0H
5 



0,7 0,46 875  1293  0,064  101  5  1,1. 0,66  163  205.3  0...038  10J 5
1.1 0.46 1005 1868 0.092  did not contain BORCH1 Gel PW25 - contained MA
(0.55 wt.%) instead of DMPA 101311As is apparent by the results set forth
in Table 10, polishing compositions of the invention can provide a good
balance of substrate removal rate, defectivitv, arid haze. EXAMPLE 11
101321This example demonstrates that polishing, compositions of the
invention comprising silica, an organic carboxylic acid, a polysaccharide,
a base, optionally a polymer, and water exhibit good polishing properties.
101331Similar silicon substrates were polished using a SPM3100 polishing
pad under the same conditions with 7 polishing compositions identified as
Polishing Compositions 11A-  IG. Each of Polishing Compositions 11A-I1G
contained (a) 4 wt.% Fuso PL2 silica particles, (b) either malonic acid
(MA), aspartic acid (Asp), bicine, or 3-aminopyrazine-2- carboxylic acid in
the concentration set forth in Table 11, (c) 607 ppm 11 EC. (MW 80.000 (d)
0,55 wt.% potassium hydroxide, and (e) water, Polishing Compositions
11B-11F  WO 2012/030752PCT/US2011/049629 30 additionally contained 150 ppm
BORCHI'm Gel PW25. The pH was adjusted to 0.6 with KOH. 101341The substrate
removal rate (RR), defectivity (DCO), and haze (DNN) were determined for
each polishin,g composition, and the results are summarized in Table 11.
TABLE 11 Carboxylic Acid Comp. KOH (wt)) , RR  (A /min) DCO counts) DNN
Haze wt .,% 



t ppm )  11A L2MA (0.55) 0.55 1074 1106 0.045 1 I BAsp (0.71) 0.71 788 1085
0.036 11Cbicine (0.87) 0.87 884 1264 0,038 Iii)bicine (0.87) 0.87 , 728
1366 0.036 I 1Ebicine127) 1.27 940 1303 0.038 11Fbicine (1.27)  1,27  1117
1242  0.043  3-aminopyrazine-2- 11(1 carboxylic acid (0.74) 0.68 878 1375
0.036 average of 4 rims - 



- did not contain BORCHIPW25 101351As is apparent by the results set forth
in Table 11, polishing compositions of the invention can provide a good
balance of substrate removal rate, defectivity, and haze. EXAMPLE 12
101361This example demonstrates that polishing compositions of the
invention comprising silica, an organic carboxylic acid, a polysaccharide,
a base, optionally a surfact, t or polymer, and water exhibit good
polishing properties, 101371Similar silicon substrates were polished using-
a SPM3100 polishing pad under the same conditions with 9 polishing
compositions identified as Polishing Compositions 12A-12H, Each of
Polishing Compositions 12A-12H contained (a) 4 wt,% FUSO PL2 silica
particles, (b) 0.55 w-043, malonic acid, (c) 607 ppm HEC (MW eee, 80,000
g/mol): (d) 0.75 o,s,,t.% KOH, (e) water, and (1) optionally a polymer or
surfactant as set forth in Table 12, 101381The substrate removal rate (RR),
defectivity (DC0), and haze (DNN) were determined for each polishing
composition, and the results are summarized in 1able 12.  WO
2012/030752PCT/US2011/049629 TABLE 12 Comp. Polymer (150 ppm). RR ..Atm in)
D CO  (counts). .NN. D     Haze     .-..m. 12.A none 1035 1157 0.087 1.2B
DSX 3000 472 2028 0.025 1.2C BO 1?..W.25 488 1491 0.024 12D BO 0024 658 1..
88 0,032 



12E  BG L75  409  1758  0.025 12F 130 WN5OS 250 1378. 0.020 120  BO A LA.
622  794  0.045 12H BG Thixo 2 788 1140 0.051  average of 2 runs [0139]As
is apparent by the results set forth in Table 12, polishing compositions of
the invention can provide a good balance of substrate removal rate,
defectivity, and haze. EXAMPLE 13 [01401This example demonstrates that
polishing compositions of the invention comprising silica, an organic
carboxylic acid, a polysaccharide., a base, a polymer, and water exhibit
good polishing properties. This example also demonstrates the effect of
polysaccharide, base, and polymer concentrations on substrate removal rate,
defectivitv, and haze. 101411Similar silicon substrates were polished using
a SPM3100 polishing pad under the same conditions with 10 polishing
compositions identified as Polishing Compositions 13A133. Each of Polishing
Compositions 13A-13.1 contained (a) 4 wt.% Fuse PL2 silica particles, (b)
0.55 wt.% malonic acid, (c) EFEC in the concentration set forth in Table
13, (d) potassium hydroxide in the concentration set forth in 'Table 13,
(e) BORCHlim Gel PW25 in the concentration set forth in Table 13, and (f)
water. [0142]The substrate removal rate (RR): defectivity (DCO), and haze
(DNN) were determined thr each polishing composition, and the FC$111tS are
summarized in Table 13.  WO 2012/030752PCT/US2011/049629 TABLE 13 C...np.
.HEC Won 207 ... KOH .(wl.%) .BG PW25  :(poluf 0   R.R .2'1_1 911 DCO  ..
Lcomtits)  .4533 



DNN       Haze 13.A  0.033    ...       0,073 13B 1.3C 207 207 0,043 0,033
0 300, 15.13 355 5061 1273 0.103 0.020. 13D 207 0.043 300 887 1332 0..040
13Ei.  607  0.038  150  868  1104  



0,030. 13F 1007 0,033 0 330 2068 0.024 13G  1007 0,033 300  280  1550
0.017  13H 1007 0.038 300 671 .1226 0,024. 131 1007 i 0.043 300 444 1015
0.026 11.1  1007 0,043   0    751 1145  0.024   average of 2 runs [01431As
is apparent by the results set thrth in Table 13, polishing compositions of
the invention can provide a good balance of substrate removal rate,
defectivity, and haze. EXAMPLE 14 [01441This example demonstrates that
polishing compositions of the invention comprising silica, an organic
carboxylic acid: a polysaccharide, a base, a surfactant or polymer, and
water exhibit good polishing properties. This example also demonstrates the
effect of surfactant concentration on substrate removal rate, defectivity,
and haze. 101451Similar silicon substrates were polished using a SPM3100
polishing pad under the same conditions with 8 polishing compositions
identified as Polishing Compositions 14A-14H. Each of Polishing
Compositions 14A-14H contained (a) 4 wt.% Fuso PL2 silica particles, (b)
0,55 wt.% inalonic acid, (c) 607 ppm RFC (MW 80,000 gimor), (d) 0.75 wt
.'1",;) :KOH, (e) BORCHI" Gel PW25 in the concentration set forth in Table
14, and (1) water. 101461The substrate removal rate (RR), defe,ctivity
(DCO), and haze (DNN) were determined for each polishing composition, and
the results are summarized in Table 14. 



WO 2012/030752PCT/US2011/049629 33 TABLE 14 Comp, 1. BG PW25 (ppm) RR
(Aimin) DO (counts) DNN Haze (ppm) !4A 0 1349 913 0.067 14B' 60 1103 1006
0,057 14d 90 1065 860 0.052 14D' 120 1014 949 0.048 14E3 150 1020 1163
0.047 14F  180  858  909  0,039  14G 210 748 943 0.036 14H 240 728 961 



0.037   average of 3 run - average of 2 runs average of 7 runs [01471As is
apparent by the results set forth in Table 14, Polishing Composition 14A,
which did not contain any BORCHr Gel PW25 polymer, exhibited a high
substrate removal rate, suitable substrate defectivity, and low substrate
haze. Polishing Compositions 14B-14H, which contained BORCHI'm Gel PW25
polymer exhibited improved substrate haze, with suitable substrate removal
rates and defectivities, as compared to Polishing Composition 14A under
these polishing conditions. EXAMPLE 15 101481This example demonstrates that
polishing compositions of the invention comprising silica, an organic
carboxylic acid: a polysaccharide, a base, a polymer, and rvater exhibit
good polishing properties. This also example demonstrates the effect of
surfactant and polymer concentration on substrate removal rate,
defectivity, and haze. 100102ISimilar silicon substrates were polished
using a 5PM3100 polishing pad under the same conditions with 7 polishing
compositions identified as Polishing Compositions 15A 15G. Each of
Polishing Compositions 15A-15G contained (a) 4 wt.% Fuso PL2 silica
particles, (b) 0.55 wt.% malonic acid, (c) 607 ppm HEC (MW 80,000 glmol),
(d) 0.75 wt.% KOH, (e) water, and (1) optionally a polymer in the
concentration set forth in Table 15, 101491The substrate removal rate (RR),
defectivity (DC0), and haze (DNN) were determined for each polishing
composition, and the results are summarized in Table 15.  WO
2012/030752PCT/US2011/049629 34 TABLE 15 Ci-Ep_. Polymer (p pm) RR 'A/min
DO C  DNN     1-Iaze     (counts.)        m) 15A tone 1132 9749 0,088 158
80 WN50S (SO) 947 4029 0.068 15C BG WN5OS (100) 703 



1856 0.055 15D 130 WN5OS (150) 314 1129 0.018 15E  60 A LA (150)  1234
9127  0.100  15F 130 ALA (250) 1190 1153 0.096 150 130 A LA (400) 11 85 758
0.084  [01501As is apparent- by the results set ffirth M Table 15,
Polishing Composition 15A, which did not contain any polymer, exhibited a
suitable substrate removal rate and good substrate haze. In contrast,
Polishing Compositions 15B-15D comprising BORC1-117 Gel WN5OS exhibited
improved substrate defectivity and haze as compared to Polishing
Composition 15A under these polishing conditions. Moreover, Polishing
Compositions 15E150 comprising BORCHr Gel A LA exhibited improved substrate
removal rates and defectivity, with suitable substrate haze, as compared to
Polishing Composition I 5A under these polishing conditions. EXAMPLE 16
[0151]This example demonstrates that polishing compositions of the
invention comprising silica, an organic carboxylic acid, a polysaccharide,
a base, a polymer, and water exhibit- good polishing properties.
[01521Similar silicon substrates were polished using a SPM3100 polishing
pad under the same conditions with 5 polishing compositions identified as
Polishing Compositions 16A-16E. Each of Polishing Compositions 16A-16E
contained (a) 4 wt.% Fuso PL2 silica particles, (b) 0.55 wt.% malonic acid,
(c) 607 ppm HEC (MW 80,000 g/mol), (d) 0.75 wt.% KOH, (e) water, and (1)
optionally a polymer in the concentration set forth in Table 16. [01531The
substrate removal rate (RR), defectivity (DCO), and haze (DNN) were
determined for each polishing composition, and the results are summarized
in Table 16.  WO 2012/030752PCT/US2011/049629 35 TABLE 16 Com )Prrn  R
'Aimin ) DC'0  -- (counts)  DNN    Haze    



in 16Anone 1385 1024 0.062 168180 PW25 '150) 971 1133 0.039 16Ci
LCOGUM2830(l0 1577 1487 0.062 161)ALCOGUM'm L15 (150) 1552 710 0.061
16EALCOGUNC L31 (150)  1567  1067  0.062   average of 3 runs [0154]As is
apparent by the results set forth in Table 16, Polishing Composition 16A,
which did not contain a polymer, exhibited a suitable substrate removal
rate, defectivity, and haze. In contrast, Polishing Composition 168
comprising a polyethylene glycol polyurethane exhibited an improved
substrate haze, with a suitable substrate removal rate and defectivity, as
compared to Polishing Composition 16A under these polishing conditions.
Moreover, Polishing Compositions 16C-16E comprising water soluble acrylate
polymers exhibited improved substrate removal rates: with suitable
substrate defectivities, and haze, as compared to Polishing Composition 16A
under these polishing conditions. EXAMPLE 17 [0155]This example
demonstrates that polishing compositions of the invention comprising
silica, an organic carboxylic acid, a polysaccharide, a base, a surfactant
or polymer, and water exhibit good polishing properties. This example also
demonstrates the effect of polymer concentrations on substrate removal
rate, defectivity, and haze. 101561Similar silicon substrates were polished
using a SPM3100 polishing pad under the same conditions with 10 polishing
compositions identified as Polishing Compositions 17A17.1. Each of
Polishing Compositions contained (a) 4 wl.% Fuso Pl.:2 silica particles,
(h) 0.55     0 malonic acid, (c) 607 ppm HEC (MW----- 80,000 gimol), (d)
0,75 wt.% KOH, (e) water, and (f) optionally a polymer in the concentration
set forth in Table 17. [01571The substrate removal rate (RR): detectivity
(DCO), and haze (DNN) were determined for each polishing composition, The
results are summarized in Table 17.  WO 2012/030752PCT/US2011/049629 36
TABLE 17 Comp.  lv Pomer (ppm)  RR (A/min)  DCO (counts)  DNN Haze
(im), 17A 



none 1331 925 0,050 178 13(3 PW25 (150) 778 1081 0.033 17C BG WNSOS 75) 897
958 0.033 17D 80 WN5OS (100) 403 1318 0,022 17E BG MiN5OS (125) 148 1978
0.022 17F  BG A LA (400)  1340  856  0.041  170 80 A LA (800) 1340 1006
0.040 1711  130 A LA (1600)  1338  923 0.040  171 BG 0434 (210) 616 1125
0.026 17,1 86 0434 (250) 529 1202 0.025 



[01581As is apparent by the results set forth in Table 17, substrates
polished with a polishing composition comprising either a surfactant or
polymer (e.g., BG urethane or B(3 acrylate) had decreased substrate haze
under these polishing conditions as compared to substrates polished with a
polishing composition that did not contain such an additional additive.
EXAMPLE 18 10.! 591This example demonstrates that polishing compositions of
the invention comprising silica, an organic carboxylic acid, a
polysaccharide, a base, optionally a reducing agent, and water exhibit good
polishing properties. E00103]Similar silicon substrates were polished under
the same conditions using a CIEGALiM 7355 pad with 7 different polishing
compositions identified as Polishing Compositions 18A-18G. Each of
Polishing compositions 18A-1 8F contained (a) 4 wt.% Fuso PL2 silica
particles, (b) either MA or gallic acid in the concentration set forth in
Table 18, (c) 607 ppm of the polysaccharide ifEC (11/1\V 80,000 g/mol), (d)
potassium hydroxide in the concentration set forth in Table 18, and (e)
water. In addition, Polishing Compositions 18B-180 also contained either
potassium bicarbonate or potassium metabisulfite in the concentration set
forth in Table 18. [01601The substrate removal rate (RR), defectivity
(DCO), and haze (DNN) haze were determined for each polishing composition,
and the results 111 summarized in Table 18.  WO
2012/030752PCT/US2011/049629 TABLE 18. Com )  Acid (wt.%) KOH (wt. %1 KHCOI
(wt, `?/;)) KHS01 (.wt,,/) RR , 1min) DCO  'cLL9.1 ONN        Haze
mil       



-- 0.036 18A MA (0.55) 0,76 0 0 39 2181  188 MA (01 7) ) 0.32 0.170 30 1712
0.015 18C MA (0,55) 0.76 00.13 371 1011 0.035 181) NIA (0.55) 0,76 0 0.04
218 1006 0.015 1 E  GA (0 64)  0.58  0.17  0  600  1089  0.035  18F GA ((4)
0.74 0.210 520 *716 0.019 18G 



GA (0.64) 0,72 0,170 476 1258 0,032  [01611As is apparent from the results
set forth in Table 18. polishing compositions of the invention can provide
a good balance of substrate removal rate, defectivity, and haze.  38 CLAIMS
1.A chemical-mechanical polishing composition consisting essentially of:
(a) silica,  (b) one or more organic carboxylic acids, salts, or hydrates
thereof selected from the group consisting of (i) dicarboxylic acids of the
formula: HO2C- CR1R2 CO2H wherein n is an integer of 0-8 and each of R and
R2 is independently selected from the group consisting of hydrogen, a
hydroxyl group and CI-C- alkyl groups or RI and R2 together form an oxo
group, and when n is 2 or more, the bonds between the CR-R- groups are
independently selected from the group consisting of single, double, or
triple bonds; (ii) amino acids of the formula: R2 RI R3,NCO2H F R4 wherein
each of R', R2, R3, and R4 is independently selected from the group
consisting of hydrogen: an aminoalkyl group, a carboxyalkyl group, a
hydroxyalkyl group, a --(CF12,)"- group, and (C11:::Cli-), group connecting
either RI or R2 with either R3 or R4, wherein n is an integer of 1-6; (iii)
hydroxy acids of formula (1): (R3R2R1C)----0O2H wherein n is an integer of
0-8. and each of RI-R3 is independently selected from the group consisting
of hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of R LR
is hydroxy or hydroxyalkyl, or formula (2): COOH  wherein n is an integer
of 1-5-, (iv) carboxy substituted pyrazine compounds; and (v) carboxy
substituted triazole compounds,  WO 2012/030752PCT/US2011/049629 39  (c)
one or more polysaccharides selected from the group consisting of a.
hydroxyalkylcelltdose, carrageenan, and xanthan gum,  (d) one or more
bases, (e) optionally one or more surfactants and/or polymers, optionally
one or more reducing agents, (g) optionally one or more biocides, and (h)
water, wherein the polishing composition has an alkaline pH.  2. The
polishing composition of claim 1, wherein the silica is present in an
amount of 0,001 wt.% to 20 wt.% of the polishing composition.  3. The
polishing composition of claim 2, wherein the silica is present in an
amount of 0.05 wt.% to 10 wt,% of the polishing composition.  4. The
polishing composition of claim 1, wherein the one or more organic-
carboxylic acids are present in a total amount of 0,0005 wt.% to 2 wt.% of
the polishing composition.  5. 'Hie polishing composition of claim Wherein
the dicarboxylic acid is selected from the group consisting of malonic
acid, methyl malonic acid, &methyl malonic acid, butyl malonic acid, maleic
acid, sodium mesooxalate monohydrate, tartaric acid, malic acid, oxalic
acid, and mixtures thereof  6. The polishing composition of claim 5,
wherein the dicarboxylic acid is :malonic acid.  7. The polishing
composition of claim 1, wherein the amino acid is selected from the group
consisting :of glycine, serine, glutamic acid, aspartic acid, lysine,
bicine, nitrilotriacetic acid, pipecolic acid, picolinic acid, and praline.
8. The polishing composition of claim 1, wherein at least one organic
carboxylic acid is a carboxy substituted pyrazine compound. 9The polishing
composition of claim 8; wherein the carboxy substituted pyrazine 



compound is 3-aminopyrazine-2-carboxylic acid.  10. The polishing
composition of claim 1, wherein the carbax.y substituted triazole compound
is 3-amino-1,2,4-triazole-5-carbox.ylic acid.  11. The polishing
composition of claim 1, .Wherein the aromatic hydroxy acid is selected from
the group consisting of gallic acid, :4-hydroxybenzoic acid, salicylic
acid, 2,4- dihydroxybenzoic acid, 2,3-dihydrox.ybenzoic acid, and
3,4-dihydroxybenzoic acid.  12. The polishing composition of claim 1,
wherein at least one 'polysaccharide is hydroxyethyl cellulose,  40 13,The
polishing composition of claim 12, wherein the average molecular weight of
the hydroxyethyl cellulose is 300,000 glmol or less.  14. The polishing
composition of claim 13, wherein the average molecular weight of the
hydroxyethyl cellulose is 10.000 gimol to 100,000 gimol.  15. The polishing
composition of claim 1, wherein the pH is 8-12.  16. The polishing
composition of claim 15, wherein the pH is 9-1 1. 17,The polishing
composition of claim 1, wherein one or more surfactants and/or polymers are
present in the polishing composition.  18. The polishing composition of
claim 17, wherein at least one surfactant is a nonionic surfactant.  19.
The polishing composition of claim 18, wherein the surfactant is an
acetylenic diol surfactant or a hydrophobated polyethylene glycol,  20. The
polishing composition of claim 17, wherein the one or More polymers is a
polyethylene glycol polyurethane or a water soluble acrylic.  21. The
polishing composition of claim 1, wherein the reducing agent is potassium
metabisulfite. 11A method of chemically-mechanically polishing a substrate
comprising:  (i) contacting a substrate with a polishing pad and the
chemical-mechanical polishing composition of any one of claims 1 to 21.,
(ii) moving the polishing pad relative to the substrate with the
chemical-mechanical polishing composition therebetween: and  (iii) abrading
at least a portion of the substrate to polish the substrate. 23.The method
of claim 22, wherein the substrate comprises silicon, and a portion of the
silicon is abraded to polish the substrate. 


