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SILICON POLISHING COMPOSITIONS WITH HIGH RATE AND LOW DEFECTIVTFY 

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 ha ving very low surface 

roughness before the silicon wafers are acceptable for use in electronic devices. 

[0002] Current methods of performing the final polishing of silicon wafers oiien 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. 

|'O063| Polishing compositions are desired that can be used to polish silicon more quickly 

to improve throughput and more effectively utilize production capacity, "if 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. 

|0004| Thus, there is a need in the an .for improved chemical-mechanical polishing 

compositions exhibiting a high removal rate, low particle defects, and low haze. 

SUMMARY 

jO0O5] The disclosure provides a chemical-mechanical polishing composition comprising 
an abrasi-ve. a rate accelerator, a polysaccharide, a base, optionally a surfactant and/or 

polymer, optionally a reducing agent and water. 

The disclosure particularly provides a chemical-mechanical polishing composition 
comprising (a) silica, (b) one or more organic carboxvlic acids or salts thereof, <c> one or 

more polysaccharides selected from the group consisting of a hydroxvalkyicellulose, 

carmgeenan, and xanthan 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 

biocid.es, and (h) water, wherein the polishing composition has an alkaline pH. 

|0007| The disclosed chemical-mechanical polishing composition 
desirably exhibits a high removal rate, low particle detectivity; and low haze. Moreover, at 
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least some embodiments of the disclosed polishing composition have a low solids content, thereby being of 

relatively low cost. 

[0008] The disclosure further provides a method of chemically-mechanically polishing a substrate with 

the inventive chemical-mechanical polishing composition. Typically, the substrate comprises silicon. 

[0008a] In one aspect, there is provided 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: 

no2c —ecR'n2^- CO2H: 

wherein n is an integer of 0-8 and each of R1 and R2 is independently selected from the group consisting of 

hydrogen, a hydroxyl group, and Ci-C6 alky] groups, or R1 and R2 together form an oxo group, and when n is 2 
1 2 or more, the bonds between the CR R groups are independently selected from the group consisting of single, 

double, or triple bonds; 

R- R! 

(ii) amino acids of the formula: 

N XXM-L 

R4 

wherein each of R1, R2, R3, and R4 is independently selected from the group consisting of hydrogen, an 

aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CHy,,- group, and -{CH=CH-)n group 

connecting either R! or R2 with either R3 or R4, wherein n is an integer of 1-6; 

(iii) hydroxy acids of formula (1): 

wherein n is an integer of 0-8, and each of R'-R3 is independently selected from the group consisting of 

hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of Rs-R3 is hydroxy or hydroxyalkyl, or 

formula (2): 

COOH, 

(OH) 
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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, 

(g) optionally one or more biocides, and 

(h) water, wherein the polishing composition has an alkaline pH. 

[0008b] In another aspect, there is provided a method of chemically-mechanically polishing a substrate 

comprising: (i) contacting a substrate with a polishing pad and a chemical-mechanical polishing composition 

consisting 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: 

wherein n is an integer of 0-8 and each of R1 and R2 is independently selected from the group consisting of 

hydrogen, a hydroxyl group, and Cs-C6 alkyl groups, or R1 and R2 together form an oxo group; and when n is 2 

or more, the bonds between the CR!R2 groups are independently selected from the group consisting of single, 

double, or triple bonds; 

(ii) amino acids of the formula: 

R2 R1 

wherein each of R1, R2, R3, and R4 is independently selected from the group consisting of hydrogen, an 

aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CH2)n- group, a -(CH=CH-)n group 

connecting either R1 or R2 with either RJ or R4, wherein n is an integer of 1 -6; 
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(iii) hydroxy acids of the formula (1): 

wherein n is an integer of 0-8, and each of R -R is independently selected from the group consisting of 

hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of R]-R3 is hydroxy or hydroxyalkyl, or the 

formula (2): 

COOH. 

x 

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, 

(g) optionally one or more biocides, and 

(h) water, wherein the polishing composition has an alkaline pH, 

(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. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0009] The 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 ha ve found that conventional amine rale accelerators lead to 
increased particle defects and. increased haze in polished substrates. 
[0010] in an embodiment, the chemical-mechanical polishing composition comprises, 
consists essentially of, or consists of (a) silica, (b) one or more organic carboxy!ic acids or 
salts thereof, (c) one or more polysaccharides selected from the group consisting of a 
hydroxyalkylceHulose, 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, (g) 
optionally one or more biocides, and (h) water, wherein the organic carboxylic acid, is 
selected from the group consisting of dicarboxylie acids, amino acids, hydroxy acids, 
amino-carboxy substituted pyrazine compounds, and amino-carboxy substituted triazole 
compounds, and wherein die polishing composition has an alkaline pH. 
[0011] 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 A/min or higher, preferably 700 A/miti 
or higher, and more preferably 1000 A/min or higher. 
|i)0I2) Moreover, 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 
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counts or less, or 1000 counts or less. Alternatively, or in addition, a substrate, especially 
silicon, polished with the inventive polishing composition desirably has a DCO value of 2000 
counts or less, e.g., 1500 counts or less, 1000 counts or less, or 500 counts or less, 
{'0013J The 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 he 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. i ppm or less, and most preferably 0.05 ppra or less. 
[0014] The chemical-mechanical polishing composition desirably consists essentially of: 
(a) silica, (b) one or more organic carboxylie acids or salts thereof selected from the group 
consisting of (1) dicarboxylic acids of the formula: 

HOaC-f CR1R24C02H 

wherein n is an integer of 0-8 and each of R* and R2 is indcpe.nde.mly selected from the group 
consisting of hydrogen, a hydroxy group, and CrQ> alkyl groups, or R.! and R2 together form 
an oxo group, and when n is 2 or more, the bonds between the CR*R2 groups are 
independently selected from the group consisting of single, double, or triple bonds; (i t) amino 
acids of the formula: 

R2 R'1 

R3 X "N'XC^H ! A 
R4 

wherein each of R1, R2, R~\ and R4 is independently selected from the group consisting of 
hydrogen, an aniinoaikyl group, a earboxyalkyi group, a hydroxyalkyl group, a -(CHsV 
group, and a ~(CK:;sCH-)r; group connecting either R1 or R.~ with either R* or R"\ wherein n is 
an integer of 1-6; (Hi) aliphatic hydroxy acids of formula (1}: 

In 

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 Rf-R'' is 
independently selected, from the group consisting of hydrogen, alkyl hydroxy, and 
hydroxyalkyl wherein at least one of R'-R"' is hydroxy or hydroxyalkyl; or aromatic hydroxy 
acids of formula (2): 
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COOH 

J" 
(OH\ x > n 

wherein n is an integer of 1 -5; (iv) carboxy substituted pyr&zine compounds; and (v) carboxy 

substituted triazole compounds, (c) one or more polysaccharides selected from the group 

consisting of a hydroxyalkylcellulose, carrageenan, and xanihan 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. 

j.0015| As 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; ] (e.g., one part concentrated slurry to 1 part water) up to 

1:50 or even 1:100 or more. 

[001 fy The 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. 

10017f The 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(OBi; to form colloidal particles, where colloidal particles are defined 

as having an average particle size between 1 nm and 1000 nm. 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 Fnso PL-1, PL-1H, PL-SSL, PL-2, PL-2L, PL-3, PL-3H, Pl..oL, 

PL-5, PL-6L, PL-7, PL-7H, PL-1 OH, PL-SH3 and PL-20 products, as well as other similar 

products available from DuPont, Bayer, Applied Research, Silbond, Nissan Chemical, Clariant, 

and others. 

|0018| The silica can be or comprise fumed silica. Fumed silica particles cm be 

produced from volatile precursors (e.g., silicon haiides) in a pyrogenic process by hydrolysis 

and/or oxidation of the precursors in a high temperature flame (H2/air or Hj/CWair) to 
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produce the fumed silica. The solution containing She precursor can. he 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 pyrogenk) silica particles are 

commercially available from producers such as Cabot, Tokuyama, and Evonik Degussa. 

[0019| The silica can have any suitable average particle size (i.e., average panicle 

diameter). The silica can have an average particle size of 4 nm or more, 10 nm or more, e.g., 

.15 nm or more., 20 nm or more, or 25 nm or more. Alternatively, or in addition, the silica cart 

have an average particle size of 200 nm or less, 150 nm. or less, 120 nm or less, e.g., 1 10 nm 

or less, 100 nm or less, 90 nm or less, 80 nm or less, 70 nm or less, 60 nm or less, 50 nm or 

less, or 40 nm. or Isss. Thus, the silica can have an average particle size bounded by any two 

of the above endpoints. For example, the silica can have an a verage particle size of 4 nm to 

200 nm, .10 nm to 100 nm, 20 nm to 100 am, 20 niii to 80 nm, 20 nm to 60 nm, or 20 nm 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. Sis [table 

particle size measurement .instrument's are available from e.g., Malvern Instruments (Malvern, 

UK). 

[6020} The 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 I 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 0.001 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. In a preferred embodiment, the polishing composition comprises, at point of 

use, between 0.2 wt.% and 0.6 wt.% of silica. 

[00211 The silica, particles preferably are colioidally 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 
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of this invention, an abrasive is considered colioidally stable if, when the abrasive is placed 

into a 100 mL graduated cylinder and allowed to stand unagitaied for a time of 2 hours, the 

difference between the concentration of particles in the bottom 50 mL of the graduated 

cylinder ([Bj in terms of g/roL) and the concentration of particles in the top 50 ml, of the 

graduated cylinder ([T] in terms of g/mL) divided by the initial concentration of particles in 

the abrasive composition {[€] in terms of g/niL) is less than, or equal to 0.5 (i.e., ([B] -

[T])/[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. 

|0022| The inventive polishing composition comprises a. rate enhancer in combination 

with a polysaccharide. Surprisingly, 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. 

|0023f The rate enhancer desirably is one or more organic carboxyiic acids. In an. 

embodiment, the polishing composition comprises one or more organic carboxyiic acids, salts 

thereof, and/or hydrates thereof, selected from the group consisting of (i) dicarboxyiic acids, 

(ii) amino acids, (iii) hydroxy acids, (iv) carboxy substituted pyrazine compounds, and. (v) 

carboxy substituted iri.azole compounds. Not wishing to be bound by any particular theory, it 

is believed that the carboxyiic acid activates the polishing particle (e. g. silica) or substrate 

(e.g., silicon) by forming hypercoordmate compounds (e.g., pentacoordi.na.te or 

hexaeoordinate silicon compounds). 

[0024] The polishing composition can comprise any suitable amount of one or more 

organic carboxyiic acids. The polishing composition can comprise 0.0005 wt.% or more of 

the organic carboxyiic acid(s), e.g., 0.005 wt.% or more, 0.05 wt % or more, 0.5 wt.% or 

more of the organic carboxyiic acid(s). Alternatively, or in addition, the polishing 

composition can comprise 2 wt.% or less of the organic carboxyiic acid(s), e.g., 1.5 wt.% or 

less, 1.0 wt.% or less, or 0,5 wt.% or less of the organic carboxyiic acid(s). Thus, the 

polishing composition can comprise one or more organic carboxyiic acid(s) in a total amount 

bounded by any two of the aforementioned endpoints recited, for the organic carboxyiic 

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 carboxyiic 

acid(s). In a preferred embodiment, the polishing composition comprises less than 1 wt.% of 

the organic carboxyiic acid(s). 

[0025} Suitable organic carboxyiic acids include dicarboxyiic acids of the formula: 
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H02CyCR'iR2--VcQ2H 
' n 

wherein n is an integer of 0-8 (i.e., n is 0, I,2, 3,4, 5, 6, 7, or 8). to an embodiment where n 
is 2 or more (i.e.. 2, 3,4, 5,6, 7, or 8), the bond(s) between the CR'R2 groups aixs 
independently selected from the group consisting of single, doable, or triple bonds. la 
preferred embodiments, n is 0; 1, or 2, more preferably n is 1 or 2. 
[0026J In embodiments where n is 2 or more and the bonds between the CR'R*1 groups 
are double bonds, the configuration of the double bonds is (£), (Z), or a mixture thereof, 
including a racemic mixture. Maleic acid is an illustrative dicarboxyiic acid wherein n is 2, 
and the bond between CR!R; units is a. double bond having the (Z)-eonfiguration. 
|0027| Typically, each of R5 and R2 of the dicarboxyiic acid is independently selected 
from the group consisting of hydrogen, hydroxy, and Cs-C* alkyls tie., methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl., .v^c-butyl., pentyl, isopentyi .sw-pemyL two-pentyl, hexyl, 
isohexyl m--hexyl, and weo-hexyi), or Rl and R2 together form an oxo group. In a preferred 
embodiment, each of R1 and R2 of the dicarboxyiic acid is independently selected from the 
group consisting of hydrogen, hydroxy, and C\-G? alkyl, or R1 and R* together form an oxo 
group. In a particularly preferred embodiment, each of Rf and. R" of the dicarboxyiic acid is 
independently selected from the group consisting of hydrogen and hydroxy. 
[00281 Non-limiting examples of suitable dicarboxy iic acids include malonic acid, methv 
malonic acid, dimethyl malonic acid, butyl malonic acid, maleic acid, sodium mesooxalate 
monohvdrate, tartaric acid, malic acid, oxalic acid, and mixtures thereof. 
|0029| In a particularly preferred embodiment, the dicarboxyiic acid is malonic acid or 
tartaric acid. 
j (l030| Suitable organic carboxyiic acids include amino acids of the formula: 

p2 C>1 

V-CCH 
R* 

wherein each of R'. R~, R\ and R4 is independently selected from the group consisting of 
hydrogen, an aminoalkyl group, a carboxyaikyl group, a hydroxyalkyl group, a -(CHaV, and 
-<CH™CH-)a group connecting either R5 or R2 with either R'5 or R4, wherein n is an integer 
from 1 -6. 
|O03lf An illustrative amino acid is glycine, wherein each ofRl-R4 is hydrogen. 
[0032] The aminoalkyl group desirably is an amino CVQ, alkyl group (e.g., 
ammoraethyl, aminoetliyl, ammopropyl, aminobutyl, ammopentyl, or aminohexyi). An 
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illustrative ammo acid comprising an aminoalkyl suhstituent is lysine, wherein one of R* or 
R" is an ammohutyl group and the remaining R'-R4 substkments are hydrogen. 
(0033} The carboxyalkyl group desirably is a carboxy Cj-G; alkyl group (e.g., 
earboxymethyl, carboxyethvl, carboxypropyl, carboxybutyi caiboxypeiztyi; or 
carhoxyhexyl). Illustrative amino acids comprising a carboxyalkyl substitutent include, for 
example, aspartic acid and glutamic acid, wherein one of Rl or R2 is either carboxymetbyl 
(aspanic acid)., or carboxyethyl (glutamic acid), and. the remaining R3-R;j substituents are 
hydrogen.. Another illustrative amino acid comprising one or more carboxyalkyl. substitutents 
is mtdlomacetic acid, wherein each of R1 and R" are hydrogen and. each of RJ and R4 are 
c&rboxymethyL 
|0f>34| The hydroxyalkyl group desirably is a hydroxy Ci-G, alkyl group (e.g., 
hydroxymethyl, hydroxyethyl hydroxypropyl, hydroxybutyl hydroxypentyl or 
hydroxyhexyl). An illustrative amino acid comprising a hydroxyalkyl substiluent is serine, 
wherein one of R* or R2 is hydroxymethyl, and the remaining R*-R4 substituems are 
hydrogen. Another illustrative amino acid comprising one or more hydroxyalkyl 
substituted is bicine, wherein each of R5 and R2 are hydrogen and each of 11'' and R* are 
hydroxyethyl, 
[O035J The amino acid can he a cyclic amino acid wherein one of Rs/R': and one of RVR4 

are connected via a -(CH^- group, wherein n is an integer of 1-6 (i.e., n is 1, 2, 3, 4, 5, or 6), 
thereby forming an aliphatic heterocyclic compound, in a. preferred embodiment, n is 4. 
Pipecolic acids, picolinic acids and proline are an illustrative amino acid wherein one of 
Rf/R2 and one of RVR4 are connected via a ACl-bU- group or a ---{CH-CH-),) group. 
[0036} In accordance with the invention, amino acids can have any suitable 
stereochemistry as appropriate (e.g., D~„ I.-, R-, S-, and mixtures thereof, including racemic 
mixtures). 
|003?1 Suitable organic carboxyiic acids include aliphatic hydroxy acids of the formula 
(1): 

(R3R2R1C^CO2H 

wherein n is an integer of 0-8 (i.e., n is 0,1, 2, 3S 4, 5, 6,1, or 8), and each of R'-R; is 
independently selected troro the group consisting of hydrogen, alkvl, hydroxy, and 
hydroxyalkyl, wherein, at least one of R! -R* is hydroxy or hydroxyalkyl. In a preferred 
embodiment, a of the aliphatic hydroxy acid of formula (1) is an integer from 1-3. 
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[0038| The alkyl group of the aliphatic hydroxy acid of formula (i) is typically a CrO; 
alkyl group (e.g., methyl, ethyl propyl, butyl, peniyl, or hexyl). Typically, the hydroxyalkyl 
group of the hydroxy acid of formula {1) is a hydroxy Cj -€* alky! (e.g., hydroxymethyl). In a 
preferred embodiment the hydroxy acid of formula (I) is art aliphatic hydroxy acid. 
Illustrative aliphatic hydroxy acids of formula ( ! ) include, for example, lactic acid, glycoiic 
acid, 2-hydroxybitiydc acid, and dimethylol propionic acid. 
[0039] Suitable carboxyiic acids also include aromatic hydroxy acids of the formula (2): 

CGGH 

wherein n is an integer of 1-5. The aromatic hydroxy acid can have any suitable substitution 
pattern (e.g., onho-, me/a-, /wra-substituted, and/or mono-, di-, tri-5 tefra-, and 
penta-substituted). Non-limiting examples of suitable aromatic hydroxy acids include 3.4.5-
trihydroxybenzoic acid (i.e., gallic acid), 4-hydroxybenzoic acid, 2- hydroxy-benzoic acid 
(i.e., salicylic acid), 2,4-dihydroxybenzoic acid, 2,3-dilwdroxybenzoic acid, and 
3,4-diftydrobeazaic acid. 
[0040J Suitable organic carboxyiic acids include carboxy substituted pyrazine 
compounds. Illustrative suitable carboxy substituted pyrazine compounds include, for 
example, 3-aminopyrazine-2-carboxy1ic acid, 5-methyl~2~pyrazine carboxyiic acid, and 
pyrazine-2-carboxyIic acid. Illustrative substituents of tlie carboxy substituted pyrazine 
include linear and branched CrO; alky! groups (e.g., methyl, ethyl, propyl, /-vo-propyl, butyl, 
/.vo-butyl A'cc'-butyl, wrt-bntyU pentyl, isopentyl, seopemyl* fcrt-pentvl, wo-peatyl, hexvl, 
/-vo-hexyl xtfohexyl, /m-hexyl, and ft^o-hexyl) and linear and branced CrQ alkoxv groups, 
and Q.-CJO groups (e.g., phenyl, benzyl, naphthyl). The CVrCjo aryl groups may be 
substituted orunsubstituted. 

illustrative carboxy substituted triazole compounds suitable for the present invention include, 
for example, 3-a.mmo-l .2,4-tnazoIe-5-carboxyHc acid. Illustrative substituents of the 
carboxy substituted triazole compounds include linear and branched Ci-Cr, alkyl groups (e.g., 
methyl, ethyl, propyl, Ivo-propyl, butyl, ivo-butyl, see-butyl, ieri~buty\, pentvl, isopemvl, sec-
pentyL te<y~pentyL mvo-pentyl, hexyl, iso-hexyl, m"-hexyL ter/-bexyl, and tteo-hexyl) and 

(OH) 

Suitable organic carboxyiic acids include carboxy substituted triazole compounds. 
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linear and branced CrCc, alkoxy groups, and C&-Cs.<> aryl groups {e.g., phenyl, benzyl, 

naphtbyl). The CVCM aryl groups may be substituted or unsuhstituted. 

|0O42] The 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 xanihan gum, guar gum, karaya gum, carrageenan gum, or 

pecrin, and sodium hyaluronate). Not wishing to be bound by any particular theory, it is 

believed that the polysaccharide enhances 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 panicle 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 viscoelastie properties of the polishing system, tbr 

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. 

[00431 in an embodiment, the one or more polysaccharides are selected from the group 

consisting of hydroxyaikyicelluioses, carrageenan, and xanthan gum. In a preferred 

embodiment, the polysaccharide is a modified cellulose ether (e.g.. a hydroxy a Iky i cel. I u I ose). 

Illustrative hydroxyatkylcelhilose ethers include methylhydroxyethyl cellulose (HEMC), 

methyihydroxyp.ropyl cellulose (HPMC), hydroxyethyi cellulose (HEC). methyl cellulose 

(MC) and hydroxy-propyl cellulose (HPC). 

[0044] In a. particularly preferred embodiment, the hydroxyalkyiceilulose is hydroxyethyi. 

cellulose. 

{00451 The 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 

polysaccharides), e.g., 0.001 wt.% or mare, 0.01 wt. % or more of the polysaccharide(s), or 

0.05 wt% or more of the polysaccharide^). Alternatively, or m 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^}, 0.05 wt.% or less, 0.03 wt.% or less, or 0.02 wt.% or less of the 

polysaccharides). Thus, the polishing composition can comprise one or more 

polysaccharides m a. total amount bounded by any two of the aforementioned endpoinis 

recited for the polysaccharide(s). For example, the polishing composition can comprise 

0,0001 wt.% to 0,5 wt.%: 0.001 wt.% to 0.S wt.%, 0.001 wt.% to 0.05 wt.%, 0.001 wt.% to 
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0.003 wt.%, or 0.001 wt.% to 0.002 wt.% of the polysaccharide^). In a preferred 
embodiment, the polishing composition comprises, at polish, 0.06 wt.% of a polysaccharide 
(e.g., 570-630 ppm), In another preferred embodiment, the polishing composition comprises 
0.0030 wt.% of a polysaccharide (e.g., 28-32 ppm), at point of use. 
[0046} The polysaccharide cm be of any suitable molecular weight. For example, when 
the polysaccharide is a modified cellulose ether (e.g., BEC, HBMC. HPMC!, and HPC), the 
average molecular weight can be 300,000 g/mol or less, e.g., 250,000 g/mol or less, 200,000 
g/mol oi' less, 150.000 g/mol or less, J 00,000 g/mol or less, or 100,000 g/mol or less. 
Alternatively, or in addition, the average molecule weight can be 10,000 g/mol or more, e.g., 
20,000 g/mol or more, 30,000 g/mol or more. 50,000 g/mol or more, 75,000 g/mol or more, 
or 100,000 g/mo3 or more. Thus, the molecular weight of the hydroxyethyiceliulose can be 
between any two of the aforementioned endpoints recited for bydroxyethyicellulose. For 
example, the molecular weight of the hydroxyethyicellulose can be 10,000 g/mol to 300,000 
g/mol, 20,000 g/mol to 200,000 g/mol, 50,000 g/mol to 150,000 g/mol, 50,000 g/mol to 
100,000 g/mol, or 75,000 g/mol to 100,000 g/mol. 1B a preferred embodiment, the average 
molecular weight of the hydroxyethyicellulose is 80,000 g/mol (e.g., 83,000 g/mol). 
{00471 When the polysaccharide h xanthart gum the average molecular weight is 
typically 300,000 g/mol 
[00481 In keeping with the invention, the average molecular weight of carrageenan is 
such that the polishing composition is enhanced, as described herein. 
[0G4.9f The polishing composition comprises at least one base. The base(s) can be any 
suitable base(s). In some 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 bicarbonate*, and borates. As known in the art, suitable-
alkali metals include, for example, lithium, sodium, potassium, rubidium, cesium, and 
francium. 
[0050} In a preferred embodiment, the one or more bases are selected from the group 
consisting of potassium, hydroxide, potassium carbonate, and potassium bicarbonate. 
|00511 in a preferred embodiment, examples of suitable borates include boric acid, 
potassium borate and dipotassium borate. 
[0052] The polishing composition can comprise any suitable amount of the base(s), such 
that the pH of the polishing composition is alkaline. In particular, the ptt of the polishing 
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compositions is greater than ?. In a preferred embodiment, the pli of the polishing 
composition is 8-12 (e.g.. 8-10, 8-11,9-10, 9-1 or 9-12), .more preferably the pH is 9-11 
(e.g., 9-10 or 9.5). 
|0053| The 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 surface. The absorption of surfactants onto the silicon surface acts to 
reduce the contact of the abrasive panicles with the silicon at the surface, and since contact of 
die abrasive particles with the metal surface is the primary mechanism by which 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 DCO 
detectivity, 
|0054j The one or more surfactants can be present in the polishing composition in any 
suitable amount. If the amount of surfactants) is too low, then no advantage is observed with 
the addition of the surfactant. If the amount of surfactants) is too high, then a reduction in 
the removal rate is observed. The amount of the suriactant(s) can be 0.1 ppm or more, 0.5 
ppm or more, 1. ppm or snore, 5 ppm or more, about!0 ppm or more, 20 ppm or snore, 50 ppm 
or more, 100 ppm. or more, or 200 ppm or more. Alternatively, or in addition, die amount of 
the surfactants) can be 1000 ppm or less, S00 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 
surfactants)' Fen" example, the polishing composition can comprise 10 ppm to 1000 ppm, 20 
ppm to 800 ppm, 50 ppm to 400 ppm, or ! 00 ppm to 200 ppm of the surfactant s). In a 
preferred embodiment, the amount of the surfactants) in the polishing composition is 5 ppm. 
In another preferred embodiment, the amount of the surfactants) in the polishing 
composition, is 150 ppm. In addition, surfactants can he incorporated with any useful co-
solvent. 
[0055} The surfactants), when present, can be any suitable surfactants). Typically, the 
surfactants) will, be selected from, the group consisting of nonionic surfactants and anionic 
surfactants. In a preferred embodiment, the surfactant is a.nonionic surfactant. Illustrative 
nonionic surfactants include acetylenic diol surfactants and hydrophobated polyethylene 
glycol surfactants, 
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[fK!56| Illustrative acetylemc clioi surfactants are the SURFYNOL™ products that are 
commercially available from Air Products. An example of a. SURFYNOL"u surfactant is 
SURFYNOL™ 104 (i.e., l,4-diisobaty!-l,4-dimethylbu.tysv3<iiol}s which is a. nonionic wetting 
agent and .molecular defoamer available as a waxy solid, a liquid, or a free-flowing powder. 
[00571 Illustrative hydrophobated polyethelene glycol surfactants are the IGEPAL1'* 
ethoxylated, nonylphenoi polyethers available commercially from Stepan Company. An 
example of an IGEPAL™ surfactant is IGEPA'L™ 00-730. also referred to as nonoxynoMS 
mid BRIJiM 93 an ethoxylated cetyl alcohol. 
[0058J Oilier illustrative nonionic surfactants include copolymer surfactants comprising 
siioxane 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 SILWET* 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. 
|0059| Suitable 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. .I'M as 
FLUORAD^ surfactants. 
[00601 Suitable nonionic surfactants fur Slier include linear polymers of ethylene oxide 
comprising a perfluorinated alkyl chain at one terminus and a hydroxy! group or alkyl group 
at the other terminus. Preferred examples of such polymers include the ZONY L'" line of 
surfactants that are commercially available from DuPont. 
{'00611 Suitable nonionic surfactants additionally include copolymers of ethylenetliamine 
with ethylene oxide units and propylene oxide units. Preferred examples of such copolymers 
include the TETROMC™ family of block, copolymer surfactants that are commercially 
available .from BASF. 
{00621 to another preferred embodiment, the surfactant is an anionic surfectant, 
especially at least one selected from a sulfonic acid, sulfate ester, carboxyiic acid surfactant, 
phosphate and phospbonate or phosphoric acid ester surfactant. Sulfonate salts having the 
general formula H-jCPKjnSCV are preferred, wherein n typically is an integer of from 1 to \ S. 
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An example of such an anionic surfactant is sodium dodec-yl sulfate (SDS). Some examples 
of phosphate surfactants are Zorvyl FSE (fluorinated) and i-luntsraan PPI198. 
[0063f The polishing composition optionally comprises one or more polymers. The 
polymers can be aay suitable polymers. One or more polymers (e.g., a urethane polymer or 
aery late polymer) typically are included in the polishing composition to adsorb to the wafer 
surface or to improve the Theological properties of the polishing composition.. Illustrative 
polymers include polyethylene glycol poiyurethanes or water-soluble acrylates. 
[0064] Suitable polyethylene glycol polyurethane polymers include, for example, the 
BORCHl™ Gel products commercially available from OMG Borchers GmbH. Illustrative 
BOHGHE* Gels include BORCHIw Gel 0024, BORCH f* Gei 0434, BORCHf Gel WN" 
50S, BORCHf Gel L75N, and B0RCH3** Gel PW25, all of which act as associative 
thickeners. Tire BORCH f "' Gels are polyethylene glycol polyurethane polymers based on the 
general structure: 

wherein the degree of etbyoxylation and aikyiation, represented by m and n, respectively, 
varies. Alternately, the polyurethane structure can be based on any suitable multifunctional 
isocyanate such as, for example, toluene dusocya&afe (TDI), 4,4-
methylenebisphenyidiisocyaiiate (MDI), hexarnethylene diisocyante (HDh, HDi-trimer, and 
polymeric-MDI. Not wishing to be bound by a particular theory, it is believed that 
polyethylene glycol polyurethane polymers, especially the BORCH1™ Gels, adsorbing lo 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-covalenl network within the polishing composition, thereby stabilizing viscosity, in 
particular under high shear conditions. 
[0065f The polyethylene glycol polyurethane polymers can have any suitable molecular 
weight. The molecular weights of BORCMl™ Gel 0434, BORCBl™ Gel WN 50S, and 
BORCBl'" Gel PW25, as determined by gel permeation chromatography, range from 10,000 
g/mol to 40,000 g/mol depending on the degree of ethoxylation and alkylation. 
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[0066f .BORCHl™ Gel 0024 is a liquid, glycol ether-free, ix.m-krn.ic polyurethane based 
thickener that is used to produce Newtonian flow in the medkm and high shear range. 
BORCHl"* Gel 0024 can be used m combination with other low-shear thickeners (e.g., 
BORCHl™ Gel PW25 or BORCHl'" Gel LW44) to modify the rheiogic-al profile of a 
composition. BORCHlm Gel 0024 has a density of 1.04-LOS g/cnr and viscosity of 
2,000-10,000 mFa-s- as measured at 23nC. 
[0067f BORCHl"" Gel 0434 is a liquid, glycol ether-free, non-ionic polyurethaxie-based 
associative thickener that is free of solvents, alkylphenol ethoxylafe (A PEG), HAPS 
(Hazardous Air Pollutants), and tin compounds, and has a largely Newtonian theological 
profile. BORCHl™ Gel 0434 forms a non-covalent network within a. composition to stabilize 
viscosity, in particular at higher shear. BORCHl™ Gel 0434 has a density of 1.01-1.05 g/cmJ 

and a maximum viscosity of 15,000 mPa-s, as measured at 23°C, 
{'0068| BORCHl'" Gel L75N is a liquid, glycol ether-free, non-ionic polyurethane-based 
thickener manufactured using aliphatic isocyanates, BORCHl Gel L75N functions as a 
How 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. BORCHl' 
Gel. L75N has a viscosity less than 9,000 mPa'S. as measured at 23°C. 
[0069] Other examples of suitable polymers are the DSX>M associative thickener products 
available from Cogms. The DSX'" thickeners, based on polyether and polyurethane 
derivatives, are pH-itidependent and are free of solvents, alkvlphenyl ethoxylates (APEQs), 
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 DSXm thickener is DSX™ 
3000 having a density at 25 °C of 1.05 g/cnr, a viscosity of4000-6000 raPa-s, and a solids 

content of 30%. 
[0070] in some embodiments, the polishing composition comprises one or more water-
soluble acrylate polymers. A suitable example of a water soluble acrylate is BORCHlw Gel 
A LA. available from OMG Borchers GmbH. BORCHl'" Gel A LA has the following 
properties: liquid with a viscosity at 20 °C of 25,000-60,000 mPa*s; non-volatile content 
9-11%; pH > 8; and a density at 20 X: of approximately LOS g/cnr. Other suitable water-
soluble acrylate polymers are the ALCOGUM*" I, Series products commercially available 
from AkzoNobeL The ALCOGUM™ L Series products are acrylate-based emulsion 
copolymers that, serve as rheologv modifiers to facilitate a. reproducible viscosity in the 
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polishing composition. Suitable examples of A.L€OGUM'M L Series products include 
ALCOGUM™ £15, L31sattd L283. 
[007l| ALCOCIM'* L-l 5 is an acryiate-b&sed emulsion copolymer supplied at 30% 
active solids in water having the following properties: pH of 2.2-3.0; solids of 29-31%; 
viscosity of 10,000-35,000 (pH 9.0, NaOH, 25 °C, I0rpra)5 2.5% (dry). 
[0072| ALCOGUM™ L-31 is based on an ethyl, aorylatemetliaerylic acid copolymer. 
ALCOGUM!N' 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 BASE 
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, NH^OH, 25D €, 10 rpm); density at 25 '3€ 
of 1.05 !kg/£. 
|0073| la some embodiments, the polishing composition comprises one or more polymers 

'iM thai act as a thixotropic agent. An illustrative fh.ixoirop.tc agent is BORCM' Gel Thixo 2, 
which is a thixotropic agent and thickener of non-polar/weakly polar nature. 
[«074j The 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 detecti vity 
when using soft polishing pads and low removal polishing pads (e.g., CIEGAL*- 7355). 
Illustrative suitable reducing agents include sulfite salts, for example, potassium 
metabisulfite. 
{0075} The 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 agentCs). 
Alternatively, or in addition, the polishing composition can comprise 0.5 wt.% or less of the 
reducing agents), 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 03 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 
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another preferred embodiment, the polishing composition comprises, at polish, 0.02 wt.% to 

0.05 wt.% of a reducing agent, especially 0.04 wt.% ,of a reducing agent (e.g.. 375-425 pp.ro). 

[0076] The polishing composition optionally comprises one or more biocides. The 

biocide(s) can be any suitable biocide, for example, Dowasil 75, or 1 -(3-chkrroailyi }~3,5,7-

triaza-l-azoniaadamamane chloride. The amount ofbsoci.de in the polishing composition 

typically is I to 500 ppm. preferably 10 to 20 ppm, at point of use. 

jO07?] The 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 de-ionized water. 

The polishing composition can be prepared by any suitable technique, many of which are 

known to those skilled in the art. The polishing 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 indi vidual 

ingredients (e.g., silica, organic carboxyiic acid, polysaccharide, optional surfactant and/or 

polymer, water, etc.) as well as any combination of two or .more of the ingredients (e.g., 

silica, organic carboxyiic acid, polysaccharide, optional surfactant and/or polymer, water, 

etc,). 

jO07&] It will be understood that any of the components of the polishing composition that 

are acids, bases, or salts (e.g., organic carboxyiic acid, base, and/or 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 io the weight of the andissociated 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). 

jf)079| For example, the organic carboxyiic acid(s), the polysaccharide(s), the base(s), 

and optionally the surfactants) and/or polvmer(s) can be dissolved, in water by the addition of 

the organic carboxyiic acid(s), the polysaccharide^), the base(s), and. optionally the 

surfactants) and/or polymery'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). 
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The pH can he adjusted at. any suitable time, and is preferably adjusted prior to the addition, of 

the silica to the polishing composition. 'The polishing composition also can be prepared by 

mixing the components at the surface of the substrate during the polishing operation. 

J0089f The 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 carboxyiic acid(s), the polysaccharide^), the base(s), optionally the surfactants) 

and<'or poiymer(s). and any other suitable additives can each be present in the concentrate in 

an amount that is 2 times (e.g., 5 times. 10 times, or 15 times, or 20 times, or 100 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 wa ter, 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 fracti on of the 

water present in the final polishing composition in order to ensure that the organic carboxyiic 

acid(s), the polysaccfearide(s), the basefs), optionally the surfactant(s) and/or polymery's), arid 

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. 

|0081| The invention provides a method of chemical-mecl.iani.cal polishing a substrate 

comprising Ci) 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. 

[0082f Although 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 industry. In this 

regard, the silicon can. be undoped silicon, or it can be p-type silicon doped with boron or 

ahtmimtm. In addition, the silicon can he polysilicou. The inventive polishing composition 

and method of use thereof are suitable for the final polishing of silicon wafers as produced 
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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. 
[0083] Advantageously, silicon substrates polished using the inventive polishing method 
exhibit low surface roughness. Surface roughness (RSI), which is defined herein as the 
arithmetical mean of deviations from plananty, can be measured using any suitable 
technique. Suitable techniques include stylus proEl.oraetry and optical prolllometry, 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 A or less {e.g., 14 A or less, or 12 A or less, or 10 A or less, or even S A 
or less), when measured using an optica), profflometer. 
(0084) The DCN, DCO, and DNN' haze measurements were done on a KLA_Tencore 
SP1 at a 120 nm threshold. 
j'0085| The 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 carrier that holds a substrate to he 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. 
[9086} A 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, polyvlnvichloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, 
polyester, polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, 
polypropylene, co.form.ed 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 SURF.IN™ 000, SURF!N*M SS W!, SFM3100 (com.merciaOy 
available from, for example, Easiness Technologies), POLITEX** or Fnjibo POLYP AS'* 27. 
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ffl087f Desirably, the chemical-mechatiica! polishing apparatus further comprises an io 

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 5,196353, U.S. Patent 5,433,651/0.8. 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 

5,838,447, 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, die 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 

j'OOSS] These examples further illustrate the invention but, of course, should not. be 

construed as in any way limiting its scope. 

|0089| Unless 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 rprn table speed, and 150-200 mL/rom 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. 

|0090| The following abbreviations are used throughout the Examples: removal rate 

(RR); molecular weight: (Mw); hydroxyethyi cellulose (BEC); methyl hydroxyethyi cellulose 

(MeHEC); malonic acid (MA); tartaric acid (TA); gallic acid (GA); xanthan gum (XG); 

carrageenan. (€}; lactic acid (LA); pipecoli.c acid (PA); glycine (Gly); aspartic acid (Asp); 3-

amino-1,2}4-trtazole-5-carboxylie acid (ATCA); sodium dodecyi sulfate (SDS); 

ammoethylpiperazme (AFP); dimethyloipropiomc acid (DMPA); piperazine (P); BORCHl™ 

Gel (BG); and COGNIS DSX™ 3000 (DSX 3000). 

EXAMPLE 1 

[009! | This example demonstrates thai polishing compositions of the invention., which 

comprise silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a surfactant, 

and water, can exhibit good overall substrate polishing properties. 

100921 Silicon substrates were polished using a SU'RFIbT'" 000 pad commercially 

available from. Fujimi Corporation under the same conditions with 6 different polishing 
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compositions identified as Polishing Compositions 1A-1F. Bach of Polishing Compositions 

1A-1.F contained (a) 0.2 wt% Fuso PL2 silica particles, M point of use, (h) the organic 

carboxyiic acid TA or MA in the concentration set forth in Table I, (c) the polysaccharide 

BEC (M'W :::: 80,000 g/mol) 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 \, 

and (e) water, hi addition, Polishing Composition IF contained a surfactant, namely 

SURFYNOL™ 104. 

|0093] Similar silicon substrates were polished under the same conditions with 2 other, 

comparative polishing compositions identified Polishing Compositions CI and C2. Both 

Polishing Compositions CI 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 I. Polishing Composition CI did not contain 

either an organic carboxyiic acid or a polysaccharide. Polishing Composition C2 additionally 

contained. HEC (MW ~ 80,000 g/mol), hut did. not contain an organic carboxyiic acid. 

f*i094f 'Hie substrate removal rate (MR), defectivity (both DCN and DCO), and haze 

(DNN) were determined for each polishing compositions and Che results are summarized in 

Table i. 

TABLE 1 

Comp. Carboxv'lic Acid 
(mmi) 

Polysaccharide 
(nora) m EE 

(A/min) 
DCN 

(counts) 
DCO 

(counts) 

DNN 
Haze 
teil 

CI none none 7,6 13 70000 70000 2,779 
C2 none HEC (607) 9.8 664 I8S8 368 0.175 
LA TA (120) HEC (607) 8.1 124 11868 3868 0.017 
IB TA (8000) XG (607) 9.5 250 1193 1145 0.198 
IC MA (5547) .XG (607) 9.4 499 33924 786 0.503 
10s TA (8000) EEC (607) 9.5 1534 7779 I 2647 0.077 
IE TA (8000) HEC (607) 9.4 1678 3444 j 524 0.167 
IF MA (5547) HEC (607) 9.5 J 631 2918 | 324 0.094 

' additionally contained 37 ppm SURPYNO J* 104 

{00951 As is apparent from the results set forth in Table 1, polishing compositions of the 

invention can provide a good balance of substrate removal rate, detectivity, and haze. 

EXAMPLE 2 

[0096} This example demonstrates the effect of the organic carboxyiic acid, and 

polysaccharide concentrations on substrate removal rate, defectivity, and.haze of polishing 

compositions of the in vention. 
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|0097J Similar silicon substrates were polished using a SURFIN 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.% Fuso PL2 silica panicles, (b) the organic carboxyiic acid 
MA ra the concentration set forth in Table 2, (c) the polysaccharide HEC (MW - 80,000 
g/mol) in the concentration set forth in Table 2, (d) sufficient potassium hydroxide io provide 
each polishing composition with a pH as set forth in Table 2, and (e) water. 
['0098} The substrate removal rate (RR)S detectivity (both DCN and DCO), and haze 
(DNN) were determined for each polishing composition, and the results are summarized in 
Table 2. Por ease of comparison, the information concerning Polishing Compositions CI and. 
C2 from Example 1 is included in Table 2. 

* fABLE 2 

Coma. MA 
(ppm) 

HEC 
(oom) 

U 
M 

EE 
(A/min) 

DCN 
(counts! 

DCO 
{"counts) 

DNN 
Haze 

(ppm) 
CI none none 7.6 13 70000 70000 2.779 
C2 none 607 9.8 664 1S88 368 0.175 
2 A 3540 1007 8.5 0 70000 70000 1.982 
2B 3540 207 8,2 422 12156 549 0.163 
2C 3540 207 9.9 1011 32S9 249 0.378 
2D 5547 607 9.6 1574 

_ | 
266 0.054 

2E 7540 207 8,4 1045 40771 3477 0.251 
2F 7540 207 9.9 1479 2427 296 0.289 

[O099j As is apparent from the results set forth in Table 2, polishing compositions of the 
invention can provide a good balance of substrate removal rate, detectivity, and haze. In 
particular, higher amounts of both an organic carboxyiic acid, e.g.. malonic acid, and a 
polysaccharide, e.g., hydroxyethylcelluiose, as evidenced by Polishing Composition 2D, 
exhibited, ait improved, substrate removal rate, improved substrate defectivity, and improved 
substrate haze. 

EXAMPLE 3 
jOdlOO] This example demonstrates that polishing compositions of the invention, which 
comprise silica., an. organic carboxyiic acid, a polysaccharide, a base, optionally a surfactant, 
and water, exhibit good polishing properties. 
[00101] Similar silicon substrates were polished using a SURFIN^ 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% 
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colloidal silica thai has been surface modified with organic agents (Fuso PL2; 52 nm 
diameter) or a fumed silica (Cabot L90; 90 mf/g surface area), (b) 5547 ppm ma tonic acid, (e) 
607 ppm HEC (MW - 80,000 g/mol), (d) potassium hydroxide, and (e) water. 
[0.100] The 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 3. 

TABLE 3 

COiTJD. c-i-. M 
J fA/mk} 

DCN DCO 
(cotrafcs) (counts! 

DNM 
Haze 
toml 

3 A colloidal 1452 1249 869 0.084 
3B fumed silica | 1269 565 706 0.064 

[0101 | As is apparent from the .results set forth in Table 3, both colloidal (wet-process) 
silica and famed silica, when included in polishing compositions of the invention exhibit 
good substrate removal rates with, low substrate defectivity arid good substrate haze. 

EXAMPLE. 4 
[O102| This example demonstrates that polishing compositions of the invention, which 
comprise silica, an organic carboxyiic acid, a polysaccharide, a base, and water, can exhibit-
good overall polishing properties. 
[0103] Similar silicon substrates were polished using a SPM31Q0 polishing pad (under 
the same conditions with 4 different polishing compositions identified as Polishing 
Compositions 4A-4D. Each of Polishing Compositions 4A-4D contained (a) 4 wt% Fuso 
PL2 silica particles, (b) the organic carboxyiic 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 g/mol), (d) sufficient potassium hydroxide io provide each polishing 
composition with a pH as set forth in Table 4, and. (e) water. 
[0104) The 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 1 able 4. 
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TABLE 4 

Comix Carboxvlic Acid 
(ppm) RR (A/min) If 3

 
1 

^ 
j 

DCO 
(cotims) 

DNN 
Haze 
imml 

None 
C2 none 9.8 664 1888 368 0.175 

Diearhoxvlk Acid 
4A' MA (554?) 9.3 1.490 3189 2640 0.1 i 5 

Ammo Acid 
4B PA (68S0) 9.8 814 16415 655 0.107 
4C2 Gfy (4000) 9.6 791 11795 542 0.101 

Hvdrox v Acid 
4D LA (4800) 9.1 1080 19277 1791 0.095 

1 average of 3 runs 
" average of 2 rims 
[OJOSf As 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 a» organic carboxyiic acid, as e videnced by Polishing 
Compositions 4A-4D, exhibited an improved substrate removal rate and improved substrate 
haze, while mamtaramg reasonably good substrate defectivity. 

EXAMPLE 5 
[0 J.06j This example demonstrates polishing compositions of the invention, which, 
comprise silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a surfactant, 
and water, can exhibit, good overall polishing properties. 
{01Q7J Similar silicon substrates were polished using a POLITEX™ Reg II polishing pad 
under the same conditions under the same condition with 11 different polishing compositions 
identified as Polishing Compositions 5.-V5K. Each of Polishing Compositions 5A.-5K 
contained (a) 4 wt.% Fuse PL2 silica particles, (b) the organic carboxyiic acid TA or AEP in 
the concentration set forth in Table 5, (c) 607ppra polysaccharide HEC (MW - 100,000 
g/mol), MeHEC, XG, C, or XG 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. 
[DI88| Polishing Compositions 5A.-5C, 5F-5H, 5J, and 5K did not contain a surfactant. 
Polishing Compositions 5IX 5E, and 51 further contained 37 ppm SURFYNOL™ 104, 80 ppm 
IGEPAL™ CO-730, and 37 ppm. SURFYNOL™ 104, respectively. 
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[01091 Similar silicon substrates were polished using a POLITEX1" 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.% Fuso PL2 silica particles, (h) no organic carboxyiic acid, <c) 60? ppm HEC (MW 
100,000 g/mol), (d) sufficient potassium hydroxide to provide each polishing composition 
with a pH as set forth in Table 5, and (e) water. 
jOti 0] The 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 5. 

TABLE 5 

Coren. 
Carhoxvlic 

Acid 
(ppm) 

Polysaccharide Mi RR 
(A/min) 

DCN 
fcoanis) 

DCO 
(counts) 

DNN 
Haze 

C6l none HEC (607) 9.2 672 29516 477 0.59 
C71 none HEC (607) 9.4 767 34201 11.46 0.68 

SA1 TA (8000) HEC (607) 9.1 1396 12139 403 0.41 
SB1 TA (8000) HEC (607) 9,4 1356 9277 330 0.18 

5C TA (8000) MeHEC (607) 9,3 1033 30199 298 0.26 
5Di TA (8000 MeHEC (607) 9.6 874 7036 381 OA I 
5BS TA(8000) MeHEC (607) 9.5 63 5243 3021 0.36 

5F TA (3340 XG (140) 10.4 403 294 269 0.28 
5G TA 10000) XG (140) 10.0 618 320 228 0.29 
5H j TA (8000) XG (607) 9.4 506 471 367 0.17 
5f TA (8000) XG (67) 9 2 '.

J
*

 

C©
 

CT
\ 1593 136 0J6 

5i TA (8000) C(607) 93 742 1710 274 0.18 

5K 
AEP 

(8000) XG (607) 
9.9 

4065 45966 52770 6.37 
1 molecular weight of HEC is 100.000 a/mol 
" additionally contained 37 ppm SURFYNOL 104 

additionally contained 80 ppm IGEPAL™ C0-730 
fOll 11 As is apparent from the results set forth in Table 5, polishing compositions of the 
invention can provide a good balance of substrate removal rate, defectivity, and haze. 

EXAMPLE 6 
jfll i 2f This example demonstrates polishing compositions of the invention comprising 
silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a. polymer, and water. 
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[0113| Similar silicon substrates were polished using a SFM3100 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 wi.% malonic acid, (c) 607 ppm HEC (MW:::: 83,000 g/mol), (d) potassium, 

hydroxide to adjust the pH to 9.6, (e) water, and (f) optionally a. polymer, specifically a 

hydrophobaied polyethylene glycol polyurethane as indicated in Table 6. 

[0114| The substrate removal rate (RR) and haze (DNN) were determined for each 

polishing composition, and the results are summarized in. Table 6. 

TABLE 6 

Polv.mer fomnl RR (A/min) 
DNN 
Haze 
(ppm) 

6A* none 1497 0.068 
6B DSX 3000 (60) 690 0.025 
6C DSX 3000 (150) 281 0.019 
6D DSX 3000 (300) 300 0.016 
6E- BG PW25 (150) 733 0.030 

1 average of 3 runs 
2 average of 4 rims 

[0115f As is apparent from the results set forth in Table 6, polishing compositions 

containing either COGNIS DSX™ 3000 polymer or BORCHlw Gel PW25 polymer exhibited 

m improved substrate haze as compared to the same polishing composition without any such 

polymer. 

EXAMPLE 7 

|01.16f This example demonstrates polishing compositions of the invention comprising 

silica, an organic carboxyiic acid, a polysaccharide, a. base, and water. This example farther 

demonstrates the effect of the molecular weight of the polysaccharide on the substrate 

removal rate exhibited by the polishing composition. 

[01.17) Similar silicon substrates were polished using a SPM3100 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 PL2 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. 

[0MJ The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 

determined, for each polishing composition, and the results are summarized in Table 7. 
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TABLE 7 

Coma Average MW 
of HEC RR (A/min) DCO 

(counts) 

DNN 
Haze 

(mm) 
7 A 83,000 91.1 486 0.042 
78 250,000 731 317 0,036 
7C 1300,000 662 4.12 0,038 

|0ll9j As is apparent from the results set fonh in Table 7, the polishing composition 
containing HEC having an average molecular weight of 83,000 g/mol exhibited a higher 
removal rate than similar polishing compositions containing HEC having higher molecular 
weights. 

EXAMPLE- 8 
[0I2OJ This example demonstrates polishing compositions of the invention comprising 
silica, an organic carboxyiic acid, a polysaccharide, a base, and water. 
|(II211 Similar silicon substrates were polished using a SPM3J.00 polishing pad under the 
same conditions with 8 different polishing compositions identified as Polishing Compositions 
8A-BH. Each of Polishing Compositions SA-8H contained (a) 4 wt.% Fuso PL2 siiica 
particles, (b) an organic carboxyiic acid in a concentration set forth in Table 8, (c) 607 ppm 
HEC (MW ::: 83,000 g/mol), (d) potassium hydroxide, and (e) water. 
|01221 The substrate removal rate (RR), defectivity ("DCO), and tee (DNN) were 
determined for each polishing composition, and the results are summarized in Table 8. 

TABLE 8 

*0* Carboxviic Acid (wt. %) RR t'Ami in) DCO Haze *0* RR t'Ami in) (cuums i i , . \ (mm) 

dicarboxviic acid 
SA3 malonic acid {0,55) 744 997 1 0.075 
SB methyl malonic acid (0.62) 936 875 1 0.290 
8C dimethyl malonic acid (0.70) 913 681 | 0.060 
SD butyl malonic acid (0.85) 1040 1100 s 0.063 
SE 2-btuvl. malonic acid (0.85) 869 939 j 0.058 
SF sodium mesooxalate monohydrate (0.96) 939 779 | 0.057 

hvdroxv acid 
8G DMPA (0.71) 544 S 0.019 

amifw-carboxv substituted trazme 
! SH | ATCA (0.68) 609 272 | 0.036 

! average of 3 runs 
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[01231 As 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 
10124] This example demonstrates polishing compositions of the invention comprising 
silica., an organic carboxyiic acid, a polysaccharide, a base, optionally a polymer, and water. 
This example further demonstrates the effect of a polymer (e.g., BG PW25) and base 
concentration on substrate removal rate, defectivity, and haze exhibited bythe polishing 
composition. 
[012S| Similar silicon substrates were polished using a SPM3100 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-l ,2,4-
tria2.ole-S-carbox.ylic acid (ATCA), (e) 607 ppm HEC (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 hydrophoba.ted polyethylene 
glycol polyurethane. 
j0126| The substrate removal rate (RR),; defectivity (DCO), and haze (DNN) were 
determined for each, polishing composition, and the results are summarized in Table 9. 

TABLE 9 

Comp. Silica Carboxviic 
Acid 

KOH 
Cwt. 

BG PW25 
(mm) RR f A/miiTs DCO 

{counts) 

DNN 
Baxe 
(mm) 

9A 4 MA 0.75 0 939 1399 0.067 
9B 4 ATCA 0.46 150 753 3251 0.054 
9C 5 ATCA 0.46 350 930 2366 0.057 
9D 4 ATCA 0.54 150 904 1306 0.083 
9B 5 ATCA 0,54 150 950 4227 0.080 

[01271 As is apparent by the results set forth in Table 9, polishing compositions of the 
invention can provide a good balance of substrate removal rate, defectivity, and haze. 

EXAMPLE 10 
|'0i2.gj This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic acid- a polysaccharide, a base, optionally a polymer, 
and water exhibit good polishing properties. 
jOI291 Similar silicon substrates were polished using a SPM3100 polishing pad under the 
same conditions with 10 polishing, compositions identified as Polishing Compositions I OA-
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IGJ. Each of Polishing Compositions IGA-iOj contained (a) 4 wt,% Fuso PL2 silica 
particles, (b) either malonic acid or dimethylolpropionic acid in tlie concentration set forth in. 
Table 10, (c) 607 ppm HEC (MW ~ 80,000 g/mo)}, (d) potassium hydroxide in a 
concentration set forth in Table 10, and (e) water. Polishing Compositions 10B-10J farther 
contained 150 ppm BORCHl'" PW25 as a hvdrophobated polyethylene glycol polyurethane 
polymer. 
[01301 The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in Table 10. 

TABLE 10 

Corns. % Solids DMPA EE 
(Aimm) 

DCO 
{counts') 

DNN 
Haze DMPA EE 

(Aimm) 
DCO 

{counts') tan) 
IDA1 4 0 (HAf 0.75 I4BS 746 0.077 
3.0B 4 0.7 0.46 809 3209 0.0S3 
10C 4 0.7 0.66 135 1527 0.102 
30D 4 IJ 0,46 747 ion 0,076 
SOB 4 1.1 0.66 88 1954 0.047 
10F 4.5 0.9 0.56 194 1373 0.092 
IOO 5 0.7 | 0,66 102 1599 0.077 
10H 5 0.7 0.46 875 1293 0.064 
101 * IJ 0,66 1.63 2053 0,038 
10.1 5 1.1. j 0.46 1005 1868 0.092 

[ did not contain BORCHl' Gel PW25 
2 contained MA (0.55 wt.%) instead of DMPA 
[0I31f As is apparent by the results set forth in Table 10, polishing compositions of the 
invention can provide a good balance of substrate removal rate, defectivity, and haze. 

EXAMPLE 1! 
[0132} This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a polymer, 
and water exhibit good polishing properties. 
101331 Similar silicon substrates were polished using: a SPM3100 polishing pad under the 
same conditions with 7 polishing compositions identified as Polishing Compositions 11A-
11G. Each of Polishing Compositions 11.A-I ?G contained (a) 4 wt.% Fuso PL2 silica 
particles, (b) either malonic acid (MA), aspartic acid (Asp), bicine, or 3-aminopyrazine-2-
carboxyitc acid in the concentration set forth in Table 11, (e) 607 ppm BEC (MW ™ 80,000 
g/moi}, (d) 0.55 wt.% potassium hydroxide, and (e) water. Polishing Compositions 11B-11F 
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additionally contained 150 ppm BORCHl^ Gel PW25. The pH was adjusted to 0.6 with 
KOH. 
|0134| The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in 'fable 11. 

TABLE 11 

Como. Carboxviic Acid 
fwt.%) 

KOH RE DCO 
(counts) 

DNN 
Haze 

imml 
Como. RE DNN 

Haze 
imml 

1.1A1'2- MA (0.55) 0.55 1074 1106 0.045 

UB Asp (0.71) 0,71 788 1085 0.036 
11C bicine (0.87) 0.87 884 1264 0.038 
111) bicine (0.87) 0.87 728 1366 0.036 
HE bicine (1.27) 1,27 940 1303 0.038 
1 IF bicine (1.27) 1.27 U17 1242 0.043 

UG 3 -aminopyrazme-2~ 
carboxyiic acid (0,74) 0.68 878 1375 0.036 

average of 4 .runs 
2 did not contain BORCHl™ Gel PW25 
|'0J.35] As 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 
[0136] This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a surfactant, 
or polymer, and water exhibit good polishing properties. 
[0137} Similar silicon substrates were polished using a SPM31.00 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 wt% malonic acid, (c) 607 ppm HEC (MW - 80,000 g/mol), (d) 0.75 wt.% 
KOH., (e) water, and (f) optionally a polymer or surfactant as set forth in Table 12. 
[0138) The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in Table 12. 
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TABLE 12 

Com Polymer f 1.50 mm) RR fA/mmi DCO DNN 
Haze 

tai) 
12A1 none 1035 1157 0.087 
12B DSX 3000 472 2028 0.025 
nc BG PW2S 488 1491 0.024 
nn BG 0024 658 1188 0.032 
12E BG L75 409 j 175S 0.025 
12F BG WN50S 250 1378 0.020 
"12G BG A LA 622 794 0.045 
12H BG Thtxo 2 788 1 1140 0.051 

! a verage of 2 rims 
(01391 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, detectivity , and haze. 

EXAMPLE 33 
[0140] This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic 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, defectivity, and 
haze. 
[01411 Similar silicon substrates were polished using a SPM3100 polishing pad under the 
same conditions with 10 polishing compositions identified as Polishing Compositions 1.3A-
13J. Each of Polishing Compositions 13 A- i 3 J contained (a) 4 wt.% Fuso PL2 silica 
particles, (h) 0.55 wt% malonic acid, (c) HEC in the concentration set forth in Table 13, (d) 
potassium hydroxide in the concentration set forth in Table 13, (e) BORCHl™ Gel PW25 m 
the concentration set forth in Table 13, and (i) water. 
|0142f The substrate removal rate (RR), detectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in Table 13. 
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TABLE 13 

Como. HEC; 
(PPm) KOH f'wt.%"} BG PW25 RR 

(A/min) 
DCO j DNN 

Haze 
taml 

13 A 207 0.033 0 911 4533 j 0.073 
13B 207 0.043 0 1513 5061 0.103 
1.3C 207 0,033 300 356 1273 0.020 
13 D 207 0.043 300 887 1332 0.040 
I3Ef 607 0.038 150 868 1104 0.030 
I3F 1007 0.033 0 330 2068 0.024 
BG 1007 0.033 300 280 1550 0.017 
13B 1007 0.038 300 671 1226 0.024 
133 1007 0.043 300 444 10.15 J 0.026 
13J 1007 0,043 0 251 1145 1 0.024 

average of 2 rims 
[0143} As is apparent by the results set forth in Table 13, polishing compositions of the 
invention can provide a good balance of substrate removal rate, defectivity, and haze. 

EXAMPLE 14 
[0144} This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic 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, detectivity, and haze. 
[0145| Similar silicon substrates were polished using a SPM3100 polishing pad under die 
same conditions with 8 polishing compositions identified as Polishing Compositions I4A-
I4H. Each of Polishing Compositions 14A-14H 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) BORCHl'M Gel PW25 in the concentration set forth in Table 14. and (f) water. 
[01.46] The substrate removal rate (RR); detectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in Table 14. 
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TABLE 14 

Comp. BG PW25 (ppm) RR (A/min) DCO (counts) DNN Haze 
(ppm) 

14A1 0 1349 913 0,067 
14Ba 60 1103 1006 0.057 
14C* 90 1065 S60 0.052 
14D2 120 1014 949 0.048 
14E"' 150 1020 1163 0.047 
i4F ISO 858 909 0.039 
14G 210 748 943 0.036 
14H 240 728 961. 0.037 

1 average of 3 run 
2 average of 2 rims 

average of 7 runs 
[0147} As is apparent by the results set forth in Table 14, Polishing Composition 14A, 

which did not contain any BORCHl " Gel PW25 polymer, exhibited a high substrate removal 

rate, suitable substrate defectivity, and low substrate haze. Polishing Compositions 14B-14H, 

which contained BORCHl'* Gel PW25 polymer exhibited improved substrate haze, with 

suitable substrate removal rates and defectives, as compared to Polishing Composition 14A 

under these polishing conditions. 

EXAMPLE 15 

j(tl48| This example demonstrates that polishing compositions of the invention 

comprising silica, an organic carboxyiic acid, a polysaccharide, a base, a polymer, and water 

exhibit good polishing properties. This also example demonstrates the effect of surfactant 

and polymer concentration on substrate removal rate, defectivity, and haze. 

[00102] Similar silicon substrates were polished using a SPM.3.100 polishing pad under the 

same conditions with 7 polishing compositions identified as Polishing Compositions ISA-

15G. Each of Polishing Compositions 15A-15G contained (a) 4 wt.% Fnso PL2 silica 

particles, (b) 0.55 wt.% malonic acid, (c) 607 ppm HEC (MW80,000 g/mol) f (d) 0.75 wt.% 

KOH, (e) water, and (f) optionally a polymer in the concentration set forth in Table 15. 

[0149]. The substrate removal rate (RR.), defectivity (DCO), and haze (DNN) were 

determined for each polishing composition, and the results are summarized in Table 15. 
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TABLE 15 

Coma Polymer {'m>m) RR t'A/min) DCO 
(counts) 

DNN 
Haze 
(m>m) 

ISA none 1132 9749 0.088 
ISB BG WN50S (50) 947 4029 0.068 
ISC BG WN50S {100) 703 1856 0.055 
151) BG WN50S (150} 3.14 \ 129 0.018 
15E 1 BG A LA (150) 1234 9127 0.100 
15F | EGA LA (250) 1190 1153 0,096 
15G | BG A LA (400) 

___ | 
758 0,084 

f<H50jj As is apparent by the results set forth in Table 15, Polishing Composition I5A, 
which did not contain any polymer, exhibited a suitable substrate removal rate and good 
substrate haze. In contrast. Polishing Compositions 15B-15D comprising BORCHl''' Gel. 
WN50S exhibited improved substrate defectivity and haze as compared, to Polishing 
Composition 15A trader these polishing conditions. Moreover, Poiishing Compositions 15E-
15G comprising BORCHl1"' Gel A LA exhibited improved substrate removal rates and 
detectivity, with suitable substrate haze, as compared to Polishing Composition. 15A under 
these polishing conditions. 

EXAMPLE 16 
[0151] This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic acid, a polysaccharide, a base, a polymer, and water 
exhibit good polishing properties. 
|0.152| Similar 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-46E contained (a) 4 wt% Fuso PL2 silica 
particles, (b) 0,55 wt.% malonic acid, (c) 607 ppm HEC (MW80,000 g/mol), (d) 0.75 wt.% 
KOH, (e) water, and (f) optionally a polymer in the concentration set forth in Table 16. 
[01531 The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 
determined for each polishing composition, and the results are summarized in. Table 16. 
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TABU 3 16 

Como. Polvmer (nnmS RR ('A/min) DCO 
(counts) 

DNN 
Haze 

imrnl 
MA none 1385 1024 0.062 
!6BS BG PW25 (150) 971 1133 0.039 
tec ALCOGUM" 283-30 (150) 1577 1487 0.062 
16D ALCOGUM^ LI 5 (150) 1552 1710 0.061. 
16E ALCOGUM'" L3 i (150) 1567 1067 0.062 

1 average of 3 runs 
|0154| As is apparent by the results set forth in Table 16, Polishing Composition I6A, 
which did not contain a polymer, exhibited a suitable subslrate removal rate, defectivity, and 
haze. In contrast, Polishing Composition 16B comprising a polyethylene glycol polyurethane 
exhibited an improved substrate haze, with a suitable substrate removal rate and detectivity, 
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 detectivities, 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 carboxyiic acid, a polysaccharide, a base, & surfactant or 
polymer, and water exhibit good polishing properties. This example also demonstrates the 
effect of polymer concentrations on substrate removal rate, detectivity, and haze. 
|OI56f Similar silicon substrates were polished using a SPM3100 polishing pad under the 
same conditions with 10 polishing compositions identified as Polishing Compositions 17A-
17.1. Each of Polishing Compositions contained (a) 4 wt.% Fuso PI. 2 silica particles, (b) 0.55 
wt,% malonic acid, (c) 607 ppm HEC (MW ~ 80,000 g/mol), (d) 0,75 wt.% KOHs (e) water, 
and (1) optionally a polymer in the concentration set forth in Table 17. 
|0157| The substrate removal rate (RR), defectivity (DCO), and haze (DNN) were 
determined for each polishing composition. The results are summarized in Table 17. 
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TABLE 17 

Coim. Polymer /DDM) RR (A/min) DCO (counts) DNN Haze 
fnnm) 

17A none 1331 925 0,050 
17B BG PW25 (.150) 778 1081 0.033 
17C BGWN50S(75) 89? 958 0.033 
17D BG WN50S (100) 403 1.318 0.022 
17E BG WN50S (125) 148 1978 0.022 
I7F BG A LA (400) 1340 856 0.041 
17G BG A LA (BOO) 1340 1006 0.040 
J 7 H BG A LA (1600) 1338 923 0..040 
ni BG 0434 (210) 616 1125 0.026 
17 J BG 0434 (250) 529 1202 0.025 

|i)158| As 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 BG 
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 IS 
['G1S9J This example demonstrates that polishing compositions of the invention 
comprising silica, an organic carboxyiic acid, a polysaccharide, a base, optionally a reducing 
agent, and water exhibit good, polishing properties. 
[00103] Similar silicon substrates were polished under the same conditions using a 
ClHGALm 7355 pad with 7 different polishing compositions identified as Polishing 
Compositions 18A-I8G. Each of Polishing compositions 1.8A-18F 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 HEC (MW :::: 80,000 g/mol), (d) potassium hydroxide 
in the concentration set forth in Table 18, and (e) water. In addition, Polishing Compositions 
.18B-1.8G also contained either potassium bicarbonate or potassium metabisuifite in the 
concentration set forth in Table 18. 
|0160| The substrate removal rate (RR), defectivity (DCO), and haze (DNN) haze were 
determined, for each polishing composition, and the results are summarized, iii Table 1S. 



WO 2012/030752 PCT/US2011/049629 

37 

TAB .1?. 18 

Comp. Acid 
m.%) 

KOH 
fwt. %) 

KECO. 
(wt %) 

KBSCh 
(wt.%) 

EE 
(A/'min) 

DCO 
{counts.) 

DNN 
Haze 

(ppm) 
ISA MA (0,55) 0.76 0 0 39 21S1 0.036 
18B MA (0.17) 0.32 0.17 0 30 1712 0.015 
ISC MA (0.55) 0.76 0 0.13 371 1031 0.035 
.18D MA (0.55) 0.76 0 0.04 218 1006 0.015 
is! GA. (0,64) 0.5S 0.17 0 600 1089 0.035 
18F GA (0.94) 0.74 0.2.1 0 5.20 716 0.019 
18G 1 GA {'0.64} 0.72 0.17 0 476 1258 0.032 

[0161 \ As is apparent from the results set. forth in. "Fable 18, polishing compositions of the 
invention can provide a good balance of substrate removal rate, defectivity, and haze. 



38 

CLAIMS 

l.A chemical-mechanical polishing composition consisting essentially of: 

(a) silica, 

(b) one or more organic carboxyiic acids, salts, or hydrates thereof selected from the group 

consisting of 

(i) dicarboxyiic acids of the formula: 

II02C —rCR3 R.- C02IL 

wherein n is an integer of 0-8 and each of R1 and R2 is independently selected from the 
1 2 group consisting of hydrogen, a hydroxyl group, and C\-Ce alkyl groups, or R and R 

1 2 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: 

R- R1 

"CtML 

wherein each of R1, R2, R3, and R4 is independently selected from the group consisting of 

hydrogen, an aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CH2)n-

group, and -(CH=CH-)n group connecting either R1 or R2 with either R3 or R4, wherein n is 

an integer of 1-6; 

(iii) hydroxy acids of formula (1): 

(R3R21 >n 

,1 r»3 wherein n is an integer of 0-8, and each of R -R is independently selected from the group 

consisting of hydrogen, alkyl, hydroxy, ai 

hydroxy or hydroxyalkyl, or formula (2): 

consisting of hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of R*-R3 is 

COOIL 

W/ 
(OH),, 

wherein n is an integer of 1-5; 

(iv) carboxy substituted pyrazine compounds; and 

(v) carboxy substituted triazole compounds, 
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(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, 

(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 

about 0.001 wt. % to about 20 wt. % of the polishing composition. 

3. The polishing composition of claim 2, wherein the silica is present in an amount of 

about 0.05 wt. % to about 10 wt. % of the polishing composition. 

4. The polishing composition of claim 1, wherein the silica is wet-process silica. 

5. The polishing composition of claim 1, wherein the one or more organic carboxyiic acids 

are present in a total amount of about 0.0005 wt. % to about 2 wt. % of the polishing 

composition. 

6. The polishing composition of claim 1, wherein the dicarboxyiic acid is selected from the 

group consisting of 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. 

7. The polishing composition of claim 6, wherein the dicarboxyiic acid is malonic acid. 

8. 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 proline. 

9. The polishing composition of claim 1, wherein at least one organic carboxyiic acid is a 

carboxy substituted pyrazine compound. 
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10. The polishing composition of claim 9, wherein the carboxy substituted pyrazine 

compound is 3-aminopyrazine-2-carboxyiic acid. 

11. The polishing composition of claim 1, wherein the carboxy substituted triazole 

compound is 3-amino-l,2,4-triazole-5-carboxylic acid. 

12. The polishing composition of claim 1, wherein the hydroxy acid is selected from the 

group consisting of aliphatic hydroxy acids and aromatic hydroxy acids. 

13. The polishing composition of claim 12, wherein the aliphatic hydroxy acid is selected 
from the group consisting of lactic acid, glycolic acid, 2-hydroxybutyric acid, and 
dimethylolpropionic acid. 

14. 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-dihydroxybenzoic acid, and 3,4-dihydroxybenzoic acid. 

15. The polishing composition of claim 1, wherein at least one polysaccharide is a 
hydroxyalkyl cellulose. 

16. The polishing composition of claim 15, wherein the hydroxyalkyl cellulose is 
hydroxyethyi cellulose. 

17. The polishing composition of claim 16, wherein the average molecular weight of the 
hydroxyethyi cellulose is about 300,000 g/mol or less. 

18. The polishing composition of claim 17, wherein the average molecular weight of the 
hydroxyethyi cellulose is about 10,000 g/mol to about 100,000 g/mol. 

19. The polishing composition of claim 1, wherein at least one base is selected from the 
group consisting of an alkali metal hydroxide, an alkali metal carbonate, an alkali metal 
bicarbonate, and a borate. 
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20. The polishing composition of claim 19, wherein at least one base is selected from the 

group consisting of potassium hydroxide, potassium carbonate, and potassium bicarbonate. 

21. The polishing composition of claim 1, wherein the pH is about 8-12. 

22. The polishing composition of claim 21, wherein the pH is about 9-11. 

23. The polishing composition of claim 1, wherein one or more surfactants and/or 

polymers are present in the polishing composition. 

24. The polishing composition of claim 23, wherein at least one surfactant is a nonionic 

surfactant. 

25. The polishing composition of claim 24, wherein the surfactant is an acetylenic diol 

surfactant or a hydrophobated polyethylene glycol. 

26. The polishing composition of claim 23, wherein the one or more polymers is a 

polyethylene glycol polyurethane or a water soluble acrylic. 

27. The polishing composition of claim 1, wherein the reducing agent is potassium 

metabisulfite. 

28. The polishing composition of any one of claims 1 -27, wherein one or more biocides 

are present in the polishing composition. 

29. A method of chemically-mechanically polishing a substrate comprising: 

(i) contacting a substrate with a polishing pad and a chemical-mechanical polishing 

composition consisting essentially of: 

(a) silica, 

(b) one or more organic carboxyiic acids or salts thereof selected from the group 

consisting of 
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(i) dicarboxyiic acids of the formula: 

II02C—r CR1R2 7j- CCWI, 

wherein n is an integer of 0-8 and each of R and R is independently selected from the 
1 2 group consisting of hydrogen, a hydroxyl group, and C1-C6 alkyl groups, or R and R 

together form an oxo group; and when n is 2 or more, the bonds between the CR]R2 

groups are independently selected from the group consisting of single, double, or triple 

bonds; 

(ii) amino acids of the formula: 

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 -(CH2)n-

group, a -(CH=CH-)n group connecting either R1 or R2 with either R3 or R4, wherein n is 

an integer of 1-6; 

(iii) hydroxy acids of the formula (1): 

(R3R2RiC-)r-C02H, 

wherein n is an integer of 0-8, and each of R1 -R3 is independently selected from the group 

consisting of hydrogen, alkyl, hydroxy, and hydroxyalkyl, wherein at least one of R]-R3 is 

hydroxy or hydroxyalkyl, or the formula (2): 

COOH, 

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, 
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(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, 
(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. 

30. The method of claim 29, wherein the silica is present in an amount of about 0.001 wt. 

% to about 20 wt. % of the polishing composition. 

31. The method of claim 30, wherein the silica is present in an amount of about 0.05 wt. % 
to about 10 wt. % of the polishing composition. 

32. The method of claim 29, wherein the silica is wet-process silica. 

33. The method of claim 29, wherein the one or more organic carboxyiic acids are present 
in a total amount of about 0.0005 wt. % to about 2 wt. % of the polishing composition. 

34. The method of claim 29, wherein the dicarboxyiic acid is selected from the group 
consisting of 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. 

35. The method of claim 34, wherein the dicarboxyiic acid is malonic acid. 

36. The method of claim 29, wherein the amino acid is selected from the group consisting 
glycine, serine, glutamic acid, aspartic acid, lysine, bicine, nitrilotriacetic acid, pipecolic 
acid, picolinic acid, and proline. 

37. The method of claim 29, wherein at least one organic carboxyiic acid is a carboxy 

substituted pyrazine compound. 
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38. The method of claim 37, wherein the amino-carboxy substituted pyrazine compound is 

3-aminopyrazine-2-carboxylic acid. 

39. The method of claim 29, wherein the carboxy substituted triazole compound is 3-

amino-1,2,4-triazole-5-carboxylic acid. 

40. The method of claim 29, wherein the hydroxy acid is selected from the group 

consisting of aliphatic hydroxy acids and aromatic hydroxy acids. 

41. The method of claim 40, wherein the aliphatic hydroxy acid is selected from the group 

consisting of lactic acid, glycolic acid, 2-hydroxybutyric acid, and dimethylolpropionic 

acid. 

42. The method of claim 40, 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-dihydroxybenzoic acid, and 3,4-dihydroxybenzoic acid. 

43. The method of claim 29, wherein at least one polysaccharide is a hydroxyalkyl 

cellulose. 

44. The method of claim 43, wherein the hydroxyalkyl cellulose is hydroxyethyi cellulose. 

45. The method of claim 44, wherein the average molecular weight of the hydroxyethyi 

cellulose is about 300,000 g/mol or less. 

46. The method of claim 45, wherein the average molecular weight of the hydroxyethyi 

cellulose is about 10,000 g/mol to about 100,000 g/mol. 

47. The method of any one of claim 29, wherein at least one base is selected from the 

group consisting of an alkali metal hydroxide, an alkali metal carbonate, an alkali metal 

bicarbonate, and a borate. 

48. The method of claim 47, wherein at least one base is selected from the group 

consisting of potassium hydroxide, potassium carbonate, and potassium bicarbonate. 
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49. The method of claim 29, wherein the pH is about 8-12. 

50. The method of claim 49, wherein the pH is about 9-11. 

51. The method of claim 29, wherein one or more surfactants and/or polymers are present 
in the polishing composition. 

52. The method of claim 29, wherein at least one surfactant is a nonionic surfactant. 

53. The method of claim 52, wherein the surfactant is an acetylenic diol surfactant or a 

hydrophobated polyethylene glycol. 

54. The method of claim 29, wherein the one or more polymers is a polyethylene glycol 
polyurethane or a water soluble acrylic. 

55. The method of claim 29, wherein the reducing agent is potassium metabisulflte. 

56. The method of claim 29, wherein the substrate comprises silicon, and a portion of the 

silicon is abraded to polish the substrate. 

57. The method of claim 29, wherein one or more biocides are present in the polishing 
composition. 


