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SILICON POLISHING COMPOSITIONS WITH HIGH RATE AND LOW DEFECTIVITY
BACKGROUND OF THE INVENTION

o601} Silicon wafers used in elecwonic devices are typicaily prepared from a single

crvsial siticon ingot that is first shiced into thin wafers using a diemond saw and then ground

1o remove surface imperfections ariging from the sawing process. The silicon wafers

thereafter typically require a final polishing step to provide surfaces having very low surface

roughness before the silicon wafers are acceptable for use i elecrronic devices,

06021  Cumrent methods of performing the final polishing of silicon wafers oflen emiploy

polishing compositions that contain sitica as an abrasive in an aqueous carrier and further

comprising additives such as amines or guaternary ammonivm salis as polishing rate

enhancers. Conventional polishing compositions for siticon wafers generally require over 10

minutes of polishing in order 1o remove 10-20 microns of silica.

[0003]  Polishing compositions are desired that can be wsed to polish silicon more quickly

10 improve throughput and more effectively ntilize production capacity. 1t is well known to

use gmines m silicon slurnies (o increase the removal rate. However, the use of amines in

polishing sturries 1s accompanied by an increase in particle defects and haze on the subsirate.

Further, in view of environmental concerns soch as waste water treatment regulations, the nse

of ampine additives is undesirable.

{604} Thus, there is a need in the an for improved chemical-mechanical polishing

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

SUMMARY

[BO0S]  The disclosure provides a chemical-mechanical polishing composition comprising

an abrasive, & rate accelerator, a polysaccharide, a base, optionally & surfactant and/or

potymer, optionally a reducing agent, and sater.

[0606]  The disclosure particularly provides a chemical-mechanical polishing composition

comprising (a) silica, (b} ope or more organic carboxyhic acids or salts thereof, (¢) one or

more polysaccharides selected from the group consisting of a hvdroxyalkylceltulose,

carragesnan, and xeanthan gum, (d} one or more bés&:s, {e) optionally one or more surfactants

and/or polymers, (£) optionally one or more reducing agents, {g) optionally one or mare

biocides, and (h) water, whesein the polishing composition has an alkaline pH.

{0607} The disclosed chemical-mechanical polishing composition

desirably exbibats g lgh removal rate, Jow particle defectivity, and low haze. Morsover, st



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.

[6008a] 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:
HOC—+CRIR? 5 COLH,

wherein n is an integer of 0-8 and each of R' and R? is independently selected from the group consisting of
hydrogen, a hydroxyl group, and C;-C; alky! groups, or R!and R? together form an oxo group, and whennis 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:

N CO.H,

R*
wherein each of R', R?, R®, and R” is independently selected from the group consisting of hydrogen, an
amincalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CH;),- group, and -(CH=CH-), group
comnecting either R' or R? with either R® or R*, wherein n is an integer of 1-6;

(iii) hydroxy acids of formula (1}
(RIRZRIC +—CO,H.
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'-R’® is hydroxy or hydroxyalkyl, or
formula (2):
COOH,

=

-
N

(OH),
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wherein 1 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.
[6008b] 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:

HO>C—+CRIR? 35— CO,H,

‘u
wherein n is an integer of 0-8 and each of R' and R’ is independently selected from the group consisting of
hydrogen, a hydroxyl group, and C;-Cg alkyl groups, or R' and R? 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,

doubie, or triple bonds;

(i) amino acids of the formula:

RF Rr!

/Vm}

}lq COLH,
R

wherein each of R', R* R®, and R* is independently selected from the group consisting of hydrogen, an
aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CH,),- group, a -(CH=CH-), group

connecting either R’ or R? with either R’ or R*, wherein n is an integer of 1-6;
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(iii) hydroxy acids of the formula (1):
RIRPRIC 42— CO,H,

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'-R® is hydroxy or hydroxyalkyl, or the
formula (2}:

COOH,

7
S

(OH),
wherein 1 is an integer of 1-5;
(iv) carboxy substituted pyrazine compounds; and
(v) carboxy substituted triazole compounds,
(¢) 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
[660%]  The invention provides a chemical-mechanical polishing composition and a
method of chemicalty-mechamically polishing a substrate {e.g., silicon wafer), whevein the
polishing composition comprises one of more polysaccharides and one or mote rate
accelerators. Applicants have found that conventional amine rate accelerators lead to
mcreased iaarticie defects and increased haze in polished substrates.
{O610]  in an embodiment, the chemical-mechanicnt polishing composition comprises,
consists essentially of, or consists of {a) silica, {b) one or more organic carboxylic acids or
salts thereof, {¢) one or more polysacchartdes selected from the growp consisting of &
hydroxyalkyleellulose, carrageenan, and xanthan gum, {d} one or more bases, {e} optionally
one or more swriactants and/or polymers, (f) optionally one or more reducing agents, (g)
opvionatly one or mare biocides, and (h} water, wherein the organic carboxylic acid is
selected from the group consisting of dicarboxylic acids, amino acids, hydroxy acids,
amino-carboxy substiteied pyrazine compounds, and amino-carboxy substinsted triazole
compounds, and wherem the polishing composition has an alkaline pH.
{0011} The polishing composition of the invention desirably exhibits a high removable
rate when polishing a subsirate according 10 a method of the invention. For example, when
polishing silicon wafers in accordance with an embodiment of the tnvention, the polishing
composition desirably exhibits a removal rate of 500 Afmin or higher, preferably 700 A/min
or higher, and more preferably 1000 Afmin or higher.
0012 Moreover, the polishing composition of the nvention 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 techunigues, such as dark field
normal beam composite {DON) and dark Held obligue beam composite (DCQ), can be used
to determine particle defects on polished substrates. A substrate, especially silicon, polished
with the inventive polishing composition desirably has a DON value of 4600 counts or less,

2., 3500 cows 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. Aliernatively, or in addition, a subsirate, especially
silicon, polished with the imventive polishing composition desirably has 2 DCO valne of 2000
courits o less, €.4., 1300 counts or less, 1000 counts or less, or 500 connts or less.

[6013F  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 Bght scatiering
technigoe can be used to measure haze on polished substrates. A substrate, especially silicon,
polished with the mventive polishing composition destrably has & haze (DNN measurement)
of 0.2 ppm of less, move preferably 0.1 ppm or less, and most preferably .05 ppm or less.
[0614]  The chemical-mechanical polishing composition desirably consists essentially of:
{2} silica, {b) one or more organic carboxylic acids or salts thereof selected from the group
consisting of (1) dicarboxylc actds of the formula:

Hoch CRIRE -+ COM
j 3

wherein 1 is an integer of 0-8 and cach of R’ snd R” is independemtly selected from the gronp
comsisting of hydrogen, a hydroxy group, and Ci-Cy alkyl groups, or R} and R® together form
an axo group, and when 1 is 2 or more, the bonds between the CR'R® groups are
independently selected from the group consisting of single, double, or triple bonds; (11} amino
cids of the formuia:
RIR!
R, N X COH
Rd

wherein each of B!, R®, R®, and R* is independently selected from the group consisting of
hydrogen, an aminoatkyl group, a carboxyalky! group, a hydroxyatkyl group, a (CHa)
group, and a ~{CH=CH-), group connecting either R’ or R” with either R or RY, wherein nis
an integer of 1-6; {iii) aliphatic hydroxy acids of formula {1):

{R‘*‘RZR*G}TCQEH

whetein 1 is an integer of 0-8 (Le., nis 0, 1,2, 3,4, 5,6, 7, or 8), and each of R™-R’ s
independently selected from the group consisting of hydrogen, alkyl, hydroxy, and
hydroxyalkyl, wherein at lesst one of R'R? is hydroxy or hydroxyalkyl; or aromatic hydroxy

acids of formula (2):
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whevein 1 18 an integer of 1-5; (iv) carboxy substituted pyrazine compounds; and (v) carboxy
substityted triazole compounds, {c} one or more polysaccharides selected from the group
consisting of a hydroxvalkyleellulose, carragzenan, and xanthan gum, (d} one or more bases,
(e} optionally one or more surfactents and/or polymers, (f} optionally one or more reducing
agents, (g) optionally one ar more biocides, and (h) waler, wherein the polishing composition
has an alkaline pH.

{0015} As described berein, the polishing compositions are prepared a8 coscentrates for
cost effective shipping and then diluted prior to polishing. The polishing composition
concentuates can be diled from 11 {e.g., one part concentrated starry to [ part water) up o
12380 or even 11100 of more.

[0016]  The abrasive, e, wetal oxide particles such as siica, 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 sitica. Wet-process metal oside {e.g., silica) particles generally are substantially spherical
in shape, while fumed metal oxide {e.g., silica) particles generally are chain-like nggregates
of primary particles.

[0017]  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{OH ) to form colloidal particles, where colloidal particles are defined
as having an average pasticle size between | nm and 1000 nm. Such silica particles can be
prepared i accordance with .S, Patent 5,230,833 or can be obtained as any of varions
commercially available products, such as the Akzo-Nobel Bindzil 50/80 product, the Nalco
DVSTS006 product, and the Fuso PL-1, PL-1H, PL-1SL, PL-2, PL-2L, PL-3, PL-3H, PL-3L,
PL-5, PL-6L., PL-7, PL-7H, PL-10H, PL-SH3 and PL-20 products, as well as other similar
products available from DuPont, Baver, Applied Research, Sifbond, Nissan Chemical, Claciant,
and others.

[8618]  The silica can be or comprise famed silica. Fumed silica particles can be
produced from volatile precursors {e.g., silicon halides) in a pyrogenic process by hydrolysis

and/or oxidation of the precursors in g high wemperature flame (Ha/alr or H/CHu/faln) o
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produce the fumed silica. The solution containing the precursor can be spraved into a high
temperature flame using a droplet generator, and the metal oxide can then be collected.
Typical droplet generators include bi-fluid atomizers, high-pressure spray nozzles, and
ultrasonic atomizers. Suitable fumed {also known as pyrogenic) silica particles are
commerciatly avattable from producers such as Cabot, Tokuyama, and Evonik Degussa.
H619]  The silica can have any suitable average particle size (Le., average particle
diameter). The silica can have an average particle size of 4 nm or more, 10 nm or more, e.g.,
1S nm or more, 20 pmn or more, or 25 wm or more. Aliernatively, or in addition, the silica can
have an gverage particle size of 200 nm or tess, 150 nm or ess, 120 nm or lesy, ez, 110 nm
or less, 100 mw or less, 80 nm or ess, 80 nm or less, 70 nm or less, 60 nm or less, S0 nm or
less, or 40 pmoor less. Thus, the silica can have an average particle size bounded by any two
of the above enadpoints, For example, the silica can have an average particle size of 4 nm to
200 nm, 10 mm 1o 100 nm, 20 nm to 100 am, 20 nin to 80 nm, 20 nm o 60 wm, or 20 nm to
40 am. For a now spherical silica particle, the size of the particle is the diameter of the
snaliest sphere that encompasses the particle. The particle size of the silica can be measured
using any suitable technique, for example, using laser diffraction techniques. Suitable
particle size measurement instrmnents gre available from e g Malvern Instruments (Malvern,
UK

{0628}  The polishing composition can comprise any suitable amount of silica. The
concentrated polishing composition can comprise 20 wt.% or Jess of silica, e.g., 15 wt% or
Tess, 10 w3 or foss, & wi % or less, ¥ wt.% or less, 8§ wi.% or less, 7 wt.% or less, 6 wiba or
Jess, 5wt % or less, 4 wi% or jess, 3wt or legs, or 2 wi% or less of silica. After dilution,
the polishing composition can comprise 0.001 wt.%% or more of silics, e, 0.01 wiSs or
more, (1.1 wit% or more, 0.5 wt.% or more, or 1 wit.% or more of sihica. Thus, the polishing
composition can comprise sthica in an amount bounded by any two of e above endpoins
recited for sitica. For example, the polishing composition can comprise 0.001 wt.% 10 20
wt.% of silica, or 0.001 wt.% to 15 wt.%, 0.001 wi.% 1o 10 wit, 0.001 wi.% to 8 wt.%,
0.001 wt.% to 6 wi%, 0.001 wi.% 1o 5 wt.% of silica, 0.001 wi.% to 2 wt.%, or .05 w1.% 10
2 wit% of silica. In a preferred embodimend, the polishing composition comprises, at pout of
use, berween 0.2 wt % and 0.6 wi.% of silica.

{6021 The silica particles preferably are colloidally stable in the inventive polishing
compositicn. The tenm colloid refers to the suspension of silica particles i the Hguid carrier.

Colleidal stability refers to the maintenance of that suspension through time. In the context
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of this invention, an gbrasive is considered colloidally stable if, when the abrasive s placed
into a 100 ml. graduated evlinder and allowed to stand unagitated for a time of 2 hours, the
difference between the concentration of particles in the bontom 30 ml of the graduated
cybndeyr ({B] in terms of g'ml.} and the conceniration of particles i the top 50 ml. of the
araduated cylinder ({17 in terms of g/mL) divided by the initial concentration of particles in
the abwasive composition {{U] in terms of gfml} i3 less than or egual t0 0.5 (e, [[B] -~
ITI/ACT = 0.5). More preferably, the value of [BI-[T{C] is less than or equal 10 0.3, and
mest preferably 18 tess than or equal to 0.1,

[0822]  The inventive polishing composition comprises & rate enhancer in combination
with a polysaccharide. Surprisingly, a rate enhancer in combination with a polysaccharide
and, aptionatly, a pobvmer or surfactant can provide a chenscal-mechanical polishing
composition that exhibits a high rate removal, low particle defects, and low haze.

[00231  Therate enluncer desirably is one o more organic carboxylic acids. In an
embodiment, the polishing composition comprises one or more organic carbosyle acids, salis
thereof, and/or hydrates thereof, sefected ffom the group consisting of i) dicarboxylic acids,
{il} amino acids, (i1) hydroxy acids, (iv} carboxy substituted pyrazing compounds, and (v)
carboxy substitnted riazole compounds., Not wishing fo be bound by any particular theory, i

is believed that the carboxylic acid activates the polishing particle (e, g. silica} or substrate

{e.g., silicon) by forming hypercoordinate compounds {e.g., pemtacoordinate or
hexacoordmate silicon compounds).

{0244 The polishing composition can comprise any suitable amount of one or more
organic carboxylic acids. The polishing composition can comprise 0.0805 wt. % or more of
the organic carboxylic acid(s), e.g., 0.005 wit.% or more, 0.05 wi. % or more, 0.5 wt.% or
more of the organic carboxyvlic acid{s}. Alternatively, or in addition, the polishing
composition can comprise 2 wi.% or less of the organic carboxylic acid(s), e.g., 1.5 wt% or
fess, 1.0 wi % or less, or 0.3 wi.% or less of the organic cavboxylic acid(s). Thus, the
polishing composition can comprise one of more organic carboxvlic actd(s) in a total amount
bounded by any two of the aforementioned endpoints recited for the organic carboxylic
acid(s). For example, the polishing composition can comprize §.0005 wi.%6 10 2 wit.%, 0.003
wi.% 0 2 wi.%, 0.005 wi % to 1 wi. %, 0.003 wt.% 10 0.05 wi.%, of the organic carboxylic
acid(s}. Ina preferred embodiment, the polishing composition comprises less than 1 wit % of
the organic carboxyvhic acid(s).

[I625]  Suitable organic carboxviic acids inchude dicarboxylic acids of the formula:
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HDgC"{* CRR? -}cogﬂ

»
wherein 1 is an integer of 0-8 (Le,nis 0, 1,2, 3,4, 5,6, 7, ar 8). In an embodiment where n
is2ormore{ie, 2, 3,4, 5 6, 7 orR), the bond{s) between the CR'R? QIOWPS Are
mdependently selected from the group consisting of single, double, or triple bonds. In
preferved embodiments, nis 0, 1, or 2, more preferably nis 1 or 2
[0626F  In embodiments where n is 2 or more and the bonds between the CR'R® groups
are double bonds, the configuration of the double bonds is (£}, (Z), or & mixture thereof,
meluding a racemic mixture. Maleic acid is an Hlustrative dicarboxylic acid whereln n is 2,
and the bond between CR'R units is a double bond having the {(Z)-configuration.
[0027]  Typically, each of R’ and R? of the dicatboxvlic acid is independently selected
from the group consisting of hydrogen, hydroxy, and C1-Cyq alkyls (L2, methyl, ethyl, propyl,
isopropyl, hotvl, isobutyl, sec-butyl, pentyl, isopentyl, sec-pentyl, neo-pemyl, hexyl,
isohexyl, sec-hexyl, and neo-hexyl), or R' and R” together form an oxo group. In & preferred
embodiment, each of R| and R of the dicarbosylic acid is independently selected from the
group consisting of hydrogen, hydroxy, and C1-Cy atky!, or R' and R* together form an oxo
group. In & particularly preferred embodiment, each of R' and R® of the dicarboxvlic acid is
independently selected from the group consisting of hydrogen and hydroxy.
[0628]  Non-litdting examples of suitable dicarboxylic acids include malonic acid, methyl
malonic acid, dimethyl malonic acid, butyl malomic acid, maleic actd, sodium mesooxalate
monohydrate, tartaric acid, malic acid, oxalic acid, and mixtures thereof.
{80291 In 2 particularly preferred embodiment, the dicarboxyhic acid s malonic acid or
tartaric acid.
[0030]  Suitable organic carboxyhoe acids include amino acids of the formmla:
RIR!
RS”QS)A"CO;H
R/&
wherein each of R, R%, R, and R® is independently selected from the group consisting of
hydrogen, an anunoatkv! group, a carboxyalkyl group, & hydroxyalky! group, a {CHzly-, and
~{CH=CH-}, group connecting either R! or R with either R or R?, wherein n is an integer
from 1-6.
10031}  An Blustrative amino acid is glycine, wherein each of R%-R" is hydrogen.
06321  The aminoalkyl group desirably is an amine CC alky! group {fe.g.,

aminemethyl, aminoethyl, aminopropyvl, aminobetyl, aminopentyl, or antinohexyl). An
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ithestrative aming acid comprising an aminoalky] substituent is lysine, wherein one of R' or
R* s an aminobutyl group and the remaining R'-R® substinutents are hydrogen.
{00331 The carbosyalkyl group desivably is a carboxy C-Cy alkyl groop (e.g.,
carhoxymethyl, carboxyethyl, carboxypropyl, carboxybutyl, carboxypentyl, or
carboxyhexyl). Hlustrative amino acids comprising & carbozyalky! substinstent inclnde, for
example, aspartic acid and glutamic acid, wherein one of R' or R is either carboxymethy
{aspartic acid), or carboxyethy! (glutamic acid), and the remaining R'-R’ substituents are
hvdrogen, Another Hustrative amine acid comprising one or more carboxyvalkyl substitutents
is nitrilotriacetic acid, wherein each of R' and R” are hydrogen and sach of R and R are
carboxymethyl.
{10341 The hydroxvalkyl group desivably is a bydroxy C)-Ce alkyl group (e,
hydroxymethyl, hydroxyethyl, iydroxypropyl, hydroxybutyl, hvdroxypentyl, or
hvdroxvhexvl), An iHustrative amino acid comprising a hydroxyalkyl subsinuent 15 serine,
wherein one of RY or R? ts hydroxymethyl, and the remaining R'-R* substinuents are
hydrogen. Another Hustrative amino acid comprising one or more hydroxyalkyl
substitutents is bicine, wherein each of R' and R” are hydrogen and each of R” and R are
hvdroxyethyl,
[8035]  The amino acid can be a cyclic amine acid wherein one of RY/R” and one of R'/R*
are connected via a {CHs ) group, wherein nisan integer of 1-6 (e, nis 1, 2,3, 4, 5, or 6),
thereby forming an aliphatic hetereocyclic compomnd. In a preferred embodunent, n is 4.
Pipecolic acids, picolinic acids and proline are an iHlustrative amino acid wherein ong of
RY/R® and ope of RVR” are comnecied via a {CHal group or a ~(CH=CH-), group.
[0636]  In accordance with the invention, aminoe acids can have any sutiable
stereochemistry as appropuiate (e.g., D, L~, R~ S, and mixtures thereof, incluading racemic
mixures).
100371 Suitable orgenic carboxylic acids include aliphatic hydroxy acids of the formula
{1y

(RORPRTC—COM

wherain nis an integer of -8 (e, nis 0, 1,2, 3.4, 5,6, 7, or 8}, and each of R:-Ris
independently selected from the group consisting of hydrogen, alkyl, hydroxy, and

hydroxyaliyl, wherein at least one of R'-R is bydroxy or hydroxyalkyl. in a preferred

embodiment, n of the aliphatic hyvdroxy acid of formula (1) 15 an mteger from 1-3.
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{0038}  The alkyl group of the alipbatic hydroxy acid of formula (1) is typically 2 C+Cy
alkyl group {e.g., methyl, ethyl, propyl, tneyl, pentyl, or hexvl). Typically, the hydroxyalkyt
group of the bydroxy acid of formuda (1) is g bydroxy C~Cy alkyl {e.g., hydroxymethyl), Ina
preferred embodiment the hydroxy acid of fornaula (1} s an aliphatic hydroxy acid.
Hiustrative aliphatic hydroxy acids of formula (1) include, for example, lactic acid, glycolic
acid, 2-hydroxybutyiic acid, and dimethylolpropionic acid.
H6039]  Suitsble carboxylic acids also include aromatic hydroxy scids of the formuda (2
COOH

(oH)

33

wherein 1t is an tnteger of 1-5. The arematic hvdroxy acid can have any suitable substitution
pattern {&.4., ortho-, meta-, paro-subsituted, and/or mono-, di-, -, tetra-, and
peata-substituted). Non-limiting examples of suitable aromatic hydroxy acids inclode 3,4.5-
tribvdroxybenzoic acid (i.e., gallic acid), 4-hydroxybenzoic acid, 2- hydroxybenzeic acid
{ie., salicylic acid}, 2, d-dihvdroxybenzoie anid, 2,3-dihvdroxybenzoic acid, and

3, 4-difiydrobenzoic acid.

[6048]  Swimble organic carboxylic acids inclade carboxy substituted pyrazine
compounds. HHastrative suitable carboxy substituted pyrazine compounds include, for
example, S-aminopyrazine-2-carboxytic acid, S-methyl-2-pyrazine carboxyhe acid, and
pyrazine-2-carboxylic acid. Hiustrative substituents of the carboxy substituted pyrazine
mclode linear and branched C;-Cy alkyl groups (e ., methvl, ethyl, propyl, /so-propyl, batvl,
iso-butyl, see-butyl, rer-butyl, pentyl, isopentyl, sec-penyi, fert-pentyl, neo-pentyl, hexyl,
isa-hexyl, sec-hexyl, fert-hexyl, and neo-hexy!) and Hoear and branced C-Cy atkoxy groups,
and Ce-Cig aryl groups (e.g., phenyl, benzyl, naphthyl). The Ce-Cyp ary} groups may be
substituted or unsubstituted.

{0041} Suitable organic carboxviic acids include carboxy substituted trnazole compounds.
Hlustrative carboxy substituted triazole compounds suitable for the present invention wclude,
for example, 3-amino~1,2 4-triazole-S-carboxylic acid. Ilhustrative substitaents of the
carboxy substituted triazole compounds include linear and branched C5-Cs alky! groups {e.g..
methyl, ethvl, propyl, iso-propyl, butyl, iso-butyl. sec-butyl, rere-butyl, pentyl, isopentyl, sec-

pentyt, rere-pentyl, nec-pentyl, hexvl, iso-hexyl, sec-hexyl, ferr-hexyl, and neo-hexyl) and
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linear and branced €Uy alkoxy groaps, and Ce-Cie avyl groups {e.g., phenvl, benzyl,
naphthyl). The Ce-Cip aryt groups may be substituted or unsubstituted.

[6842}  The polishing composiion comprises one or mwore polvsacchandes {¢.g., modified
callulose ather, or complex carbohydrates) as a theology modifier, The one or more
polysaccharides can be one or more modified cellulose ethers or one or more complex
carbohydrates (e.g., gums such as xanthan gum, gnar gum, karaya gum, carragesnan gam, of
pectin, and sodinm hyvaluronate). Not wishing fo be bound by suy particular theory, it ig
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 sctivation barrier between the particle and siticon sybstrate thereby improving
roughness by polishing the raised areas (“hills™) faster than the lower mreas (“valleys”) thus
reducing roughness, providing a protective bartier between the particle and substrate that
facilitates particle cleaning, modifying the viscoelastic properties of the polishing system, for
example, by acting as g thickening agent in the composition, improving the wentability of 8
polishing substrate, and/or stabilizing the silica dispersion of the polishing composition.
[I043] 1o an embodiment, the one or more polysaccharides are selected from the group
consisting of bedroxyaltkvicetiuloses, carrageenan, and xanthan gum. In a preferred
smbodiment, the polysaccharide is a modified cellulose ether {e.g., a hydroxyalkylcellulose).
Hiustrative hydroxvalkyleellulose ethers include methylhvdroxyetbyt cellulose (HEMC),
methylhydroxypropyl celiulose (HPMC), hvdroxyethy! cellulose (FEC), methyl cellulose
{MCY and hvdroxypropy! cellulose (HPC).

[0044] in a particularly preferred ensbodiment, the hydroxyalkyleelulose is hydroxyethyl
cellulose.

{0045]  The polishing composition can comprise any swstable amoant of the one or more
patysaccharides. The polishing composition can comprise 0.0001 wt.% or more of the
polysaccharide(s), e.g., 0.001 wt.% or more, 0.01 wt. % or more of the polvsaccharide(s), or
003 wi% or more of the polvsaccharide(s). Alternatively, or in addition, the polishing
composition ¢an comprise (.3 wt % or less of the polvsaccharide(s), e.g.. 0.1 wt% or less of
the polysaccharide{s), 0.05 wt.% or less, 0.03 wi.% or less, or 0.02 wi.% or less of the
potysaccharide(s). Thus, the polishing composition can comprise one Or more
polysaccharides in a total amount bounded by any two of the aforementioned endpoints
recited for the polvsaccharide(s). For example, the polishing composition can comprise
§.0007 wi.% w 0.5 wi.%, 0.001 we.% 10 0.1 wi%, .00 wi.% 1o .05 wi.%, 8.001 wi.% w0
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6,003 wi. %, or 0.001 wi% 10 0.0062 wt.% of the polyssccharide(s). In a preferred
embaodiment, the polishing composition comprises, at polish, 0.06 wi % of a polysaccharide
{e.q., 570-630 ppwn), In another preferred embodiment, the polishing composition comprises
8.0030 wi %0 of a polysaccharide (2.g., 28-32 ppryy, at point of use.

199467  The polvsaccharide can be of any suitable molecular weight. For example, when
the polysaccharide is 8 modified cellulose ether (e.g., HEC, HEMC, HPMC, and HPC), the
average molecular weight can be 300,000 g/mol or less, e.g., 230,000 g/mol or less, 200,000
ghmot or less, 150,004 g/mel or less, 106,000 gimol 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, 2.2,
20,060 g/mol or more, 30,000 g/mol or more, 50,000 g/mol or more, 75,000 gimol or more,
or 100,000 g/mol or more. Thus, the molecular weight of the bydroxyethyicellulose can be
berween any two of the aforementioned endpomits recited for hvdroxyethvlcellulose. For
example, the molecular weight of the hvdroxyethyleefhiose can be 10,000 g/mol 1o 300,000
gimol, 20,000 ¢/mol to 200,000 g/mol, 50,000 gimol to 150,800 g/mol, 50,000 gimol to
106,000 gimol, or 75,000 g/mol to 100,000 gimol. In a preferred embodiment, the average
molecular welght of the hyvdroxyethylcellulose is 80,000 gimol (e.g., 83,000 g/mol).

{6647  When the polvsaccharide is xanthan gum the average molecular weightis
typicaily 300,000 g/mol.

{0048}  In keeping with the invention, the average molecudar weight of carrageenan is
such that the polishing composition is enbanced as described herein.

{049  The polishing compaosition comprises at least one base. The base(s} can be aay
suftable base(s}. In some embodiments, the polishing composition contains at least one base
that is an torganic base, for example, an alkali metal salt (e.¢., potasstum salt), Typically,
the oue or more bases are selected from the growp consisting of alkali metal hydroxides,
atkali metal carbonates, alkali metal bicarbonates, and borates. As knowrs in the art, suitable
atkal metals include, for example, lithivm, sodium, potassivm, rabidium, cesium, and
franciun,

[8050]  In a prefered embodiment, the one or more bases are selected from the group
consisting of potayshun hydroxide, potassiun carbonate, and potassium bicarbonate.

051 Inapreferred embodiment, examples of suitable borates inchude boric acid,
potassiom borate and dipotassium borate.

j0052] The polishing composition can comprise any suttable smount of the base{s), such

that the pH of the polishing composition is alkaline. In particnlar, the pH of the polishing
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compositions is greater than 7. In a preferred embodiment, the pH of the polishing
composition i 8-12 {e.g.. 8-10, 811, 9-10, 9-11, or 9-12}, more preferably the pH is 9-11
{e.q., $-10 or 8.5).

96531 The polishing composition optionally comprises one of more surfactanis. 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 w
reduce the contact of the abrasive particles with the silicon at the surface, and since contact of
the abrasive particles with the metal surface is the prinsary mechamsm 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 maore
surfactands in the inpventive polishing composition advantageously mproves the hare or DCO
defecrivity,

[0054]  The one or more surfactants can be present in the polishing composition in any
suitable amount. 1f the amount of surfactant(s} S wo low, then ne advantage is observed with
the addition of the surfactant. If the amount of surfactani(s) is too high, then a veduction in
the removal rate is observed. The amount of the surfactant(s) can be 0.1 ppm or more, 0.5
ppm or mrore, 1 ppm ov more, 3 ppm or more, abowt 10 ppm or more, 20 ppm or more, SO ppm
or more, 100 ppm o more, of 200 ppm or mose. Alternatively, or i addinon, the amount of
the surfactant(s) can be 1000 ppm or less, RO0 ppm or less, 500 ppm or less, 400 ppm or less,
or 200 ppm or less. Thus, the polishing composition can comprise ong or mote surfactants in
a total amount bounded by any two of the aforementioned endpoints recited for the
surfactant(s}. For exampie, the polishing composition can comprise 10 ppw 1o 1000 ppm, 20
ppm to SO0 ppan, 30 ppm to 400 ppim, or 100 ppm to 200 ppm of the surfactani(s). Ina
prefesred embodiment, the amount of the sorfactant(s) in the polishing composition is 3 ppm.
in another preferred embodiment, the amouant of the surfactant(s) i the polishing
composition is 150 ppm. In addition, surfactants can be incorporated with any useful co-
solvent.

{0688} The surfactant(s), when present, can be any suitable surfactant(s). Typically, the
surfactant(s) will be selected from the group consisting of nonionic surfactants and anionic
surfactants. In g preferred embodiment, the surfactant 15 a nontonic surfactant. Hlustrative
nontonic surfactants include acetylenic diol swrfactants and bydrophobated polyethylene

glycol surfactants,
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[0656]  Hlastrative acetylenic diol surfactants are the SURFYNOL™ products that are
commereially available from Alr Products. An example of a SURFYNOL™ surfactant is
SURFYNOL™ 104 (i.e., 1 4-diisobutyl-1 4-dimethylbutynediol), which i3 a nonionic wetting
agent and molecular defoamer available as a waxy solid, a bouid, or a fee-flowing powder.
{0057} Hiustrative hydrophobated polyethelene glyeol surfactants are the IGEPAL™
ethoxylated, nonyiphenol polyethers available commercially from Stepan Company. An
example of an IGEPAL™ surfactant is IGEPAL

and BRIJ™ 93 an ethexylated cetyl alcohol,

T4

C(-730, also referred to as nonoxynol-13

100581  Other illustrative nonionic surfactants include copolymer surfactants comprising
sitoxane units, ethvlene oxide units, and propylene oxide units. The structure of the
aforementioned copolymer surfactants can be linear, pendant, or wristloxane type. Preferred
examples of such copolymer surfactants ave conunercially available as the SILWET famity
of surfactants, with a pendant structare, available commercially from Mowentive
Performance Materials. The copolymer surfactant comprising siloxane units, ethylene oxide
units, and propylene oxide units can have any suitable melecular weight or strncture,

059 Suitable ponionic surfactants also include polymers comprising acrylic esters,
Preferred polymers comprising acrvlic esters comprise acrylic ester monomers substitoted on
the alcohot component of the ester monomers with fluorine, e.g., wherein at least one
hydrogen ators of the alcobol component is sabstituted with fluorine. Preferred examples of
such polymers comprising acrylic esters are commercially available from 3M as
FLUORAD" surfactants.

6064  Swmitable nonionic surfactants further include linear polymers of ethylene oxide
comprising a perflsorinated alkyl chain at one termings and 8 hydroxyl group or alky! group
at the other terminus. Preferred examples of such polymers include the ZONYL™ line of
surfactants that arg commercially avaitable from DuPont.

j0061]  Suitable nonfonic surfactants sdditionally include copolymers of ethylenediamine
with ethylene oxide units and propylene oxide units, Preferred examples of such copolyners
inchude the TETRONIC™ family of block copolymer surfactants that are commerciatly
available from BASF.

[0062]  In another preferred embodiment, the surfacant {s an anfonic surfactant,
especialiy af least one selected from a sulfonic acid, sulfate ester, carboxylic acid surfactant,
phosphate and phosphonate or phosphoric gseid ester surfactant. Solfonae salts having the

general formula H-{CH>},SOy" are preferred, wherein n typically is an integer of from 1 to 18,
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An example of such an anionic surfactant is sodium dodecyt sulfate (SDS). Some examples
of phosphate surfactants are Zonyl FSE (fluoninated) and Huntsman PPI198.

{80631  The polishing composition optionally comprises one or more polvmers. The
polymers can be any suable polymers. One or more polyimers (e.g., a wethane polymer or
acrvlate polvimer) typically are incleded in the polishing composition to adsorb to the wafer
surface ot to improve the rheological properties of the polishing composition. IHustrative
potymers include polvethylene glycol polvurethanes or water-soluble acrylates.

[a6d]  Suiteble polvethylene ghveol polyvurethane polymers inclade, for example, the
BORCH!™ Gl products commescially available from OMG Borchers GmbH. Hlustrative
BORCH!™ Gels inclade BORCHL™ Gel 0024, BORCHI™ Gel 0434, BORCHE Gel WN
508, BORCHL™ Gel L73N, and BORCHI™ Gel PW25, all of which act as associative

thickeners, The BORCHI™ Gels are polyethvlene glveol polvarethane polymers based on the
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wherein the degree of ethyoxylation and atkvlation, represented by m and n, respectively,
vaties. Alternately, the polvarethane structure can be based on any suitable multifunctional
isocyanate such as, for example, toluene ditsoeyanate (TDI), 4,4-
methylenebisphenyiditsoovanate (MDD, hexamethylene ditsocvante (HD1), HDE-trimer, and
polvmeric-MDEL  Not wishing to be bound by 2 particular theory, 1tis believed that
polyethylene glycol polyurethane polymers, especially the BORCHI™ Gels, adsorbing to the
surface of the silicon wafer thereby increasing the polishing activation barrier between the
particte and silicon substrate thereby improving roughness by polishing the rawsed areas
{“hills”) faster than the lower areas (“vallevy”) thus reducing ronghness, providing a
projective barrier between the particle and subsivate that factlitates particle cleaning, or form
a non-covalent network within the polishing composition, thereby stabilizing viscosily, in
particular under high shear conditions.

{06651 The polyethylene glycol polvurethane polymers can have any suitable molecular
Gel 0434, BORCHI™ Gel WN 508, and

BORCHI™ Gel PW25, as dewevmined by gel permeation chromatography, range from 10,000

™

weight. The molecular weights of BORCHI

2.

gfmol 1o 40,000 gimo!l depending on the degree of ethoxylation and alkylation.

¥
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[0066]  BORCHI Gel 0024 is g tigeid, glycol ether-free, non-tonic polywrethane based
thickener that 13 used to produce Newtonian flow in the medium and high shear range.
BORCHI Gel 0024 can be used in conbination with other low-shear thickeners {e.g.,
BORCHI™ Gel PW25 or BORCHI™ Gel LW44) 1o modify the thelogical profile of a
composition. BORCHI™ Gel 6024 has a density of 1.04-1,08 gfem” and viscosity of
2,000-10,000 mPa-y, as measured at 23°C.

6067}  BORCHI™ Gel 0434 is a Hquid, glveol ether-free. non-ionic polyurethane-based
associative thickener that is free of solvents, atkyiphenol ethoxylate {APEQ), HAPS
{Hazardous Air Pollutants), and tin compounds, and has a largely Newtonian rheological
profife. BORCHI™ Gel 0434 forms a non-covalent network within a composition to stabilize
viscosity, in particular at higher shear. BORCHI™ Gel 0434 has a density of 1.01-1.05 glony’
and a maxinmm viscosity of 15,000 mPass, gs measured at 23°C.

J0068]  BORCHI™ Gel LTSN is a Haquid, glveol ether-frae, non-ionic polynrethane-based
thickener manufactured using aliphatic isccyanates, BORCHI Gel L75N functions as a
flow promoter in emulsions and as a stabilizer In aqueous systems, and mmproves the
rheological profile of emulsion by adsorbing at the surface of dispersed partictes, BORCHI™
Gel 175N has a viscosity less than 9,000 mPas, as measured at 23°C.

F9069]  Other examples of suitable polymers are the DSX associative thickener products
available from Cognis. The DSX thickeners, based on polyether and polyurethane
derivatives, are pH-independent and are free of solvents, alkylphenyl ethoxylates {APEQs),
and heavy metals. Not wishing to be bound by theory, it is believed that the hvdrophobic
terminal and side groups of the DSX ™ thickeners combine to form networks that serve to
increase viscosity of the polishing composition. An illustrative DSX thickener ts DSX
3000 having a density at 25 °C of 1.05 giom”, a viscosity of 4000-6000 mPa's, and a solids
content of 30%.

00701 In some embodiments, the polishing composition COmprises one of MOre water-
soluble acrylate polymers, A suitable example of a water soluble acrylate is BORCHL™ Gel
A LA available from OMG Borchers GmbH, BORCHT Gel A LA has the following
properties: liquid with a viscosity at 20 °C of 25,000-6(, 060 mPa-s; non-volatile content
9.11%; pH » & and & density &t 20 °C of approximately 1.03 giom’. Other suitable water-
soluble acrviate polymers are the ALCOGUM™ L Series products commercially available
from AkzoNobel. The ALCOGUM™ L Series products sre acrylate-based emulsion

copolymers that serve as theology modifiers to facilitate a reprodocible viscosity in the
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polishing composition. Suitable examples of ALCOGUM ™ L Series products include
ALCOGUM™ L15, L31, and L283.

6071} ALCOGUM'™ L-15 is an scrvlate-based emulsion copolymer supplied at 30%
active solids in water having the following properties: pH of 2.2-3.01 selids of 29-31%¢;
viscosity of 10,000-15,000 (pH 9.0, NaOH, 25 °C. {0 rpm), 2.5% {dey).

H872F  ALCOGUM™ 1-31 is based on an ethy! acrylatemethacrylic acid copolymer.
ALCOGUM™ L-283 is an acrvlare-based esmulsion copolymer supplied at 23% active solids
n water, and is a hydrophobically modified, slkali-soluble emulsion polymer (e.g., 8 HASE
thickener). ALCOGUM ™ L-283 has the following properties: pH 4.5-5.5; solids 24-26%;
viscosity 30.000-52,000 ¢Ps, 2.0% (dry), (pH 9.0, NHLOH, 257 C, 10 rpm); density gt 25 3C
of 1.05 ke/L..

{6873]  In some embodiments, the polishing composition comprises one or more polymers
that act as & thixotropic agent. An illustrative thisotrepic agent is BORCHI™ Gel Thixo 2,
which is a thixotropic agent and thickener of non-polar/weakly polar nature,

{8074]  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 inchuded in the polishing composition to incregse removal rate and improve defectivity
when vsing soft polishing pads and low removal polishing pads (e.g., CIEGAL™ 73553
Hiustrative suitable reducing agents include sulfite salis, for example, potassium
metabisulfite,

[873]  The one or more reducing agents can be present in the polishing composition in
any suitable amoant. If the amount of reducing ageni(s) 15 100 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 collowdal stability can be obgerved. The
polishing composition can comprise 0.0001 wt.% or more of the reducing agent(s), e.g.,
0.001 wi.% or more, 0.81 wt.% or more, 0.1 wt% or more of the reducing agent(s).
Alternatively, or in addition, the polishing composition can comprise 0.5 wt.% or less of the
reducing agent(s}, e.g., 0.4 wi.% or less, 0.3 wi.% or less, 0.2 wt % or less, or 0.1 wit % or
less of the redacing agent(s}. For example, the polishing composition can comprise 8,001
wi % t0 0.5 wi.%, .01 wt% 10 0.4 wi.%, 0.1 wt% © 0.3 wt % of the reducing sgent(s). ina
preferred embodiment, the polishing composition comprises, at polish, 0.07 wi.% to 0.15

wt.% of a reducing agent, especially 0.1 wt. % of a reducing agent {e.g., 9751025 ppm). In
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another preferred embodiment, the polishing composition comprises, at polish, 6.02 wi.% to
.05 wt.% of a reducing agent, especially 0.04 wt.% of a reducing agent {e.g., 375425 ppm).
00761  The polishing composition optionally comprises one or more biocides. The
biocide(s) can be any suitable biocide, for example, Dowasit 75, or 1-(3-chloreallyl)-3,5.7-
triaza- {-azoniaadamantane chloride. The amount of biocide n the polishing composition
typically is 1 io 509 ppm, preferably 10 1o 20 ppm, at pont of use.

00777  The polishing composition comprises water. The water Is used to facilitate the
application of the other components of the polishing composifion o the surface of a suilable
substrate to be polished or planarized. Preferably, the water is delonized water.

The polishing composition can be prepared by any suitable technique, many of which are
known to those skilled m the art. The polishing compesition can be prepared in a bateh or
contintous process, Generally, the polishing composition can be preparved by combining the
components thereof in any order, The term “component” as used herein includes individoal
ingredients {e.g., silica, organic carboxylic acid, polysaccharide, optional surfactant andfor
polymer, water, efc.) as well as any combination of two or more of the ingredionts {e.g.,
silica, organic carboxvlic acid, polvsaccharide, optional suwrfactant and/or polymer, water,
gl .

J08781 1t will be understond that any of the components of the polishing composition that
are acids, bases, or salts (e.g., organic carborylic acid, base, andfor alkah metsl carbonate,
ete.), when dissolved in the water of the polishing compaosition, can exist in dissociated form
as cations and anions. The amounts of such compounds present in the polishing corgposition
as recited herein will be understood to refer to the weight of the undissociated compound
used in the preparation of the polishing composition, For example, the weight of an alkal:
metal carbonate (e.g., potassium carEmrzaie} when present, refers to the amount of the sakt,
mmchuding both potassium and carbonate, as provided by its empirical formula {e.g., K:COs)
[0679]  For example, the oreanic carboxylic actd(s), the polysaccharide(s), the base(s),
and optionally the surfactant(s) andfor polymer(s) can be dissolved in water by the addition of
the organic carboxvhc actd(s), the polysaccharide(s), the base(s), and optionally the
surfactand(s) and/or polyroer(s) to water uy any srder, or even sinultaneously. The silica then
can be added and dispersed by any method thas is capable of dispersing the silica in the
polishing composition. The polishing composition cas be prepared prior to ase, with one or
more components, such gs the base, added to the polishing composition shortly before use

{e.g., within 1 muinute before use, or within | hour before ase, or within 7 days before use).
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The pH can be adjusted at any suitable time, and is preferably adiusted prior to the addipon of
the silica to the polishing composition. The polishing composition also can be prepared by
mexing the components at the surface of the substrate during the polishing operation.

[08861  The polishing composition can be in the form of a concentrate which is 1tended
to be diluted with an appropriate amount of water priey fo use. For example, the silica, the
orgavic carboxyhe acid(s), the polysaccharide(s), the base{s}, optionally the surfactani{(s)
and/or polymer(s), and any other suitable addisives can each be present in the concentrate in
an amound that is 2 times {e.g., 5 times, 10 traes, or 15 times, or 20 tunes, or 100 fimes, or
even 200 tmes) greater than the concentration recited above for each component so that,
when the concentrate s difuted with an equal volume of water {e.g., 2 equal volumes water, 5
equal volumes of water, or 10 equal volumes of water, or 13 equal volumes of water, or 20
equal volumes of water, or 100 equal volumes of water, or 200 equal volumes of water,
respectively), eack component will be present in the polishing composition m an amount
within the ranges set forth above for each component. Furthermore, as will be understood by
those of ordinary skiff 1 the art, the concentrate can contain an appropriate fraction of the
water present in the final polishing composition in order to ensure that the organic carboxylic
acid(s}, the polysaccharide(s), the base(s), optionally the swrfactant(s) and/or polymes(s), and
other suitable additives are at least partially or fully dissolved m 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 weigha.

j0081] The invention provides a method of chemical-mechanical polishing a substrate
comprising (1) contacting a substrate with a polishing pad and the chemical-mechanical
polishing ?:-m.npo.sit:ion as described herein, (it) moving the polishing pad relative to the
substrate with the chemical-mechanical polishing composition thergbetween, and (i)
abrading at least a portion of the substrate 1o polish the substrate.

86827  Although the polishing composition of the invention can be used to polish any
substrate, the polishing composition is particudarly oseful in the pohshing of a sobstrate
comprising silicon, for example, silicon wafers used in the electronics industry. In dus
regard, the silicon can be nndoped silicon, or it ean be p-type silicon doped with boron or
atuminwm, In additon, the silicon can be polysilicon. The inventive polishing composition

and method of use thercof are suitable for the final polishing of silicon wafers as produced
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from sibicon single crysials by dismond sawing and rough grinding, as well as for edge
potishing of sificon wafers and for use in the reclamation of silicon wafers by polishing.
HIOR3] Advantageously, silicon substrates polished using the inveniive polishing method
exhibit fow surface roughness. Surface rooghness (R,), which is defined herein as the
arithmetical mean of deviations from planarity, can be measured vsing any suitable
technique. Suitable techniques inclade stylus profilometry and optical profilometry, using
mstruments available from, e.g., Veeco Instruments (Plainview, NY), as well as atomic force
microscopy. Typically, the inventive polishing method produces 8 surface roughness on
siticon wafers of 20 A or less {e.g., 14 A orless, or 12 A orless, or 10 A or less, or even 8 A
ot lessy, when measwred using an opiical profilometer.

[a84} The DCN, DCO, and DNN haze measurements were done on a KLA_Tencore
SPY ata 120 nm threshold.

[0085F  The polishing method of the Invention is particularly suited for use i conjunction
with & chemicai-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when in use, is 0 motion and has a velocity that results from orbual, linear, or circalar
maotion, a polishing pad in contact with the platen and moving with the platen when in
motion, and a cartier that holds a substrate ©o be polished by contacting and moving the
substrate retative 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 1o the substrate, so
as to abrade at least a portion of the substrate 1o polish the substrate.

JO086] A subsirate can be polished with the chemical-mechanical polishing composition
with any suitable polishing pad (e.g., polishing surface). Suhable polishing pads include, for
example, woven and not-woven polishing pads. Moreover, suitable polishing pads can
comprise any suitable polynier of varving density, bardness, thickness, compressibility,
ability te rebound upon compression, and compression modulos. Suitable polymers inchude,
for example, polyvinylchioride, polyvinvifluorids, nvlon, fluorocarbon, polvearbonate,
polyester, polyacrviate, polyether, polyvethviene, polyamide, polvarethane, polystyrene,
polypropyiene, coformed products thereof, and mixiures thereof. Soft polywrethane polishing
pads are partiontarty useful in conjunction with the inventive polishing methad. Typical pads
include but are not limited to SURFINT 006, SURFINT SSW1, SPM3100 {commercially
available from, for example, Eminess Technologies), POLITEX or Fujibe POLYPAS™ 27,
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[0687F  Dwesirably, the chemical-mechanical polishing apparatus further compriges an i
sitw polishing endpoint detection system, many of which are known in the art. Techaiques
for inspecting and momitoring the polishing process by analyzing light or other radiation
reflecied from a surface of the substrate being polished are known iy the art. Such methods
are described, for example, in U.S, Paent 51963583, US, Patent 3,433,651, U.S. Patent
5,609,511, 118, Patent 5,643,046, 1.8, Patent 5,638,183, U8, Patent 5,730,642, 11.S. Patert
5,838 447, U.S. Patent 5,872,633, U.S. Patent 5 893,796, US. Patent 5,949,927, and U.S.
Patent 5964643 Degirably, the inspection or monitoring of the progress of the polishing
process with respect 1o a substrate being polished enables the determination of the polishing
end-point, 1.e,, the deternunation of when o tenminate the polishing process with respectto a
particular substrate,

EXAMPLES
[0088]  These examples further ithustrate the invention bat, of course, should not be
construed gs i any way hmiling its scope.
[OU8Y] Unless otherwise specified, the polishing conditions in Examples 1-18 were as
follows: a Planar 472 polisher with 203 cm p-doped silicon wafers at 37.9 kPa down force,
74 rpm wable speed, snd 150-200 mL/min polishing composition flow rate. The pH of the
polishing composition was adjusted with potassium hydroxide. All polishing compositions
were prepared as concentrates. The concemrates were diluted for polishing using a weight
ratio of 1 part concentrate 1o 29 parts water.
Hi090]  The following abbreviations are used throughout the Examples: removal rate
(KRR} molecular weight (Mw) bydroxyethy] celtalose (HEC); methyl hydroxyethyt ceBiulose
{MeHECY, malonic acid (MA); tartaric acid (TA); gallic acid {GAY; xanthan gum (X
carrageenan {C); lactic acid (LAY pipecolic acid (PA); glycine (Gly); aspartic acid (Asp), 3-
amino-1,2 4-triazole-5-carboxylic acid (ATCAY, sodivm dodecyl sulfme (SDS);
aminoethylpiperazine (AEP); dimethylolpropionic acid {DMPAY, piperazine (P); BORCHY™
Giel (BGY; and COGNIS DSX™ 3000 (DSX 3000).

EXAMPLE 1
{00911 This example demonstrates that polishing composttions of the invention, which
comprise sitica, an organic carboxylic acid, a polysaccharide, a base, optionally a surfactant,
and water, can exiubit good overall sehstate polishing propesties.
00927  Silicon substrates were polished using a SURFIN™ 000 pad commercially

available from Fujimi Corporation under the same conditions with & different pohishing



WO 2012/036752 PCT/US2011/049629

compositions ilentifted as Polishing Compositions 1A-1F. Each of Polishing Compositions
1A-1F contained (a} 0.2 wit.% Fuso PL2 silica particles, at point of use, (b) the organic
carboxylic acid TA or MA in the concentration set forth in Table 1, (¢} the polysaccharide
FEEC (MW = 80,000 pfvoly or X(G in the concentration set forth 1n Table 1, {d) sufficient
potasstum hydroxide to provide each polishing composition with 2 pH as set forth in Table 1,
and {e) water. In addition, Polishing Composition 1F contained a surfactant, samely
SURFYNOL™ 104.

0093} Similar silicon substrates were polished under the same conditions with 2 other,
comparative polishing compositions identified Polishing Compeositions C1 and C2. Both
Polishing Compositions C1 and C2 comatned 6 wi.% Fuse PL2 silica particles in water (0.2
wi% at point of use), with sufficient potassium hydroxide 1o provide each polishing
composition with a pH as set forth in Table 1. Polishing Composition C1 did not contain
either an organic carboxylic acid or a polysaccharide. Polishing Composition C2 additionally
comained HEC (MW = 80,000 p/motl}, but did not contain an organic carboxylic acid.

{094} The substrate removal rate (RR), defectivity (both DON and DCO), and baze
{DNN} were determined for each polishing composition, and the results ave surmmarized in
Table 1.

TABLE |
Comp. C,.arquvkc Acid Poiyg,aachanée oH m& ‘ QQ& ;){_Q Hare
=0y {ppm) {pom) (A/mind | {counts) 1 {counts) %
Cl none nene 7.6 13 7O000 TOO00 2.779
2 none HEC (607) 9.8 664 1888 368 0.175
14 TA (120 HEC (607} 8.1 124 L1868 2868 0017
iB TA (8060) KRG (607 9.5 256} 1193 P45 {(.198
iC MA {5547 XG {607y 94 499 33624 786 0.503
15} TA (80600) HEC {6073 9.5 1534 TT79 2647 0.077
1B TA {3600 HEC (607} 41 1078 3444 524 0.167
1F MaA (3347 HEC {607) @51 1631 2918 324 0.094

" additionally contained 37 ppm SU REYNOL ™ 104

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

Invention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE2

{06967  This example demonstrates the effect of the organic carboxylic acid and

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

compositions of the mvention.
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[0697]  Similar sificon 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 polistung
compositions contained (a) 4 wt.% Fuso PL2 silica particles, (b) the organic carboxylic acid
MA m the concentration set forth in Table 2, {¢) the polysaccharide HEC (MW = 80,000
g/mol) w the concentration set forth in Table 2, (d) sufficient potassium hydroxide to provide
each polishing composition with a pH as set forth in Table 2, and (e} water.
JO698]  The subsirate removal tate (RR), defectivity (hoth DON and DCO), and haze
(DNN} were determined for each polishing composition, and the results are sunumarized in
Table 2. For ease of comparison, the infornation conceming Polishing Compositions Cl and
C2 from Example 1 is included m Table 2.

TABLE 2
p| RR DON | DO

NN
HEC e

MA N :
Comp. |, N ST | Haze

{ppm) | (ppm) | pH {Ahmin) | {counts) | (couns) | s
{1 none | none | 7.6 13 TOO06 FOOO0 | 2.779

2 pone § 647 {98 664 { 38K 368 0.175
24 3540 1 1087 | 8.5 Q TQ0O0 70000 | 1.982
2B 2540 207 182 422 12136 546 {163
20 1540 207 199 1011 3289 249 $.378
FAS] 3547 507 196 1574 286 266 0054
2E 7540 207 184 1045 40771 3477 $.25%
2F T340 287 199 1479 2427 2496 {1,289

[0099 As 15 apparent from the results set forth in Table 2, polishing compositions of the
mvention can provide a good balance of substrate removal rate, defectivity, and haze. In
particular, higher amounts of both an organic carhoxylic acid, e.g.. malonic acid, and a
polysaccharide, e.g., hydroxyethyleeliulose, as evidenced by Polishing Composition 2D,
exhibited an improved substrate removal rate, improved substrate defectivity, and improved
substrate haze,

EXAMPLE 3
[00100]  This example demonstrates that polishing compositions of the invention, which
comprise silica, an organic carboxylic acid, a polysaccharide, a base, optionally a serfactant,
ansd water, exhibit good polishing properties.
[00161]  Similar silicon substrates were polished using a SURFINT 000 pad, commercially
available from Fujimd Corporation, under the same conditions with two polishing

compositions identfied ay Polishing Compositions 3A and 3B, which contained (a) either 4%



WO 2012/030752 PCT/US2011/049629

2
S

colloidal stlica that has been sarface modified with organic agems (Fuso PL2; 52 nm
diameter) or a fumed sitica (Cabot LY0; 90 m™y surface area), (b) 5347 ppm maloaic acid, {¢)
607 ppm HEC (MW = 80,000 g/mol}, (d) potassitan hydroxade, and (e} water.

01604 The substrate vemoval rate (RR), defectivity (both DUN and DCO), and haze
{DNN} were determined for each polishing composition, and the results are summarized in
Table 3.

TABLE 3

. . : {ppa)
IA colloidal 1452 1249 864 0084
3B fumed sitbica i 1269 563 106 0.064

{101} As is apparent from the results set forth in Table 3, both colloidal (wet-process)
sifica and fumed silica, when included in polishing compositions of the invention exhibit
good substrate removal rates with low substrate defectivity and good substrate haze.
EXAMPLE 4
[0102]  This example demonstrates that polishing compositicns of the invention, which
comprise silica, an organic carboxylic acid, a polysaccharide, a base, and water, can exhibit
good overall polishing properues,
{01037 Simslar silicon substrates were polished using a SPM3100 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 carboxvlic acid malonic acid, pipecolic acid, glvcine, or
lactic acid in the concentration set forth in Table 4, (¢) 607 ppm of polysaccharide HEC
(MW == 80,000 gimot), (d} sufficient potassiom hydroxide fo provide each polishing
composition with a pH as set forth in Table 4, and {e) water,
{01047  The substrate removal rate (RR), defectivity (both DON and DCQ), and haze
{DNN) were determined for each polishing composition, and the results are suramarized in
Table 4. For case of comparison, the information concerning Polishing Composition C2 from

Example I is included in Table 4.
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TABLE 4
Carboxvlic Acid peN | opeo | AN
. -arboxyhc Act . K i 3 X Py
Comp, om) pH | RR (Admin) coums) | (coums) E.Eazey
51‘32{3}!
None
2 none g8 664 1888 368 Q173
Dicarboxylic doid
441 MA (5547) 9.3 1490 3189 2644 0115
dmino deid
AB PA {6BR(GY 98 14 16413 &85 (.107
405 1 Gly (4000) 9.6 791 11795 | 542 10101
Hydroxy deid
413 LA {4801 9.1 1080 19277 1701 0.0%8

{ .
gverage of 3 runs
“average of 2 rong

HI105]  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
patticular, the presence of an organic carboxylic acid, as evidenced by Polishing
Compositions 4A-4D, exhibited an improved substrate removal rate and improved substrate
haze, while maintaining reasonably good substrate defectivity.

HXAMPLE &
[0106]  This example demonstrates polishing compositions of the invention, which
comprise silica, an organic carboxvlic acid, a polysaccharide, & base, optionally a surfactang,
and water, can exhibit good overall polishing properties.
10107} Similar silicon substrates wexe polished using a POLITEX" Reg 1l polishing pad
under the same conditions under the same condifion with 11 different polishing compositions
identified as Polishing Compositions SA-SK. Each of Polishing Compositions SA-3K
contained {4} 4 wi.%6 Fuso PL2 sihea particies, (b) the organic carboxylic acid TA or AEP in
the concentration set forth in Table 5, () 607ppm polysaccharide HEC (MW = 100,000
g'mol), MeHEC, XG, C, or XG in the concentration set forth m Table 5, {(d) sufficient
potassiam hydroxide to provide each polishing composition with a pH as set forth in Table 5,
and (o) water.
{81 Polishing Compostiions SA-5C, SF-SH, 31, and 5K did not contain a susfactant.
Polishing Compositions 3D, 5E, and 51 further contained 37 ppm SURFYNQL™ 104, 80 ppm
IGEPAL™ CO-730, and 37 ppm SURFYNOL™ 104, respectively.
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{01691  Similar silicon sebstrates were polished using a POLITEX " Reg I pelishing pad
under the same conditions with 2 other, comparative polishing compositions jdentified
Polishing Compositions U3 and C4. Both Polishing Compositions C3 and (4 contained {3} 4
wi.% Fuso PL2 silica particles, (b) no organic carboxylic acid, (¢} 607 ppm HEC (MW =
100,000 g/maeb), {d) sufficient potassium hydroxide to provide each polishing composition
with a pH as set forth i Table §, and (&) water.

[6118]  The substrate removal rate {RR), defectivity (both DON and DCO}, and haze
{DNN) were determined for each polishing composition, and the results are summarized in

Table 5.

TABLE S
Carboxvlic ) . . . e DNN
SEISEESSE L Polysascharide RE. DEN peQ
e omb. Acid ] B SRRk LN Q.ﬂ: ’. ........... > ' ’ ......... = Haze
(opr) {ppm) Aimiany | (countsy | (eoumtst | )
Cs' BONE HEC (607) 9.2 H72 29516 477 (.59
c7r nONE HEC {607 94 Y 34261 1146 {3.68

SAT | TA(R000) | HEC (6073 | 01 | 1396 | 12139 | 403 | 04l
sBT | TA(S000) | HEC(607) | 94 | 1356 | 9277 | 330 | 0.18

5C TA(B000) § MeHEC{607) | 93 1033 30199 298 0.26
S0 TA (8000 | MeHEC (607} | 9.6 874 7036 381 0.1

SEY | TA(S000) | MeHEC {687y | 9.5 63 5243 3021 .36
SF TA (3340 XG {140) 10.4 403 294 269 0.28
3G 1 TA 10000) XG (1a0y 10.0 618 320 328 020
S TA (8000 NG {607 9.4 506 471 367 G.17
50 TA (8000) AG 6T 9.2 3RG 1593 136 0.16
M TA {8000y C{e07) 53 743 1710 274 .18
AEP AY
K {80065 XG {607y 4065 43966 1 32770 6.37

Umolecudar weight of HEC is 100,000 gfmol o
? additionally contatned 37 ppm SURFYNOL 104
* additionally contained 86 ppm IGEPAL”™ CO-730

0111} Asis 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

[0112}  This example demoustrates polishing compositions of the mvention comprising

silica, an organic carboxvlic acid, a polysaccharide, a base, optionally a polymer, and water.
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[0113F  Ssmilar silicon sabstrates were polished using a SPM3100 polishing pad under the
same conditions with 5 different polishing compositions identified as Polishing Cemposition
6A-6E, Each of Polishing Compositions 6A-6E contained {2} 4 wt.% Fuso PL2 silica
particles, {b) 0.55 wi.% malonic acid, (¢ 607 ppm HEC (MW = 83,000 g/mol}, {d) potassium,
hydrexide to adjust the pH to 9.6, {e) water, and () optionally a polvmer, specifically a
hydrophobated polyethylene glycol polywethane as indicated n Table 6.

{0114}  The substrate removal rate {RR) and haze {DNN) were determined for each

polishing composition, and the resulis are semmarized in Table 6.

TABLE 6
| DN
Comp. | Polvmer {ppm) RR {Adsmin) Haze
m
6A'l | none 1497 0.068
a8 D3SX 3000 (80) HY( {3.025
s DSX 3000 (150) 281 3019
&b DS 3000 (300) 300 $.016
B~ L BG PW2S {180 733 3.05380

i average of 3 rang

“average of 4 rons
[O115] Ag is apparent from the results set forth in Tabie 6. polishing compositions
containing gither COGNIS DSX™ 3000 polymer or BORCHI Gel PW2S polymer exhibited
an improved substrate haze as compared 1o the same polishing composition without any such
poiymer,

EXAMPLE 7

1I6]  This example demonsirates polishing compositions of the invention comprising
silica, an orgasic carboxylic acid, a polysaccharide, a base, and water. This example further
demonstrates the effect of the molecular weight of the polysaccharide on the substrate
removal rate exhibited by the polishing composition.
{6317}  Shmlar silicon subsirates were polished using a SPM3100 polishing pad under the
same conditions with 3 different polishing compositions identified as Polishing Compositions
TA-TC. Each of Polishing Compositions 7A-7C contained (a) 4 wt.% Fuso PL2 silica
partictes, (b} 0.35 wt.% malonic acid, {¢) 607 ppm HEC having & molecular weight between
83,000 1,300,000 as indicated in Table 7, (d) potassium hydroxide, and (&) waer.
{01181  The substrate yemoval rate (RR), defectivity (DUO), and haze (DNN) were

determined for each polishing composition, and the results are summarized in Table 7.
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TABLE 7
Comp RR {A/min) DCO 323;:
{counts) ppm)
7A 83,000 911 486 0.042
78 230,000 73} 317 0.036
7C 1.300.000 662 412 0.038

[0119]  Asis apparent from the results set forth in Table 7, the polishing composition
containing HEC having an average molecular weight of 83,000 gimol exhibited & higher
removal rate than similar polishing compositions containing HEC having higher molecniar
weights,

EXAMPLE &
[0120f  This example demonstrates polishing compositions of the invention comprising
silica, an organic carboxylic acid, a polysaccharide, & bage, and water.
{0121 Similar silicon substrates were polished wsing a SPM3100 polishing pad under the
same condivions with 8§ differemt polishing compositions identified as Pohishing Compositions
8A-8H. Each of Polishing Compositions §A-8H contained (a} 4 wt.% Fuso PL2 sihica
partictes, (b} an organic carboxylic acid in 8 concentration set forth 1n Table 8, {¢) 607 ppm
HEC (MW = 83 600 g/mol), {d) polassivm hydroxide, and (e) water.
Hi122]  The substrate removal rate {RR), defectivity {DCO), and haze (DNN) were

determined for each polishing composition, and the resulls are sunumarized m Table 8.

TABLES
. Heo DDNN
Conp. Carboxvlic Acid (wi. %6} RR (Afmuny | ™= | Haze
{eounts) |
{ppm} |
dicarbaxyviic aeid
84’ malonic acid (0.55) 744 997 1 04754
B methy] malonic acd (0.62) 936 §75 0290
R dimethyl malonic acid {070} 913 681 £ 060
§H butyl malowde acid (0853 1040 1100 0 063
8% 2-barvl malonic acid (0 85) R60 935 €058
RF 1 spdium mesooxalate monohvdrate (3.96) 939 779 0.057
Avedroxy acid

SG | DMPADTE 322 344 0019

amino-carboxy subsilfuied trazine
8H ATCA (068) 609 272 .038

average of 3 runs
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{01231 As s apparent from the reselis set forth in Table & polishing compositions of the
nvention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE ©
{01241 This example demonstrates polishing compositions of the invention comprising
sifica, an organic carboxylic acid, a polysaccharide, a base, optionally a polymer, and water.
This example further demonstrates the effect of a polvmer {e.g., BG PW25) and base
concentration on substrate removal rate, defectivity, and haze exhibited bythe polishing
composition.
[01251  Similar sibicon substrates were polished using a SPM3100 polishing pad under the
same conditions with § different polishing compositions ideniified as Polishing Compositions
9A-SE . Each of Polishing Compositions 9A-OE contained {a) either 4 wi.% or § we% Fuso
PL2 stlica particles, {b) either 055 wt.% malonic acid {MA) or 0.68 wi.9% 3-gmino-1,2.4-
triazole-S-carboxyhic acid (ATCA}, {¢) 607 ppm HEC (MW = 80,000 g/mol), {d) potassium
hydroxide in the amount indicated in Table 9, and (¢} water. Polishing Compositions 9B-E
additionatly contained 150 ppm of BORCHI™ Gl PW 25 as a hydrophobated polyethyiene
giveol polbvurethape,
HriZa] 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 ¢

. : DNN

- Silica Carboxvhe { KOH | BGPW2S P DCO :
Comp, Wi% Acid ot %) Wﬂmnﬂ RR {Admin) connts §:§axe
(ppmy
9A 4 MA 0.75 { {39 1389 ¢ 0.067
9R 4 ATCA 0.46 150 753 3251 £.054
SC 5 ATCA | 046 150 930 2366 1 00587
9Ty 4 ATCA .54 156 Q04 1306 | 0.083
SF S ATCA 0.54 150 850 4227 1 0.08%0

HIE27]  Ax s apparent by the resalts set forth in Table 9, polishing compositions of the

ivention can provide a good balance of substrate removal rate, defectivity, and haze.
EXAMPLE 10

f0128]  This example demonstrates thas polishing compositions of the invention

comprising silica, an organic carboxviic acid, a polysaccharide, a base, optionally a polymer,

and water exhibit good polishing properties.

[0129]  Similar silicon substrates were polished using a SPM3100 polishing pad under the

same conditions with 10 polishing compositions identified as Polishing Compositivus 10A~
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10J. Each of Polishing Compositions 10A-10J contained (a) 4 wt% Fuso PL2 silica
particles, (b} either malonic acid or dimethylolpropionic acid m the concentration set forth in
Table 10, {¢} 607 ppm HEC (MW = 80,000 g/mol), {d) patassium hydroxide in a
concentration set forth in Table 10, and (e} water. Polishing Compositions 1083-10J further
contained 150 ppm BORCHI™ PW25 s a hydrophebated polyethylene giveol polyurethane
polymer.
[6138]  The substrate removal raie (RR), defectivity (DCOY, and haze (DNN) were
determined for each polishing conposition, and the resuhts are summarized in Table 180
TABLE 10

Comp. | %Solids | PMES | gononoa | BR 1 PS8 e
. e = {ppm)}

104 4 O {MAY 0.75 1488 746 0.07
108 4 0.7 0.46 809 3200 4.083
10 4 0.7 0.66 135 1527 0.102
10D 4 1.1 0.46 747 1917 0.076
JOE 4 . 0.66 28 1954 0.047
1OF 45 | 09 0.56 194 1373 0.092
G 3 0.7 .66 102 1599 0.077
10H 5 0.7 0.46 §75 1293 0.064
101 3 1.1 0,66 163 2053 0,038
1 5 1.1 (1.46 1003 1868 0.092

! did not contain BORCHY~ Gel PW23
* contatned MA (0.53 wt %) instead of DMPA

[E31]  Asis apparent by the results set forth in Table 10, polishing compositions of the
imvention can provide a good batance of substrate removal rate, defectivity, and haze.
EXAMPLE 11
{0132]  This example demonstrates that polishing compositions of the fnvention
comprising silica, an organic carboxylic acid, & polysaccharide, a base, optionally a polymey,
and water exhibit good polishing properties.
{9133] Similar siticon substrates were polished using a SPM3100 polishing pad under the
same conditions with 7 pelishing compositions idemified as Polishing Compositions 11A-
114G, Bach of Polishing Compositions 11A-11G contamed {a} 4 wt.% Fuso PL2 silica
particles, (b} either malonic acid (MA), aspartic acid (Asp), bicme, or 3-aminopyrazine-2-
carboxylic acid in the concentration set forth in Table 11, (¢) 607 ppm HEC (MW = 80,000

gimol), {(d) 0.55 wt.% porassium hydroxide, and (¢} water, Polishing Compositions 11B-11F
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additionally contained 150 ppm BORCHI Gel PW23, The pH was adjusted to 0.6 with

KOH.

18134]  The substrate remtoval rate (RR), defectivity (DCO), and haze (DNN) were

determined for each polishing composition, and the resalts are sunmmarized in Table 11
TABLE 1}

Com Carboxvlic Acid KOH RR DCO %}‘
=R {wt %) {wt. %) (&/min) | {counts] —"i"'
AN MA (0.55) 0.55 1074 1106 0.045
11B Asp (0.71) 0.71 788 1085 0.036
1 bicine (0.87) 0.87 884 1264 0.038
1D bicine (0.87) 0.87 728 1366 0.036
IR bicine (1.27) 1.27 940 1303 0.038
HIF bicine (1.27) 127 | 1117 1242 6.043
J-aminopyrazine-2- - - . .
HG carboxylic acid (6.74) 068 878 1373 0.036

" average of 4 runs ”
* did not contain BORCHI - Gel PW25

01351  Asis 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

Hi136]  This example demonstates that polishing compositions of the tnvention

comprising silica, an organic carboxylic acid, a polysaccharide, & base, optiopally a surfactant

or polyvmer, and water exhibit good polishing properies,

[0137F  Similar silicon sebstrates were polished using a SPM3 100 polishing pad under the

same conditions with 9 polishing compositions wentified as Polishing Compositions 12A-

12H. Each of Polishing Compositions 12A-12H contained (a) 4 wi.% Fuso PL2 silica

particles, (b} 0.55 wi.% malonie acid, (¢ 607 ppra HEC (MW = 80,000 gimol), {(d) 0.75 wt.%

KOH, (g) water, and (f) optionally a polymer or surfactant as set forth in Table 12,

[0138]  The substrate removal rate (RR), defectivity (DCQ), and haze (DNN) were

determined for each polishing composition, and the results are summarized in Table 12.
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TABLE 12

. - i | DCO LN
Comp. Poltymer (130 ppm) | RR{A/min) counts ﬂi“i'a:;f
124" none 1035 1137 0.087
128 DSX 3000 472 2028 0.025
120 BGPW23S 488 14091 0,024
12D BGO024 658 1188 0.032
12E BG LTS 409 1758 0,025
L2 B( WRKSOS 254 1378 0.0280
12¢; BGALA 522 794 0.045
128 B(G Thixo 2 788 1140 0.051

" average of 2 runs

{1391 Asis apparent by the results set forth in Table 12, polishing compositions of the

invention can provide a good balance of substrate rempval rate, defectivity, and haze.
EXAMPLE 13

[6146]  This example demonstrates that polishing compositions of the invention

comprising silica, an organic carboxylic acid, a polvsaccharide, a base, a polymer, and water

exhubit good polishing properties. This example also demonstrates the effect of

polysaccharide, base, and polymer concentrations on substrate removal rate, defectivity, and

haze.

{0141}  Similar silicon substrates were pohished using a SPM3100 polishing pad under the

same conditions with 10 polishing compositions identified as Polishing Compesitions 134-

131, Each of Polishing Compositions 13A-13J contained (a) 4 wt.% Fuso PL2 silica

particles, {b) 0.53 wi.% malonic acid, {¢) HEC in the concentration set forth in Table 13, {d)

potasstum hydroxide in the concentration set forth in Table 13, {e) BORCHIP™ Gel PW25 in

the conceniration set forth in Table 13, and (1} water,

{81421  The substrate removal rate (RR), defectivity {DCOY, and haze (DNN) were

determined for each polishing composition, and the resulis are summarized in Table 13,
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TABLE 13

AEura 3% i) oR N .....?.“...1:":

Comp. if;"f‘m KOM (wt. 99} ““""‘"‘B&"ﬁ {%m (%i;% !Eia;;i;a
134 207 0.033 U 911 4533 0.073
138 267 0.043 0 1513 3061 0.103
130 207 0.033 300 350 1273 £.020
13D 207 0.043 300 887 1332 0.040
138 o67 (1,038 130 868 1104 0.030
13F 1607 0.033 0 330 2068 0.024
13G 1007 0.033 300 280 1550 0.017
134 1067 {1,038 300 673 1226 0.024
13 1007 0.043 300 444 1015 0.026
[EA) j067 0,043 0 251 1145 0074

Vaverage of 2 runs
0143}  As is apparent by the results set forth in Table 13, polishing compositions of the
nvention 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 carboxylic acid, a polysaccharide, a base, a surfactant or
polymer, and water exhibit good polishing properties. This example also demonstrates the
effect of surfaciant concentration on substrate removal tate, defectivity, and haze.
48] Similar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 8 polishing compostiions identified as Polishing Compositions 144~
14H. Each of Polishing Compositions 14A-14H contained (a8} 4 wt.% Fuoso PL2 silica
particles, (b} 0.55 wt.% malonic acid, {¢) 607 ppm HEC (MW = 80,000 g/mol), (d} 0.73 wt%
KOH, (¢) BORCHI™ Gel PW25 in the concentration set forth in Table 14, and {f) water.
0146}  The substrate removal rate (RR), defectivity {DCOY}, and haze {DNN) were

determined for each polishing composition, and the results are sunumarized i Table 14
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TABLE 14

Comp. BG PW25 (ppm) | RR (A/ming DCO (counts) | z:i f:;‘*e
144A° 0 1349 ; 913 6.067
148" &0 1103 1006 G057
14C° 90 1065 §60 0.052
140" 120 1014 : 949 0.048
145" 150 120 , 1163 6.047
14F 180 8§58 - 904 G030
14G 210 748 943 0.036
14H 240 728 , 961 0.037

"average of 3 run
: ~
“average of 2 runs
" average of 7 runs

[147]  Asis apparent by the resalts set forth in Table 14, Polishing Composition 144,
which did not contain any BORCHI™ Gel PW2S polymer, exhibited a kigh substrate removal
rate, suitable substrate defectivity, and low substrate haze. Polishing Compositions 14B-14H,
which contained BORCHI™ Gel PW23 polymer exhibited improved substrate haze, with
suitable substrate removal rates and defectivities, as compared to Polishang Composition 144
ender these polishing conditions.

EXAMPLE 15
[0148]  This example demonstrates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polvsacchande, a base, 8 polymer, and water
exhibit good polishing properties, This also example dewmonstrates the offect of surfactant
and polvmer concentration on substrate removal rate, defectivity, and haze.
[00102]  Similar silicon substrates were polished using a SPM3100 polishing pad under the
same conditions with 7 pohishing compositions identified as Polishing Compositions 154~
15Q. Each of Polishing C‘.ﬂmpésiti@ns 15A-153G contained (8) 4 wt.% Fuse PL2 silica
particles, (b) 0.55 we.% malonic acid, {c) 647 ppm HEC (MW = 80,000 g/mol), (d) 0.75 wt%%
KOH, () water, and (f) optionally a polymer in the concensration sef forth in Table 15,
Fo149] The substrate vemoval 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

‘ . i DCO DINN
Comp, Polvmer (pom RR {A/min} (counts :1'121;;‘3}
ISA HOne 1132 Q749 (088
138 BG WNAOS (30) 947 3329 0,668
150 BG WNSOS (1003 763 1836 (.055
15D BG WNSOS (150) 314 1129 0.818
1SE BG A LA {150} 1134 9127 0.100
15F BG A LA (5% 1190 1153 0.696
185G BG A LA (400) 1185 758 0.084

OIS0 Asis apparent by the results set forth in Table 13, Polishing Composition 154,
which did not contain any polymer, exhibited 8 suitable substrate removal rate and good
substrate aze. In contrast, Polishing Compositions [SB~-150 comprising BORCHI Gel
WSS exhibited proved substrate defectivity and haze as compared to Polishing
Composition 15A under these polishing condittons, Moreover, Polishing Compositions 15E-
15G comprising BORCHI ™ Gel A LA exhibited improved substrate removal rates and
defectivity, with suitable substrate haze, as compired o Polishing Composition 15A under
these polishing conditions.

EXAMPLE 16
{01517 This example demonstrates that polishing compasitions of the invention
comprising silica, an organic carboxylic acid, a polysaccharide, a base, a polymer, and water
exhibit good polishing properties.
[0152F  Similar silicon substrates were polished using a SPMI100 polishing pad under the
same conditions with 3 polishing compositions wlemified as Polishing Compositions 16A-
16E. Each of Polishing Compositions 16A~16E contained {a) 4 wt.% Fuso PLZ silica
imrticie;x\ {1 0.55 wt.% malonic acid, (¢} 607 ppr HEC (MW = 80,000 g/mol}, {d) 0.75 wi%
KOH, (&) water, and {(f} optionally a polymer in the concentration set forth in Table 16,
0153} The substrate removal rate (RR), defectivity (DCQ), and haze (DNN) were

determined for each polishing composition, and the results are summarized 1o Table 16
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TABLE 16

.~ pco | 2BE

“omp, stymer {ppm) IR (Admin A oz
Com Polvimer {ppm RR (Afmam counts) .i id;;f
16A none 1385 1024 £.062

{6B* BCG PW2S (130) 971 1133 0.03%
160 | ALCOGUM 283-30 (150) 1577 1487 0.062

16D ALCOGUM T L15 (150} 1532 1710 0.061

16E ALCOGUM L3 (150} 1567 1067 0062

"average of 3 runs
j0184] As is apparent by the results set forth in Table 16, Polishing Composition 16A,
which did not contain a polymer, exhibited a suitable substrate removal vate, defectivity, and
haze. In contrast, Polishing Composition 16B comprising & polyethvlene glveol polywrethane
exhibited an improved substrate have, with a spitable substrate removal nate and detectivity,
as comparted to Polishing Composition 16A under these polishing conditions. Moreover,
Polishing Compositions 16C-16E comprising water soluble acrviate polyiners exhibited
improved substrate removal rates, with suitable substrate defectivities, and haze, as compared
to Polishing Composition 16A under these polishing conditions.

EXAMPLE 17
HOIS5]  This example demonstrates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polysaccharide, a base, a swrfactant or
potymer, and water exhibit good polishing properties. This example also demonstrates the
effect of polvmer concentrations on substrate removal vate, defectivity, and Taze,
1561 Similar sificon substrates were polished using a SPM3100 polishing pad under the
same conditions with 10 polishing compositions identified as Polishing Compositions 174~
171, Each of Polishang Compositions contained () 4 wi.% Fuso P12 silica particles, (b) .55
wt. %% malonic acid, {c} 807 ppmy HEC (MW = 80,000 g/moly, {d) .75 wt.2% KOH, (¢) water,
and (I} optionally a polvmer in the concentration set forth in Table 17,
HYI37)  The substrate removal rate {RR), defectivity {DCOY, and haze {DNN) were

determined for each polishing composition. The resedis are sunumarized in Table 7.
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TARBLE 17

Comp. | pomerippm) | RR(Amin) | DCOfcomaty | PRISRE
17A none 1331 923 0,050
178 BG PW2S (150) 718 1081 §.033
17C BG WNSOS {75) 8§87 PSR 0.0033
170 BG WNSGS (1003 403 1318 0,022
7R B WNSOS (125) 148 L1978 4.022
17F BG A LA {400) 1340 856 0041
17G BG A LA (B00) 1340 1066 £$.040
17H BG A LA (1600) 1338 923 0,040
174 BG 0434 (210) 616 1125 4.026
17 B 0434 (256) 329 1262 ¢.425

HISB]  Asis apparent by the results set forth in Table 17, substrates polished with a
polishing composition comprising either a surfactant or polymer (¢.g., BG urethane or BG
acrytate) bad decreased substrate haze ander these polishing conditions as compared to
substrates polished with a polishing composition that did not contains such an additional
additive.

EXAMPLE 18
[6159]  This example demonsirates that polishing compositions of the invention
comprising silica, an organic carboxylic acid, a polysaccharide, a base. optionally a reducing
apent, and water exhibit good polishing properties.
[O0103]  Similar silicon substrates were polished under the same conditions using a
CIEGAL™ 7355 pad with 7 different polishing compositions identified as Polishing
Compositions 18A-18G. Hach of Polishing compositions 18A-18F contained (2} 4 w.%
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 = 30,000 afmol), (d) potassiura hydroxide
in the concentration set forth in Table 18, and (e) water. In addition, Polishing Compositions
I8B~-18G also contained either potassium bicarhonate or potassivm metabisulfite i the
concentration set fovth in Table 18,
1168} The substrate removal rate (RR), defectivity (DCO), and baze (NN} haze were

determined for cach polishing composition, and the results are sumwmarized in Table 18
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TABLE I8
Agi KO 50 HSO; | RR peo | AR
Comp. | 2eid KOH | KHCO, | KHSO; | RR T Haze
SR {we %y {wt. %) 1 {wt %) (W) (Armind | fcounts) —
18A | MA {0355 0.76 g 0 39 2181 $.036
188 F MAI7y T 032 8.7 4 30 1712 8.0138
13C 1 MA{0.55) 0.76 0 0.13 37 1011 6035
18D | MA (035 £.76 G 0.04 218 1006 0.015
18E GA (0.64) 058 0.47 3 600 1089 (3.033
1EF GA(0.94) .74 §.21 0 320 e G018
1RG | GA (064 0,72 $.17 4 476 1258 08.032
{16} Asis apparent from the results set forth in Table 18, polishing compositions of the

mvention can provide & good balance of substrate removal rate, defectivity, and haze.
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CLAIMS
1. A chemical-mechanical polishing composition consisting essentially of:
(a) silica,
(b) one or more organic carboxylic acids, salts, or hydrates thereof selected from the group
consisting of

(1) dicarboxylic acids of the formula:
1100 —FCRIR? 4-— COLIL

wherein n is an integer of 0-8 and each of R' and R” is independently selected from the
group consisting of hydrogen, a hydroxy! group, and C;-Cs alkyl groups, or R'and R*
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;

(i1) amino acids of the formula:

RZ Rl
R&} _ X
\? COLI,
R*

wherein each of R', R%, R?, and R* is independently selected from the group consisting of
hydrogen, an aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CHp),-
group, and -(CH=CH-), group connecting either R! or R? with either R? or R*, wherein n is
an integer of 1-6;
(iii) hydroxy acids of formula (1):
(R3R*RIC 4O, H.
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 RI-R%is
hydroxy or hydroxyalkyl, or formula (2):
COOH,

=

NS
-

(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 carboxylic 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 dicarboxylic 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 dicarboxylic 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 carboxylic 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-carboxylic acid.

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

compound is 3-amino-1,2,4-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 cousisting 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
hydroxyethy! cellulose.

17. The polishing composition of claim 16, wherein the average molecular weight of the

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

18. The polishing composition of claim 17, wherein the average molecular weight of the

hydroxyethyl 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:

(1) 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



42
@ dicarboxylic acids of the formula:
HO,C~—CRIR? 5—COI1,

wherein n is an integer of 0-8 and each of R! and R? is independently selected from the
group consisting of hydrogen, a hydroxyl group, and C;-Cs alkyl groups, or R'and R?
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;

(i)  amino acids of the formula:

R2OR!
a M
\?' CO,lL,
R4

wherein each of R', R%, R®, and R* is independently selected from the group consisting of
hydrogen, an aminoalkyl group, a carboxyalkyl group, a hydroxyalkyl group, a -(CHy),-
group, a ~(CH=CH-), group connecting either R’ or R? with either R or R*, wherein n is
an integer of 1-6;
(i)  hydroxy acids of the formula (1):
(RIRARIC 4= CO,H,

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'-R®is
hydroxy or hydroxyalkyl, or the formula (2):

COOH,

/

-~
o

(OH),
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,

(i1) 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 carboxylic 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 dicarboxylic 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 dicarboxylic 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 carboxylic acid 1s 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 hydroxyethyl cellulose.

45. The method of claim 44, wherein the average molecular weight of the hydroxyethyl
cellulose 1s about 300,000 g/mol or less.

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

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

silicon 1s abraded to polish the substrate.

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

composition.



