
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date
26 November 2009 (26.11.2009) WO 2009/142692 A2

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C09K 3/14 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

PCT/US2009/002846 EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
(22) International Filing Date: HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

7 May 2009 (07.05.2009) KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,

(25) Filing Language: English NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,

(26) Publication Language: English SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,
UG, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
12/126,739 23 May 2008 (23.05.2008) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): CABOT GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

MICROELECTRONICS CORPORATION [US/US]; ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Legal Department, 870 North Commons Drive, Aurora, TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
IL 60504 (US). ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

(72) Inventors: WHITE, Michael; c/o Legal Department, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),

Cabot Microelectronics Corporation, 870 North Com
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
MR, NE, SN, TD, TG).

mons Drive, Aurora, IL 60504 (US). GILLILAND, Jef¬
frey; c/o Legal Department, Cabot Microelectronics Cor Declarations under Rule 4.17:
poration, 870 North Commons Drive, Aurora, Illinois

— as to applicant's entitlement to apply for and be granted
60504 (US). JONES, Lamon; c/o Legal Department,

a patent (Rule 4.1 7(H))
Cabot Microelectronics Corporation, 870 North Com
mons Drive, Aurora, Illinois 60504 (US). WALTERS, — as to the applicant's entitlement to claim the priority of
Alicia; c/o Legal Department, Cabot Microelectronics the earlier application (Rule 4.1 7(Hi))

Corporation, 870 North Commons Drive, Aurora, Illinois
Published:

60504 (US).
— without international search report and to be republished

(74) Agents: WESEMAN, Steven et al; Associate General upon receipt of that report (Rule 48.2(g))
Counsel, Intellectual Property, Cabot Microelectronics
Corporation, 870 North Commons Drive, Aurora, IL
60504 (US).

(54) Title: STABLE, HIGH RATE SILICON SLURRY

(57) Abstract: The invention provides a chemical mechanical polishing composition comprising wet process silica, a stabilizer
compound, a potassium salt, a secondary amine compound, and water. The invention further provides a method of polishing a
substrate with the polishing composition.



STABLE, HIGH RATE SILICON SLURRY

BACKGROUND OF THE INVENTION

[0001] Silicon wafers used in electronic devices are typically prepared from a single crystal

silicon ingot that is first sliced into thin wafers using a diamond saw and then ground to remove

surface imperfections arising from the sawing process. The silicon wafers then typically require

a final polishing step to provide surfaces having very low surface roughness before they are

acceptable for use in electronic devices.

[0002] Current methods of performing final polishing of silicon wafers often employ

polishing compositions containing silica as an abrasive in an aqueous carrier and further

comprising additives such as amines or quaternary ammonium salts as polishing rate enhancers.

However, conventional polishing compositions for silicon wafers generally require over 10

minutes of polishing in order to remove 10-20 microns of silica. Polishing compositions are

desired that can be used to polish silicon more quickly to improve throughput and more

effectively utilize production capacity.

[0003] In addition, it is desirable to ship polishing compositions as concentrates (e.g., to

reduce shipping volume and weight), which concentrates are then diluted by the user prior to

polishing. However, conventional silicon polishing compositions exhibit colloidal instability at

high concentrations, leading to difficulties in the redispersion of abrasive particles on dilution.

Thus, there remains an important need in the art for improved polishing compositions for silicon

wafers.

BRIEF SUMMARY OF THE INVENTION

[0004] The invention provides a chemical-mechanical polishing composition comprising (a)

wet-process silica, (b) 0.01 wt.% to 0.5 wt.% of a stabilizer compound selected from the group

consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X , R1R2R3S+ X , an imidazolium salt, and a

pyridinium salt, wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl, a C7-Ci2

arylalkyl, or a C6-Ci0 aryl, (c) 0.002 wt.% to 0.2 wt.% of a potassium salt, (d) 0.002 wt.% to 0.2

wt.% of a secondary amine compound, and (e) water, wherein the polishing composition has a

pH of9 to l2.

[0005] The invention also provides a chemical-mechanical polishing composition

comprising (a) 5 wt.% to 20 wt.% of wet-process silica, (b) 1 wt.% to 8 wt.% of a stabilizer

compound selected from the group consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X , R1R2R3S+ X ,

an imidazolium salt, and a pyridinium salt, wherein each of R 1, R2, R3, and R4 independently is a

Ci-C6 alkyl, a C7-Ci2 arylalkyl, or a C6-Ci0 aryl, (c) 0.4 wt.% to 4 wt.% of a potassium salt, (d)



0.4 wt.% to 4 wt.% of a secondary amine compound, and (e) water, wherein the polishing

composition has a pH of 9 to 12, and wherein the average particle size of the silica in the

polishing composition after storage at 45° C for 10 days, Di, and the initial average particle size

of the silica in the polishing composition, Do, satisfy the following equation: D /Do ≤ 1.5.

[0006] The invention further provides a method of chemical-mechanically polishing a

substrate, which method comprises (i) contacting a substrate with a polishing pad and a

chemical-mechanical polishing system comprising (a) wet-process silica, (b) 0.01 wt.% to 0.5

wt.% of a stabilizer compound selected from the group consisting OfR 1R2R3R4N+ X ,

R1R2R3R4P+ X , R1R2R3S+ X , an imidazolium salt, and a pyridinium salt, wherein each of R1,

R2, R3, and R4 independently is a C1-C6 alkyl, a C7-Ci 2 arylalkyl, or a C6-Ci0 aryl, (c) 0.002

wt.% to 0.2 wt.% of a potassium salt, (d) 0.002 wt.% to 0.2 wt.% of a secondary amine

compound, and (e) water, wherein the polishing composition has a pH of 9 to 12, (ii) moving the

polishing component relative to the substrate, and (iii) abrading at least a portion of the substrate

to polish the substrate.

DETAILED DESCRIPTION OF THE INVENTION

[0007] The invention provides a chemical-mechanical polishing composition and a method

of chemically-mechanically polishing a substrate.

[0008] hi a first embodiment, the polishing composition comprises, consists essentially of,

or consists of (a) wet-process silica, (b) 0.01 wt.% to 0.5 wt.% of a stabilizer compound selected

from the group consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X , R 1R2R3S+ X , an imidazolium

salt, and a pyridinium salt, wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl, a

C7-Ci 2 arylalkyl, or a C6-Ci0 aryl, (c) 0.002 wt.% to 0.2 wt.% of a potassium salt, (d) 0.002 wt.%

to 0.2 wt.% of a secondary amine compound, and (e) water, wherein the polishing composition

has a pH of 9 to 12.

[0009] The polishing composition comprises wet-process silica. Wet-process silica is

characterized as being prepared by the polymerization of soluble silica precursors from aqueous

solutions thereof. Wet-process silica comprises particles that typically are non-aggregated,

individually discrete particles, which generally are spherical or nearly spherical in shape, but can

have other shapes (e.g., shapes with generally elliptical, square, or rectangular cross-sections).

Such particles typically are structurally different from fumed (i.e., pyrogenic) silica, which

particles are prepared via flame hydrolysis of volatile precursors and are chain-like structures of

aggregated primary particles with higher fractal dimensions.



[0010] Suitable examples of wet-process silica include condensation-polymerized silica and

base-stabilized colloidal silica. Condensation-polymerized silica particles typically are prepared

by condensing Si(OH)4 to form substantially spherical particles. The precursor Si(OH) can be

obtained, for example, by hydrolysis of high purity alkoxysilanes, or by acidification of aqueous

silicate solutions. Such condensation-polymerized silica particles can be prepared in accordance

with U.S. Patent 5,230,833 or can be obtained as any of various commercially available products

such as the Fuso PL-I, PL-IH, PL-ISL, PL-2, PL-2L, PL-3, PL-3H, PL-3L, PL-5, PL-6L, PL-7,

PL-7H, PL-IOH, and PL-20 products, as well as other similar products available from DuPont,

Bayer, Applied Research, Silbond, Clariant, and others.

[0011] Base-stabilized colloidal silica particles can be prepared, for example, from silicic

acid derived from an alkali silicate solution having a pH of 9 to 11, wherein the silicate anions

undergo polymerization to produce discrete silica particles having the desired average particle

size in the form of an aqueous dispersion. The colloidal silica is stabilized by the presence of a

base such as sodium hydroxide. Non-limiting examples of commercially available colloidal

silica suitable for use in the invention include SNOWTEX™ products from Nissan Chemical,

NEXSIL™ and NEXSIL A™ series products available from Nyacol Nanotechnologies, Lie,

TX131 12, TXl 1005, DVSTS006, 1034A, 1050, 2327, and 2329 products available from Nalco

Chemical, the BINDZIL 50/80, 30/310, and 40/130 products from EKA Chemicals, and

LEVASIL™ products available from H. C. Starck.

[0012] The wet-process silica abrasive particles typically have an average particle size (e.g.,

average particle diameter) of 4 nm to 200 run. Preferably, the wet-process silica abrasive

particles have an average particle size of 20 nm to 100 nm (e.g., 40 nm to 75 nm). In this

regard, particle size refers to the diameter of the smallest sphere that encloses the particle.

[0013] The polishing composition typically comprises 0.05 wt.% or more (e.g., 0.1 wt.% or

more, or 0.5 wt.% or more) of wet-process silica. Preferably, the polishing composition

comprises 2 wt.% or less (e.g., 1.5 wt.% or less, or 1 wt% or less) of wet-process silica. More

preferably, the polishing composition comprises 0.1 wt.% to 2 wt.% of wet-process silica (e.g.,

0.5 wt.% to 1.5 wt.%) of wet-process silica (referred to hereinafter as "silica").

[0014] The silica desirably is suspended in the polishing composition, more specifically in

the water of the polishing composition. When the silica is suspended in the polishing

composition, the silica preferably is colloidally stable. The term colloid refers to the suspension

of silica particles in the water. Colloidal stability refers to the maintenance of that suspension

over time. In the context of this invention, a silica is considered colloidally stable if, when a



suspension of the silica in water is placed into a 100 ml graduated cylinder and allowed to stand

unagitated for a time of 2 hours, the difference between the concentration of particles in the

bottom 50 ml of the graduated cylinder ([B] in terms of g/ml) and the concentration of particles

in the top 50 ml of the graduated cylinder ([T] in terms of g/ml) divided by the initial

concentration of particles in the silica composition ([C] in terms of g/ml) is less than or equal to

0.5 (i.e., {[B] - [T]}/[C] <0.5). The value of [B]-[T]/[C] desirably is less than or equal to 0.3,

and preferably is less than or equal to 0.1.

[0015] The polishing composition comprises a stabilizer compound, i.e., one or more

stabilizer compounds. The stabilizer compound is believed to promote colloidal stability of the

silica particles in the polishing composition. The stabilizer compound is selected from the group

consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X\ R1R2R3S+ X , an imidazolium salt, and a

pyridinium salt, wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl, a C7-Ci2

arylalkyl, or a C6-C 0 aryl. The Ci-C 6 alkyl, a C7-Ci2 arylalkyl, or a C6-CiOaryl can be further

substituted with one or more hydroxyl groups. As will be recognized by one of ordinary skill in

the art, R1R2R3R4N+ X is commonly referred to as an ammonium salt, R 1R2R3R4P+ X is

commonly referred to as a phosphonium salt, and R1R2R3S+ X is commonly referred to as a

sulfonium salt. Preferably, R1, R2, R3, and R4 are independently Ci-C 6 alkyl (e.g., Ci-C 4 alkyl,

or Ci-C alkyl, or Ci-C 2 alkyl, or methyl). When the stabilizer compound is an imidazolium

salt, preferably the imidazolium salt is substituted at the 1- and 3-positions of the imidazole ring.

When the stabilizer compound is a pyridinium salt, the pyridinium salt will have a Ci-C 6 alkyl

group bonded to the pyridine ring nitrogen atom. The pyridine ring carbon atoms can be

unsubstituted, or the pyridine ring carbon atoms can be further substituted at any position with

one or more Ci-C 6 alkyl groups. The anion X can be any suitable anion. Preferably, the anion

X will not react with any component of the polishing composition. Non-limiting examples of

suitable anions X include hydroxide, chloride, bromide, fluoride, nitrate, sulfate, hydrogen

sulfate, methanesulfonate, methylsulfate (i.e., CH3OSO3 ), and the like. Non-limiting examples

of suitable cationic components of the stabilizer compound include tetramethylammonium,

tetraethylarnmonium, tetrapropylammonium, tetrabutylammonium, tetrapentylammonium,

ethyltrimethylammonium, diethyldimethylammonium, tetramethylphosphonium,

tetraethylphosphonium, tetrapropylphosphonium, tetrabutylphosphonium,

tetraphenylphosphonium, methyltriphenylphosphonium, ethyltriphenylphosphonium,

butyltriphenylphosphonium, benzyltriphenylphosphonium, dimethyldiphenylphosphonium,

hydroxymethyltriphenylphosphonium, hydroxyethyltriphenylphosphonium, trimethylsulfonium,



triethylsulfonium, 1-ethyl-3-methylimidazolium, 1-butyl-3-methylimidazolium,

1-benzyl-3-methylimidazolium, 1-hexyl-3-methylimidazolium,

l-ethyl-2,3-dimethylimidazolium, and 1-methylpyridinium.

[0016] The polishing composition typically comprises 0.01 wt.% or more (e.g., 0.1 wt.% or

more, or 0.2 wt.% or more) of the stabilizer compound. Preferably, the polishing composition

comprises 0.5 wt.% or less (e.g., 0.4 wt.% or less, or 0.35 wt.% or less) of the stabilizer

compound. More preferably, the polishing composition comprises 0.01 wt.% to 0.5 wt.% (e.g.,

0.1 wt.% to 0.4 wt.%, or 0.2 wt.% to 0.35 wt.%) of the stabilizer compound.

[0017] The polishing composition comprises a potassium salt, i.e., one or more potassium

salts. The potassium salt can be any suitable potassium salt. Preferably, the potassium salt is

potassium hydrogen carbonate, potassium carbonate, or a combination of potassium hydrogen

carbonate and potassium carbonate.

[0018] The polishing composition typically comprises 0.002 wt.% or more (e.g., 0.02 wt.%

or more, or 0.05 wt.% or more) of the potassium salt. Preferably, the polishing composition

comprises 0.2 wt.% or less (e.g., 0.15 wt.% or less, or 0.10 wt.% or less) of the potassium salt.

More preferably, the polishing composition comprises 0.01 wt.% to 0.2 wt.% (e.g., 0.05 wt.% to

0.15 wt.%) of the potassium salt.

[0019] The polishing composition comprises a secondary amine compound, i.e., one or more

secondary amine compounds. Preferably, the secondary amine compound is piperazine. It will

be appreciated that piperazine can exist in the form of a salt (e.g., an acid addition salt) and can

exist as a mono- and di-acid addition salt thereof. Piperazine also exists as a solid hexahydrate

compound.

[0020] The polishing composition typically comprises 0.002 wt.% or more (e.g., 0.02 wt.%

or more, or 0.05 wt.% or more) of secondary amine compound. Preferably, the polishing

composition comprises 0.2 wt.% or less (e.g., 0.15 wt.% or less, or 0.10 wt.% or less, or even or

0.08 wt.% or less) of secondary amine compound. More preferably, the polishing composition

comprises 0.002 wt.% to 0.2 wt.% (e.g., 0.05 wt.% to 0.15 wt.%) of secondary amine

compound. When the secondary amine compound is piperazine, the amount of piperazine

present in the polishing composition refers to the amount of piperazine as C4H8N2 as provided

by the particular piperazine compound (e.g., anhydrous piperazine, piperazine hydrate,

piperazine hydrochloride, and the like) used to prepare the polishing composition.

[0021] The polishing composition has a pH of 9 to 12 (e.g., 9 to 11, or 9 to 10, or 10 to 11,

or 10 to 11, or 11 to 12). The polishing composition optionally comprises pH adjusting agents,



for example ammonium hydroxide, potassium hydroxide, nitric acid, sulfuric acid, or phosphoric

acid. The polishing composition optionally comprises pH buffering systems, for example a

buffering system comprising sodium carbonate and sodium hydrogen carbonate. Many such pH

buffering systems are well known in the art. If the polishing composition comprises pH

adjusting agents and/or buffering systems, the polishing composition will contain a sufficient

amount of pH adjusting agents and/or buffering systems to maintain the pH in the ranges set

forth herein.

[0022] The polishing composition optionally comprises a chelating agent (e.g., a complexing

agent). The chelating agent can be any suitable chelating agent or combination of chelating

agents. Non-limiting examples of suitable chelating agents include ethylenediaminetetraacetic

acid ("EDTA"), iminodiacetic acid, oxalic acid, citric acid, 4,5-dihydroxy-l,2-benzenedisulfonic

acid, salicylhydroxamic acid, tetraethylene pentamine, tris(methylenephosphonic acid), 1-

hydroxyethylidene - 1,1-diphosphonic acid, nitrilotri(methylphosphonic acid),

diethylenetriaminepentakis(methylenephosphonic acid), and 2-phosphonobutane- 1,2,4-

tricarboxylic acid.

[0023] The polishing composition typically comprises 0.001 wt.% or more (e.g., 0.01 wt.%

or more, or 0.02 wt.% or more) of the chelating agent. Preferably, the polishing composition

comprises 0.1 wt.% or less (e.g., 0.09 wt.% or less, or 0.08 wt.% or less) of the chelating agent.

More preferably, the polishing composition comprises 0.001 wt.% to 0.1 wt.% (e.g., 0.01 wt.%

to 0.09 wt.%, or 0.02 wt.% to 0.08 wt.%) of the chelating agent.

[0024] The polishing composition comprises water. The water is used to facilitate the

application of the abrasive particles, the salt, and any other additives to the surface of a suitable

substrate to be polished or planarized. Preferably, the water is deionized water.

[0025] The polishing composition optionally further comprises one or more other additives.

Such additives include any suitable dispersing agent, such as, for example, homopolymers or

random, block, or gradient acrylate copolymers comprising one or more acrylic monomers (e.g.,

polyacrylates, polymethacrylates, vinyl acrylates and styrene acrylates), combinations thereof,

and salts thereof. Other suitable additives include biocides. The biocide can be any suitable

biocide, for example, an isothiazolinone biocide.

[0026] In a second embodiment, the invention provides a chemical-mechanical polishing

composition comprising, consisting essentially of, or consisting of (a) 5 wt.% to 20 wt.% wet-

process silica, (b) 1 wt.% to 8 wt.% (e.g., 1 wt.% to 5 wt.%) of a stabilizer compound selected

from the group consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X , R1R2R3S+ X , wherein each of R1,



R2, R3, and R4 independently Ci-C6 alkyl, a C7-Ci 2 arylalkyl, or C6-Ci0 aryl, (c) 0.4 wt.% to 4

wt.% (e.g., 0.6 wt.% to 3 wt.%, or 0.75 wt.% to 2 wt.%) of a potassium salt, (d) 0.4 wt.% to 4

wt.% (e.g., 0.6 wt.% to 3 wt.%, or 0.75 wt.% to 2 wt.%) of a secondary amine compound, and

(e) water, wherein the polishing composition has a pH of 9 to 12, and wherein the average

particle size of the silica in the polishing composition after storage at 45° C for 10 days, Di, and

the initial average particle size of the silica in the polishing composition, Do, satisfy the

following equation: D /Do <1.5. The wet-process silica, stabilizer compound, potassium salt,

secondary amine compound, and optional chelating agent are as described herein for the first

embodiment of the chemical-mechanical polishing composition of the invention.

[0027] Advantageously, the polishing composition of the second embodiment remains

colloidally stable over time. Preferably, the average particle size of the silica in the polishing

composition after storage at 45° C for 10 days, Di, and the initial average particle size of the

silica in the polishing composition, Do, satisfy the following equation: Di/D 0 <1.5 (e.g., Di/Do

<1.4, or Di/Do <1.3, or Di/D0 <1.2, or D]/D0 ≤ l.l, or even Di/D0 <1.0). The particle size of

the silica can be measured using any suitable technique, for example, using laser diffraction

techniques. Suitable particle size measurement instruments are available from, e.g, Malvern

Instruments (Malvern, UK).

[0028] The polishing composition can be prepared by any suitable technique, many of which

are known to those skilled in the art. The polishing composition can be prepared in a batch or

continuous process. Generally, the polishing composition can be prepared by combining the

components thereof in any order. The term "component" as used herein includes individual

ingredients (e.g., silica, stabilizer compound, secondary amine compound, potassium salt,

optional chelating agent, etc.) as well as any combination of ingredients (e.g., silica, stabilizer

compound, secondary amine compound, potassium salt, optional chelating agent, etc.).

[0029] It will be understood that any of the components of the polishing composition that

are salts (e.g., the stabilizer compound, the potassium salt, and/or the chelating agent), when

dissolved in the water of the polishing composition, can exist in dissociated form as cations and

anions. The amounts of salts present in the polishing composition as recited herein will be

understood to refer to the weight of the undissociated salt used in the preparation of the

polishing composition. For example, the weight of the potassium salt (e.g., potassium hydrogen

carbonate) refers to the amount of the potassium salt as provided by its empirical formula (e.g.,

KHCO3) .



[0030] For example, the stabilizer compound, secondary amine compound, potassium salt,

and optional chelating agent can be dissolved in water by the addition of the stabilizer

compound, secondary amine compound, potassium salt, and optional chelating agent to water in

any order, or even simultaneously. The silica then can be added and dispersed by any method

that is capable of dispersing the silica in the polishing composition. The polishing composition

can be prepared prior to use, with one or more components, such as the secondary amine

compound, added to the polishing composition shortly before use (e.g., within 1 minute before

use, or within 1 hour before use, or within 7 days before use). The pH can be adjusted at any

suitable time, and is preferably adjusted prior to the addition of the silica to the polishing

composition. The polishing composition also can be prepared by mixing the components at the

surface of the substrate during the polishing operation.

[0031] The polishing composition of the second embodiment is suitable for use as a

concentrate which is intended to be diluted with an appropriate amount of water prior to use.

For example, the silica, stabilizer compound, secondary amine compound, potassium salt, and

optional chelating agent can each be present in the concentrate in an amount that is 2 times (e.g.,

5 times, 10 times, or 15 times, or 20 times, or 100 times, or even 200 times) greater than the

concentration recited above for each component so that, when the concentrate is diluted with an

equal volume of water (e.g., 2 equal volumes water, 5 equal volumes of water, or 10 equal

volumes of water, or 15 equal volumes of water, or 20 equal volumes of water, or 100 equal

volumes of water, or 200 equal volumes of water, respectively), each component will be present

in the polishing composition in an amount within the ranges set forth above for each component.

Furthermore, as will be understood by those of ordinary skill in the art, the concentrate can

contain an appropriate fraction of the water present in the final polishing composition in order to

ensure that the stabilizer compound, secondary amine compound, potassium salt, optional

chelating agent, and other suitable additives are at least partially or fully dissolved in the

concentrate, preferably fully dissolved in the concentrate.

[0032] The invention further provides a method of chemically-mechanically polishing a

substrate with the polishing composition. The method comprises (i) contacting a substrate with

a polishing pad and a chemical-mechanical polishing system comprising, consisting essentially

of, or consisting of (a) wet-process silica, (b) 0.01 wt.% to 0.5 wt.% of a stabilizer compound

selected from the group consisting OfR 1R2R3R4N+ X ,

R1R2R3R4P+ X , R1R2R3S+ X , wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl,

a C7-Ci2 arylalkyl, or a C6-Ci0 aryl, (c) 0.002 wt.% to 0.2 wt.% of a potassium salt, (d) 0.002



wt.% to 0.2 wt.% of a secondary amine compound, and (e) water, wherein the polishing

composition has a pH of 9 to 12, (ii) moving the polishing component relative to the substrate,

and (iii) abrading at least a portion of the substrate to polish the substrate.

[0033] Although the polishing composition of the invention can be used to polish any

substrate, the polishing composition is particularly useful in the polishing of a substrate

comprising silicon, for example, silicon wafers used in the electronics industry. In this regard,

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

addition, the silicon can be polysilicon. The inventive polishing composition and method of use

thereof is suitable for the final polishing of silicon wafers as produced from silicon single

crystals by diamond sawing and rough grinding, as well as for edge polishing of silicon wafers

and for use in the reclamation of silicon wafers by polishing.

[0034] Advantageously, silicon substrates polished using the inventive polishing method

exhibit low surface roughness. Surface roughness (Ra), which is defined herein as the

arithmetical mean of deviations from planarity, can be measured using any suitable technique.

Suitable techniques include stylus prof ϊ lometry and optical profilometry, using instruments

available from, e.g., Veeco Instruments (Plainview, NY), as well as atomic force microscopy.

Typically, the inventive polishing method produces a surface roughness on silicon wafers of 20

A or less (e.g., 14 A or less, or 12 A or less, or 10 A or less, or even 8 A or less), when measured

using an optical profilometer.

[0035] The polishing method of the invention is particularly suited for use in conjunction

with a chemical-mechanical polishing apparatus. Typically, the apparatus comprises a platen,

which, when in use, is in motion and has a velocity that results from orbital, linear, or circular

motion, a polishing pad in contact with the platen and moving with the platen when in motion,

and a carrier that holds a substrate to be polished by contacting and moving the substrate relative

to the surface of the polishing pad. The polishing of the substrate takes place by the substrate

being placed in contact with the polishing pad and the polishing composition of the invention

and then the polishing pad moving relative to the substrate, so as to abrade at least a portion of

the substrate to polish the substrate.

[0036] A substrate can be polished with the chemical-mechanical polishing composition

with any suitable polishing pad (e.g., polishing surface). Suitable polishing pads include, for

example, woven and non-woven polishing pads. Moreover, suitable polishing pads can

comprise any suitable polymer of varying density, hardness, thickness, compressibility, ability to

rebound upon compression, and compression modulus. Suitable polymers include, for example,



polyvinylchloride, polyvinylfluoride, nylon, fluorocarbon, polycarbonate, polyester,

polyacrylate, polyether, polyethylene, polyamide, polyurethane, polystyrene, polypropylene,

coformed products thereof, and mixtures thereof. Hard polyurethane polishing pads are

particularly useful in conjunction with the inventive polishing method.

[0037] Desirably, the chemical-mechanical polishing apparatus further comprises an in situ

polishing endpoint detection system, many of which are known in the art. Techniques for

inspecting and monitoring the polishing process by analyzing light or other radiation reflected

from a surface of the substrate being polished are known in the art. Such methods are described,

for example, in U.S. Patent 5,196,353, U.S. Patent 5,433,651, U.S. Patent 5,609,51 1, U.S. Patent

5,643,046, U.S. Patent 5,658,183, U.S. Patent 5,730,642, U.S. Patent 5,838,447, U.S. Patent

5,872,633, U.S. Patent 5,893,796, U.S. Patent 5,949,927, and U.S. Patent 5,964,643. Desirably,

the inspection or monitoring of the progress of the polishing process with respect to a substrate

being polished enables the determination of the polishing end-point, i.e., the determination of

when to terminate the polishing process with respect to a particular substrate.

[0038] The following examples further illustrate the invention but, of course, should not be

construed as in any way limiting its scope.

[0039] The polishing conditions in Examples 1-4 were as follows: 100 rpm carrier speed, 93

rpm plated speed, 24.3 kPa (3.5 psi) downforce of the polishing pad on the substrate, 150

mL/min polishing composition flow rate, and use of a hard polyurethane polishing pad.

EXAMPLE l

[0040] This example demonstrates the effect of the concentrations of a stabilizer compound,

a secondary amine compound, and a potassium salt on the removal rate observed for silicon

achievable by the polishing composition of the invention.

[0041] Sixteen similar substrates, which substrates comprised 102 cm (4 inch) silicon

wafers, were polished with sixteen different polishing compositions (Polishing Compositions

1A-IP). All of the polishing compositions contained 0.937 wt.% base-stabilized colloidal silica

and 0.0167 wt.% ethylenediaminetetraacetic acid in water, and had a pH of 11. Polishing

Compositions 1A-IP further comprised tetramethylammonium hydroxide (i.e., a stabilizer

compound), piperazine (i.e., a secondary amine compound), and potassium hydrogen carbonate

(i.e., a potassium salt) in amounts as set forth in Table 1.

[0042] Following polishing, the removal rates for silicon were determined for each of the

polishing compositions, and the results are summarized in Table 1.



Table 1

* - Average of four experiments

[0043] As is apparent from the results set forth in Table 1, Polishing Compositions IL- 10,

which did not contain any potassium hydrogen carbonate, exhibited silicon removal rates that

were at least approximately 6% to 31% lower than Polishing Compositions IA- IK and IP,

which all contained potassium hydrogen carbonate. Polishing Composition IJ, which contained

0.1875 wt.% piperazine, 0.3125 wt.% tetramethylammonium hydroxide, and 0.125 wt.%

potassium hydrogen carbonate, exhibited a silicon removal rate that was approximately 8%

lower than Polishing Composition ID, which contained 0.0625 wt.% piperazine, 0.3125 wt.%

tetramethylammonium hydroxide, and 0.125 wt.% potassium hydrogen carbonate. Polishing

Compositions IL and 1O, which contained 0.1875 wt.% and 0.4375 wt.%, respectively, of

tetramethylammonium hydroxide, and no piperazine or potassium hydrogen carbonate, exhibited

silicon removal rates of approximately 13% and 33%, respectively, lower than the silicon

removal rates exhibited by Polishing Compositions IE and IH, which contained 0.1875 wt.%

and 0.4375 wt.%, respectively, of tetramethylammonium hydroxide, and 0.25 wt.% each of

piperazine and potassium hydrogen carbonate.

EXAMPLE 2

[0044] This example demonstrates the effect of the stabilizer compound and pH on the

removal rate observed for silicon achievable by the polishing composition of the invention.



[0045] Similar substrates, which substrates comprised 4 inch (102 cm) silicon wafers, were

polished with five different polishing compositions (Polishing Compositions 2A-2E). All of the

polishing compositions contained 0.937 wt.% base-stabilized colloidal silica, 625 ppm

piperazine, 469 ppm potassium hydrogen carbonate, and 156 ppm ethylenediaminetetraacetic

acid, in water. Polishing Composition 2A further comprised 2500 ppm tetramethylammonium

hydroxide and had a pH of 10.95. Polishing Composition 2B further comprised 4223 ppm

tetramethylammonium bromide and had a pH of 9.78. Polishing Composition 2C further

comprised 4690 ppm tetramethylphosphonium bromide and had a pH of 9.8. Polishing

Composition 2D further comprised 9794 ppm ethyltriphenylphosphonium bromide and had a pH

of 9.1 1. Polishing Composition 2E further comprised 4792 ppm l-ethyl-3-methylimidazolium

chloride and had a pH of 9.92.

[0046] Following polishing, the removal rates for silicon were determined for each of the

polishing compositions, and the results are summarized in Table 2.

Table 2

* - average of three experiments
** - average of two experiments

[0047] As is apparent from the results set forth in Table 2, Polishing Composition 2B, which

contained 4223 ppm of tetramethylammonium bromide, exhibited a silicon removal rate that

was approximately 5.4% greater than the silicon removal rate exhibited by Polishing

Composition 2A, which contained 2500 ppm of tetramethylammonium hydroxide. Polishing

Composition 2C, which contained 4690 ppm tetramethylphosphonium bromide, exhibited a

silicon removal rate that was approximately 7.4% greater than Polishing Composition 2B, which

contained 4223 ppm of tetramethylammonium bromide. Polishing Composition 2D, which

contained 9794 ppm of ethyltriphenylphosphonium bromide, exhibited a silicon removal rate

that was approximately 81% lower than the silicon removal rate exhibited by Polishing

Composition 2A. Polishing Composition 2E, which contained 4792 ppm of l-ethyl-3-

methylimidazolium chloride, exhibited a silicon removal rate that was approximately 11%

higher than the silicon removal rate exhibited by Polishing Composition 2A.



EXAMPLE 3

[0048] This example demonstrates the effect of the type of silica on the removal rate

observed for silicon achievable by the polishing composition of the invention.

[0049] Similar substrates comprising 4 inch (102 cm) silicon wafers, were polished with two

different polishing compositions (Polishing Compositions 3A and 3B). All of the polishing

compositions contained 625 ppm piperazine, 469 ppm potassium hydrogen carbonate, and 156

ppm ethylenediaminetetraacetic acid, in water. Polishing Composition 3A further contained

0.937 wt.% base-stabilized colloidal silica and had a pH of 11. Polishing Composition 3B

further contained 0.937 wt.% fumed silica and had a pH of 12.

[0050] Following polishing, the removal rates (RR) for silicon were determined for each of

the polishing compositions, and the results are summarized in Table 3.

Table 3

* - average of three experiments
** - average of two experiments

[0051] As is apparent from the results set forth in Table 3, Polishing Composition 3B, which

contained fumed silica, exhibited a silicon removal rate that was approximately 74% of the

silicon removal rate exhibited by Polishing Composition 3A, which contained base-stabilized

colloidal silica.

EXAMPLE 4

[0052] This example compares the effect of the type of wet-process silica on the removal

rate observed for silicon achievable by the polishing composition of the invention.

[0053] Similar substrates comprising 4 inch (102 cm) silicon wafers, were polished with two

different polishing compositions (Polishing Compositions 3A and 3B). All of the polishing

compositions contained 625 ppm piperazine, 469 ppm potassium hydrogen carbonate, and 156

ppm ethylenediaminetetraacetic acid, in water, at a pH of 11. Polishing Composition 4A further

contained 0.937 wt.% base-stabilized colloidal silica (Nalco TX-131 12). Polishing Composition

4B further contained 0.937 wt.% condensation-polymerized silica (Fuso PL-2) and had a pH of

12.

[0054] Following polishing, the removal rates (RR) for silicon were determined for each of

the polishing compositions, and the results are summarized in Table 4.



Table 4

* - average of 4 experiments
** - average of 19 experiments

[0055] As is apparent from the results set forth in Table 4, Polishing Composition 4B, which

contained condensation-polymerized silica, exhibited a silicon removal rate that was

approximately 94% of the silicon removal rate exhibited by Polishing Composition 4A, which

contained base-stabilized colloidal silica.

EXAMPLE 5

[0056] This example demonstrates the effect of the stabilizer compound on the removal rate

and surface roughness observed for silicon achievable by the polishing composition of the

invention.

[0057] Six pairs of similar substrates comprising 4 inch (102 cm) silicon wafers, were

polished with six different polishing compositions (Polishing Compositions 5A-5F). All of the

polishing compositions contained 1 wt.% base-stabilized colloidal silica, 667 ppm piperazine,

500 ppm potassium hydrogen carbonate, and 167 ppm ethylenediaminetetraacetic acid, in water,

at a pH of 11. Polishing Composition 5A further contained 0.267 wt.% tetramethylammonium

hydroxide. Polishing Composition 5B further contained 0.404 wt.% tetrapropylammonium

hydroxide. Polishing Composition 5C further contained 0.594 wt.% tetrapropylammonium

hydroxide. Polishing Composition 5D further contained 0.307 wt.% ethyltrimethylammonium

hydroxide. Polishing Composition 5E further contained 0.348 wt.% ethyltrimethylammonium

hydroxide. Polishing Composition 5F further contained 0.450 wt.% tetramethylammonium

bromide.

[0058] Following polishing, the silicon removal rate was determined and the surface

roughness (Ra) were determined. The average value for silicon removal rate and for R are

summarized in Table 5.

Table 5



[0059] As is apparent from the results set forth in Table 5, use of Polishing Composition 5B,

which contained 0.267 wt.% tetrapropylammonium hydroxide, resulted in the lowest Ra in

polishing silicon wafers observed for any of the polishing compositions. Use of Polishing

Composition 5C, which contained 0.594 wt.% tetrapropylammonium hydroxide, resulted in an

Ra that was approximately 36% greater than resulted from use of Polishing Composition 5B.

Polishing Composition 5B exhibited a silicon removal rate that was approximately 49% the

silicon removal rate exhibited by Polishing Composition 5F, which contained 0.450 wt.%

tetramethylammonium bromide.

EXAMPLE 6

[0060] This example demonstrates the effect of silica particle size on the removal rate

observed for silicon achievable by the polishing composition of the invention.

[0061] Five pairs of similar substrates comprising 10.2 cm (4 inch) silicon wafers, were

polished with six different polishing compositions (Polishing Compositions 5A-5F). All of the

polishing compositions contained 0.937 wt.% base-stabilized colloidal silica, 2500 ppm

tetramethylammonium hydroxide, 625 ppm piperazine, 469 ppm potassium hydrogen carbonate,

and 156 ppm ethylenediaminetetraacetic acid, in water, at a pH of 11. Polishing Composition

6A contained silica with 65 nm average particle size. Polishing Composition 6B contained silica

with 57 nm average particle size. Polishing Composition 6C contained silica with 24 nm

average particle size. Polishing Composition 6D contained silica with 22 nm average particle

size. Polishing Composition 6E contained silica with 167 nm average particle size.

[0062] Following polishing, the silicon removal rate and the surface roughness (Ra) were

determined. The average values for silicon removal rate and for Ra are summarized in Table 6.

Table 6

[0063] As is apparent from the results set forth in Table 6, Polishing Composition 6E, which

contained colloidal silica having an average particle size of 167 nm, exhibited a silicon removal

rate that was approximately 87% of the silicon removal rate exhibited by Polishing Composition

6A, which contained colloidal silica having an average particle size of 65 nm. The use of

Polishing Composition 6E resulted in an R3 that was approximately 4.7% greater than resulted



from use of Polishing Composition 6A. Polishing Composition 6C, which contained colloidal

silica having an average particle size of 24 nm, exhibited a silicon removal rate that was

approximately 12% greater than the silicon removal rate exhibited by Polishing Composition

6A. The use of Polishing Composition 6C resulted in an Ra that was approximately 6.9%

greater than resulted from use of Polishing Composition 6A.

EXAMPLE 7

[0064] This example demonstrates the stability of the concentrated polishing composition of

the second embodiment as measured by change in silica particle size to storage at elevated

temperature.

[0065] Eight different polishing compositions (Polishing Compositions 7A-7H) were

prepared. The polishing compositions comprised 25 wt.% base-stabilized colloidal silica,

tetramethylammonium hydroxide ("TMAH") (i.e., a stabilizer compound), piperazine (i.e., a

secondary amine compound), potassium hydrogen carbonate ("KHCO3") (i.e.,. a potassium salt),

and 0.25% ethylenediaminetetraacetic acid in water, at a pH of 11. The amounts of

tetramethylammonium hydroxide, piperazine, and potassium hydrogen carbonate in each of the

polishing compositions are set forth in Table 7.

[0066] The initial particle size (D ) of the silica particles after preparation of Polishing

Compositions 7A-7H and the particle size of the silica particles after storage of Polishing

Compositions 7A-7H at 45° C for 10 days (Di) was measured using a particle size measuring

instrument obtained from Malvern Instruments (Malvern, UK), and the results are summarized

in Table 7.

Table 7

[0067] As is apparent from the data set forth in Table 7, Polishing Compositions 7A-7D,

which contained wet process silica, a stabilizer compound, a potassium compound, and a

secondary amine, did not exhibit an increase in particle size after storage at 45° C for 10 days,



even though Polishing Composition 7H, which also contained the aforementioned components

in somewhat different percentages, exhibited gelling after storage at 45° C for 10 days.



CLAIMS

1. A chemical-mechanical polishing composition comprising:

(a) wet-process silica,

(b) 0.01 wt.% to 0.5 wt.% of a stabilizer compound selected from the group

consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X\ R 1R2R3S+ X , an imidazolium salt, and a

pyridinium salt, wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl,a C7-Ci2

arylalkyl, or a C6-Ci0 aryl,

(c) 0.002 wt.% to 0.2 wt.% of a potassium salt,

(d) 0.002 wt.% to 0.2 wt.% of a secondary amine compound,

(e) water,

wherein the polishing composition has a pH of 9 to 12.

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

condensation-polymerized silica or base-stabilized colloidal silica.

3. The polishing composition of claim 1, wherein the polishing composition comprises 0.05

to 2 wt.% of silica.

4. The polishing composition of claim 1, wherein the stabilizer compound is R1R2R3R4N+

X , and each of R 1, R2, R3, and R4 independently is a Ci-C 6 alkyl.

5. The polishing composition of claim 4, wherein the polishing composition comprises 0.20

wt.% to 0.35 wt.% of the stabilizer compound.

6. The polishing composition of claim 1, wherein the secondary amine compound is

piperazine.

7. The polishing composition of claim 6, wherein the polishing composition comprises 0.05

wt.% to 0.15 wt.% of piperazine.

8. The polishing composition of claim 1, wherein the potassium salt is potassium hydrogen

carbonate, potassium carbonate, or a combination of potassium hydrogen carbonate and

potassium carbonate.

9. The polishing composition of claim 8, wherein the polishing composition comprises 0.05

wt.% to 0.15 wt.% of the potassium salt.

10. The polishing composition of claim 1, wherein the polishing composition further

comprises 0.001 wt.% to 0.1 wt.% of a chelating agent.

11. A chemical-mechanical polishing composition comprising:

(a) 5 wt.% to 20 wt.% of wet-process silica,



(b) 2 wt.% to 8 wt.% of a stabilizer compound selected from the group consisting of

R1R2R3R4N+ X , R1R2R3R4P+ X R1R2R3S+ X , an imidazolium salt, and a pyridinium salt,

wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl, a C7-Ci2 arylalkyl, or a C6-Ci0

aryl,

(c) 0.4 wt.% to 4 wt.% of a potassium salt,

(d) 0.4 wt.% to 4 wt.% of a secondary amine compound, and

(e) water,

wherein the polishing composition has a pH of 9 to 12, and wherein the average particle size of

the silica in the polishing composition after storage at 45° C for 10 days, D1, and the initial

average particle size of the silica in the polishing composition, D0, satisfy the following

equation: <1.5.

12. The polishing composition of claim 11, wherein the wet-process silica is

condensation-polymerized silica or base-stabilized colloidal silica.

13. The polishing composition of claim 11, wherein the stabilizer compound is R1R R R N+

X , and each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl.

14. The polishing composition of claim 11, wherein the secondary amine compound is

piperazine.

15. The polishing composition of claim 11, wherein the potassium salt is potassium

hydrogen carbonate, potassium carbonate, or a combination of potassium hydrogen carbonate

and potassium carbonate.

16. The polishing composition of claim 11, wherein the polishing composition further

comprises 0.05 wt.% to 1 wt.% of a chelating agent.

17. A method of chemical-mechanically polishing a substrate, which method comprises:

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

comprising:

(a) wet-process silica,

(b) 0.01 wt.% to 0.5 wt.% of a stabilizer compound selected from the group

consisting OfR 1R2R3R4N+ X , R1R2R3R4P+ X , R1R2R3S+ X , an imidazolium salt, and a

pyridinium salt, wherein each of R1, R2, R3, and R4 independently is a Ci-C 6 alkyl, a C7-

C 2 arylalkyl, or a C6-Ci0 aryl,

(c) 0.002 wt.% to 0.2 wt.% of a potassium salt,

(d) 0.002 wt.% to 0.2 wt.% of a secondary amine compound,

(e) water,



wherein the polishing composition has a pH of 9 to 12

(ii) moving the polishing component relative to the substrate, and

(iii) abrading at least a portion of the substrate to polish the substrate.

18. The method of claim 17, wherein the wet-process silica is condensation-polymerized

silica or base-stabilized colloidal silica.

19. The method of claim 17, wherein the polishing composition comprises 0.05 to 2 wt.% of

silica.

20. The method of claim 17, wherein the stabilizer compound is R1R2R3R4N+ X , and each of

R1, R2, R3, and R4 independently is a Ci-C6 alkyl.

2 1. The method of claim 20, wherein the polishing composition comprises 0.20 wt.% to 0.35

wt.% of the stabilizer compound.

22. The method of claim 17, wherein the secondary amine compound is piperazine.

23. The method of claim 22, wherein the polishing composition comprises 0.002 wt.% to

0.15 wt.% of piperazine.

24. The method of claim 17, wherein the potassium salt is potassium hydrogen carbonate,

potassium carbonate or a combination of potassium hydrogen carbonate and potassium

carbonate.

25. The method of claim 24, wherein the polishing composition comprises 0.002 wt.% to

0.15 wt.% of the potassium salt.

26. The method of claim 17, wherein the polishing composition further comprises 0.001

wt.% to 0.1 wt.% of a chelating agent.

27. The method of claim 17, wherein the substrates comprises silicon, and a portion of the

silicon is abraded to polish the substrate.

28. The method of claim 27, wherein the silicon is p+ doped silicon.
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