wo 2011/130072 A2 I 10K 0O YRR

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

Co o
1 rld Intellectual Property Organization 2 ey
(19) World Intellectual Property Organization /g I ) 0H)F 00N 00 00000 O OO A
International Bureau S,/ 0
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
20 October 2011 (20.10.2011) PCT WO 2011/130072 A2
(51) International Patent Classification: Not classified (81) Designated States (unless otherwise indicated, for every
(21) International Application Number: l;znod oAanazlojnaligroéiznlos%a\gélaglg : BAI]{E > g\% ABI;{’ 1?31\2[,
PCT/US2011/031354 CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
6 April 2011 (06.04.2011) HN, HR, HU, ID, I, IN, IS, JP, KE, KG, KM, KN, KP,
. . KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(25) Filing Language: English ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(26) Publication Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(30) Priority Data: TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
12/762,180 16 April 2010 (16.04.2010) us
(84) Designated States (unless otherwise indicated, for every
(71) Applicant (for all designated States except US): CABOT kind of regional protection available). ARIPO (BW, GH,
MICROELECTRONICS CORPORATION [US/US]; GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
Legal Department, 870 N. Commons Drive, Aurora, IL ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
60504 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU
(72) Inventors; and i A > 2 g > g A > >
(75) Inventors/Applicants (for US only): REISS, Brian [US/ LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, S, SK,
, ; : SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
US]; c/o Legal Department, Cabot Microelectronics GW. ML, MR. NE. SN. TD. TG
Cotp., 870 N. Commons Dr., Aurora, IL 60504 (US). - ML, MR, NE, SN, TD, TG).
WHITE, Michael [US/US]; c¢/o Legal Department, Cabot Declarations under Rule 4.17:
Microelectronics Corp., 870 N. Commons Dr., Aurora, IL. , Licant's entitl . ; db red
0504 (US) JONES, Lamon [US/US]; lo Logal Depart. 9210 dppticant’s enttlement 0 apply for and be grane
ment, Cabot Microelectronics Corp., 870 N. Commons P ’
Dr., Aurora, IL 60504 (US). CLARK, John [US/US]; c/o — as to the applicant's entitlement to claim the priority of
Legal Department, Cabot Microelectronics Corp., 870 N. the earlier application (Rule 4.17(iii))
Commons Dr., Aurora, IL 60504 (US). Published:
(74) Agents: WESEMAN, Steven et al; Cabot Microelec- __

tronics Corp., 870 N. Commons Drive, Aurora, IL 60504
(US).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: COMPOSITION AND METHOD FOR POLISHING BULK SILICON

FIGURE

(57) Abstract: The invention provides a polishing composition comprising () silica, (b) one or more compounds that increase the
removal rate of silicon, (c¢) one or more tetraalkylammonium salts, and (d) water, wherein the polishing composition has a pH of 7
to 11. The invention further provides a method of polishing a substrate with the polishing composition.



WO 2011/130072 PCT/US2011/031354

COMPOSITION AND METHOD FOR POLISHING BULK SILICON
BACKGROUND OF THE INVENTION

(001} Sihicon wafers used in electromic devices are typrcally prepared from a single
crystal siticon ingot that is [irst sliced into thin walers using a diamond saw, lapped to
improve flatness, and etched to remove subsurface damage cavsed by lapping. The silicon
wafers are then typically polished in a two-step process to remove panotopography caused by
etching and {0 achieve the desired thickness before the wafers are acceptable for use in
electronic devices,
3002} In the first polishing step, a high removal rate is requared, and ideally the
wanotopography would not be worsened during tus step. Nanotopography 15 a parameter that
measures the front-surface topology of an area and 1s defined as the deviation of a surface
within a spatial wavelength of around £.2 (o 20 mm. Nanotopography differs from surface
flatness i that, for nanotopography, the flatness of the wafer surface is weasured relative to
the wafer surface itself, while for surface Ratness, the flatness of the wafer surface is
measured relative to a Hat chuck used o hold the wafer. Thus, a wafer may have perfict
flatness, vet still bave nanotopography. If a wafer has surface irregularities on the front and
back sides of the water, but the front and back surfaces are parallel, the wafer has perfect
flatness. However, the same waler will extubil nanotopography. Navnotopography bridges
the gap between roughness and flatness in the topology map of wafer surface wregularities in
spatial frequency.
{0663} Conventional polishing compositions for silicon wafers exhibu high removal rates
for silicon, but produce mcreased nanotopography of the silicon wafers. The increased
gahoiopography puls increased demands on the second, {inal polishing step to produce silicon
wafers suitable for further processing o semiconductor substrates,
[0604] in addition, the edges of the silicon wafers can come iinto contact with processing
apparatus and iransporting cases, which can resull in cracking or chipping at the edge
surfaces of the wafers. Fine particles can be generated by the cracking or chipping, which
can mterfere with forther processing. Contanunation of the siicon wafers with very fine
particles can also oceur at the coarsened sutrface of the edge, which particles can be released
during processing and result in contamination of the wafer surfaces. Thus, the oudermost
periphery edge of the waler is typically chamiered and then purror polished at an early sta
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of the wafer processing. Further, in some processes, the stlicon wafers are oxidized on one
side to form a protective layer of silicon oxide, and so part of the waler edge comprises
silicon oxide. While sthicon polishing compositions can be used for edge polishing, tvpically,
a hugher removal rate 15 needed for edge polishing of silicon waters than for surface
polishing. In addition, a suifable edge polishing composition desirably exhibiis a useful
removal rate on silicon oxide as well a3 on silicon. Thus, there remains a need in the ant for

improved pohishing compositions for silicon wafers.

BRIEF SUMMARY OF THE INVENTION
[6665] The mvention provides a polishing composition comprising (a) sibica, (bia
compound or compounds that increases the removal rate of silicon, (¢} o tetraalkylanmonium
sait, and {d} water, wherein the polishing composition has a pH of 7 to 11,
j0006] A first embodiment of the mventive chemical-mechanical polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or
consisting of {a} 0.5 wi% to 20 wit.% of silica, (b) 0.01 wi.% to § w19 of one or more
organic carboxylic acids, (¢} 0.0005 wi.% to 2 wi% of one or move aminophosphonic acids,
{dy 0.01 wi.% 1o 5 wi% of ane or more tetraalkylammonium salts, {e} optionally one or pore
bicarbonate salts, () optionally potassium hydroxide, and {g) water, wherein the polishing
composition hasapH of 7to 11,
j0007] A second embodiment of the inventive chemical-mechamical polishing
composition comprises a chemical mechanical polishing composition consisting essentially
of or consisting of {a) 0.5 wi.% to 20 w9 of sthea, (b} 9.01 wit.% 1o 2 wi% of one or more
polvaminocarboxylic acids, (¢) 0.05 wi % to 5 wi.% of one or more amines, (Y 0.1 wi¥% 0 §
wi,% of one or more fetraalkylammonaum salis, () 0.001 wt% to 1 wi % of one or more dio}
compounds, {{} optionallv one or more bicarbonate salts, and (g} water, wherein the polishing
composition hasapH of Tto 1L,
jO008] A third embodiment of the inventive chemical-mechanical polishing composstion
comprises a chemical mechanical polishing composition consisting esseatially of or
consisting of {a} 0.5 wi% to 20 wit.% of silica, (b) 0.01 wi.% to 2 w19 of one or more
polyaminocarboxylic acids, (€Y 0.1 w4 to § wi% of one or more tetraalkylammonium salis,

{d} .01 wi.% to 5 wi.% of one or more organic carboxviic acids, (e} optionally 0.1 wi% o 5
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wi.% of one or more amines, {f) optionally one or more bicarbonate salts, and {(g) water,
wherein the polishing composttion hasapH of 710 11.

0009} A fourth embodiment of the inventive chemical-mechanical polishing composition
comprises a chenucal mechanical polishing composition consisting essentigly of or
consisting of (a} 0.5 wi% to 20 wi% of silica, (bY{11.02 wi.% to 3 wi.% of oue or more
aitrogen-contaning heterocychic compounds, {¢3 8.05 wi % to 2 wi.% of one or more
aminophosphome acids, (d) .1 wt % 0 5 wi.% of one or more tetraatkylammonom salts, ()
optionaliy one or more bicarbonate salts, and {{} water, wherein the polishing composition
asap of 70 1L

[eO1H The mvention also provides a method for chemically-mechamcally pohshing a
substrate with the inventive chenucal-mechanical polishing composition.

{0611} A first embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises {1} contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of {a} 0.5 wit.% 10 20
wi s of sthica, (b) .02 wi.% to § wi.% of one ov move organic carboxylic acids, () 0.02
wibs to 2 wi % of one or more aminophosphonic acids, {d30.] wt.% o 5 wi%; of one or more
tetraalkyviammontum salts, {e) optionally one or move bicarbonate salts, (f) optionally
potassium hydroxide, and (@) water, wheremn the pohishing composition has a pH of 7 to 11,
{11} moving the polishimg pad relative to the substrate with the chemical-mechanical polishing
composition thersbetween, and (111} abrading at least a portion of the sabstrate to polish the
substrate.

0812 A second gmbodiment of the tnventive method for chemicallv-mechanically
polishing a substrate comprises (1} contacting a substrate with a polishing pad and a chenuncal
mechanical polishing composition consisting essentially of or consisting of (a) 0.5 wit% to 20
wi%% of silica, (b} 0.01 wit. % 1o 2 wt.% of ope or more polyvaminocarboxylic acids, (¢) .05
wi.% 10 5 wi.% of ane or more amines, (d) 8.1 9% 10 5 wt.% of one or more
tetraalkylanumonium salis, () 0.001 wt.% to | wi % of one or more diod compounds, ()
optionally one or more bicarbonate salts, and {g) water, wherein the polishing composition
has a pH of 7 to 11, {11) moving the polishing pad relative 1o the substrate with the
chenuical-mechanmcal polishing composition therebetween, and {iit) abrading at least g portion

of the substrate o polish the substrale.
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j0013] A third embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises {1} contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of (a) 1.5 wit.% to 20
wi.% of silica, (b) 0.01 wt % 10 2 wit.% of one or more polyamnocarboxylic acids, (¢} (.1
wi. % 1o § wi% of one or more tetraaikylammonim salts, {d} 0.01 wt% o S wt¥ of one or
more organic carboxylic acids, (e optionally €1 wi.9% 10 § witl% of one or more anunes, {0
optionalty one or more bicarbonate salts, and {g) water, wherein the polishing composition
has a pH of 7 1o 11, {11} moving the polishing pad relstive {0 the substrate with the
chenmcal-mechanical polishing composition therebeiween, and {11} abrading al least a portion
of the substrate 1o polish the substrate.

[oo14} A fourth embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises {1} contacting a substrate with a polishing pad and a chemical
mechamical polishing composition consisting essentially of or consisting of {a) 0.5 wi % to 20
wi %% of sthea, (b) 0.02 wi.% to 5 wi.% of one or more nitrogen~contaimng heterocyelic
compounds, (€) 0.05 wi % to 2 wi % of one or more aminophosphowie acids, (B0 w0 5
wi % of one or more tetraalkylammoniam salts, (e} optionally one or more bicarbonate salts,
and (f} water, wherein the polishing composition has a pH of 7 to 11, (1) moving the
polishing pad relative 1o the substrate with the chemical-meechanical pohishing composition
therebetween, and (i) abrading at least 3 portion of the substrate to polish the substrate,
{0615} The invention further provides a method for polishing an edge ot a silicon wafer,
wherein the edge congists essentially of sificon, which method comprises (1) contacting a
substrate with a polishing pad and a chemucal mechanical polishing composition consisting
essertially of {a) 0.5 wt % 10 20 wit.% of wet process silics, {b) #.01 wi.% to 5 wt.% of an
organic carboxylic acid, (€} 0.0003 wi% to 2 wt.% of an ammophosphonic acid, (d) 0.01
wi% to 3 wi% of a tetraalkylammonium salt, () potassium hydroxide, (f) optionally, a
bicarbonate salt, and (g} water, wheremn the polishing composition has a pH of 7 1o 1L, (1)
moving the polishing pad relative to the edge of the silicon wafer with the chemical
mechanical polishing composition therebetween, and (1) abrading at least a portion of the
edge to polish the edge of the silicon waler,

joB 16} The mvention additionally provides g method for polishing an edge of a wafer,
wherein the edge has a surface conststing essentially of sihicon and stlicon exide, which

method comprises {1} contacting a substrate with a polishing pad and a chemmical mechanical
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polishing composition consisting essentially of {2) 0.5 wit.% (0 20 wt.%% of silica, (b} 0.41
wi % to 5 wi % of an organic carboxylic acid, {€) 0.0005 wt% to 1 wit ¥ of an
aminophosphonic acid, (d) 0.01 wi.% to § wt% of a tetraalkylammonium sali, {e) optionally,
a bicarbonate salt, {f) optionally, potassiunt hydroxide, and {g) water, wherein the polishing
coniposition has a pH of 7 to 11, (11} moving the polishing pad relative to the edgs of the
waler with the chemical mechamcal polishing composition therebetween, and (i) abrading at

least a portion of the edge to polish the edge of the wafer.

BRIEF DESCRIPTION OF THE DRAWING(S)

{0617} The Figure is a schematic drawing that ilustrates the surface parameter R

DETAILED DESCRIPTION OF THE INVENTION
{0818]  The mvention provides a polishing composition comprising (a) sihica. (b} a
compound or compounds that increases the removal rate of silicon, () a tetraalkylammonnm
salt, and {d} water, wherein the polishimg composition has apH of 7 1o 11,
{0619} The silica can be any suitable form of silica such as wet-process type silica, fumed
siltca, or combinations thereof. For example, the silica can comprise wet-process type silica
particles {e.g., condensation-polymerized or precipitaied silica particles). Condensation-
polymenized silica particles typically are prepared by condensing S{OH), to fonn celleidal
particles, where colloidal particles are defined as having an average particle size between 1 am
and HI0 sm. Such abrasive particles can be prepared in accordance with ULS, Patent 5,230,833
or can be obtained as any of vartous commercially avatlable products, sach as the Akzo-Nobel
Bindzil 50780 product, the Nalco DVSTSO06 product, and the Fuso PL-2 product, as welf as
other similar products avatlable from DuPont, Bayer, Applied Research, Nissan Chemical, and
Clanan.
o020} The silica can comprise fumed silica particles. Fumed silica particles can be
produced from volatile precarsors {e.g., silicon halides) in a pyrogenic process by hydrolysis
andior oxidation of the precursors 1n 3 high temperature {lame (Hy/air or Ho/\CHyain) to
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 atomirers, high-pressure spray nozzles, and
ulirasonic atomizers. Suitable fumed silica products are commercially available from

producers such as Cabot, Tokuyama, and Degussa.
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0021} The silica can have any sutable average particle size (e, average particle
diameter). The silica can have an average particle size of 4 nm or more, e.g.. 10 nm or more,
18 nm or more, 20 nm or move, or 25 mm or move. Alternatively, or in addition, the silica can
have an average particle size of 180 nmor less, e.g., 120 nm or less, 110 nm or less, 100 nm
or less, 90 mm or less, 80 mm or less, 70 nm or less, 60 nm or lesy, 30 mm or less, or 40 nm or
less. Thus, the silica can have an average particle sive bounded by any two of the above
endpoints. For example, the silica can have an average particle size of 10 nm to 100 nm, 20
wm to 10 nmy, 20 nm to 80 am, 240 nm o 60 nim, or 20 ww to 40 nm. For a non-sphernical
sifica pariicle, the size of the particle s the diameter of the smallest sphere that encompasses
the particle.

{0022}  The polishing composition can comprise any suitable amount of silica. Typically,
the polishing composttion can contain 0.5 wit.% or move, e.g., 1 wi% or more, 2 wt.% or
more, or § wi% or more of sihica. Alternatively, or in addition, the polishing composition
can conlatn 20 wi.% ov less, e.g., 13 wt.% or less, 10 wi% or less, § wi % or less, 6 wit% or
less, or § wi.% or less of sitica. Thus, the polishing composition can comprise stlica in an
amowt boumded by any two of the above endpoints recited for silica. For example the
polishing composition can comprise 8.5 wi % 0 20 w9, 1 wi% to 15 w8, S wit%% 1o 15
wi %, or 8.5 wi % to 5 wit % of silica.

[0623} The silica particles preferably are colloidally stable. The term collowd refers to the
suspension of silica particles in the liguid carrier, Colloidal stability refers to the
maintenance of that suspension through time. In the context of this invention, an abrasive is
considered colloidally stable if, when the sbrasive 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 i the bottom 30 mi of the graduated cyhinder ([B] in terms of g/ml)
and the concentration of particles in the top 30 ml of the graduated cvlinder 1] in terms of
g/nd} divided by the inuial concentration of particles i the abrasive composition {[{U] i
terms of gimi) i3 less than or equal t0 0.5 (e, {{B] - {TRACT £ 0.5). More preferably, the
value of | B TH{C] is less than or equal to 0.3, and most preferably is less than or equal o
1.

jo024] The polishing composition comprises water, The water is used to facilitate the

application of the abrasive particles, compound(s) that increase the removal rate of silicon,
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and any other additives to the surfiyce of a suitable substrate o be polished or planarized.
Preferably, the water is deionized water,

[0025] The polishing composition has a pH of 11 or less {e.g., 10 or less). Preferably, the
polishing composition bas a pH of 7 or more {e.g., § or more). Evenmore preferably, the
polishing composition has a pH of 7to {1 {e.g., 8 to 10). The polishing composition
optionally contains pH adjusting agents, for example, potassium hydroxide, ammonium
hydroxide, andfor nitric acid. The polishing composition also optionally comprises pH
bultering systems. Many such pH buflering systems are well known mn the art. The pH
buffering agent can be any suitable buffering agent, for example, bicarbonaie-carbonate
buffer systems, aminoalkyisulfonic acids, and the like. The polishing composition can
comprise any suitable amount of a pH adjusior and/or a pH bullening agent, provided that a
suttable amount 13 used to achieve and/or maintain the pH of the polishing composition
within a suitable range.

06261 A first emsbodiment of the inventive chemical-mechanical polishing composition
provides a chenucal mechanicyl polishing composition consisting essentially of or consisting
of (a) 0.5 wi ¥ to 20 wih of sthica, () 0.01 wt.% lo 5 wi.% of an organic carboxylic acid,
(¢} (1.0005 wt.% to 2 wit.% of an amunophosphonic acid, {(d) 0.01 wt% to Swi%b ofa
tetraatkylanymontum salt, (e) optionally a bicarbonate salt, () optionally potassium
hvdroxide, and (g} water, wherein the polishing compostiion hasapHof 7 to 11,

{0627} The polishing composition of the first embodiment contains one or more suitable
orgamc carboxylic acids or salts thereoll The organic carboxylic acid can be an alkyl
carboxyhe acid or aryl carboxylic actd and can be optionally substituted with groups selected
from the group consisting of C1-Cyy alkyl, amino, substituted amine {(2.2., methylamino,
dimethylasno, and the hke), hvdroxyl, halogen, and combinations thereof. Preferably, the
organic carboxylic acid is a hvdroxyearboxylic acid (e 2., an aliphatic hyvdroxyearboxylic acid
or a hvdroxybenzoic acid), an ammne acid, an amino hydroxvbenzoic acid, or a pyridine
carboxylic acid. Non-linnting exampies of suitable bydroxycarboxylic acids inclade malonie
acid, lactic acid, mahic acid, tartanc acid, acetohydroxamic acid, glycolic acid,
2-hvdroxybutyric acid, benzilic acid, salicvhic acid, and 2,6-dihydroxybenzoic acid,
Non-hmiting exampies of suttable amino acids include glveme, alanine, proline, ysine,
cysteine, leacine, aspartic acid, glutase acid, and 2-amino-4-thiarzolacetic acid.

Non-lingung examples of an amino hydroxybenrzote acd wchude 3-aminosahiovic acid and
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3-amino-4-hydroxybenroic acid. Non-limiting examples of pyridine carboxylic acids mclude
picohinic acid and nicotinic acid.

00281 The polishing composition of the first embeodiment can contain any suitable
amount of the organic carhoxvhic geid(s). The polishing composition can contain 0.01 wi%
or more, &.2., 0.02 wi% or more, e.g., .05 wi% or more, 0.1 wi% or more, o1 0.5 wi.% or
more of the organic carboxylic acid(s). Alternatively, or in addition, tha polishing
composition can contain 3 wt.% or less, e.g., 4 wi.% or less, 3 wit.% or less, 2 wt% or less, or
bwt % or less of the organic carboxyhic aeid(s}. Thus, the polishing composition can
comprise the organie carboxviic acid{s} in an amount bounded by any two of the above
endpomts recited for the organic carboxylic acidi(s). For example the polishing composition
can comprise 001 wi % to 5 wi%, 0.02 wi% 10 5 wil, 0,05 wi % 10 3 wi, or 1 w9 to
3 wi% of the organic carboxyiic gcid(s).

{0629} The polishing composition of the first embodiment contains one or more saitable
aminophosphonic acids. Preferably, the aminophosphonic acid s selected from the group
cousisting of ethylenediaminetetra(methylene phosphonic acid), amino tri{methylene
phosphonic acid), diethylenetriammepenta{methviene phosphouic acid), salts thereof, and
combinations thereof. More preferubly, the anunophosphonic acid is anuno tmi{methylene
phosphonic acid).

[0630] The polishing composition of the first embodinent can contain any suitable
amount of the anunophosphonic acid(s}. Typically, the polishing composition can contain
0.0005 wi.% or more, e.g., 0.001 wi% or more, 0.0 wi % or more, 0.02 wi.% or more, .03
wi s or more, 001 wi % or more, 0.2 wt.% or more, or 0.5 wi ¥ or more of the
aminophosphonic acid{s). Alternatively, or in addition, the polishing composition can

07

contain 2 wi.% or less, eg., 1.5 o0.% or less, or T wit.% or less of the aminophosphounic
acid(s). Thus, the polishing composition can comprise the anuinophosphonic acid{s) in an
amount bounded by any two af the above endpoints recited for the aminophosphonic acid{s).
For example the polishing composition cap comprise (L0003 9% 10 2 wi.%, 002 wiShto 2
wi %%, 005 w9 1o 2w, 0.1 wt% 1o 1.8 wi, or 0.5 wi S to 1 wit % of the
aminophosphonic acid(s).

joB311 The polishing composttion of the first embodiment comprises ong or more
suitable tetraatkylammonium sali(s). The tetraatkylanmonium sall preferably comprises a

cation selected from the group consisting of tetramethylammonium, tetracthylammonmuon,
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tetrapropylammeonium, and {etrabwtviammoniam. The tetraalkvlammonmm salt can have any
suitable cation inclading but not himited to hydroxide, chloride, bromide, sulfate, or
hvdrogensalfate. In an embodiment, the tetraalkvlanmonium salt is a tetraalkylammonium
hydroxide {e.g.. tetramethylymmonium hydroxide).

[0632] The polishing composition of the first embodiment can comprise any suitable
amoust of the letraalkylanunonium sali(s). Tymcally, the polishing composition can conlamn
0.01 wi % or more, e.g., .1 wi S or more, 0.2 wi.% or move, or 0.5 wi.% or more of the
tetraalkviaamontum sali(s). Alternatively, or in addivon, the polishing composition can
condam 3 wi % or less, sz, 4wt Yo or less, 3 wi% or less, 2 wi% or less, or 1 wi% or less
of the tetraalkylammoniam salt{s). Thus, the polishing composition can copprise the
tetraatkylanymontum salt(s) 1 an amount bounded by any two of the above endpomts recited
for the tetraaltkylammonnum sali(s). For example the polishing composition can comprise
001 wi% o 5 ot 01 wit% to 5 wib, 0.2 wi% to 4 wil%, or 0.5 wi ™ 1o 3 w.% of the
tetraalkylammoniinm sali(s).

0633 1o an embodiment, the polishing composition consists essentially of {a) 0.5 wit %
to 20 wl.% of wet process sthea, (b 0.01 wi % to 5 wt.% of an organic carboxylic acid
selected [rom the group consisting of lactic acid, oxalic acid, 2-hydroxybutyric acid, benrilic
acid, and corbinations thereol, (€) 0.0005 wi.% to 2 wt.%% of an ammophosphonic aaid
selected from the group consisting of ethyvlenediaminetetra{imethylene phosphonic acid),
aming {ri{methylene phosphonic acid}, diethvienetiianunepenta(methylene phosphonic acid),
and combinations thereof, (d) 0.01 wi % to § wit % of 8 tetraaikvlanumoniom hydroxide, (e}
(.05 wi % 0 2 wi% of potassium hydroxide. () 0.05 wi % to 5 wi.% of potassium
bicarbonate, and (g} waler.

0341 A second embodiment of the inventive chemical-mechanical polishing
composition provides a chenucal mechanical polishing composttion consisting essentially of
or consisting of {a) 0.5 wi.% to 20 wi.% of silica, (b) G.01 wito 2 wit ola
polvaminocarboxylic acid, (¢} 6.1 wt.% to 5 wt.% of an amine, (d) 0.1 wi ¥ to S wifb of a
tetraatkyiammonium salt, (8) 0.001 wt% to 1 wit.% of a diol compound, {3 optionally a
hicarbonate salt, and () water, wherein the polishing composition hasapH of 710 11,

jOB35Y The pohishing composttion of the second embodiment comyprises one or more
suitable polyvaminocarboxylic acids. The term polvaminccarboxylic actd as used herein

refers to a compound having two or more amine groups snd two or more carboxylic acid
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groups. Preferably, the polyvaminocarboxylic acid s selectad from the group consisting of
ethylenediaminetetraacetic acid, diethylenetrianunepentaacetic acid,
Nethvdroxvethyhethylenediaminetnacetic acid, nitrilotriacetic acid, methylglveinediacetic
acid, salts thereof, and combinations thereof. More preferably, the polyammocarboxyhe acid
ts sefected from the group consisting of ethyvlenediaminetetraacetic acid or a salt thereol {e.g.,
a monge-, di-, tri-, or tetrasodinm salt thereof).

[0636] The pobistung composition of the second embodiment can comprise any suntable
amount of the polvaminocarboxylic actd(s). Typically, the polishing composition can comain
.01 wit.% or more, ez, G.1 wi ™ or more, .2 wit.% or more, or 8.3 wi % or more of the
polyaminocarboxylic acid(s). Altemnatively, or s addinon, the polishing composition can
contain 2 wi.% or less, e.g.. 1.5 w6 or less, or 1.0 wi.% or less of the polvaminocarboxylic
acid(s). Thas, the polishing composition can comprise the polvaminocarboxyvlic acid{s) in an
amount boanded by any two of the above endpoints recited for the polvaminocarboxylic
acid{z). For example the polishing composition can comprise (L.07 wt % {0 2 wi%, 0.1 wi%
10 1.8 wi %, or 0.5 wt% 1o 1 wit.% of the polyanunocarboxylic acid(s).

037} The polishing composttion of the second embodiment comprises one ot more
spitable amines. Non-limiting examples of suitable amunes include pipemnne,
anunoethylpipergzne, 2-methyl-2-aminoethanol, (2-aminoethyl-2-aminoethanol,
ethanolamine, diethanolamine, triethanclamine, ethylenediamine, diethvlenetriamine,
tetracthylenepentamine, hydrazine, 2-hydroxyethvihydrazine, semicarbazide, hydroxvlanune,
N-methythydroxylamine, O-methylhvdroxylamine, snd O-carboxymethylhydroxylamine.
More preferably, the amine is piperazine or amnnoethylpiperazine.

jO038] The polishing composition of the second embodiment can comprise aiy sutable
amowt of the amme(s). Typically, the polishing composition can contain 8.05 wit.%% or more,
e.g. 01 wi% or more, 0.2 wi.% or more, or .5 wi.% or more of the amine{s). Alternatively,
ot i addition, the polishing composition can cotain 3 wi% or less, e.g., 4 wi % or less, 3
wi. % or less, 2 wi% or less, or 1wt % or less of the amine(s}. Thus, the polishing
composition can comprise the amine(s) in an amount bounded by any two of the above
endpoints recited for the amine(s). For example the polishing composition can comprise 0.05

W% 10 5w, 0.2 wit¥ato 4 wi %%, or 0.3 wi % to 3 wi% of the aminefs},
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j0039] The polishing composttion of the second embodiment conyprises one or move
saitable tetraatkylammonroem salts. The tetraalkylammoniom salt and amount thereof can be
as reciied for the first embodiment of the polishing composition.

[0040] The polishing composition of the second embodiment comprises one or more
suitable diol compounds. The diol compound can be any suitable diol compound and
typreally is a 1,2-diol compound or a 1,3-diol compound. Typically, the diol compound 15 a
linear or branched-chain C-Cyy diol compound. Non-limiting examples of suitable 1 2-diol
compomds inclade 1 2-propane diel, 1.2-butane diol, 1,2-pentane diol, 2,3-pentane diol, and
combinations theveof. Non-limiting examples of suitable 1.3-diol compounds mclode

I 3-propane diol, 1. 3-butane diol, 1 3-pentane diol, 2 4-pentane diol, sand combinations
thereof.

0641} The polishing composition of the second embodiment can comprise any suitable
amount of the diol compound(s). Typically, the polishing composttion can contain 0.001
wt %% or more, e.g., 1.005 wt.% or more, (.01 wi.% or more, or (£05 wi.% or more of the diol
compound(s). Alternatively, or in addition, the polishing composition can contain 1 wit.% or
fess, e.g., 0.75 wi% or less, .3 w9 or fess, 0.25 wi % or less, or 0.1 wit % or less of the diol
compound(s). Thus, the polishing composition can comprise the diel compound{s) in an
amount bounded by any two of the gbove endpoints recited for the diol compound{s). For
example the polishing composition can comprise $.001 wt.% to 1 wil, 0005 wils 10 .75
wi, %, or 0.01 wt.% {0 0.5 wi.% of the diol compound(s).

{06421 A third embodiment of the inventive chennical-mechamcal polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or
consisting of (a) 0.3 wt.% to 20 wi.% of silica, (b) 0.01 wt ¥ to 2 wiM ofa
polvaminocarboxylic actd, (£} 0.1 wi % to 5 wi% of a tetranlkyviammonnum salt, (d) 0.1 wi¥
t0 S wit %% of an orgamic carboxylic acid, (e} optionally 0.1 wt % to 5 wt.% of an amine, (D)
optionally a bicarbonate salf, and {g) water, whersin the polishing composition has a pH of 7
to 11. The polvaminocarboxvlic acid, tetraatkylammonium salt, organic carboxylic acid,
arnine, and amounts thereof contmined in the third embodiment of the tnventive chemical-
mechanical polishing composition can be as rectied berein for the fivst and second
embodiments of the inventive polishing composition.

D431 A fowrth smbodiment of the inventive chenucal-mechanical polishing composition

provides a chemical mechanical polishing composition consisting essentially of or consisting
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of (a) 0.5 wi% to 20 wi% of silica, () 0.02 wt.% 10 5 wi.% of a nitrogen-confamning
heterocyelic compound, {c) .05 wi.% {0 2 wt.% of an anunophosphonic acid, {d) 0.1 wi™ to
5wt % of a tetraatkvianmmoniwm saly, {e) optionally a bicarbonate salt, and (£} water, wherein
the polishung compeosition hys a pH of 7 to 11, The aminophosphonic acid,
tetraatkylammonium sall, and smoungs thereof contained in the fourth embodiment of the
imventive chemical-mechanical polishing composition can be as recited herein for the first
embodiment of the inventive polishing composition.

jo441 The polishing composttion of the fourth embodiment comprises one or more
suitable mitrogen-containing heterocyelic compounds. The term witrogen-comtaiming
heterocyelic compound as used herem refers to a 5+, 6-, or Tamembered ring compound
having one or more mitrogen atoms contained as part of the ring system. In an embodiment,
the nitrogen-containing heterocyclic compound is a triazole. In a preferred embodiment, the
sitrogen-containmy heterocyehe compound is an aminotriazole. Non-Hmuting exanples of
suitable aminotriazoles include 3-amino~1,2 4-inarzole, 3-amino-1,2 d-triazole-5-carboxylic
acid, 3-amino-f-mercapto~1,2 4-trigzole, and 4-gmino-S-hydrazino~1 2 4-ingrole-3-thiol. In
another embodiment, the nitrogen-containing heterocyclic compound is a thiazole.
Non-himiting examples of suitable thiazoles include 2-amino-S-methylthiazole,
2-amino-d-thoazoleacetic acid, and thiazole. In another embodiment, the
aifrogen-containing heterocyclic compound s a heterocychic N-coude. Non-limiting
examples of suitable heterocyelic N-oxides include 2-hydvoxypyridine-N-oxida,
4-methylmorpholine-N-oxide, and picolinic acid N-oxide.

[0045]  The pohishung composition of the fourth embodiment can comprise any suitable
amount of the mitrogen-containing heterccyelic compound, The polishing composition can
contain .02 wi.% or more, e.g., 0.03 wt.% or more, 0.1 wt.% or more, or 3.5 wi.% or more
of the mitrogen~contaimng heterocvelic compound(s). Alternatively, or in addition, the
polishing composition can comain 5 wi % or less, e.g., 4 wi.% or less, 3 wi ' or less, 2 wi%
or fess, or T wi.% or less of the nitrogen-containing heterocyvehic compound(s). Thus, the
polishing composition can comprise the nitrogen-containing heterocyelic compound(s) m an
amount bounded by any two of the above endpounts recited for the mirogen-contaiming
heteroeyclic compound(s}. For example the polishing composition can comprise {1.02 wi.%
o3 w9, 005 wi% to 4 wi S, or 0.1 wt io 3 wi b of the nitrogen-containing

beterocyelic compound(s).
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joid6] The polishing composttion optionally further contains one or more bicarbonate
safis. The bicarbonate salt can be any suiable bicarbonate salt and can be, for example,
potassium bicarbonate, sodium bicarbonate, ammonium bicarbonate, or combinations thereof,
{0847}  The polishing composition can contain any suitable amount of the bicarbonate
salt{s}. Tvpically, the polishing compuosition can contain 0.05 wi.% or mors, e.g., L1 wi%e or
more, 0.23 wi% or more, or 0.3 wi.% or more of the bicarbonate sali(s). Alernatively, or in
addition, the polishing composition can contain 5 wi.% or less, e.g., 4 wit.% or less, 3 wt% or
less, 2 wi% or less, or 1 wit% or fess of the bicarbonate sali(s). Thas, the polishing
composition can comprise the bicarbonate sali(s) in an amount bounded by any two of the
above endpoints recited for the bicarbonate sali(s). For example the pohishing composition
can comprise .05 widsto 1 wi%, 0.1 wt% 1o 4 wite, .23 wile o 3 wi¥, or 0.8 wils 1o 2
wi.% of the bicarbonate salt(s).

{0648} The polishing composition optionally further contains potassium hydroxide. The
polishing composition can contain any suitable amount of potassium hydroxade. Typically,
the polishing composition can contain 0.08 wi% or more, e.g., 0.1 wt% or move, or 0.25
wi. % or more of potassiom hydroxide. Alternatively, or in addition, the polishing
composition can contan 2wt or less, eg, 1.5 w9 or less, 1wt % or less, D8 wi %% or
tess. or £.6 wt.% or less of potassium hydroxide. Thus, the polishing composition can
comprise potassium hydroxide in an amount bounded by any two of the above endpomts
recited for potassium hydroxide. For example the polishing composition can comprisa .03
w10 1 wt%, 0.1 w9 10 2w, 0.1 wil% o 1 wt%, or 025 wi%% o 8.8 wi% of
potassium hydroxide.

j0049] The polishing composttion optionally further comprises one or mote other
additives. Such additives inclade any suitable dispersing agent, such as, for example,
bomopolymers or random, block, or gradient acrvlate copolymers comprising one or more
acrvlic monomers (e.g., polyacrylates, polvmethacrylates, vinyl acryvlates and stvrene
acrvlates), combimations thereof, and salis thereof. Other suntable additives melude biocides.
The biocide can be any suitable biocide, for example, an isothimzolinone brocide.

00504 The polishing conwosition of the invention can be prepared by any suitable
techmique, many of which are known to those skilled in the art. The peolishing composition
can be prepared m a batch or continuous process. Generally, the polishing composition can

be prepared by combining the components thereof in any order. The term “component” as
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used herein includes individual ingredients (e.g., silica, compound(s} that increases the
removal rate of stlicon, tetraalkyvlammonium salt, ete.) as well as any combination of
mngredients {e.g, silica, compound(s) that increases the removal rate of stlicon,
tetraglkylammontum salt, buffers, ete.).

[6651] For example, In one embodiment, the silica can be dispersed m water. The
orgamc carboxviic acid, aminophosphonic acid, and {etraalkviammonium sali can then be
added, and mixed by any method that is capable of incorporating the components into the
polishing composition. Other compounds that mcrease the removal rate of sihicon sinilardy
can be utifized m the preparation of the polishing composition. The polishing composition
can be prepared prior (o use, with one or more components, such as a pH adjusting
compouent, added to the polishing composition just before use (e g., within 7 days before
use, or within 1 hour before use, or within 1 minute before use). The polishing composition
also can be prepared by mixing the components at the surface of the substrate during the
polishing operation.

0052 The pohishing composition also can be provided as a concentrate which is
intended to be diluted with an appropriate amount of water prior o use. In sach an
embodiment, the polishing composition concentrate can comprise, for example, sibica, a
compound or compounds that increases the removal rate of silicon, a tetraalkylammoniom
salt, and water i amounts such that, upon diluiion of the concentrate with an appropriate
amousnt of water, each component of the polishing composition will be present in the
polishing composition in an armount within the appropniate range recited above for each
component. For example, the abrasive, compound or compounds that mcreases the removal
rate of siticon, and tetraatkyianmmonium salt can each be present in the concentrate in an
amownt that 15 2 times {e.g., 3 tunes, 4 tunes, 5 imes, 1 times, or 15 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, 3 equal velumes of water, 4 squal
vohames of water, ¢ equal volomes of waler, or 14 equal volumes of water, respectively),
each component will be present in the polishing composition n an amowt within the ranges
set forth above for each component, Furthermore, as will be understood by those of ordinary
skifl in the art, the concentrate can contain an appropriate fraction of the water present in the

final polishing composition in order to snsure that the compound or compounds that increases
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the removal rate of silicon, and other suitable additives are at least partially or fully dissolved
in the concentrate.

0053 The mvention further provides a method of chemically-mechanically polishing a
substrate comprising (i) contacting a substrate with g polishing pad and the polishing
conposition described herein, (1) moving the polishung pad relative to the substrate with the
polish the subsirate.

jo0a4 Although the polishing composition of the mvention can be used to polish any
subsirate, the polishing composition is particularly usefid 1w the polishing of a substrate
comprising siticon, for example, silicon wafers used i the electronics industry. In this
regard, the silicon can be undoped silicon, or 1t can be doped stlicon, such as p-tvpe silicon
doped with boron or aluminun. In addition, the silicon can be polysiticon. The inventive
polishing composition and method of use thereot 1s suitable for the pre-polishing or the final

polishing of silicon wafers as produced from silicon single crystals by diamond sawing and

rough grinding, as well gs for edge polishing of sthcon walers and for use in the veclamation
of silicon walers by polishing.

RS Advantageously, the mventive polishing method exhibits improved
nanotopography when used to polish silicon wafers after lapping and etching of diamond
sawed silicon wafers. One way o measure change i nanotopography during
chemical-mechameal polishing is to determine the valae of the parameter: AR,/ d wherein
R, is the average maximum height of the profile, AR, i the change in R, from one time point
to another time point, e.., before and after chemical-mechanical polishing, and d is the
amowt of material removed it microns over that same time span, with the resalt expressed in
nanomelers. Referring o the Figwve, R, represents the largest peak to valley heightma
given sampling length L, and R, represents the average of 3 Ry, values i § conbiguous
sampling lengths, Sampling length L 1s approximately 5 mun. Suitable techniques for
profitometry, and atomic force micvoscopy. Suitable mstruments for stvlas prohlometry and
optical profilometry are available from, e g, Veeco Instruments {Plaimview, NY), Desirably,
the mventive polishing method results tn a AR, / d that is about zero or less, that is, substrate

nanotopography is either wichanged or improved afler use of the inventive polishing mathod.
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j0056] The polishing method of the mnvention is particularly sutted for use n conjunction
with a chemucab-mechanical polishing apparatus. Typically, the apparatus comprises a platen,
which, when in ase, is in motion and has a velocity that results from orbital, linear, or circalar
motion, 4 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
subystrate 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 mvention and then the polishing pad moving relative to the subsirate, so
as io abrade at least a portion of the sabsirate {0 polish the substraie.

0057} A substrate can be polished with the chemical-mechanical polishing composition
with any suitable polishing pad {e.g., pohishing surface). Suttable polishing pads include, for
example, woven and non-woven polishing pads. Moreover, suitable polishing pads can
comprise any suitable polvimer of varving density, hardness, thickness, compressibility,
ability to rebound upon compression, and compression modulus. Suitable polymers include,
for example, polvviylehloride, polvvinyiflooride, nylon, fluorecarbon, polycarbonate,
polvester, polvacrylate, polvether, polvethylene, polvamide, polyurethane, polystyrene,
polypropylene, coformed products thereof, and mixtures thereof. Hard polvurethane
polishing pads are particularty useful in conjunction with the mventive polishing method.
[0658] Desirably, the chemical-mechanical polishing apparatus further comprises an in
siu polishing endpoint detection system, many of which are known in the art. Techmiques
for ingpecting and montonng the polistung process by analyzing light or other radiation
reflected from g surface of the subsirate being polished arve known in the art. Such methods
are described, for example, in U.S, Patent 5,196,353 U.S. Patent 5433 651, U.S. Patent
5600511, US. Patent 3,643,046, ULS. Patent 5,638 183, LLS. Patent 5,730,642 118, Patemt
S.838,447, ULS. Patent 5,872,633, ULS. Patent 5,893,796, LIS, Patent 5,949 927 and U.S.
Patent 5,964,643, Destrably, the inspection or monitoniag of the progress of the polishing
process with respect (0 a substrate being polished enables the determimation of the polishing
end-point, 1.e., the deternunation of when to terminate the polishing process with respect io a
particulgr substrate.

{0059 In an embodiment, the inventive method provides a method for polishing an edge
of a sthicon wafer, wherein the edge consists essentially of sithcon. In another embodiment,

the inventive method provides a method for polishing an edge of 8 wafer, wherein the edge
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has a surface consisting essentially of silicon and stlicon oxide. The edge polishing can be
carried out using technigues that are well known in the art. For example, edge polishing can
be performed using edge polishers supplied by SpeedFam Co., Lid., Kanagawa, Japan.
0060} Advantageously, the inventive polishing method exhibus improved chucking
mark performance when used to polish the edges of silicon wafers, whersm the edges of the
siiicon wafers consist essentially of silicon or consist essentially of sthicon and sthicon oxide.
In edge pohshing, the silicon wafers ave typically held i place using 8 vacuum chuck
attached to the back side of the wafer. The vacyum often draws polishing compositions onto
the back of the waler durning polishing, where 1t can dvy. The dited residue 1s referred o as a
chucking mark. If the residue resulting from drying of the polishing compositions 1s not
eastly removed, the walers then require additional cleaning steps afier polishing, thereby
adding io the cost of manufacture, Desirably, the inventive method resulis in chucking marks
which are drv white residues and easity removed doring farther processing of the wafers.
0661} Advantageously, the inventive method further provides improved removal rates
when used 0 polish wafers edges consisting essentially of silicon, thereby tmproving
production throughput of the wafers. In addition, when used to polish wafers consisting
essentially of silicon and silicon oxide, the inventive method exhibits improved removal rates
for stlicon oxide relative to silicon, thereby resulting n even polishing of the wafler edges.
{06662} The following examples further iflustrate the mvention but, of course, should not
be construed as in any way limiting its scope.

EXAMPLE |
{0063} This example demonstrates the effect of an organic carboxvlic acid, an
aminophosphonic acid, and a tetraalkylammonium salt on the removal rate and surface
roughness observed for silicon substrates achievable by the polishing composition of the
mvention.
j0064] Seven simtlar substrates, which subsirates comprised 102 cm {4 inch} diameter
civcwlar silicon wafers, were polished with seven different polishing compositions (Polishing
Compositions FA-1GY All of the polishing contpositions contained 1 wit.% sthea
wet-process silica {Polishung Compositions 1A, 1B, 1D, and 1F) or fuined silica (Polishing
Composttions 1€, 1E, and 1G), 027 wi. % tetramethylammoniam hydroxide, and 0.05 wit.%

potassium bicarbonate in water at a pH of 113, Polishing Composition 1A {comparative)
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further comtamed (.017 wi.% ethylenediaminetetraacetic acid and {1,067 wi.% piperazine.
Polishing Compositions 1B-1G further contained 4,033 wt.%%
diethylenetriaminepenta{methylene phosphonic acid) and an organic carboxylic acid, which
was either 0.08 wi.% malonic acid {Polishing Compositions 1B and 1C), 0.067 wi.% lactic
acid (Polishing Compositions 1D and 1E), or G107 wt % malic acid (Polistung Compositions
1F and 1G).

{0665} Following polishung, the removal rates for silicon and the magnitude of the change
in nanotopography, AR/d, were determined for each of the polishing compositions, The

resulis are summarized i Table 1.

Table |

Polishing Composition Silicon Removal Rate (A/min) AR./d {nm)
[A (comparative) 6300 |6

1B {invention) 3760 0

1C {invention} S0 0.1

1D (invention) 3150 | 0.4

1E (invention) 5650 [ 0.4

1F Govention) S700 0.2

1G Gnvention) 3400 4]

[iB66] As is apparent from the resulis set forth in Table 1, the tnventive polishing
compositions exhibited silicon removal rates that were approximately 79% 1o 88% of the
removal rate exhibited by the comparative polishing composition, vet the inventive polishing
composttions exhibited a change in surface roughness caused by polishing that ranged from a
decrease 1n surface roughness of approximaiety 0.2 nm {Polishing Composiiion 1F) to an
increase in surface roughness of approximately 0.4 nm (Polishing Compositions 1D and 1E),
while the comparative polishing composition exhibited an increase i surface roughness of
approximately 6 nm.

EXAMPLE 2
[0067]  This example demonsirates the effect of an organic carboxylic acid, a
polvanmunocarboxylic acid, and a tetraatkviammonium salt on the removal rate and surface
roughness observed for sihicon substrates achievable by the polishing composition of the

mvention.
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j0068] Three similar subsirates, which substrates comprised 102 cm (4 inch) diameter
cirewdar sihicon wafers, were polished with three different polishing compositions {Polishing
Composittons 2A-2C). Polishing Composition 2A (comparative) contained T wt.%
wet-process sihiea, 0.0167 wi % ethylenediaminetetrageetic acid, 0.067 wi.% piperazine, 0.27
wi.% tetramethyviammonim hydrogide, and 005 wi.% potassium lucarbonate. Polishing
Compuosition 2B {nvention) contained 0.85 wi % wet-process silica, .02 wit.%%
ethylenedianunetetraacetic acid, 0.083 wi.% oxalic acid, 0.2 wi.% tetramethylammonium
hvdroxide, and 0.1 wi.% potassium bicarbonate, Polishing Composition 2C (invention)
contamed 053 wi% wet-process silica, .0167 wi % elhvienediammetetraacetic acad, 0.007
wi% oxahe acid, 0.067 wi.% tetramethylammonmum hydroxide, and 0.05 wi.% potassivm
bicarbonate.

{0669} Following polishing, the removal rates for silicon and the magnitude of the change
in nanotopography, AR/d, were determined for each of the polishing compositions. The

results are summarized 1n Table 2.

Table 2
Polishing Composition Sificon Removal Rate (A/min) AR (nm)
2A 6700 4
2B 3900 ~34
2C 35400 -7

[0670]  Asis apparent from the results set forth in Table 2, the iventive polishing
compositions exhibited stlicon removal rates that were approximaiely 82% to 889% of the
removal rate exlubited by the conparative polishing composition, yet the inventive polishing
compaositions exhibiied a decrease in surface roughness caused by polishing of approximately
4 am and 7 nm, as compared to an increase in surface roughness caused by polishing with
the comparative polishing composition of approximately 4 nm.

EXAMPLE S
0071} This example demonstrates the effect of an organic carboxylic acid, a
polvaminocarboxylic acid, an amine, and a tetraalkylammonium sall on the removal rate and
surface roughness observed for silicon substrates achievable by the polishing composition of

the mvention.
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0721 Two similar substrates, which substrates comprised 102 cm (4 inch) diameter
circular stheon wafers, were polished with two different polishing compositions (Polishing
Composttions 3A and 3B). Pohshing Compositions 3A and 3B contained 1 wt.%
wet-process sihiea, 0.0167 wi % ethylenediaminetetrageetic acid, 0.067 wi.% piperazine, 0.27
wi.% tetramethyviammonim hydrogide, and 005 wi.% potassium lucarbonate. Polishing
Composition 3B (nvention) further contained 0.033 wit.% benzilic acid.

{0673} Following polishung, the removal rates for silicon and the magnitude of the change
in nanotopography, AR/d, were determined for each of the polishing compositions, The
resulls are summarized m Table 2.

Table 3

Polishing Composition Siticon Removal Rate (A/min) | AR./d (any)
3A 6250 &
iB 2330 -6
{06741 As 1s apparent from the resalts set forth in Table 3, the inventive polishing

composition exhibited a silicon removal rate that was approximately 42% of the removal rate
axhibisted by the comparative polishing composition, vet the mveniive polishing composition
exhibited a decrease m surface roughness caused by polishing of approximately 6 nm as
compared to an merease in surface roughness caused by polishing with the comparative

polishing composition of approximately 6 mn.

EXAMPLE 4
{075} This example demonstrates the effect of a diol compound, a pelvaminocarboxylic
acid, an anune, and a tetragikylammoniant salt on the removal rate and surface roughness
observed for silicon substrates achievable by the polishing composition of the invention.
[0676] Two sintlar substrates, which sobsirates comprised 102 em {4 inch} diameter
cirendar sificon waters, were polished with two different polishing compositions (Polishing
Compositions 4A and 4B). Polishing Compositions 4A and 4B contained | wi.%
wet-process siliea, (10167 wiSs ethvienedianunetetraacetic acid, 0.067 wi'% piperazine, 0.27
wi.% tetramethyviammomum hydroxide, and 0.05 wi % potassium bicarbonate. Polishing
Composttion 3B {invention) further contained .033 wi.% 2 d-pentanediol (1.e., a diol

compound},
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0077} Following polishing, the removal rates for silicon and the magnitade of the change
in nanotopography, AR/, were determined for each of the polishing compositions. The

resuthis are sunymarized m Table 4.

Table 4
Polishing Composition Silicon Removal Rate {A/min) | AR/d (nm)
4A (conmparative) S350 -(3.5
4B {invention) 4375 -3

0078 As 15 apparent from the resulis set forth in Table 4, the inventive polishing
composition exhibited a silicon removal raie that was approximately 82% of the removal rate
exhibited by the comparative polishing composition, vet the nventive polishing composition
exhibited a decrease in surface roughness caused by polishing of approximately 5 mm as
compared to a decrease in surface roughness caused by polishing with the comparative

polishing composstion of approximately -0.5 nm.

EXAMPLE 5
[0679] This example demonstrates the chucking mark performance of an embodiment of
the invention.
{0680} Two separate substrates, which substrates comprised sheets of polyvinyl chlonde
(PYCT) were nusted with two different polishing compositions (Pelishing Compositions 3A
and 5B}, Polishing Composition SA {(comparative} contained .04 wi.% of an
aminophosphonic acid, 0.2 wt.% of tetramethylammonium hyvdroxide, 0.1 w9 of potassium
bicarbonate, 0.044 wi.% of oxalic acid, and 0.85 wi.% of a wet-process silica. Polishing
Composition 5B (nvention) contained .02 wi % of an anunophosphonic acid, 0.13 wt % of
tetramethylanmmonium hydroxide, 0..7 wt.% of potassium bicarbonate, 0.04 wi% of
potassiam hydroxide, 8.022 wi % of lactic acid, and 0.67 wi.% of a wet-process silica.
{0681} After pusting, the compositions were allowed to dry. Polishing Composition 5A
lefi a gelled residue. Polishing Composition 5B lefl a dry, white residue.

EXAMPLE 6
[0882]  This example demonstrates silicon removal rates achievable by the inventive
polishing composition.
jOO83] Two separate silicon substrates were polished with two different polishing

compositions (Polishing Compositions 6A and 6B). Polishing Compositions 6A and 6B
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contained contained .02 wi.% of an aminophosphonic acid, 0.13 wt % of
tetramethylammonium hydroxide, (1.7 wi % of potasstam bicarbonate, 0.04 wi.% of
potassium hydroxide, and 0.022 wt % of lactic acid. Polishing Composition 6A further
contained 10.0 wi.% of a wet-process silica, nanely, Nalco DVSTS006, Polishing
Composition 6B further contained 10.0 wit % of a different wet-process stlica, namety, Nalco
TX11003,

{0684} Following polishing, the removal rates for silicon were deternnned in mg of
stheon removed per nunute of polishing. Polishing Conmposttion 6A exhibited a silicon
removal rate of 13.5 mp Stymin. Polishing Composition 68 exhibited a silicon removal rate

of 14.2 mg Si/mum.

EXAMPLE Y
jOO85] This example demonsirates silicon removal rates achievable by the inventive
polishing composition,
(1086} Two separate sthicon substrates were polished with two different pohshing
compositions (Polishing Compositions 7A and 7B). Polishing Composition 7A contained
0.004 wi.% of an aminophosphonic acid, G.027 wi.% tetramethylammonium hydroxids,
0.007 wi.% potassium bicarbonate, 0.08 wi % potasstum hvdroxade, 0.013 wt.% lactic aaid,
and 1.2 wi.% fumed silica. Polishing Compaosition 7B contained 0.004 wi.% of an
aminophosphonic acid, 1,033 wi.% tetramethy lammonium hydroxide, 0.013 wit.% potassium
bicarbonate, 0.08 wi% potassiom hvdroxide, 6.027 wt % lactic acid, and 1.2 wi% fumed
silica.
{0087}  Following polishing, the removal rates for silicon were determined in mg of
silicon removed per minute of polishing. Polishing Composition 7A exiubited a silicon

b
f

removal rate of 11.2 mg Si/mun. Polishing Composition 7B exhibited a silicon removal rate

of 11.8 mg St/min.

EXAMPLE B
0688} This example demonsirates silicon oxide removal rates achievable by the
invenuve polishing composition.
00891 Two separate siticon oxide substrates were polished with two different pohishing
compositions (Polishing Compositions &A and 8B}, The stlicon oxide was derived from

tetraethylorthosilicate. Polishing Composition B8A contained €.015 wi% of an
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aminephosphonic acid, 8.1 wt.%s tetramethviammonium hydroxide, 0.025 wit % potassium
bicarbonate, 0.3 wi.% potassium hydroxide, £.05 wit.%% lactic acid, and 4.4 wi % finmed silica.
Polishing Composition 8B contained 0.013 wit.% of an anupophosphonic acid, (.2 wi.%
tetranethylanumonium hydroxide, 0.05 wi % potassiom bicwrbonate, 0.3 wt% potassium
hydroxide, 0.1 wi % {actic actd, and 4.3 wi.Y% fumed silica.

[6684] Following polishing, the removal rates for sthicon oxide were determined inmyg of
silicon removed per minute of polishing. Polishing Composition 8A exhibited & sthcon oxide
removal rate of 2.7 mg Si/nun. Polishing Composttion 38 exhibited a sihicon oxide
removal rate of 4.9 mg SiGdmin.

{0091} Preferred emboduments of this mvention are descnbed herein, including the best
mode known to the mventors for carrying out the nvention. Variations of those preferved
embodinents mayv become apparent to those of ordinary skill in the art upon reading the
foregoing deseription. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors imtend for the invention fo be practiced otherwise than as
specifically described herein, Accordingly, thus invention imcludes all modifications and
equivalents of the subject matter recited in the claims appended hereto as permiited by
applhicable law. Moreover, any combination of the above-described elements in all possible
variations thereofl is encompassed by the invention unless otherwise mdicated herein or

otherwise clearly comtradicted by context.
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CLAIMES)
i A method for polishing an edge of a silicon water, wherein the edge consists

essentially of siicon, which method comprises:
(N contacting a subsirate with a polishing pad snd 8 chemical-mechgrical
polishing composition consisting essentially of
{a) 0.5 wit %% to 20 wt.% of wet-process silica,
{h} .01 wt.% to 5 wt.% of an organic carboxylic acid,
{c) (L0005 wi % 1o 2 wil% of an anunophosphonic acid,
() .01 wi%% to 5 wi% of a tetraalkylammontum sali,
{e}  potassmum hydroxide,
) optionally a bicarbonate salt, and
{2} water,
wheretn the polishing composition has a pH of 7 10 11,
(i} moving the polishing pad relative to the edge of the silicon wafer with
the chemical-mechanical pohshing composition therebetween, and
(11} abrading at least a portion of the edge to polish the edge of the silicon
waler,

2. The method of claim 1, wherein the polishing composition containg 0,02 wi%
to 5 wit. % of an organic carboxylic acid, 0.02 wil (o 2 wit't of an aminophosphonic acid,
and 0.1 wi.% to § wi.% of a tetraatkylammonium salt.

3 The method of claim 2, wherein the polishing composition containg 5 wt.% o
20 wi.% of wet-process silica.

4, The method of claim 3, wherein the polishing composition contains 1 wi%
to 15 w% of wet-process silica.

3. The method of clamm 2, wherein the wet-process sihica has an average pavticle
size of 4 nym to 180 am

6. The method of claim 3, wherein the wet-process silica has an average particle
stze of 20 nm to 30 nm.

7 The method of claim 2, wheremn the polishing composition contains (.1 wi.%
10 2 wi.% of the orpamc carboxylic acid.

& The method of claim 7, wherein the organic carboxylic acid is a

hvdroxycarboxylic acid.
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9. The method of claim 8, wherein the organic carboxylic acid is selected from

the groap consisting of lactic acid, oxalic acid, 2-hydroxybatvric acid, benzilic acid, and
combinations thereof.

10, The method of claim 2, wherein the polishing composition comtains 0.1 wit %
0 1 wi.% of the aminophosphonic acid.

il The method of claim 10, wherem the aminophosphomc acid 13 selected from
the group consisting of ethylenediaminetetra{methylene phosphonic acid), amino
iri{methyieng phosphonic acid), disthylenetnaminepentaimethylena phosphonic acid), and
combinations thereofl

12, The method of clamm 11, wherein the aminophosphonic acid is amino
tri{methylene phosphonic acid}.

13, The method of claim 2, wherein the polishing composition contains a
bicarbonate salt, and the bicarbonate salt is potasstam bicarbonate.

14, The method of claim 2, wherein the polishing composition has a pH of 8 to 11

15, The method of claim 1, wherein the polishing composition consists essentially

{a} (1.5 wt.% 10 20 wit.% of wet-process sthea,

{by  0.0F wt% 1o 3 wi.% ol an organic carboxylic acid selected from the
group consisting of lactic acid, oxalic acid, 2-hydroxybutyric acid,
benzilic acid, and combinations thereof,

{c})  0.0005 wi% to 2 wi% of an aminophosphonic said selected from the
group consisting of ethylenediaminetetra(methylene phosphonic acid),
amine tri{methylene phosphonic acid),
diethvlenetrianuinepental methylene phosphonic acid}, and
combinations thereof,

{h) 0.01 wi% 10 § wt.% of a tetraalkylannnonim hydroxide,

(e) 0.05 wi ¥ to 2 w9 of potassium hydroxide,

(H) 0.05 wi.% to § wi % of potassium bicarbonate, and

{2} waler.

16, A method for polishing an edge of a water, wheremn the edge has a surface

consisting essentially of silicon and silicon oxide, which method comprises:
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{1} contacting a subsirate with a polishing pad and a chemical-mechanical
polishing composition consisting essentially oft
{a} 88 wi % to 20 wi% of silica,
{h) 000wt to 5 wt% of an organic carboxyhc acid,
{c) 0.000% wi b o 1 wi% of an aminophosphonic acid,
{d) 0.01 wt% to § wt.% of a tetraallylammontom salt,
{e) optionally a bicarbonate salt,
{HH optionally potasstuny hydroxide, and
(g} walsr,
wherem the polishing composition has a pH of 710 11,
{11}  moving the polishing pad relative to the edge of the wafer with the
chemical-mechanicat polishing composition therebetween, and

(111} abrading at least a portion of the edge (o polish the edge of the wafer.

17, The method of claim 16, wherein the polishing composition contains 0.02
w10 5 wi% of an organic carboxylic acid, 0,02 wit.% 1o 2 wit.% of an anunophosphonic
acid, and 0.1 9% 1o 5 wt.% of a tetraalkylammontam salt.

8. The method of claim 17, wherein the silica is fumed silica.

19, The method of claim 17, wherein the polishing composition contains § wi.%
to 20 wi.% of sihica,

20, The method of claim 19, wheremn the polishing composition contains 10 wit.%
o 15 wit.% of silica.

21, The method of claim 17, wherein the silica has an avernge particle size of 4
o 180 nmy

22, The method of claim 21, wherein the silica has an average particle size of 20
mm {0 50 nm.

23 The method of claim 17, wherzin the polishing composition comains 0.1 wi %
to 2 wi% of the organic carboxylic acid.

34, The method of claim 23, whevein the organic carboxvhie acidis a
hydroxyearboxylic acid.

25, The method of claim 24, wherein the organic carboxvlic acld 1s selected fronm
the group consisting of lactic acid, oxalic acid, 2-hydroxybutyrie acid, benzilic acid, and

combinations thereof,
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26, The method of claim 17, wherein the polishing composition contains .1 wt.%

to 1 wi.%% of the ammophosphonic acid.

=]

2

27, The method of claim 26, wherein the aminophosphonic acid is selected from
the group consisting of ethylenediaminetetralethylene phosphonic acid), amino
trilmethylzne phosphonie acid), diethvleneirianunepentialimethylene phosphonic acd), and
combinations thereof.

28, Themethod of claim 27, wherein the aminophosphonic acid s amino
iri{methviene phosphonic acid).

29, The method of claim 17, wherein the polishing composition comnains 8
bicarbonate salt, and the bicarbonate salt 1s potassium bicarbonate.

30, The method of claim 17, wherein the polishing composition containg
potassium hydroxide.

3t Themethod of claim 17, wherein the polishing composition has a pH of & to

10,

32, The method of claim 16, wherein the polishing composition consists
essentially of;

{a} (1.5 wt.% 10 20 wit.% of wet-process sthea,

{by  0.0F wt% 1o 3 wi.% ol an organic carboxylic acid selected from the
group consisting of lactic acid, oxalic acid, 2-hydroxybutyric acid,
benzilic acid, and combinations thereof,

{c})  0.0005 wi% to 2 wi% of an aminophosphonic said selected from the
group consisting of ethylenediaminetetra(methylene phosphonic acid),
amine tri{methylene phosphonic acid),
diethvlenetrianuinepental methylene phosphonic acid}, and
combinations thereof,

{h) 0.01 wi% 10 § wt.% of a tetraalkylannnonim hydroxide,

(e) 0.05 wi ¥ to 2 w9 of potassium hydroxide,

(H) 0.05 wi.% to § wi % of potassium bicarbonate, and

{2} waler.
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FIGURE
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