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COMPOSITION AND METHOD FOR POLISHING BULK SILICON
BACKGROUND OF THE INVENTION

farat]  Sibcon walers used i slectrome devices are typically prepared from a single
crystal silicon ingot that is first sliced into thin walers using a diamond saw, lapped to
improve flatness, and etehed to remove subsirface damage caused by lapping. The silicon
waflers are then typically polished in a two-siep process to remove nanctopoeraphy caused by
etching and to achieve the desived thickness before the wafers ave acceptable for usein
elecironic devices,
}ﬁt}éz} In the first pohishing step, a high removal raie is required, and tdeally ihe
nanciopography would not be worsened during this step. Nanotopography is o parameter that
measures the fropt-surface topology of an ares and is defined as the deviation of a surface
within a spatigl wavelength of around 0.2 1o 20 mm. Nanotopography differs from surlace
flatness in that, for nanotopography, the flatness of the wafer sarface Is measured relative to
the wafer surface itself, while for surface flatness, the flatness of the waler surfuce is
measured relative 1o 2 fal chuck used o hold the wafer. Thus, a wafer may have perfect
flatness, vet still have nanotopography. Ifa wafler has surface irregularities on the fron{ and
back sides of the wafer, but the front and back surfaces are purailel, the wafer has perfect
flainess. However, the same wafer will exhibit nenofopography. Navotopography bridpes
the pap between roughuess and flatness in the topology map of wafer surface rregularities in
spatial Fequency.
(06631 Conventional polishing compositions for sihcon walers exhibit bigh removal rates
for silicon, but produce increased nanotopography of the silicon wafers, The mcreassd
napoiopography puls increased denwnds on the second, final polishing step to produce siltcon
wafers suttable for further processtag into semdconductor subsiraies.
[0664]  In addition, the edges of the silicon wafers can come Into contact with processing
apparatus and ransporting 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 interfere with further processing. Comamingtion of the silicon wafers with very fine
particles can siso ocour at the coarsened surface of the edge. which particies can be released
drring processing and vesult in coptamination of the wafer surfaces. Thus, the outermost

periphery edge of the wafer is typically chamfered and then mirror polished at an eatly stage



of the wafer processing. Further, in some processes, the silicon wafers are oxidized on one
side to form a protective layer of silicon oxide, and so part of the wafer edge comprises
silicon oxide. While silicon polishing compositions can be used for edge polishing, typically,
a higher removal rate is needed for edge polishing of silicon wafers than for surface
polishing. In addition, a suitable edge polishing composition desirably exhibits a useful
removal rate on silicon oxide as well as on silicon. Thus, there remains a need in the art for

improved polishing compositions for silicon wafers.

BRIEF SUMMARY OF THE INVENTION
[6005] The disclosure provides a polishing composition comprising (a) silica, (b) a
compound or compounds that increases the removal rate of silicon, {(c) a tetraalkylammonium
salt, and (d) water, wherein the polishing composition has a pH of 7 to 11.
{06006} A first embodiment of the inventive chemical-mechanical polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or
consisting of (a) 0.5 wt.% to 20 wt.% of silica, (b) 0.01 wt.% to 5 wt.% of one or more
organic carboxylic acids, (c) 0.0005 wt.% to 2 wt.% of one or more aminophosphonic acids,
(d) 0.01 wt.% to 5 wt.% of one or more tetraalkylammonium salts, (e) optionally one or more
bicarbonate salts, (f) optionally potassium hydroxide, and (g) water, wherein the polishing
composition has a pH of 7 to 11,
[0067] A second embodiment of the inventive chemical-mechanical polishing
composition comprises a chemical mechanical polishing composition consisting essentially
of or consisting of {(a) 0.5 wt.% to 20 wt.% of silica, (b) 0.01 wt.% to 2 wt.% of one or more
polyaminocarboxylic acids, (¢} 0.05 wt.% to 5 wt.% of one or more amines, (d) 0.1 wt.% to 5
wt.% of one or more tetraalkylammonium salts, (e) 0.001 wt.% to | wt.% of one or more diol
compounds, (f) optionally one or more bicarbonate salts, and (g) water, wherein the polishing
composition has a pH of 7to 11.
[0008] A third embodiment of the inventive chemical-mechanical polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or
consisting of (a) 0.5 wt.% to 20 wt.% of silica, (b) 0.01 wt.% to 2 wt.% of one or more
polyaminocarboxylic acids, (¢} 0.1 wt.% to 5 wt.% of one or more tetraalkylammonium salts,

(d) 0.01 wt.% to 5 wt.% of one or more organic carboxylic acids, (e) optionally 0.1 wt.% to 5



wt.% of one or more amines, (f) optionally one or more bicarbonate salts, and {g) water,
wherein the polishing composition has a pH of 7to 11.

[6009] A fourth embodiment of the inventive chemical-mechanical polishing composition
comprises a chemical mechanical polishing composition consisting essentially of or
consisting of (a) 0.5 wt.% to 20 wt.% of silica, (b} 0.02 wt.% to 5 wt.% of one or more
nitrogen-containing heterocyclic compounds, (¢) 0.05 wi.% to 2 wt.% of one or more
aminophosphonic acids, (d) 0.1 wt.% to 5 wt.% of one or more tefraalkylammonium salts, (e)
optionally one or more bicarbonate salts, and (f) water, wherein the polishing composition
hasa pH of 7 to 11.

[06010] The disclosure also provides a method for chemically-mechanically polishing a
substrate with the imnventive chemical-mechanical polishing composition.

[0011] A first embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises (i) contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of (a) 0.5 wt.% to 20
wt.% of silica, (b) 0.02 wt.% to 5 wt.% of one or more organic carboxylic acids, (¢) 0.02
wt.% to 2 wt.% of one or more aminophosphonic acids, (d)0.1 wt.% to 5 wt.% of one or more
tetraalkylammonium salts, (e) optionally one or more bicarbonate salts, (f) optionally
potassium hydroxide, and (g) water, wherein the polishing composition has a pH of 7 to 11,
(1) moving the polishing pad relative to the substrate with the chemical-mechanical polishing
composiiion therebetween, and (111) abrading at least a portion of the substrate to polish the
substrate.

[0012] A second embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises (i) contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of (a) 0.5 wt.% to 20
wt.% of silica, (b) 0.01 wt.% to 2 wt.% of one or more polyaminocarboxylic acids, (¢) 0.05
wt.% to 5 wt.% of one or more amines, (d} 0.1 wt.% to 5 wt.% of one or more
tetraalkylammonium salts, (e) 0.001 wt.% to 1 wt.% of one or more diol compounds, (f}
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 to the substrate with the
chemical-mechanical polishing composition therebetween, and (1i1) abrading at least a portion

of the substrate to polish the substrate.



[0013]) A third embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises (i) contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of (a) 0.5 wt.% to 20
wt.% of silica, (b) 0.01 wt.% to 2 wt.% of one or more polyaminocarboxylic acids, (¢) 0.1
wt.% to 5 wt.% of one or more tetraalkylammonium salts, (d) 0.01 wt.% to 5 wt.% of one or
more organic carboxylic acids, (e) optionally 0.1 wt.% to 5 wt.% of one or more amines, (f)
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 to the substrate with the
chemical-mechanical polishing composition therebetween, and (i11) abrading at least a portion
of the substrate to polish the substrate.

[6014] A fourth embodiment of the inventive method for chemically-mechanically
polishing a substrate comprises (i) contacting a substrate with a polishing pad and a chemical
mechanical polishing composition consisting essentially of or consisting of (a} 0.5 wt.% to 20
wt.% of silica, (b) 0.02 wt.% to 5 wt.% of one or more nitrogen-containing heterocyclic
compounds, (¢) 0.05 wt.% to 2 wt.% of one or more aminophosphonic acids, (d)0.1 wt.% to 5
wt.% of one or more tetraalkylammonium salts, (e) optionally one or more bicarbonate salts,
and (f) water, wherein the polishing composition has a pH of 7 to 11, (it) moving the
polishing pad relative to the substrate with the chemical-mechanical polishing composition
therebetween, and (iii) abrading at least a portion of the substrate to polish the substrate.
[0015] The disclosure further provides a method for polishing an edge of a silicon wafer,
wherein the edge consists essentially of silicon, which method comprises (i) contacting a
substrate with a polishing pad and a chemical mechanical polishing composition consisting
essentially of (a) 0.5 wt.% to 20 wt.% of wet process silica, (b) 0.01 wt.% to 5 wt.% of an
organic carboxylic acid, (¢} 0.0005 wt.% to 2 wt.% of an aminophosphonic acid, (d) 0.01
wt.% to 5 wt.% of a tetraalkylammonium salt, (e) potassium hydroxide, (f) optionally, a
bicarbonate salt, and (g) water, wherein the polishing composition has a pH of 7 to 11, (i1}
moving the polishing pad relative to the edge of the silicon wafer with the chemical
mechanical polishing composition therebetween, and (i1i) abrading at least a portion of the
edge to polish the edge of the silicon wafer.

10016] The disclosure additionally provides a method for polishing an edge of a wafer,
wherein the edge has a surface consisting essentially of silicon and silicon oxide, which

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



polishing composition consisting essentially of (a) 0.5 wt.% to 20 wt.% of silica, (b) 0.01

wt.% to 5 wt.% of an organic carboxylic acid, (c) 0.0005 wt.% to T wt.% of an

aminophosphonic acid, (d) 0.01 wt.% to 5 wt.% of a tetraalkylammonium salt, (¢) optionally,

a bicarbonate salt, (f) optionally, potassium hydroxide, and (g) water, wherein the polishing

composition has a pH of 7 to 11, (1) moving the polishing pad relative to the edge of the

wafer with the chemical mechanical polishing composition therebetween, and (ii1) abrading at

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

[0016a] In one aspect, there is provided a method for polishing an edge of a silicon

wafer, wherein the edge consists essentially of silicon, which method comprises:

()

(i)

(iii)

contacting a substrate with a polishing pad and a chemical-mechanical
polishing composition consisting essentially of:

(a) about 0.5 wt, % to about 20 wt. % of wet-process silica,

{b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid,

(c) about 0.0005 wt. % to about 2 wt. % of an aminophosphonic acid,

(d) about 0.01 wt. % to about 5 wt. % of a tetraalkylammontam salt,
wherein the tetraalkylammonium salt comprises a anion selected from the
group consisting of hydroxide, chioride, bromide, sulfate, and
hydrogensulfate,

(e} potassium hydroxide,

(f) optionally a bicarbonate salt, and

(g) water,

wherein the polishing composition has a pH of about 8 to about 11,
moving the polishing pad relative to the edge of the silicon wafer with the
chemical-mechanical polishing composition therebetween, and

abrading at least a portion of the edge to polish the edge of the silicon

wafer,

[0016b] In another aspect, there 1s provided a method for polishing an edge of a wafer,

wherein the edge has a surface consisting essentially of silicon and silicon oxide, which

method comprises:

(1)

contacting a substrate with a pelishing pad and a chemical-mechanical
polishing composition consisting essentially of:
(a) about 0.5 wt. % to about 20 wt % of silica,

(b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid,



5a

(c) about 0.0005 wt. % to about 1 wt. % of an aminophosphonic acid,
{d) about 0.01 wt. % to about 5 wt. % of a tetraalkylammonium salt,
(e) optionally a bicarbonate salt,
49 optionally potassium hydroxide, and
(g)  water, wherein the polishing composition has a pH of about 7 to
about 11,

(i)  moving the polishing pad relative to the edge of the wafer with the

chemical-mechanical polishing composition therebetween, and

(i11)  abrading at least a portion of the edge to polish the edge of the wafer.

BRIEF DESCRIPTION OF THE DRAWING(S)

[06017] The Figure is a schematic drawing that illustrates the surface parameter Ryax.

DETAILED DESCRIPTION OF THE INVENTION
[0018] The invention provides a polishing composition comprising (a) silica, (b) a
compound or compounds that increases the removal rate of silicon, (¢) a tetraalkylammonium
salt, and (d) water, wherein the polishing composition has a pH of 7 to 11.
[0019] The silica can be any suitable form of silica such as wet-process type silica, fumed
silica, or combinations thereof. For example, the silica can comprise wet-process type silica
particles (e.g., condensation-polymerized or precipitated silica particles). Condensation-
polymerized silica particles typically are prepared by condensing Si(OH)4 to form colloidal
particles, where colloidal particles are defined as having an average particle size between 1 nm
and 1000 nm. Such abrasive particles can be prepared in accordance with U.S. Patent 5,230,833
or can be obtained as any of various commercially available products, such as the Akzo-Nobel
Bindzil 50/80 product, the Nalco DVSTS006 product, and the Fuso PL-2 product, as well as
other similar products available from DuPont, Bayer, Applied Research, Nissan Chemical, and
Clariant.
[0020] The silica can comprise fumed silica particles. Fumed silica particles can be
produced from volatile precursors (e.g., silicon halides) in a pyrogenic process by hydrolysis
and/or oxidation of the precursors in a high temperature flame (Ha/air or Ho/CHy/air) to
produce the fumed silica. The solution containing the precursor can be sprayed into a high
temperature flame using a droplet generator, and the metal oxide can then be collected.
Typical droplet generators include bi-fluid atomizers, high-pressure spray nozzles, and
ultrasonic atomizers. Suitable fumed silica products are commercially available from

producers such as Cabot, Tokuyama, and Degussa,
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{98211 The silica can have any suliable aversge particle sire {ie., averape particle
diameter). The silica can have an average particle size of 4 nm or mwore, e.g., 10 nm or more,
15 nm ov more, 20 nm or more, of 25 nm or move, Alternatively, or in addition, the silica can
bave an aversge particle size of 180 nnw or lass, e.g., 120 nm or less, 110 mm or fess, 100 mm
or fess, B0 wm or less, B0 min or fess, 70 nm or Jess, 68 nm or fess, 50 nm or less, or 40 nm or
less. Thuy, the silica can have an average particle sive bounded by any two of the sbove
endpoints, For example, the silics can have an average perticle sive of 10 nm to [00 um, 26
am to HI nm, 20 am to 80 nm, 20 o to 60 nm, or 20 am o 40 nm. For a non-spherical
silica particle, the size of the particle is the diameter of the smallest sphere that encompasses
the particle,

{08227  The polishing composition can comprise any suitable amount of silica. Typically,
the polishing composition can contain 6.5 wi% or more, eg., | wi % or move, 2 wi% or
more, of & wt.% or more of sihca. Alternatively, or in addition, the polishing composition
can contain 20 wi% orless, e.p, 13 wt.% or less, 10 wi.% or less, § wL.% ot less, 6 wt.% or
less, or 5 wt.% or less of sihica, Thus, the polishing composition can comprise silica n gn
amount bounded by any two of the above endpoints recited for silica, For example the
polishing composition can comprise 0.5 w9 10 20w %, 1 wil% to 15 wi%, Swth o 15
wi%, or 0.5 wit% to 5 wi% of silica.

[0623]  The siliva particles preferably are colipidally stable. The term collod refers to the
suspension of silica particles in the liguid carrier, Collotdal stabibity refers to the
maintenance of that suspension through tume. I the context of thas invention, an abrasive is
considersd colleidally siable 11 when the abrasive is placed into g 100 ml graduated cvlinder
and allowed to stand unagitated for a iime of 2 hours, the difference batwean the
vonceniration of particles i the bottom 50 mi of the graduated cvhinder (1B] in terms of g/mb)
and the concentration of particles s the top 30 mi of the gradusted cvlinder 7] in terms of
g/mit} divided by the initial concentration of particles w the sbrasive composition (C i
terms of gfml} is less than or equal o 0.3 (e, {[B] ~{THACT 2 0.5). More preferably, the
valve of IBRT14C] is less than or egual 1o 3.3, and most preferably is less than or equal to
0.1,

{0024] The polishing composition comprises water. The water 5 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 surfice of a suitable substrate 1o be polished or planarized.
Prefamably, the water i3 delontzed water,

251 The polishing composition has a pH of 11 or less {e.g., 10 or less). Preferahly, the
polishing composition has a pH of 7 or more (e.g., § or more). Even more preferably, the
polishing composition has a pl of 710 11 {e.g, 810 10). The polishing compaosition
aptionatly confains pH adjusting agents, for example, polassium hvdeoxide, ammonium
bydroxide, andéor nitic acid. The polighing composition also optionally comprises pH
buffermy systems. Many sueh pi buffering systems are well known in the art, The pH
buffaring agent can be any seitable udTering agent, for example, bicarbonate-carhonate
buffer sysiems, aminoathyisulfonic acids, and the like. The polishing composttion can
comprise any suitable amoeunt of a pH adjustor and/or a pH bulfering agent, provided that a
suitable amounnt is used to achieve and/or maintain the pH of the polishing composition
within & seitable range.

[0626] A firsi embodiment of the inventive chemical-mechanical polishing composition
provides a chemical mechanical polishing composition consisting essentially of or consisting
of {a} 0.5 wi% to 20 wi % of silica, () 0.01 wt.% 10 5 wi.% of an organic carbosylic acid,
{c) 0.0005 w.% 1o 2 wi.% of an aminophosphonic acid, (d) G007 wt% 0 3 wi% ofa
tetraglkylammoniam sall, (2) optionally a bicarbonate salt, () optionally potassium
hydroxide, and (g} waler, whersin the polishing composition has apH of 7 to 11,

[0627] The polishing composition of the first embodiment contains one or more suitable
orgaviie carboxylic acids or salts thereoll The organic carboxvlic scid can be an alkyl
carboxylic acid or aryl carboxylic scid and can be optionally substinited with groups selected
from the group consisiing of Cy-Cy; alkyl, amino, substituted amino {e.p., methvlamino,
dunsthylamino, and the hike}, hydroxyl, halopen, and combinations thereof, Preferably, the
orgamic carbowylic acid is a hydroxvearboxylic acid (e ., an sliphatic hydroyvearboxylic acid
ot & hydroxybenzoic acid), an amino ackd, an amino hvdroxvbenzoic acid, or a pyridine
carboxylic acid. Non-Hmiting examples of snitable hvdroxyearboxylic acids include malonic
* acid, lactic scid, malic acid, tartavic eid, acetohydronamic acid, glycolic acid,
2-hydroxybutyric acid, benwilic acid, salicylic acid, and 2 6-dikvdroxybenzoic geid.
Non-timiting exampies of suitable amino acids include glycine, alanine, proline, lyvsiue,
cysteine, leacine, aspartic acid, glutanyie acid, and 2-amino-4-thinzolacetic acid.

Nou-tmiting examples of an amino hydroxybenzote acid inchude 3-aminosalicviic ackd and
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Z-amino~d-hydroxybenzoie acid. Non-limiting examples of pyridine carboxylic acids nclude
picolinic acid and nicotinic acid,

[0B28]  The polishing composition of the first embodiment can contain any suitable
amount of the organic carbexvlic acid{s). The polishing composition can contain 1.01 wt.%
or more, e.g., Q.02 wi% or more, 2.2, 0.05 wi% or more, 0.1 wit% or more, or 0.3 wibs or
e of the organie carboxylic actd(s). Alternatively, or in addition, the polishing
composition can contain 3 wi % or less, e.u., 4 wi¥o or less, 3wt % o less, 2wt or less, o
bwt % or less of the organic carboxyhic acid(sy. Thus, the polishing composition can
comprise the organie carboxylic acid(s) n an amount bounded by any two of the above
endponts recited for the organic carboxyviic avidis). For example the polishing composiiion
can comprise 001 wi% o 5w, 002 w10 3 wibe, 0.05 widh o 4wt or 01 wi.% fo
3 wi% of the organic carboexyviic acid(s),

(00291 The pelishing composition of the first embodiment contains one or more suitable
aminophosphomic aeids, Prefermbly, the aminophosphonic acid is selected from the group
consisting of ethylenedinminetetratmethylene phosphonic acid), amino iri{metylene
phosphonic acid), disihylenetriaminepenta{methvlene phosphonic acid), salts thereof, and
combinations thereof, More preferably. the aminophosphonie acid is amine irifmethvlene
phosphosic acid).

[0638]  The polishing composition of the first embodinent can coniain sny suitable
amount of the aminophosphonic acid(s). Typically, the polishing composition can contain
(LO0GS wi% or more, e, G001 W% or move, .01 wL% or more, 0,02 wi.% or more, .05
wE s or move, ] wis or more, B2 w5 or more, o (.5 w8 or mose of the
aminophosphonic acid(s). Alternatively, or in addition, the polishing composition can
comain 2 wi% or less, e, 13 wif% or kess, or 1wt % or less of the aminophosphonic
acidis). Thus, the polishing composition can comprise the amimophosphonic acid(s) in an
amount bounded by any two of the sbove endpoints recited for the aminophasphouic acid(z).
For example the polishing composition cas comprise 0.0005 wi% 10 2 wt %, 002 wi% to 2
w0, 005 wi %% 10 2w, 0.1 wil%% to 1.8 wi%, or 0.5 wi% 1o 1 wt.% of the
aminophosphonic acid(s),

{06317 The pohishing compostiion of the first embodiment comprises one or more
suitable tetrasfkyvlammoniun: saltfs). The tewantkyiammoniem salt preferably comprises

caton selected from the group consisting of tetraethvismmonium, tetraethviammoniun:,
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setrapropylammoniwn, and feirabutviammeoniunt. The tetraatloviammonivm salt can have gy
suitable cation inctading but not limited 10 hydroxide, chioride, bromide, suifate, or
hydrogensalfale. In an embodiment, the tetraalkvlamymoniam salt is & tetraaliovlammoniem
hydroxide {g.¢., tetrametvigmmonium hydroxide),

[0632]  The polishing composition of the first embodiment can comprise any suitable
amoust of the tetraalkylammmonium sal{z). Typically, the polishing composttion can condain
0,00 wi% ormore, ez, 0.8 wi% or more, 0.2 w4.% or more, or (.3 wt% or more of the
tetraaflviammoniom salt(s). Alternauively, or in addition, the polishing composition can
coptam 5 wi % oor less, e, 4wt or less, 3wt ¥ or less, 2wl or less, or 1 wi or fess
of the tetraatkyvlammoniam salt{s). Thus, the polishing composition can comprise the
tetraalkylammontim sali(s) in an amount bounded by any two of the above endpoints recited
for the tetranikylarumontum sali(s), For example the polishing composition can comprise
001 wil% 1o 5 wit%, 01 e1.% 10 5 witb, 0.2 wi % 1o 4 widb, or 0.5 wil o 3 wi%h of the
fetraalkyianunoniom salifs)

10633] 1o gu enbodiment, the polishing composition consists essentially of (a) 0.5 wi%
1o 2wl % of wet process sibica, (b) C.01 wit% 1o 5 wi.% of an orgasic carboxylic acid
selecied (fom the group consisting of Tnctic acid, oxalic acid, 2-hydrosybutyric acid, benxilic
acid, and combinations thereol, {0} 0.0003 wi.% o 2 wi.% of an aminophosphonic gcid
selected from the group consisting of ethylenedianminetetralmethylene phosphonic acid),
amino {ri{methyiene phosphonic acid), diethviensinianunepsnialmethylens phosphonic acid),
and combinations thereef, (d) 0.01 wi% 0 5§ wi% of & tetraalkviannonton hydroxide, {e)
(.08 w% to 2 wi% of potassiwn bydroxide. (6 6.05 wi% 1o 5 wit.% of potassium
bicarbonate, and (g} waler.

[0834] A second embodiment of the inventive chenical-mechanical polishing
composition provides a chenncal mechanics! polishing composition consisting essentially of
or consisiing of {a) 8.5 wi.% 10 20 wit.% of sthien, (0) .01 wi% o Z Wi ofa
podvaminocarboxvlic acid, (©) 0.1 w2 0 5 wiSt of an amine, () 0.1 witw S wi% ol a
tetraathylanmmonium sali, () 0.007 wt.% o 1 wit% of a diol compound, (ff optionally a
bicarbonate salt, and {g) water, wherein the polishing composition hasapH of Tio 11

HOR35] The polishing composition of the second embodiment comprises one or more
suitable polvaminocarboxviic acids. The {erm polyaminocarboxylic acid as used herein

refers 1o 8 compound having two or more amine groups mud two of more carboxylic acid
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groups. Preferably, the polvaminocarboxylic acid is selected from the group consisting of
ethylenediaminetetraacetic acid, diethvlensttiaminepentazcatic acid,
Ne(hydroxyethyDethylenediaminetriagcetic acid, nitriiotriacetic acid, methylghveinediacetic
acid, salis thereof, and combinations thereof. More preferably, the polyaminocarboxylic aeid
is selected from the group consisting of ethyviensdimminstetiascetic acid or a sali thereof (2.g.,
a mong-, di-, tri-, or tetrasoding salt thersof),

{00367  The polishing composition of the second embodiment can comprise any swiable
amount of the polvantinecarboxylic acid(s). Typically, the polishing composition can comstain
.01 wi.% or more, ez, 0.1 wi% or more, 0.2 wit or more, or 8.5 wilt% or more of the
potvaminocarboxylic aeid(s). Alternatively, or in addition, the polishing composition can
contain 2 wi.% or tess, e g, 1.8 wi% or less, or 1.0 wi.% or less of the polvaminocarboxylic
aid(s). Thas, the polishing composition can comprise the polvaminocarboxylin acid{s} in an
among bounded by any two of the above endpoints reciied for the polvaminocarboxylic
acid(s). For example the polishing composition can comprise .07 wibB fo 2 wi%, 0.1 wi%
o 1.5 wi%, or 0.5 wt.% to 1 wi.% of the polvaminocarboxylic acid(s).

{0037]  The polishing composition of the second embodiment compeises one of more
suiteble smines. Now-limiting examples of suitable amines include piperazine,
anunoethylpiperazine, 2-methyi-2-aminoethanel, (2-aminoethyl-2-anmnoethanal.
ethanolamine, diethanolamine, triethanclamine, ethylenediamine, diethylenstriamine,
weirasthylenepeniamine, hydrazine, 2-hydroxvethvihydrazme, semicarbaride, hydroxylanune,
N-methyihydroxylamine, O-methylhvdroxylamine, and O-carboxymethylbvdroxylamine.
More preferably, the amine is piperanne or aminoethylpiperaszine.

0838]  The polishing composition of the second embodiment can comprise any suitable
amowit of the amine{s). Typically, the polishing composition can contain .05 wi % o1 more,
e.g., L wi % or more, 0.2 wi% or more, or 0.3 wt.% or more of the amine{s). Altermatively,
or in addition, the polishing composision can contain 3 wi% or Iess. e, 4 wi% oy less, 3
wei % or less, 2 wi o fess, or [ wi% or leex of the amine(s), Thus, the polishing
compesition can comprise the aming{s) t an amount hounded by any two of the above
endpomts recied for the amine(s). For example the polishing composttion can comprise 8.03

WL 80 5wt 0.2 wibhto 4wt %, or (.5 wi.% to 3 wi % of the amine(s},
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08391 The polishing composition of the second en‘abotﬁ{msni COMPrises ane OF more
suitable tetraatkylammoniom salts. The tetraalkylanwoonivm salt and amount thereof can be
as rectted for the first embodiment of the polishing composition.

[0840]  The polishing composition of the second embodiment comprises one or more
suitable dic compounds. The dind compound can be any suitable diel compound and
tvpieatty Is 3 I 2-diod compound or a §,3-diol compound. Typieally, the dio! compound 15 &
hinear or branched-chadn C-Cyy diol campcum}. Non-hmiting examples of suitable 1 2-diol
compounds mclade 1 2-propane diol, ,2-bufane diol, 1,2-pentane diol, 2,3-pawtane diol, and
combinations thereof, Non-limiting examples of sultable 1 3-diol compounds include

§ 3-propane diod. 1.3-butane diol, 1 3-pentane diol, 2 4-pentane diol, and combinations
thersof,

(0641]  The polishing composition of the second embodiment can comprise any suitable
amounl of the diol compound(s). Tvpically, the polishing composition can contain 0.0601
wi% or more, e, G005 wi % or more, .01 wi% or more, or (105 wi.% or more of the diol
compaoand(s). Alternatdvely, or in addition, the polishing composition con comtain 1 wi,% or
fess, e.g., 073 wi% or legs, (1.5 wt.% or less, 0.25 wi% or less, or 0.3 wi% or less of the diol
compound(s). Thus, the polishing composition can comprise the diol compound(s) in an
amount bounded by any two of the above endpoints recited for the diol compound(s), For
exampie the polishing composition ¢can comprise 8.001 wi.b to 1 wib, 0.00% wi% o (.73
wi.%, or .01 wt.% 10 0.5 wi% of ibe diol compound(s).

0642} A third embodiment of the inventive chenncal-mechanical polishing composition
comprises # chemical mechanical polishing composition consisting essentially of or
consisting of {a} 0.3 wL.9% 10 20 wi.b% of silica, (b) 0.01 witito 2 with ofa
polyaminocarbogylic acid, (2 0.7 wi% to 5 wi % of a fetraalkylammonium salt, () 0.1 wi%
to 3 wi S of an organic carboxylic acid, (e} optionslly 0.1 wt% to 5 wi% of an amung, (0
optionally & earbonate salt, and () water, whersin the polishing composition has a pH of 7
w 11, The polvaminocarboxylic acid, tetraatkylammonium sali, organic casboxylic acid,
amine, and smounts thereof contained in the third embodiment of the inventive chemical-
mechanical polishing composition can be as recited herein for the first and second
embodiments of the inventive polishing composition.

{08431 A fowrth embodimenst of the inventive chemical-mechanical polishing composition

provides o chemical nechanical polishing composition consisting essentially of or consisting
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of (a} 0.5 w1.% o 20 wi% of silica, (b) 0.02 wi.% lo 5 wi.% of a pitropen-containing
heterocyclic compound, (o .05 wi.% o 2 wi% of ag aminophosphenic asid, () 0.1 wi%
5wl %% of a tetraalkylanwmoniwm salt, (&) optionally 2 bicarbonate salt, and () water, wherein
the polishing compesition bas a pH of 7 to 11, The aminophosphonic scid,
tetraatbyviemmondum sall, and amounts thereof conwined in the fourth embodiment of the
mventive chemical-maechanical polishing cngmsii}‘m can be as recited berein for the first
embodiment of the fnventive polishing composition.

044 The polishing composition of the fourth embodiment comprises ons or more
suitable mitrogen-containing heterocyelic compounds. The term niiregen-containing
heterocyclic componnd ss used hevein refers 1o a 5, 6-, or 7-membered ring compound
having one or more nitrogen atoms contained as part of the ring system. In an embodiment,
the nitrogen-containing heterocychic compound is a triazole. In a preferred embodiment, the
nitrogen-conlaining heterocyelic compound is an aminotriazele. Non-limiting exanples of
suilable aminotriazeles include 3-amino-1.2 4~nazole, 3-amino~1.2 4-triazcle-5S-catboxylic
gcid, J-amino-S-mercapto-1,2 4-ttigrole, and 4-gming-5-hydrazine-1,2.4-irtanole-3-thiol. In
another embodiment, the nitrogen-containing heterccyclic compound is a thiazols.
Non-limiting examples of suitable thiazoles include Y-amino-S-methyithiazole,
2-ammno-4-thoszoleacetic acid, and thiazele. In ancther embodiment, the
nmifrogen-coniaining heterocyclic compound is & heterocyelic N-oxide. Non-tmiting
examples of suifable heterocyclic N-onides include 2-hydroxypvridine-N-oxide,
smethyimorpholine-N-oxide, and picolinic acid N-oxide.

[06457  The polishing composition of the fourth embodiment can comprise any suitable
gmow of the nitrogen-contaiming heterotyclic compound. The polishing composition can
contain (.02 Wi or more, e.g., 0.05 wi % or more, 0.1 w5 or more, or 0.5 wi% or more
of the nitrogen-containing heterovvelic compound(s). Allernatively, or in addition, the
polishing composition cau voniain 5 wie or less, 5., 4 W% or less, 3 wi% o less, 2 wi.%
of feas, or 1 w.% or less of the aitrogsn-containing heterocyelic compotndls). Thus, the
polishing composition can comprise the nitrogen-containing hererocyclic compound(s) in an
amount bounded by any two of the above endpoints recited for the nitrogen-containing
heterocyclic compound(s), For example the polishing composiion can comprise .02 wib%
o S wi %%, 005 x%-’i.‘i-’.s to 4 wt.%, of 0.1 wt.% to 3 wi.% of the piirogen-containing

heterovvelic compound(s).
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{46! The polishing compeosition opsionatiy further containg one or more bicarbonate
salis. The bicarbonate salt can be any suitable bicarbonate salt and can be, for example,
potassivn bicarbonate, sodiem bicerbonate, anymonium bicarbonate, or combinations thereof,
{08477 The polishing composition can comtgin iny suitable amount of the bicarbonate
salt(s}. Typically, the polishing composition can contain 0.03 wt.% or more, e.g.. 1 welo or
more, .25 wi% or more, or .5 wiSo or more of the bicarbonaie sali(s). Altermatnvely, or in
addition, the polishing conposion can contain 5 wi% or less, e.g., 4 wi.% or less, 3 wi% or
fess, 2 wi or less, of T wi% or less of the bicarbonate salt(s). Thus, the polishing
composition can camprise the hicarbonate sati{s) in an ammount bounded by any two of the
above endpoinis recited for the bicarbowaie salifs). Por example the polishing composition
can comprise 0.05 wtb o b withh, 0.1 wi% 1o 4 wihe, 0,25 wilh to 3 wt.%, or 0.5 wi %% to 2
wt.% of the bicarbonate salt(s),

00481 The polishing composition optionally furiher contains potassivm hydroxide. The
polishing composition can contain any suitable amount of potassium hydroxide. Typicaliv,
the polishing compositon can contain 0,05 wi.% or more, e.g., 0.1 Wi or move, or .25
wit.% or more of potussiom hydroxide. Altematively, or in addition, the polishing
composition can contain ¥ wi% or less, eg, 1.8 witS% or less, T wit% or less, 0.8 wi% or
tess, or (.6 wi % or less of polassium hydroxide, Thus, the polishing compesition can
comprlse polassivm hydroxide in an amount bounded by any two of the sbove endpoints
recited for potassium hydroxide. For example the polishing composition can comprise .03
w9 1o b wt%, 0.1 w0 2 witle, .1 wt% lo | wt %%, or 0.25 wif to 0.8 wi %% of
potassiom hydroxide.

649 The polishing composition optionaliy further comprises ong or more other
additives. Such additives include any suitable dispersing agent, such as, for example,
homepalymers of random, block, or gradient acrviaie copolymers comprising bue or more ‘
acrylic monomers (2.2, polyacrylates, polvimsthacrylates, vinyl acrvlates and stvrene
acrylates), combmations theveof, and salty thereof Other suitable additives include bioccides.
The biocide cun be any suitable bocide, for example, an isofhiazolinone biocide.

{630]  The polishing composition of the Ivention can be prepared by any suitable
techmigne, many of which are known to those skilled in the art. The polishing composttion
oan be prepared in @ hateh or continuous process. Generally, the polishing compositinn can

be prepared by combining the components thereof In amy order. The term “compouvent” as
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used hereint inclndes individual ingredients (e.g., silica, compound(s) that increases the
removal rate of sithicon, tetraalkyviammnonium salt, e} as well as any combination of
ingredients {e.g. silica, compound{s) that increases the removal rate of stlicon,
tetragthylammoninm salt, baffers, etel).

{0051 For example, in one embodiment, the silica can be dispersed in water. The
organic carboxylic acid, aminophosphonie acid, and letraalkvlammoniug sall can then be
added, and mixed by any method that is capable of ncorporating {he components into the
potishing composition. Other compounds that increase the removal rate of silicon similarty
can be uiilized m the preparation of the polishing composition. The polishing compesition
can be prepared prior wo use, with one of more m.n?zp{men ts, such as a pH adpusting
component, added o the polishing composition just before use (e.g., within 7 days before
use, or withsn 1 hour before nse, or within | minuie before use). The polishing composition
alsts can be prepared by saxing the components at the surface of the substrate during the
polishing operation.

{LiReY The polishing conposition glso can be provided as a concentrate which is
intended to be diluted with an appropriate amount of water prior 6 use. In such an
embodiment, the polishing composition concentrate can comprise, for example, siliea, a
compound of compounds that increases the removal rate of sticon, & tetraalkylammonium
salt, and waier in amounts such that, upon dilntion of the concentrafe with an appropriante
amount of water, each component of the polishing composition will be present in the
pohshing composition In an smouni within the appropriste range recited above for each
component. For example, the abrasive, compound or compounds thet increases the removal
rate of sihicon, and tetraalicyiammonium salt can sach be present in the concentrate in an
amousit that is 2 vmes (e.g., 3 times, 4 tipes, 5 thines, 10 tumes, or 15 times) wreaser than the
concentration recited abowve for each compouent so that, when the concentrate is diluted with
an equal volume of water {e.g., 2 equal volumes water, 3 equal volnmes of water, 4 equal
vohanes of water, 9 equal volomes of waler, or 14 equal volumes of water, respectively),
each component will be present in the polishing composition in an amownt within the ranges
set forth sbove for each component, Furthermore, as will be understood by those of ordinary
skifl in the art, the concemrate can contain an sppropriste fraction of the water present in the

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

FO0R3] The invention further provides a method of chemicaltvemechanicaliy polishing &
substrate comprising (B) comacting g substrate with a polishing pad and the polishing
composition deseribed hereln, (11) moving the polishing pad relative to the substrate with the
polishing composition therebstween, and (1) abrading at least 2 portion of the substrate to
pohish the subsirale,

8841 Although the polishing composition of the invention can be used to polish any
subsivate, the polishing composition i partioularly vsefis] i the polishing of & subsuate
comprising siticon, for example, silicon wafers used in the electronics industry. In this
regard, the silicon can be undoped silicon, or it can be doped silicon, such as p-type silicon
doped with boron or aluminum. In addition, the silicon can be polysiticon. The inventive
polishing composition and method of use thereof i suttable for the pre-polishing or the final
podishing of sihicon wafers as produced from silicon single crystals by diamond sawing and
rough grinding, as well gs Tor edge polishing of sibieon wafers g for use in the reclamation
of silicon walers by polishing.

LRSS Advantageously, the fuventive polishing method exhibits mnproved
nanotopography when used o polish sificon wafers after lapping and etching of diamond
sagwed stlicon wafers., One way W measare change n nanotepography during
chemical-mechanical polishing is to deterine the value of the parameter: AR, /d wherein
R, is the average naximun height of the profile, AR is the change In R, fron: one tiiwme point
(o gnother time point, e.g., before and sfter chemical-mechanical polishing, and d is the
anount of material removed i microns over that same time span, with the result expressed in
nanomelers. Refersing fo the Figure, Rux represents the largest peak to valley height ma
given sampling length L, and R, represents the average of 3 Ry values in 5 contiguons
samphing lengths, Sampling length L is approximately 5 mum, Suitable techniques for
measaring Ko, (1o enable the calealation of R,} include stylus profilmpetry, opticat
profilometry, and atomic force micvoscopy. Sustable fnstruments for styles profilometry and
optical profilometry are available from, e.g., Veeco Instruments (Flamview, NY). Desirably,
the inventive polishing method results in a AR,/ d that is about zero or less, that s, subsirate

nanotopography 18 stther wichanged or improved after uge of the wnventive polishing method.
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{0561 The polishing method of the invention 15 particulatly sulted for use in conjunction
with a chemical-mechanical polishing apparaiug, Typically, the apparatus comprises & platen,
which, when inase, i5 in motion and has a velocity that resulis from orbital, lneas, or civeular
mwtion, a polisting pad n contact with the platen and moving with the platen when in
motion, aud a carrier that holds a substrate to be polished by contacting and moving the
substrate relative o the surface of the polishing pad. The polishing of the substzate takes
place by the substrate betng placed 1n contact with the polishing pad and the polishing
composition of the invention and then the polishing pad moving relatve to the subsirate, so
as to abrade at least a portion of the sebsirate io pohish the subsirate,

FIBST] A subsirate can be polished with the chemical-mechanical polishing composition
with any suitable polishing pad (e.g., polishing sur.ﬁ-tcé}\ Sustable polishing pads include, for
exanple, woven and non-woven polishing pads. Moregover, suitable polishing pads can
comprise any sutlable polyvimer of varving density, hardness, thickness, compressibility,
ability to rebound upon compression, end compression modulus. Suitable polymers inchude,
for example, polyvvinylchioride, polvvinyHivoride, nvion, fluorocarbon, polyearbonse,
potvester, polvacrylate, polvether, polyethylene, polvamide, polvurethane, polysiyrene,
polypropyiene, coformed products thereof, and mixtures thereof. Hard polvirethane
polishing pads are particularty wseful in conjunction with the inventive polishing method.
[0058] Desirably, the chemical-mechanical polishing apparatus further comprises an in
situ polishing endpoint delection sydem, many of which are knows in the st Techmigues
for nspecting and monioring the polishing process by anmalvzing Heht or other radiation
reflected from o surface of the subsirate being polished are known in the art. Such methods
are described, for exgmple, in U.S, Patent 5,196,352 U8, Patent 3433651, U8, Patent
5609511, US. Patent 5,643,046, ULS. Patent 5638183, ULS. Patent 5,730,642, U1.S. Paters
SA38447 UK. Patent 5 872,633, ULS. Patent 5 893 706, LLS. Palent §.949.027 and LS.
Patent 5,964,643, Desivably, the inspection or moaitoring of the progress of the polishing
process with respect to & substraie being polished enables the determination of the polishing
end-point, 1.e., the deternunation of when o teuminate the polishing process with respect 1o
particniar subsirgte,

HHHE9]  In an ewmbodiment, thé wventive method provides ¢ method for polishing an edge
of a silicon wafer, whereln the edge consists essentially of silicon, In another embodiment.

the inventive method provides u method for polishing en edge of a waler, wherein the edge
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has a surface consisting essentiatly of siticon and silicon oxide. The edge polishing can be
carnied out using techniques that are well knownt in the art. For example, edge polishing can
be perfommied is‘s:ing edge polishers supplied by SpeedFam Co., Lid,, Konagawa, Japan.

08667 Advaniageously, the nvenitve polishing method exhibits fmpraved chucking
mark performance when used (o polish the edges of silicon wafers, whersin the edges of the
stlicon wafers consist essentially of silicon or consist essentially of silicon and silicon oxide.
I edge pohishing, the silicon wafers ave typieally beld in place using 8 vacuus chock
attached 1o the back side of the waler. The vacuum oflen draws polishing compositions onte
the back of the wafer during polishing, where it can drv. The dried residue (s reforred 1o as a
chucking mark. If the residue resulling from drying of the polishing compositions is not
easily removed, the wafers then require additional cleaning steps after polishing, thereby
adding to the cost of manufacture, Desirably, the inventive method results in chucking marks
which are dry white residues and easily removed during farther processing of the wafers.
|8061 1 Advantagecusly, the irventive method further provides tmproved remaoval rates
when used to polish wafers edges consisting essentially of silicon, thereby hmproving
production throeghput of the wafers. In addition, when used io polish wafers consisting
essenttally of siicon and silicon oxide, the inventive method exhibits improved removal rales
for sthicon oxide relative to silicon, thereby resulting in even polishing of the wafer edges.
0662]  The following examples further ithustrate the invention buoi, of course, should not

be construed as in any way Hmiting its scope.

EXAMPLE 1
{08637 This example demonstrates the effect of an oreanic carbaxviic scid, an
aminophosphonic acid, and a tetraalkylammonium sali on the removal rate and surface
ronghness observed for silicon subsiraies achievable by the polishing composition of the
inventon.
{0641 Seven similar subsirates, which subsirates comprised 102 cm {4 inch) diameter
cirenlar siticon wafers, were polished with seven different polishing compositions (Polishing
Compositions 1A-1G). Al of the polishing compositions contained T wt.% silica
wel-process sihea {Polishing Compositions 1A, 1B, 11, and 1¥) or fumed siticy (Polishing
Composittons 10, 1E, and 1G), 027 wi.b tetramethylammonium bydroxide, and 0.05 wi%

potassiurn bicarbopate in water st a pH of 105, Polishing Composition 1A {comparative)
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Rurther contained (.017 wi.% ethylenediaminetetraacetic acid and ©.067 wib piperazine.
Polishing Compositions 1B-1G further contained 0.033 wi.%
diethylenciniamunepentaimethyiene phosphonic acidy and an organic carboxyhic acid, which
was either 0,08 wi.% malonic acid (Polishing Compositions 18 and 1C), 0.067 wi.% lactic
actd {Polishing Compositions 1D and 1E), or 0107 wt.% malic acid (Pelishing Compositions
iF and 1G).

{00657 Following polistang, the removal rates for silicon and the magnitude of the change
1 nanetopography, AR, were determingd for each of the polishing sompositions, The

resuiis are sumenarized m Table 1.

Table 1
Polishing Composition Silicen Removal Rate (A/min) | AR/ (o)
1A {comparative} G5{K} £
1B {invention) S &
1C {imvention) SZ0 0.1
10 Gnvention) S50 6.4
TE (nvenion) RINCE .4
1¥ Gipvention) 8700 632
1G Ginvention) 406 &

[0866] Ag is gpparent from the results set forth in Table 1, the inventive polishing
compositions exhibied silicon removal rates that were approximately 79% to 88% of the
remeval rate exhibited by the comparative polishing composition, vet the inventive polishing
compositions exhibited a change in surface roughness caused by polishing that ranged from a
decrease i surface rouglmess of approximalety 0.2 nm (Polishing Composition 1F) (o an
increase . surface ropebmess of approximaiely 0.4 nm (Polishing Compositions 1D and 1E),
while the comparative polishing camposition exhibited an increase in surface roughness of

approximately 6 nm.

EXAMPLE 2
0867 This exmmple demonsteates the effect of an orpanic carboxylic acid, 2
polyantinorarboxylic acid, and & tetrealkviammoniom salf on the removal rate and surface
reiighiness observed for silicon substrates achievable by the polishing composition of the

Invention,
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[a8] Three simifar substrates, which substrates comprised 102 om (4 inch) diameter
circular sihicon wafers, were polished with thvee different polishing compositious (Polishing
Compositions 2A-2C1 Polishing Composttion 24 (comparative) comained 1 wi %
wel-process sthicg, 86167 wi.% ethyvlensdiaminsieimaceiic acid, Q067 wi.B piperazine, .27
wi.% fetramethviammonium hydroxide, and 0.08 wt.% potassium bicarbonate, Polishing
Composition 2B {invention) contamed 0.85 wi % wet-process silica, .02 wi.%
ethyvienedlanmineletraaceiic acid, 8.083 wi % oxalic acid, 0.2 wi.% tetramethylammonhum
hydresade, and 0.1 wi% potassium bicarbonate. Polishing Compesition 2C (invention)
sontained 0.53 wi% wel~process sihica, 0.0167 wi% eibylenediammetetraacatic acid, 0.007
wi % oxalic acid, 0.067 wile tetramethylommomuny hydroxide, and .05 1% potasstam
bicarbonate.

[0669) Foliowing polishing, the removal rates for stlicon and the magnitude of the change
in nanotopography, AR/d, were determined for each of the polishing compesitions. The

resilts are summarized in Tabie 2.

Table 2
Polishisg Composition Silicon Remeval Rate (A/min) AR {nm)
24 G700 4
2B 3900 -
20 3560 -

[68707  As is appayent Jrom the resulis set forth in Table 2, the inventive polishing
compositions exlitbited silicon removal rates thal were approximately 82% w0 88% of the
removal rate exlubited by the comparative polishing composition, vet the inventive polishing
compositions exhibited a decresse in surfpce rovighness caused by polishing of approximately
4 pm and 7 om, as compared to an increase in surface roughness caused by polishing with

the comparative polishing compaosition of approximately 4 nm.

EXAMPLE 3
HIB 711 This example demonstrates the effect of an organic carboxylic agid, a
potyaminocarboxvlic acid, an mmine, and a eitaslkviammeniwm sali on the removal rate and
surface roughness observed oy siticon substraies achievable by the polishing composition of

the invention,
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{072 Two similar substrates, which substrates comprised 102 cm (4 inch) diameter
cireular silicon wafers, were polished with two different polishing compostiions (Polishing
Compositions 34 and 3B). Polishing Compositions 3A and 3B contained 1 wi%
wet-process silics, 0.0167 wi % ethvlenedipmingietrracetio seid, 0.067 wi% piperazine, 0.27
wi.% letramethviammonium hydroxide, and 0,03 wi.% potassivm moarbonate, Polishing
Composition 38 {invention) futher contained 0.033 wi.% benuthic acid,

{673 Following polishing, the vemovat rates for silicon and the magnitude ol the change
in napotopography, AR/, were determined for each of the polishing compositions, The

resulis are sumananized iy Table 2.

Table 3

Polishing Composition Siticon Removal Rate (A/miny | AR,/d (nm)
IA 6254 é
3B 2550 «{y

[0874]  Asis apparent from the resalts set forth in Table 3, the inventive polishing
composition exhibited & silicon removal rate that was approximately 42% of the removal rate
pxhibited by the comparative polinhing composition, vl the lnventive polishing composition
exhibited a decrease in surface roughness caused by polishing of approximately 6 nm as
compared o an incregse in surface roughness caused by polishimg with the comparative

polishing compuosition of approximately 6 mn.

EXAMPLE 4
75 Thus example demonstrates the effect of a diol compound, 8 polyasyinocarboxylic
acid, an smine, and a tetraatkylammonivan salt on the removal rate and surface ronghness
observad for silicon substrates achievable by the polishing composition of the invention.
(8876} Twe simitar sebsivates, which subsirates comprized 102 cm {4 inch) diameter
cirendar silicon wafers, were polished with two different polishing compositions (Pohishing
Compositions 44 and 4B). Polishing Compositions 44 and 48 contained 1 wi.%
wet-process silica, (L0167 wi.% ethylenediaminetetraacetic neid, 0.067 wi% piperazine, 0.27
wi b tetrametivdemmoniom hydroxide, and 0.05 wi% potassiums bicarbonate. Polishing
Composttion 3B {nvention} further contwned 4.033 wi.% 2 4-pentanediol (1.e., a diol

compound},



WO 2011/130072 - PCT/US2011/031354

et

{oaTT Following polishing, the removal rates for silicon and the mapnitude of the change
in nanotopography, AR/, were determined for cach of the polishing compositions, The

resuts are summarized n Table 4,

Table ¢ _
Polishing Composition Sihicon Removal Rate (Admin) ¢ AR/ (nm) l
44 {eomparative) F334 (1.5 i
48 {inveniion) 4375 -5 :

FOR78]  Asis apparent from the resulis set forth in Table 4, the inventive polishing
composition exiithited a silicon removal rate that was approximately 82% of the removal rate
exhibited by the comparative polishing composition, vet the taventive polishing composition
exhibited a decrease iy surfuce roughness caused by polishing of approximately § om as

compared to a decrease in surface roughness cawsed by polishing with the comparative

potishing composition of approximately ~0.5 nm.

EXAMPLE S
08797 This example demonstrates the chucking mark performance of an embodiment of
the invention,
0880  Two separate substrates, which subsirates comprised sheets of pohyvinyt chloride
{PVCT) were nisted with two differens polishing compositions (Polishing Compositions 34
and 5B}, Pelishing Composition 3A {comparative) coptained 0.04 wi.% of an
ammophosphonic acid, (1.2 wt.% of tetramethylanimonium hvdroxide, 0.1 wit % of polassium
bicarbonme, G044 wi.% of oxalic acid, and G885 wt % of & welprocess sthica. Polishing
Composition 5B {invention} contained 0.02 wi % of an aminophosphonic acid, 0.33 wt.% of
teiramethyvlammonnam hydroxide, 0.7 wi.% of potassiom bicarbonate, 0.04 wi % of
potassiam hydroxide, (.022 wi % of lactic acid, and G.67 wi.® of a wet-process silica.
106817 After misting, the compositions were ahiowed 0 dry. Polishing Composition SA,

lefi a gelied residue. Polishing Composition 3B lefl a dry, whiie residue.

EXAMPLE &
foe82] This example demonsivates silicon removal rates achisvable by the inventive
pohishing composiiion,
FB83T  Two separate siticon substrates were polished with (wo different polishing

compuositions {Polishing Compositions 64 and 685 Polishing Compositions 6A and 6B
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comzined contamed .02 wi.% of an aminophosphonic acid, 013 wi¥h of
tetramethylammonivm hydroxide, 8.7 wi % of potassium bicarbonaie, (1.04 w8 of
potassitm hydroxide, and (.022 wit.% of lactic acid. Polishing Composition 6A. further
contained 1.0 wi% of a wet-process sitice, namely, Naleo DVSTS006. Polishing
Corposition 68 further contatped 10.0 wi.% of a different wet-process silica, namely, Naleo
TX1i805.

(06841 Following polishing, the vemoval rates for sthcon were deternuned in my of
sificon removed per minuie of polishing. Polishing Composition 6A exhibitad g silicon
remnoval rate of 13,5 g Simin, Polishing Composition 68 exhibiied a sibcon removal rate

of 14.2 mg Sifmin,

EXAMPLET
LY This example demonstrates silicon removal rates achievgble by the nventive
potishing composition.
[1086]  Two separate silicon substrates wers polished with two different polishing
compositions (Polishing Compositions TA and 7TB), Polishing Compesition 7A contained
0.004 wil% of an aminophosphonic acid, 0.027 wi.% letramethylammonivm hydroxide,
0.007 wi% potasstum bicarbonate, (.08 wi % potassivm hydroxide, £.013 wi% lactic acid,
and 1.2 wi% fumed silica. Polishing Composition 78 contained 0.004 w1.% of an
aminophosphonic acid, 0.053 wib tetmmeihy‘mmmaniu::ia hydroxide, 0.013 wi% potassium
bicarbonate, 0.08 wi% potassinm hydroxide, 0.027 wi.% lactic acid, and 1.2 wif humed
silica,
{0687}  Following polishing, the remova! rates for silicon were determined in mg of
sthicon removed per mimute of polishing. Polishing Composition 7A exhibited a silicon

s

removal rate of 11.2 me Stfmin. Polishing Compostiton

-
/

B exhibited o sificon removal tale

of 11.8 mg Stimin.

EXAMPLE &
06881 This example demonsirates silicon oxide removal rates achievable by the
wmventive polishing composition.
0889 Two separate siticon oxide substrates were polished with two differem polishing
compositions (Polishing Compositions 84 and 883, The silicon oxide was derived from

tetraethyviorthosilicats. Polishing Conposition 8A contained 8.013 wi% of an



WO 2011/130072 PCT/US2011/631354

fav
L

aminophosphenic acid, 0.1 wt.% tetramethyviammonium hydroxide, 0.025 wt % potassium
bicarbonate, 8.3 wi.% potassium hydroxide, 0.05 wi.% lactic acid, and 4.4 wi % Runed silica
Polishing Composition 8B contained G015 wi.% of an aminophosphonic acid, 0.2 wt.%
tetramethylamimonivn hydroxide, 0,05 wi % potassium bicarbonate, 0.3 wi % potassium
hvdroxide, 0.1 wi% factic acid, and 4.3 wi9% fumed sifica.

16096]  Following polishing, the ramoval rates for silicon oxide were determined i mg of
silicon removed per minwe of polishing. Polishing Composition 8A exbibited a stlicon oxide
removal rate of 2.7 mg Si¥min. Polishing Compostticn 88 exhibiied a sticon axide
rerpoval raie of 4.9 mg SIOMmin

891} Preferred embodiments of this invention are described herein, inchuding the best
mode known (o the mreeptors for carrying out the invention. Variatons of those preferred
entbodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The wwventors expect skilled artisans o employ such variations ag
appropriate, and the mventors intend for the fmvention o be practicad otherwise than as
specificatly described herzin, Accordingly, this invention includes all modifications and
equivalents of the subject matter recited &1 the claims appended hereto as permitted by
apphicable law. Moreover, any combination of the above-described elements in all possible
variaitons thereol 1s encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIMS

i. A method for polishing an edge of a silicon wafer, wherein the edge consists

essentially of silicon, which method comprises:

(i) contacting a substrate with a polishing pad and a chemical-mechanical
polishing composition consisting essentially of:
(a) about 0.5 wt. % to about 20 wt. % of wet-process silica,
(b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid,
(c) about 0.0005 wt. % to about 2 wt. % of an aminophosphonic acid,
(d) about 0.01 wt. % to about 5 wt. % of a tetraalkylammonium salt,
wherein the tetraalkylammonium salt comprises a anion selected from the
group consisting of hydroxide, chloride, bromide, sulfate, and
hydrogensulfate,
(e) potassium hydroxide,
(f) optionally a bicarbonate salt, and
(g) water,
wherein the polishing composition has a pH of about 8 to about 11,

(ity  moving the polishing pad relative to the edge of the silicon wafer with the
chemical-mechanical polishing composition therebetween, and

(i11)  abrading at least a portion of the edge to polish the edge of the silicon
waler.

2. The method of claim 1, wherein the organic carboxylic acid is present in the

polishing composition in an amount of from about 0.02 wt. % to about 5 wt. %, the

aminophosphonic acid is present in the polishing composition in an amount of from about 0.02

wt. % to about 2 wt. %, and the tetraalkylammonium salt is present in the polishing composition

in an amount of from about 0.1 wi. % to about 5 wi. %.

3. The method of claim 2, wherein the wet-process silica is present in the polishing

composition in an amount of from about 5 wt. % to about 20 wt. %.

4. The method of claim 3, wherein the wet-process silica is present in the polishing

composition in an amount of from about 10 wt. % to about 15 wt. %.
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5. The method of claim 2, wherein the wet-process silica has an average particle size
of about 4 nm to about 180 nm.

6. The method of claim 5, wherein the wet-process silica has an average particle size
of about 20 nm to about 50 nm.

7. The method of claim 2, wherein the organic carboxylic acid is present in the
polishing composition in an amount of from about 0.1 wt. % to about 2 wt. %.

8. The method of claim 7, wherein the organic carboxylic acid is a
hydroxycarboxylic acid.

9. The method of claim &, wherein the organic carboxylic acid is selected from the
group consisting of lactic acid, oxalic acid, 2-hydroxybutyric acid, benzilic acid, and
combinations thereof.

10.  The method of claim 2, wherein the aminophosphonic acid is present in the
polishing composition in an amount of from about 0.1 wt. % to about 1 wt. %.

Il.  The method of claim 10, wherein the aminophosphonic acid is selected from the
group consisting of ethylenediaminetetra(methylene phosphonic acid), amino trimethylene
phosphonic acid), diethylenetriaminepenta(methylene phosphonic acid), and combinations
thereof.

12. The method of claim 11, wherein the aminophosphonic acid is amino
trimethylene phosphonic acid).

13. The method of claim 2, wherein the polishing composition contains a bicarbonate

salt, and the bicarbonate salt is potassium bicarbonate.

14. The method of claim 2, wherein the polishing composition has a pH of about 8 to
about 10.
15.  The method of claim 1, wherein the polishing composition consists essentially of:

(a) about 0.5 wt. % to about 20 wt. % of wet-process silica,

(b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid selected
from the group consisting of lactic acid, oxalic acid, 2-hydroxybutyric
acid, benzilic acid, and combinations thereof,

(c) about 0.0005 wt. % to about 2 wt. % of an aminophosphonic acid selected
from the group consisting of ethylenediaminetetra(methylene phosphonic

acid), amino trimethylene phosphonic acid),
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diethylenetriaminepenta(methylene phosphonic acid), and combinations
thereof,
(d) about 0.01 wt. % to about 5 wt. % of a tetraalkylammonium hydroxide,
(e) about 0.05 wt. % to about 2 wt. % of potassium hydroxide,
(f) about 0,05 wt. % to about 5 wi. % of potassium bicarbonate, and
(g) water.

16. A method for polishing an edge of a wafer, wherein the edge has a surface
consisting essentially of silicon and silicon oxide, which method comprises:

(1) contacting a substrate with a polishing pad and a chemical-mechanical
polishing composition consisting essentially of:
(a) about 0.5 wt. % to about 20 wt % of silica,
(b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid,
(c) about 0.0005 wt. % to about 1 wt. % of an aminophosphonic acid,
(d) about 0.01 wt. % to about 5 wt. % of a tefraalkylammonium salt,
(e) optionally a bicarbonate salt,
(H optionally potassium hydroxide, and
(g) water, wherein the polishing composition has a pH of about 7 to

about 11,

(i)  moving the polishing pad relative to the edge of the water with the
chemical-mechanical polishing composition therebetween, and

(1it)  abrading at least a portion of the edge to polish the edge of the wafer.

7. The method of claim 16, wherein the organic carboxylic acid is present in the
polishing composition in an amount of from about 0.02 wt. % to about 5 wt. %, the
aminophosphonic acid is present in the polishing composition in an amount of from about 0.02
wt. % to about 2 wt. %, and the tetraalkylammonium salt is present in the polishing composition
in an amount of from about 0.1 wt. % to about 5 wt. %.

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

19. The method of claim 17, wherein the silica is present in the polishing
composition in an amount of from about 5 wt. % to about 20 wt. %.

20.  The method of claim 19, wherein the silica is present in the polishing composition

i an amount of from about 10 wt % to about 15 wt. %.
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21.  The method of claim 17, wherein the silica has an average particle size of about 4
nm to about 180 nm.

22, The method of claim 21, wherein the silica has an average particle size of about
20 nm to about 50 nm.

23. The method of claim 17, wherein the organic carboxylic acid is present in the
polishing composition in an amount of from about 0.1 wt. % to about 2 wt. %.

24, The method of claim 23, wherein the organic carboxylic acid is a
hydroxycarboxylic acid.

25, The method of claim 24, wherein the organic carboxylic acid is selected from the
group consisting of lactic acid, oxalic acid, 2-hydroxybutyric acid, benzilic acid, and
combinations thereof.

26.  The method of claim 17, wherein the aminophosphonic acid is present in the
polishing composition in an amount of from about 0.1 wt. % to about T wt. %.

27.  The method of claim 26, wherein the aminophosphonic acid is selected from the
group consisting of ethylenediaminetetra(methylene phosphonic acid), amino tri{methylene
phosphonic acid), diethylenetriaminepenta(methylene phosphonic acid), and combinations
thereof.

28.  The method of claim 27, wherein the aminophosphonic acid is amino
tri{methylene phosphonic acid).

29. The method of claim 17, wherein the polishing composition contains a
bicarbonate salt, and the bicarbonate salt is potassium bicarbonate.

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

31.  The method of claim 17, wherein the polishing composition has a pH of about 8
to about 10,

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

(a) about 0.5 wt. % to about 20 wt. % of wet-process silica,
(b) about 0.01 wt. % to about 5 wt. % of an organic carboxylic acid selected
from the group consisting of lactic acid, oxalic acid, 2-hydroxybutyric

acid, benzilic acid, and combinations thereof,
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about 0.0005 wt. % to about 2 wt. % of an aminophosphonic acid selected
from the group consisting of ethylenediaminetetra(methylene phosphonic
acid), amino trimethylene phosphonic acid},
diethylenetriaminepenta(methylene phosphonic acid), and combinations
thercof,

about 0.01 wt. % to about 5 wt. % of a tetraalkylammonium hydroxide,
about (.05 wt. % to about 2 wt. % of potassium hydroxide,

about 0.05 wt. % to about 5 wt. % of potassium bicarbonate, and

water.



