STRUCTURED ABRASI VE ARTI CLE, METHOD OF MAKI NG THE SAME, AND USE | N WAFER
PLANARI ZATI ON TECHNI CAL FI ELD The present disclosure broadly relates to
abr asi ve wotbolese3net hods of their manufacture, and thecr/uss@vionismf er

pl anari zati on. BACKGROUND Abrasive articles are frequently used in

m crofini shing applications such as sem conduct or wafer polishing,

m cr oel ect ronechani cal (MEMS) device fabrication, finishing of substrates
for hard disk drives, polishing of optical fibers and connectors, and the
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waf ers typically undergo numerous processing s n ng deposition of
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processing step, it nay be necessary or desirable to nodify or refine an
exposed surface of the wafer to prepare it for subsequent fabrication or
manuf act uring steps. The surfacerp@dhi¢&atdieppProcess is often used to

nodi fy deposited conductors (for exanple, netals, sem conductors, and/or
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used to create a pl r. out.er exposed surface on a wafer having an exposed
area of d" ﬁﬁ%?ﬁy@qﬁﬁf8¥?BPW§9%§?¥¥%%T¥Tc material, or a conbination. One

nmet hod of nodifying or refining exposed surfaces of structured wafers
treats a wafer surface with a fixed abrasive article. In use, the fixed
abrasive article is typically conBaéikdR@UiNPa seni conductor wafer surface,
of t in the presence of a working fluyi.d, .wth a notion.adapted to nodify a
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typically undergo numerous processing steps including deposition of metal and dielectric

15 layers, patterning of the layers, and etching. In each processing step, it may be necessary
or desirable to modify or refine an exposed surface of the wafer to prepare it for
subsequent fabrication or manufacturing steps. The surface modification process is often
used to modify deposited conductors (for example, metals, semiconductors, and/or
dielectric materials). The surface modification process is also typically used to create a

20 planar outer exposed surface on a wafer having an exposed area of a conductive material,
a diclectric material, or a combination.

One method of modifying or refining exposed surfaces of structured wafers treats a
wafer surface with a fixed abrasive article. In use, the fixed abrasive article is typically
contacted with a semiconductor wafer surface, often in the presence of a working fluid,

25 with a motion adapted to modify a layer of material on the wafer and provide a planar,
uniform wafer surface. The working fluid may be applied to the surface of the wafer to
chemically modify or otherwise facilitate the removal of material from the surface of the
wafer under the action of the abrasive article.

Fixed abrasive articles generally have an abrasive layer of abrasive particles

30 bonded together by a binder and secured to a backing. In one type of fixed abrasive
article, the abrasive layer is composed of discrete raised structural elements (for example,

posts, ridges, pyramids, or truncated pyramids) termed shaped abrasive composites. This



bonded together by a binder and secured to a backing. In one type of fixed
abrasive article, the abrasive layer is conposed of discrete raised
struct ur avoebsenios (for exanple, posts, ridges, pyranm @€T/useomns218%t ed
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aspect, the pre sure provides a structured abrasive I Cle
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di sposed on the at | east translucent film backing and c risi
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CoOMposi t eprEARRIHIEE iR WRhRRE Bdagl.€s di spersed in a binder, wherein the
abrasive particles consist essentially of ceria particles having an average

primary particle size of |less than 100 nanoneters, wherein the binder

conHEises a polyether acid and a rg&@%%@g Qroduct of conponents conpri sing
a carboxylic (neth)acrylate and a poty ne?h)acrylate, and wherein, based on

a total wei ghtin@he bfiRcalicastseat disy6sure pRoeiRbEIGLMErddAbtdsBlc@Bticdé € present in
an amount of at |east 70 percent by weight. Typically, the average particle
size (on @MpHSEEe basis), as neasured by |light scattering techniques, is

al so | ess thaQ?%Q?ﬁ@ﬂgﬁﬁﬁﬁgﬁ§ﬂ?hﬁc§ﬁél an embodi nents, if viewed

per pendi cul ar rasive layer, “the structured abrasive article has an
optical transnnsbraiveilaya dispoeldemghd atlamgy eandludenofiind Backing GRICCongnsimgtaer s
(f °fs eXanl;qlllrglityfso?’f%hgpaeg%gl‘?ats%resé)om%fosi?ets, \l)vﬁgrgitn tﬁé s5ha%gcr1 gﬁggibe composites comprise
abrasive particles dispersed in a binder, wherein the abrasive particles consist essentially
of ceria particles having an average primary particle size of less than 100 nanometers,
wherein the binder comprises a polyether acid and a reaction product of components
comprising a carboxylic (meth)acrylate and a poly(meth)acrylate, and wherein, based on a
20 total weight of the abrasive layer, the abrasive particles are present in an amount of at least
70 percent by weight. Typically, the average particle size (on a volume basis), as
measured by light scattering techniques, is also less than 100 nanometers.
In certain embodiments, if viewed perpendicular to the abrasive layer, the
structured abrasive article has an optical transmission in a wavelength range of from 633
25 to 660 nanometers (for example, 633 nanometers) of at least 3.5 percent.

In certain embodiments, the shaped abrasive composites consist essentially of posts

lengthwise oriented perpendicular to the at least translucent film backing.



In certain enbodi nents, the shaped abrasive conposites consist essentially
of posts lengthwi se oriented perpendicular to the at |east translucent film
backi ng. Iwoanmtdrsto3aspect, the present disclosure provi @es/is2omtobnds of

maki ng a structured abrasive article, the nethod conprising: conbining
ceria particles, a polyether acid, a carboxylic (neth)acrylate, and sol vent
to forma dispersion, wherein the ceria particles have an average primary
particle size lpfnpthgisasppinthe poesprtribieiasaresprovideti micigdoh malingrettaicaredyi t h
conponent [ Sl Loy h)acrylate to forma binder precursor;

form ng f%f%%%r{é(fqé’?ﬁee%g?lg)gecrgg‘%%lg%lgrsor on an at least translucent film
backi ng; cont aohibigng beidypartdes, prpetittrencidd 4 burboxio dmeth)anylhepindravi ng a
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sepag at i NG, L1186 RRLAS100G1aheMEfers FOM t he production tool to provide the
structuregzeabr%si ve arﬁac?ﬁel', e%VI\SA’ﬂerei n based on a total weight of the

abr asi ve | ayercontbieng érei dasppasidn witk sompengntseentrising aapolpimutintcryfatato | east 70
per cent gfg wei g‘g#e In certain enbodi nents, the carboxylic (nmeth)acrylate
conpri sesCHBELPUHBEGWENY acrylate. In certain enbodi ments, the conponents

further conprifganidg@RARE BBIHR)ASIY bAlcBrsof Hn &h184s trEAPRLhIBIM Backid}e
conponents further conprise a freeradi cal (g‘zot oinitiator, and curing the

bi nder pr ecur sontacgngidleibendsd pregurservah 2 prodsigtiomipol haviegr phiraliteabodi nment s,
t he (;orrponeeqtei‘é_fltljart herVi onprise a free-radical thermal initiator. In
cer{ai n dF°tiosd é’ﬁ%%l nts, the nethod of making a structured abrasive

article furthejuria@mfiybis@s pidtarddatd forinQtabadiviengyet dRpadRtagitheatlager . 1 n
anot her aspect, the present disclosure provides a nethod of conditioning an

oxi de surtfagslicgtt flamkarieng: the met hod conprising: providing a structured
abrasive arti Csleﬁargt%g)trh'e Abfive layer from the production tool to provide the structured

abrasive article, wherein based on a total weight of the abrasive layer, the ceria particles
15 are present in an amount of at least 70 percent by weight.
In certain embodiments, the carboxylic (meth)acrylate comprises beta-
carboxyethyl acrylate. In certain embodiments, the components further comprise a
mono(meth)acrylate. In certain embodiments, the components further comprise a free-
radical photoinitiator, and curing the binder precursor is achieved by radiation curing. In
20 certain embodiments, the components further comprise a free-radical thermal initiator. In
certain of those embodiments, the method of making a structured abrasive article further
comprises thermally post-curing the abrasive layer.
In another aspect, the present disclosure provides a method of conditioning an
oxide surface of a wafer, the method comprising:
25 providing a structured abrasive article comprising:
an at least translucent film backing; and
an abrasive layer disposed on the at least translucent film backing and
comprising a plurality of shaped abrasive composites, wherein the shaped
abrasive composites comprise abrasive particles dispersed in a binder,
30 wherein the abrasive particles consist essentially of ceria particles having
an average primary particle size of less than 100 nanometers, wherein the

binder comprises a polyether acid and a reaction product of components



an at |east translucent film backing; and an abrasive |ayer disposed on the
at least translucent film backing and conprising a plurality of shaped

abr asi ve worgpogizs@3, wherein the shaped abrasi ve conposiPCeaISc@psiise
abrasive particles dispersed in a binder, wherein the abrasive particles
consi st essentially of ceria particles having an average primary particle
size of less than 100 nanoneters, wherein the binder conprises a polyether
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Pprocess .
In certain embodiments, the visible light beam comprises a laser beam.

15 Addition of ceria to slurries used in manufacture of prior structured abrasive
articles is generally limited due to pronounced increase in shear viscosity of the slurry
with increasing ceria content. In addition, it is typically necessary to include a surfactant
in such slurries in order in disperse the ceria. Such surfactants can be detrimental to
performance of the structured abrasive article in chemical mechanical planarization (that

20 is, CMP) processes.

Advantageously, structured abrasive articles made according to methods of the
present disclosure typically exhibit low shear increase in viscosity, thereby permitting the
incorporation of high levels of ceria. Moreover, surfactant is typically not required to
achieve a good quality ceria dispersion. Further, by contacting the ceria with a carboxylic

25 acrylate prior to incorporation into the coating slurry, Applicants have discovered that
problems encountered with shortened pot-life (for example, premature initiation of
polymerization of the poly(meth)acrylate by the ceria mineral) of some prior art
formulations is substantially or completely alleviated.

Still more advantageously, structured abrasive articles according to the present

30 disclosure can be fabricated with sufficient optical transmittance and clarity across the
entire surface of the structured abrasive article that it is possible to use optical endpoint

detection (for example, laser interferometry endpoint detection) during wafer planarization
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the term "poly(meth)acrylate” means a compound having at least two

15 (meth)acrylate groups;
the term "transparent” means capable of transmitting visible light so that objects or

images can be seen substantially as if there were no intervening material; and

the terms "cerium oxide" and "ceria" refer to Ce(IV)O»;

20 BRIEF DESCRIPTION OF THE DRAWING
Fig. 1 is a perspective view of an exemplary structured abrasive article according
to one embodiment according to the present disclosure;
Fig. 2 is a schematic side view of an exemplary method of conditioning a surface
of a wafer according to the present disclosure;
25 Figs. 3-5 show silicon wafer polishing performance of exemplary structured
abrasives according to the present disclosure; and
Figs. 6-8 are photographs showing various structured abrasive articles in contact

with a piece of paper having lettering thercon.

30 DETAILED DESCRIPTION
Referring now to Fig. 1, structured abrasive article 100 comprises at least

translucent film backing 110. Abrasive layer 120 is disposed on at least translucent film
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pol yest erpoffiniide, polyamide, polypropylene, polyethylene, cellulosic polymers, and blends and
15 combinations thereof.
The thickness of the at least translucent film backing generally is typically in a
range of from about 20 to about 1000 micrometers, more typically, from about 50
micrometers to about 500 micrometers, and more typically from about 60 micrometers to
about 200 micrometers. At least one surface of the backing may be coated with the
20 abrasive layer. In general, the backing is of substantially uniform in thickness. If the
backing is not sufficiently uniform in thickness, greater variability in wafer polishing
uniformity may occur during wafer planarization.
The abrasive layer comprises a plurality of shaped abrasive composites. As used
herein, the term "shaped abrasive composite" refers to one of a plurality of shaped bodies
25 comprising abrasive particles dispersed in a binder, the shaped bodies collectively
providing a textured, three-dimensional abrasive layer. In some embodiments, the shaped
abrasive composites are "precisely-shaped”. The term "precisely-shaped abrasive
composite" refers to an abrasive composite having a molded shape that is substantially the
inverse of a mold cavity used to make it. Typically, precisely-shaped abrasive composites
30 are substantially free of abrasive particles protruding beyond the exposed surface of the

abrasive composite before the structured abrasive article has been used.
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100 nanongt 6670, $0®PH5 AsEometers, or more.

The ceria particles can be supplied, for example, in the form of a powder,
dispersion, or sol; typically, as a dispersion or sol. Methods and sources for obtaining
ceria sols having an average particle size less than 100 nanometers are well known in the

20 art. Ceria dispersions and sols suitable for use in the present disclosure include, for
example, ceria sols and dispersions commercially available for suppliers such as Evonik
Degussa Corp. of Parsippany, NJ; Rhodia, Inc. of Cranberry, NJ; and Umicore SA,
Brussels, Belgium.

The abrasive particles may be homogeneously or heterogeneously dispersed in the

25 polymeric binder. The term "dispersed" refers to the abrasive particles being distributed
throughout the polymeric binder. Dispersing the ceria particles substantially
homogeneously in the binder typically increases performance of the structured abrasive
article. Accordingly, it is typically useful to treat the ceria particles with a carboxylic
(meth)acrylates to facilitate their dispersibility and/or reduce aggregation, and enhance

30 subsequent coupling to the binder. Exemplary carboxylic (meth)acrylates include

(meth)acrylic acid, monoalkyl esters of maleic acid, fumaric acid, monoalkyl esters of
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While the carboxylic (meth)acrylate typically serves to facilitate bonding of the
ceria particles to the binder, the polyether acid is included primarily to facilitate dispersion
stability of the ceria particles in the binder (or its precursor components) and/or solvent.

20 As used herein, the term refers to a compound having a polyether segment covalently to
an acidic group or salt thereof. Exemplary polyether segments include polyethylene glycol
segments, polyethylene glycol segments, and mixed poly(ethylene glycol/propylene
glycol) segments. Exemplary acidic groups include -COsH, -PO2H, -PO3H, -SO3H, and
salts thereof. In certain embodiments, the polyether acids have up to 12 carbon atoms,

25 inclusive, and are represented by the formula:
RI-(R2-0)-X-A
wherein: R1 represents H, an alkyl group having from 1 to 6 carbon atoms (for example,
methyl ethyl, or propyl), or an alkoxy group having from 1 to 6 carbon atoms (for

example, methoxy, ethoxyl, or propoxy); each R2 independently represents a divalent
30 alkylene group having from 1 to 6 carbon atoms (for example, ethylene, propylene, or

butylene); n represents a positive integer (for example, 1, 2, or 3; and X represents a
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ambient conditions. The binder precursor is typically exposed to conditions (typically an
energy source) that at least partially cure (that is, free-radical polymerization) the binder
precursor, thereby converting it into a binder capable of retaining the dispersed abrasive
particles. Exemplary energy sources include: e-beam, ultraviolet radiation, visible
20 radiation, infrared radiation, gamma radiation, heat, and combinations thereof.
Useful poly(meth)acrylates include monomers and/or oligomers that have at least
two (meth)acrylate groups; for example, tri(meth)acrylates, and tetra(methacrylates).
Exemplary poly(methacrylates) include: di(meth)acrylates such as, for example, 1,3-
butylene glycol di(meth)acrylate, 1,4-butanediol di(meth)acrylate, 1,6-hexanediol
25 di(meth)acrylate, 1,6-hexanediol mono(meth)acrylate mono(meth)acrylate, ethylene
glycol di(meth)acrylate, alkoxylated aliphatic di(meth)acrylate, alkoxylated
cyclohexanedimethanol di(meth)acrylate, alkoxylated hexanediol di(meth)acrylate,
alkoxylated neopentyl glycol di(meth)acrylate, caprolactone modified neopentyl glycol
hydroxypivalate di(meth)acrylate, caprolactone modified neopentyl glycol
30 hydroxypivalate di(meth)acrylate, cyclohexanedimethanol di(meth)acrylate, diethylene
glycol di(meth)acrylate, dipropylene glycol di(meth)acrylate, ethoxylated (10) bisphenol
A di(meth)acrylate, ethoxylated (3) bisphenol A di(meth)acrylate, ethoxylated (30)



butylene); n represents a positive integer (for exanple, 1, 2, or 3; and X
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penta(meth)acrylate, ethoxylated (4) pentaerythritol tetra(meth)acrylate, pentaerythritol

tetra(meth)acrylate, caprolactone modified dipentaerythritol hexa(meth)acrylate;
oligomeric (meth)acryl compounds such as, for example, polyester (meth)acrylates, epoxy

20 (meth)acrylates; and combinations thereof. Such compounds are widely available from
vendors such as, for example, Sartomer Co. of Exton, PA; UCB Chemicals Corporation of
Smyrna, GA; and Aldrich Chemical Company of Milwaukee, WI.

The binder precursor may comprise an effective amount of at least one

photoinitiator; for example, in an amount of from 0.1, 1, or 3 percent by weight, up to 5, 7,

25 or even 10 percent by weight, or more. Useful photoinitiators include those known as
useful for free-radically photocuring (meth)acrylates. Exemplary photoinitiators include
benzoin and its derivatives such as alpha-methylbenzoin; alpha-phenylbenzoin; alpha-
allylbenzoin; alpha-benzylbenzoin; benzoin ethers such as benzil dimethyl ketal (available
as IRGACURE 651 from Ciba Specialty Chemicals, Tarrytown, NY), benzoin methyl

30 ether, benzoin ethyl ether, benzoin n-butyl ether; acetophenone and its derivatives such as
2-hydroxy-2-methyl-1-phenyl-1-propanone (available as DAROCUR 1173 from Ciba
Specialty Chemicals) and 1-hydroxycyclohexyl phenyl ketone (available as IRGACURE
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and perbenzoic acid; potassium persulfate; and peresters such as, for example, diisopropyl
20 percarbonate.

In some embodiments, it may be desirable to include one or more
monoethylenically unsaturated free-radically polymerizable compounds in the binder
precursor; for example, to reduce viscosity and/or or reduce crosslink density in the
resultant binder. Exemplary monoethylenically unsaturated free-radically polymerizable

25 compounds include: mono(meth)acrylates include hexyl (meth)acrylate, 2-ethylhexyl
acrylate, isononyl (meth)acrylate, isobornyl (meth)acrylate, phenoxyethyl (meth)acrylate,
2-hydroxyethyl (meth)acrylate, dodecyl (meth)acrylate, methyl (meth)acrylate, ethyl
(meth)acrylate, n-propyl (meth)acrylate, n-butyl (meth)acrylate, n-octyl (meth)acrylate,
isobutyl (meth)acrylate, cyclohexyl (meth)acrylate, or octadecyl (meth)acrylate; N-vinyl

30 compounds such as, for example, N-vinylformamide, N-vinylpyrrolidinone, or N-

vinylcaprolactam; and combinations thereof.

11



Snyrna, GA; and Aldrich Chem cal Conpany of M I waukee, W. The binder
precursor may conprise an effective anount of at |east one photoinitiator;
for exanpwe,2oim2am3anount of from 0.1, 1, or 3 percent PZTWSREL052189 to 5,
7, or even 10 percent by weight, or nore. Useful photoinitiators include
t hose known as useful for free-radically photocuring (neth)acryl ates.
Exenpl ary photoinitiators include benzoin and its derivatives such as

al pha- net hyl beYistuied ghrpriee pheley pesordiog o thapptyert displaseregsn e made by

al pha- be i n; in: o i i
Chon ool EHLAERERRN paRARGLR IS R Rl AL B Bl lor )
benzoi R rmtihbfasigib _fpefti,c(ljdsei_mztbé: foret iyl shﬁ’fﬁéﬂ’ Lérglgdé (ijlit@ bdi‘mp}ebm’;‘l%f% &fvﬁt&l’s r1]n a I
aceto enon an Its rrvatives suc as -, IrOXYy-<-Ne - - en -
1-pr oBandﬁ%‘%{C&Q‘éitqoéﬁ}aéﬁ%‘ée %%WOPE ?@thﬁrdamﬁé Sélép%rfié?sé‘fq %ypntmélftﬁ%c %héy, and
1- hydro &q% i - fr liba
Spe%:/?al ?g/{ﬁééﬁdé%&?g%ﬂglmgp%ﬂg% Eyl -1 %?6({%2% %}k}% foﬁl?%c)tpheny - %ﬁcﬁl&l 1980
mor phol i ety prepuregraandiee fiadei fredvirer asat [|REGAQDREAD7credtn i€bac Spebipdd y
Chem cal Do ) ) } }
2-benzyl .S%ra(smerfemwﬁla%m the prodycsionfoaln Slte ey Ykehs Piodretinn iRbAkleast
avai |l abl REASYRE I gmjgn' i ! :nidn ; |
E)i s(2, 4, Est&ntgl?l |Cémet hyl benl;z)?%’%lIn}1 Sphos p%ﬁfgg%ﬂ%gﬁgﬁgﬁlg%@a%m?Rg)xéél%%g 19
from G bdushesiuahg yfoChxsmplal thermgy posdchsng)usaf b caphest @itnt thisstegestoifwigharde

o 2 e BB BB L AP e TR b P e

4265) . Thenbirhi@emdk&B P SREmRYshefsiibrse cadongbbieatrhmebafabdin, &r at | east
one thermal initiator; for exaqple, in an anount of from0.1, 1, or 3
percent byamgleght 5- B Yo 15221 70Piepgest ald- percent by weight, or nore.
For examil o, - JBvidBrERbALLERive Myl el REICHIET G HITPANARG BN 2
ZZZ bi s(i Eg_mbt’lfzeg%caioﬁ)is olz0ipicg(ldilp bljﬁgyﬂi. Efypiigallye)he shaped abrasive composites are

, 4' -azobi s-.(4-cyangpent anoj ¢ acid), .(2,2' - : .
azobi o( 2, MecHhEt PR %Séﬂgﬁf({ #hqve) (%ﬁ%abth@ ShapogaPEssES PRBATIEE s formedy pont
de NemourgcRi: He-bald ofthé @ﬂagea %Si%&m@%ﬁt@&fo@ ERantple th@Sord i of@¥@P! €,
benzoyl peroxide, cunyl peroxide, tert-butyl peroxide, cyclohexanone
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backing. The proximal portion of the shaped abrasive composite typically has the same or

larger a larger surface area than that portion of the shaped abrasive composite distal from

20 the base or backing. Precisely-shaped abrasive composites may be selected from among a
number of geometric solids such as a cubic, cylindrical, prismatic (for example, hexagonal
prisms), rectangular pyramidal, truncated pyramidal, conical, hemispherical, truncated
conical, cross, or post-like cross sections with a distal end. Composite pyramids may have
four sides, five sides or six sides. The shaped abrasive composites may also have a

25 mixture of different shapes. The shaped abrasive composites may be arranged in rows, in
concentric circles, in helices, or in lattice fashion, or may be randomly placed.

The sides forming the shaped abrasive composites may be perpendicular relative to
the backing, tilted relative to the backing or tapered with diminishing width toward the
distal end. However, if the sides are tapered, it may be easier to remove the shaped

30 abrasive composite from the cavities of a mold or production tool. The substantially
perpendicular angles are preferred because this results in a consistent nominal contact area

as the composite wears.
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et al). composite land may be formed from the same slurry used to form the shaped abrasive
composites. The composites are "adjacent” in the sense that no intervening composite
may be located on a direct imaginary line drawn between the centers of the composites.
At least portions of the shaped abrasive composites may be separated from one another so
20 as to provide the recessed areas between the raised portions of the composites.

The linear spacing of the shaped abrasive composites may range from about 1
shaped abrasive composite per linear cm to about 200 shaped abrasive composites per
linear cm. The linear spacing may be varied such that the concentration of composites
may be greater in one location than in another. For example, the concentration may be

25 greatest in the center of the abrasive article. The areal density of the composite may
range, in some embodiments, from about 1 to about 40,000 composites per square
centimeter. One or more areas of the backing may be exposed, that is, have no abrasive
coating contacting the at least translucent film backing.

The shaped abrasive composites are typically set out on a backing in a

30 predetermined pattern or set out on a backing at a predetermined location. For example, in
the abrasive article made by providing slurry between the backing and a production tool

having cavities therein, the predetermined pattern of the composites will correspond to the
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has t he -ar.g | ol t he
shaped aga?@? \(ecfaaljct:lglrerp%(gf ?’g‘!’%{lgﬁ fé‘f %&%ﬁg@ﬁ%{%gos&ép%g e%%gif%g{& r ecfyiO CIs}rel y-shaped
abr asi ve atanpaséritesy whigh beaysel reeine chat thercoaposiges aranmraegulaf arggosiel ks ¢ sol i ds
such as a cubjc, cylindrical, prismatic (for exanple, hexagonal prisms),
rect angulaéllgnifi/mfﬁ dadicolumnineralicgnaipe aHpcdpyYs geshsolamns. hlg HEEpePrCar, ot
truncate i ; : r@p@et-' ; | ' i end.
Corrpn%si tghgﬁaa%ﬂéévecncggﬁ%gl\% n{‘l ur %l%éégg ,aﬁér%\éiZanﬁgggP%%ckgilybﬁ (Ozlgésh.%é}dhe shaped
abr asi ve abmspegiotpssitay Tabsellhane raw wif xliapee abifasise témpesites shgheoffsdthe shaped
abr asi ve fcon?losit S rraé# ge ?r an].g,ed in rows, in concentric circles, in

hel i ces, B PASTORECPUE PREGT BRSSP ABPOBESr andom y pl aced. The si des

form ng the shapgskhabERBNRefOMRARAFASLIRW RBMPBSIRE Mgy Rf olitgh @t i ve to the
backing, tilted relative to the backing or tapered with dim nishing width

t owar d t Heandiosy'akrag od patkoneBe this itfmayhee rpaie shaathe coapesiees,ar¢ notrray re@ilarasi er
to jemove, |06 shapes AR AR XeiCOMMAZRES. MM NG CAYIAIRS flsBeml d or
producti on Y SO e sulbnsl?ar’?tq 5‘”)? p ?Y)encﬂ cit'a analseé3 r Brgferred
because tddhfokiesuhdyshd et utGfRShaiinenNds (estivdlin PO Rblic&icds WO Isiiy79pnposi t e
wear s. The hei ght of each shaped abrasive conposite is typicall

. y

subst ant i(&lorpmemet g gad WA©O5{22436 (eppmaaga gl t Jt wall Be vpdasyeed: beWerervar yi ng
hei ghts i Sl 8 I rii T I t he
Compos t A B PSSy EHY BE oFE Rk Thl Gt ik B Ah g o
conposi t esngeritrsainl tiic atrysibeartiekanishbnprabiatiimize DA doneseomes & the Idcatioexanpl e,
in a range of from.a&out 0 .mcroneters qt]}(g abqaut .200 mi croneters. The base
di mehsi orP!Re GYHNER iedueduchnned uadra nake tompstdia ¥liflsy be about 5, 000
m cronmeters Orpld@sta %}Ydﬂuﬁﬁ‘&r{ oL AP0 &E BORE B PwESs, hiiPRay BRT €
typically less th nrg O mcrometers. The base

made of an suitable material such as for example, metal (for example, in the case of rolls)

or polymer films (for example, in the cases of endless belts and webs).
Structured abrasive articles according to the present disclosure may be generally
20 circular in shape, for example, in the form of an abrasive disc. Outer edges of the abrasive
disc are typically smooth, or may be scalloped. The structured abrasive articles may also
be in the form of an oval or of any polygonal shape such as triangular, square, rectangular,
and the like. Alternatively, the abrasive articles may be in the form of a belt. The abrasive
articles may be provided in the form of a roll, typically referred to in the abrasive art as
25 abrasive tape rolls. In general, the abrasive tape rolls may be indexed or moved
continuously during the wafer planarization process. The abrasive article may be
perforated to provide openings through the abrasive coating and/or the backing to permit
the passage of the working fluid before, during and/or after use; although, in advantageous
embodiments the structured abrasive articles are substantially free of, or even completely
30 free of, such perforations.
The at least translucent film backing of the structured abrasive articles is typically

contacted with a subpad during use. In some cases, the structured abrasive article may be
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di rensi on of an individual shaped abrasive conposite is typically greater
t han about 50 m croneters, nore typically greater than about 100

m cr omet ewe.20fes@ase of the shaped abrasive conposit esPomyuSaimansnse

anot her, or nmay be separated from one another by sone specified distance.
Adj acent shaped conposites may share a conmon shaped abrasive conposite

| and or bridge-like structure which contacts and extends between facing

si dewal | seereq tethe swhnedi tThs abrpgine dayer (ay ppappliddo giffans swifase whgheat apight  of

no great £ .t i i - gl I: f each
adjacentq%%#%%%??gg%%ﬁgﬁéE@%%gagﬁgggﬂ§ge%%ﬁ1%§?Fggﬁ%%%k%g?qﬁga¥%$ﬁgd from

t he sane mtdhanigalifagchihg déacennidyebesdpphieditoathe apposincsunfaosof s at IEE@ f:orrposidt es
are "adjacent"” in the sense that no intervening conposite e | ocated on
a direct trmlgpﬁa@mrﬁaﬁ@nar g%tﬁ%gf‘e%‘%}e;@é@? %rﬁée%_h%grfgr BRTPife o Drp et NSS: At

| eas pord seigsOfndld 7 AARBINAD RIS E QRIS o TYicRURERSH Aol om one
another so as to provide the recessed areas between the raised portions of
t he conpdbe spad Hne ahy pldun pabichgt rofts,tsheuldhaped ledst asd proompdy sizes nay

range from gbo 1 shaped abrasive conposite per linear cmto about 200
Shaped. abP RGP VA GHBRE: CSSTRBMEF JeSDIEGH PR RiRFEAN SeBaLTIRYS AR B8 far | ed
such t hatfrdh @ AN @ KBmBfe, & AR hbesh 1RY A& fideabpdd.i n one | ocation
than in another. For exanple, the concentration nay be greatest in the

center of the Abratigoeushy, siredtercd Theasiar eticlapanetrdingdd thempessonpodpsuee may
es per

range, in_ s enbodi ments, . from about. 1 t out 40, 000 .¢cq i
Saufe ool BT L RIS o oh B TR e S8 IR B S e

i's, have vigh effcabistectionaahdtRglsGack a; fortgainpr, ked i@RSferdnicdys |IRbe eRdmple] m
backi ng. The shaped abrasi ve conposites are typicall¥ set out on_a backing
in a predBe griptyed abyasive priiclrmaphavgin opHcy tisasRisHgn &f atlepit ddedr Aidned

| ocat i on. r i j art| Vi di urry
bet neen TH ok ng Sha' D b0 BaRRl S et bor by wAPE K ri BB el

pr edet er ndoneshopdiriges thoodutpievavoirpghicf @daset.| Exaaplagdpendat cdetigikpaciuden of

the cavitjes on e ductjon tool. The pattern y b hus reproduci bl e
fromart igt%émﬂ @ué)’r}k p%.%_n '189)61%%7@,11“’( ﬁ%‘@ﬂ)&ééa’ 6g§ Pﬁ’sﬁ%éa%@rrposi tes may
forman atr@dn8hictor), 633 nm (HeNe), 628 nm (ruby), 612 nm (HeNe), 578 (Cu vapor), 568.2

nm (Kr-ion), 543 nm (HeNe), 532 nm (DPSS semiconductor), 530.9 nm (Kr-ion), 514.5

nm (Ar-ion), 511 nm (Cu vapor), 501.7 nm (Ar), 496.5 nm (Ar), 488.0 nm (Ar), 476.5 nm

(Ar), 457.9 nm (Ar), 442 nm (HeCd), or 428 nm (N» ™).

20 Structured abrasive articles according to the present disclosure may be used for
abrading and/or polishing wafers containing silicon (for example, silicon wafers, glass
wafers, etc.) including those having an oxide layer on an outer surface thereof. For
example, the structured abrasive articles may be useful in abrading and/or polishing a
dielectric material deposited on the wafer and/or the wafer itself. Variables that affect the

25 wafer polishing rate and characteristics include, for example, the selection of the
appropriate contact pressure between the wafer surface and abrasive article, type of
working fluid, relative speed and relative motion between the wafer surface and the
abrasive article, and the flow rate of the working fluid. These variables are
interdependent, and are typically selected based upon the individual wafer surface being

30 processed.

Structured abrasive articles according to the present disclosure may be conditioned,

for example, by abrading the surface using a pad conditioner (for example, with diamond
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arrangenment, by which may be nmeant that the conposites are in a regular
array such as aligned rows and columms, or alternating offset rows and

col ums. WO 2dsgi2s@d, one row of shaped abrasive conposi PE3/Usa§09062168 r ect | y
aligned in front of a second row of shaped abrasive conposites. Typically,
one row of shaped abrasive conposites nmay be offset froma second row of
shaped abrasi ve conposites. In another enbodi nent, the shaped abrasive
conposi t eBitygld ea gwtal :igrix)prigr tq FrdrnteEpitig)thy dupeg the pyafermanafationt nay be
meant th it - i : ums as
doscr i bodgtsageRERHERaptRerlph o Bad S Aine I AL mb B BEH R COT" ot
i n a manreckiag pthegcparbes GVMPRODOFIR) avgiddbil oftsm\Mbian AdrSnce( ideogmisnott al . )
and WO 95/224%?ﬁé§bopnan et al.). It will be understood, however, that this
"randoan§BW5?’ -be a predetermined pattern in that the |ocation of the

conposi tes on {Nenabl asl¥endE bAFbEn Mo I’B.Eé‘sg%‘{eg% lﬁ?r%"sﬂl t%n%girga%t&%g”ds to

the location of the cavities in the production t use
abr asi ve vaafti, thessenoomdpdétar fabprasnahdwiryteapdas thacthe geocesl widl, previdé ess bel t s,

and webs, d be made of .an itapl e terial h f or. exanpl e,
T s S AR I R e e e M
the c as e%a@t’icu@ﬂ%%ﬁze Qﬁidl@yvﬂﬂgzpi/&m }zary%egékﬁﬁﬁlg ﬁlsbrﬂhé ﬁﬁ:bﬂiﬁe %ﬁdi&ér%sand
according to the present disclosure nay be generally circular in shape, for

exanpl e, thetyhef efansoffacerbeaigr rresasecddiBawveventatthoeghgets tppicelhedeirllsitore di sc

are typigal ly,snooth, .or e scall oped. Th tructured abrasi.ve articles
8 o TR R BB o B By Al RS GO K .

tri angul ahateS4l4ameval &6 haydidl salectedRGCH Mgt it H&S.noAbdaproatisontt Yesitclgudideasi ve
articles may be in the formof a belt. The abrasive articles may be
provi ded fimsh #el/ardoragsaphy of tha waleyBirtasely referred to in the abrasive art

b [ t I - | al | i nd d
or moved cont 1UBTREy O P TS % R el B AT bARa Bl s R B8 e ve

articl e meafehetrpeudednbtasite bttichy 00 chatapemdigscciiudaoghbpai@ 16bwhish sencoat i ng
sToler IeB2EKLS (o SR L AL ARSRRHE o Ll e g Ll u g o
polyurethane foam) or other compressible material, has first window 212 therein, and
platen 220 has second window 222 therein. Wafer holder 233 is mounted to a head unit
231 that is connected to a motor (not shown). Gimbal chuck 232 extends from head unit
231 to wafer holder 233. Wafer holder 233 helps secure wafer 240 to head unit 231 and
20 also prevent the semiconductor wafer from becoming dislodged during planarization.
Wafer holder 233 extends alongside of wafer 240 at ring portion 233a. Ring portion 233a
(which is optional) may be a separate piece or may be integral with wafer holder 233.
Wafer 240 is brought into contact with the abrasive layer 120 of structured abrasive article
100, and the wafer 240 and abrasive layer 120 are moved relative to one another. The
25 progress of polishing/abrading is monitored using laser beam 250 which passes through
second window 222, first window 212, and structured abrasive article 100 and is reflected
off oxide surface 242 wafer 240 and then retraces its path. Optional working fluid 260
may be used to facilitate the abrading process. Reservoir 237 holds optional working fluid
260 which is pumped through tubing 238 into the interface between semiconductor wafer
30 and the abrasive layer. Useful working fluids include, for example, those listed in U.S.

Pat. No. 5,958,794 (Bruxvoort et al.).
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enbodi ments the structured abrasive articles are substantially free of, or
even conpletely free of, such perforations. The at |east translucent film
backi ng oVothw/@seact ured abrasive articles is typicall pcrarsc@owsdssv th a
subpad during use. In sone cases, the structured abrasive article my
besecured to the subpad. The abrasive |ayer may be applied to a front
surface of the at least translucent film backing and an adhesive, for

exanpl e a pr edsgercralnefarisvidacsdiadioy ghat aic sybeptiglly ATccAseraisherprdalefassy) may
be appl i eagu%i?s FeTRQ Eﬁ)rﬂ&@ Gin o e S Qe \&Q? Tbg‘tevélﬁﬁga F% kﬁ‘&%ll %{%gn)tdl%f blngnNO

backi ng. e su are descri or exa

5, 692, 95Gnahed B,t0 (ﬂ?eaﬁﬁ@ tl(etibttxmlaeowﬂiuﬂlhﬁo\hdmh mbamlre) of rbﬁghmssn gnd)ptayc al
detectlon met hods, .t he subpa y._pl aten o mhlch [ shoul d
have at |1B3ft éﬁéfcaﬁw&&qrétl%ﬁgf i]e:tj “Thenueer F(urr © At /g @Béqu ng or

trangpar ?%%ld'aﬂ?@rvtal)ue 6P nf %Fé&etr tl?anca%ﬂﬁﬂ (14 QbR Crﬂl)reR%lbalf Ratkt Qﬂaﬁ source

(for exa e, a laser) rough | at en and subpad: ant ageousl
structure@OHMG&QMVHnamBJ&khs&mummﬂdmngﬂyoogheumnmsﬂﬂmudiQih@mmn@mﬁaﬁtbe

fabricated, such that the e suff ci ent ical_tr i ce to be
Lot nor o Pl b B AR g O e b S A e RS R Ss arot o | aser
i nt er f er GAREEMMIT@(VEATIN:E., ThE'é%nSA!ZBK‘otrldﬁ%ﬂc&?r@ﬁloﬁ%te@(ﬁ%ﬂf%ﬂ&i@ﬁﬁﬂe an

optical transm ssion of at |east 1 , 4.5 even

5 0 per ceSﬂn Jogsy, Gor écrambedetwﬁynw@l@d@tmeasmééry dae ﬁ@ﬁaﬂNQHOéCOpdor r espondi ng

£ engih _of a | aser wavel engt hs incl ude:
694 (2 é;‘?l} &%% N ?’I?as"‘redn? at8ﬂ“7“Ef(°£C %Poﬁ’%n) 635-660 nm (| NGaAl P
semni con d uct or )Wafed Surifute (prdN¥eding 38 bo ﬂm(dud’cbyi)m tiedptedentd bRNRdrkimySuidCu
vapor), 568.2 nn1(Kr-|0££ 543 nm (HeNe), 532 nnl(DPSS sem conductor),

530. 9 nmIKeD mgi e seleated based uppn thsrppmpesition ahthecrafeizsysfeye. BoOME nm (Ar),

496. 5 7 HeCd) ,
or 428nnn&?ﬁéﬁmé§thgﬁﬂ%%ﬁﬁ%géﬁ%%ﬂ 5?@1 Eiwaégsngggédﬁ%ﬂmgééﬁhe pgesen%
dISC|OSU@EO&EMn@ﬁlMmﬁwnﬁﬁmwaﬂiﬁﬂmhgmﬁﬂdhﬂﬂeﬂm¢m§hlﬂ@nmaﬂﬁﬁﬁhﬁﬂﬂﬂalnlng

silicon (for exanple, silicon wafers Iass fers ncl udi n those
havi ig arPodRiBg Progy ey D T i A IR NS fife M sy rodet

with the outer or exposed wafer surface. Then during the mechanical portion of
processing, the abrasive article may remove this reaction product.
Objects and advantages of this disclosure are further illustrated by the following
non-limiting examples, but the particular materials and amounts thereof recited in these
20 examples, as well as other conditions and, details, should not be construed to unduly limit

this disclosure.

EXAMPLES
Unless otherwise noted, all parts, percentages, ratios, etc. in the Examples and the

25 rest of the specification are by weight.

PREPARATION OF CERIA DISPERSION 1

A ceria dispersion (10000 grams, 30.1 percent solids in water, 45 nanometer (nm)
30 average primary particle size, available from Rhodia, Inc. of Cranberry, NJ) was poured
into a mixing vessel and then 72.41 grams of 2-(2-methoxyethoxy)ethoxyacetic acid,
58.57 grams of beta-carboxyethyl acrylate, and 5625 grams of 1-methoxy-2-propanol

were slowly added while mixing using a polytetrafluoroethylene-coated blade. The
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exanple, the structured abrasive articles may be useful in abrading and/or
polishing a dielectric materi al deposited on the wafer and/or the wafer
itsel f. Waoi2atwesooshat affect the wafer polishing rate &odi/ush@oms118si stics
i nclude, for exanple, the selection of the appropriate contact pressure
bet ween the wafer surface and abrasive article, type of working fluid,

rel ative speed and rel ative notion between the wafer surface and the

abr asi ve raydyre was hegied ton 10 s waseixgd overaighbr Khegiftugivees thenetsans{earedabl es
. ' . AR
are int eflf@gagﬂagag?%z]apgpﬂoﬁén‘a %&&g%k&m%?%;ES%e%%fa@Pl%ﬂuﬁ%yﬂes%&% i vi dua

waf er sur rocesse tructured abrasive ar es according to

t he pr eseantuledhsdibmstioehaby sdigls comantafan 9, pek@nt bxanighe, by abradi ng the
surface using a pad conditioner (for exanple, with dianondgrits held in a
metal matrix) prior to and/or intermttently during the wafer planarization

process. One useful condigioOeA TIGNDOIMERPADISPRAKIHRPEr (typical ly nounted
on a rigid backing plate), part no. CMP-20000TS, avail able from Morgan

Advanced Ceranj ¢s.of. Haywa . In ner al ince there can be numerous
orocess stepo + orisisf PR ook Bimntt af SRt db el LB B s e

fabri cat ig@imdrp@usicleysifx petlbletfidah Rhbeiapmegess polited ilb@uhitehgavdsedl ahd vel y
hi gh renoval rate of material. The material renpval rate obtained with a
parti cul dhemabl- a5 pipEsaf 2 @rmetipxyethoxyicthpnygcdfigragiddepharan dpbiiat he nachi ne
congitio } ce..hel .- al t hough
PR e T A P e SR T L e
renoval rnaing a pdigtctaihcucdtbylcms-calite] adqa. i Themaixarrt alas heated/al 50 @ endvays be

sel ected such that it_does not conproni?e t he desired surface finish and/or

t opogr apHy X6 Ot #BIERaf Bhe Biiiraews e Ers| g AR A8 §YaPoalqriind fX eyl ar y
method ofw GANJAL A Ofufticd WdBGPpilsuft WAyl h! HESdiBHnaPE Al @ofich ol @

100 contacts and is secure 0 subpa , Wwhich I's In turn secured

pl at en 220 43lpsatnPli0weighi.ch nmay conprise a foam (for exanple, a

pol yur et hane foan) or other conpressible material, has first w ndow 212

t herein, and platen 220 has second w ndow 222 therein. Wafer holder 233 is
nounted to a head unit

PREPARATION OF ABRASIVE SLURRY 1
Into a mixing vessel were mixed 2034 grams Ceria Dispersion 1, 12.8 grams of

Disperbyk-111 wetting and dispersing additive (available from BYK-Chemie USA, Inc. of

20 Wallingford, CT). To this mixture was added 6.24 grams of 2-hydroxyethyl methacrylate
(available from Rohm and Haas Co. of Philadelphia, PA), 88.97 grams of 2-phenoxyethyl
acrylate (available as SR 339, from Sartomer Co. of Exton, PA), 48.00 grams of
trimethylolpropane triacrylate (available as SR 351 from Sartomer Co.), 6.806 grams of
beta-carboxyethyl acrylate (available from Bimax Inc. of Cockeysville, MD), and 0.75

25 gram of phenothiazine dissolved in 50 grams of 1-methoxy-2-propanol. The mixture was
mixed using a polytetrafluoroethylene-coated blade for 30 minutes, then transferred to a
rotary evaporator to remove the 1-methoxy-2-propanol. The slurry was cooled to room
temperature, and then 0.91 gram of free-radical photoinitiator (phenyl bis(2,4,6-
trimethylbenzoyl)phosphine oxide, available as IRGACURE 819 from Ciba Specialty

30 Chemicals of Tarrytown, NY), 0.29 gram of thermal free-radical initiator (2,2'-azobis(2,4-
dimethylvaleronitrile, available as VAZO 52 from E. I. du Pont de Nemours and Co. of
Wilmington, DE) and 0.29 gram of hydroquinone monomethyl ether were added, followed

by mixing for two hours.
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231 that is connected to a notor (not shown). G nmbal chuck 232 extends from
head unit 231 to wafer holder 233. Wafer hol der 233 hel ps secure wafer 240
to head uwiDt20R@Rs@ad al so prevent the sem conductor waf @CTUSeen9losI8si ng

di sl odged during planarization. Wafer hol der 233 extends al ongsi de of wafer
240 at ring portion 233a . Ring portion 233 a (which is optional) may be a
separate piece or may be integral wth wafer holder 233. Wafer 240 is
brought into contact with the abrasive |layer 120 of structured abrasive
article 100, and the waf I%QQQ VA yar re noved relative to
one anot her. The progregga% po Fgﬁ?ﬁgﬁggfggygéﬁﬂg%%gﬁ?tored usi ng | aser
beam 250 whi clnfassiesng eseelghers edanidh 76 gralasC2a2 Didperssdn WidrtigranidbZ, and
structured abyrasive article 100 and is. reflected off_ oxide surface 24

v er 240 )RRIPYeH PEtgGad dispersipgradditisp{gHable F‘P@(‘Fﬁ?ﬁl@ lé%@ Wayolbe

useds t o fyaefinbtal o bherAiaixige R G8R3! 3. ReSARY AP IR Afoxdeihd PrlhboNAl
morg?ng quiHQZGG mﬁ?ch ig pénpgdathrough tubi ng 23 fﬁ?g ?hg’infgrface

bet ween Yewdilkbledunt RohwedndrHan ot hePlabdalphiae PAe4?2 gridswfofi R-phendeiyethyl | ui ds

i nclude, for, examle, t |listed in Pat,. No. 5,95 94 (Br oort et
o)1 geitnar (g s SRESedRt SfuaBy G arerinef il prdmhe of

scr at chesrigfidlatiefa@4ilablPdsSRISSI 188k SaFdfcp U61)aT 82 L dthsSdF tRfa-ddisoyefhgr may be
eval uat ed by known net hods. One nethod is to neasure the Rt value, which

provi des aryleasavadaldt froouBimaskc.)amnd (rhgranmeli denethgeimgtdsdselycdm A gems
surface defects. The wafe rface is typicall dified to,vield an Rt
et L2701 R G Bl BB B Bt R a Pl BRI Yo R e

t han abouiladd. f3r BQNRRINRES fen tANCFAYE D ARGy yMdabt i oMogé gatiemcthban2about
0. 05 nanoneters. Rt is typlcallé%neasured using a laser interferoneter such

as a Wkadrasnop Uy slurerpeemied OrropmyfRgpastuse. and thea dto giam ofdrecgadisglc or

prof lo (.- - My COURG 4o . ion may al so
be neasg§%§&%§ﬁg§¢@ﬁgﬁgﬂﬁggﬁgigg%%%%ﬂaégygﬁﬁﬁpﬁgg%%@gﬁagﬁggg%%asured by
atom ¢ f dAREAGUREGHOdimym Cikaf Srectmity IChemiqail oafesiyagyvirayy 1 €. Ianau of é@dctrimal t he
presence of a working flujd, whjch may be sel ected pased n the

conﬁisi t ifaeﬁ-raﬁlwfﬂaltwgﬁré%52—%@&&%5}5}%@% ¥ 'eea‘(ilgﬁﬁe, ast\e oK B 1 ui d
typical 'y goPBEd £89ei&rEhind ¢S MRG0, IDH)dinBBY1 5Bkrfm of hydroquinone

monomethyl ether were added, followed by mixing for two hours.
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processing in conbination with the abrasive article through a chem cal
mechani cal polishing process. During the chem cal portion of polishing, the
wor ki ng fwoi2divmeyooseact with the outer or exposed waf er PsurfSa@e/052iken
during the nmechanical portion of processing, the abrasive article my
remove this reaction product. Objects and advantages of this disclosure are

further illustrated by the foll ow ng}non-l imtin exagl es, but the
particul ar material s andRR\RM SIQNEABRAEVECH-WRRYhese exanpl es, as wel |

as ot her condiy.jons: i . . trd t l.yelimt
this discl osurﬂg{.0 W@gﬁﬁggﬂnéﬁt%hhfg}é\l]\n%sé’gn%%ﬁ?ﬁgﬁ&%%?%’s@%@g }éﬁgntf ages,

rati os, EDISPERBYKE 1Exaimnigemdalighetsdingy adaistiveqhvdihablesiprn iBY IC-Athcoric B84, by

wei ght . PREPARATI ON. OF CERL?ﬁ D&gg% S C]\l(é't ceria dispersi (fn &10000 gr ans,
30. 1 per dBft- ERMIyEINTHepseadded 80.nd gEwRY @mxygwl qgéhaspilatafyyapableicl e

Sizes avgidp :Rloﬁrnf I RRed @fl Pﬁmﬁ?ﬁ%f PAgNRS .r5r3y%§a&'s] of Z‘-’gﬁerfb‘%?%tggl A 1@c

m xi ng vessel and then 72.41 gra 2-(2- met'hoxyet hoxy) e yaceti c acid,

58. 57 gr dawmilablestSR- ¥, froxySatdmydr Gac pyEstoe, PADME625ggmawE  of

| - met hoxy-.2- pr opanal re sl owy. adde [ m Xi usi ng

ol yt ot 1 Ao Sas g B Eal el oS Sihas Both St Rloak a9 s e and
was M xecheRedrbd:gRthyl IH9latd (4t MIB1RSm IBIRAX 1K) 8AES 68 Grind bPpRenb i ine
evapor at or and excess water was renoved under reduced pressure. The

r esul t antdighiolyjgd i pehgtaag od 1 sutthery-gomananel. ofhenixnge pas oured dynawi ght .

PREPARATI Rl | SPERSI ri.a . di er.si 000.agrans, 30.8
ey e R TR R A 0 SE e, BRR S AR (A ROPE AT TS| 30,

f r om Rhodivaporhtd€ to rewdse BRUI-a@tHoRY @ -profandl NThy Sla6¢waakdolclh @rodin 77 grans of
2- (2- met hoxyet hoxy) et hoxyacetic acid, 66.14 grans of betacarboxyethyl, and
5625 gr a8mperafwensne Hiep-28herapmansfregmidicad phoiipitirderd@homil bs(hLi ng using a
pol yt etr af: R I PR i E . 0C and
as m xed BUSRRRERY TRRRR B0Q GBI SR ACURE ARG IR FR RSB EY
evapor at dChearichlesfE€asytown, NY), 1.82 grams of thermal free-radical initiator (2,2'-

15 azobis(2,4-dimethylvaleronitrile, available as VAZO 52 from E. 1. du Pont de Nemours

and Co. of Wilmington, DE) and 1.82 grams of hydroquinone monomethyl ether were

added, followed by mixing for two hours.

COMPARATIVE EXAMPLE A
20 Ceria containing fixed abrasive web (CSA) available as SWR550-125/10 FIXED
ABRASIVE from 3M Company of Saint Paul, MN, which had the same pattern of
structured composites and backing as SA1 (see below in Example 1), but contained cerium

oxide having an average primary particle size of 135 nm.

25 EXAMPLE 1
A roll of polypropylene production tool, 36 inches (91 cm) in width, was provided.
The polypropylene production tool was polypropylene film that had a hexagonal array
(350 micrometers on center) of hexagonal columnar cavities (125 micrometers wide and
30 micrometers deep), corresponding to a 10 percent cavitation area. The production tool
30 was essentially the inverse of the desired shape, dimensions, and arrangement for the
abrasive composites in the ultimate structured abrasive article. SLURRY 1 was coated

between the cavities of production tool and roll of translucent polycarbonate/PBT based

20



wat er was renoved under reduced pressure. The resultant dispersion had a
solids content of 43.21 percent by wei ght. PREPARATI ON OF ABRASI VE SLURRY 1
Into a mworgives®al were m xed 2034 granms Ceri a Di sper ®C0MUS2009022188 gr ans
of Disperbyk-1 11 wetting and dispersing additive (available from
BYK-Chem e USA, Inc. of Wallingford, CT). To this m xture was added 6. 24
granms of 2-hydroxy ethyl nethacrylate (available from Rohm and Haas Co. of
Phi | adel Q”Hrnabadmg mésgwéﬁ grikng. 18fmm) ';bré(ﬁ@s&Wéltlm aSa%AWQIeCBé@aﬁpam e as SR

339, fro r P, I ane
triacryl 2& ? % Plgﬁm @é Pg-j{tu%%% fdro%t}%gégptod g(rirgr %(T:%O”;)(Blpg g%gotf %ég%(gp

bet a- car l:(d)xgeg)hw 7 peurylk @Eleln(eal/ﬂllch &hbekg ponhirBiahex))land the@fpamdklmbagh e, M),
???re? h(7))5( tr?aa\g:)lgblégmh ﬁﬁ% E(Iél?ié%: E‘? SOl v&g&@ aY@Q]aE%ﬂgm %Lsion Systems), at a

pol yjetr alfde%péé%r‘i&f*ll()' f@&ﬁn&f’@t(ﬁ&) th’ig ?otél%géglrérbm%?at{s?ﬁ%h ga%rléﬁhﬁf dtoa

rotary evaporator to renov | - met hoxy- 2- propano l'urry was cool ed
t 0 room tﬁhmewéﬁaut sructmetl dtrenvdargdle B Am) whs fenmeed fdinctht ppliotiemiod] aftarr

(phenyl %I%U% tr| nmet hyl benzoyl ) phosphi ne oxi de, avail abl e as | RGACURE
819 from él{ﬁ alty Chenmicals of Tarrytown, NY), 0.29 gram of thernal

free-radi cal igufval Qed(te pdlishaB&Ma3 bxid4 blMkeml Tt 20EmANHaictee silidyRi | abl e
as VAZO 52 fromE. | . du Pont de Nenours and Co. of WI m ngton, DE) and

0.29 granvatrshyith o4 uiieiomstardiiortbickiydss ef sieoneyide enidesiirfaco) lllsmge@iCMP m Xi ng

for (S wo ho‘l’i'sher F’%BAJrﬂce]r\l thg traﬁBﬁA%l VagOSIR%\EDgIQI\P Efqls%grn% r}—?pqlﬁasa wer e

m xed 676 ria gr airs wetting and

di sper si rrgatadaustnnv&)f(mw ¢1aﬁl eAf é@ﬁpp&(l&nmembpad@e@d SMO(DIfH BaigpATYf or d,
CT). To this m xture was added 3.33 grans of hydr oxyet hyl net hacryl ate

(avai | ablaaiddedrrRentY &reannagxkusis 2 ypiopprossye pﬁ h15epoup=¢® per gqueze Hich kb 5of
2 PRNOXYRLIN AGE Y CaVALY AR % S SER: LTl Pphin 862
Co.), 3. EfBr dndn®c oA wWaekiag ﬂarm(danethatambyﬂamhreg 1.avaigiabbechtrloprdBintax
! ncig ’ (Eiijusted ra%rﬁ ooff 1 5h with tprollta%szl{l n%yﬂ{rosx? g\gv rlatré 0 0108 el Riters per minute)
was used during the polishing process. SA1 was mounted.
SA1 was not conditioned prior to use. The polishing performance of SA1 tested on
five thermal oxide blanket wafers is reported in Fig. 3.
Fig. 6 shows specimens of SA1 (630) and CSA (610) in contact with a piece of
20 printed paper (620), wherein each of SA1 and CSA were oriented with the abrasive layer

contacting the printed paper.

EXAMPLE 2
Example 1 was repeated, except that Abrasive Slurry 1 was replaced by Abrasive
25 Slurry 2, resulting in structured abrasive article SA2.
SA2 was not conditioned prior to use. The polishing performance of SA2 tested on
thermal oxide blanket wafers is reported in Fig. 4.
Fig. 7 shows specimens of SA2 (730) and CSA (610) in contact with printed paper
620, wherein each of SA2 and CSA were oriented with the abrasive layer contacting the

30 printed paper.
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of |-nmethoxy-2-propanol. The m xture was m xed using a

pol ytetraf| uor oet hyl ene-coated bl ade for 30 mnutes, then transferred to a
rotary ewspapaxmsooso renove the |-nmethoxy-2- propanol. TPoE/Uskemny2188s
cooled to roomtenperature, and then 0.46 gram of free-radical

photoi nitiator (phenyl bis(2,4,6-trinethylbenzoyl)phosphine oxide,

avai l abl e as | RGACURE 819 from Ci ba Specialty Chem cals of Tarrytown, NY),
0.15 gram of thermal free-radical i MELE3

L&r
2,2 - bi - di AR Y-2 i f 1. d
bont. do. Nermurs it oo ¥ iy RuE b opiPLoRRlsf 8 VR GRCHARE ne
monomet hywafetsSex2 wes Brsacsigitionto i oneditya pikiangitfontr (availabiiirss " MREPARAT| ON
OF ABRASI VI LURRY 3 | nt i X | i 6737. 3 Ceri
G e U S B Rt e W a1
(avaq | ablsg_e%]cf SMoBFk, %@v’%}z{n%?;onll Q.C75)t? lzgothtfehsacﬁ}s)éttﬁér\@eﬁf,‘@ﬁd ng%ﬁgggo 'C(2)8

grans of ydr oxyet hyl ylate (avail able from Rohm an of
Phi | adel phiid(ddrRized88eis@ntpimng 20f waghtyenexy Biphglinczcjustcatite a(pdd/afl 16bl e as SR

339, from Sartoner or ton,, PA 4 21 grans of trimethyl ol propane
ri acryl V0 peigim b drofie o a0 aifisiededfie”s,! 08 gr e of

bet a- car boxy et podiShink b€orniaé bAOA e tdstc@BnBhéfal bRide blanR&dydeRdaferam of
phenot hi azi ne di ssolved in 500 grams of |- nethoxy-2-propanol. The m xture

was N xedooditinging (podbpyel is a¢roied oeligybene- coat ed bl ade for 30 minutes, then
trapiferred to a rotary evaporator to renove the |-nethoxy-2-propanol. The
slurry was cooled to roomtenperature, and then 5.82 grans of free-radical

photoi nitiator (phenyl bis(2,4,6- tripeahpPlbEnzoyl ) phosphi ne oxi de,

avai l abl e as 1 RGACURE 819 from Ci ba Speci alty Chem cals of Tarrytown, NY),

1.82 grans of Ex@mhml Wep sdcptgdi aertithatiibipssye Jlprry 1was replaced by Abrasive

bi s(2,4- di - itrile, avai: Iy 2 =
e Nemur S g R RN tfasi FALRRAD. 8. YRGSl orsha sdeh Pon
monomet hydnd &ty (630% ireccmetabe ojth fypintcovpagets2Omiviimin daoh of G 3hat ICSA GEMPARATI VE

EXAMPLE A Ceria contajning. fixed abrasjve.we CSA) avail abl e as
SV\R!')SSO- 12)5yeﬂ}t§:dpyi%e albrasivg layer contacting the printe pagper. )

TRANSMISSIVITY MEASUREMENT
Samples of structured abrasive films were placed in a Perkin-Elmer Lambda 35
20 1.27 UV/Vis spectrometer such that the light beam was oriented perpendicular to the
backing. Optical transmission (as a percentage) over the range 660 to 633 nanometers is

reported in Table 1 (below).
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ABRASI VE from 3M Conpany of Saint Paul

structured conposites and backing as SAl (see below in Exanple 1),
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Applied Materials,
SMOOTH SUBPAD ava
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pounds per square
m nute, and a web

fluid (deionized v

a pH of 10.5 with
m nute) was used (

ar filmthickness of silicon urf ace) using a
abl e G¥er thp 0rase|ddsiognat isasIREFLEXTON pol i sher from
e SanmtepCaraj CA equipped wth_a subpad (60/90

| abl e T om 3M hny) 4dSilng 2 o bEdsspre of 1.5
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index speed o Q§ mllinmeterd for 1 imnute | A worKki ng

vat er €At ai ni ng0.29% Wweidghd percxsdt |L-@pet i he adjusted to
pot db%. rmhydroxide, T towrateof 300 nitH liters per
furi ng %Ee pol | skilhy prbdéds.| SA%als t ed.

650 0.194 | 4.096 | 5.235 6.225

649 0.190 4.077 5213 6.212

648 0.190 4.056 5.191 6.202

647 0.188 4.038 5.169 6.196

646 0.187 4.019 5.146 6.186

645 0.186 3.996 5.126 6.176

644 0.184 3.971 5.104 6.168

643 0.180 3.951 5.080 6.159

642 0.177 3.933 5.060 6.150

641 0.175 3911 5.036 6.141

640 0.174 3.891 5.015 6.133

639 0.176 3.867 4.993 6.124

638 0.174 | 3.847 | 4972 | 6.110

637 0.170 3.830 4.952 6.104

636 0.169 3.809 4931 6.094

635 0.167 | 3.786 | 4906 | 6.081

634 0.165 3.765 4879 | 6.067
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SAl was not conditioned prior to use. The polishing performance of SA
tested on five thermal oxide blanket wafers is reported in Fig. 3. Fig. 6
shows spexOrera26§3SAl (630) and CSA (610) in contact WPCH/US2@oecH8HT
printed paper (620), wherein each of SAl and CSA were oriented with the
abrasive layer contacting the printed paper. EXAVPLE 2 Exanple 1 was

repeat ed, except hat Abrasive Slurry was replaced by Abrasive Slurry 2,
resulting in strugtured63brasive anescle3Ia2. |SARmas| n@oszonditioned prior
to use. The polishing—perfornmance of SA2 tested—onthermat—oXi de bl anket
wafers is reported in Fig. 4. Fig. 7 shows specinens of SA2 (730) and CSA
(610) in contact with printed paper 620, wherein each of SA2 and CSA were
oriented W th ANga@Rkasd ¥evlicansns eRMeass h&gint REhSEbNRErPRARES biErthyBhd 3
Exanpl e 2 was repeated, except that before polishing the thermal oxide

bl anket wathaisengagty wgripisy mpdigiepiennsiaoa ederponsi af hig disalgsere peay keonadatyoner
(avai |l abl.g_as .- .20000TS from Mrgan Advanced. Cer.am cs of Al | ent own, PA)
for o scbefalin gEaReim SRR BE A58 PENGPETRYIRRTTR G Freios IhPLs

12. 50 i nGhoaldnessdém@odeint tindiselowze ki g td bariutiu wBmeod Zede Waiseatieont ai ni ng
2.5 weight percent L-proline adjusted to a pH of 10.5 with potassium

hydr oxi dembodgpeninse festh hgeingi | 1 il iters per minute. The polishing
performance of SA2 tested on thermal oxide bl anket wafers, after
conditioning (as above) is reported in Fig. 5. EXAMPLE 4 Exanple 1 was
repeat ed, except that Abrasive Slurry 1 was replaced by Abrasive Slurry 3,
resulting in structured abrasive article SA3. Fig. 8 shows specinens of SA3
(830) and CSA (630) in contact with printed paper 620, wherein each of SA3
and CSA were oriented with the abrasive | ayer contacting the printed paper.
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TRANSM SSI VI TY MEASUREMENT Sanpl es of structured abrasive filns were pl aced
in a Perkin-El nmer Lanbda 35 1.27 UV/Vis spectroneter such that the |ight
beam was woi2erwesooper pendi cul ar to the backing. Opti cal PCTAISgmASieh (as a
percentage) over the range 660 to 633 nanoneters is reported in Table 1
(below). TABLE 1Al | patents and publications referred to herein are hereby

i ncorporated by reference in their entirety. Various nodifications and

al t er at i oW8atgh ckanned igi scl osure may be made by those skilled in the art

wi t hout departing fromthe scope and spirit of this disclosure, and it
shoul d be understood that this disclosure is not to be unduly limted to
the illustratiAetresiinediabmsive agile domngrivideer ei n. What is clained is: 1. A

structured abrasivye artlcle cg rising: an at |least translucent film
backi ng; and &% % é’stfar?éuP%R}é agkiggedon the at |east translucent film

backs ng and Cod[ﬁpﬂﬁra%i\}%garl%erﬂ ?6§eld'0tnych95t 1%5@%%1@&5@1%1&(%&&@3 isg@rrse erein

t he shaped abrasive conposites conprise abrasive particles In a
bi nder, vﬂimrahtymftshqoedblbmlmeopmpsltesl wheremrtht sitaped slenamvabcbrypco};ﬁtesecrmmse

articles havr an ayvera artr e.size of .| ess t.

Panonet erb BRI IR 40P DBgH P HBLh ey BEar kS s Bk  f on
product off c@ﬁm?ﬁﬂereg ﬁaﬁ@grarr hwdrileh Iﬁuﬁeﬁr& Baitld Gzd sratRIBET MWoatafomRRra
poly(meth)acryl ate, and wherein, based on a total weight of the abr asi ve

layer, tHheheabnald bﬁedqrmompesesa mlteetmre@eiﬂndr arreemloarmwt ef coermpdnee@t 70

per red rasive rt| 1 V\,herern
B cvedOptiFisdincefioadIE gRbhUehRE S SRR ERn RSt Do Bh Ui e

artl cle hasl @elgﬁp@ﬂtﬁahbﬂaslaewbﬁ $hd)dbrayﬂveapam¢red a&egtdaexrtaﬂgﬁ a@buhtram a3 to

660 nanoneters of at_ least 3.5 percent. 3. The structured abrasive article

of cl ai m7D Pagedt BY Weight.vi ewed per pendicul ar to the abrasive layer, the
structured abrasive article has an optical transm ssion at a wavel ength of
633 nanoneters of at least 3.5 percent. 4. The structured abrasive article
of claim2l, wWiHrsitmcturel shapecradie astidam ¢ pwhasinti€siewed perpendicular to the

15 abrasive layer, the structured abrasive article has an optical transmission in a wavelength

range of from 633 to 660 nanometers of at least 3.5 percent.

3. The structured abrasive article of claim 1, wherein if viewed perpendicular to the
abrasive layer, the structured abrasive article has an optical transmission at a wavelength

20 of 633 nanometers of at least 3.5 percent.

4. The structured abrasive article of claim 1, wherein the shaped abrasive composites

consist essentially of posts lengthwise oriented perpendicular to the at least translucent

film backing.
25
5. The structured abrasive article of claim 1, wherein the carboxylic (meth)acrylate
comprises beta-carboxyethyl acrylate.
6. The structured abrasive article of claim 1, wherein the components further
30 comprise a mono(meth)acrylate.
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consi st essentially of posts |engthw se oriented perpendicular to the at

| east translucent filmbacking. 5. The structured abrasive article of claim
1, wher eiwotzhw/@esmBoxyl i c (meth)acryl ate conpri ses bet aPCaniseoopositgs
acrylate. 6. The structured abrasive article of claim1l, wherein the
conponents further conprise a nono(neth)acrylate.7. A nethod of making a
structured abrasive article, the nmethod conprising: conbining ceria

particles a pbmeggtadaf naking a siruchprpdabipsive prvstonihednsthed eompgianEol vent to

par i ol e o g orteEpELirhof. AHchRuRZhcl SRuRarE ARG ERS A oW

conponentsshveatprfoanh adispepainy (vhetel) the cyliapeatitios horcranavbiagd erimpryegastidor ;
form ng a.Iayjr of tﬂﬁ bi nder precursor on an at |east translucent film

backi ng; S5 aetitig YN2BPHEEIS: precursor with a production tool having a

plurality of piGHiISRE HieSHERRGERUA LbRBondnty ddhhrls LR EoHESQHr to form
an abrasive Ia;?er di%poese%%on Tfﬁ,e at ?%Ic}ist tr ﬁsﬁcﬁ%tgﬁﬁ}gﬁgcﬁng;
separ at i rfgrmh héimaler peicysot, ayer from the production tool to provide the

structured abrasive articl.e, wherein based on .a tal wejght, of .t he
Dby asi ve | ayerforting adwvar S His W Bretudar o b fet Fodn b AR b&ing ©) cast 70
percent by wei@htactiSy thEehdeRpRersef with aipfadictit@oehdVind a Ylueed of

perpendi cul ar to the abrasive layer, the structured abrasive article has an
optical tnremsaly-skaped civities; wavel engt h range of from 633 to 660 nanoneters of
at ast 3.5 percent., .9, The nmethod of claim erein t shaped abr asi ve
conert es. conaroe sl b R ed e B fedetaRF Il shde BURBEnar cul ar
to the attrdngl@sénttilanstiiggnt fil m backing. 10. The nethod of claim7,
wherein the conponents further conprise a free-radical photoinitiator, and
wherein sai d cGP#ang the abragiye layist Beurtippradyctipinpaledreyide Bgisgustyred

abrasive article, wherein based on a total weight of the abrasive layer, the ceria particles
are present in an amount of at least 70 percent by weight.

15
8. The method of claim 7, wherein if viewed perpendicular to the abrasive layer, the
structured abrasive article has an optical transmission in a wavelength range of from 633

to 660 nanometers of at least 3.5 percent.

20 9. The method of claim 7, wherein the shaped abrasive composites consist essentially

of posts lengthwise oriented perpendicular to the at least translucent film backing.
10.  The method of claim 7, wherein the components further comprise a free-radical
photoinitiator, and wherein said curing the binder precursor is achieved by radiation

25 curing.

11.  The method of claim 7, wherein the components further comprise a free-radical

thermal initiator.

30 12. The method of claim 11, further comprising thermally post-curing the abrasive

layer.
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curing. 11. The nethod of claim7, wherein the conponents further conprise
a free-radical thermal initiator. 12. The nmethod of claim 11, further
conpri si nyotzhavaraoBy post-curing the abrasive |ayer. 13. PChaseewheds®f cl ai m
7, wherein the carboxylic (neth)acrylate conprises betacarboxyet hyl
acrylate. 14. The nethod of claim7, wherein the conponents further
conprise a nono(neth)acrylate. 15. A nethod of conditioning an oxide

surface of-a wHicansthedel Hainhbdvieser thasanbexybe onrdiasgylate soppesesheth-abr asi ve

article ¢ LSk Dba; at | east translucent film backing; and an abrasive
| ayer diégggég&gﬂgFﬁ@agt | east translucent film backing and conprising a

plurality of shaped abrasive conposites, wherein the shaped abrasive

conposites co i se abrasjve particles dispersed in a binder, wherein the
abr asi ve léart?@F%@ewﬁﬁglalrggs%ﬁﬁea} fﬁﬁ ognPRRaf u&h?rtqoe}pégse Aavi ng an average
prinary gﬁé&kﬁk@zﬁﬁﬁgwpf | ess than 100 nanoneters, wherein the binder
conprises a polyether acid and a reaction product of components conpri sing
a carboxylic (neth)acrylate and a poly(nmeth)acrylate, and wherein based on

a total i ght, of the abrasive |ayer, the ahrasive particles are present in
2 amount Dot b ededtor3n SEPEEReR B il R Ol GORFE FBTHIO! FanBBHAL] ve

| ayer; contactirp@dinie stuctu@RSdbrisivntisle @phpfitihgn backing with a subpad, the
subpad having a first w ndow extendi ng therethrough; securing the subpad to

a platen, the pl aneflcsratianguesnsblboheckmadody ext endi ng t her et hr ough and
coniéguous with th w hdow. fri.cti {i t he 3brasive
e

Conig s 4 L1 L BULTE byl AR U5 RO 0K A8 5o
comprising a plurality of shaped abrasive composites, wherein the shaped
abrasive composites comprise abrasive particles dispersed in a binder,
wherein the abrasive particles consist essentially of ceria particles having
an average primary particle size of less than 100 nanometers, wherein the

15 binder comprises a polyether acid and a reaction product of components
comprising a carboxylic (meth)acrylate and a poly(meth)acrylate, and
wherein based on a total weight of the abrasive layer, the abrasive particles
are present in an amount of at least 70 percent by weight;

conditioning the abrasive layer;
20 contacting the at least translucent film backing with a subpad, the subpad having a
first window extending therethrough;
securing the subpad to a platen, the platen having a second window extending
therethrough and contiguous with the first window;
frictionally contacting the abrasive layer with the oxide surface of the wafer; and

25 moving at least one of the abrasive layer or the wafer to abrade the surface of the

wafer while in contact with a working fluid; and

monitoring a surface characteristic of the wafer using a visible light beam directed

through the first window, the second window, and the structured abrasive article.
30 16.  The method of claim 15, wherein if viewed perpendicular to the abrasive layer, the

structured abrasive article has an optical transmission in a wavelength range of from 633

to 660 nanometers of at least 3.5 percent.
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novi ng at | east one of the abrasive layer or the wafer to abrade the
surface of the wafer while in contact with a working fluid; and nonitoring
a surfacewoharees®@si sti c of the wafer using a visible | ipghtush@ansziss ect ed
t hrough the first w ndow, the second w ndow, and the structured abrasive
article. 16. The nethod of claim15, wherein if viewed perpendicular to the
abrasive layer, the structured abrasive article has an optical transm ssion
in a wavel ength range of from 633 to 660 nanoneters of at |least 3.5
percent. 1% T cl ai . erej . rasi:ye conposites
consi st e@Sen?ﬁl aem?%/tn%?o%g%@sﬁ’&l%?%l\}mms}eghg#élae%gl%a perggﬁ%itgcuﬁ%gt to the at
| east tr ansdntiekynbdf fostsntehgbwiso@ricdt8d pipendied o thé atdbat tradshycenhiéliei n t he
carboxylic (meth)acryl ate conprises betacarboxyethyl acrylate. 19. The
met hod™ of?2€Ki88m 15, wherein the conponents further conprise a
monod net h) acryl ate. 20. The nethod of claim 15, wherein the visible |ight
beam conpri ses a | aser beam

18.  The method of claim 15, wherein the carboxylic (meth)acrylate comprises beta-

carboxyethyl acrylate.

19. The method of claim 15, wherein the components further comprise a
10 mono(meth)acrylate.

20.  The method of claim 15, wherein the visible light beam comprises a laser beam.

15
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