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moni tored in order topashhRnerieReftdiAed wafer 25  topography. Another
problemis that the slurries generate a | arge nunber of particles

whi ch nust ba0r enpvedinathe c@resp ©f detegrated witcvity menblasture; aaseminonductor wafer
typically undergoes numerous processing steps, including deposition, patterning,

and etching steps. Additional details on how semiconductor wafers are

manufactured can be found in the article "Abrasive Machining of Silicon" by

Tonshoff, H.K.; Scheiden, W.V_; Inasaki, 1.; Koning. W.; Spur, G. published in the

15 Annals of the International Institution for Production Engineering Research,

Volume 39/2/1990, pages 621 1o 635. At each step in the process, it is often
debirable to achieve a pre-determined level of surface “planarity,” "uniformity,”
and/or "roughness.” It is also desirable to minimize surface defects such as pits and
scratches. Such surface irregularities may affect the performance of the final

20 semiconductor device and/or create problems during subsequent processing steps.
One accepted method of reducing surface irregularities is to treat the wafer
surface with a slurry containing a plurality of loose abrasive particles dispersed in a
liquid and a polishing pad. One problem with such slurries, however, is that the
process must be carefully monitored in order to achieve the desired wafer
25 topography. Another problem is that the slurries generate a large number of

particles which must be removed and disposed following wafer treatment.
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In a first aspect, the invention features a nethod of nodifying an exposed
surface of a sem conductor wafer that includes the steps of:

ta) contacting the surface with a three-dinensional, texbpphsRdosnsésscd 5
abrasive art QT4 incl udes a plurality of abraS|ve particles and a

bi nder in the form of a pre-determ ned pattern; and : (b)
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contacting step pref epgb y"a{agig%ﬁ%}"é ?él n th@hglr'%g’faerqcagmgfQaﬁ?‘ecfaﬁi@fy

Sui t abl e |i qui ds shidewrfaze pftheivafer. | east about 5 (e.g.. fromabout 5 to about

8 f b d | d d
Thgrse;np(r:nonduct o? 3/;15 gﬁ h’é ‘ﬁ'ﬁg‘ﬁ?}‘g‘ @oegnf’beﬁr reaf)'i"%\I Iﬁlg}alérrﬁg(ﬁ% g%one wafer
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to add topographi cal flﬁﬁkféﬁ@&eﬁ@odith&ts, the ﬂxe&‘@ﬁr@é‘véd#ﬁél@ﬁ%écuréﬁh@ alsab Pad.
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wafers in which tThe conmetrRressysbeteen ther wafer wfafqn@dvm dabrasive argigie (b9 thee 25
|
same nat er ial (e. tgral[ P{ﬂe} b&%‘?éj g%uqﬁ)degﬁaf afehd if Pgl‘f‘{yﬁqne Epos'mél aPddive

according to nven n1s’us I s whe e e surface of
t he sem condust orartigd dn general, haweséruthe somtas poessuredaes mot preferblycscesd abatitni ng

areas, e.g., siligcon.di.gxide-cont S
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a surface that i sSuitEbl€liquidsdaes d lamdétdéasnmbetSwg..ffwmﬁbcmnﬁ,{mabohe&sr fromugh”

t han t he waf er surfa ior, t nt. The particul ar degree of
"planarity," "r O@ﬂtﬁ a out(ig) pA preferre8 hqung mcludes water. P 9
- 2- The semiconductor wafer may be in the form of a blank wafer (i.e., a2 wafer

20 prior to processing for the purpose of adding topographical features such as
metallized and insulating areas) or a processed wafer (i.e., a wafer after it has been
subjected to one or more processing steps to add topographical features to the
wafer surface). The term “"processed wafer" includes, but it is not limited to,
“blanket" wafers in which the entire exposed surface of the wafer is made of the

25 same material (e.g., silicon dioxide). One area in Which the method according to
the invention is useful is where the exposed surface of the semiconductor wafer
includes one or more metal oxide-containing areas, e.g., silicon dioxide-containing
areas.

1t is generally desired to modify the semiconductor wafer surface to achieve
30 a surface that is more "planar" and/or more "uniform" and/or less "rough” than the

wafer surface prior to treatment. The particular degree of "planarity,” "roughness,”

-
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PCT/ US96/ 15089 and/or "uniformty" desired wll vary dependi ng upon
t mylenma e applicatiton for which it is intended, as
wel |l as the nature of any subsequent processi ng steps to which the
waf er may be subjected. In general, however, there are several
preferred netwodwiieds neasuring the degree of "planarity," PCEUSMAEYE » 5
and/or "uniformty." One preferred nethod is to neasure the Ra

val ue of the wafer surface. . . (which provides a neasur. f “roughness").
The wafer surfacd™8r d‘f"%f"é’?’ﬁ'bldﬁs"es wall vary depending f"B°'S/§r’T'§I"UHVéﬁ'aE&"‘ LAdethes no
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abrasive article. In the case of netal oxl de-cont al ni"fhg surfaces
(e.g., silicos diapdfodnfomityi'ni ng surfaces), average cut rates of at
| east- about 500, 1, 00 1 0., 0r,2,000 Angstr m nut e
successfully be achi e&@ﬁ.wégm method is Porﬂ'gggfez@'ggéa Yﬂ'ée ggﬁ?s/W%ér B'éFF?Fm es
depends in part phichtpiévidesrd infedsudé of "rougheSTNOSTHel WifeOkufdde is [preterablp
article and any Ii %:‘Jf[ use,ggduri ng the process. general , however,
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20 preferred are abrasive articles in whicCh the average abrasivé particle
size is no 10 pgmeatesthan abowi AO Angsteomsnet er, in particul ar no greater than
about 0.5 microneter. ' rna. [ f 0 e
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et al OXi dQaBAloFi 4t st A6 360,CE0OR. 1,300 GbR860 VihgowérhdihinG® ARy be
used in conbi nation with filler particles. Exanples of preferred
filler parti @Pes snesessfilebesghisyetht es (e. g., cal ci um car bonat e)

2 1SIES (o0, TR S 6 el 551, SR il
filler particles ca®positipnyofathe @abissiveigaidle and any liquid used during the process. In
-3 geveral, however, abrasive articles in which the abrasive particles have an average
particle size no greater than about 5 micrometers are preferred. Even more
20 preferred are abrasive articles in which the average abrasive particle size is no
greater than 1 micrometer, in particular no greater than about 0.5 micrometer.

To avoid harming the surface of the semiconductor wafer (particularly
where the wafer surface is a metal oxide-containing surface such as a silicon
dioxide-containing surface), the abrasive particles may have a Mohs hardness value

25 no greater than about 8. Examples of preferred abrasive particles include metal
oxide particles such as ceria. The abrasive particles may be used in combination
with filler particles. Examples of preferred filler particles include carbonates (e.g.,
calcium carbonate), silicates (e.g., magnesium silicate, aluminum silicate, calcium
silicate, and combinations thereof), and combinations thereof. Plastic filler particles

30 may also be used.
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PCT/ US96/ 15089 Preferred abrasive articles for use in the

met hod according to the invention include a binder in the formof a
t her noset organi c polynmer resin. Exanpl es of preferred resins

rncl ude acryl met hacryl ate pol ymer resins. Another
sui tabl e bi nc}gés’fng% ceraner binder that includes coll oi da%%sa oxi de
particles in an 5 organi ¢ pol yner resin. The bi nder

preferably incl udes a Ppdfé@ddi #btagioé arniBlesifor a8ithe fiethbd Gécdnding @ the inventioRCT €ase
the erodibility Qf e abrasi ve rtlgl e relative to the sanme abrasive

article in eaﬁa@‘@‘??&é“ the permese organiorpolynensesin.  Expnplgsefer

i ncludes at | easty aaewreaﬁsmude tate W8I Sthachflact i
preferably, bet vveen about 40% anagryaab%ut 75/30%Iat gaym%h&: K‘E%se%pon the ,

conbi ned wei ght GﬁthW%b'Mea§@|®Iamr binded thahmcluéesl qmllo:ﬁkleriew ID&lde particles in an

pl astici zers ers, as well as derivatives thereof

One exanpl e o &t"p:gd &“%r?e%bam ve article features a backing having a .
surface that i ncI udes Thédirdler prefersblyp drichided @splasticizérnia i RABLNt Suffidia frer M of

an abrasive . coatin preferably is a polyner film The
backi ng preferabl'?F'?aée_“L‘S%md&]BY/Pégﬂa $¥¢ afticle relative fogthe samedbrasivg artisleds on

bet ween the abr asthé’i!:s&féé‘&f ﬂﬂgpﬁﬁﬁlzﬁhePreferab , e bl V\ﬂ'g ludes at least about 25%%9t her
exanpl e of a preferred abrasive articl one ch e

Al [err] preferredeigh oatimhswaea(morslpwemblmbetwm uue:taﬂopﬂ andadblow?i% by
abrasive co Si t he, f f .a et er.m ttern.
At | east so@gof Rﬁi&!\“) based @E’{' qgg'blned we'gBt %Fe@?%‘&?é} d'?fé'as"é[bp'é?g“f‘@@
conposites. All qﬂasudmrmerpluhalatesstm aﬁ%&b& deribatives thereof. substantially the
sane height. The compgs te bl reater than about
250 nicrons. Mbreover, fﬁéa“g{ﬁ‘? gEIa\;gefg a‘f éy‘ffr @?‘@FJ%WC? Achacking; haying g a5t

about 1, 20@umm$ inclidesnRd abrfbi@IpanicRE AdE Bind&fin BHTTHAE 6f A Hiesive
Preferably, substantial]l % SlcglgOf t he abrasive conposites have substantially

the 2 5 ~sane sifap@e Ek 8 creferably ds @ polimey il o Ples badking Lpreferablyiie |
cylindrical, ,gri Wde@ with a pnmefﬁﬁkﬁﬁgéﬂlﬂdheﬁ(w lfi:m&ﬂlthe Magng %at‘?’q% Byd @ dal

coni cal, truncated conical, cross ke with op Sur f ace
and heni spheri calbackingpes, as wel | as conbl nat i ons t her eof

The abrasive conposit e from h. ot For
exanpl e, they may be %ﬁ%‘@%rde xg&?'fe %e'L ¥%§%Pg?r9suf ’g EL 6 'sseﬁ%‘@gﬁ apart
from each dtltcepre(esed:hretabatwaanhhm that incinders pheilie oNattasHRi donfPbsites

conposites). \Were - 4-

arranges in the form of a pre-determined pattern. At least some of the composites
20  may be precisely shaped abrasive composites. All of the composites preferably have
substantially the same height. The composite height preferably is no greater than
about 250 microns. Moreover, the abrasive article preferably includes at least about
1,200 composites per square centimeter of surface area.
Preferably, substantially all of the abrasive composites have substantially the
25 same shape. Examples of representative shapes include cubic, cylindrical, prismatic,
rectangular, pyramidal, truncated pyramidal, conical, truncated conical, cross,
post-like with a flat top surface, and hemispherical shapes, as well as combinations
thereof.
The abrasive composites are preferably spaced apart from each other. For
30 example, they may be provided in the form of elongated ridges spaced apart from

each other (such that a channel forms between a pair of composites). Where the

4.
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PCT/ US96/ 15089 abrasive article features a backing having a surface
t tat—Tctudes The abrasive  conposites 1n the formof a coating, each
of the conposites preferably has substantially the same orientation
relative to the backing. In a second aspect, the invention
features a mMWOYAMIR nodi fyi ng an exposed 5 surface of aPSEHPSEr®ct or
waf er that includes the steps of: (a) contacting the
surface with a three-di nensional, textured, fixed abrasive_ article

that includes a gbrsivg prtigleofeatyres & bagkingshayia R Awiaseithas inclndsssthe ebrasive
a binder; and cpmposites ]gn t}(eb}’orm 5k Aloath yeagp\b'frl tcg\g?c‘é@ésehe?é}%lﬁ s T X?ﬁ

abrasive article sai d surtace of
a third aspect, Isdtlstannallgrﬂlasamebeaualmeselawmtheﬁaakingrmdi fying an exposed

surface of a sem condycto fer es the,ste

(ay * Contact ng & he. A Phord e, I v s A PR SPRebine.n expet g
abrasive arti gl eshrfge ofmsdniuﬂ;amworp}aﬁrrdia inglutés za&mqgm#e particles and a

bi nder that 15 i ncl resi n_and pl a t|c i n,an anount, sufficient
to increase the erodi I i t‘;”“@?““g the surface withaat e-émer'%\% riexuiedy dX¢h ¢ he

sane abrasive sugf@gee drficlé that RASERS & Phedlity Slepreclsely shiﬂe@ﬁﬁrhﬁezcﬁfmpoﬂfég and
(b) relatively noving the wafer and the fixed abrasive article to nodify

t he surface of thémﬂmmd The bi nder preferably includes at |east 25% by
wei ght of 20 the pl about
75% by wei ght) @z upor?( @%ﬁaﬁ% %ﬁegﬁ{e%@%‘ﬁ‘gﬁg%‘%s?o ?i?‘gr and
the resin. 10 saidsurfacebﬁthawﬁﬁurth aspect the invention features a net hod
of nodi fying an expos surface 0 sem co ct.or er _co sing a
metal oxi de conpri si n&qﬁgdﬁp‘g&tl}ﬁmwmlon aturesame?l? °fm°é“gﬁf‘ f‘é?ps?%

surface with a t kirfRe 8f iRASdoAARIor Wattf thal Relud@theitdpsef 25 flxed abrasi ve
article conprising a &I?ural ity of abrasive {‘)artl cles and a

bi nde
arranged in the form coptacting be upfacs Witk 1 thiee é'ﬁd’"s'ma' te’“""ed fixedy)
relatively movi ”Qbrﬁ?@e %El‘é‘ﬁhﬁ”iﬁcl&&? £ Bléﬁflitﬁgz gothone pirticids! dhdt L biREH fnde

the surface of the wa
" PCT/ US96/ 15089 mcludes a rcsm and a plasuclzer in an amount sufficient to increase the erodibility of
the abrasive surface relative to the same abrasive surface in the absence of the
plasticizer; and
(b) relatively moving the wafer and the fixed abrasive article 1o modify
the surface of the wafer. The binder preferably includes at least 25% by weight of
20 the plasticizer (more preferably between about 40% and about 75% by weight)
based upon the combined weight of the plasticizer and the resin.
In a fourth aspect, the invention features a method of modifying an exposed
surface of a semiconductor wafer comprising a metal oxide comprising the steps of:
(a) contacting the surface with a three-dimensional, textured, erodible,
25 fixed abrasive article comprising a plurality of abrasive particles and a binder
arranged in the form of a pre-determined pattern; and

(b) relatively moving the wafer and the fixed abrasive article to modify

the surface of the wafer.



Throughout this application, the follow ng definitions apply:
A "fixed" abrasive article is an integral abrasive article that is

substantial ly free of unattached abrasive particles except as may be
generated during the pl anari zation process. 5 A
“three-di nengjo w,abrasive article is an abrasive articl ' uIer ous
abr asi ve par?k%ﬂ@b“ xtendi ng throughout at |east a portion o #?Qa?ﬂickness
such t hat renovi ng sone of the particles during planarization
exposes addi tional abrafdugibut this applidaion, ithd folovingadfinions appht f or mi ng t he

pl anari zation function. A "textured", abrasive article is an

abrasive article havi r?g"ﬁ"&‘?"s@&%’&rﬂ"f%@ aa,imeg_r@} abf%‘é’&éﬁ&@o‘hﬁdﬁ P?Q?%"‘}“M whi ch
at |east the rai %&Q_&oaﬁa@%%ﬁew@a@sm&:pﬂ la Ib%sﬁa%ed during_fHender .

An "erodi bl e" abrasive art e 1s an abrasive article that breaks down .
under use planaidatiomprocéssy a control | ed manner. An

"abrasi ve agglonerate”, refers to ayplurality, of abrasiv rt.icles bonded
15  together %in the r“b:’fﬁ"%f"“‘&"ﬂ?ﬂ“l ﬁ?"b’%ﬁ'?‘&fﬂaé‘ta ik 43 E'.%d%“"“g AUMErous  an

"abrasi ve conposigbRisivé partitles éxbending thrbughopt atriedst & portibn shiapthitkhessiswh thri ch

collectively provide a textuged, three-djnensiqnal abrasive article,
conpri si ng Temping; SQrpe Bé?'ﬁ particles dyping pianageation fﬁ@f’s%?@ﬂq}'@' ?Cpé?sf"lecl es
A

may be in the forfmfes capable of péHorhing SheaRsbRfRSton20 _
"precisely shaped abrasive conposite"” refers to an abrasive conposite

havi ng a nol ded shape A Tiexturpd” abrasive atticledeanpgbrasive ariislechaving raispd ppitions and
retained after o QMR .

Pref erably, 13??e Crg?ﬁs)sgg ﬁ’tg ‘g'oﬁgs) et ‘%ﬁﬁ"g{@ﬁ?‘fé y ?ra g%fn%ggggﬁélgs and
particl es protruchimigr.beyond t he exposed surface of the shape before

t he abrasive article has, been,used. as. described in.lU. S  Pate No. .25
t 155 007 KRl 10RYe BRichAT o1 Hatve e, M MRS douh dinde
readi |y control | ajak eortiion®ik afcdhtrolled manndrTpr ovi ng t he surface
characteristics of a senjconductor wafer at various stages ) dur.i ng
fabrication. Because Ah@bEHYS exgie’ fefers to plurality R abrasvegarticlas bopded) y
long-1asting, e Siofihe? iR fotin'\oF a@hitdr§ p&ibiie R@ssused in a nunber of

-successive 30 oper ati ons. . . )
- 6- WD 97/ 1148"abrasive composite" refers to one of a plurality of shaped bodies which

PCT/ US96/ 15089 collectively provide a textured, three-dimensional abrasive article comprising
abrasive particles and a binder. The abrasive particles may be in the form of
abrasive agglomerates.

20 A "precisely shaped abrasive composite” refers to an abrasive composite
having a molded shape that is the inverse of the mold cavity which is retained after
the composite has been removed from the mold. Preferably, the composite is
substantially free of abrasive particles protruding beyond the exposed surface of the
shape before the abrasive article has been used, as described in U.S. Patent No.

25 5,152,917

The invention provides a relatively low cost, readily controllable method for
improving the surface characteristics of a semiconductor wafer at various stages
during fabrication. Because the abrasive article is designed to be relatively
long-lasting, a single abrasive article may be used in a number of successive

30  operations.



Q her features, advantages, and constructs of the invention will be better
under st ood fromthe foll owi ng description of fidures and the preferred

embodi et Of LNe present I nvention. 5

Brief Description O The Draw ngs - Figure 1 is an enl arged
schematic cross sectional view of a portion of a - sem conduc waf er
prior to surMWQ¥E1M484i fication; Figure 2 is aRcHEHP é@éj
schematic cross sectional vi ew of a porti on of a sem conduct or waf er
after surface nodification; gure 3 is a partial_ side
schematic vi ew of one %%5?%‘!'8% a#wtmuaﬂ%?@t@ﬁ& of the inveptjpy &E‘b 'bf’eléf"

sem conduct or waf ?ggg I onal
view of a port|on“(?'g?rsm)d from ‘hefﬁnowm dith r{ﬁ Pﬁﬁg lﬁ%}e@(?m& F50% gél ve
article useful i roftlepresemdmestionf t he present “i nvent i on; 15

Figure 5 is an enlarged cross sectional view of a portion of another
t hree-di nensional, textured, fixed abrasive article useful in the process

of the @’ esent i nventi on; Brief Description Of The gmvﬂn? is a top plan view
of a*portion of a three di rensi onal , texture I . xed abraslve article
useful in the processFiure hés gdlarged sohgmetic; grass ssetional view of a PEe el e s an

i sonetric view ofsﬂﬂlcgﬁyuuopg,afgﬁ priortd b BednBBfchispal . textured, fixed
abrasive article useful 1nth e process of the preesent invention;

Figure 8 is an i somet Figyre/2 éamenlargeshschematicospssi sectionalswew ef tai partien of aa
portion of anot h%&nc@ﬂﬁ&oﬁhﬂﬁ?ﬁkcﬁ% eﬁgéﬁéﬂiﬁﬁi fixed abrasive article
S

useful in the roces resent | nvention; 25 Fi gures
9-12 are enl anged crosﬁgueel:blamaaial sxdmhemitlcpmmcfcnns amfarzauiﬂﬁot modifiling the
t hr ee- di nensi onal texkured éed q.bra3| ve articles useful in the process
of the pr eShifice ?QS'H" or water Figure 13 is an enl arged

i sometric view of a s@iguRORdUCtAr eiiaiged &OQWstional viewr of ef efedornplotngs; 30

Figure 14 is an enlarged  isonmetric view of a sem conductor wafer show ng
reference pl anes;three-dimensional, textured, fixed abrasive article useful in the process_of.the

WO 97/ 11484 present invention;

PCT/ US96/ 15089
15 Figure 5 is an enlarged cross sectional view of a portion of another

three-dimensional, textured, fixed abrasive article usefil in the process of the
present invention;

Figure 6 is a top plan view of a portion of a three-dimensional, textured,
fixed abrasive article useful in the process of the present invention;

20 Figure 7 is an isometric view of a portion of a three-dimensional, textured,
fixed abrasive article useful in the process of the present invention;

Figure 8 is an isometric view with parts shown in cross sectional of a
portion of another three-dimensional, textured, fixed abrasive article useful in the
process of the present invention;

25 Figures 9-12 are enlarged cross sectional views of portions of additional
three-dimensional, textured, fixed abrasive articles useful in the process of the
present invention, '

Figure 13 is an enlarged isometric view of a semiconductor wafer showing

. reference planes;
30 Figure 14 is an enlarged isometric view of a semiconductor wafer showing

reference planes;

-7-



Figure 15 is a schematic representation of one process for making a

t hree-di nensional, textured, fixed abrasive article .useful in the process
of the present invention; Figure 16 is a schematic
representation of a second process for making a 5 t hr ee- di nensi onal ,
textured, fiygfahigasi ve article useful in the process of pEFrusossos
present invention, Figure 17 is an enl arged cross sec?i onal
view of a portion of a t hree-di nensi onal , textured, fixed abrasive
article useful in theFjguocd§ssaf schematic represpmativansf one/ @ricesdnfor lifaking a

Det ai | ed Descri pt,j T I nvent,i qan . 1 copduct or Wafer Structure
Figure 1 is a si r#]:‘)'iglg'fi %’Hs"slﬁév&e’gf"eg’ ?’éfﬁ' é%ﬂ\'%??\gg "é%ﬂ?é'brﬂ'lﬁ@f%?ssv%‘ é‘F 10 15
sui tabl e for use presedtievetioncess according to the invention. For the sake of
clarity, wel | - kppwn Ieatur s such as dgped regions, active devices,
epitaxial |ayers, car figure 16 s a schematici representationof g §ecead peogessformaking 8t ed.
Wafer 10 has S R [ 1 Wi G . n r.f 2A and
a back surf acg 2%&%@“2@%?& otﬁggl??b fi * dag%mé% bfide mﬁ%g 'Jn%%ebﬁor%gsﬁ] ‘gﬁ‘s‘e .
appropri at e nat ePregentanventians single crystal silicon, gallium20 arsenide,

and ot her sem conduct tierj.a [ h rt. Over .front .surface
2A is dielectric | ayerﬁ{gg{satlZi 1ss hﬁ?e@m c?%s%y%r:&galt v &1 3 pastienyjafs2
silicon dioxide. three-dime@idral, textitedp fireddalerhsivel article | 3YRI $n SHeCprk&S of the
cont enpl at ed. . . Dielectric layer 3 has a front surface 8 and a
back surface 7. ®USF"HEYMPont surface of dielectric layer 3 are
numer ous di sgpete first netal interconnects 4 (e.g., 25 nmet al conduct or
bl ocks). Each of these first nmetal interconnects 4 has side walls 9

and top wall 11. Each first ne2€ . ption-Of Th entiom nade, for exanpl e,
from al um num copper, alum num copper alloy, tungsten, and the |iKke.
These net al I nterconnects are typically made by first depositing a

continuous | ayer Semiconductos Wafer Structurg di el ectric layer 3. The netal is
e S e EOBE B Sl o8 Aferd it S0P
appl i ed over 15op suitble fod usefin erqitodess Micordrgad theThante) NEsiithé! sake i oRATY, T i I St
met al Wv)leﬁ-?c/n&v%xf' ?egtures such as doped regi ive devices, epitaxial layer ier
PCT/ US96/ 15089 ped regions, active , epitaxial layers, carrie
and field oxide layers have been omitted. Wafer 10 has a semiconductor base 1,
which has a front surface 2A and a back surface 2B. The semiconductor base can
be made from any appropriate material such as single crystal silicon, gallium
20  arsenide, and other semiconductor materials known in the art. Over front surface
2A is dielectric layer 3; this dielectric layer 3 typically contains silicon dioxide.
Other suitable dielectric layers are also contemplated.
Dielectric layer 3 has a front surface 8 and a back surface 7. Over the front
surface of dielectric layer 3 are numerous discrete first metal interconnects 4 (e.g.,
25  metal conductor blocks). Each of these first metal interconnects 4 has side walls 9
and top wall 11. Each first metal interconnect 4 can be made, for example, from
aluminum, copper, aluminum copper alloy, tungsten, and the like. These metal
interconnects are typically made by first depositing a continuous layer of the metal
on dielectric layer 3. The metal is then etched and the excess metal removed to
30 form the desired pattern of metal interconnects. Afterwards, a first insulating layer

5 is applied over top wall 11 of each first metal interconnect 4, between first metal
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I nterconnects 4 and over the front surface 8 of dielectric layer 3. First
I~nsul ati ng layer 5 is typically a netal oxide such as silicon
diroxt+de—BPSG(tborophospnosi | i cate glass), PSG (phosphosilicate

gl ass), or conbinations thereof The resulting i nsulating | ayer 5
often has a front surface 6 that may not be as "planar” and/or 5

"uni forn' as wiesi/mess. Before an additional | RFEUSHASWIrcyitry
can be applied via a photolithography process, it is desired to treat
surface 6 of the first insulating,layer to aghi.eve t.h .desi red degree
of " planarity" arBFspAnetis e avethe Ton susiee s of difectis fver, 3., Firet il

on many factors, ayeehudipiehliy Behetah hide shoirhs STIRDF BioRiBsl BPSG @Biphesphdsilidate O
which it is 10 i ntended, as well as the nature of any subsequent

processi ng st eps glassiISCh (phosphosilicate \glasey ofpsombinations; thereefi. bR resylting ake of
simplicity, thro ' ' ' ! »hj rocess
wll be referr edq?%ﬁgts'g 1“‘8 a%g??izgi{if‘a{)ﬁﬂt suﬁ?cgutsr glmzﬁm?mm bticﬁt s{h?g:ugsalo?he

waf er shown i % Fi"goifarm] asdesieqd. pl anari zati on (depicted in Figure 2 as

sem conduct or wafer 2 I rjzation . i ace 22
of 15 I nsul ati ng Ia;/%fr‘mé?"s g&%@ﬂg e'g%f}c?'{m?{}gﬁﬁb% aﬁ?ﬁ;ﬁaﬁpgﬂﬁﬁgg ﬁ%?%\%en t he
subsequent prbeessfiti is desired pdh yreqirsof@s 6 ofSthe diest insolatingzhayer te aghievecthe Cui t

design, the critigal | mension fegtyges, c be resolved. .These
critical dinensi cﬂ?s'feéMF%g%ﬁ%mw hand/or *unitogpitfhe Pyrtigulan éﬁ&'_‘e wil depend

Wth respect to tdpemag fidtors IRMBHIAgMhETiiViduall wafe} &dcthe 4FplicAibndeF Whith Rs i r st
20 i nsul ating | ayer 5; however, other |ayers may be planarized in the

course of thdo0 intendggs as welbias the apugm opayciBsequenk rogessing 4 qps to ahigh the
addi tional |ayer e hsdedubjebted™F6F ihdlsake of simﬁl?itﬁﬁﬂjohgﬁupmrreﬁmﬁdeg%?al
de I'n tact, there may be

i nterconnects, planariZation may be needed. re. )
anywher e from ondhis @ppligationo this pragesyr willt be refproed taoas |"plpearization”.ci Figuet2 v,

t al i nter ' ' ' . I e ek i.fion,
o ank v o GRREF 8 A8 Sl GRS Al B i O
Sem conduct or \Wafsemicbimiuator twafes 20). As a result of pisirizatiorg tiefiontasurfacd B2 lofiown

roperties that can he eval yate sing art- ecognj zed techni ques to
Set gr m ne if ¥he "SulRE cg (fﬁm‘agf §rs“ﬁ-§§“®é€'?"§ufuf"; éﬁ%%ﬂ'*’?‘ g‘ﬁ s“gffﬂ%‘ﬂ'éri zed.
These properties dh%hthdg’raﬁﬂya?t’&m i§ R@P Y6 Qeate al RWTRir&lfit dEean] Qhécritical

| ndi cated Runout (TIR)), surtface finish (nmeasured in terns of the average
-0- WO 97dimension features can be resolved. These critical dimension features form the

PCT/ US96/ 15089 circuitry design.
With respect to the wafer shown in Figure 1, planarization occurs on first
20 insulating layer S; however, other layers may be planarized in the course of the
wafer fabrication process. In fact, after each additional layer of insulating material
is applied over the metal interconnects, planarization may be needed. In fact, there
may be anywhere from one to ten, or even greater than ten layers of circuitry, metal
interconnects and metal oxide insulating layers. In addition, the blank wafer may

25 need to be planarized as well.

Semiconductor Wafer Parameters

There are several well-known properties that can be evaluated using art-
recognized techniques to determine if the semiconductor wafer has been sufficiently
30 planarized. These properties include flatness (measured in terms of the Total

Indicated Runout (TIR)), surface finish {measured in terms of the average

9.



roughness (Ra)), and dishing (neasured in terns of the planarization

fatio). The nunber and type of defects on-the wafer surface can al so
be eval uat ed. Total Indicated Runout (TIR) 5 The TIR is
a nmeasure of the "flatness"” of the wafer within a specified region of
the wafer. Since photolithography is used to create the ci bbdeisdedt t ern
on the we 8 ace of the wafer, it is critical that the flatness of
the wafer surface be | ess than the depth of focus of the nmachine

generating the el gelinORRARS! drd didhihigAiiefRrédSR dering of the plarfaFifaioR ritlyy. Cihecui try
pattern. A specified regl on or area in the sem conductor is 10 exposed in

a singl e exposur eugbesand Typgof deferss oncile yafepsurfapecanalsp be pplnatedr waf er
may have a different flatness relative to another region of the

sem conduct or waf er because these two different regions correspond .
to two different Fotgidadicete ut (TIR Thus in neasuring the flatness of
the sem conductor wafer, LS neasur ) S aken over..a,specified
region. 15 3 &irhﬁa.hg'sfs‘“?als‘l"ﬁgf H'gt @agnegs rcgét?eo‘ﬁaflﬁ'?w' in.a specifird; (78198,

waf er 250 prior tgfthe wafer. SthéhotohiHokfphy it iSedStorordate the civéuitippier’ &P thes
simlar to that of wafer 10 shown in Figure 1. ecifically,

S
seni conduct or waffeant faseoftheyaies dids craticalthat thefagness,afdhe wafer surface be 'P%/\'/'Paﬁg
front surface 25%h@gg,i#§§&cmﬁtﬁéﬁa&§%-gm&g.§ the Q&tronidEieBE Fadiation Aed to

sem conduct or base dielectric layer 254 having Tront surface 255.
Over front 20  swueateithe ciggitryfpatitral edtspecified apgion PEAreatinthe sensicqndugter ist y of

B e

appl i ed over "and 1 tween I 'nt ercon
a result of the apghavanidifferent flatness reldtivetp hrmyter region of the2séthiconthetaywaternost
surface of sem conduct qr vvafer.ﬂ250 may not be ags "

different reg{?g

"ol apar " d/
<& Hipad B < ERETEFPR™ 18, o ISRt SRR

"uni form' as desi :

degree of "pl anarTtuy'in atdéuding thefidtAdssriof Yhe' semiconductciSwif@ i€ fessirenitnt Be TI R,
is through a series of inmagipary reference planes, as shown in

Fi gures 13 and 14takensivers speegifisdyegipliure 13, there is shown a first reference

plane 271 thafg is for mEghed nONnRAGEes SH rEfHE of 32seRficon@EBISTONARE 1280 T 10251
There is first imagi nary plane 262 that intersects or touches,the

out er nost por t i orplanarigatighe Jhe sigacture 96iwafer 270 ispiimilay te thwb of waler 1@ skovary of
ser conduct or waf G, 230 <, bR slldibuctor water 238 %o fridel SRl HABEaLe 102 0N

out er nost portion se ctor
-10- WO Ring 1@ surface 253 and back surface 252. Over front surface 253 of
PCT/ US96/ 15089 semiconductor base 251 is dielectric layer 254 having front surface 255. Over front

20 surface 255 of dielectric layer 254 there are plurality of metal interconnects 256,
257 and 258. Insulating layer 272 is applied over and in between metal
interconnects 256, 257 and 258. As a result of the application of insulating layer
272, the outermost surface of semiconductor wafer 250 may not be as "planar”
and/or "uniform" as desired.

25 One useful way of envisioning the degree of "planarity” and/or "uniformity,"
as manifested in the TIR, is through a series of imaginary reference planes, as
shown in Figures 13 and 14. Referring to Figure 13, there is shown a first reference
plane 271 that is formed from back surface 252 of semiconductor base 251. There is
first imaginary plane 262 that intersects or touches the outermost portion or highest

30 point 270 of outermost surface 273 of semiconductor wafer 250. Lowest point

259 is the bottommost area on outermost portion 273 of semiconductor wafer.

-10-



-Prior to planarization, the distance between first inmaginary plane 262 and
F owest point 259 is typically greater _than about 0.5 mcroneters. In
sefre—tnstances, TTE di'stance between first imaginary plane 262 and

| owest poi nt 259 (i.e., the TIR) is greater than 0.5 m'crorreter
soneti nes greater than about 0.8 microneter or even &W

about 1 to 2wowmmmseters. The actual value of this di stan epends |n

part upon the design and fabrication of the sem conductor wafer.

Figure 14 illustg r ;gwe 2dndNéwdsz at i on
(and thus is si mpﬁéf?ot éﬂﬁg‘&ﬁi‘oﬁ thg%\tftgc?)l\?\éng?tﬁk%ygﬁtre Efnﬁly n;% ?gd

sem conduct or point 25®isaypi@iy greatep tliag abous mmqrer hbé@mﬁ nstanges,\theyg

front surface 253, and [ f
e conduct or ba A ey Jrapay pRgERs: and Bless o 250 FeeC i BOE

255.  Over front %%ateﬁ%n D micfontéter sofifetinmés greaterr thatbabotith®8 mtcrometer oraaven
pl ural i ty of neta

I nt erconnects 265. 264 g? Beft (:gn thege t.a
i nt er connect s5i s greatsrthan abgyt | 49 & micrgmetersg The F‘é‘g vplug,p ‘Bﬁ FFLAnPe, etpf'ﬁ
out ef Mbst §H5F&Fﬁe32 n(a\t@raﬁhcdnaﬁbmlemhe&hu@wma 276 and | ow points
278) of sem COﬂdL?C wafer 277 has beconme nore | evel and uniform

The extent of planari Emll‘eow nﬂmatye thenwafes shows in Iﬂ%‘[ﬂﬁ? follewingcplaranizalioR; ance

pl anes shown in F| 18 dmicB@fuciod
formed from 58"1( '“"3_2356 a%}t Elsﬁ’évr?t lgon uct or @Lagg%egg%m There is
second i magi nar y wdfarnm%ﬂnpnses semmddattor hase|2§édhﬁng)frontoaudh®S2i3hmdchnler nost

portion or hest _poi t rface 7
sem conduct or fsE'ff 725;5 E’ "t 5'6 ?ffggg §ffe§m?%8u e 28 ‘?dge];leé:gnc layer
out er nost porti orpsg haviky freM SFRE IS Overfrdn® surfatd 2558 aeleaﬁulayercﬁn there

pl anari zati on, It is preferred that for c regi,on of the
waf er, the di st arkce plyealite ef metal dnterconnects 265460 ﬁ%@&ggl ah%!“’?'B'B thesey "letﬂi\e

poi nt 278 (i. . tath dr€QisdN A al R&H bgR t oahﬁ-uéstSOOO
Angstrons, pr ef er"E;tE"Pc'?/;llnr?(E)il r’rgrdegﬁa ‘*aynﬁy rout 150 aAngst r Orﬁ}snan_lz_%lon,

particul ar TIR vaudeers (whidpieciudes high pols 27|6dﬁnd .Imamntﬁ/&f/&ofémwpmctof
application f as well as the nature of any .
8; ced ﬂfﬂ'&??ﬁ% b%t'qdle m&% lév@lta\?n\ﬂqﬁ‘ﬁorw y

subsequent p he wafer may be subjected. In
~general, prior to pl amaé easitiofplandrizati@venndgenvisioned thibugh the use ot trefgrence

oxi de- cont ai ni ng wafer, surface i eater th trons,
usual Iy in the rdfpes thowa% BUE, efe i first o Srﬁ'é‘teen:fas?e%g&m P fow‘gﬁ
pl anari zation, t hﬁ;}@ﬁﬁfa@é}@sﬂdf@emﬁom&foe baB 291 | HRese i baamaimgma@me 268

r-o

Angstrons. nore preferably | ess than about 2000 An% cz. and even
nmore preferably |thadntessests or touches the outermost portion or highest point 276 of outermost
;Dé':}'; US96/ 150 g&o %Z‘f&ck%g' of semiconductor wafer 277. Lowest point 278 is the bottommost area

on outermost portion 275 of semiconductor wafer 277. As a result of planarization,
it is preferred that for a specific region of the wafer, the distance between second
imaginary plane 268 and lowest point 278 (i.e., the TIR) over this region is less than
about 5000 Angstroms, preferably no more than about 1500 Angstroms. The
25 particular TIR value will depend upon the individual wafer and the application for
which it is intended, as well as the nature of any subsequent processing steps to
which the wafer may be subjected. In general, prior to planarization, the average
TIR of a metal oxide-containing wafer surface is greater than about 2500
Angstroms, usually in the range of about 1.0 to 1.2 micrometers. After
30  planarization, the average TIR is preferably less than about 2500 Angstroms. more

preferably less than about 2000 Angstroms, and even more preferably less than



about 1500 Angstronms. The term "average TIR' neans that there are ten TIR
readi ngs taken over the specified area which are added together and divi ded
by 10 to cal culate the average TIR It is preferred that
the region over which the TIRis evaluated be 3 nrmby 5 3 nmm squar e,
preferably 5%_}? 9 msquare, nore preferably 15 nm by 15 06/15089
square, and e preferably 30 mm by 30 mm square. The TIR value is
readily measured using a profiloneter, e.g., a "Mddel P-2 Profiloneter”
conmerci al 'y avai jygy ?SdorﬁiﬂsfFG?H?OFrhe teriO"averait THOCmEInS ithd? there are ten TIR The
surface finish of the wafer al so be evaluated. A well -

quantity, Ra, prd\ﬂi‘hw t&en@asm @ sperifitharea which aee addeq together and divided by 10R; i s
typi cal ly nmeasur roneter such as a Wko TOPO 3D
Interferoneter, S‘grg ase ?’gﬁ%ﬁ{!{g Corp. Tucson, AZ or a TENCOR 15 .
profil ometer. Aft er Ilatsqareferaﬁtdnhat the mnopIoaﬁa\whxdemes’ﬁlRfiamlqatedfb@rhbmwyhas an

Ra val ue | ess than abo troms nor e b han
about 15 Angst¥ o nimghﬁ]uare prefu%g 3 eS r‘3'8|"9“a|“’e§'§° F-?r%@' lﬁ/mf’gb ]r‘?tg'E?‘r ons.
The term average gyaavesandnéven tnitseé greferably 30 dy JoemA square. Rmermdw@s ist aken

and these ten Ra values are averaged t%get her to cal cul atg}

average Ra val ue.resdily measured, ugingga profilometer, e.g., AnoMeds! £r3 Bre P"‘E)t&? anet er
pertains to di shléwnmg?aglgra%ggehg"ﬁg,g&e 2, di shing refers to the
phenonenon where sone of “first insulating Iayer 5 is renoved in the

area between the first nmetal interconnects 4. resulting in the overall

hei ght 23 2 50 o§mjﬁ{ S5 .L‘psul ating layer 5 being reduced. As is well-known
in the art, t B L L dishing is indicated by the planarization
rati o, whi ch corrpar es '[Heesud’emm:smbf the waferatag ralsal ber evatwated. f Aowelbiermwned
regions to the anount mat e from where it is not

desi r ed. uantnty. QY f?ﬁ'ﬁﬁf‘?@%&l ﬁn%&i"{sB measure the

planarization ratio. Rds %@wallﬁh&%ﬁﬂe@ﬁﬁﬁ@ﬁn inferfeiftdter SuckRg a WykoTTGP @8 DOr €
and after planarization. An optical i nterference/ absor pt ion

i nstrunent is use’(!'tqf@“meéﬁfurpé'f"l‘?'ﬁédtﬁp@kmg &pro: hducsen.gdZ or a TENCOR

-12- 15 profilometer. After planarization, the planarized surface preferably has an Ra value
less than about 20 Angstroms, more preferably less than about 15 Angstroms and
most preferably less than about 10 Angstroms. The term average means that there
are at least ten Ra readings taken and these ten Ra values are averaged together to
calculate the average Ra valuc.

20
Dishin
Another critical parameter pertains to dishing. Referring to Figure 2,
dishing refers to the phenomenon where some of first insulating layer S ts removed
in the area between the first metal interconnects 4. resulting in the overall height 23
25  of first insulating layer S being reduced. As is well-known in the art, the amount of
dishing is indicated by the planarization ratio, which compares the amount of
material removed from desired regions to the amount of material from regions
where it is not desired.
Two instruments are used to measure the planarization ratio. A
30 profilometer is used to measure TIR before and after planarization. An optical

interference/absorption instrument is used to measure the thickness of the oxide
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PCT/ US96/ 15089 | ayer in areas between the netal interconnects before
ant—after—ptamarizatTon. —The anount renoved from each area is

determ ned and the ratio cal cul at ed. - The particul ar val ue for
t'he planarization ratio will depend upon the - individual wafer and the

appl i cation fwoommdssh it is intended, as well as the nat ur BCHPSI6ASS 5,
subsequent processing steps to which the wafer nay be subjected. In

general , t he pl anari,zati ratj I e ~_TvDi ly,
suitable ratios ﬂ?fﬁgg‘ are beﬁ’ﬁ%?\%@enégg‘g%{g&%egst% gfogeb%atahg'.aﬂ?'%ﬁ‘rm-e%@r ;@}:y
bet ween about 1. GicantBmoved ¥rom each irea is determipédedng nlsexayjo calnulatedl. O t 0 about

1.4, and nost preferably between about 1.0 .to _about , . 1.2 A
pl anari zation ratio oft 8, particulag yﬁweafgf 9'11epﬂ°@n@'r=ﬁ'éw FRioatrdl depend ynon; gt es

that 10  there ijsdiGhiddWafel Sldth&sppHiatibh R which it is interided, 86 Well as the nature of
Anot her inportant parameter to determne if a sem conductor wafer has

been suf fi ci et | yanpsehsequentaogessingieps torivbich dre waferapaysber subjgsted. nlp ganeral e

treated wafer 15 B oM ' [ - ne f. : t is
known in the induﬂs' ?{/&B;as aonf Feo ngtw %%agiﬁaﬁjﬁdg@f"rcsa?@r esal%@%rfe&g'g?g%nﬁlgn t he
waf er surface. Arbetweenabiait ddX toi abotr@Oyrpreferably betweed aboun d9stbrabowts).& riate 9" or

"skid," and represent series of undesirabl e coarse scrat ches that
are close toget h@r’e.eig y abou _1'0 to ag?‘ﬁé'ﬂﬂ?fi)@f’“a?ﬁ%’?@ﬁ@“&e%m&f' 'eapPe
det ermi ned using 2.t Ar fefagRitieR #atidCof onk € FPicllliSsrefeirtd bétehise Thik Ffdfatel iigbt
scattering. In getnera Is desired to mnimze the nunber of

I, it
def ect s. 10 pﬁgﬁgregmvgelynodlshmg. Figure 3 illustrates a very
sinplified apparatus for planarizing sem conductor 25 wafers useful in
the process according to the invention. This type of apparatus and
numer ous vari ati defectind ot her types of apparatus are well known in the art

for use W th POLSHENBAdR ARl @93 ucRBRAS S ShBIER: vl iBXOTP! ©

of a suitable conmmer cli |'e apparatus I
avail able from been suffitiently\parddnzed ioftheRumder of defets réfaining in the treatdd wafeown i n

o oy TR R DRRBGR Hec e iewn  e RRF LY 1 2
-13- "pit" or an undesirable depression in the wafer surface. Another defect is known in
the industry as a "dig" or "skid,” and represents a series of undesirable coarse
scratches that are close together.
The number and type of defects can be determined using art-recognized
20 techniques, including laser light scattering. In general, it is desired to minimize the

number of defects.

Apparatus
Figure 3 illustrates a very simplified apparatus for planarizing semiconductor

25  wafers useful in the process according to the invention. This type of apparatus and
numerous variations and other types of apparatus are well known in the art for use
with polishing pads and loose abrasive slurries. An example of a suitable
commercially available apparatus is a CMP machine available from
IPEC/WESTECH of Phoenix, AZ.

30 As shown in Figure 3, apparatus 30 comprises head unit 31 that is

connected to a motor (not shown). Chuck 32 extends from head unit 31; an
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PCT/ US96/ 15089 exanpl e of such a chuck is a ginbal chuck. Chuck 32
preferably is designed to accomodat e different forces and pivot so
that the abrasive article can still provide the desired surface

fini sh and 1 &% n the wafer. However, the chuck may or not
all ow the wafer tof‘gi?vot during planarization. 5 Pﬂm?ﬁ’é&%d of
chuck 31 is wafer holder 33. The purpose of wafer hol der 33 is to

hel p secure sem caghipR!daitPd Shucks h GMAchudR! (Cridi 99 Bréfd-aly B gl foh®
sem conduct or wafer from becom ng di sl odged during planarization.” The wafer
hol der i s desi gnefcemmadatedifferaet fercenandpivet so Hhatithe gbrasiyg article gancstiltpyovide
circul ar, (o= P b8 Binikh and @ ) pa nqﬁ,néragonal
or the like. 10 UhE! desifell s I'n sorrea??ls%&génsgggﬁﬁé[ﬁge\i\/abg‘rygﬁ%’laﬁg?ﬂ%cgny sts of
two parts, a ret amaymy alowthe wafer to pimot duringplemarigatipport pad. The retai ning

i whi ch i ti I ' I deyi that fit
round the perd phery iU @k var toldesss. Fhepdbod ol Rt | °
pad may be fabri cigt§ thelp R60re 36miebnd¥Bof waleP $aNbShea® ulit .3 1 AU YaoCHrBVAE the
foam 15 In the enbodi nrent shown in Fi , waf er hol der 3

| | .3 er. 3
ext ends al ongsi deseg¥conductor wafbr fom becoming Mp@gedggurmg pPlanggzasion: iThs wafef. Ri ng
portion 33a (Whi Chides iLCdukibhEdah Ja d iRndfaR" | Mot be
integral with holﬁbéééé%&'kn somp. 1 nst g%?ges%éﬁ\;\%lper E, ﬁgﬁ%’r&%&@\%ﬂ not
ext end beyond sentvabmeptangular, squire; o@agonalchexagomel, peatagondh of the kg3 does

not touch or nt act rasi ty . | , r..hol der
33 20 does it end banaane HReR e halernolder Clns araRb BRSE S, lingind

hol der does touchand a waferosupparpRIC tThe hetaining fing (WhiclDis loptighal) inay\bBiagienerslye t he
waf er hol der may i.nf%u%nce #he cnaracteris Ics of the abr siv_f
coating. For exaftff@ dpdfe ahgﬁsoaé?““g?} frig§riphery o ‘hﬁéﬁ'a’ic?? for ¢ rab.'!fsi ve
coating and r _enDV®afeh§1£g¢H PAdRS! beMabrichef froin dnB 8r AbFedtdntthis, e.g., polfiitethired
during planarization. The wafer holder or retarning ring can
be made out of anfPa®aterial that will allow the fixed abrasive
article to inpart the yqni Lathatligh Sova inHif 2 Wafi hoREr 3 eltBfis alongside'6Yf €7 -
Exanpl es of rs%glat abl e materlérgfbs incﬁfl?de ‘Bol@nér“l}ac mater%afst. Egﬁ"gﬁ{anm e,

t he waf er hol der semicopthuitori waferr34ray ring pottien 3@l eRing portion33aHwhich is aptiomal)i al

~such as a partd cu -fil li.di fied. thernoset resi a
substrate inpreg n%f’ge%e ﬁeﬁ é}rﬁtg pgﬁé 89%'%1%%%?#"" IdW 'fmhé’(r?({rre{)éz't ]t“rsg'g'? hn?taﬁ{es,t\ﬁzger
particul ate fil | ehgdes GBmdithotiekendbdyond simidoadusorwaéey 34 such that lnater tiolder 330f t er

han th rial formng.th rf . bei . .In th f
E 12_ the materia doeg nm to cht orecogtlajact a%?a%wg goart]igg t&ea;[ gt her mstar;[ces? w% e? Eolger 33

20 does extend beyond semiconductor wafer 34 such that the wafer holder does touch
or contact the abrasive coating, in which case the wafer holder may influence the
characteristics of the abrasive coating. For example, wafer holder 33 may
“condition” the abrasive coating and remove the outermost portion of the abrasive
coating during planarization.

25 The wafer holder or retaining ring can be made out of any material that will
aliow the fixed abrasive article to impart the desired degree of planarization to the
wafer. Examples of suitable materials include polymeric materials. For example,
the wafer holder or retaining ring may be made from a composite material such as a
particulate-filled solidified thermoset resin or a substrate impregnated with a

30 solidified thermoset resin. If the particulate fillers contact the wafer surface, they

should be softer than the material forming the surface being treated. 1In the case of
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PCT/ US96/ 15089 _ met al oxide surfaces (e.g., silicon dioxide surface),
t he—parttTorate TTTTers prereraply shoul d have a Mohs hardness | ess
t han about six. Exanples of suitable fillers for thi s purpose include
materials such as talc, gypsum calciumcarbonate, fluorite apatite

and the |ikewapHu4ssui t abl e in the case of netal oxi de- conPETHBEISAr f aces
are 5 polymeric filler particles, e.g., particles made from polyester,
I,

pol ycar bonat e, | yam d pol.vol ef i.n, enolic r.esine.,and the.like.
Exanpl es of suit Z5tad °§ﬁ%¥ﬁ§"§§?‘3ﬂ§ﬁ'¥°€s‘ﬁ?f§&f %’F‘QWS'«&&? Ha'i'f‘f‘aatﬁgp'fr? B[f&eégb&f illed
conposi t e i ncl udghdieRk iaQMbIRHarfhess 69 (ban 286Ut Bk, Bamples of siiableTilers for

ur ea- f or mal dehyde resins, mnelam ne formal dehyde resins and_the |ike.

I't is also feasi bhispegoseripsludgraatenalgysuch gs falggypswm, alciymyeareanatey p4orig e with
the t.h tti | s : i j f
bty oo oy ) " Skt B o of RS kil B0 [0/

a substrate inpregn a so fle anpl es
of such cl ot hsi npblymeria ileropartitles, he.g.n\padicles | mada, framdpglydsteas polycachonate,

The substrate nm | s.Q be onmwoven substrate such as a paper substrate.
Exanpl es of sui tﬁﬁﬁﬂmgﬁmagﬁ'hpﬁ%ogﬁlgﬁ"a éhe\AﬁF'er hol ders i nclude those 15
SR o:c d under thg desi ggmdmp]!b% of ﬁuili%'fe th%%ﬁétfi@ésih@?&?tlzﬁﬂﬁ thy pﬁﬁgﬂite-ﬂlled
eferring to Figure 3, wafer hol der 33 wi fypic ave a_di ter

bt veen about 10 cemPaHss BeudReheRsic RS en%rgf'rﬁeacw@%¥eawawea1®rm§3§5&n 250
mm O €. Py iy A 88 theikBD s AAGedlile Yhfrearl der 33

my contain one Or nore senicon UC‘tOI’ war er s. .| n sone |ns. é s there
may be bet wedd | azheth20 a nargvoyenrishstratecwith theathermosesting wesine andy solidify the

The speed at whi x\@f der W p o+ k: lgul ar
apparatus, pl ana?'?r}za [ ‘c?)'hg 2% ﬁ\"dﬁ’t fog'ﬁsa.r 9‘?’;‘1’%& agg i'%'le%"ra?e ?ng@i aa%g&'PﬁdeB%ééés?gd
pl anari zati on resin. @xarhples of sudhrriagieineludd cottoo viavie nylomeibth; addodoliester3dothot at es

bet bout 2 t 1, 000 t Vpi Iy bet bout 5t
about 500 1 pm ~piBE BRSERG maLtsRE epyBfensubelbi o st ag8ER SR and o e
preferably between abpihimpRl dr QuW&orﬂfﬁé}ciél%vahﬁble wafer hblders\iaélgde thaseler.

rotates too slowy or too fast, then the desired cut rate may not be

achi eved. 15  soid under thaflesignations £6- 193, ‘A rand 20300:RB"bydRadglul ar f ashi on,

SPinel Lashon, 2, s RS TGciaug 43 B Selaip e dindel 00

for the wafer hobeteeer aboutol0ab abduh 500 mim; preferably between about 15 to about 250 mm,

- 15 meore preferably between about 20 to about 300 mm. Wafer holder 33 may contain
one or more semiconductor wafers. In some instances there may be between 1 and

20 40 semiconductor wafers per wafer holder.

The speed at which wafer holder 33 rotates will depend on the particular
apparatus, planarization conditions. abrasive article, and the desired planarization
criteria. In general, however, wafer holder 33 rotates between about 2 to about
1,000 rpm, typically between about 5 to about 500 rpm, preferably between about

25 10 to about 300 rpm and more preferably between about 30 to about 150 rpm. If
the wafer holder rotates too slowly or too fast, then the desired cut rate may not be
achieved.

Wafer holder 33 may rotate in a circular fashion, spiral fashion, a
non-uniform manner, elliptical fashion as a figure eight, corkscrew, or a random

30 motion fashion. The preferred mode is for the wafer holder to rotate in a circular
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PCT/ US96/ 15089 fashion. Alternatively, _as wafer holder 33 rotates,

t he wafer hol der may oscillate or vi br at e. The abrasive
article will typically have a dianeter between about 10 to 200 cm
preferably be‘élmg,nug*)out 20 to 150 cm nore preferably between about 25 5
to 100 cm Th¥ abrd&tve article may rotate between about 5 ) rpm

typically between about 10 to 1000 rpm and preferably between about 10 to
250 rpm It is pr r Pholds 7 GiheQk: fy.xed
abr asi ve arftgslfh@%é?‘?%{“gﬁé l)'it') %& Pﬂ% an%eg%l?@g‘ggt”ji c?n.a%{\?/g%re@?’g?%@gte or

sem conduct or wafwbrateand t he fi xed abrasive article nay also rotate in

opposite directions. . ., Sem conduct or fer 34 havi oyt er
SOFface 36 (hat wiii Ble gbus avicle P sl Bt o Doty fme ARRELD R such
that the wafer i 0b@mdprerthiblytitiwehlaloui 206150 4, more prefegiidly tetwdeh aboa 261
hol der using, e. nmechani cal neans (e.g., clanpping), vacuu or an

g., ; . ,
adhesi ve nean$ (d0gl00cmy ckhe ghgasive artigle sy Jotstesbapweasy abgyy p to] 1,00 g 35
bet ween sem condygd: n f f \% be 15
ol atively 11 ar Ak Ren i 1o 1571800 1o 16 pIeb GiratiatdP b o
pl anari zation is 250 rpm Jcikipesfarted that both the semicondpgar wafesar@ithe fisal dbessivease

unit 41 which hol ds,abrasive article 39 Vi n .abr.asive 42. se unit
41 1 usual |y nadkia Bia ) s i i@ R, e somifondsier afe and B8 40" <
connected to baséixedhtirasive aftitle sy diid rofabeaifl oppositddinstiong. article 39. In 20
general, the sub pad shoul d be resilient such that duri ng_PI anari_zatjon,

the fixed 10 abras iSgwicgpductor waffr |37 haying, guter suriags. 3¢ that will beplanagizedist or
waf er surface. |tgehgedtd Wafer Hider 33 subll tar MOwRRE i ReldBAH AP Ghiform!
conformabl e material such as a pol yurethane foam ) A pre?erred
embodi ment conpr iageinst the Wafercholden nsing. . anechanical mepnp (6.5 dlanping), vacuump e ki ng
on which is dispaoge : - di S| 1. [ coatl at 2 5
i ncl udes a plur a?a?'t f/hhg?\;egg'?%g [ (?‘?'S%ab &P@feeé&grhgi g%?i%g‘)? %ﬁ‘)'t h@u?'@gcmggf a
pre-determ ned  betweepademizondiergt wafer3gashdgevafer dolder 33e ptefanably shouild Ibet he
backi ng of the fixed e?b

asi ve . article. The suppad co | ses. at | east
“one resi | i entt5%| JRERY %g?}i Mg upifopy 4g casure that ﬁl\?og"lﬂrﬁ‘ggfﬁ"eq ggg{a{‘mw'%b‘ﬁut 100
MPa and a renai nidfegevdd €SS I N conpression of at | east about 60% and
at | east one rigid element generally, coextensive with and 30 | nt ey posed

between the resilient APPERYACO TG hahBassapk 4k gvhipn hotds aprazine agisleals) having
?L; InC|t e \A@fer ein dphRive 49 HaklATWT s BRRIIyAnale Yoeh Srigdd tHaterial stu_ai‘%s_ thétald 'SRt er

pad 40 is connected to base unit 41 and is attached to abrasive article 39. In

20  general, the sub pad should be resilient such that during planarization, the fixed

abrasive article will planarize the entire semiconductor wafer surface. It is preferred

that sub pad be made from a conformable material such as a polyurethane foam.

A preferred embodiment comprises: a fixed abrasive article comprising a

backing on which is disposed a three-dimensional textured abrasive coating that

25 includes a plurality of abrasive particles and a binder in the form of a pre-determined

pattern and a subpad generally coextensive with the backing of the fixed abrasive

article. The subpad comprises: at least one resilient element having a Young’s

Modulus of less than about 100 MPa and a remaining stress in compression of at

least about 60%; and at least one rigid element generally coextensive with and

30 interposed between the resilient element and the backing of the fixed abrasive

article, wherein the rigid element has a Young’s Modulus that is greater than that of
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PCT/ US96/ 15089 the resilient elenent and is at | east about 100
MPA._Suit abl € subpad constructions are disclosed in U'S. Patent
Application Serial No. 08/694, 357. The means used to attach
the abrasive article to the sub pad preferably hol ds t he abrasive
article flat Y4P8H#%i d during pl anari zation. The preferr ed PETUSHHFE8t 5
neans is a pressure sensitive adhesive (e.g., in the formof a filmor

t ape) . Represent ati ve exanpl es of pressure sensitive adhesives

sui tabl e for thi thepesiligoselement and is st leasti abaut d 8@ MPas cfibitaie bubpad canstapptions osi n,
Ay e PO S ARG W Pk ufbicasion Serst RB! aadsgcr V! ate and ot her
Ss), vinyl ethers '(e.g., po g]

pol yacryl ate ester yVvi ny -but yl et her),
al kyd adhesi ves, r ublBie metheussed asatach the abrasivasartitie tauthe sub, pad prefératily boldsubber ,

10 chlorinated rubber), apd_ m xtures . .thereof One preferped, pressure
sensitive adhesi the abrasive W?ﬂaﬂﬂi@éd&&@ﬁ%}sﬁw&?a&wyh’%v@@ﬂ@88 Mer. The

pressure sensiti y@ardd Qs préGuteSsensitive adleQVE (2L n MRNTRAL &0a Hm Cefaps). ONt O
the back side of the abrasive article using conventional techniques.

In one pref er r edRepressofativenexamples of preasyre sengitive adhesives suitablgafor dhis pueesey e
article 15 haviodydinofe Wbﬂ%&hé&%h%bﬂl?% fic ?&Kﬁ.@’s Qnd ‘ﬁspog;wrg (0N one
re I hg € opp

surface, a pressu sensitl ve adhesive c¢oa on t oslte back
surface, wher ei npelyhmtylacadate ansd other polyacrylgtietesters), avittybsthere (ecgo.atolyvipybwbytyl ses

two | ayers: i) . a, fir L ayer that conprises pressure
sensitive adhesi Vaer?:oﬂﬁdnbd,hzsms’ mb{’/ﬁrt“ﬁ"?swgi?'?‘st“a My &Y ﬁ%mggﬁﬁ“ﬁ%r
surface in dig ecthisrinated Glibbed)} dndinfictuizs teredfl IO peeferteddessuré Bensitieeddhesivabr asi ve
backi ng and an opposite ?ut @r surface, anld i.i,z, a second

| ayer over the oEtaér's‘éﬂﬂy agrylatesacrylic acid; copplymey o The prassyre sgnsitjve adhesive s, s of

particles subst aPlEfe?JblyYIaHmafeﬁ rH dbafél Sntd EHel Bk QKR of el aBfaSilvE WHicROusidgom t he
first layer, at |east 'the outernost area of these clunps of particles being

free of the conwentional teshriguesi t i ve adhesive. This type of pressure

of the et : | type of pressure
S 121, 790, o © CohE freteied imbodsflt, Bk sy ST £ chled e BHEY T,

form of a dis® hbavinggfa backing whitlasoppents anygbrasbe|cpalgwamtape surffewn, Lpressore of t en
greater than 36 cm.&&d @orr‘v,aé ic”a‘?f?‘v o th &)r(e)qt e% f«hs%ﬁ‘aéeow m Enn di anpt er . Wth
these | arge di anTAPVE ROV Ppatng B 1 CPRPTYS ARt ) § a&héupﬁfgfy pl ace
the abrasive di ssensifiveddesbidBofiing comiwiises twaayeesd pressure sensitive 30
adhesi ve construction provi'des a r’rFans tg allow the disc tg "slide" around
until the 1) a first layer that comprises a pressure sensitive adhesive coating,
with the first layer having an inner surface in direct contact with the back surface of
20 the coated abrasive backing and an opposite outer surface, and
it} a second layer over the outer surface of the first layer, comprising
clumps of particles substantially uniformly distributed over and protruding from the
first layer, at least the outermost area of these clumps of particles being free of the
pressure sensitive adhesive. This type of pressure sensitive adhesive coating is
25 furtherillustrated in U.S. Patent No. 5,141,790.
In many instances, the abrasive articie is in the form of a disc having a
diameter typically greater than 25 c¢m, often greater than 36 cm and sometimes
greater than 50 cm in diameter. With these large diameter discs, it is often difficult
to accurately place the abrasive disc on the sub pad. This layered pressure sensitive

30 adhesive construction provides a means to allow the disc to "slide” around until the
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PCT/ US96/ 15089 proper position is found, whereupon additional
pressure is applied and the abrasive disc is secured to the sub pad.
The abrasive article nmay al so be secured to the sub pad using a hook and
I"'oop type att system The |oop fabric may be on the | of the
5 abr asi ve \2}9% e and the hooks on the sub pad. Al terna?ﬁ&gﬁisﬁjﬁe hooks
may be on t he back side of the abrasive article and the | oops on the
sub pad. The hook s f .
described in U §r°%2§jp8ﬂ?oq\|o fé"?‘ @%&@g@&é&%ﬁ%’}%@%j} %@Aé;dsg'fi 36{%%" and
PCT WD 95/19242. d;scIssecuredtothes&quadrri ng to Figure 3, reservoir 37 holds

| i quid nmedium 43 (de ed i etai], bel which |s punped
through tubing 38 int eta '@s‘f’?l?'é‘!]ﬂ!‘"d%%iﬁééwredl to ttﬁ A Vng2 h‘i’° er and
abrasi ve coati “Qoﬂ)?t pe'atttaéh'?neﬁf skl €Fhé ib%b fabHc My be on thP'bﬁék’J‘MeZ@F ifan there
be a consi st ent flow of the lidquid nmediumto the Tnterface bet ween
the abrasi ve Sar tdboastve artislerand thechaoksppl thetsuh padat Alternatively,| the; hoaks meayiberont | ow
rate typically ry ﬁ?g%% sEJquth’geb&y srvla%ic?e ;}thoogg bih tHe"siib 'Ehcgotrﬁe PPJkezInQr abl y

bet ween 15 abou rrters
Condi ti ons loop type attd¢henepd syseemi is dorthen dessabegt indIASi BatpwtcNes; #609, 58hnduct ed

in a clean room Z e of contam nants which m ght
formdefects in %ﬁ%‘ Wﬁf%?@ﬁ"’ @ﬁj&@éﬂi@ﬁ%xaml e, the planarization may
be conducted in a cl m&(gm rel R ¥&servoir 37 hblddOfuidl Mediurh ABN{descriBedCinass 100
cl ean room gues whi ch affect the planarization process

i ncl ude t he M| e‘E?'ie(S’l‘i‘a&fbefQ’f\Qw ich is pupsddhrongh wbing 38 dete thy wtestasebetuesRecn t he
wafer surface angd idomﬂm?bm+ ‘é‘ﬂdaibtrdsﬁkecoatm%] 42, tyqus Osred(-hw'tﬁam&mdgm

rel ative speed ang| rel ative notion between t fer surface 25 and the
fixed abrasive apanagzasion ghefe theca consistont flowosf thhellqmdqmpéiumﬁel then intetfecse
variables are | NLARRARRNe oAU A e BhEGAREAPAARE, YHO uld fedifh piglydua
waf er urface el ng p raI since there
can be numerous qatealypucanyamngea fmnepbouft do ta S)Dmglhbters/mmutesmfemblydh@m waf er,
the sem conduct or V\B'ﬁIS lSG L@E ect s that the 30 pl anari zati on
process wil |l 15 osthppt 2540259 oy ‘hl gh renoval rate of the insulating

| ayers. If the insulating | ayer |s a metal oxi de such as silicon dioxide,

the cut rate . -18-
Operating Conditions

The planarization operation is preferably coﬁducted in a clean room to

minimize the presence of contaminants which might form defects in the wafer
20 surface. For example, the planarization may be conducted in a class 10,000, class
1,000 clean room or a class 100 clean room.

Variables which affect the planarization process include the selection of the
appropriate contact pressure between the wafer surface and fixed abrasive article,
type of liquid medium, relative speed and relative motion between the wafer surface

25 and the fixed abrasive article, and the flow rate of the liquid medium. These
variables are interdependent, and are selected based upon the individual wafer
surface being planarized.

In general, since there can be numerous planarization steps for a single
semiconductor wafer, the semiconductor wafer industry expects that the

30  planarization process will result in a relatively high removal rate of the insulating

layers. If the insulating layer is a metal oxide such as silicon dioxide, the cut rate
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PCT/ US96/ 15089 shoul d be at | east 100 Angstrons pér m nut e,
preterably at Teast 500 Angstrons per m nute, nore preferably at
| east 1000 Angstrons per mnute, and nost preferably at | east 1500

Angstrons per mnute. In sone instances, it nmay be desirable for the cut
rate to be asWEi%M484 at | east 2000 Angstroms per minute, REF/USPO0O00 or
4000 5 Angstroms per minute. If the material being removed during

Phen the cut rat RITRES o 100, Afinphe BB TnRE SR ko B SO0 Rl pir 77

bei ![ ng [em)ved ;:Iu:m(;m@ mbxarpmferalﬂy atdenst moedﬁtgﬂﬁnthsrmmgmiq emi most pref‘eirabheat t he
cut rates nmay ten er. al t hou it s, gener
&5 B Shoe e ol 1 OIS Rty U dete FedBtted such

desirabl e

that -it does notraﬂe% be%ﬁ@hqgvaﬁﬂast b@ooﬂnﬁgs&sﬂs b@mmn@ph\w &en BOGD ¥P4000
surface. During planarization, is generally preferred that

the abrasi ve Sar tArgsioms per mipyjte,If the materigh being @ﬁ'PV ““F‘&P'é“ﬁtwwss basderentire
waf er surface. |p,additd Gamichly d rY 1 urabftl ik silica, thexgﬁxg%{x%%% i3y &nf S 6EioWar

abrasive article provide a co ent cut rate consecutive
pl anari zation st Gmwers¢ly,df the materigiomihgremoeesisiudog plandrization is softer than silidgd)e

(0, “The’ cont A BF BUTHPLTaeRploBe s oviee. BenSR il irebR,

preferably | ess to have 4 high cabedé, the qasnratee:mn beOseRcted alied aat yit H@&smhan
about 8 psi, and nost prefera ess than 5 psi and even as |low as 3

psi. It has %eﬁ%%%%’e’h%ﬂes{r%‘%P?ﬂf@hVﬁ% wafer surfagg, asive article used in

the nethod according ﬁ@angnﬂaﬂaméaaﬁlms@ﬂermy blefdpre@VihGtetid AfasivedDfiele C Ut
rate at a |low interface pressure. |'ower "pressure is desired because it

i mproves pl anar i praYiden consistentrguy age éﬁfgﬁﬁlthQMtlwﬁafp@?W% Intaddition, ilois also| i ght er
wei ght a#ﬁérhﬂﬁ&»l’e@é?reﬁanaralﬁizag?? Oarr]rﬁ:loerS grovfdépa Q:E)n%@éh? ot sztEsteWéln

conditions wthi cess nmay used or exanple, a
first proce55| ng:m@ummlanagzanonstepsumqhnevesgood plnbugkss:omiwiterface pressure

e 8, SCoomL, P o0 M SRl T s H9E B S fr
process. (i.e., the cditict [Pra3suné)iis pricierublylléss Cim abowt 20rpsi aiopdpraferablydesst ed i n
e PrESenCe O ot 4 b o v Bl o A5 S R
32?; ed planari zgdsitReh Mpkiiadtevarl¥eloSehsy3 abif eﬁ%ﬂﬂe&rdnﬁ_g\iegr?djﬁﬁﬁﬂiefﬂea he
abrasive article used in the method according to the invention can still provide a
20 good cut rate at a low interface pressure. The lower pressure is desired because it
improves planarization, minimizes dishing, and permits the use of a lighter weight
planarization apparatus. Also, two or more processing conditions within a
planarization process may be used. For example, a first processing segment may
comprise a higher interface pressure than a second processing segment. Rotation
25 speeds of the wafer and/or the abrasive article also may be varied during the
planarization process. _
The planarization process is preferably conducted in the presence of a liquid
medium, which is chosen based upon the composition of the wafer surface being
planarized to provide the desired planarization without adversely affecting or

30 damaging the wafer.
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PCT/ US96/ 15089 L In sonme cases, the ligquid nediumcontributes
to planarization in conbination with the fixed abrasive article
t hrough a chem cal nechani cal polishing process. As an exanple, the

cheni cal pol ighiff S Aerr] occurs when a basic corrpounq,g}rn]g%%gsgn

liquid mediumréacts with the SSQ2 to forma surface | ayer

hydr oxi des. 5 The nmechani cal process occurs when an abrasive article
removes the nmetal In so.hé/ S’Jsé’sﬂh%?éip mihgl%f)ﬁt\’i%t@ft%planarizaﬁon in combin%m cal
mechani cal polishing process s preferre Oor Nnunerous reasons. | f
the material renwilatheifixedatirasive agticlestbivagh & ahenpicab mechanicdl ipelishingpsocess. Ast i ¢l e

tends to I npart coarse scratches | t he surface .of the . .

seni conduct or M#T:E?xampﬁ ﬁ‘ﬁé’ﬁ?fﬁ'fﬂrﬁ"ﬁﬁrg" 30°fr§'($b?ﬁfvrél‘%l°§ agtiﬁ‘f“glcgmﬁmﬂ‘ﬁéﬁiﬂbeal
process, the renpyed mediufiBéatsi with the|Si0 @ fofiftarstifice I8aflof silicon hpddRidés. zat i on
w Il not occur. The pH of the liquid mediummay affect

per f or mance, &andThe meghapjcale grogess cepcurs when, 3p abrasive aticle dempveshibe etal
surface being plgjm i feSiFbm (hP Shreidi N9 the chemi cal conposition and

t opography of th wa’éfer §mur?ace._ In sone cases, e.g., where the 15 wafer
surface contains net dPhemidatimechanical polishing poocessi is preferied formunberopsi rdasossdi um nay

be an aque . i H gre r r.ef er. eat er
than 6, more i REH R B3y R EREbroB dad s g leha S
ranges between Ilfhpart@osrse scratched iitdthe purfskbeofthe yertieindGator vadferutif the nfatérial 12. 5.
Exanpl es of suitable liquid di,a, for nmet al . oxi de- ¢cont ai ni ng waf er
surfaces i nc}%deregl?ﬁﬁdﬁg’qébf‘g&'ﬂ% pfﬂ?ﬁisaﬁhﬁi'ﬂ&"ﬂgdmﬂ?'&f il g"e"*ﬁ‘é??d%ﬁ‘ﬂds such
as potassi um hydpigagrigdftionwillhatBcbedr oxi de, ammoni um hydr oxi de, |ithium
hydr oxi de, magnesi um hydroxi de, cal ci um hydroxi de, barium. hydr oxi de,
and basi c conpounds stRerpHxef therigrids madiummeay affeqt performangsaandcis seleptedcbased

medi um may al so t Q | e I ; : | of
ot asel tm o fir B TallRe R R RulthS iR, il feUtiat

hydr oxi de- cont ai eomppsition and fopographyedithenwafer surfecd. ulni somechsep,o. s wherenthe

hydroxi de in_deionized.or distilled water Ln . I ¢h .the potassium
hydr oxi de coﬁ%enf"?%‘f fu(')-ﬁcer %%’Hb“é“é n?el;ag W'ﬁ%gftﬁ" 5(9?‘:?" f' 8*'6?’2’&"?‘8‘."8 .TedR'm may ‘?’fbout
0.25%. an aquebils Mbdieth havinga pHigrefetith@h 8| preferddly, gremér fi@i 8] more

ot e Cont 2l nf 0 LSl SSBLRE 10 samh b e LG b 103
exanpl e, the |iqydg greeiablybefdedsbotli 5.5 td EXs OExAAIQHF 48EbMHL@E medlai fei
E)zlgl_ cally Elggl aox?dicgli?tg%ngg Jafr‘e(l? rr;u?fgc(:)egt ingluzig a%lagolfzg gdlutions containing
20 hydroxide compounds such as potassium hydroxide. sodium hydroxide, ammonium
hydroxide, lithium hydroxide, magnesium hydroxide, calcium hydroxide, barium
hydroxide, and basic compounds such as amines and the like. The basic liquid
medium may also contain more than one basic material, e.g., a mixture of potassium
hydroxide and lithium hydroxide. An example of a metal hydroxide-containing
25 liquid mediumis a solution of potassium hydroxide in deionized or distilled water in
which the potassium hydroxide concentration ranges from about 0.1 to 0.5% (e.g.,
about 0.25%).
In other cases, also useful, e.g., for metal oxide-containing wafer surfaces,
the pH is at least about 4.5, typically at least about 5 and preferably at least about 6.
30  For example, the liquid medium may be distilled or deionized water, which typically

has a pH ranging from about 6 to about 8.
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PCT/ US96/ 15089 The |iquid nedium nmay al so i nclude a chem cal
etchant. Although not wi shing to be bound by any theory, It iIs

t heori zed that the chem cal etchant may "attack"” and possibly react
with the outernost surface of the sem conductor wafer. The abrasive

article of th¥O%M¥ i on then renpves the resulting materi RCHEPHIEEHN 5
t he outernost surface of the sem conductor wafer. Exanpl es of chem cal

et chant s inclu st ron ci ds ( ul furic acid rofluorlc
acid, and the |ike) d‘ﬁﬁ"‘l“'d ey gy, if!i'ﬁ'é'ﬁ% mysal “-‘H&?‘bx not

The 1iquid medi UAsHRRY tdtbé Bodid! by day eideryd RViB thedfizedUthitahe cma‘mnadnexchmeﬁhy
abrasive article, thereby |ncrea5|ngfthe erod|b|I|t¥ of the article during

pl anari zation. 1{ttackigpd e&santrweact WiB the quigsmasy sudace of thesprpicendugtor wafss an
abrasive coatin ﬂeoﬂ{ﬁ Aive 'aﬂﬁlcebf the inventiGH Gen w&m the pésﬂﬂﬁé m@teri&l formed on_

wat er-sensitive such as wood pul p, wat er-containing |liquid
medi um wi | | rBesuthe oitermest swfack efs the\;emlgonslnctbewg@r abaoples af chemical ¢tphaot5t he

abrasi ve coatin apci ng, dj bi | quid
medi um may al so%ﬁ'ﬂ‘?al tgg'édg‘?&l Qeeé’ su@'ﬁ'gaéscpdsUﬂryP%gP% Mt gc'd the m%g andagent S,
buffers, rust i nds)&idi;i:ihg)i@msl(ugriaemddes) soaps and the [i ke These addi tives
are chosen to ovide th de5|r i 'th ut damagj h

under | yi ng sem O8I B'F WA 1By §EPr P’ge ak w ﬁ‘l‘f&q‘ 8# q&xé’ﬁ’gl e, may
be included in t{pasive articlel tlﬁ#ébjdmﬁﬁﬁbidgﬁhé erbdibin@ mnmﬁae Bibring§lnasizagiod.r i Ction
between the fixed abrasive arti and the sem conductor wafer

surface duri¥y prarxampla: Wesre thetabﬁa'ye paiclg Jordydes gn @Wes'mwatms goMENiAR @i um
prior to planariggt, %bleorbx:ﬂi%y QP aISU\OBLH-ﬁ-ﬁs-M f11§r f{& ﬁ,ﬂxﬂ&j
tude net al

stream during planarization. es of suitable | u r| cants |
salts of f waterycontaining l@cpncgmpdmm rweill sesahrlawe;ercdwsmjwugms being absortzed d

[ithi um stearat e.')‘totgr%optvte%bat%T tgerebyenhancﬁg yqtaﬂ)elnum di sul fide, talc,

pol yani des, boronni waxes et hers, glycerine,
silicone corrpounds, [Thie \ltquid \nhedivoeinay also pmitgwadwdwealsﬁnhMIsacfaci’ﬁ:ts uetthgl ene
oxi de polyners (

e.q., | yner.s. .co Jjally avail.a e trade
desi gnati on %ol%&‘ ‘?“?’gﬁ U 'ng'&!mﬁ'fbd@a%tsﬁapf' “édﬁ%ﬁﬁa?ﬂlﬁﬁ's BFEHF and
the like. chosen to! pRVENite Redided CHdmBLE SwiliRYt dafifgiRe theCludé@lfingn t he
| iquid nedium These i norganic particulates may aid in the cut rate.

Exanpl es of suchsemirondustarcwafer surfagsar & lubricante Sori examplacmay be included in theni a,
cal ci um car bonatyg,; &F&ﬂm for tife hi'i’:se &%ddéﬂ% ?@Jtﬁog th/ﬁ] n thefifkd abfaSiv hm:le

nitrate), garnet, | cat es a t ani um di oxi e average particle
size of these i mﬂg@swxmdudmu#@regrfmduhu Panarieation litamayaboadded 100

Angstr ons. 20 liquid medium prior to planarization, or may be supplied in the-l%lliﬁ of a second

stream during planarization. Examples of suitable lubricants include metal salts of

fatty acids (e.g., zinc stearate, calcium stearate and lithium stearate), graphite, mica,

molybdenum disulfide, talc, polyamides, boron nitride, sulfides, waxes, glycol

ethers, glycerine, silicone compounds, polyvinyl acetate, polyvinyl alcohols,

25 ethylene oxide polymers. (e.g., polymers commercially available under the trade

designation "Polyox" from Union Carbide Corp.), combinations thereof and the like.

Inorganic particulates may also be included in the liquid medium. These

inorganic particulates may aid in the cut rate. Examples of such inorganic

particulates include: silica, zirconia, calcium carbonate, chromia, ceria, cerium salts

30 (e.g, cerium nitrate), garnet, silicates and titanium dioxide. The average particle

size of these inorganic particulates should be less than about 1,000 Angstroms.
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PCT/ US96/ 15089 preferably | ess than about 500 Angstrons and nore
preferably | ess than about 250 Angst rons. Exanpl es of
particul ate-containing liquid nmedia include media containing (a)

¢ol | oi dal cery jcles in water, preferably either disti]]|

dei oni zed vvat‘gra,gp,?ir’?u 5 whi ch the average particle size | epg%?sﬁ&ifo%out
0.1 mcroneter; (b) distilled water, ceria particles and potassium
hydr oxi de; and ( sl te T t LM
v oxi de. T Prertuoh) fesg i Bl CSoo Atk GnPR e Berdly s van FRIFRIT
medi um the pref Angstidms. liquid nmediumis substantially free of

[ [ ti | at . [ ; [ . ,
the 1 qui d medi um corpimeledphessfin orne fuimedd BHudecneis spmisming (Y oL
than 0.1% by wei glifoidaleeridQafticRE G4 VateP) preforibly eith& distfiled BPHEGHEL water, in
particul ates. ) The amount of the liquid nediumis preferably
suf fici ent t o5 ai Which theraverage pastiele sige less than plouh 0. 1Hyigiomeregc(bhidistilied twater; om t he -
surface. In many_.d | P hidGd: o]l basi c
liquid nmedium anﬂ#@?a?ﬁ%géﬂde gggFm{e't%’g Boa’fhdte? an}lgfcf bﬂ'}'\%gvtwealr[ér %‘gé&r@% %\Jéutaances
it is preferred srombuium hydrositler |iqui d present at the pl anari zati on
interface in addition,to the ic Liguid | u Jhis second |iquid

my b the Same as { noNRoBR PR mind oo o e I HRR e e e
different. liquid mediufY iseshbstditialpy e bf mokdafio partiRGRfRS, .8, (6UsP lablasive t he
sem conduct or wafer, is Q’épb&al | y.cleaned using @/r'oced,ures knqg I n
the art. Forl%xaﬂﬁ‘@?s' t"l{%fffab'% 7 U "kl’ﬁ“’d‘“‘at"?’?tﬁ‘f‘%'e??é{}]""o o by weight grefiratly 4 f oam
pad that is fr eeleﬁgthﬁm.m'by%&@f hldGh&re prefdtsbly 6% by weight iBYig&iic patflcudacs. moved
relative to each other in the presence of a cleaning mediumto renove
any undesirabl e surf atke gaemt of the diqwd caedivmey invprefarsbly suffeent toedid dmahe t hat

it - renoves dgiid ' ' d m%h r.
surface. Exanpl ers&%?al étas"ﬁ?@&@??@#@ﬁﬁ%ﬂ%@t A ?nc ugg’s{ag%s\/\wg'grgr's,
distilled water, sufficieni Izl fratiethe basgaliquid 2fediuns ahd/entie, cliendcal feecheatke. They
may be used ong or in.conbi.nati on.wth.each other. . .| f desirged, they
Ty al 50§ noltide GBI o BIRUNGE {1y REET dp Jori rottes Hyia gresb ot aBe

I'n nmany i nstancepiangtiz@tion infetflicefinladditiom Madasia liqid ardivabr Hid sezosd liquid es
Sondi i on Ehe BBV PEb I o o G et s R AL o

nai ntain consistent PRAEOMEBIMRMNER prdcRRaE | coimpibie3Ghe sEMBERALUEN wakfiers.
By using a fixed abrasive article, however, the separate condi tioni ng

step can be oni t typifallyseleanad uBing ipracediresaknewaondye art.  For example, the abrasive
-22-

20 article may be replaced with a foam pad that is free of abrasive particles, and the
wafer and pad moved relative to each other in the presence of a cleaning medium to
remove any undesirable surface debris. The cleaning medium is selected such that it
removes the debris without substantially damaging the wafer surface. Examples of
suitable cleaning media include tap water, distilled water, deionized water, organic

25  solvents, and the like. They may be used alone or in combination with each other.
If desired, they may also include soap or other additives to aid the cleaning process.

In many instances, e.g.'. with polishing pad and loose abrasive slurries used
in prior art planarization processes, it is necessary to "condition" the polishing pad
in order to remove glazing and to maintain consistent performance when planarizing

30 subsequent wafers. By using a fixed abrasive article, however, the separate

conditioning step can be omitted, saving both time and money.

-22-
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PCT/ US96/ 15089 Neverthel ess, there are circunstances under
whith—Tt TRy be Jdesfranl e to conditron the surface of the fixed
abrasive article follow ng a planarization step to remove "worn

abrasive particles" and/or to renove any undesirable debris, and

t hereby enhar®@9¥hds4dcutting ability of the fixed abrasi ve ZCHTUSPESINs el |
as the quality 5 of the planarized surface In such circunstances, the
surface of the fixed

wel | - known, conv;ant i &F’ﬁfe&éﬁﬁ?ﬁﬁ@ge ctrcumstancpﬁe b?ﬂf#&%ﬂh{%@?e«ﬁg@ﬁor ding to

abrasi ve surfacecoiitibn tebuARERHE tReOMQH labREVE Srikle Fbllowi; Buananzauon stsprtded
abrasive, coated abrasive, netal rod, water jet, or t ke. O her

t echni ques i ncl Ligmows Puerrabrasiye partigles’ andort tg @@P%ansemdewb(eedfgﬂs adi ng a
Sher nan 10 cor I td.

Uni t ed Ki ngdom "oy ifilce m"“%é “@‘é‘?&‘"ﬁ%ﬁﬁ%@gg?ﬁ{ﬁ% WA alityl © -

t he abrasi ve gr tofcheplasmigedsurface. In such ummpthmeanheaﬂamofappﬁmn absasive
Alternatively, the . abrasive artic t . oned, and

then 1ot ur ned « ARG Magpie Setitionsd Seeiing o EERTEA, conygntiond (eonidild
sem conduct or \Aﬁfxﬂﬁdnﬁmbnhmmgememdsxw slma&dﬁﬁnuvafd&rmdn@ lc8titichingabol, brush

pl anari zation and t he waf er hol der o condition_t abr ive
article. A condl‘%qné?ﬁ Abrati V| copigs 2 q”as“'e a]e PRISE el S0 the il hol der
or installed in @é}ﬁtﬁﬁeﬁfxd&&‘f‘exﬁ@;u?é torkpiaﬂz?'br id"corona ennggr(Qgt 'uﬁl B@aﬁhﬁam ve
article. he abrasive article may al so De condl i oned during

t he pl anari 2 i ogerona treatuwrtmn available fomiShermag Trea:pys fLrd.+ Wnitgd Kingdphnar i zat i on
apparatus with a condyti, |t§bq1 g%ﬁkraﬁgn cﬁns&‘f\vﬂ &ﬁ@“hmmn\é'}ﬁc@feﬁﬁ{ gparticle

is exposed it will cone |n con oni ng ooI or
by arranging t hehmfaatnzhﬁxhdq:pamush Alnerhatlvely,cthatahmlsme aftitle can be femosied,i ons

t he abrasi ticle d | t fer hold
estence cont i nudergURBHuAEY R’ PHIEE AP HHRMELE] ¢ IIePRS BRANEH D5 i on

25  Abrasive Ardemfcofiductor wafer may be refhoved 6t SHealafsrtholdes affep plananzauon and The
process of this invention involves nodifying the surface o

seni conduct &S wdhewalgr helder ysed i condition dhéorhidsiveragigle, r éd"q’f"fd%"&lﬂ%ﬂaim
article. The also I%’%ﬁ‘b@elﬁt‘% '\afagé? él'SﬁeP&efn?t?lf’egl in gka??gf WRSVABORol@erdo. the

abrasive article sho east two, preferably
at |east 5, noreopdigérethebbrysietartickast 20 and nost preferably at | east

30 planari zation proggasgR, INgiab LAY H% 34 ' dhbiBorCtlhePs! Siahkiion
process itself, e.g., by fitting the plananzauon apparatus with a conditioning tool

20 such that when the abrasive article is exposed it will come into contact with the

conditioning tool, or by arranging the wafer holder such that it contacts and

conditions the abrasive article during planarization such that the wafer holder in

essence continually conditions the abrasive article during planarization.

25  Abrasive Article
A. General Structure
The process of this invention involves modifying the surface of a
semiconductor wafer with a three-dimensional, textured fixed abrasive article. The
abrasive article is preferably long lasting, e.g., the abrasive article should be able to
30 complete at least two, preferably at least 5, more preferably at least 20 and most

preferably at least 30 planarization processes. The abrasive article should preferably
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PCT/ US96/ 15089 provide a good cut rate. Additionally, the abrasive
article is preferably capabl e of yi el ding a sem conduct or wafer

havi ng an acceptable flatness, surface finish and m ni mal di shing.

The materials [fl@,ﬁ d texture, and process used to nmake th rasive
article all i’r‘1v ueh{:sg whet her or not these criteria are rretpc&swrlr%dggs to

5 determ ne whether or not the abrasive article constructi on will be
useful in f t. si ve
article constr uc? ll%glr?g Q’H&H&E{?{ra}’é’ad@ Jd“mngﬂgyr%zag%h gg{t%]re ,Qrg,leféﬁ% éﬁ@w

outlined bel ow. yleldmg a semicondudiar Waﬁeeﬂavatgrasaocqawbie ﬂmhess nayfao&)ﬁmsh andh

backi ng. One exa suc illustrate n re

In general, the g’@?"&%‘ %)ﬂ"%ar 'lrﬁe aterials, e‘?ea'fesdg{?f“é‘éed ang, pLocyss u Se% “hd'éa? Q}S for m
an abrasive coat abigsivsHiclé al inflagice SvheMBDaSiot Gifesd Oritdiidlare andl. [Bikehéddls to

Abr asi ve artlcl e 50 Qorrprl ies backi né; EQ .havi ng front surfglgg 58. Cbraswe
coating 557 determing, fbether, of M9hthe FPrasive. aisie, Fonsifugion gwillg be Ajsefl

coating 57 is thiggconductor wifeFEkafiifibn 38do Q@ﬁp{hbsﬁﬁasﬁ'epir%l@'dohﬁnﬁﬁon
abrasive conmposites 54. In this particular enbodi nent, abrasive
conposi tes 54 ar acooydingtio$emicypducter Tess Pracedure outlinnd below eys 53 15  between
adj acent abrasive co [

pyram dal abrasive cg?rr%(s)ﬁs’{e?zdgmggp%'ae "E%/%Lﬁg agkﬁé% r ow o !Osg?hag'} ve
conposites is of hniele i illosnateddn Figneet4. rln\genewrtheahreslwmaksm&sd@&rsemml se a
plurality of articles 56 [ Se 5. te st point
51 of ra "93(-%8 [ '@gw%ﬁoag%?@ g?ﬂ %ogmoggeﬁgar&eg)lfo &éﬁ}'@dur. ng
pl anari zat i on 2@\brasive amcle 50 Comprisesibdcking 5 havingfesht alrfaes 58/ cAbrasivedaatingpes not
have to have a separ s Illustrated, in Figure, 17, which

shows shaped abrd 'S/E"'QFQ PEIf@“BG‘{fE\ﬁﬁ%@ backing 2% n\brasive cgatgquﬂjpsetaree-
t hr ee- di mensi onalaRkigsd Xrﬁi Rafhisdiay Jsme;.@ of ﬁ?i’ﬁﬁveec?mgpﬁ@? 54’eln thns &méuﬁif ace

602 provided by an integral structure conposed luralit

pyr am dal - shaped embediment.cabrasivp oompasitesc@are pvrewmls: hTiGtweasxemsqmrwleeﬂ 601
are 25 di spers I a sl.\ye cles
used in the ?%ven “)egh %dF%np%raggecrc?rB%ﬁnﬁerghere 'ts ha"g ' Bre maﬁrégélvgf gtt icle
is "three-di nens lppnaﬁnldal snbmhvé leamposites ahawre imuvhichotis sdepedsirow of abrasive
particles throughout at or,tion of the thickness. of_fhe abrasive
article. The °°m?cfﬂ‘§se's afffﬁh?’f’ hHE sk (% B OMPOPISR 24 SaPPTTG 2
abrasive articl epgdife 6f e miitiesG6 difpesed inf bihder35asOumermvsr poifl F of O

acconplish the nmechani cal polishing aspect of the pl.angri zation
process. It is tRUBHYSSOMPRHEs SO the W%Q’Mfefldﬂ%“%?%"ﬁﬂmﬁs ed
- 24- 20 Optionally, the fixed abrasive article does not have to have a separate

backing, as illustrated in Figure 17, which shows shaped abrasive article 600 which

comprises a textured, three-dimensional abrasive body having a textured abrasive

surface 602 provided by an integral structure composed of a plurality of

pyramidal-shaped abrasive composites 604 in which abrasive particles 601 are
25  dispersed in a binder 603.

In the abrasive articles used in the inventive methods described herein, the
abrasive article is "three-dimensional® such that there are numerous abrasive
particles throughout at least a portion of the thickness of the abrasive article. The
three-dimensional nature provides a long-lasting abrasive article, since there are

30 plentiful abrasive particles to accomplish the mechanical polishing aspect of the

planarization process. It is theorized that during planarization, the worn or used
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PCT/ US96/ 15089 abrasive particles are expelled fromthe abrasive
arTrcre, thereby exposSl ng new abrasive particles. The expelled
abrasive particles nmay then becone di spersed in the i quid medi um
dependi ng on nmachi ne type and operating conditions and the choice of
abrasive arti MOP74H84its degree of erodibility. 5 PCTIYRI6/E§9B N S| ve
article al so has a "texture" associated with it; i.e., it is a

"textured" abrasive article. This can be seen W|th reference to the
abrasi ve arti cl edbrasive partiqigs are rexpeligd ifron-the absasive arfigle.1therghyy exposiag inswd

above, in which § ﬂ}fsr\méemz%g fl@&ﬁ&[ﬁd abms.véﬁagmﬁ hwa\e%ecohﬁ%.s?aséﬁm rtions

and in which the va et ween t ram ecesse

portions. Al thouliquihwediyh.sdepenging®nineachi mmew epeyating condjtions and the glpice
t heor-i zed t hat thfa%rasﬁq.h@rcﬁaﬁi?sv eg?e Igﬁ&ﬁ@lytfunctlons and advantages as

foll ows. hat the recesses will act as
channel's to hel p di stThebdbraive article tlse Has @Uitekture’tassocistod withhie, et itrie a

sem conduct or waf e face whe out the | nventive t hods
descri bed her ei nI *H’FQ'WS@&?}YB af‘l?ﬁctqﬁ%‘\gﬁibgﬁ?@ with-refezence §°s‘\‘f gbrasive a""ggsso act

as channel s to hgleidd R ¥Rutd e n ﬁ'ﬂr&ﬁrﬂﬂé‘d %E.' ﬁl\mchamelpﬁramushﬂféarl s 15
fromthe sem conductor wafer surface. This al so s to mnhimze the need

to condi t | eMMROBites Al hisirgieed portons enda@tvwee'hths we oyb hetween, the ipyramids t wo
sem conduct or Sed: portions. Although noI%hﬁlQ'tE%efbHMl%)ﬁﬂhf tﬁ%JrP iPfsot ect

the abr asi ve artlcle romthe phenonmero
"stiction." 16 t theorizied ﬁmt thste;ma’epﬂyldesswemldbmctlpeetdldladvahagesz@folloWext ur ed,

then this snooth abr nds to sti.ck or ed. agai nst
t he seni conductor waf gﬁﬁﬁ'}f&g" gét“fei ‘HfﬁesFeés‘ﬂﬁta‘ét 3¢ ?Wgng%bﬁgg 'é'b‘o’\‘gt icle
bei ng unabihe l:hﬁd rmmanma hlieyenmeasaa.rdoa&ctda Gvaf® rsume duﬁa reanm‘ &t
Stiction also inhibit planari zation, . hibits the

liquid medium f r@m'nvmta'ﬁzmwg mﬂw%m?éem The seemdefv?ﬁs'ge °§H1ef’$‘i,°é5°6fs ohe
sem conduct or wafgy ac:w%hsfﬁe& b helh saﬁa\klmwow QJrag*.Jaepa&%tes 2R ofRl Mebrisoat i ng

inparted by the recessed portions of the textured surface, stiction
is minimzedt5 from the semiconutorf wafen surface c Thisralsp dhelps do aiimizeythe acedptel v a

P e Ut o SR nd Bkl 36 bopuoep 6 HRngB R ok o Ritdfer

hel pi ng to expunge rasive
surface and expowsfersew abr asi ve part icles. 30 It is also
preferred that the a asé.\é/f article be er

clgasiypiariicle be cradible, lie, cable Lo wear,
away controllably wit MBPHRR 15 %9 PEJJESt IeARTISIE AR HRIT NS PRPRTENYs i n
expel I ed known in the ant as “stiction.” )f thc abrasive coating is 4mooth rather than
20 textured, then this smooth abrasive coating tends to stick or become lodged against
the semiconductor wafer surface. Stiction results in the abrasive article being
unable to mechanically planarize the semiconductor wafer. Stiction also inhibits
chemicat planarization, i.e.. inhibits the liquid medium from interacting with the
outermost surface of the semiconductor wafer. Due to the discontinuity of the
25  abrasive coating imparted by the recessed portions of the textured surface, stiction
is minimized.
The fourth function is the ability to apply a higher unit pressure on the raised
abrasive coating portidns, thus helping to expunge expelled abrasive particles from
the abrasive surface and expose new abrasive particles.
30 It is also preferred that the abrasive article be erodible, i.e., able to wear

away controllably with use. Erodibility is desired because it results in expelled
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PCT/ US96/ 15089 abrasive particles being expunged fromthe abrasive
article to expose new abrasive particles. Since it is preferred that
the abrasive article be three-dinmensional, a pl entiful supply of new

abr asi ve parw‘fﬁﬁ‘a\!‘m Il thus be assured. If the abrasive m,ys%gg&gng S

not erodi bl e, e expel |l ed abrasive particles may not prop

di scharged fromthe abrasive article, in which case fresh abrasive
particles will not . . ,be exposed. . Lf the .abrasive coating is.too

b od bl o, abr asOEKs PTHRCETRPYEed Fom RS e 5 Pt hety 1o tmy
result in an abrpaficks cBikdeCit & Péefelred Nt the abrasive aiSle R Othree-dimensiondlust i fe.
The degree of erodibility is alsp a function of the surface texture, the 10

abr asi ve coat i n@leatifvh&unply afnew garasyve, particlss, wilh thus e Assyreda s IGthe abrasive
conposi tion of i hotS EaHiBRN U el fabasivel &l y

endow ng an abrgg?t{?g %r odu?’?m Q’.' \%\ﬁeh. erag_llr f“t,ﬁ Irb?{t@!e as y\?ﬁll pﬁ‘?e?&ri bed
bel ow. 5 dischargaddiram thesAbiasive erticle] in which ¢ase freshaabrasive particles willnatb| y
circular in shape, T .1 Jor f brasi-ve. di.sc. . IThe outer
edges of the ci &guﬁxg?sq%brfggpevgb ’éﬁ'vsecp%F'{éé) iﬁg}O%prg lg?aﬁﬁélg'%én%%{'ﬂ&o'rn;y Be
alternatively, rmpelledtooctit] whiell may hesule b asabrsiverarticld withrehortet than desired be in
the formof an ova] or. of any pol ygonal shape such as triangul ar, square,
rectangul ar, and™® st ife e The abrasive article may in another

enbodi nent be provi dege idagled df ferSdBilty i also a funkdr of tHePhrfALd Yextpé,etheed to
In the abrasive art as abrasive tape rolls. The abrasive tape 20 roll may

range in si 28 f rabresiyg GeAting Gompasition, the @lanerizatien-condijisntand) the gempasitiog afm
to 500 mm wi de. InfidoR Yoafbner Si mﬁe I ' ngt h
f rom about t@%gﬁér?m&?%&%ao_,roooﬁtrgn? {'ﬁ;ég‘u’ ca ‘}f‘?‘k’%‘”n%ﬂgg'éﬁ?‘gg‘?‘oﬁ’g"% to
100, 000 nm with erodibility, dsiwilljberdaseribed belewabr asi ve tape rolls will be

i ndexed to achieve t .red. planari.zati.on,criteria, | ndexing may
occur between the pl Qﬁ%sﬁ%‘ﬁ %‘r’nd%f’f {h\ﬁdnvf%m" '§8be£?rgl’['yec'§cgﬁf @oﬂ’dﬁ%tecﬁ" Raf ers.

Al ternatively, iihélfotinngf dibsbraive Wiscd UThenguibéiges of thepdirilar abtsiveodiscodreone

sem conductor wafer. If the lajter_  occurs, tr]e i ndexi ngli_sgee,d . wll be
set to achi e tPrelerablx speeth or. alterpatively; mpy berscplloped, Thepaessivgruigle mayalient i onal

~abrasive tapes in3 iHQhd oM ni dval Beofidy polygonal shape such 48 EriapRlIAS isy@r@r ti cl e
may al so be provided in the formof an endless abrasive 30 belt. This

endl ess abrasi vaesegularagd e liks| i cel ess or contai'n a splice. Typically, the
endl ess abrasi ve bel frpihside AYE RE) iR 4Rdth@ embEAMEntHE Grdvilled in tBQ%‘J?g_%‘?Q a

contact roll or
roll, typically referred to in the abrasive art as abrasive tape rolls. The abrasive tape

20 roll may range in size from about 10 mm to 1000 mm wide, typically about 25 mm
to SO0 mm wide. Additionally. the abrasive tape roll can range in length from about
100 mm to 500,000 mm, typically from about 1,000 mm to 100,000 mm.
In general, the abrasive tape rolls will be indexed to achieve the desired
planarization criteria. Indexing may occur between the planarization of two
25 separate semiconductor wafers. Alternatively, indexing may occur during the
planarization of one semiconductor wafer. If the latter occurs, the indexing speed
will be set to achieve the desired planarization criteria. Indexing of conventional
abrasive tapes is well known in the art.
The abrasive article may also be provided in the form of an endless abrasive
30 belt. This endless abrasive belt may be spliceless or contain a splice. Typically, the

endless abrasive belt will traverse over at least one idler roll and a contact roll or
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PCT/ US96/ 15089 contact platen. The contact roll or contact platen
SUPpOTTS The back srde of the abrasive article as it contacts the
sem conduct or wafer during planarization. One net hod of
provi ding a three-di nensional, textured, fixed abrasive article is
generally as WOIOVBMB4 A slurry containing a nmixture of a biRFAISYS8BuUr sor
5 and a plurality of abrasive grains is applied onto a production tool

havi ng cavities |c are the negative of the desired shape o t he
textured surf ace°°’)5@%£mﬁ" hegcontact "°n'b‘?’o‘i9§f‘?f’t Plpfed suRperts the W"f‘ h”'@ posed

surface of the phgginedriile isqpéon?déﬁhhés{éﬁﬁcoﬁtﬁﬂor wafer dér’idgrﬂldﬁal‘iﬁhﬁnthe surface
of the backing. Then, the binder can be at |east partiall

solidified, cured, orOgemethed qfheroaldrrusa \tbregrdimensiena], stextieed, fixedhwbrasive om t he

10 .producti on {gal 6 ety Lo i durly el Y mtihd ¥ FHEA ghibufsBE

previ ous step. Iurry € app
surface of thse bamka pgraatycbﬂabaHVe bmns is apphad onto @t productiorotool hmdgecabmwght

t t act th.t t
Lhus conpr i ses awBieh Rt s oh tE dpred btk of M sevurst s s i gking s "

Anot her met hod oObroRgit\mteicHktadt vhh.rtﬁeeﬁbors%ﬁmf thd ﬁ%&l&&l@ﬁltooﬂ Mdhail@ﬁeaSI ve
15 article is generally as _follows. A backi n& havi ng a cont our general |y

corresponding Sy gtsthe syrase o thehaglig. o her, dhe; binder; Canib %ﬁr?%fé@aﬂ's‘y
provided. A sl “rﬁéﬁﬁﬂ’it: d.2BJre ' Y€ gelled Tﬂ@rz#bl'aﬂx{gsadxd?e s l?l‘le'ﬂd?elino%oeg%%?
t ured | n

then coated onto e contodred surface backi ng an
such a nmannetrot hantodudmndmleatddbﬂ)asmwé lfcma&asmgt iallyl cunevim the prevnouststnpt ured

aepoct of 1 hi s naMHA 5 Ryt chthe BT S Be st L Beikens i D, oo ve

article. . rroductxo@@didl hm bémfhugmc:aiol &n&ctrmkh BR siRAcon thelbléking. The
t hree-di nensi onal,, textured, fixed brasive article to i nprove or

otherwise alter b‘g?sf"(?r"ﬂﬁﬂ‘&é"‘“slfa?‘%%éPqB‘“é“"“t?féb’as“’e "compesites’\pd adaeking. ¢ nay be

perforated to provi desgpRRinkeiod S RoEding BeneblRRhIGhal, wreﬁxea Frddw the
backing to permt the passage of fluids before, during or after use.

Speci fi ¢ conpDnetntige i gentrallyaasfolliwse Aabatchmgéamg 2 condawr igencerlly cpir¢sgonding
1. Backi ng e e N f a
backi ng provi ded“’vv?hte hdes"edﬂl& aﬁp';egﬁ%%tgggg% ? pg@)@e?.r r'é:\ds l'l‘:)@eﬁf gﬂrgé "gef

abrasive arti cl eparfides membmdmchnedumor \eathen coated ontplt@maon’tmed surfage ef\tler y
Ejg;f ormin thi Ckg%l%mg ané cu n? %Ec%l nﬁmnner t%tt thseuéthlacF élb%]sEvleycoating will have a

textured surface corresponding generally to the contour of the backing. In one

20 aspect of this method, an embossed backing is provided to make the abrasive
article.

Certain modifications may be made in the three-dimensional, textured, fixed
abrasive article to improve or otherwise alter performance. For example, the
abrasive article may be perforated to provide openings through the abrasive layer

25 and/or the backing to permit the passage of fluids before, during or after use.

Specific components of the abrasive article will now be described.

L Backing
The abrasive article may be in the form of a backing provided with an
30 abrasive coating. Preferred backings of abrasive articles for semiconductor wafer

planarization are very uniform in thickness. 1If the backing is not sufficiently
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PCT/ US96/ 15089 uniformin thickness, a greater variability in the
waf er surface and wafer thickness after planarization may result. Any
of a variety of backing materials are suitable for t hi s purpose,

f ncl udi ng bot ,ﬁthl e backi ngs and backings that are nor

Exanpl es of t‘?&gc flexi bl e abrasive backings include pol ;E/Prrerl Cg‘sn?sm 5
primed polymeric fil m nmetal foil, cloth, paper, vulcanized fi ber

nonwovens and d versi ns th eof nd, o nat i o eof
preferred type ofm'{%'gli“ %c "%ss’agre FQ%P tlie ‘P’Tf?rnfu a?ﬂﬁ'l 'lfé‘h f| I ms

i ncl ude Sogyeslt ehftér Iplaﬁfﬂ'lzlaﬁ@i mBsieRilt. amdofplvanetpsfmkmgﬁ:he?alli mlermtable for
m cr ovoi de poyster | I, e |
oLyl ay ! sl bonosorase. iidyR ot fesitle tepkings and Paskings i ase BT B G ¢ ne

like. The 10  thi ckrmazple& SthepRal Newsd Cabfak.béndaaakggnﬁcﬂ&@%weﬁc rguRges
bet ween about 20 to 1000 m cronmeters, preferably between 50 to 500

m crometers ahd nm'nzd pehnesicafijmy metal foil, islothvenapers Guicanized (ibat, conwevens end

There should al s &P&&s%@&?h‘?c{‘c&?ﬁﬁﬁﬁﬁ&[}ﬁﬁ!??orp?inkégﬁgéﬁg@e Oﬁ F"F and

t he abrasive coatin N many | Nst ances, e coatln ymeric
film 15 backi ng pnlgnpm fial {Examples of suchdies include Polyesperi films, prﬂyesnenmd ve

of surface. al t er SRR AT FROOSE vl Ao RObre SR pHiai A

el ectron beamt rsaywmtalcoﬁdlamas tgoRrdpRhe ﬂmd polyethyleﬁ&ﬂﬁrf lafg tholiteICTRASE t he
surface area. Exa gf chem cal -t primers include et hyl ene

acrylic aci dl‘éopth‘ H%?\W the polypegc il ?’I*Wk'LE generally apges\pstween phout 2840 1995? | oi dal
20~ di Sper Si on firiyAHB peftdthSeeGReSD ROs0r! nAEmag3. o okt ety

materials as Isclosed in U S. Patent No. 4,749,617 an adil at’l on
grafted priners bgweenffito 20 micrometers). S, Pat ent Nos. 4.563,388 and

4,933, 234, Toer A0 483 o0 o P ol R D B MRHE SR

pl ates, ceram c pl ates,
backing is descr tHeeabhrasive Ldo&tmgPaIreniany\ImaaR&s th5 oﬁét?ngY%facél' b pblsmkdia filmray

al so consi st of or. npre, backin | am n t th |
el nf or ot ng. #5 bePAKBR gt PIEGH 10 1PrHE PPHRAPT-c The Pemprsgan sefesiitseaferaon 1o

PCT publication W0, éal@ﬂl)ta chemlcal-type prlmerA|l§:Qm§IH§ bARrRclfrdtidhKintkige | n t he
form of an enbosse ynmeric film(e.q. pol yest er, pol yuret hane,

pol ycar bonat e, pé?’?%ﬁﬁfaﬁmﬁo%ﬁwwe@né'ec‘m“ beﬂnyéqeﬁweetn@age 'treaymennd)
embossed cel | ul og ngqglm&sé fheChurfadd efanqﬁéaedf RARENGR Frithdrd ! ineRbE

material). The e material can also be'lamnated t0 a non-enbossed
mat eri al ethylene acrylic acid copolymer as disclosed in U.S. Patent No23,188,265; colloidal

20  dispersion as taught in U.S. Patent No. 4.906,523; aziridine-type materials as
disclosed in U.S. Patent No. 4,749,617 and radiation grafted primers as taught in
U.S. Patent Nos. 4,563,388 and 4,933,234.
Examples of more rigid backings include metal plates, ceramic plates, and
the like. Another example of a suitable backing is described in U.S. Patent No.
25 5,417,726. The backing may also consist of two or more backings laminated
together, as well as reinforcing fibers engulfed in a polymeric material as disclosed
in PCT publication WO 93/12911.
Also suitable are backings in the form of an embossed polymeric film (e.g., a
polyester, polyurethane, polycarbonate, polyamide, polypropylene, or polyethylene
30 film) or embossed cellulosic backing (e.g.. paper or other nonwoven cellulosic

material). The embossed material can also be laminated to a non-embossed material
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PCT/ US96/ 15089 to formthe backing. The enbossed pattern can _be any
t exture—For—exanpre, tne pattern can be 1n the formof an hexagonal
array, ridges, lattices, spheres, pyram ds, truncated pyram ds,

cones, cubes, blocks, rods, and the like. The backi ng may

al so contai nwo¥aednent to nodify its physical properti esPCT/YS96/1508se
treatment coats are well known in the abrasive art and include

acryl at e- based treatnment coats, phenolic treatnent coats and
phenol i c/ | at ex ttoe’atnnﬁmbad@m sThe embossed pattern canThecanydeiturag Fengxagipleothise a

f oamed backi ng, e, | f oam
A pressure sensi ?at %ﬁﬁgg‘u‘égc'g(r?f%’?w’ﬁ&%"%g fdgest Illamcﬁd(r%g%?éas’s{){;e SPde of
the 10  backi ng:mdcatkepyrsmds&oﬁaambeubmksatods aadithediké.ani nated to the

backi.ng. In sone instances, the back side or_back suyrface of
the backing may cont aihg backing may alsojcoptain 3 tregimenttp, madify dtsphysice] prRPEHes: | ng nay

conprise a pldir argdsy srtmbdt Icsm %mm‘m #3he abrasive QRQ@I@%&& wﬁa:%akeung by

nmeans of a friction coating binder. Friction Eartlc es may be any
sui t abl e mat eri alreatroent ceaks, phenplic tieatnent coatsoantl phenolicllatey tregtmenttdodts. Exanpl es

of 15 suitable fri f:lthl ggck%rrﬁdycagg%eh?&mgﬁﬁ@%eg 'a%é%g'gé’ﬁfpﬂé%&l g?I and

organi c particles, rasive par particles.
Al ternatively, tﬂsmyd-ethanblﬁram coating nay conprise a coating such as a
ur et hane coating or rou o ﬁam coatin Abr asi ve

Particles 20 pre WEagnesne ‘Eﬁ“é’g@"ﬂmtf’é@s‘mﬁh’%"e\?@e BEPE ¢l es

and a bi nderyo ThgycRhg. aﬁkmse a foam RBthaldaft Be HRINaRA 1D BEDIGARRYOUS! ¥ di sper sed
in the binder or alternativel y the abrasive particles may be

non- horogeneous! y di dpsemesgstances. theagleride enbagk pirlaceeltheibacking mamgomam
abrasive particl

abrasi ve coati ngaeﬁwp& &g%qglgsygt%o%&g éfég'?g%teta ut al&gsﬁi’" lrl=%55
For seni conduct oyonded tertheplbm]qag by means of a friction egating binderp ét'rtctuml naalcks oy

preferred. The avera i cl e. parti ¢l es can
range from aboutbcoa"éfﬁﬁ'\(’ﬁ)e 'gge'%l é chepfe tﬁeoﬁ%;{r ‘{%oeﬁfcfpf)gfaﬁcbmb ﬁesd’%l to
10 micronet erss. slitsbleRictiorepartictdsdnciude bbihanorganic paﬂiﬂoﬁ%hdlergm partitles, eg.,
typically neasured by the |ongest dinension of the 8‘5%5 ﬂg?rt i cle.
In almost all c “'P rafticlesjang/op Sller pagiiles. ofltgInativelyy HFF'QS‘f cq3tipg
sizes. In 30 S&%ngmé&nﬁ,,eﬁwh 5s d @ema.&fcestn@d"h RgilehoRBinBdbdting! © Si ze
distribution be tightly control
2.  Abrasive Particles
20 The abrasive article comprises abrasive particles and a binder. The abrasive
particles may be homogeneousty dispersed in the binder or alternatively the abrasive
particles may be non-homogeneously dispersed. It is generally preferred that the
abrasive particles be homogeneously dispersed so that the resulting abrasive coating
provides a more consistent cutting ability.
25 For semiconductor wafer planarization, fine abrasive particles are preferred.
The average particle size of the abrasive particles can range from about 0.001 to 50
micrometers, typically between 0.01 to 10 micrometers. The particle size of the
abrasive particle is typically measured by the longest dimension of the abrasive
particle. In almost all cases there will be a range or distribution of particle sizes. In

30 some instances it is preferred that the particle size distribution be tightly controlled
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PCT/ US96/ 15089 such that the resulting abrasive article provides a
very consistent surface finish on the wafer after planarization.

If the planarization occurs on a netal oxide-containing |ayer (e.g., a

silicon di oxi ?e-cont aining layer), it is preferred thedudolifsesdr asi ve
particles hal@ o1 ticle 5 size less than about 1 mcroneter, and nore
preferably | ess than about 0.5 m cronmeter. In some instances, it is
preferred that the .G i ' ' | d subffce Whish'
relatively few aﬂ’%gﬁ \;/ghep'Jggltlt;ﬁ‘glzaggag#tvgtg{dcﬁ vg‘gg&sp?a‘fetr}f C ngétgll‘ 2 gr eatl eront han

2 mcroneters, ptheiafenbfter planaripaiat er than | mcroneter. At these relatively

|l i cl ' he abrasi ' b
nier par i cl 6 at 1 acth B Plgenargl e on Bep et g B £, EIIE00 7 ©

particle size grggkigé-cortamingRgety, i isOpreferred that theiabrasive particlesciatte avrnticles  hi gh

as 5 or 10 mcroneters. It Is preferred to break u t hese aggr.egates,
such that theb averalpss shagr thout d PUGPMElfte 5§f’z‘§°'i°sP’Fé?§lyt W&‘n“&ﬂo&?“"gg's

mcrometers. — HOWERYGlerdd) fOMme! iﬂ&&rﬁ:@&%isl ﬂr%fgﬁ@d“_ﬂﬁ? i garticde/Sibe WRribBGHAK" up

aggregates. In sone | nstances, very snall abrasive particles are present in
a 15  di sper si oresuli indw, or rélativalyfew iabrasiyesparticlésdhat have apastinle sizecereaterdhan qui d

P P el AP o K R

liquid may be ei | a surface
treating materi aparfitl€ bizessthe aleasiveaitivies may tend to aggregate by Titerpariticla sitraction
particles may al so be_jn the formof,6 an abrasive a

iﬁtp Thys

" ,, r | oner at e I ch
conpri ses a pP ur ey TBYS 1eRg SRERERIcS A BPLTY épﬁgnfcl[eis%?&ea}%ﬂagabq%deqrﬂ]er to
form20 a unitggomaérh afd'bvthQs Kibhs 510100aRiERelers. AW MefeFréd RSbréakyupe
irregul arly shaped or have a predeterm ned shape. The abrasive

aggl onerate may these agseegatas. Guehahatthe average apgregris pytcle size jsdesg han@bBitfder to

bond the abrasiveg,:. Lcle A e LomeEHAAMeE Sit Odan be difficul o2 Bbr¥dk” u
aggl onerates ar e%fcg‘?rpﬁg’? dg]socrl e'g forllneu. S. PedtlentanNoes.‘ 35“652, 27r5; P

4,799,939, and SaEgesaBE3. InAlumcs instancegg vesyrsmall cibragive frartiglss \are avesen ipad ticl e
sl ze 25 'esg tﬂ%ﬁ‘erﬁggﬁt& thd QorddiGd .%‘?él&][ager %%?{;gff @ragiﬁlﬁﬁfi?éhy 'vﬁ?e?.gia'f‘fb about

50 i cronet ef even nore pre S an aaBou
m croneters. Thepéifgladded ualtheabindes iprezursor. The piquid nay ds eithertbiasic,aienbgi oe

agglonerate will preferably have an average.parjicle siz | ess than
about 10 mi cromef‘@ﬁ"gnmay‘“CI'}/""“"%‘“"W“é%?r!i‘gf‘\? ai)%lw(]%&tprgs preferably are

resistant to the |iquirge seskivePai¢kd napalso 3R in thelfotni op by shrasile ppivperdte es do
not substantially degrade upon exposure to the i

which comprises a plurality of individual abrasive paﬂilcj:‘eg bonded together to form
20  aunitary particulate mass. The abrasive agglomerates may be irregularly shaped or
have a predetermined shape. The abrasive agglomerate may utilize an organic
binder or an inorganic binder to bond the abrasive particles together. Examples of
abrasive agglomerates are further described in U.S. Patent Nos. 4,652,275,
4,799,939, and 5.500,273. Abrasive agglomerates preferably have a particie size
25 less than about 100 micrometers, more preferably less than about 50 micrometers
and even more preferably less than about 25 micrometers. The individual abrasive
particles in the abrasive agglomerate will preferably have an average particle size

less than about 10 micrometers.
The abrasive particles preferably are resistant to the liquid medium such that
30 their physical properties do not substantially degrade upon exposure to the liquid

medium. Suitable abrasive particles are typically inorganic abrasive particles. The
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PCT/ US96/ 15089 I norgani ¢ abrasive particles can further be divided
into "hard" inorganic abrasive particles (i.e., those having a Mhs
hardness of SvOPIM8sater) and "soft" inorganic abr as PEEUSY | es
(i.e., those having a Mohs hardness | ess than 8). Exanpl es of

Sui able abrasi volakd fhEle ARkISal A BL WM hiIE: iSAbc fras ! o2t €

al um num oxi de, use um num oxi stliconC
silicon carbide, ﬁaﬂidﬁﬁl(w]’l thosadmvidg a Mmsmardnsstmimeqr gredter):md tsbftt intheganic
t ungst en car bi de, r bi de boron nitri de,

hexagonal bor on Abfasiva ga"'ﬂﬁsra(h%t tm’sea}‘a‘”"g # wgfi ﬁ%{ 'Eﬁ’ﬁ lﬁ?a? % %&oni a,

al um.na- based sol gel Elampleest sahmawawwamcrék @feclude dused) Bluminlef oxide, heat The
al um na abrasive particle may contain a netal oxide nodifier. Exarrpl es of

10 al um na- Fasetieated) alugununy pxide; avhitg fysgd ﬁtsdewp'at p¥ids. black silicasecarbidangreen U, S,
Pat ent Nos. silftor ﬁé‘bﬁg 7t|tatﬁur§%r°boﬁ@él 1bopon7t.4ﬂn&0 gﬂlccﬂt i % erZ. e?l”&rblde

4,881, 951. The di anon cubi ¢ boron nitrid ra5|v particles may
be nonocr ystal | i niganium gabide,r Wsanwhm cubic boron nitride, hexagmﬁt baron euadqolgemebf

sui t abl e i nor gani sive d si | iro

chrom a, ceria, zftc’teg(?{?ma"a zfm#) ]38' 't%'soﬁge eFde"vFérébr%sfvﬁ Wﬁ'ﬁles ﬁnda‘h?ﬁ i ke.
For 15 pl anari ZFei ahnmna)abras’m;mhccle)maﬁeemmtaahmlrmdevm&ﬁﬁer SEnampiee of
(e.g., silicon ﬂj I ng surfaces), refe rre that
the abrasi ve 19ar tﬂ“lﬂ"@’sbﬂﬁ{;? &ell\ﬂ%%e abrasive pagtigles, can ‘P‘eé"g"dc Fab-Sg Pa

particles, when pfPRY2YY4bE504PAIRL 6.1 1170 610, atzraast/@sx The dPaHoh&'aﬁd
provide the desired rate of cut and the desired surface finish on the wafer

during pl anari zatoubig borosmisride:abeasive pastieles ay bsamanpenyetallineny ppiyprystelling
undesirably 20  coar l%ﬁhe? Wednii&s df Dirable MBr a}atﬂ@ abrh :Q@Piﬁ-gﬂésg?ahﬁ%sxmf fron

surface, so care shou exercised In se approprlate
abrasi ve nat eri alaxideudortue, mga,\mrcrmm titahig, tin oxide, gihina ulymmﬁ, adahelikel [Fed i n
the art. oxi de- onta g waf er .surfaces

(e.qg., sili cdn plananﬁhgr}(l (?g d‘&ﬁi{?al ?ﬁ"ffe °§'{i'f""lmc§t’ce%")a rcef'f‘ff%feﬁbr(ﬁg‘i’ lﬁﬁ'l’t i cles

are useful. Ceri au.a&uea@hmm@&urfacagr lli?ﬁreﬁrréﬂ%hatbtae Rbrasiveasatitidshave a Muhse
Poul enc; Shelton, CIT; Transel co New York; Fujim, Japan; r?gb corp,
Fairfield, NJ: Af@rdngssiesitiian®, Such powiclss, when properly {icorppiated itogy Eﬁé

Burr Ridge, IL. article, provide the Jafet fald 8 GPLAS IR UeRRY tsiFice ¥R YonktRe wafer
essentially free of nodifiers or dopants (e.g., other netal oxides).

Alternatively, tsriog plaparizasionsi Semehardercabeasivaartislen may imgart an undesirablier s
and/ or dopant.‘,% (ewgrse SEYEAE FinfR (G m%xﬂ:%.%%mmhﬂﬁf?ﬂ?r M?ﬁ&eiirkge&re Rt oéret al

exercised in selection of the appropriate abrasive material, such being within the
‘ability of one skilled in the art.
In the case of metal oxide-containing wafer surfaces (e.g., silicon
dioxide-containing surfaces), ceria abrasive particles are useful. Ceria abrasive
25 particles may be purchased from Rhone Poulenc; Sheiton, CT, Transelco,
New York; Fujimi, Japan; Molycorp, Fairfield, NJ. American Rar Ox, Chaveton
City, MA; and Nanophase, Burr Ridge, 1L.
The ceria abrasive particles may be essentially free of modifiers or dopants
(e.g., other metal oxides). Alternatively, the ceria abrasive particies may contain
30 modifiers and/or dopants (e.g.. other metal oxides). In some instances, these metal

oxides may react with ceria. It is also feasible to use ceria with a combination of

-31-



oxides may react with ceria. It is also feasible to use ceria wth a

.combi nati on of , e -31- WO
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PCT/ US96/ 15089 two or nore netal oxide nodifiers. These netal oxides
‘may react V\n%’g@g geria to formreaction products. gypiéghsose I f the
ceria partic P78 ai n anot her netal oxi de, it is generally

preferred that the ceria phase be the predom nant phase.

Zi rconi a abrasi vRvdér hbre nffal 6xitle Mbdifierd.e These thetahokides nilyréuet with flieadticts used
in 5 the invention. The zircqnia abrasive particle may be rr%ge froma
fusion or sint er fosg reaction pragdustss Skypicallyq If thesigeia pasticiesicontain apather-metal oxide,

present in a L et i Rl R dARQRA Lefh Phase be thelpRidBMhn R Nat i on of
tetragonal and m%noc ?‘%i){:&f orrems. As in t%hes cgsepof cer'ilgja particles,

the zirconia parti cl e&iroonip abrasivepastigléscian glse beusediin the @bmsive produrts wepimt s, or ‘
may contain such,materi al ' . . ' | ri bed
above 1n 10 3t nieayendh Toe Ao ibAsF bl By Gom SR FRLABE Snliat
met al oxi de nodi pioeéssi Adgitibually,. the zirconia Thagibe pdsgnt in 4 tetragonali fomgmanoglinid i cl es
contain another petal oxide, it.is generall .. referred that. the
zi rconi a phase b®rfHE FBP‘@@B?HW&F"%%&@@?‘?’MXW"W fors, ‘I‘sl'ﬂetﬁﬁﬁ?s&sq%\%mdrt icle
may al so cont ai Npgisiess (e Archifia parficley maDbecesstnidIf AR lof modifiers taid @6pafs, abr asi ve
particles. This m xture gn@x c?rrprlse a mxture 0_1‘1 "har d" I norgani c

ﬂ'na

d' 15
abrasi ve parti cl B8y gomain arialsy §uiable matal exidesingudes thopedescriped abAYE XY ure of
two "soft" apgas kh\é%a&faftcma't, Al ,cEﬂi‘ﬁts@?lﬁxgE{ Frefifred WtaPoxidEhSuifik i yRirANt

abr asi ve particles, e 1 ndividua rasive particles may have the
same average par Typtallysifzthe zirconia paiticlesn odtsin canathdr infetal evrideaiteisagpperpliyt ticl e

Si ze. T rasive part.icle .al ve a shape associ at ed
with it. Exanpl egm&'reg&a?%&gﬁoné“n%&"sbeﬁir‘]ec?rﬁ e 'ﬁaggé}fa t‘té'lri angl es, pyram ds,

cones, solid spheres, Thohbrasiveypliclé ey also containch tixeurt iok ewo AF nexredifferest v, t he
abrasive particle may_be randonjy s ed. e.g., |like. . bl ocks, oL,

needl es. In sorretxpﬁ§t°5r‘?§?§“'? tpa\'“:‘?}éﬁr 2?'87 ipute, My, comatse R WIS Pgehirﬂat

modi fies theygur frRdnRlabldsive phriidiesd 2R "B inGraific abkiRRaRIIL, drvemiximy of Mpr ove
t he dispersibility of the abrasive particles in the binder Er,ecursor
and/ or i nprove t ko Jspft" abmsive iparticles tim dheympxtue %ﬂ@%tﬂ’éb‘f’eéﬂtﬁ_ 3RV nder .

Surface treat man%?ﬂt@%% hSRdividual abraQbd BAriAEImdy RVOYIR b€ a@él'iée'éﬁﬁicle size,

characteristics resulting abra Ive particles. rface
treat ment may al someybseardffesdnt gverapeparticlagizei scosity of the slurry used to

prepare the abrasive ti.cle t eb rovi di n ler [eng
process. The Iib\ﬁb’?ﬂ%%gﬁeym Iag?g%%‘éerarﬁh? %eaﬁ?ogﬁgerd%gpgerfﬁ{aa ieeg ogf
abrasi ve par bipcCl @schtshages intfude rodsc aiapglesa ppramidst @nes, sdlidrspheresAhaltdwesphpres ent i al

advantage of a S%c}; ﬁ\%ei\ikg.r %ﬁgrga?twclyi ﬁne tal(:)rasive particle may be randomly shaped, e.g., like
blocks or needles. In some instances it is preferred to include an additive that
modifies the surface of the abrasive particles. These additives may improve the
dispersibility of the abrasive particles in the binder precursor and/or improve the
25 adhesion to the binder precursor and/or the binder. Surface treatment may also
alter and improve the cutting characteristics of the resulting abrasive particles.
Surface treatment may also substantially lower the viscosity of the slurry used to
prepare the abrasive article, thereby providing an easier manufacturing process.

The lower viscosity also permits higher percentages of abrasive particles to be

30 incorporated into a slurry. Another potential advantage of a surface treatment is to
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PCT/ US96/ 15089 mnimze the aggloneration of the abrasive particles
durtng—ttreranufacture or_ tne abrasive article. The
abrasive particles may be treated with a surface treatnent in an anount

up to about 25% by wei ght based solely upon the abrasive particle weight.
The 5 abrwoaraMsarticles are treated with a surface treBEHEFH61508%,; o
anount ranges from about 0.5 to 10% by wei ght based sol ely upon the
abrasive particle : . suj.t abl e, sur f

ol {1 6at | on addPEIpiEE fe pgslomerien of e srauye Rites Jurige e aotdore i dhe
referred to as sybrhgvdamidieé) and coupling agents. A coupling agent can
provide an association bridge between the binder and the abrasive
particles. 10 The cbegnbrasiye parsicles may betreatedyith 4 wefaceireatment inan amoupl i dge
potween the D ndigh (8Bt 26% by! Meigh!vabedsofY o el B bRl PERSENL)
Exanpl es of suita coup % | anes, anates, and
zi rcoal um nat ®s. aﬁavq)pamclesfarcmati G’mihld yur&vam‘cahules thls amowlwpig'emfromgent s

i nclude "Al74" a 3 rcial
di spersant is i sn'%ﬂ%@é%"?? °b%&’SFE‘ﬁ’&}?@I%%ﬁF@“@@%?Eﬁ"éﬁ‘? Velﬁi'}mel able from
15  Kenrich Petrochepeafiples of Bsltableshifademislificdisn saniveincludd wétlig agents
There are various_neans_ to incorporate the coupli ng agent into a slurry to

make the abr asi véalsgsometines refgired: peactants) apd couplingagepiend sRuplingcagselded
directly to ant [ ontain
fromabout 0 to 30 }}Sw@é Eldﬁis?ﬂitg{ﬁ;ﬂrﬁgé Bg?mgeﬁpgﬁ?byﬁdggéétﬁ&& d&coupl I ng
agent. In yelo an@hmquphmemtm 0 PFO‘GdﬁJm sseagiatige hmdgmtmn &prl:lmdsdaltdo t he
surface of the a S b C i nto
the abrasive art ?\cl lhyﬁ?{gag{)‘tg lﬂ% e)&é"k?) equ?)e %k{)’g%ec? d su"&me 8‘%‘%%@ EEQ“ *about
3% by wei ght coumbludgsllagsntxtandnasaﬂ mnnoermmlhaest mnhpMDgwmﬂrmhlhawml ve

particle and the coypling a " so feasi o treat
t he abrasive par ?‘?“(Pr’gs hﬁq‘%gﬁ@ﬂ‘é 2 8wk 63)703& |fFHj“ égl ﬁeﬁ’f“"&?&e g5 a
first coupling a&ﬁﬁ\herﬁnﬁlrduiphﬁmﬂli%r @‘iakdi?l ﬁ%hbu‘é&ﬁﬁarﬁ&%eﬁmﬁﬂ%ﬂ?@vﬂh\lﬁlé fromnt ,
coupling agent for the fill partic (descri bed bel ow).

ceriais utild zeﬁe'ﬁ@ﬂ’ﬁfé"céb‘?‘ﬁﬁf V’Ldeb'é'Ff‘iaé? @3‘8@%@“CERTT§'Srmy be treated with a
coupling agent prior fﬁlupﬁb R&H RS Hedhs! BliRcok: ?atplll{éd&tl?m\; EfHﬁﬂB a arrpl e

of such a coupling agent 1s Isoprop triisos t1tanat
Surfactants may wmekethgebragivearticls. fior a@mmel. the coulﬁmagyhmasthe added th@pfébmos

ncl ude metal “al ok des, polyal i NG eER: mir blia? ok HRuF B bR tY

preferably between 0.1 to 25%, by weight coupling agent. In yet another mode, the
20 coupling agent may be applied to the surface of the abrasive particles prior to being
incorporated into the abrasive article. The abrasive particle may contain up to
about 3% by weight coupling agent. based upon the total weight of the abrasive
particle and the coupling agent.
It is also feasible to treat the abrasive particles with more than one coupling
25  agent or use a first coupling agent for the abrasive particles and a second different,
coupling agent for the filler particles {described below).
If ceria is utilized as the abrasive particle, the ceria may be treated with a
coupling agent prior to being added into the binder precursor. An example of such
a coupling agent is isopropyl triisosteroyl titanate.
30 Surfactants may also be used as an additive. Examples of surfactants

include metal atkoxides, polyalkylene oxides, salts of long chain fatty acids and the
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PCT/ US96/ 15089 " like. The surfactants may—he.cationic, anionic,
anphoteric, or nonionic as |long as the surfactant is conpatible with
both the abrasive particle and the binder precursor. Exanpl es of

preferred surf s include an anionic di spersing agent ) |y
avai l abl e fréﬁ?@ﬁw@hem’ e, Wallingford, CT under the trade%@%ﬁa ion 5
"Di sperbyk 111" and a pol yet hyl ene oxi de-based di spersant conmercially

avai | abl e fik@ NThédurfairaits eay Se catfonidy b a@iphotéiic, YR defiodid s loh@ e
desi gnati on "Hyper ner " n I nstances, surface treatnent is

mer. . KD2", In so , _ ,
applied by the athesurfactany i compatple ‘fV"h bot A abragYe pasiicieand;thbirdes precursor.
manuf act uri ng pr eggRRledr préterredluARk RS iRAGAe dn' dionic ) ersing /agern??gﬂm’ﬁiall)a

surface treatnent nay be apBI i ed during the crushing an

screeni ng/ cl assi dydilable piram eByk t Chemisc e Wallingfatsk a€Tv undsar thectrede. designation

The abrasi ve partg » | r f I n Q alter.the.ahradi ng
characteristiCs o?'%{"ﬁgy'{@guﬁﬁ%gb@?}ﬁ%ﬁ;“:ﬂ\%‘%&%& eﬁ%%ﬁ?ﬁ"&\ﬁ?@m&%ﬁ“@gﬁ% such
sur f ace co&bimnI Chremicdis s of Wileningtdn0 DB uadEp lthe trade désignationt Elyperives.

5,011, 508; 1,910 4; 3,041, 156: 5,009, 675; 4,997,461; 5,6 213,591,
5,085, 671; and SKB: Jgsome fhances. s“'gi?FéEﬁaU'ée“béﬁr f%f“ggy e, el e
nul tiple coatiNgganufacturer during the m@naufacturing! préfesEVFtthé laBfasive particle. For The

abrasive article may optionally further conprise filler particles for
various reasons. eXaiple. | # | Wfageyreatmeat maye ber anwlied | durips othe t prushing: and/oe

article. In igmesggeniq%ﬁggi@mﬁ%%c\g%}tgF%%gggé}gﬁgjag cﬁs.f iller and anmount, the

filler may decrease t ero rasive article.
Conversely, in sone i ikt shnasivs paiticles mbay contain a siysface poatiag ¢o fitdr|the atradinganount |

R 4 S st o

rease.th
Fillers may al Socﬁaéac "?ﬂsﬂ%t‘gc}
the 1 heol ogyatias hiecdesdribed, Yor akdhiph, it Q1.8 Paént tNiss. 3[012308101,910,444,
characteristics of the abrasiv Fillers should be sel ected so

25 ticle.
as not to del et ePi%8ldPS %t?qgegls?t“l‘?@"dégir F'Iégl3§9“ 5.085160a2nd 2:Q48:99¢ | Th& i a.
Afiller is gspahplgivt pitleIMag bisdbothih minigRe3athgh. abrade the wafer surface

to any significant extent; thus, whether a material qualifies as a
“filler" will depend upon the particular wafer surface being treated.
It is possible for a gaterli.iﬁérgagﬁagst 30 as a filler in the context of one
waf er surface and as an abrasive particle in the context of a

di fferent wafer surfaTie abrasive article may optionaily further comprise filler particles for
various reasons. The filler may alter the erodibility of the abrasive article. In some
20 instances with the appropriate filler and amount, the filler may decrease the
erodibility of the abrasive article. Conversely, in some instances with the
appropriate filler and amount, the filler may increase the erodibility of the abrasive
article. Fillers may also be selccted to reduce cost of the abrasive article, alter the
rheology of the slurry, and/or to alter the abrading characteristics of the abrasive
25 article. Fillers should be selected so as not to deleteriously affect the desired
planarization criteria.

A filler is a particulate material which does not abrade the wafer surface to
any significant extent; thus, whether a material qualifies as a "filler" will depend
upon the particular wafer surface being treated. It is possible for a material to act

30 as a filler in the context of one wafer surface and as an abrasive particle in the

context of a different wafer surface.
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PCT/ US96/ 15089 Filler particles generally have an average
partete—stzeTange perween 0. 17 1T0 50 mcroneters, typically between
| to 30 mcronmeters. In addition, the filler typically has a Mhs

hardness |l ess than 5, nore preferably | ess than 4, and nost

preferably | a4 about 3, although fillers out si de of PRFUSYAFMWRess
range may al so 5 be usef uI Exanpl es of useful fillers for this

i nvention include: net car.nonat es such as, cal ci um,carbo

(chal k, calcite, narl ﬁlef Ry fﬁ %eé'erawé?%’f’én ﬁ‘gﬁﬁaqei W?’g'ﬂeost'fg)r?"ge befwean B@a‘f’m um
magnesi um car bonasmmxcmdttem @i)fchltynmmeennﬁweei:ﬁﬁioﬁﬁfemnm @dditic, [the filler
(such as quartz, glass beads, gl ass hubbles and gl ass fjbers) siljcates

(such as talc, typically as, ¢ Mahs hardpess less thanot imare, mfféab'y feas @gﬁbéf and,mpst
cal ci.um si | i cat e, preRiabiy4éls #Han abdﬂ?§aa?ﬂhb|!x§,ﬂmll€vs o%&ﬂ!e‘émh?é uamneg%tge%eansosodl um

silicate) netal suI fatés (such as cal ci'um fate, barium Sul fate,
sodi um sul fat & dheusefulinExaroplesnefsusefibfilers for this mmtsml include) metal carbonatgspsum
vernrculite, woo r y b t al
oxi des (such as g‘a'?%' |Oa3 r%alg@ln g'mb ? mrrghiﬂp "qr‘:ﬁ%ﬁ\%& %{apér%ﬂ'c?k}“gﬁ% mﬁﬁ{;ﬁe@o{?ﬂge
oxi de), t | dafeiuimi magnesmndearbmtealsodmhfcattmatesmgneaamcah-hnnm) ssiiciu t e)

t hernopl astic particles 15 e d., 0 rbo et heri

Lt e i i, s, g s R o e i
acrylonitrile- but g € BhS by I @itAtridrMokite) O FRIUMRE " midd0! daRkidPY Siffdafe, aﬂaﬁxal

pol ymers, pol yurethanes, nylon particles) and_ther noset t i ng part | cI es (such

as ~ pherd | dnesw}wessodwﬁ@'wmsﬂlsetacﬁgdmmﬂwp)eﬂmlrselfqtm(mcbas faleinas
phenol i ¢ resi ns, et baPilFh AR S4014eF SR, alRLAIOG ST ah Y sulfiS), NS
mel am ne-f or mal de e, acryl at e resins, acryl"ate I socyanur at e

resins, urea-for mmymwalge n@odlfbgcyhmmm mhytb'snen@rbon black ceotain|netald

et oo 1. e Ak S 5 Do AT LS5k (LB SRR 2 °°

chl ori de, bk i didkide, niefay @hliifes (such @dicaldium sulfity)0 ItherMoplastio NpaRitles M
cryolite, pot assi um tetraf) uorpboate, sodiumtetrafl uorobograte.

silicon fluorifdedeBpotPolisarhonaten) pplvetherimide. polyederesipplysthyiensy i aelysufentp| es
of metal fillers jonslyhale ch'bmthﬁﬁﬂtadp:hé- fe bl Bpaépblymer polypl%%lbﬁ@g&tal

cadm um iron, tltanl um Other m scel | aneous ? [ers inclade sul fur, _
organi ¢ sul fur c crepnensi spolyyreshsness enylopopasticies) tand dbefmaml'mepmiﬂtsc (such a5 des.

The above [ﬁmﬁ&l@rﬁﬂb@%?@mo‘ﬁ b%Ldf' bl aﬁnreﬁmﬁe{ ‘?oama%ﬂ"l é) ;R\gn ic resins,

representative s ers, ar'e not neant to
enconpass al | use&rmiopiasd tesing .urédbhne resins, epoxy réas, mslerfnmle fdnﬂaldehyde,saoxy&lhtel um
carbonate. O her usef ul ers include si h as magnem um

t .
Tl Toare. al i RS Piraied ORISR el ey derging, OF e

acrylated urethane resins, acrylated epoxy resins, and the like). The filler may also
be a salt such as a halide salt. Examples of halide salts include sodium chlonde,
potassium cryolite, sodium cryolite. ammonium cryolite, potassium
tetrafluoroboate, sodium tetrafluoroborate. silicon fluorides, potassium chloride,

25 magnesium chloride. Examples of metal fillers include tin, lead, bismuth, cobalt,
antimony, cadmium, iron, titanium. Other miscellaneous fillers include sulfur,
organic sulfur compounds, graphite, boron nitride, and metallic sulfides. The above
mentioned examples of fillers are meant to be a representative showing of some
useful fillers, and are not meant to encompass all useful fillers.

30 One useful filler is calcium carbonate. Other useful fillers include silicates

such as magnesium silicate, aluminum silicate, and calcium silicate. The average
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-PCT/ US96/ 15089 particle size of the cal cium carbonate particles
may range between about 0.01 to about 15 microneters, preferably
bet ween about 0.05 to 10 mi croneters. In sone i nstances, it is

preferred to | end of two or nore different particl e pgirdRss188sst NE
i s

cal ciumcarb | ler to achieve a broader particle size tribution.
5 The fillers may be provided with a surface treatnent as

descri bed above iQ ... ase o S L | e of
a surfactant for %gfcclzel jiid %ﬂ{}ﬁ onat e tartolie ? P’?'pggr X‘gﬁ?{i‘rg’élbg%&?%a@ﬁ?ﬁ%
comer ci al | y avaidbainl ¥ rhicrometefs, pfeffierably bétwéancabout 0.05 to 10 micromereos. alni some
conposi tions which include ceria abrasjpyv articles d one.or . nor e
Fi1ler particles Bt BAREprd e » plendof ito.qr mars qiiernt padial siges pfehs.
silicon 10  di oxdaRfmr@fionatdifiléo Wetice adriati@Gariclekize digibuslorabr asi ve
particles preferably have an average particle size of about 0.02 to
about 2 microeters’ t dhpiilers may baproyidsd with a surface tregtpen ex descrbegrabeye inhe
sem conduct or Waftﬁé Fﬁé bftthe Qt%rﬁéi@ aftitidsOAn example of a surfactant RimPGki0Rate
conposi tion usefu of nodifying netal oxide-containing (e.g.,

silicon di oxi de- cfilet particlesgs “LBAT commencialiy avsilablefram HJ Gemical Inbr asi ve
particles having an 1 aver parti.cle size of about 0.5 m croneter and
cal ci um carbonate fil I%’lmﬁ' rcpﬁ’gsse'@&s Wh'éh '"\‘?\%%ecﬁerﬁa% sa'es‘fa?gleaiagf’ rolmeuqt i on
bet ween about 0. Imére fillbopHrticiés dre asefulefor hddifiink MBtal oxide-containtigh (g, Peilidonc| e
size being greater, than 5 mcrons. _The gverall particle size

di stribution ¥ c‘_E?’f'da"‘f?&H'l' @‘ga’éﬁ_ﬂfr’(?&’!'c 'ﬁrﬁeﬂ%li’tﬂgﬁ_‘n‘f&'@“&gﬁtpfé‘?’é@y RaYs 2esul t
ina rel atavuﬂge/phﬁaaehzdb{swdubum@cnamd 2 anibrodietefiCidSirbvid@the desired
particul ates in the binder. 20 A second conposition. also useful
f or - modi fyi ng metwirfaesfiniss o dheisamicpdyctor wafer aftes plgnarizalion con .

dioxi de- contai hi ng) Wefilabbd BiifwoGH Aleft R odiffile mefdl S8d Qairk (6315
zirconi a abrasive particles an I'I'Ter 'such as calcTium carbonate.” still
ot her i nst siivon dioxiklereortiniag) wafersutiaces eontains cetimabuasive panticies havingah
zirconia and ceria _abrasj.ve . ti.cl es and optionally fd r.stch as
cal ci um car bolat ea.vegg?’rf”f'ﬁ%i? f/‘ze ?%aebng‘gélés"?'vgmﬁtgr anc sy {%'lu(rﬂ %?br?é'§te£g%'{ %lnhaeg _

m xture of zirconwkiciihdle ai sideGiistiiutias buttvegibdtiour 0.8 20 abslit aptmicioaleteys and an

filler such as cal ciumcarbonate., Alternatively, the gbrasive article may
contain a Byesage Partisle S7e bypg greatsr Jaan, @ 'é'&ﬂ“?-cl'g}ée, overall partiele 92t and

optional Iy fill erggHeflioRSof ceria partichdsCandNEAcRin? QadbRate [paliRIG SFay et abRasi ve
article may contain a mxture of zirconia . abrasive particles, a

si lica conpl exi ngretajealy brastdigpibutionand g high density efipariculgtes i the bindeso

car bonat e.

20 A second composition, also useful for modifying metal oxide-containing
(e.g., silicon dioxide-containing) wafer surfaces according to the invention, contains
zirconia abrasive particles and filler such as calcium carbonate. In still other
instances, the abrasive article may contain a mixture of zirconia and ceria abrasive
particles and optionally filler such as calcium carbonate. Similarly, the abrasive

25 article may contain a mixture of zirconia and silica abrasive particles and optionally
filler such as calcium carbonatc. Alternatively, the abrasive article may contain a
mixture of zirconia abrasive particles, a cerium salt and optionally filler such as
calcium carbonate. Likewise, the abrasive article may contain a mixture of zirconia
abrasive particles, a silica complexing agent and optionally filler such as calcium

30 carbonate.
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PCT/ US96/ 15089 4. Bi nders Organic Resin
The—birder-s—for—tte—abrasive articres of this 1nvention are preferably

f or med froman organi c binder precursor. The binder precursor has a
phase that is capable 5 of flowing sufficiently so as to be coatabl e,
and then sol Woig7a48¢. The solidification can be achPE/ERMIBLyring
(e.qg., polynerizing and/ or crosslinking) and/or by drying (e.qg.,
driving off a liquid), or S|nply upon cooling. The precursor can be an
organic sol venf- borBiBdessat er - borne, or 100% solids (i.e., a
substantial 'y sol vent ghgfife Resin conposi tion. Bot h ther m)pl astic and
thernosetting materials, as well as 10 conbi nati ons thereof, can be used

as the binder precurs®he binders for the abrasive amickeniof thisrieveationess ptelﬁmtdubfoméd/e
coating is forne from u ra5|ve
: fom an. r%}n?c bul;d’eyPlIe (,'iI‘BF gmﬁer?ecm%g Phas amhasr?gﬁa is

particles and a ecurso rrprl se
by wei ght bet seenf ibwiig siffigently salas &sbe/amnarel ardl then Mdl%gpaﬂfesohdxfcatlon
abrasive particles and arts

10 nder to .99 n eferahly the
abrasive 15 co&M W°E'8Yﬁ9q1y§§§"%{fdhtPW@‘FB“@@"%?‘T Is'é{'g'r"&? &er?lf 'E'ﬁ/ es and
about 15 to 70 p%ésdn(ngoffﬁdﬁﬂﬂrorsﬁm&#&h%ﬁf@bhﬁe blRBurscav be/ s Giaid NY

conpri ses about to 7 dbrasive particles and about "30 to 60

parts binder preselventrborne, water-borne or 109%6 solideidie.pnenbstamsially solventifieehbl y a

curabl e organic @ rlal ab]l pal rizing

and/ or crosslinki n%&ug‘(%f‘] ex%oggutrhgr"@ catan%l cil'?rc')“ro""‘%{1l aiﬁ'ais S u¥" skséf

ener gy, suchias Emb‘maamnulheneaﬁ/cmlbemsed/asshemn&lprﬂwzrsoror W|th t| rre upon the

addition of a chem cat‘ cata i sture, and the |ike) retgur sor
d

exanpl es i nclu F"@gﬁsné e Bbrgsive £ofing it J%'fﬂeﬁ @?’Hs‘)

al kyl ated urea- feérnﬁksdehmﬁmre of . abrﬁeﬂ"élﬁhﬁlcleﬁ'%hdim Bifdel QredBisoie NYHE abasivers, and
al kyl at ed benzoguanam ne-f or mal dehyde resin, acrylate resins

(including acryl geasisg ammrmaw yeight betwesn ahoun & past n%s:w%ée 90 eens
acrylated epoxi eﬁm &%nl "B AL Shderdb 9% éﬁh?iimaai ﬁ%feﬁsg dxh gl ed

acrylics, ' acry pol yet Hers, vi nyl ers, acr and
acryl at ed si t$coneating abtkgrd:e'r awih30 to 85 partswbrhsmspamimsraaﬂabwtﬂido ﬂ@pams
pol yester resins reacM?ve u et ha e .resins

esi ch as
resol e and novol 38"? esiE pf? !ﬁ c?/?béft""i dlpg‘p"!’ngompéﬁﬁ)sx?/bolu§5| ng sugﬁ-ij
bi sphenol epoxy alasivespartiches aiybabatie3n t0i66 paiysebindenpresursgol ysi | oxane resins

(including 30 al Kyl g Kooronl N, SRl o SABk oigart el (2! Dl e
-capable of polymerizing and/or crosslinking upon exposure to heat and/or other
20  sources of energy, such as E-beam, ultraviolet, visible, etc., or with time upon the
addition of a chemical catalyst, moisture, and the like). Binder precursor examples
include amino resins (e.g.. aminoplast resins) such as alkylated urea-formaldehyde
resins, melamine-formaldehyde resins, and alkylated benzoguanamine-formaldehyde
resin, acrylate resins (including acrylates and methacrylates) such as vinyl acrylates,
25 acrylated epoxies, acrylated urethanes, acrylated polyesters, acrylated acrylics,
acrylated polyethers, vinyl ethers, acrylated oils, and acrylated silicones, alkyd resins
such as urethane alkyd resins, polyester resins, reactive urethane resins, phenolic
" resins such as resole and novolac resins, phenolic/latex resins, epoxy resins such as
- bisphenol epoxy resins, isocyanates, isocyanurates, polysiloxane resins (including
30 alkylalkoxysilane resins), reactive vinyl resins, and the like. The resins may be in the

form of monomers, oligomers, polymers, or combinations thereof.
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form of nonomers, oligomers, pol yrrérs, or conbi nations thereof
- 37- WD 97/ 11484

PCT/ US96/ 15089 Bot h types of phenolic resins (resole and
novol ac) are useful. Resole phenolic resins have a nolar ratio of
f or mal dehyde ol of greater than or equal to o 1y
bet ween 1.5: 1\51691?182@ 0:1.0. Novol ac resins have a nol ar Qﬁ@%@?@aof

f ormal dehyde to phenol of Iess than to one to one. Exanples of 5

commerci al ly avai l abl enoI| .ns _inc) ude those 0

tr adenanes " Dur Hﬁﬁs "Elaﬁ[‘ resms fresple; 2, n'f‘ﬁ’Péén ‘é’éf"'& éﬁsﬂ

" Resi nox" from phenohM?@sﬁﬁrHabe a"nﬁnﬁf.em@ ffdrﬁmd&@héw(ah&ibem teOthan @R d
"Arotap" from Ashl and Chem ca es of Iatex

resins that may tﬁguaduotoamtmaﬂlmemﬂ l&b@mé&rlsou Ma'a‘érefms have a molar
acryloni trile-butge %‘?%mﬁfﬂéhid e phélff BF iGss IS0 Bt AtiaRBles of
emul si ons, adi ene-styrene enu si ons, conbi nations thereof .
Such | at ex resi nsomrercially ava:tabmwlemlwl teymsamluldabhqsefkmwnabwmel wadenanfes
di fferent sources, undﬁr daR{ous §r n |G Rhopl gx" and
"Acryl sol " cormer OV y28y a ?rﬁ'BT’e n@ﬁb%mag %"eﬁé?g% et ﬁ%’gny;ﬁ&(m
"Flexcryl" and " \{#bisamb; CANGTERE'T Framl X&slﬂa\hﬂl Cireatial 1000 nnd\i "ArdtaprdfromsAshiahd

Chem cals Inc., "Synt hequl " and " Tyl ac" comercially available from

Rei chol d cdiemical C&o. . “Hycar and "Goodrite" commercially available
fromB. F. CGoodrich, Emmplegﬁgieg‘ﬂéﬁnsqm%%it%lé‘ys%lﬁ&p|p?ecfurs&§quﬁﬁﬁgyear
Tire and Rubber Co., Neocryl" commercially available from|Cl,

"But af on" cormeer cicaldnjtrilesbutadighe e emplsions,  acryligAgmulsions,” fatadiepe mewlsions, | y

B eh RO oy aahefE srblsichs, Al GrhEATHR! Tt 2Such IEP JedldCart 2 ©

resin with a phendl N or hermse
bi nder precursor. commercmlly available Trba dovariels lof pmewmrcemeamouma@names

ur ea- f or mal dehyde r " .described i . S. _Patent :

5, 486, 219 indiing: “REsefert o8 4gisels SHEMBIG RS EpP b Bt ng an
oxirane ring and @én@pa%? "Fldszalywml A0t coniferdidlfCavaitdl figm Alr Ploduesi &S

i ncl ude nmononeric_epox resins and ol i goneri ¢ _epox reS|ns qus
resins can vasy dthemigals Ing., {"Bynthesul) e"d)fT%ﬂﬁewpmmema“ma@%

substituent groupsyemidaPEo. ew#%?d t‘agoé?ﬁ?lﬁgﬁl%rcﬁmg a@ﬁlalﬁpﬁom B F. Goodrich,

conventi onal back bone not ound 1 n epox ins and substituent
gr oups t herhemigam” bmnmwctylyompmlableefruh Gaodyear drehgntt RpbheratCom t hat

'S reactive wt hpﬁ%ﬂf " ézﬁg\x fral y avatlglge ?rom 1&?% G rc@mﬁ’:&%lallﬁﬁ%l?tﬁgﬂaﬂt ive

exanpl es of acce
BASF and "Res" commercially available from Union Carbide. It is also feasible to

20 blend the latex resin with a phenolic resin or other thermosetting resins to form a
binder precursor. _
The binder precursor may also be a urea-formaldehyde resin, e.g., as
described in U.S. Patent No. 5.486,219.
Useful epoxy resins are characterized by having an oxirane ring and are
25  polymerized by the ring opening. Such resins include monomeric epoxy resins and
oligomeric epbxy resins. These resins can vary greatly in the nature of their
backbones and substituent groups. For example, the backbone may be any
conventional back bone normally found in epoxy resins and substituent groups
thereon can be any group free of an active hydrogen atom that is reactive with an
30 oxirane ring at room temperature. Representative examples of acceptable epoxy

substituent groups include halogens, ester groups, ether groups, sulfonate groups,
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substituent groups include hal ogens, ester groups, ether groups, sulfonate
L 8)

groups, - 38-
PCT/ US96/ 15089 si | oxane groups, nitro groups and phosphate groups.
Exanpl es of preferred epoxy resins include

2, 2- bi s(4- (2wo wpvsypr opoxy) - phenyl ) propane (di gl yci dyl et PEHU$/15089

bi sphenol A) and materials cormerci ally avail abI e under the trade

desi gnati on . Epon 828", and " o 1F". from Shel |

Cheni cal Co. ; and'k”%ﬁe 3"’\‘3%!?\’“‘59?‘ ups Eﬁ&q?ﬁ“t e D%??‘?g ff"r’i’%ﬁﬂo‘?ﬂ “heni cal
Co. Qther suitablrgins mcludeepczws(::-ezss-eﬁoxyp\@w@y- mdnynprdpﬂne qdizBiciylottheh efol

f or mal dehyde novol ac ? 31" 428" aval |l abl e from
Dow Cheni cal )b'SPhe""’ AJ ‘and m”@?&nfﬂW@?"Ye?W#%P&‘Ef Ithe gxade,designatiop bi nder

precursors i ncI udg mﬂpplugg n 1004 a“HD%G'i Isooﬂf.. *nggﬁgﬁr RN Eb_ P e ant

al pha, beta unsatu ated tarbonyl groups, enl ca unsat ur at ed
nmononers or obi ng§R5331%1d'D}ERel3§tland PERAAIAIr from Dow Chemml@wer&heraungwat ed

ret hane ol i goner acryl at ed, e QUer s
gt hyl eni cal :3 un§5‘?’?§(r 5&%’5 Hﬁ%ﬁgggﬁﬁlr etgfrlsu% e“°§§?§"“§ﬁy"& opvelas; (58 and
m xtures t MDENO{31" and "DEN-428" avallable froin/Duw Ghémikll C89r precursors have

at | east one pendant al ph bet a- unsat ur at ed carbonyl .group p
mol ecul e or ol i goner. ’Pr‘FéPz“é "I%ﬁ%'ﬂ“‘éﬁ"é’ ugsagurated bindgr preqyesprsfadade; 3gupp faﬁ‘ u. S.

Patent Nos. 4, 903,sgferd 3 oRgotmtrs Heking pendant alpha, beta ﬂ%ﬁuﬁ&é&%aﬁi&hﬁ%&bs

unsat urat ed nonomers or ol i gomers may nof unct 1 onal
di functi onal 20t r iefhyiauicaliyn ainsaturated ammemmnar ohgqmem latrylated isocyanurate

functionality, and incl t%grﬁ,]%?& dﬂgtﬁﬁi{gycll@&ﬁeerg&?ggr?s | n{‘??/ J:ngsa %Bep{?'ﬁ%ﬁno Mers.

20 Et hyl eni cal 'y "unsa meric and
pol ymeric ethgieaicallg sinsdaasted owhamers at ditentsf acrylatl disperkipith; agomixtures

oxygen, and opti ohnal l.y nitrogen and t he hal ogens. Oxygen or nitrogen
atoms or both aré éeé’fler ally present in ether, ester, urethane, am de,

and urea groups. Suit@hd AnfiopldsteBinga! bbecmﬁttmatadleast one GrRAdGMAL!
preferably have a nol ecul ar wei ght of |ess than about 4,000 and are 25

preferably edber §°‘ﬁ'&'ﬂ@"~f’i‘t8¢n°a¢wl s@aetnebnm&wuiemm cBiessmmaterials ars phat i c
nmonohydr oxy gr oumthg,rdégér;bg@ {8, ményrw,glr% unsat urated

46
carboxyllc aci ds, suc as acrylic a0|3 met acry ic acid, itaconic
acid, crotonic acid, Therocetbylenigally unsatumed d monemers ¢ ascicligomers tmay | bece.

Repr esent at i ve e@%ﬁgﬁa{ LB 2 ek BRR. YE ARG iona | o TR g 0! UCe

met hyl nethacryl ate rene, V|nyI enzene,
hydr oxy et hyl ac Iﬁyicﬁbxﬁlltyhyldd Gngludat bytlh mrythlacsm atethacrightdrtxed oapmeérs.

acrylate, Ethylenically unsaturated binder precursors include both monomeric and polymeric
compounds that contain atoms of carbon, hydrogen and oxygen, and optionally,
nitrogen and the halogens. Oxygen or nitrogen atoms or both are generally present
in ether, ester, urethane, amide, and urea groups. Suitable ethylenically unsaturated
compounds preferably have a molecular weight of less than about 4,000 and are
25  preferably esters made from the reaction of compounds containing aliphatic
monohydroxy uroups or aliphatic polyhydroxy groups and unsaturated carboxylic
acids, such as acrylic acid, methacrylic acid, itaconic acid, crotonic acid, isocrotonic
acid, maleic acid, and the like. Representative examples of ethylenically unsaturated
monomers include methyl methacrylate, ethyl methacrylate, styrene, divinylbenzene,
30 hydroxy ethyl acrylate, hydroxy ethyl methacrylate, hydroxy propy! acrylate,
hydroxy propyl methacrylate, hydroxy butyl acrylate, hydroxy butyl methacrylate,
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hydr oxy propyl nethacrylate, hydroxy butyl acrylate, hydroxy butyl

met hacryl at e, -30- VO
97/ 11484
PCT/ US96/ 15089 vinyl toluene, ethylene glycol diacrylate,

pol yet hyl eneﬂ*&q di acryl ate, ethyl ene gl ycol di rre‘,@.%g%h%g

hexanedi ol e, triethylene glycol diacrylate,

trimethyl ol propane triacrylate, glycerol triacrylate, pent aert hyitol
triacrylate, talaée! Yhiibde oot diadElafta Ayle i

tetraacryl ate andwggnt aeryt h?l to@bc a%a ?nyehgc?e Qf?{c@ﬂé &Wlene

et hyl eni cal | y unsghcat adleuthmlme; ahmrlthol ud‘ecmbNoatrlemylene glycolpdliagndatey| . and

ot hal at o, ti ai 1 yERHPRRrGRbe PRy AR B PSR KBRS ogen

cont ai ni ng peaRRgthric tnmethatrylﬁieuCbemaerythmol tetraacrylate and pentaerythritol
tris(2-acryl - oxyethyl)lso

met hyacr yl oxy & hyPyamethacty angg‘ﬁ%fc?tm"ﬁﬁ‘ia@é ““?Pé'{"ﬁ?‘l' deatsrialsinglude monoallyl,
N-met hyl -acryl a nﬁaﬁ,auﬂoand d%lj&&han%xéaaé} W.@J@:Qﬁca%yu@%.dpysﬁxwhé Qﬁi;f? and

N-vi nyl - pi peri do nﬁ es of suit mono-'f unc
acryl ates and rretnhﬂtalﬂyﬁl dialb adipate, angdN,N-diallylagipamide: dStlbother, nitrogen coigainiagi on

with di- or tri- al te th | at : non rs,, or
wi th phenolic or én‘g("f/n%? esi ﬁ‘@?%%cl ug;e?a%'au ‘37‘5‘?’é‘§¥'§3}f°§¥“é‘}”“be<:t yl gg%}f'gt'e,
2 (2-ethoxyet hoxy@netlﬁ;tahyloaww)@d-m,azmeahc@hmﬂe,oﬁuhjlwwdmndau\hﬁmhyll-a%bﬁmide,
cycl ohexyl 15 stearyl  acryl at 2- phenoxyet hyI acryl ate,

i sooctyl acr ot 3“3&% @Y‘ﬁ lamidk, N-vinyl W’&F idone; %‘gﬁ{éﬁ'w -piperidong: o

pol yet hyl ene gl ycol ”@Rﬂﬁﬂé§$ﬁuﬁabléﬂgn@mn&WnﬂpééW& and methﬂ}'ﬂa%'%l that can
nonoacryl at e. IS also feasible to fornulate bi nder

precursor that cdepsed s a'W%‘lﬂﬂﬁo‘bf”"h di- or tgrfusgipyal a@parlammdnmahwrzdﬂe epoxy
resin, e.g., as qgSffde

| socyanurate derivati vesgrhg;\iﬁ hﬁeﬁohc':ifi- g%y %En?%s)%%l gfﬁu@%crrétﬁ ‘é‘%'r%ﬂ’}?‘é d

i socyanate deriva |(»2®shohmliloxg) aﬁthyl@aéate omab)sin@falfmryhangtllaawtgr qu!nluxsé
further descr Pa ferred

| socyanur at e Yiat JEPE geabi-cime? o nc et ERHE Coned asite. i

i socyanurate. 25 acrylate, isodecybQtiylags @dlyethgieiraglpsol dichosbirgfie,yarndt folgsbBilene Of
hydroxy term natedq i soc na‘t(ﬁee ext ended pol yesters or pol yet hers.
table a

Exanpl es of co YepLpe cryl ated ur et hanes incl ude those
under the tradename " YL Aih\NIEsibIS forntlAL b BIRAG precBfor that comyiises %m@berafc al,
"CMVMD 6600", "CMD 8400", and "CWVD 8805", avail able from UCB Radcure

Speci al ties, Snyrataacryiate reméj\mepqxasweﬁa 8. s, despsibpdeUSo Pategb N9 from
Henkel Corp. 20700PKgN3g\I; " EBECRYL 220" (hexafuncti onal

Isocyanurate derivatives having at least one pendant acrylate group and
isocyanate derivatives having at least one pendant acrylate group are further
described in U.S. Patent No. 4,652,274. The preferred isocyanurate material is a
triacrylate of tris(hydroxy ethyl) isocyanurate.

25 Acrylated urethanes are diacrylate esters of hydroxy terminated isocyanate
extended polyesters or polyethers. Examples of commercially available acrylated
urethanes include those under the tradename "UVITHANE 782", available from
Morton Chemical, "CMD 6600", “CMD 8400", and "CMD 8805", available from
UCB Radcure Specialties, Smyrna, GA; "PHOTOMER" resins (e.g., PHOTOMER

30 6010) from Henkel Corp., Hoboken, NJ. "EBECRYL 220" (hexafunctional
aromatic urethane acrylate of molecular weight 1000), "EBECRYL 284" (aliphatic
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aromatic urethane acrylate of nol ecul ar wei ght 1000), "EBECRYL 284"

{aliphatic - 40- MO
O+H3-4484

PCT/ US96/ 15089 uret hane diacrylate of 1200 nol ecul ar wei ght dil uted
W th 1, 6-hexanedi ol di acryl ate), "EBECRYL 4827" (aromat | C ;ﬂé?‘f hane
di acryl at e owolBa8#0| ecul ar wei ght). "EBECRYL 4830

ur et hane di acryl at e of 1200 nol ecul ar wei ght diluted wi t h

t et raet hyl ene gl cr Iate Y 6602" rlfun
ar onat i cy ur et %a ‘6‘? ?# lzﬂ(g "'?‘l‘kﬂ eE'ﬁ'ISB'r lW&f’ gH’f‘;‘ gg%‘ﬁf@ﬁ"“ﬂv\n th
trimethyl ol pr opaaﬁc@&&yx'ssasom W2 hromiatiél urdehiné-Tdidk of 1600 RoREls

ur et hane di acr I“at e of 1000 nplecul ar wei ght) from UCB Radcure

Speci al ti es; andweight). "EBEERYGHSR0" (akiphatiesurethapg diacrylate of 1200awiesulanwaight 9655,
963- B8O, 966- ASO e ﬂ;ﬁ; "EBEER .

Acr yI at ed epoxi eg' a?dewﬁhageﬁ?/%tg{l%ngg%l?@ S Iatg)gxg Br es ?2’5 6E?ucg}gglgct{°ﬁ%l

di acryl at e es$ er aromhtibi spsthane| atrylappoxgf r 4300, niolegnipt e sveight c ditwted civathl y

SEBLEEL S oo B n s B BBV ISR O

Speci al ti es. diacrylate of TMGO bmadﬁnarp{wa@m S#ém "ECB2 [RaBcuF® "SPetiaifies? Nand
acryl ated pol yester resin, l{)()Gélesters are the reaction

products of acryl A;meisws 4. &r §é§|T9MB 3 8645, AP HHG8R80¢ Pof-ABRs ed

pol yester. Exanplesfigh SaR6REEd athon, 4ai | abl e acryl at ed pol yesters

i ncl ude those known by the trade desi gnations "PHOTOVER 5007"

(hexaf uncti od@l acrylAsndaied cpoxies are diagivlate weseighof) epayidresinECEChVER H@18"
(tetrafunctlona I Corp.;
ang 20 - enecr/in R LT Rend A SpBR BE, yaiBeOb conrh B B
nol ecul ar aorylared )epox‘icEBEﬁRWho%éOdde(* it&tu'gdemneo"(mﬂdmb@d Oy 36008 1

hexaacryl ate) and,, BE 30 fungtip al pol yester acryl ate of
1500 nol ecul ar wéMd HMD 370" %ﬁﬁ@@a‘@g%g SRSt i es.

Exanpl es of et hyl eni CRiel binden paéoutsoi @hy ChildoUEdhhysiis® ran nFRAR4TEY qaowadrerhesnﬁound in
25 U S. Patent No. 5,236,472 and U.S. Patent ﬁ)’pl I cation Ser.

08/ 474,289. }h Acrylated opplvesiers; afs cthe reaction PEAdUGISe E"él"lcy“%s“éi'chu?a‘{"é’d‘c
diluents are Useidxﬁlaﬁgﬁ{iﬁu:ﬁ&-bta&%y oﬁ(}@m Exampués%r%mﬁemm; 'ab&hl‘ibllé"'a&nﬂlg%t er.

Addi tional reactive uents are disclosed in U. Pat ent
5,178, 646. polyesters impludenthaske kncpvrebml@otradcadesmnwne OPIOTOMER, 5007"

acryl at e- based dgh?.&[xfn%tase 3J@@te395 z?@bcrn\sleasnsr RaRRY. IS PRISTOMERCSBIdSes a

mul titude of acr
(tetrafunctional tetracrylalc of 1000 molecular weight) from Henkel Corp.; and

20 "EBECRYL 80" (tetrafunctional modified polyester acrylate of 1000 molecular
weight), "EBECRYL 450" (fatty acid modified polyester hexaacrylate) and
"EBECRYL 830" (hexafunctional polyester acrylate of 1500 molecular weight)
from UCB Radcure Specialties.

Examples of ethylenically unsaturated diluents or monomers can be found in

25 U.S. Patent No. 5,236,472 and U.S. Patent Application Ser. No. 08/474,289. 1In
some instances these ethylenically unsaturated diluents are useful because they tend
to be compatible with water. Additional reactive diluents are disclosed in U.S.
Patent No. 5,178,646,

The binder precursor can also comprise an acrylate-based dispersion. The

30 acrylate-based dispersion comprises a multitude of acrylate-based droplets

suspended in water with the aid of a dispersing agent. Each acrylate-based droplet
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suspended in water with the aid of a dispersing agent. Each acryl at e- based
dropl et com =41 WO 97/ 11484
PCT/ US96/ 15089 contains at | east one acrylate functional group,
typically two and sonetinmes three or four acrylate functional groups.
During curin ri zation or crosslinking occurs UshEnsoeet © Of
t hese acryl aﬁao%;ﬁgﬁonal group(s). The acryl at e-based dropl)’?{'a.ts s by
t hensel ves are usually not soluble in water, but rather tend to phase
separate 5 f [ Offaldif o fehbne dAARY Rinctichal] ) (5R5AE sdrerfild GflecitC
that the acryl ate- gaéeo? n_ rop%/etslaﬁlce.l’r?:\g’gf_aygicgg'of lge‘?_ng éi?%perse or
suspended i n wat efour werylatet functional groupshe During curifigs pelysienizatiay et crosskinking

acryl at e-based drg ts,.faorm se. Wt hi. he LS

preferred that th® érgra;fhgg' ge-%@géeggg‘a?%ﬁglﬁé'{lg&gﬁ %roﬂ'f\{\f‘%* gf'}ﬁ%‘}"y&ﬂt"gBﬁF%g'&Plﬁ}s
suspended Viyt themselves axpaisgilly n soluble in water, HU€ ralheé? RedSioNshastO®Paraean be
an enul sifier. There are three main classes o emul sifiers: cationic,

cl as .
ani oni c, and rfoni BRI &he wateySjoueves; a dispareing aseatis pdded;sushsthat the acrylatetbased
quat emary ammoni %plﬁ@lﬁe%a?ab@WinE%i érsﬁrﬁrckﬂép%n&mi# Whfel, S With! tﬂ&LiH@?lhfe.
triethylam ne and sul phonated materials. Exanples of nonionic enulsitiers
i ncl ude nordispersmgragent cthp asrylaterkasedodraplets ifom § phase writhimthe watdne It is

tradenanme "Trito P i t | sifier
typically ranges %*E"&'g‘se)ﬁ" aé%%u?crg;g%a%gn{aig@%% e 8'nfo(‘)'tﬂfS‘Elqui’ eﬁ%i 5asf'1f%7m§fgt ween
about 0.1% t o abowkhikfhewfaterhe acryl at e- based di spersion.

Alternatively, the acryl ate-hased nononer may.be | f-emul sifying,
elimnating t¥e need f%?e%éfp%'ﬂﬁ%l'%ﬁ%m“al?e %i%’b‘iﬁ@f-ngﬁ%{gém%eem“ ai"’_é‘l’?p?fe, t he
acryl ate-based MoguRiIfiersYBoAtiGNAY, Canfohica and " RUARRic! hExamIes) of Qatibrie Emiisigrsvat er
20 will self-enulsify into acryl ate-based dropl ets. These acryl at e- based

droplets are inclydre Quateragne esRPnIUmM (SAS. wlramples\@dli aniopicaemegleifiert |include
concerning acry! afigmfhRRe aid QlihoRABd materials."ExdrAb( iBnibhic embiRIFEAindNe

5, 378. 252. n general it Is preferred that the rasive
article provide anaplbphenoltethakyigte commercatinknosmamterahe tradename TiroomXel@0".t he

|ife of the asi.ye articl.e. sone.d st ances as .a 25 r t.. o
processi ng, t'He bi na&r” e’é‘ﬁaé'g"f’gu‘ﬁieﬂ'rmgst'deer?y 'cfl?yemg’éetset’F'“éeﬁ'r' F%%"g%g*] tf’ﬁ’ie"mt
abr asi ve C OEs%, ngpicaliglbétiveeh absmani% &d abour 226 bf the atrplar-Hasddrdispbrsiohnder on

the outer surface of the | brasiye artjcle. Al though not. wi shing to be
bound by any theory, !'{]f"r’?"w'i.Vedc . .base monRofes B‘?’hqger ’feﬁﬁﬁﬂ“i‘%"’g
interfere with thgndikthihg ahe Gedd Kdi0a aRppiérhentad  didpbRing Digdl V &FoRdxhpl6, the
Wien a new abrasive article is first used to planarize a sem conduct or
waf er, the 30  adsndae-based monemer may, havepolas greups thag ween icambined withtwateit e i n

conparison t o4 hewfﬂb;eﬂ"-%h\ﬂﬁify into acrylate-based droplets. These acrylate-based droplets are
then suspended in the water. Additional details concerning acrylate dispersions can
be found in U.S. Patent No. 5,378.252.

In general it is preferred that the abrasive article provide a substantially
consistent cut rate throughout the life of the abrasive article. In some instances as a
25  result of processing, the binder tends to migrate to the outer surface of the abrasive
coating and this essentially results in a film of binder on the outer surface of the
abrasive article. Although not wishing to be bound by any theory, it is believed that

this binder film may interfere with the initial cutting ability of the abrasive article.
When a new abrasive article is first used to planarize a semiconductor wafer, the
30  abrasive article tends to have a lower initial cut rate in comparison to the abrasive

article cut rate after this outer binder film is worm away. One solution to this
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article cut rate after this outer binder fI|mIS worn away. One solution to

t-hi s -42- WO

O HE1484— ' '

PCT/ US96/ 15089 problemis to condition the new abrasive article
Before it is used to planarize a sem conduct or wafer, although

condi ti oni ng waYnitass4al ways preferred because condi ti WN@W‘@&& res an
additional step. It is preferred to forrmulate the slurry such t hat
this binder filmis mnimzed, A though not w shing to be bound by any
theory, 5 one Ripiemattp conditioniths z@"tahrés'm Atdisle ‘1?? Htis ypedaier ol ﬁgnew. ng is
to have a high 15 By, t b % r er
filler in the bi n m‘co ‘mﬁl S hgfg'nhC!ﬁtlmnggill \%}{al'}%%mgo%g@rgt?ﬂg?)?oh 'S based upon a

packi ng of the amoaémmnnapmmres e gdditionalcstepf it is preferred to farmulateghdslurdesuckuch

alone, T e, it ot RS Fi it Pt A Gueh 3ol bR heSha o anHenry o
wll tend to 30 on@lappidacteta heurp:aé Ehecdider niigratiorh durtligheleihg tiotoThglead Righlur i ng

curing. One neans to this hjigh cki densjty of_th
abrasive particl e“?E Fe“f’F‘ﬁ"f‘\e?gir%s“’FcPaf}? éﬁg for ﬁp‘g‘ﬂ? dhegbi tl'fh‘%ﬁ'g“ze

di stribution of tyafnitoAsenMRidAds bdsed ﬂﬁm&"ﬁ%ﬂﬂg bf thk %rasu}erbaﬁlcm's(iﬂgor filler
particle size distribution, the smaller particles wl nd t |

bet ween the | ar gdn the binder sughtthat| there nsmsnmahmv@r of at#liz,swpang@les pad/on &llees
shoul d not gener d 5 uct or
waf er surface. a“i&em“%{%a’%’?ﬁ%ﬁ&& vrﬁhgh%h’g}oﬁ@% Ecgg%g‘rﬁ%gmégp}fﬁgq?heor Y,
anot her appr ag@ch mioimize the pathway()zfer thecbiixlen the migratg datingcurihgr iOng meanstg i s to
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pol ynmerized i s ampaakle)dizat CHHRNERN e larger pamdliawm not tglBferdll DAURSIrdbleGHFse OF

shoul d not be polynerized to such a ree that when i ncor por at ed
Al

into a slurrys trserafcéswtthwmaqogéxwrt e5purfagd slurry i s excessively

hi gh. 25 An I h & rkially
pol ynmeri zed is ﬁ?ga@y'ﬁnacr af‘gw balkﬁ % | nae?fltyo?‘%'f; nadggorata?é

pol yneri zed et hyhisimizeathe pinder migrating aliiting Cwrthg o wo we a \bindér pracursnsrthat is
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t t
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20  migrate less during complete polymerization or curing of the binder precursor. One

such binder precursor that can be partially polymerized is an acrylate monomer.
However, the binder precursor should not be polymerized to such a degree that
when incorporated into a slurry, the resulting viscosity of the slurry is excessively
high.

25 An example of an acrylate monomer that can be partially polymerized is
isooctyl acrylate. A combination of a partially polymerized ethylenically
unsaturated monomer with another ethylenically unsaturated monomer and/or a
condensation curable binder can also be used. Additional details concerning
partially polymerized ethylenically unsaturated monomers can be found in U.S.

30 Patent No. 5,256,170.
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30 Pat ent No. 5, 256, 170.
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PCT/ US96/ 15089 Ther nopl astic binders can al so be used.
Exanpl es of suitable thernoplastic bi nders i ncl ude pol yam dcs
(nylon), poly pol ypr opyl ene, pol yesters, ges.
pol yetherim d‘gbgﬁﬁ%g‘sul fone, polystyrene, acrylonitrile-but af'”sﬁéé-

styrene bl ock copolyner acetal polyners, polyvinyl chloride and

conbi nati ons 5 Lt .. f '
wat er - sol ubl e bi nder pr ee%?pslacﬁ'c b'v\ﬁr%ﬁanrﬁlasg b%élke%' aé&g? 13%3?%,?&% g‘nﬁ @E\ﬁct h a
t her noset ti ng r esbinderd hiacladeo Upulyamidts t {nplen)of pdiyatigdene, polypropylamurmﬂyestmse

sel ected to achi eve an, abrasiyve, surface h |n t
o odibi ity for SPORPERE A PONARINNG RIS PEDFHne, LB psdiene-
wat er - sol ubl e 10 sty#%hml,ﬁfck wosayméroraée:amsdlms pﬁ&uwwnmoﬁdecmobemmmngl ue,

and wat er-sol ubl e Cell ul ose hydr oxypr opyl nmet hyl
cel | ul ose, n®t hhereof.cel | ul ose and hydroxyethylnethyl cel | ul ose).

Patent No. 4. 265, 164, 11 dsb S 0 GRTH plbrleckip Wifer precuror WARA ) 08

mat eri al s that nafurther htéddad Widh tmmeﬂlﬂosettloggesm c Tl&samounm god etype iofi dpirtder
bi nder. aS| ve goatin
opt 1 onal Iy, i nl udBreugRTcASE FRlAd 15 SFiiews ametbapsive sypfics having VR pspRer SR8 OF o

plasticizer wll bﬂﬁ{bﬂ?s Forl HParicoldd Plahdriziionf oﬁdﬁﬂ:oﬁbrsﬁdn\tﬁbsaéﬂ Whtesoitte 20
soften the overall binder hardness. In sone instances, the plasticizer wll

act as a 10 dbmée'mrewmor&ln@uc!ﬁ nelievinyhalechgl disle slunqenq)wa@t-m%ﬁeﬂp@se
preferably corrpat er n| h a I on.
{’%'%pl asgl i droxy?rongpvgﬂgl ctem.xlcgge rrchtﬁylp %ﬁlﬁxl&@p Eﬁ’é

Exanpl es of suita ers | ene gl ycol
pol yvi nyl chlori dbydrdxmuvwetlwhcdﬂalosq)e Additieyal db@ﬂ&?ﬂ lhp‘mmofa&hemmry can be

pol yvi nyl acetate ien 0 |l ul ose esters, phthalate, silicone
oils (e.g., as gmpggﬁécsr?‘ te'glbﬁ’ Q%k{é'ggat ent No. 5, 453, 312), adipate and

sebacat e esters, pol yofrke followmg digrobsjonl eelatksrioviattenads that niaythel pddedito the

di phenyl phosEhat e, tri cre.s¥. grhosEel’% castor oi |, conbi nations
thereof and tR8 | {CKEEMCTEN IpPEPYNEd 1‘ ticizers are phthal ate

Plasticizer .
The abrasive coating may optionally include a plasticizer. In general, the
addition of the plasticizer will increase the erodibility of the abrasive article and
20 soften the overall binder hardness. In some instances, the plasticizer will act as a
diluent for the binder precursor. The plasticizer is preferably compatible with the
binder to minimize phase separation. Examples of suitable plasticizers include
polyethylene glycol, polyvinyl chloride. dibutyl phthalate, alkyl benzyl phthalate,
polyvinyl acetate, polyvinyl alcohol, cellulose esters, phthalate, silicone oils (e.g., as
25 described in U.S. Patent No. 5.453,312), adipate and sebacate esters, polyols,
polyols derivatives, t-butylphenyl diphenyl phosphate, tricresyl phosphate, castor
oil, combinations thereof and the like. The preferred plasticizers are phthalate
derivatives.
The amount of plasticizer preferably is at least 25%, and preferably ranges
30 from about 40% to about 75% by weight based on the total weight of the resin plus

plasticizer. The particular weight percentage is selected to achieve the desired
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derivatives. The amount of plasticizer preferably is at |east
25% and preferably ranges 30 from about 40% to about 75% by wei ght
based—om the totar wer ght of the resin plus pl asticizer. The
particul ar wei ght percentage is selected to achieve the desired
-44- WO 97/ 11484
PCT/ US96/ 15098097/1148¢  degree of erodibility. For exanpl e, PCRESIHSMN of
pl astici zer should not be so high. that the resulting abrasive article
is too erodible. Additionally, sonmetinmes if there is t oo nuch
pl asticizer, ther degnayofieeodibiitty. Emj'hasampin thesmmmhof Nastigzérrsbauldmstdmisatl@
with the pol yeste he, abr asi at | n_.abr
articles featuri nng eresblflnaiabé1 gicied%{ eﬁod$bl Cadd tlonal?yg so%t @h rg 3,[
wi shi ng Itoblbe boutud hycwasrnf:b@fmyre?ﬁaytﬁu podnmesudntbet»seleh h@pﬂnﬂ&chssciclxatedl t hath
wat er.- sol ubl e or water-s ast rg may at. | east partia eac
out of t he &’B{‘ ﬁ‘é" Zf']‘ EQ&B‘&“P é‘ ‘%??GH?&'BP"%Y@?" ﬂFsJFPé‘l’ NZat i on.
When this occugs, sdc;,acons,mcﬁoﬁ postulated that it increases the overall

erodibility of the abrasive coating. Thus in 10 sone instances, it is
preferred to utilize wlthonghrst wishingde beheund- bywey ﬂ\sww this time, p‘llashepuzezlers

T 1y P v blor AR Rl 5Pl E R BOE GO0 M o1
initiators my bethuamdswd:_ooamy dusing senticotiductor wafer(p_l@ﬁi‘uatiorpaﬂbeﬂ tHie Sccuds @t
D" caimponRzostisg JAFi FRRRR 33l Yook At sensvecomr F0T5°
chlorotriazi ngs, moﬁsmncd@enzqs Nprefetryd 10t DEizE, weliek SdIGHIeE Sor Mﬁa@m&ueand
m xt ur es t her eof Exanpl es of suitable comercially avail abl e,

ul travi ol et - act i velgsigizers photoi nitiators have tradenanes such as
"lrgacure 651" and "Irgacure 184" comercially available fromthe

Ci ba Gei gy Company and "DAROCUR 1173" comercially available from
Mer ck. Exanpl es of suilnitiste vi sible |ight-activated initiators can be

f d S. h bl e h d
photoi it i ator has ¢ hant @9 Shooder HERRER, sorindl cimeyonty  SoaadfY’ V2! ©

avai | abl e fr ams G mendbeergand Gliggneeny, polymerization initiators may be used. Examples include

" organic peroxides, azo compounds, quinones, nitroso compounds, acyl halides,
hydrazones, mercapto compounds, pyrylium compounds, imidazoles,
chlorotriazines, benzoin, benzoin alkyl ethers, diketones, phenones, and mixtures
thereof.  Examples of suitable commercially available, ultraviolet-activated

20 photoinitiators have tradenames such as "Trgacure 651" and “Irgacure 184"
commercially available from the Ciba Geigy Company and "DARQCUR 1173"
commercially available from Merck. Examples of suitable visible light-activated
initiators can be found in U.S. Patent No. 4,735,632,  Another visible
light-activated photoinitiator has the trade name "IRGACURE 369", commercially

25  available from Ciba Geigy Company.

In the case of photopolymerizations, the initiator system may include a
photosensitizer as well. Examples include compounds having carbonyl groups or
tertiary amino groups and mixtures thereof. Among the preferred compounds

- having carbonyl groups are benzophenone, acetophenone, benzil, benzaldehyde,

30 o-chlorobenzaldehyde, xanthone, thioxanthone, 9,10-anthraquinone, and other

aromatic ketones which can act as photosensitizers. Among the preferred tertiary
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In the case of photopol ynerizations, the initiator systemmay include a
phot osensitizer as well. Exanples include conpounds havi ng carbonyl groups
or tertiary am no groups and m xtures thereof. Anong the preferred
conpounds havi ng carbonyl groups are benzophenone, acetophenone,
benzil, benz . 30 o-chlorobenzal dehyde, xanthone, gchR¥di3bgaONe.

9, 10- ant hraquiqgﬂe, and ot her aromati ¢ ketones which can act as

phot osensitizers. Anong the preferred tertiary

- 45- WO Dfidet 1436 . methyldiethanclamine, ethyldiethanolamine, triethanolamine,

PCT/ US96/ 15089 amines are methyl di et hanol am ne, _
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general, it is pl?iﬁdee Tee@ks(lsrhatddtthlaauyj ilﬂGkQ);l;efai'mbrd'ibpgrlsb@lrMh ﬁenifdr?lyb i ﬁt i on
15 energy, preferably ultraviolet |ight or visi ight, to formthe
final binder. | nindigiog in the bin eh?feﬁ‘i‘l"é%"s?'g%é?tt{i‘? ?fh@tﬂ"a‘?i W@q’ﬂﬁi"\’l?‘(‘?l'@@e d/ or
certain addi tivegcihd the #adVepakticles aivd/& fter particles. and vi si bl e light, which
makes it difficult to properly cure the binder precursor. This

phenonenon occurs, fdn genesatp & proferred thet the binder-precuesop he expopedstofadiation) i con
car bi de abrasi v e it : b PR X BEShRd! Y,
that the use*df f)'ﬁ(r% pﬁ’&@%‘i’%’dﬁ"&'g‘%ﬁt"fsl‘.“%ﬁ’gmgﬁ'di' g#%??i‘%ﬁa&lm?n particul ar
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this problem An, ex lLe qf ,such a.,. hot oi ni t.4 at.ok | .
2,4, 6-trinmet hyl b@ﬁﬁ@ﬁ?&?ﬁéﬁ?ﬁhﬂﬂﬂg‘%bﬁﬂ@"&? BroPErRl e hEbiber plecyrsor. This | y
avai | abl e from BpRhohéion Dcélirs, By eNamPR{ with eeria stilmsiv@qanigieandsilicon carbidel uci rin

TPO'. Ot her exanples of commrercially avail abl e acy| phosphi ne | des, 25
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Mer ck. 20 containing photoinitiators, in particular acylphosphine oxide containing

photoinitiators, tend 1o overcome this problem. An example of such a
photoinitiator  is 2.4,6-trimethylbenzoyldiphenylphosphine‘ oxide which is
commercially available from BASF Corporation, under the trade designation
"Lucirin TPO". Other examples of commercially available acylphosphine oxides
25 include "Darocur 4263" and "Darocur 4265" commercially available from Merck.

In some binder systems (e.g., where the binder is based upon an epoxy or
vinyl ether), cationic initiators may be used to initiate polymerization. Examples
include salts of onium cations, such as arylsulfonium salts, as well as organometallic
salts such as ion arene systems. Specific examples are disclosed in U.S. Patent Nos.

30 4,751,138, 5,256,170; 4,985,340; and 4,950,696.
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In sone binder systens (e.g., where the binder is based upon an epoxy or
vVinyl ether), cationic initiators may be used to initiate polynerization.

Exanpr es ITnclude salts of onium cations, such as arylsulfoniumsalts,
as well as organonetallic salts such as ion arene systens. Specific
exanpl es are disclosed in U S. Patent Nos. 30 4,751,138; 5, 256, 170;
4,985, 340; a4 696. PCT/US96/15089
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PCT/ US96/ 15089 Dual - cure and hybrid-cure systens may al so be
used. In dual -cure syunksyge and hybrid-gyfe systemsanayalsoibg usedo 18 dpalrcutesyseByes, via

either the same &Hg@iofzémﬁsr fiwd S&fatatd Kages, via SHRENHR! SAHE - or | SRR fellaioh ©
nmechani sns oc
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antistatic s agents, initiators, suspending agents, lubricants, wetting
agent’s, surfactants, 10 .gnents, dyes, UV stabilizers, conplexing
agents, chain transf theffdgidves accel erators, catalysts, and

activators. The amumhg smﬁytcaeﬁﬁm&aéﬂrg'xﬁeé BddRtives SEthas abfsive particit SQurbiceVi de
the properties desired. pandi ng agents nay Be I ncluded to

i ncrease the er aundification/additives, soupling agents. fillers, expanding| agenty;Hibersx patistaling agent

can, e Ay It clagBhy Wil RBARRe! HltO R \indSppenl B 001 1.
particle sia®e ofpignentsabdyesi W/ pastilizedse compiekieg Sagehan d@inniransfere agenss,
o o A SR 0} o o Y e BBl R St S
but ene, CEng{cﬁrdgg]meprsﬁeasdg]dE{i@ﬂ_r] Cl[err], vermculite, toluene

di i socyanate, 4,4'-diphenyl mret hane 20 di i socyanat e, _hexanet hyl ene
di i socyanate, or pol FrPandmaagentsaaydie,prided pn prease the erpdibility of the 0RsiEt er t o

2 ecomposi 11 on-Tons. DieARmdirk' dg8ih bl By RuEH M cHaRE B lume of b NC1 LCE
amoni um bi a&r bohesive ceatigi.uh isi prefeieshtheewhen an expepding agent isydmpinyedttheini ne,
azodi car bonar de 82001 BRI HeWabitd heficl¥stead U0 GRERAAS Such as
Examples of suitable. expanding agents include steam, swelling solvents,
nitrogen gas, carbon dioxide gas, air as a gas, pentane, hexane, heptane, butene,
CFCl,, CjFiCh, vermiculite, toluene diisocyanatc, 4,4'-diphenylmethane
20 diisocyanate, hexamethylene diisocyanate, or polyurethane prepolymer which
reacted with water to generate carbon dioxide gas. Other suitable expanding agents
include a decomposition-lype expanding agent such as ammonium carbonate,
ammonium bicarbonate, sodium bicarbonate, dinitropentamethylenetetramine,
azodicarbonamide, azobisisobutylonitrile, hydradine compounds such as maleic acid
25 hydrazide, oxalic acid hydrazide, benzenesulfonyl hydrazide, toluenesulfonyl
hydrazide, p,p'-hydroxy bis(benzene-sulfonyl hydrazide), and t-alkylhydrazonium
~ salt. Two or more expanding agents may be used in combination with each other.
An example of an expanding agent is an expanding bead commercially available
- from the Kema Nobel Company, Sundsvall, Sweden under the trade designation

30 "Expancel 551"
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25 hydr azi de, oxalic acid hydrazi de, benzenesul fonyl hydrazide,

t-ol uenesul f onyl hydr azi de, p, p'-hydroxy bi s(benzene-sul fonyl

hydrazi de), and t-al kyl hydrazoni um salt. Two or nore expandi ng agents
may be used in combination with each other. An exanpl e of an

expandi ng age expandi ng bead comerci al |l y avail abl m t he
Kema Nobel Co?r’%aﬂr@/ 4ragundsval |, Sweden under the trade desi S%%%ﬁ”%é’o
"Expancel 551" -47-

VO 97/ 11484 Examples of antistatic agents include graphite; carbon bl

PCT/ US96/ 15089 mples of gntistatic agents, include graphite, carbon, black, Ypnagium

graphi te, carbon owﬂacqondmmmlmrs humectants, g thedikgu thesecantisthtjoragests are
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exanpl e of a suspehdiAbemﬁméﬂssépendmgrag&mma:samormupama particlé havinigge @ 5
surface area Iess han 150 gﬂtﬁ?@ are/ mthat 1S co rci

all
avai | abl e frof rhade BEFELRSE ﬂ%“r“a "E thatjis qempperci Eﬂl"“yﬁ?@‘

addi tion of the DcRIRRGOAE under the ¥EBE harke*OX-30er m@%ddm&féﬂhe‘ébﬁﬁﬁlﬁhéy of
the slurry. The use of suspending agents is further described 1n U S
Patent No. 5, 368agsnbcan lower the overall viscosityof the shirrys (Tihe aibs of sussndingiagentsiinc| ude
nmetal salts of fw {neug ng'h% 49 861§t earate, calciumstearate, and
| ithium stearate raphite, waxes yc'o? et'hers, gl yceri ne,
silicone conpounds, cExdmpIustof anabbﬂﬁ!mmits incldde inetal $ake of fang apidsi (eg. £zinc

| ubricants npy also be ysed scr in IS Patent )

3, 502, 453. 16 “siearate; cal rﬁbﬁ"“é‘g ?’QS‘HQF'H i‘*}ﬂgﬁﬂgf é‘F"PE{fe nyaxes, rﬁgﬁfﬁﬁ’ggﬂ‘&ﬁr bon
tetrabroni de and gytdiie, silicone cs-hpmdg roamsmronaw 26l€ 384 lilee d EnéhpsuRited1Ci pl es
of Polymerization® by G dian, | ey-1nterscience, New York, 1991.

Exanpl es of sui t%ﬂ?"@dﬁ’;ﬂagf?lbﬁg‘se&g%ﬁtés‘t%&bﬁq BH-ragent Not ha02%483e of silicon
di oxi de- cont ai ni Ny Wafghnphed! Jrahsif randed gﬂﬁsmmaeldamoﬁaéﬁa%mwa@aadsomer

NH err]HCO err], tannic acid, catechol, [Ce(OH)(NO[err]];
Ce(SOerr])[er r] chaiyh transfer caggots dlesosibed @;ryéll‘fmw&é of Bolymerization” thyeGj jOdian, These
conpl exi ng agent ) part I cul ates that can be 20 added
to the sl urrgE %'@X"tgr%c'&{le‘\ﬁw{lgahd of organi c solvent can be

i ncor porated into theEsimplesyof siitable complexmgmgﬂts (particalhdy manhel/caue afrsgansri C
S 1 o e o ng b SeSoL eSSl sl 3 s "
the binder precugmaic-acid]Eitechol ECe(OMYND): ]S CL(SON),, pHibaliD acil CamMREc had asdM ng
the like. These complexing agents may be in the form of particulates that can be
20 added to the slurry.

Water and/or organic solvent can be incorporated into the slurry. The
amount of water and/or organic solvent is selected to achieve the desired coating
viscosity. In general, the water and/or organic solvent should be compatible with
the binder precursor. The water and/or solvent may be removed following

25 polymerization of the precursor, or it may remain with the binder. Water soluble
and/or water sensitive additives such as polyvinyl alcohol, polyvinyl acetate,
cellulosic based particles and the like may also be included to increase the erodibility

of the abrasive surface.
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25 pol yneri zation of the precursor, or it may remain wth the binder.

Water sol uble and/or water sensitive additives such as polyvinyl

al conol, "polyvi nyl _acet at €, celTulosi c based particles and the Iike
may al so be included to increase the erodibility of the abrasive

surf ace. 48-
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di spersed in a | igpaibg weii, proférably ANeds] 299by wdiptead Midtaprefersbliat Rasti5%l es
have an aver ag © )? (wte:llggtl gf tgtla ?oqs%td?sper(zfng,fhrqgngq(?g O#lgluge%ttge %Jg?el#tbxr}d%?greggrrs]&nm ers, .
and not the colloidal metal oxide particles). The preferred binder precursors include
ethylenically unsaturated monomers, ethylenically unsaturated oligomers, epoxy
resins and combinations thereof.
Suitable colloidal metal oxide particles are non-aggregated metal oxide
20 particles dispersed in a liquid medium to form a sol. These metal oxide particles
have an average particle diameter of from about 5 to about 1000 nanometers,
preferably from about 10 to about 100 nanometers, and more preferably from about
10 to about 50 nanometers. In some instances these small metal oxide particles will
tend to agglomerate due to interparticle attraction. Thus, these metal oxide
25 agglomerates will be greater in particle size than the individual metal oxide particles.
These metal oxide particle size ranges are preferred on the basis of both ease of
dispersing the metal oxide particles in the binder precursor and the surface finish
that will be generated by the abrasive article derived therefrom.
The metal oxide sol particles may be formed of any metal oxide, in any
30 oxidation state. Examples of preferred metal oxides include silica, alumina,

zirconia, chromia, antimony pentoxide, vanadia. ceria, titania, with silica being most
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preferably from about 10 to about 100 nanoneters, and nore preferably from
about 10 to about 50 .nanoneters. In sone.i.nstances these small netal
gxi de particles will tend to agglonerate due to interparticle
attraction. Thus, these netal oxide 25 aggl onerates will be greater in
part icle si zewblgi,gl&pe I ndi vi dual netal oxide particles. msmfs%& met al
oxide particle size ranges are preferred on the basis of bot(f.'rr ease of

di spersing the metal oxide particles in the binder precursor and the
surface finish a [ erived
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pent oxi de, vanadi a. é’PF&%@?Hﬁ%“W fz":’f{' gﬁ%’%é”%‘@#eﬁg&sﬁo@?m thar hin as =

- 49- WO %ﬁ&ﬂ&‘h gel In the sol state, the colloidal metal oxide particles are dispersed in
PCT/ US96/ 15089 erred. In general, siliconis considered to be a
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such as in fumed yifbinf &spetsich of ;ﬁﬁlcﬂe@ Iwhehj E&ﬂﬁﬁéﬁe»drthl&e orgafiic! hg%enpaf {HeC! €s

will agglonmerate to formnetworks and thus will not provr uni form
di spersi on of par‘ﬂaﬂlees Qﬁﬂ‘éﬁfsc?@m#hédlmauwh%éo'@r‘QM|malﬁolm'fd)#emmjﬁe ghe

ceramer. Ceramer | nﬁ gfe@lﬁ'lsér%u@ el &l%ﬁﬂgﬂrofv{eﬁmgoéohﬁ igal Wﬁeﬁiﬁ [ dxfleS (ﬁahg:?ets

conprise a precur sor ut oner
col | oi dal net al dalhailethpaolldicttl mgxal oxide partMemmtmenrmﬂrlam dlaivedrﬁbml a ool the
particles inﬁg ceraner are an. remain

st 1 owi A8 | (B erman = o hobiE ren af [agmiqr oG et Dhice

‘particl es exceedipaglich ¥dteding 5@Rtby waight ©OnOthE dtheh Afd, Wb theldaRoigaIrhepdidal
‘et al oxi de particles, derived froma sol are repI aced, wth the sanme

wei ght fraction ¢ide particles derivedeffon asol-ane|replansd with: the same M’é‘sbhf"?‘ﬂ@!‘é‘f

vwetted powders reaggnmmted colloidal metal oﬁwp%nmf‘véuea%wﬂf Fr@ﬂr ng ceramers can
be prepared by nmethods wel | - known 20 In the art ol silicas

di spersed as sols in §ql§emf@| feroprenaring serainers ganske proparedhyl methods well-known
commer ci al 1y ;gndeg y3ueh ¢diRRle SRiEdspRRed b I3idin afleohs sdRiRAMre Sfo NoiMRHES and

commercially under such trade names as "LUDOX" (E.1. Dupont de Nemours and
Co.. Inc. Wilmington, DE), "NYACOL" (Nyacol Co., Ashland, MA), and
"NALCO" (Nalco Chemicat Co., Oak Brook, IL). Non-aqueous silica sols (also

called silica organosols) are also commercially available under such trade names as
25 "NALCO 1057" (a silica sol in 2-propoxyethanol, Nalco Chemical Co.), and
"MA-ST", "IP-ST", and "EG-ST" (Nissan Chemical Industries, Tokyo, Japan).
Sols of other oxides are also commercially available, e.g., "NALCO 1S)-614" and
"NALCO 18J-613" alumina sols, and "NYACOL 10/50" zirconia sol. These
colloidal silica sols can contain anywhere from about 10 to 85% by weight water,
30 typically between 25 to 60% by weight water. Two or more different colloidal

silicas can aiso be used.
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Co., Inc. WImngton. DE), "NYACOL" (Nyacol Co., Ashland, MA), and

"NALCO' (Nalco Chemical Co., Oak Brook, IL). Non-aqueous silica sols (al'so
called silica organosols) are also comercially availl abl e under such trade
names as 25 "NALCO 1057" (a silica sol in 2-propoxyethanol, Nal co
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di spersed, which taipiify igend. 8Rbt efough BOEGINAE agen63QdddY the metal oxide particles in

20  the ceramer may not be properly dispersed, which tends to lead to a higher viscosity
of the overall ceramer. Conversely, if too much coupling agent is added, this can
lead to an overall increase in cost and/or the ceramer may gel. Likewise, if the
coupling agent is trifunctional, too much of a trifunctional coupling agent may result
in premature gellation of the ceramer.

25 The coupling agent should be compatible with the chemistry of the binder
precursor. If the coupling agent is not compatible with the binder precursor, there
may be phase separation or, alternatively, the ceramer may gel. Sometimes this
gellation occurs immediately after the ceramer is made and other times this gellation

. occurs within hours after the ceramer is made. It is preferred that the ceramer have

30 astable viscosity over a period of at least 24 hours.
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of the overall ceraner. Conversely, if too nuch coupling agent is added,
this can | ead to an overall increase in cost and/or the ceraner my
gel. Likewise, if the coupling agent is trifunctional. too nmuch of a
trifunctional coupling agent may result in premature gellation of the
ceranmer. 25 The coupling agent should be conpati b],@lE | e
chem stry of !twhe ll‘ﬁ?:ler precursor. |f the coupling agen /&9%9%)?5#%{1
conpati ble with the binder precursor, there may be phase separ at i on
or alternatively, the GeLATHctHERN, (el bigRSof b Soup!

occurs imedi ately after the s(:aeramer elngéma and ot he?um"ﬁegaﬁil S gel | ation
occurs within houthe appropriate hedusmranevlsqoytyrmghe lappriogriate ebmpatibilityt With thdre
ceraner have 30 yqcARlRod | Ko7 Bilshde, IHET 18 bREE [1EkuRbr BlnybER7 binfrhchi S
PCT/ US96/ 15089  and the metal oxide barticles1ereisiliss, ahe preferded @bwplinp Mgént ixia blead df of

two coupling agents to ovi de . . t he appropr,i reduction in viscosity
and the appr op'-(fJ i af @e@wﬁ%ﬁ‘m’l’ﬁwe(mm%ﬁép d'a’po ly‘&"ﬁﬁ?&r‘”‘ O RsERntaining
| nstance, when thﬁ"lamoﬂﬂ%ﬂan@rc‘%ﬁﬂf@q&ﬁhtsc&hi%raﬁlw ﬂahwle %wbst €Danbury, N the

metal oxide particles are silica referred coupli agent 1s a bl end
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Anot her usef ul poi-e;eridn}dfenmcpamthethyltnethoxgsxianq)e“Aema’l cunmapréisllyaavhitablgSiodmane
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Gsl) with Car bovwamoREsh htafmhhmyaﬁmmmmxoa@amehyl ene gl ycol having

a nol ecul ar wei ght of about 350, available from Union Carbide.
The general nethod of engyak met %?%W“&ﬁhﬁﬂgﬁmﬁr@wf QGP“’é@rﬁﬂ'}@é@ thére
steps of: steps of: a) providing a netal oxide sol in an inert
liquid, such as water, 15 b) providing a dispersing liquid

conprising a binder pra?cursmwdmga met(ﬂbwme@phblaymn liguithysueinasordteéry
unsat ur ated bjnder pregursaqr t|o al p

optionally vva#gr; eg) rgwd'%) dig irj%'e‘r é'&ﬁ'al fﬁ‘éﬁ'sm{’af' (l)ﬁ%g%f]e psr&fl%l hto

t he di spersing |i (peéfeiably an ethylenically udéaturated)phldaﬂﬁebwsdr)erﬂyﬁbm@ya pauplingpn of
the inert liquid to forma ceraner 20 bi nder precursor. In
the preferred for Agent #d oPHPBME VT nder precursor conprises at |east 5%
preferably at |east abgut M4 ,lgm%ml,gm;ox,apg@"%gfqusggg,ugﬁﬁu,aeast about 12%

by wei ght and even hi gher than 15% by \/\/elfght wat er based upon the
conbi nati on of d) optionally removing a portion of the inert liquid to form a ceramer

20  binder precursor.

In the preferred form, the ceramer binder precursor comprises at least 5%,
preferably at least about 10% by weight, more preferably at least about 12% by
weight and even higher than 15% by weight water based upon the combination of
the water and the binder precursor.

25 The preferred binder precursors for the ceramers are selected from the
group consisting of ethylenically unsaturated monomers, ethylenically unsaturated
oligomers, epoxy resins and combinations thereof. The more preferred binder
precursor is an ethylenically unsaturated monomer(s) = Many ethylenically
unsaturated binder precursors are not compatible with water. Thus, the preferred

30 ethylenically unsaturated binder precursors are compatible with water and are even

soluble in water. Examples of such binder precursors include: hydroxy ethyl
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the water and the binder precursor. 25 The preferred binder
precursors for the ceraners are selected fromthe group consisting of
e-RyH-ert-catHy—unsatorated-TIoNomET 5, et hyl eni cal [y unsat ur at ed

ol i gonmers, epoxy resins and conbi nati ons thereof The nore preferred binder
precursor is an ethylenically unsaturated nononer(s) Many et hyl enically
unsat ur at ed Wwomeerdspr ecursors are not conpatible with wat Wﬂﬁfvﬁsﬁ”’t he
preferred 30 et hyl eni cal ly unsaturated binder precursors are conpatible
with water and are even soluble in water. Exanples of such binder
precursors i ncl udaeryiatedhydroxyethyl methacrylate, hydroxy propyl acrylate, hydroxy propyl
-52- WO .

PCT/ US96/ 15089 %‘ﬁ%ﬁéagrgrf’ﬂ Juty), agvlate, hydpoxy butyl, methacrylate, apnylamide,
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the ceraner sol to forppa,slurry. .There be an.additional coupljng agent
added to the c@r‘%ﬂ%@? ce{aon)(elr F?p'?%dl\’?eth??ga%‘fespﬁg'rcgeggfel *?ﬁf%quﬁpﬁ%eda'ﬂgasi ve
part ihcl esbi n ibe ﬂféro%i‘mic’ier sol !ohform asivkry. Alhblerrlﬁh?tbie\aMa?k_litidrﬁBcoﬁbﬁ@Sdgﬁl& adoed : cles
may have been pretreated w th another,, . upl i ng agept . e coupling
agent for the met# E‘S)?F’d’@e'dar“f‘l"é’l’%g’eidffp‘f"ﬁ@"'&%?éﬁ’egbras"g pa '°E’5i"h’£éf’°’ﬁﬁ"é‘§ur sor

nmay be the sane Oggli tARERYatIO&Y, Ahé RIRAAVE pdriicl® thkiehfR Uikl Patrafied with Ghothdd
t he abrasive particles. Likew se after the ceranmer bhinder precursor is

nmade, an rouplinggent. ndhe peuplipgagenkfosibe mieteh oxigde partslessingthe sefRmer| es.
The initiator can | L& Ief ' th

bi nder precursor 'P ig&%r%rrénﬁg?ﬂ%mﬁ %ec}g?ga% & na‘ﬁa% HeRreReh Iﬁ.ﬁﬁsd(‘)grrg;urﬁ%t%%ge@e t he
ceramer bi ndels pr ¢eubsasive pagticles niLilienvise xaftes theveeramer binder precursorgs maderansone

reason there i s excess wat.er i ¢ch cal e undesirahbl e ai t.h fr 0
processing and/ or THAF SRy e asgyf %?"ﬁa‘ﬁ@'e \e/iagra o H?rﬁcti?sf ee'?'g‘r“log c%')r?}:%stsoz

water, the accélRia®y thepolyerizatonnf de bindepprgcueson wefoim drediindeechni que.
These techni ques incl ude . vacuum st r_idopi ng, distillation and the
like, with vacuum st ri BoORg NSEnES. tlyp &eramerchinder precursor may contatn excess water,

i.e., for some reason there is excess water which can be undesirable either from a
20 processing and/or a product performance viewpoint. If there is excess water, the
water may be removed by any conventional technique. These techniques include
vacuum stripping, distillation and the like. with vacuum stripping being preferred. 1t
is preferred that the water be removed to the desired level prior to the addition of
the abrasive particles. 1f too much water is removed from the ceramer binder

25  precursor, it may be difficult to add more water to the ceramer binder precursor.
One example of a useful slurry comprises by weight about 1 to about 50
parts colloidal metal oxide particles, (preferably silica particles), about 2 to about 60
parts ethylenically unsaturated binder precursor, 0.1 to 50 parts coupling agent and
. about 0.1 to about 50 parts water. In another example the ceramer binder
30 precursor comprises by weight about 3 to about 50 parts colloidal metal oxide

particles, (preferably silica particles), about 5 to about 35 parts ethylenicaily
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Is preferred that the water be renoved to the desired level prior to the
addi tion of the abrasive particles. If too much water is renoved
fromthe ceranmer binder 25 precursor, it may be difficult to add nore
water to the ceraner binder precursor. One exanple of a
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cont enpl at ed t hat t’inmé trrJ e?stlmdﬁal 9\/\% e?&‘g'r@? or Mﬂt@dﬁ%\a}g?ﬁg&%gh attésrsﬁn%loén
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for sem condug%or ﬁ\)/\r/af,%rmpJ Q,?{J %cnatlia%r}i'za ion The ceraner binder
tends to be harder t'han mgny SETTel B nder's, due in part to the
presence of the coll oi Tkd cenmienbindar témispabé harderhan nmidny calier dindere, duetin pares

conprising these ceraner binders tegd,to have .excell ent nperfornance
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provides the resulFesarls toseraieonductay waler plangriztionh \ithoughcaqt|wshing to be bound
perf or minceya%“ BYafPthedr, it & 1RBANIThA it A bethEcIMVifdnit HEiHard BRlidr ahyhfs O

a relativel . _
erodible binder that provides the resulting abrasive article with these excellent

performance attributes. 1t is possible that the hard binder contributes to a relatively
high cut rate, but does not adversely cause deep or coarse scratches due to the
erodibility of the abrasive coating. The abrasive particles are expelled at such rate

25  as to minimize any coarse scratching.

5. Abrasive Article Configuration
There are many different forms of three-dimensional, textured, fixed
abrasive articles. Examples of representative forms are schematically shown in

30 Figures 4 though 12,
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hi gh cut rate, but does not adversely cause deep or coarse scratches due to
the erodibility of the abrasive coating. The abrasive partjcles are
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be any shape. Typtodflabiestiited dgréaecietildliow. of the base side of the
shape that is in contggt with the backing is larger ipn value 10  than that
of the distal end of ?ﬁ@%ﬁﬁ%%‘??@%ﬁ)gﬁéﬂcﬁni’ﬁﬁﬂ Pba&)@‘??ﬂ)’ "fﬁr%"fé‘ﬁe?ﬁ%‘ of
the conposite cangfe badeSidetst the MRS i cotitdtd Vith Ahe BRRIMB ¢ iafgef RAPME Such
as a cubic, cylindrical, prismatic, rectangular, pyramdal,

truncated pyr¥®i dten thabef thedistal end of thetcompesite spaced fipmdhe bagking s Theyshape of

post-like with a | ' I r . |
hem spherical as g‘gg gﬁpﬁetggiﬁnwgg%&%ﬁg%/ ﬂg ﬁ@@“’t@ﬁg g?og"settfl'ct ?‘Eggggéﬁas?iave 15
article can have eubfm, xylindeicahfprisinhtice rentangaln, pyranidat cnqpoated pyrainidple soniddhe

abr asi ve c osi,t es be rapged in rows, .spiral,. heli
corkscrew, or |at {)Tn'gcétseij ggwp@ﬁc?'roﬁr and p°sp'ﬁk°nﬂ§h BdOR 5?{&8% : I'ﬁ@éﬁ. Another
TEe E i dE_s f or m n%sﬁabeis&brhiapﬂeﬂéal ﬁodaa&ﬂied i 'ﬂ&g?cmwcbﬁs_lmmgmﬁe wsalltin% airzéide\ée toI
t he backing or_they can be tapere t i mni.shing width toward the dista
end. If 20 1% hea%"F'aés" _B‘F"é % Qa‘éwrsa\,ydr'grqns WIAYYPOIRISHEFHFDES. ¢ hBS ARPUS ve
conposi te from t hgongrvitdsinG§ bfe arrangeg G rowllestp%lggélﬁ:[ EdtRsched0 or 1aftit@ faABh Cor

e o}

form ng the taper can rang rom about
may be randomly placed.

The sides forming the abrasive composites may be perpendicular relative to

the backing or they can be tapered with diminishing width toward the distal end. If

20 the sides are tapered, it is easier to remove the abrasive composite from the cavities
of the production tool. The angle forming the taper can range from about 1 to 75
degrees, preferably from about 2 1o 50 degrees, more preferably from about 3 to

35 degrees and most preferably between about 5 to 15 degrees. The lower angles

tend to be preferred because this tends to result in a more uniform cross sectional

25  area along the height of the abrasive composite. Thus, in general, the taper angle is
a compromise between an angle large enough ta remove the abrasive composite

from the production tool and small enough to create a uniform cross sectional area.

The constant cross sectional area is preferred because this provides a more
consistent abrasive coating surface area during planarization. This in turn leads to a

30 more consistent cut rate. flatness and surface finish. One preferred shape is a

. cylinder having a taper angle between 10 to 15 degrees.
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degrees, preferably fromabout 2 to 50 degrees, nore preferably from about
3to 35 degrees and nost preferably between about 5 to 15 degrees.
The | ower angl es tend to be preferred because this tends to result
in a nmore uniformcross sectional 2 5 area along the height of the
abrasive con‘g&s&éﬁ Thus, in general, the taper angle i S perusesdsosy
conprom se b “&n angl e | arge enough to renove the abrasive conposite
fromthe production tool and snmall enough to create a uniformcross
sectional area. Therheight of eagh compesds ins the tshme abprasivecarti¢le; isnrefeably she
because this provides.,a fore . l.S& s 04l face
area during pl anaﬁngeatb ?‘O'E% ‘%ns?'l%le it?]h?‘%?r%ﬁ*gggggb{ g%ﬂi !ﬁ&tg hg&%aﬂg%lﬁgfsﬂt?egnt
cut rate, fl atnessompuditaugdnanally icamibsa viliree upnefaboute200s miqpemetarsaand more
C35/!5| nder havi \r;\% Sp;ri}gﬁ%wﬁﬂ%eemﬁ&t g‘ea rt])utl 95 EoOZ(;OSm%%%e?ggf The diameter or cross

PCT/ US96/ 150,89]5 sectional width of TR abalied coMposie Céan CRREO Fiohe absut ! 580S S8tE
abrasive article 1s preferably the sanme, but 1Tt is possible to have

conposi tes of var yiiaremetersg tpicallyThetween giputo 0 ttRe250 micrometgiypeyel peeferably
generally can be em"'lﬁtuﬁfbg%‘gg'?é{ l.I?;ZOO m croneters, and nore

particularly in the range o " to 200 microneters. The di aneter or
Cross 5 sectional Ini thehcasé of hpyramiidsasich eascilngtrateddtie Eigures 4nge thuncated about

5 to 500 m croneters, . ical Ly be en abo 10 to.2 m eroneters
and preferably pyraml%élf%,ggﬂfu% ‘?@“%@’#%&M@P@ shape preferably ias fou? % the
case of pyranygs §Ue Gdasifiunrutichied! £ five 161sBUEGS ift truMdated " (HORSIVE GF the base

pyram ds such as illustrated in Fiqure 12, the pyram dal shape preferably

has four to 10 sifelyalthepgivalarger pypher atsides may b usedag well. (Waere apypagudal pr

truncated (inclusiyfcatld fypsmilaSRape is used &I HEompdsitb QRHPE, the lbBsIBde REgIRET Of
sides may be used as well. Where a pyram dal or truncated pyram dal

shape is used as gtnerallycpobave 8 lesgthé fromiabousd 9@ tasiWemirromgterss
generally can have a | ﬁ-ﬂ% b Qfof Uo@%he e%tl{owéggteﬁ Qhesg‘gssrgoﬁléﬁ&ﬂ\% %ssentialrl% ially

In the case of cross-shaped conposi Crdss conprises two esse

15  strai ght 1bi neraigltdintarrfemuresthiat indreecsaet another. aAberhaively Alhe dinesamnay bé y
the lines nay be wavy, or..non-strai ght. The two |lines i ntersect
one another at an “QH{]P%“%‘@’L‘RR@% The tw°%“°simg’dm§'(§e°(585? angther ﬁtraé'fag{?’]étwveﬁ%t ween
45 to 90 degrees. |l dohdegrees Pcretablp betvesd 45 to 90 degrédss daithaae @fmbbdimerts iofl

whi ch the backing includes straight sides, one of the two |ines . may
be parallel to thabm@siveatiges tuhi ibAgkingngludes straight sides. gng °g1‘het e Bngg,

lines may 20 b?na?tbe?ﬂraﬂé?% fhelsRie$ off N@BackiBY. AREARHVER, bit dfife SIciMeOmay he
backi ng. For this cross- shaped pattern, it is preferred that the

lines conprisizeg that en aagle heas/tham 1B@ugtativef toothe side of the bapljog. Bor this TB8B0
mcrometers, pref esﬁa%gcli %at?e?r?, li'ttis %l%g:rrtcg lh]flpglg u%%%ﬁéiﬁg the @l%gs HENE & length from

about 50 to 1500 micrometers, preferably about 100 to 1000 micrometers and more
preferably 250 to 800 micrometers. The height of the abrasive composite will range
from about 10 to 2000 micrometers, preferably between 25 to 500 micrometers and
25 more preferably between 50 to 100 micrometers. The taper angle will range from
about 5 to 30 degrees, preferably between 10 to 20 degrees and most preferably
between 15 to 20 degrees. The top or outermost surface of the cross-shaped
abrasive composite, will have a widih between about 10 to 250 micrometers,
preferably between 25 to 150 micrometers and more preferably between 50 to 125

30 micrometers.
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preferably 250 to 800 microneters. The height of the abrasive conposite

w1 range fromabout 10 to 2000 microneters, preferably between 25
t o500~ CTOMErEers and 25 nore preferably between 50 to 100
m cronmeters. The taper angle will range from about 5 to 30 degrees,

preferably between 10 to 20 degrees and nost preferably en 15
to 20 degreeWOHAMB%op or outernost surface of the cross-sﬁ%'ﬁﬂ%%?s}??“wwa
abrasive conposite, will have a wi dth between about 10 to 250 mcroneters,
preferably between 25 {0,45Qenng" HIRIE" QB dBRFGed hEkR! AR! ¥r 0 WBREVSO 1O
125 30 mcroneters. .

- 56- WO @othgdsit&4may have essentially the same shape and size, but the orientation of

PCT/ US96/ 15089 g . I n any of the.abrasive arti i ped
herein, all of thindiyifualpbrasive °°mp°s'g%%s$°t g@eﬁﬁ@?rﬁ'é‘v%n%e%nggﬁ??%l?‘f:')%/q%) h€ sane
shape and size, bydferehtR® point.CIitithé atvasivefarticle containsracbavkink) altenahy referenee point
conposites may be different fromone another relajive to a ref erence

| _
point. If the 8brasybeaglaps tabisdygenitng PQ"‘_E)&EIQP e qfﬁlé%baf’ '%g'rgF%P%‘FRf@_ poi nt
5 my be a pl angd\;anége 0P rbQABAENe hitadveP BohioshE riiifreStolsh Qhjadene abrasite N-
One potenti al advantage of rotating the abrasive conposite relative
to an adj acent abroreposite is to incregsertho packingi density ¢fiabrasivs wompesitpnthat Aevedensi ty

of abrasive conposites that .hay . certai n.s

enbodi nents, an a&frg“&'bﬁlfap%b93§P'§%%3‘8?7%%1§'?t§’ea%i ésfgrcghtaatlgggge CJ”QPOSSREE {/\%aet%d 5to
355 degrees, rel abétweed Hid 155 degreesc edlative tooibdamarestineighbuss én sthotecniibodintestsim 10
whi ch adj acent conposites are rotated relatjve to one f']inot h@r,?gn adj acent
abr asi ve 10 ¢ yhisBadiaeent CORASHES 2Fe V‘ﬁ’?ﬁa@{aﬁﬁ oG anqihesan adiabert aragYe, o5

I n one enbodi NENt composite is BficARCRdial@beweneIC QITPIE Hégedes.alNR ondlembodimeitput 45
degrees from one anp?her. I'n . anot her, enbodi nent, _the adjagent

abrasi ve conposi t adjacspbahasiveompasige aregotated gpout 45 degress from onejapother. - In

It is al so possi bl r ; ' | réi€inag@ndfiad | y
shaped né&é{'?eer??’gg'ﬁr&?}%ﬁ%fﬁﬁ@;fgggﬁ"scsgés?ggTgiﬁ’rm e in which the
conposites have other. different shapes and different orientations.

The base of the abrasiye conposites b k1Al hyvely,
t he bases of &aj acent ﬁtﬁ éﬁqngoés'é%%o@ﬁr}é% %a;ﬂ%éo@@%é%&% ebg '?e?'géna]ﬂgﬁgpgynot her
by 20 sonme speghd iofiented.St @iBBuctiohs) ar0Bko ioksitdé e vikich thiaecopippsiies diave
contact between aglé'saaﬁgg,t abrasi ve conposites involves no nore than

33% of the verti caifferrat g3 ifferentorieatations, of each contacting conposite.

More preferably, the anpipiseof tiehpfisiva composites can abut one another or alternatively,

the bases of adjacent abrasive composites may be separated from one another by

20 some specified distance. In some embodiments, the physical contact between
adjacent abrasive composites involves no more than 33% of the vertical height
dimension of each contacting composite. More preferably, the amount of physical
contact between the abutting composites is in the range of | to 25% of the vertical
height of each contacting composite. It is to be understood that this definition of

25 abutting also covers an arrangement where adjacent composites share a common
abrasive material land or bridge-like structure which contacts and extends between
facing sidewalls of the composites. Preferably, the land structure has a height of no
greater than 33% of the vertical height dimension of each adjacent composite. The
abrasive material land is formed from the same slurry used to form the abrasive

30 composites. The composites are "adjacent” in the sense that no intervening
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contact between the abutting conposites is in the range of 1 to 25% of the

verti cal hei ght of_.each contacting conpasite. It is to be
uhderstood that this definition of 25 abutting al so covers an
arrangenent where adj acent conposites share a comon abr asi ve

material |and or_bridge-like structure which contacts and t ween
facing si dendl? L0184 e conposites. Preferably, the | and s??&@g%?'e as a
hei ght of no greater than 33% of the vertical height dinmension of
each adj acent CO”%B@b&sﬁe is'1BEated on a dire&?ﬁ@ﬁa\‘ggmﬁ&rﬁ&h Berwledr the' c%?{ﬁﬁrﬁﬂe from
the sane slurry used to form the adrasiv conposi tes. e
conposites are "adpmpesites. in the sense that no intervening

-57- WO 97/ 11484 h . brasi .

PCT/ US96/ 15089 i RR{soed that gt deastiontions of the abgsive compasiie br-PRRrHPd
drawn between t he figarénelafiothér sblaSto provide the P6ERREd 4reds between the raised portionsbf i S
preferred that at | east portions of the abrasive conposites be separated

from one anot hBr 4k eempogjtes ag,fesrsibed, abgve: cAlthoyeh, petawishias e de boned pyjaseq

ti f 5 : ' ' : '
portions o ;ﬁe@?y, OSBRI 1 tHiS Segakdtigh wtahM?QHQhoWQﬁe “Qlﬁthl ng

to be bound by any eory, it is postul | at this separation
provi des a means tmediui toreely Bowibgiwedn the abrasivegaatiposites.o Itfis believedithemthas dhisve en

t he abrasive conpqsites. .t is.believed then.that this free.fl ow of
the Iiquid medium ﬁﬁ?P e i ediSn] iy PGS 2R et st wrfpre i,

and/ or fl atness dufd/oflatress duning ssaiiconduaibrewafir plemarizatied.i on. 10 The
spaci ng of the abrasiv abr asi

ﬁ{'corrag.osi eﬁ cgin.var f r.om about % |ge .
conposi te perIPinear cif't F2ABES MOBABY LIRS PR PP _rabPP‘n Apragixs
preferably cBRbYRE Perain@aticnbiodbodS | 00QbFSINE 8ShpdRit® Bér linkdtaoi, pFeferhly about
80 abrasi ve conposite er linear, cm nore prefer%tél% bet ween about

r

10 abrasi ve conpodpeemzhout 5 qbrasive-gamposite per figeag @ e abopt EAsiye COmPRSHE | t e
per linear cm an u . |
conposite per |i ngg{m%%ﬁ %%‘ﬁ%g{yfeﬁ#ﬁgﬁgﬂfﬁl@o@p@ﬁ {vg C%QP&PF raﬁ'gg%%%rrﬁm

In addition, the spakxuhg0abmsiveecampositripes liotar icmarnd mestqueferably batweemabpiut
conposites is r.eat L. one | ocati on e . he
concent r at on Hay 5E0GFEEHapbft A0 fncaP 68y 8k 3F ek By YOS el

I n some enbodi mentis addiiey, theispacitig dah & vaisdcuclthdeths icoicenttatioh of eapositesd0 20
conposites/cnferr], said conposites .each conprising a plLurali of _abrasive
particles Fates i prgglgration thag in GP?'PFér(ggnﬂlfo‘f‘ﬁ@"ﬁ'frg n T‘Weg‘%/ﬁ'i%tﬁ?i"bn,

the area spaci ng Qgdidehieyofthe surface). Conposites ranges from about | to 12,000

conposites/cnierr], preferably at |east about ) .
In some embodiments, there is an area spacing density of at least 1,200

20 composites/cm’, said composites each comprising a plurality of abrasive particles
and a binder. In a further embodiment of the invention, the area spacing density of
composites ranges from about 1 to 12,000 composites/cm’, preferably at least about
50 to 7.500 abrasive composites/cm’, and more preferably at least about 50 to
5,000 abrasive composites/cm’.

25 It is also feasible to have areas of the backing exposed, i.e., where the
abrasive coating does not cover the entire surface area of the backing. This type of
arrangement is further described in U.S. Patent No. 5,014,468.

The abrasive composites are preferably provided in a predetermined pattern.
That is, the composites are provided at predetermined locations. For example, in
30 the abrasive article made by providing a slurry between the backing and a

production tool having cavities therein, the predetermined pattern of the composites
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50 to 7,500 abrasive conposites/cnferr], and nore preferably at |east about
50-to 5,000 abrasive conposites/cnjerr]. 25 It is_also
feastbtre to have areas of the backing exposed, i.e., where the

abrasi ve coating does not cover the entire surface area of the backing.
This type of arrangenment is further described in U S. Patent No.
5,014, 468.  WO97/11484 The abrasive conposites are pref SPHNPIHBi ded
in a predetermned pattern. That is, the conposites are provided at
predeterm ned | ocatjons. For exanple, in 30 the abrasive article nade by
provi ding a sl ur r ywijeomespand tedhepatternof the-ravisies on the prodpgtion teali dhe pastsrn avi ng
cavities therein, n of the conposites

‘o @?&fﬁigﬁ&‘?&@fr&u 3fifieR8 bt

PCT/ US96/ 15089 In oind versiar ofdbppnedetérmined patpes, tier abrasive tcbrpasites ¢ands on

the production tool. The attern roduci bl e fromarticle

to article. in‘an anay WB%%“WEP% iwhich ds mﬁf‘i“ﬁ?@ﬁéﬁ’@ﬂ’?‘ﬁ%ﬂ“d&t’t’%ﬂ“ﬁﬂr t he

abrasi ve coOnNpos t &irag 6ichlss aligned rows did ablumfis, aVal&i'naﬁﬁg em@ergatand Bolumid 4h 1S

meant "t hat the conposites ar@ in a regul ar arra\é such as aligned rows
£ 1)

and col unns, or al BEHHHAE. e pRetow ’%ﬁl%"@ﬂ%ﬁ%é’a“ directly aligngé inefront
i nstances, the ONEyf’ Peidhd "?’9&/3??‘ asiRRMpolifes Cﬂﬂerpﬁnv%rgﬁetl' el BREHe ' N

front of a second row o rasi ve conposites t veI y, one row
of abrasive compnﬂ%s |cme§ecni¥:etb&omfthseccohd antd’fealxmnazbmwsmf Rbisasi ve
conposi tes. r o

conposi t es are off ref%n?drthaa‘aagerngﬁoo &%m%c@&ﬁ%téﬁ%ﬁ& 1“rr na%ga q%her

conposites canobe depl (Nledlaimlm the zomipositesacanabe deployed in a (‘!mnﬂmg‘Um&hy (bn By

this it is nmeant tha SLtes are ngt in a.reqular. arra
rows and col ums &% é%g‘g 68\)%'“%?’%@%81“8“"%%*’as‘r'asﬁ R?E‘}/'E"oaﬁﬁﬁﬁ tes
may be arr ap@eand ebnﬁmﬁm egcribed MWFF&QQalhﬂe Rel amwe%&@z&ﬁz majid

PCT WO 95/22436. |t is understood,_ however, that this "rand
array is a 15  prosdaranesd iR qe gunner As jdesqrived i HRCT QWD 98007297 @pé 2

conposites on the WBrogdgiuss. ar it & @nderstood, no%,epéreclﬁ&:em‘e n?aqd&ﬂ'd araf rigsponds
to the location of the cavities in the prod uct 1 on used to make

the abrasive &bti diredetermined patfeqy injthat theripcatiom pEihe Gpmsesmme abreamde
o0 201 2512 o0l T o vy e B o BRF EpR

conposi tion. For centeé Brasive
contain an abrasi vteolmsattbmgxke thatabiasivearfiéler ent ( e. g., "softer, harder, or
ore or Tesg er gl BLe) st Getiied firediititive” aridlé oR0" 35y Y& sc-
variable abrasive coating composition. For example, the center of a fixed abrasive
20 disc may contain an abrasive coating that is different (e.g., “softer, harder, or more
or less erodible) from the outer region of the abrasive disc.
Particular configurations are shown in Figures 4-12.
Referring to Figure 4. abrasive article 50 comprises backing 59 having front
surface 58 in which abrasive coating 57 is bonded on front surface 58 of backing
25 59. Abrasive coating 57 is three-dimensional and comprises a plurality of abrasive
composites 54. In this particular embodiment, abrasive composites 54 are
pyramids. There are recesses or valleys 53 between adjacent abrasive composites.
There is also more than one row of pyramidal abrasive composites shown in which
the second row of abrasive composites is offset from the first row. Abrasive

30 composites 54 comprise a plurality of abrasive particles 56 dispersed in binder 55.
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Particul ar configurations are shown in Figures 4-12.
Referring to Figure 4. abrasive article 50 conpri.ses backi ng 59 having

front surface 58 in which abrasive coating 57 is bonded on front
surface 58 of backing 25 59. Abrasive coating 57 is three-dinensional and
conprises a plur ty of abrasive conposites 54. ticular
enbodi nment &B‘bj&@ﬁ'% conposites 54 are pyram ds. Tthtmgrsél%cesses
or valleys 53 between adjacent abrasive conposites. There is al so
nmore than one I‘OWOg ermds ,ﬁiab ASENE sF Sth R

t he second row of rasslE corrﬂagiiklstesrl S o‘?ﬁ)get&ﬁ 3 P#; %?ﬁ‘é‘?&:ﬁ%\t/\i the

Abr asi ve 30 conmmném@ﬁm&mprmgp!alampdmnaI ity of abr asive particles 56

S\bsg%r iiggla,n bi nder 55Figure 5 illustrates an abrasive composite that has an irregular shape. The - 59
PCT/ US96/ 15089  abrasive artfalbtw Mm(ﬁ%ﬂﬁngcm ﬁﬂ%bﬁded&@%e%cl@ﬁg i9 RIphidliteof
conposites 54 contacts th em conduct or wafer duri pl'anari zati on.
Figure 5 ill us?ra?‘l?%“"&rf‘%‘ﬁ?ﬁ‘é’? 73 éBﬁﬂ?o@F@E‘"ﬁ'Yﬂa?"%"?&ds Prﬂl‘ﬁgﬂy &f abmpsiyse. The -

abrasive article pREaePY ifdseddn X bilderods, Al RO REBERILCILAGIGAGKE Btabist. @

plurality of 5~ abrasive conposites 62. In5| rasi ve conposites
is a plurality of compositd haga pyramidal yype shaps. e&olasarwsépedlshdeﬁm the pdsnidere. | n

type Shape.  BoundlepTibpitatdl HSRPRIAT kG cop be fosha B e’ Fenfu 14T 07
shaped. The i rrperﬂ:aohmghmmtualashaﬁsemfo@ndsmdmbwrtsbmht&hwrf:}f:ﬁé binden rezior.
distorting the |n ﬁ @gh prior, to curln‘%a L solidificgatign of the

bi nder precurtdr. 145 "°’T‘ﬁ'é tn BP-Eledra MBHTEPraRiyFLley ngxact 9p impertert, alansspPre,

i nexact or inperf g@ape BhuAERRs Biwhat it |smeaﬁm%lﬂ?€§dﬂqg{ab93 is what it is neant
by an irregul ar shape. Referring to Figure 6, Figure 6 is a

top view of an arr ange‘?'ﬁ‘l‘f\'f"“!bfo Eigyra §; figure 6 is a top wigy o€ e egars@oent?ﬁeweswe
abrasi ve conposi tﬁoﬁmﬂﬁ, £ 390, %x@s%%bra%ﬂ@@&nﬁ&ﬂeﬁ% geam&.. sha 10 sid 3P e311

associated with t rasi ve conposites are to 2 ts ing and 15
t hi s backi ng has shape $ilcksspcReed Vaﬂd"@ﬁSAblfaﬂVQ tdnspogigastarechdnded nolal haskmaandon

there are f OUls  this btacl{u? Y as ?\Lo 3945%4 Sd g@no?las %Ug u?arﬁllu%t%io %ﬂgre gﬁdﬁ)&

The abrasive Conposi Py OHEd Ot he
backing in an i deMwsMabmmeusmpdsitéseBmsmz 303 and 308" a’fixevﬂarmmpbsmas inn rows

B o o ol b Sl T Bl el B RS 20
from one anot her, abirasive, contpOsiftB iR TOWE 30D AR 308 Afc pokirioard 3R khélBadkitig #li dnect |y
align with identical manner.

20 The abrasive composites from row 301 and the adjacent row 302 are offset
from one another, i.e., the abrasive composites in row 301 do not directly align with
the abrasive composites in row 302. Although not illustrated in Figure 6, the shape
and/or orientation of the individual abrasive composites from adjacent rows may be
the same.

25 Abrasive composite 310 consists of two intersecting lines 306 and 307 that
intersect at an angle alpha. Line 306 may be parallel to backing sides 304 and 305
or line 306 may be non-parallel. Line 307 may intersect backing sides 304 and 305
at an angle of 90 degrees or less. In Figure 6, abrasive composites 310 and 311 do
not abut one another, but rather are separated by space or valley 309. In some

30 instances, the valley may consist of a very small amount (i.e., height) of abrasive
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t he abrasive conposites in row 302. Although not illustrated in Figure 6,

t he shape and/or orientation of the individual abrasive conposites
f r ormadjacenmtT T OWS Ay be The sane. 25 Abr asi ve conposite
310 consists of two intersecting lines 306 and 307 t hat I ntersect at

an. angl e al pha. Line 306 nay be parallel to backing sides 304 and 305

or line 306 m¥p%Iaien-parallel. Line 307 nmay intersect bacRGCIIW8s 304
and 305 at an angle of 90 degrees or less. In Figure 6, abrasive
conposites 310 and 311 do not abut one another, but rather are
separ at ed by spacecommpositel | ¥alie 30 mam cousist 0B G0 abrasivetcomposite andhin thisl casey theny
consi st of a very nt (i.e., height) of abrasive
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PCT/ US96/ 15089 Amp:&fehed anvaaigénﬁgm Bﬂ&rmws ccmpksit&tns sifnilivao Figuess, v e

conposite and in this cas ackj ng ,is ex
Anot her preferred %ﬁc?pér@é Qﬁfnaﬂ'ﬁﬁ Yy %“%Fﬁoﬂg'ﬁ é@%‘@ omppsites having-thgr e

6, excepy ti Q?éss‘es%gﬁb ot abrakiedonipBsite® HavirgTRE 2 QMap! 1 Ris afBRgEMeNC the

conposites having the cross" shape or abraS|ve conposi tes haV|ng t he
"x" shape. |n thi sabsasivaseepasites from the odd rows asestillsoffset frasmihe gbrasive ¢omnesitese odd

rows are still Offﬂ;&{'tﬂce QL folis abrasive conposites fromthe even
r ows. e above descri bed arrangenents of cross-shaped or
"x"-shaped conpdsi thesgbove describedfaprangehentsadf tonms-Sleped forofx"eshapeldi ne

formng either the_cross a sh s..about. 75Q m.croneters and
the width of one Hoggxog%ﬁd{lﬁaregqrfeﬁg@at{lﬁé g&'o@éme line f%muBge Lthe crgs8 SEhE
about 50 m cronget ex shapel; iaeban rrso mitpometériBridethy widtly 6f dfle Gih©fgRhiag Sither the cross

di stance between the ceg& one cross to fhe center of the adjacent

x- shaped abi42¢ Y shape e\"t _micrometers. There is apprximately f 279, "mrem?ters?

abrasive article 7&stmmmfee§tma€emengf éfe BRY 30thE lcetér oflzﬁea fgwni 2GRaped and
back surface 78. Abrasive coating 79 consists of series of rasive

conposites 80; t heabAstydepmpastie.abr asi ve particles are omtted for the sake

are separatcd by AMES FROIPT bhERe e TN Soffplsel HERE TR Rl A0, ©F

contact the serfi cosdeet randdhck surface 78. mhraqivtg:optlmgn‘&rconam oﬁser”e"hefs&braswdges

are typically Contéopn%ggl%s %d tlgeagingee}'vgnd abrasive p partlcles are omlt(%eci o the sa| fi‘é’ of
simplicity. Abrasive composites 80 have a ridge shape. Ridges 80 are separated by
valleys 73. Ridges 80 have upper section 72 that contact the semiconductor wafer
during planarization. These ridges are typically continuous and can have any cross

20  sectional shape.

In another - embodiment, the ridges of the abrasive composites are
non-parallel and non-perpendicular relative to the sides forming the abrasive
backing. This type of arrangement is further described in U.S. Patent No.
5,489,235,

25 Referring to Figure 12, abrasive article 230 comprises backing 231 having
pressure sensitive adhesive coating 238 and a protective liner 237.  Over front
surface 232 of backing 231 is abrasive coating 240. Abrasive coating 240 is
three-dimensional and comprises a plurality of abrasive composites 234. There are
openings or valleys 241 between adjacent abrasive composites. In this particular

30 example. abrasive composites 234 are truncated pyramids. Abrasive composites

241 comprise a plurality of abrasive particles 235 and binder 236.
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In anot her - enbodi nent, the ridges of the abrasive conposites are
non- paral |l el and non-perpendicular relative to the sides formng the

abr asi ve backi ng. This type of arrangenent is further described in
U. S. Patent No. 5,489, 235. 25 Referring to Figure 12,
abrasive artiyg conpri ses backing 231 having nsitive
adhesi ve coat |¢18"§§% and a protective |liner 237. Over frontl’(iﬁ‘;dd‘”’ﬁ1 urface

232 of backing 231 is abrasi ve coating 240. Abrasive coating 240 is

t hree- di nensi onal and gomi: 4.
There are openi ngs or vaV?g@g%%%h%%{% %pqlg&gcenfeﬂﬁ%r g‘é‘%‘@zw&g'
conposites. |In thpdishing tis ammtcdaﬁtrmwexmmlmxg ghivashei agglmrmm Referrihgdtoar e
truncated pyram ds. asi ur ty of
abr asi ve parti cl eélggégbaﬁ%\/egl *E?gf 3&% comprises backm;,]16??|avmg ront suptlace ?A

-61- WO OFifst bikdér 163 is apphed over front surface 162 and embedded into first binder

PCT/ US96/ 15089 t her abrasive const ruction that ma}/ be
useful for sem coh@uéfeoPl"WéﬁyePf abrasive [8slperates 163. o Abfsive Reglometates o165
contai ni ng abrasi ¥ abaa@rxeismbrﬁﬁfe hticle® 1660 O b diVeCgbombbhtes 483 sed
abrasive 160 conpri s@g blackl ng 161 av?ngl front s‘{ﬁ arge &gg o 5

bi nder 163 i s appsecent bipdar ¥odtat fogm rdutarwost Garfaged! 68nefelid alirasive @rticler sﬂn b| nder
5 163 are plur of e rate Si rat es
165 conpri nghg:reﬁg th@gﬂ}ﬁgl% %g’gls?%% g‘tgr ﬁ "%\g;ﬂ f@@*’ eg@\éﬁ'ea%églm\?e
aggl oner at es 165 agglomerates e de mihdb by dey tetihique gudhoasithas illustrared in U1H: Paest 168

of the abrasiyve t| I Lgure 10, the abrasive agglonerates are
irregularly s%%pe %éﬁgbgb'?daqs-ﬁ?e?’ aggl onerat es can be nmade by any

t echni que such as thatkeférhugtdag@d liiNcddted- abRsive 110 ddinprisbiOtackifig 8PP hadlilg and
4,799, 939. erri n% to Figure 11, coated abrasive 170
1}

conprises backi ngf"i"?f“'ﬁa&sllﬁﬁ First “df"r'(?ﬁt‘s appligdQuer fromt surface 472 picheraeddeds | s
applied over fronjys i agiRdet /23208 ﬁrmmqﬂ%ﬁ abrasive @bae&téSf 7501 NRGhsivk/ 3 are

plurality of abrasive aggl onerates Abr asi ve onerates 175
conprise binder 17almeatesol Hstonwpripbinder |18 and abrasixecpartiches 436.v vep abrasive

299l omer ates. 475 MG RFALE S ROREAY b A AU SLEDRL WA Bre 4P o e

abrasive arti ure Brasive aggl onerates arée preci se
shaped. The atishe sarticte. aig@lgmer httleesabeasive bggloreaiatedrzre preygisely sidped) The ot her
technique such asat}rpswte agglomerates can lt)er r%ztacﬁq)yl-arr}y lr%'o%ing5dr509hoe? %ez:ﬁriique such as that

illustrated in U.S. 5,500,273.

20 Supersize Coating
A supersize. coating may be applied over the abrasive coating using
conventional techniques such as roll coating, spray coating, hot melt coating, and
the like. This supersize coating may serve several functions. For example, the
supersize coating tends to reduce the friction between the abrasive article and the
25 semiconductor wafer during planarization. The supersize coating may also prevent
the build up of debris generated during planarization from adhering to the abrasive
article.
The supersize coating may typically comprise a loading-resistant material
such as metal salts of fatty acids {e.g.. zinc stearate, aluminum stearate, calcium

30  stearate, or lithium stearate), graphite, waxes, glycol ethers, glycerine, silicone
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20 Supersi ze Coating A supersi ze coating may be
appl i ed over the abrasive coating using conventional techniques such
as —roft—Tuoating,Spray coating, hot nelt coatlng, and the like. This
supersi ze coating nmay serve several functions. For exanple, the

supersi ze coating tends to reduce the friction between the abrasive article
and the 25 webraosduct or wafer during planarizati on. The BCR/B$96/15089
coating may al so prevent the build up of debris generated during
pl anarization fromadhering to the abra

super si ze coat i ng SREPOUNISH; Eassimked alkoxy |(5&dmgf%§’ﬁéﬂarh’ Sndetsrt Ne-
such as netal sal tsszlﬁfssé)a{xfl?'ctaﬂﬁhﬂés 412 the Iakez 'Mnd%?%*ﬁéﬁdu@édwmm stearate,

cal cium 30 stearate Ium stearate), graph waxes, gl ycol
ethers, glycerine, silicone
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PCT/ US96/ 15089 (‘:orrpoﬂflnua "% osslinked al koxy silanes (e.g., as
descri bed in UsS. Pat ePfecisely Shaped Cémposites589) , poI ycar bamat es and the like.
A bi nder may be includ

Preci sel y Shaped Corrpoi-ﬁ? $fened miethod for makjg-a psefil éPrP%%e ?@%‘ﬁ&'ﬁ‘"\’%?’eﬁﬁ% ng a
useful abrasive arsﬁdpsdl fabhisive %nﬁéﬁ’t@& $§|&scnbed in $18PPslebNOS| §25L9IWand t es
is described in U S’ Patent Nos. 5,152,917 and 5, 435, 816. Manuf act ure
is preferably condJd6846.i Mapufasture i Wﬁbﬂb‘b’)ﬁpﬁd“éﬁ#é in QJPJHWO'“ type °“C’|§°’§“°m a
class 100, class %%gog clf¥s ﬁoaéﬁss1909& rcl:lﬁénld,(ﬁfé”lleatno dﬁ‘ A2y akP
contam nation in t abrasive arti escriptions of
sui t abl e net hads (:amalhmariomumthembrawam@atent Nos. 5 437, 754;

5,454, ,844; 5,437, 7543;

met hod i nvol ves: ' Ottt ﬁeg""é{ ns 3PS @BIEFTWZZJQ%?\ can u? found in U.S. PliEe NGl erred

conprising a ra5|ve

The

parti gl es, bi ndgr 532754, 50154‘354 5430(?54)1}'[51405\,&!6 afdls me b)
rovi ding a production_t ool
P g P One preferrecY t%o?m]:/cr)lggst surface and having a
a) preparing a slurry comprising abrasive particles, binder precursor

15 and optional additives;
b) providing a production tool. having a front surface and having a
plurality of cavities that extend from the front surface;
c) introducing the slurry into the cavities of the production tool,
d) introducing a backing to the front surface of the production tool
20  such that the slurry wets one major surface of the backing to form an article;
e) at least partially curing or gelling the binder precursor before the
article departs from the outer surface of the production tool;
f) removing the resulting abrasive article from the production tool to
form an abrasive article having precisely shaped abrasive composites bonded to a
25  backing;
£) optionally further curing the binder precursor.
This process is further illustrated in Figure 15. Referring to Figure 15,
backing 341 leaves an unwind station 342, and at the same time the production tool
- (pattern tool) 346 leaves an unwind station 345. Production tool 346 is coated with

30 slurry by means of coating station 344.
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plurality of cavities that extend fromthe front surface; C)
I ntroducing the slurry into the cavities of the production tool;

d) i ntroduci ng a backing to the front surface of the production tool 20
such that the slurry vvets one maj or surface of the backing to form an
article; at least partially curing or g bi nder
precursor befB'Pe”{lh‘g‘ article departs fromthe outer Jr.l#"gééﬁe'%gthe
production tool; f) renoving the resulting abra5| ve article
fromthe production t OPhe dnftry asmadespe&mmn@mgaw@ iy shifdbR rhiRing REhG@RET sel y
shaped abrasive conposites bonded to a 25 backin

optional Iy furt helhe&ndphgeﬂf@f Bherehsasiyernagticles gud the optional additives. Examples of es s

furth | | ust Ki
331 1eaves an unuyiipieieeidkPbiic dn JRek Ghd bl shelr ! ek igh shear mill (00
(pattern tool) 346eihg prefesredn Wltradonid entigy inmy abséShe thneliJmt aombmanmi wili @he S

?ggE ed wth 3 9 gﬁxli%rgép tg Iower the surr%ro\?igclog%r ?t‘:e wscosxty LLemg important in the

PCT/ US96/ 15089 manufacture of the aBrasive htticley ah&ormafidt lihe MeoIbEy o Ghe RGtRELT Dy
any suitable m xing technique t he bi nder precursor, the abrasive

particles and t he BBTAYYEORUTY- afipatheryarans ista ysg galvegt or water '"rﬂ“?(F‘HﬁY tE AN Yues
i nclude | ow shear sgpde Hedifledtéiafth tHE‘alSi'aQige aﬁw&r*ﬁn@ ;gh,cﬁéaes{m Hother Sheans is 1o P€I NY

preferred. Utrasonic energy may also be utilized in conbination wth the
5 mxing step t bedt thesslurty{egs inthe yange ef30xtot?P°C)t Aalditiosally ahotherbndang)is use

I nportant in the . uf act ur e, of e abrasive article) and/or affect
the rheol ogy &% t%mpgg@ﬁ]ﬁeﬂﬁr't’a“ '"’"ﬂ}:ﬁfi"é'glp\/'grg’lcﬁf“f";‘? Anot her neans is to
use solvent or water iTygidally,Sther abfasiver pirficlesS @re graduallyUhddea Cintd @Ré MBirides Wit h

the abrasive and/or filler partjcle till aot er neans is to ] heat
the slurry (e.g., PreRumofe Ftos peef fff“%@‘a't g“'ﬁ}[’@’r q &)homegenepysomuyre of bindet

means is use 10  plegurSdeC abfativd Paraigles @nd Qﬁtdnamddltw%?e 18 lnbleSsdryP WaF ahdor
coat i ng. ypically, the abrasive particles are gradually

added into the bi seleent can be addedtalower the viscosty.pTbe Earmatipntafair hubllesmay bgy be a
honobgeneous tur i pder, r ] |0 e qpar
. é et Izecp %g.ssbarg}nllmg P& d'? Qthe a&?&.ﬂ& ¥ aﬂgﬁ tLé %lgﬁ%%de dto

opti onal add Ives. wat er | vent can
| ower the viscosi Aterndtinelyf mirsome insrances itds pretmtcbkqamtrm;ce bie batbles imtheishiryed,
‘e.g., by pulllng aft er

Al ternatively, % i l#ﬁ%%n'stpéﬁ%'éguqb?e%irrégﬁ? 'gfdéﬁ'? vt Soﬁ 'Hﬂ %Uﬂgogf'& bubbl es
in the slurry. The coating station can be any conventional coating means such as drop die
coater, knife coater, curtain coater, vacuum die coater or a die coater. The
20 preferred coating technique is a vacuum fluid bearing die, such as described in U.S.
Patent Nos. 3,594,865; 4,959,265; and 5.077,870. During coating, the formation of
air bubbles is preferably minimized. Conversely, in some instances, it may be
preferred to incorporate air into the slurry as the slurry is being coated into the
production tool. This entrapped air can led to porosity (i.e., voids) in the abrasive
25 coating and possibly increase the erodibility of the abrasive coating. Additionally,
air can be pumped into the slurry either during mixing or coating.
After the production tool is coated, the backing and the slurry are brought
into contact by any means such that the slurry wets the front surface of the backing.
In Figure 15, the slurry is brought into contact with the backing by means of contact
30 nip roll 347. Contact nip roll 347 forces the resulting construction against support

drum 343. The nip roll can be made from any material;, however, it is preferred that

-64-



After curing, these air bubbles remain in the abrasive coating to form

porosity. The coating station can be any conventional coating
neans—suctTas drop dr e coater, knite coater, curtain coater, vacuum
die coater or a die coater. The 20 preferred coating technique is a
vacuum fl uid bearing die, such as described in U S. - Pat ent Nos.

3,594, 865; 4wWo33188%; and 5.077,870. During coating, the fRETEIPENEDS

air bubbles is preferably mnimzed. Conversely, in sone instances, it may
be preferred to incorporate air into the slurry as the slurry is

bei ng coat ed i nt dherniproll be made fipw @ structusgl mazgrial saghjas msnimpq&e&pyaimbb,eaﬁr led to
porosity (i.e., ' [ .V, | 055\ | ease
the erodibility é&“ﬁ'ﬁ}e g@??@?'ﬁp %§§i°iﬁﬁ’g?°r"iéaﬁ@f%¢?2f‘r§?%‘” ﬁ’%pgﬁd 1 e
punped into the shxometereiypleally tetweeny 681 toi 190 aluramestri ang. preferably about 90 Aft er
t he production tgol "i?é coated, the backing and the slurry are brought

I nto contact by HV $ns such that the sl urry wets the front surface of

the backing. s | Next] ghiiecfol of tefiérgs Ipteférably & wneriiied intd e Sigiy acht Wi th
t he backi ng by neans of contact_ 30 nip roll 347. Cgntact njp.roll 347
forces the resul f5astPattdihs sure thejbinderpyaussor by, enspgy, source 348. The selectionof thene ni p

roll can be nade t 2L : i ' r.af
o meféerr 11%@%6 Wit Gépedtl in PAVVBPGH the! Ehemfe) i thé bided Pkursor,

PCT/ US96/ 15089  productiontthel and ptheg|prodsssingecdaditionsm Thesenergyt sonme shatlémotal such

as netal, netal 0 . r.am rdne f e np

roll can vary an%’g‘%{%lyf reg%laggg .m%"?%to%%'am&ﬁg' ﬁ?égn}%tpgﬁfa? ?Vg i"(':etg{']ﬁ y

Rgt ¥\een 60 ]Emo 106}adme(bnﬂera:reca?dr :pg?l&mgmuyb ahbwtstta&ghqt tltue sh;rﬁtﬂdafmdtdrowt 5 t
xt, some form of ener refer is transmtte n e slurry.to a

| east partially when “’["ﬁ'gé/dof')'n‘gélm‘gr e%'ﬂf‘r S‘Béertﬁ'f“é‘ﬁ@\: V4 b%ﬁ'ﬁ'é’é onceHe's

sel ection of theremovedfr&ﬂ@hﬁh‘odiﬁﬂérpﬁohl&ylahyGﬁﬂaﬁﬂntbﬁbr%}ﬁs'ohrc&pon the chem stry

of the binder precursor, production tool and other processin

condi tions. The ener glhedothe produgtion tep! gad abrasive artiglgare separsted %é@'ﬁﬂé’%{- he
ducti t ool L1iwe). ; ' . :
proauction too ?Iﬁgs Qrgg{é}%rﬂs -Zggﬁns%lg Eﬁ&:ﬂﬂe’ gn! %Parﬁﬂrtﬁg?aﬁlgﬂrg ol ahd @bradite

bi nder precursor 0 suc ate urry does not
fl ow wagn amigler tiEie binderipsecuoot is noh fullp icurdd.r thp binderpsesnrsoncanishenfbel | y

cured once it is renmoved £rom the production tool by any,canyeni ent
energy source, fully cured by mtﬁ'ﬁe‘r‘f’,’e t“ﬁéfgb Ei ¥n 1 033?'3%1r?axrﬁﬁra§F’8e¥h§rt icle
are separated at prdgdtidnabgllis.rewound onTigndel GHe salipdiahé prodoctivnglost ednflect i ve

to separate the production . .tqol and abrasive 15 article. 1f the binder
precursor i s not Pﬂ“ﬁ‘f“l %‘la'Buf‘@éﬂ‘mI“H’é ag'iaﬂ&'e?“‘ﬂf’ S&'Pé”&?‘“%%{hmf'}‘?éﬁlu 36

In another variation of this first method, the slurry can be coated onto the
20 backing and not into the cavities of the production tool. The slurry coated backing
is then brought into contact with the production tool such that the slurry flows into
the cavities of the production tool. The remaining steps to make the abrasive article
are the same as detailed above.
The energy source can be a source of thermal energy or radiation energy,
25 such as electron beam, ultraviolet light, or visible light. The amount of energy
required is dependent upon the chemical nature of the reactive groups in the binder
precursor, as well as upon the thickness and density of the binder precursor coating.
For thermal energy, an oven temperature of from about 50°C to about 250°C and a
- duration of from about 15 minutes to about 16 hours is generally sufficient.
30  Electron beam radiation, which is also known as ionizing radiation, can be used at

an energy level of about 0.1 to about 10 Mrad, preferably at an energy level of
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fully cured by either tinme and/or exposure to an energy source. Next, the
production tool is rewound on mandrel 349 so that.the. production tool can
be reused again. Additionally, abrasive article 340 is wound on
mandr el 349. I n another variation of this first nethod, the

slurry can bew%ogg#ﬁ‘q‘onto the 20 backi ng and not into the"ﬁ%’gﬁ%’“‘&?" of the
nto

producti on tool". e slurry coated backing I's then bro
contact with the production tool such that the slurry flows into t he

cavities of the prabsicl t®ab&wRoI0 MHRE NANiSlIENAJREED Fefér toTkEatidhChavigasi ve
article are the sane as detail ed above. - The energy

.

source can be a ch@W?,'.E“SGY “’Eth:@r%l"a'&ﬁé’tf §owr 200:4ai ahortofDQ: panomptersp preferabile h as
el ectron beam ul fpgy ﬂk%ﬂ%e'h%mbﬁutoﬁsovtoskﬁ ﬁadohﬂ?ﬁ-sf hieihirg e@E@rﬁ’éH i 19856 9Y

required i s dependent upon > chem cal nature o ctive groups in
t he bi nder 386 Wattéony yltravioletdightsase uspdin Visible tatliatidnrefess tamatiatondiavipg of

t he bi nder pregursor coati ng,. For. t her ne ,_an_qven t rature
of from about 30[ & f4E" %tt)h ‘é’gg‘ﬂtthefg'fﬁeeorfra f’%ﬁgﬁ@k"a&o"{% %ﬂ?ﬁ?’&ﬁ%‘?’%dﬂ]
about 15 m nutes fe ralgewf aticut #001oAbOWR 536 Adfometeys. suf ficient. 30  El ectron
beam radi ation, which |5 al so 0 S jonizing radiation, can be used at
an energy |evel of aboh}tls B@Eﬂ?gmmab' RFegfsorgs é'f"’é&lgblrﬁm"é‘fméﬁe"%eig?
|9$>’i|14gf4 radiation energy can be transmitted through the backing or (rough the produchibh

PCT/ US96/ 15089  tool. Thpbagking qrpredustien togl shoyld notjeppregiably sbsorb the radiation

refers to radigti VisRtidnall L f t 200
to about 400 %gno?fg?r rs, B%F'g?ae¥'atg? ;A%Y.SJ, gﬁg\?\#’?ﬁ%&%gmé g\ﬁb&eﬂ%@ Qg@odl??ﬁggo to
400 nanoneters. | the backingfoe praductionaooll IFor tinstance, ultr@idet Wightt das toe utansmitted| et

i ghts are used.

I si bl e radiatign refers to, radiation having 5
wavel ength wit hi n%frﬂ‘ég %R&@e‘?ﬁ' b&%ﬂ’fﬁ' ﬁggnpbvegbﬂm Qﬁ%"ﬁ!ﬁqo‘ﬁ% i§ dade ffom
Ior ef er abl}y in | ﬁeniiﬁlehdhg@ﬂ?tiefmam sd€h0 as Qo@aﬁjélén§5561yp@pﬂaﬁt ohvester, -
t is preferred that the binder, precyrsor is cure radi ati op enerqgy. e
radi ation energy ®3¥caseonaten RAM(etpery sﬁfﬂ"@ug?ﬁﬂﬁ@‘“ﬁbd&%‘?ﬁry&etw &H‘af‘ e
production 15 {p8RVinyldiMridea@K i dihbiMatidhs Oeiebs, Akriviét SN QHLbR Bt can be

appreci ably absorb the radiation 10 energy. Additionally, the radiation
energy source shoutapsmied thoeuehthe praduetiogr tegkand into thenglurpya c Epm thepgpoplastic

production tool. E [ | t.ayl L & LANSALEJ.efd.:
t hrough a pol yest é’rg‘r"ga{{gi‘?“%g&}ﬂ# étrﬂ%ai{ée\?déﬁ%,Job%%gggpggﬁttﬁo%%%l ﬂ‘}:csle made
from cert ai shauhkbeopl ashithatmexcessivelleat suwsh gesergted.y df lepéessies heat is

polYPropy ene, POl el sy oSl AR DR on S Yo, L1

conbi nati ons tiger eof , whé resuttifd Sdlidiied Slufry [Dr Qblakigh coi@Ritd &ill have thé irvesei tt ed

through the pr Odu%gtitgnr:] otf%(xjel pr%(ri]l(njctii)g tu())ol.t hBey astI lgarsg >|;£zrtiz||:lgrr cutrirr]tge romc%d?gitnig %n the
production tool, the abrasive composite has a precise and predetermined pattemn.

The production tool has a front surface which contains a plurality of cavities
distending as indentations out of the front surface. These cavities are essentially the

25 inverse shape of the abrasive composite and are responsible for generating the shape
and placement of the abrasive composites.

These cavities can have any geometric shape that is the inverse shape to the
geometric shapes suitable for the abrasive composites, such as cubic, cylindrical,
prismatic, hemispheric, rectangular, pyramidal, truncated pyramidal, conical,

30 truncated conical, and post-like with a top surface which is flat. The dimensions of

the cavities are selected to achieve the desired number of abrasive
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based production tools, the operating conditions for making the abrasive

article shoul d be set such that excessive heat is not generated. |If
exCessIve neat 135 generated, this may distort or nelt the

t her mopl astic tooling. 20 The resulting solidified slurry or

abt asi ve conposite will have the inverse pattern of the production

tool. By at | eW@97/pPd84 i ally curing or solidifying on the PCT/USP6HGREt | on
tool, the abrasive conposite has a preci se and predeternined pattern.

The production tool has a front surfac c¢h conﬁ’ ins a pluraljty of
cavities di STTPPIIFYSANErS CROHMEISE %%‘mewn RPTHERD &Rtk Pattemese
cavities are essenjheié laijadeni chnies bhﬁder m§th@f&earléfheF laetmrmdfs WP t e
and are responsible for generatl ng the s and pl acenment of the

abrasi ve conposi t cigdentations merge into a Jagen e (th%le" susface af) theaprpdugtiongeal ¢
shape.that is the g, &r m&he | ﬁucLPoﬁfh@ cavm s. %‘2 fyf'nfé &Qﬁe"ﬁﬁth’é%&ﬁ@ﬁ for
t he abrasive conp03| such as cu i ndrical; prismatic,

hem spheric, rect ase@uledlsuchmmaha slaface aremoﬁzﬂae ebragiver comipdsite, decredses away B6m
truncated coni cal, aFd Post like with a top surface which is flat. The

di nensi ons of #EIMEavi ties are selected to achieve the desired number
of abrasive V\G'he probiéiom tool can be in the form of a belt, a sheet, a continuous sheet

PCT/ US96/ 15089 conposi tes/square centineter. The cavities can be
present in a dot - |9rkeebpaeaatipgroll such asgiretpgrawg el sleeyawounted opaceating relhai nst
one anot her at thefr M}ﬁ{ n

conmon pl anar maj o&rr d'é)?;ﬁecﬁ esﬁc)%ag Gcti o onseétl gﬁﬁ%ﬁiéf '?“’“ﬁe@@‘“' mogsé

i nterstices ofia heorqiastic.i dbe pt%datﬁtwnabd!ly:ﬁm bh&byhapiaby)ﬁnyc ¢wve1monatl|tmmn8e. 5
sel ected such that. lde uhr 55,2562 19 rh}, e ab‘r',ash fIe decﬁjreas

away from ¢ HECARg pipLofithography. khuring, epgraving. 8 ?55 Noto p n the
formof a belt, a whal andthe kel Iﬁatle:ta‘a‘mp!bheeépper tool cafbbe Mhonﬂuﬁ&dfahdlﬂleﬁ @| |

such as a rotogravure rol], a sleeve nte coatin
die. The producti dhckeb@ptakigpl ébEGWHg’gﬁe "dﬂ‘g‘gamwe%wa A‘SﬂOWé‘I ‘jeta"ﬁrgf‘ aI
al loys, 10 or plig} iotmakbaemitiel 4t oF QprdcielonBp af vt ik GRUSS! PRbeneRYs.

conventional technique, I ncl udi ng photolithography, knurl

engravi ng, ho® ndd.12YHadt r5A8923P:n §,458844105435.816; P 'DrWiQ@S/OaWH’ tﬂ"lg PEke.
F | |
rrg{ alexf1 ggl eca(rjl1 ggpwﬁacs?rop aﬁﬂgn f"ghﬁ?@{]ﬂ%ﬂ %ﬂ% ra%ﬁ%g{o?&g\cﬂefllregnba éét g.l S

on how to madrentes paaghethat canhot@r aee q]hevdue ﬂlf’ﬁnulttaod) expensiveite geoeratd by n
U. S. Patent Nos. 152,917, 489, 235: 5,454,844; 5,435,816, PCT WO
95/ 07797 and PCT “olh %%F'f%ﬁéi mopd é‘B’Wg i nst ances, a photol i t hography

process is desired beCa‘Jﬁﬂrmdplasuc tool ¢ah®arphicdded fEh Mtetal Masterctoti OTheQtaster €
otherw se difficult and expensive to generate by
20 tool will have the inverse pattern desired for the production tool. The master tool is
preferably made out of metal, e.g., a nickel-plated metal such as aluminum, copper
or bronze. A thermoplastic sheet material optionally can be heated along with the
master tool such that the thermoplastic material is embossed with the master tool
pattern by pressing the two together. The thermoplastic material can also be
25 extruded or cast onto to the master tool and then pressed. The thermoplastic
material is cooled to a nonflowable state and then separated from the master tool to
produce a production tool.
Additional information on thermoplastic production tools can be found in
U.S. Patent No. 5.435,816. Examples of thermoplastic materials that may be useful
30 to form the production tool include: polyesters, polypropylene, polyethylene,

polyamides, polyurethanes, polycarbonates, combinations thereof and the like.
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ot her techni ques such as di anond turning. A thernopl astic tool
can be replicated off a netal master tool. The master .20 tool will have
the inverse pattern desired for the production tool. The master tool is
preferably made out of netal, e.g., a nickel-plated netal such as al um num

copper ;y,ﬁgg,e A thernoplastic sheet material opti be
heat ed al ong vmth th master tool such that the ther QE?@%{M%&Q
material is enbossed W|th t he master tool pattern by pressing the two

toget her. The t heraduionslly tn S6MeCinktahcesan i éﬁrr@@tl?a5the ﬁﬁéﬁr{dﬂﬂ%?{ d&c’ﬁ%ﬁ Onto
to the master tool and then pressed. The thernoplastic eri al

cool ed to a nonf | doRlispatais|additives such ascantivxidants ardior ¥ stabilicersra These addmﬂest o

produce a productian kRRd the useful lif al information on
t her mopl asti c production tggfesu c'aenottheI?’mﬁ)ng“c(ap . U.S. Patent No.

5, 435, 816. Exanpl es of Thégradogtionstodl maytaiso wahtamtmadleanayodn&g W6 eimit dier tO
form the prod cti .ude: ters ol e, .pol yet hyl ene,
pol yani des, yurggﬁéﬁpghe “Eé}"i’/%&'?'ﬁ'%ﬁb ¢ Py 9%%&0?’5?; g? Qb puch releasp,e
like. coatings include silicones and ﬂuorochem;cals. -67- WD 97/ 11484

PCT/ US96/ 15089 Additionally, in sone instances, it is preferred
that the thernoplastic production tool contain additives such as

anti - oxi dants and/ or g%,ﬁm %E&Ab}_&%%&%sﬁé ves may extend the
on

useful life of the produ | The production tool may
al so contain a reI ease These @renganyomeass 1o tmabe 9 @brasige artlclelmasmg irtdgalarly

abrasive artighe Ha Lﬁ?sn%ré&gﬁﬁ% Je?n\)}lﬁg %fg%rrge aﬁy shapeds 'fhese Eo%p%?q%@gm arly

coati ngs i ncl ude SI |cones an uor ocC

Shaped Abrasive Coomtieldsede provided in a predeta'rhﬁieﬁ Ftern[T8N bhat TBRNBCAtd NBFiRe AN
abrasive article conFrlsl ng |rr?r?ul arly 10 shaped abrasi ve conposites.
Whi | e being irregiPEPISFe Frdgfer ?ﬁgsé“(?BWS'@Pﬂ dhe duypy is coated ingmeavities eEx e

provided in a pregeddasinnes baehdhitd thd %rﬁsmtcohhgsttkpcﬁﬁé Podtthioh 6! can be
conposites is predeterm ned. In one nethod, the slurry is coated into

cavities of a the sameqproducsian ttae)l ay desgabedr shoe théh%tbisastkfvErewﬂlmehaPeés
Th duct t
e productiogs Ogbmﬁ&ne@eﬂowever tﬁ@@ﬁ?erﬂé%ﬁpqﬁﬁ P@ ﬁgﬁgv&i‘éjﬁﬁﬁﬁe s‘?urry

above in the case of precisely shape
is renmoved from t hiadgrpreeuesor ancurexbbr kaditiified sefficiently for ithto rsdisstangislCretaboits i S
cured or solidifi %ﬁiapg Ltlep]:)rll (l:'tian(?gvta‘ ¥ro}cnotrhelptro ugm')snu ?osoﬁ argllL?JqLé:\t rtg ttﬁiis,nthietbsmder
precursor is cured or solidified. Since the binder precursor is not cured while in the
cavities of the production tool, this results in the siurry flowing and distorting the

20  abrasive composite shape.

An example of such a method for making an abrasive article feat'uring
irregularly shaped composites is illustrated in Figure 16. Backing 351 leaves an
unwind station 352 and the slurry 354 is coated onto the production tool 355 by
means of the coating station 353. The production tool can be provided in sheet

25  form and welded at its free ends to form an endless sleeve which can be heat shrunk
fit upon an outer surface of drum 355. The slurry can be coated onto the tool, and
its viscosity controlled, as described above in the case of manufacturing precisely
shaped abrasive composites. The presence or absence of air bubbles during mixing
and/or coating can likewise be controlled following the procedures described in the

30 case of the precisely shaped composites.
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shape upon renoval from the production tool. Subsequent to this, the binder
precursor is cured or solidified. Since the binder precursor is not cured
whrteTmthe cavitres of the production tool, this results in the
slurry flowing and distorting the 20 abr asi ve conposite shape.

An exanpl e of such a nethod for making an abrasive article featuring
irregul arly WeegIgte8¢onposites is illustrated in Figure 16.PGUSIPHN8%51

| eaves an unwi nd station 352 and the slurry 354 is coated onto the
production tool 355 b means of the coating station 353. The
production tool can bg‘lep’r theibaeking ip beomglatinto gontagt yyith theyslurpepndcthie produatient r ee

uter surface of Ao Rye PEYE 8 By AR RCAGEZISNE Shies of he piuctlig | =

its viscosity cornbololThenl, thas}untemtedﬁmdnnmmvemmd from thapmdmftnonamlf &lpoair i ng

precisely brasiv tes presen sence. of ai
bubbl es duri ng mrﬂ"ﬁ‘é‘? the S‘U'Waw /lfﬁye dg%tFWgast‘:ozf |‘l¥' it @'35’@ tE'B ii?fal""é’ﬁl
fol I owi ng the spr appipesiesisdaaed fromdhé caviiBein e prodidfién ©bl. t he pg gcn sely shap\e/\fio

conposites.
97/ 11484 Following removal, the slurry-coated backing is exposed to an energy

PCT/ US96/ 15089 soufce %57b to in tlate hﬁ?ﬁw&nﬁtlgﬁﬁﬂggghéﬁ SBHSP nd tﬂ{:ffoﬁﬁ’igé act

with the slurry an epro uctlo y anpro such
that the slurry fthé pbrasiveccomposites.cwitaife cm:rpsowasaneahe same as thosgodescribadn, t he

slurry-coated bac r fr t ti.0n ol. Up .
renmoval the slur r‘\ﬁ rp‘ibf ﬁﬁa"\?@éaggt?%% sﬁ@sso gas'm W{gqof',zest eﬁﬁ?’f’@r n of
abr i’:lsi ve 510 CQWtﬂSﬁlﬁT@abraswEmﬁmlsfwmﬁtdhﬁ) £ adll bt @ationrB5BNEl [y geherally on
t ool . Fo e slurry-coated king is, exposed
to an energy Preferé#ufhéb “?5‘7'3" th'“ieﬁ'f t’é‘?ﬁ% °fﬁé‘ %’BW eated, gﬁ?‘ g?mt the
bi nder precursor mpédhchidiivol @lcltimof the bmdertpP&u.a&nasélmesmaﬁl {e@S ontHé t abl e
energy sources are the sane as ose describ ove for e

th ‘ti% ed ab f th
manuf act ure of prosder ofiseeondstgcoutshr rs'i"\ﬁé'“&o‘ﬁrﬁ% langsthe ghugrgwill flowand thg  t he
resul ting abrasi t L&l 0 I 5 S
generally \ﬁgtrt ?‘ e‘ﬁie‘g“ﬁa %ﬁﬁﬂ' Héﬁgeég I{\P/véllt‘aen%t(tﬁﬂéas ew@ ﬁmpﬁéaré
sl ur ry- coat edsbackiditgnilrdetails drehow to make thioype of abmsive aticteccan be Fougd of UShe

ceconds' 1 o hour syPeert RpfAd 55 e GRsen s cfionefl e Sy cap b s il ¢ e

Sfit tern will di stwhile id cbnwdchmamé-wdaeﬁdnhaél byhedergbource3 78 Smovided that the
| sappears.

sluri'y is removed from the production tool before the binder precursor is cured or
solidified sufficiently for it 10 substantially retain its shape upon removal from the

20  production tool. Subsequent to this, the binder precursor is cured or solidified at
energy source 357b.

In a variation of this method, the slurry can be coated onto the backing. The
backing is then brought into contact with the production tool such that the cavities
of the production tool are filled by the slurry. The remaining steps to make the

25  abrasive article are the same as detailed above. After the abrasive article is made, it
can be flexed and/or humidified prior to converting.

In another method of making irregularly shaped composites, the slurry can
be coated onto the surface of a rotogravure roll. The backing comes into contact
with the rotogravure rofl and the siurry wets the backing. The rotogravure roll then

30 imparts a pattern or texture into the slurry. Next, the slurry/backing combination is

removed from the rotogravure roll. Next, the resulting construction is exposed to
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15 Addi tional details on how to nmake this type of abrasive article can be

found in U S Patent Nos. 4,773,920 and 5,014,468. Optionally, the
slurry can be partially cured while in contact with the production
tool by energy source 357a, provided that the slurry is renoved from

the producti oRyyeniefaef ore the binder precursor is cured or
solidified sufficiently for it to substantially retain its Mﬂ@”‘?ﬂm
renoval fromthe 20 production tool. Subsequent to this, the binder
precursor is cure = SOl A : enek source 357ph. .
In a variation of %to (li'g&]grré# %@fﬁﬂﬁgbﬁ% ﬁ?rp?"scoéﬁ"cggx%6‘35‘%’85%"11@8"?31'@ formedi ng.
The backi ng A sardtion ofnthisi ghicedsrit 0o odttthe sluiky toftd the bREKESid Siihel Me!
such that the cavities . roduct i OE tool are filled by the

b

of .th
slurry. The remai I}?Fﬂ%’@{"@ﬁgmﬂﬁwge?%'%mm rasive article are the same

as detailed above. Aft qhe rdiBoratird volV Bantiriphit | afy idesifd8 Yarterh lsuch B
fl exed and/or humdified pri%r to converti ng.y I qﬁ ernsu fsnaz;‘%)g{#ﬁer

met hod of maki fig i2FPbdidees lajticss sphegesc pYTpBids. ttawcatechpyrarhids, cgnesaeubes, blockshe
Cont e oo the. Sbdsnas Bt iRe! ThoRiaitnss F dun iy PRSI S B brkih

cont act with the rotogravure r rry we

The rotogravure r ddnd ardadrtwien adjaceptaabtasive cqmyidsies shapes. Thislland Qrdathcdrliise
slurry. Next, the sl.urry/backing conmbinat.ion i . renmoved fromthe
rotogravure roll. al\'@'?f{“,r ?'ﬁ%”?‘@@ﬂﬂ‘icﬁga%‘@ﬁ&f?-uéﬁﬁemﬁt'veyrébsp@waﬂw rol can

- 69- WO 9Thgakt! @4pattern such that the backing is exposed between adjacent abrasi
PCT/ US96/ 15089 conditions to soli di¥y th% bi nder prejcursor Sll‘j%h

that an abrast@e CORPPsiE shapes.oSimilarly. the rotograxuse reft casimpart mrpattemrucethat i s to

coat the slurry Oftﬂe?ekQ‘?niﬂ%‘ﬂfE&p@@d bring the backi ng into contact
with the rotogravure roll. The rotogravure roll can inpart

any desired pattern suéhother raethmsbistpospedy or Soat thgershuay, througlg® screeh ad penete a
SPeT oS, PYL AT 056850 AN i R By i red S

and the |ike. The*rotogravure rol rt

a | and ar ea stikfisdeo farhh ale Birashier EBpPosites.O MRS scrén VAR [AAPart I.Icir' gesirand
area can conprise m xture of abrasive particles and binder.
Al ternati vel y 15t h8HSE SUFLLP dexagenal agqy. ridges. Inthees, sphgres,pyramids. dnkatedh at

the backing is expoaslisP@nbe eibeddiGke thdsAbidahe HEe. 1Fhe s%gp&%iigﬁaébaﬁﬁ? her e

Simlarly, the rotogravure roll can inpart a pattern such that
is a mxture of sisughdhat there is a land area betwgep mijagenhabirasing compaesisess pFhis land aremat

the slurry thr OUQQarﬂc REQ rhiLuFCHEhRsRe ?anicles ?dpaﬁcieﬁr th@l’ﬂﬂf\}eﬂe%}éw l%?ljl ve
conposites. Then the binder precursor IS curea or solidi fred to form
t he abrasi ve conpe®i tepart arpastesrc sushrthat ahe bachimp tis exppsaickritweed adjacent abrasive

20 composites. Similarly, the screen can impart a pattern such that there is a mixture

of shapes. This type of process is further described in U.S. Patent No. 3,605,349.

Embossed Backings
There is another technique to make a three-dimensional, textured, fixed
25 abrasive article. According to this technique, a backing is provided that is
embossed. A slurry is coated over the backing. The abrasive coating follows the
contour of the embossed backing to provide a textured coating. The slurry can be
applied over the embossed backing by any suitable technique such as roll coating,
spraying, die coating, knife coating and the like. After the slurry is applied over the
30 embossed backing, the resulting construction is exposed to an appropriate energy

source to initiate the solidification process to form the abrasive coating. An
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15 pattern such as a hexagonal array, ridges, lattices, spheres,

pyram ds, truncated pyram ds, cones, cubes, bl ocks, rods, and the
| i'KEé. The screen can Inpart a pattern such that there is a |and area
bet ween adj acent abrasive conposites. This |and area can conprise a

mxture of abrasive particles and binder. Alternatively, the screen

can inpart aY2#4 such that the backing is exposed bet wBEHUSRSIESE Nt

abr asive 20 conposites. Siml arly, t he screen can |rrpart a pattern such
that there is a m xtur of This t ocess i.s further
described in U. $xappl¢ phan abpsive "8‘65'5 Eé'ed over an entfssed ba ’%83’55‘?}' " ki ngs
There is anot hery §gthep NHSs 613 2g8ke a three-di nensional, textured, fixed 25
abrasive article. According to this technique, a backing i s royi ded that
i s embossed. AAsptherrmpethasl of gneking aovbmswqmu@}aemm@ en%ms Bacﬂsmv%
coati-ng fol |l ows r e t

textured coati néﬁﬁﬁﬁed '"I%??ﬂ?éggﬁl b?&l“lfz mﬂﬁ??sﬂwgéglrmt{;%g e gg'gg‘?backl ng
by any suit all e embodsed hpclangu&‘he slarry ocbdtamsmbtaswg particles, birglpr mcunsy; aod an
coating, knife coati n After t.he s yer t he

30 enbossed: bEURTIBE e TGN somHElerE Prgied © confdBusnhar}

appropri at e eneregpanding agenb&isetie klorry tY éxpaidrabbliethe HohdiuHfagerdfithy bagkifg ess t o
formthe abrasive coating. An
-70- V\&Yestrthe binder precursor is solidified to form a binder and the slurry is converted

embossed backi ngR R RRENE TRaRRgiRaRe EACk: BR WAy, Fin SR 87

Anot her net hod ahd fmki ng an abrasive articl e using an enbossed backing is

e nsas ot "an 5 | kfBhink o Figu 8w atic {ti]chmpBsck 2phSed Miking 162

particles, bi ndehﬁvmg AReEsEoNnoavith side walls tlzemazhadomgmgam BaT;hﬁg res ks i Ng
construction is_exposed to conditions such_t expandi ngs agent

cause the sl urr patkousiesa i Abratve ‘FPé"PPF‘lf'ﬁt’zg GF‘T %{e’éaﬁ’f angd HB"’B&E"K?R?Q'"

Next the binder 1pj g&Wesidjacéin 36rativh édn%s‘te@“ﬁaefre%@b&mgﬁrex L RBragledirry is
converted into abraS| ve conposites. The resultin rasive articles

are illustrased compasiteuiZ8co@prisgs abraging particles 124 and binder 1 ef erring to Figure

Cecesses 190w th o DRCEPILT g5 S, RIRREIFC OO oMoR enpoed bl PR

having recesses 140 with side walls 142 and bottom wall 144. Backing 132 has

back surface 136. Abrasive composites [50 are discrete and there are openings 134
between adjacent abrasive composites where the backing is exposed. Abrasive

20 composites 150 comprises abrasive particles 154 and binder 152. The outer surface
of the abrasive composites has rough surface or texture 156 associated with it.

A variation of the embossed backing technique uses a perforated backing
having an abrasive coating bonded to the front surface of the backing. This
perforated backing will have a series or 5 predetermined placement of holes or

25 cavities that extend through the width of the backing. The slurry is coated (e.g.,
knife coated) over the backing. These cavities will inherently create a textured

abrasive coating.

" Thermoplastic Binders
30 An aiternative method of making the abrasive article is use a thermoplastic

binder. The article can be prepared with or without a backing. Typically, the
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back surface 106. Abrasive conposites 120 are el ongate and there are

openi ngs 104 between adj acent abrasive conposites where the backing

i S exposed. Abrasive 15 conposites 120 conprises abrasive particles 124
and bi nder 122. Referring to Figure 9. abrasive article 130
cqonpri ses enb ﬂﬁicki ng 132 havi ng recesses 140 w ‘?’éﬁ* I'ls
142 and bottomwa P 44. Backing 132 has back surface rasive
conposites 150 are discrete and there are openings 134 bet ween

adj acent abrasi venenASRIRRE { GitderN e abRSvO FakicR i g |A£H R 0
conposites 150 corrpr?gs?es abraBS| ve Sartuch%s c154 anﬁ“’gqﬁ’g ta gﬁ Lﬁggr%uter
surface of compountiedhtogetbercancprdingt toscoheentionali ¢eshniques.ace., by feedingthe 156
associated with i 0 errbos ed bhacki n

t echni que uses acéne’??sbnrogt"é g%le %r\“%' &;e gxt&frq&'t Q’ﬁha{br 5% ¥ ST bonded
to the front surfkeew eﬂfrudehahb&akidﬁlg carl tties be formed s pelleitc? dorigogtdnidsl 0 THE | |
have a series or a predeterm ned placenent of holes or 25 cavities that
extend through t ARFaslycriclels "Eq'f@'ﬂ!félﬂi"i‘?éd'“gltﬁé“léﬂﬂwe‘iyé’ protacels (e. g.

knife coated) over th?ort&ﬁlhiglé"éihe JIEPR AriRtYd dah B8 fawea by HE(:&P&H%N&F&%I? a
textured abr asive coa Thernopl asti ¢ Binders 30
An al ternative nmeokding' bt campounged prmposition sieg & moldhavirigsesseptially thtwverspl ast i c
bi nder. The arti e ackin 1y,

t he %Lt?err? 3F tlpe dedir&d B‘Jtﬁ% \SH}Q dbra sWe aﬂ%%iu?fage. lﬁ"he %om@‘.gytf(ﬁ 1484
PCT/ US96/ 15089 compositiohhmym)sﬂ be heatedbionie (point e whiah asfovfis Rahdlieqilskeryand any
opti onal addltlve onpounded, t oget her ccor In 0 conventi onal
t echni ques, &% 'ﬁ‘ g‘@'ﬂf‘%"?"r{@a noid ang g shl" gb'%l?%f"?‘?bf@ e wi n
screw extr uder ﬁhﬁlhﬁﬂoﬁs SidNBrCadAQhE WhriXivet pattities, plus a@%ﬁlﬁWa&ﬁiﬁ\FeH%rfbnﬂ he
extrudate can then be formed into pellets or long stands. The abr asi ve
article is then themalensf¥r ding to any of a variety of prot ocol S. .
For Examp e, Lhe abr Gk Hoirhionk Bt AT il Mor Ghl GRoAE pSARRY oSS! O

nol di ngtt he conpounded conposi tion using avi ng essentli a

i nver se patd ehase ckilleha thesart edhpmt de@amngffrowmexeastynms b spirit of lthés
surface. The_conpounded 0 0, be heat.ed t 0| nt
o whCeh 1t e i st oyl PSSR B Prdfig s SE R oy e

and cooled. It i $oa;bsmsqmmeiabaiuhanh@afomh\erem nder until it fl ovvs and

then add the abrasive particles, plus any other additives, to form

Examples
The following non-limiting examples will further illustrate the invention. All

20  percentages are based upon weight, and all amounts are given in grams, unless

otherwise specified. The designations in Table | are used throughout the examples.

Table 1
Material Designations
Designation Material
PPF A 76 micrometer thick (3 mil thick) polyester film containing an
ethylene acrylic acid co-polymer primer on the front surface
CAl A 3-methacryloxypropyltrimethoxysilane  coupling  agent

commercially available from OSI Specialties, Inc., Danbury, CT
under the trade designation "A-174"

CA2 A polyethylene oxide group containing trialkoxy silane coupling
agent commercially available from OSI Speciaities, Inc. under
the trade designation "A1230"
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the nmolten slurry.
thiis i nvention wll

become a

Various nodifications and alterations
ppar ent

Wi tTTouT—departing Tromine scope and spirit of this 15

|nvent|on

shoul d be understood that this invention is not to be unduly Ilmted

of

to those skilled in the art
and it

to-the illustrative enbodi nents set forth herein. Exanpl es
The fol |l owi ng WOAUI8H t i ng exanples will further illustrate PCRASPERFRYt | on.
Al 20 per cent ages are based upon weight, and all anpbunts are given in
grans, unl ess otherwi.s Qpphifind The dnclnnaflnnc in Table 1 _are
used t hroughout t he| Baugngtiens Material
Dost enmt i on CA3 An Tsopropy! triisqgje .%yr ket capRaage sammercially |
76 mcrometer thick| (3 mil tpi@RPlefmr %’P’ _' P e&‘&ﬂ{sa{v%.%ﬁg{%ﬂ% NJ under
et hyl ene acrylic acjgd—co—potyHbrpgri-nRr—o e g 26 | CA |
A y3- met hac%/yl oxypropd1 t ri nEPF thoxysijane - copmsyaie ; tfrom DeGussa
comrercially avail ahle_fraom PSS @d?ﬂ@-‘l nc__Danbhury CT
under ‘the trade desj$i8@Lilon | A silicassol having an average particle size Af phpyteRhy| ene
oxi de group containf ng tri al kemgmetersaaboutci#¥psalidg in deionized water, commercially
agent comercially rzvai | abl e| dvaitableCfdm iatooi Chemiaas Col, MNapienvilite AL under the
the trade designatijon "Al230['trade designation *Nalco 1042"
- 72- 97/ 18684 A silica sol having an average particle size of about 60
PCT/ US96/ 15089 or Depragioinétt:@N about 50% solids in  deionized watdyBtagd | al
CA3 - An i sopropyl tr}dondser@alyOdildble! 5! Raléd hbmicsl 685 hder the
comercially _ trade desighddér 'Nalcd 1bs@m Kenrich Pet rocheni cl s
| ECR- erg?yonne, NJ UNGER 2-Hydroxy ethyl acrylate conimercityCavditable? ftom' Rohm
and Haas Co.. Philadelphia, PA under the trade designation
"Rocryl 420"
HEMA Hydroxy ethyl methacrylate commercially available from Rohm
and Haas Co., under the trade designation "Rocryl 400"
BP1 An  ethoxylated trimethylolpropane triacrylate  resin
commercially available from Sartomer Co., Inc., Exton, PA
under the trade designation ”Sartomer 9035
BP2 A triacrylate of tristhydroxy ethyl) isocyanurate resin
commercially available from Sartomer Co., Inc., under the trade
designation "Sartomer 368"
TMPTA Trimethylolpropane triacrylate commercially available from
Sartomer Co.. Inc., under the trade designation "Sartomer 351"
HDDA Hexanediol diacrylate commercially available from Sartomer
Co., Inc., under the trade designation "Sartomer 238"
BP3 A polyethylene glycol diacrylate commerciaily available from
Sartomer Co., Inc., under the trade designation "Sartomer 344"
BP4 A onc to one mass blend of BP1 and BP2
EPR A bispheno! A based epoxy resin commercially available from
Shell Chemical Co.., Houston, TX under the trade designation
“EPON 828"
EC An amine curative commercially available from Air Products
Inc., Allentown, PA under the trade designation “Ancamine
1922"
PEG Polyethylene glycol having an average molecular weight of
about 600, commercially available from Union Carbide,
. Danbury, CT under the trade designation "Carbowax 600"
DPP Dibutyl phthalate plasticizer commercially available from
Eastman Kodak Co., Rochester, NY under the trade designation
"Kodaflex DBP"
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CA4 Octyltriethoxysilane comrercially avail able from DeCussa

Corp., Ridgefield Park, NJ SI sALI A silica sol having an
average particle size of about 20 nanonet ers, about
34% solids in deionized water, -commercially avai |l abl e
f.rom Nal co 21484 CO- . Napierville, IL under the PCT/US96/15089

trade designation | co 1042" SI SOL2 A silica sol having an
average particle size of about 60 ' nanonet ers, about
50% solids in dei Opest@aiionaff er and Material comerci al |

avai | abl e from co Chemjcal Co _under the - - rade
desi gnation "Nal cpABB60" | Alkyl benzylphthalate P[RSUC'ZCZ-(}%?M%”)'%P‘%@W ate
comercial ly avai| abl e fronVpusapte Co., St. Louis, MO under the Agrade |gesignation

Phi | adel phi a, PA lunder_t he| Seatitizeti28"gnat i on }Rocryl
420" HENEPP Akdirtexyyl ohthglatenptisticicerydonineerdsiyravaiisbizl from

avai | abl e from Roghm Monsanto Co., under thetfude desighatisn "Saitiviker 2781e t | ade

desi gnati on "Rocrjyfpp00™
trimet hyl ol propanie triac
avai l abl e from Sartoner Co
the trade designa ;;w —Sg
of tris(hydroxy fe 1) is
commer ci al |y avai\-gbi-e 0
desi gnati on "Sartorer 368"
triacrylate commefcially

T-butylphengPldiphenyl phd¥hate Eplaspisizera icBfmmercially
[ HaiftbR oS Mbnsanto Co., under the trade desigRANoR!
: "Sml\t gt on,

Dinhde '7' alatespla
f_ %Enn %ic r(f"o.,I ingsport, TN,

jenation "EAYDR, SAB S00HS!

Inc., under the tipade desi
Hexanedi ol di acry| @€@1 com
Co., Inc, under the trade

A pol yet hyl ene gljycol diac

HDOD
pCeriagbrasive parficlegdiauing ap Ayempaetnartisle size of about
@ 8 imjerametsh commerciallyravadpble from Rhone Pppignc,
r $helioe CJonmercially available from

Sartoner Co., |nc}CEQader
A one to one nmss| bl end of
based epoxy resin| conmerci
Chem cal Co., Houston. TX

B IniamtedP2commercially avafidle from Rhone/APdailenp

P¢dnmaimnga bl dappfir Wisostearoy! titanate coupling agent
Lipéhhenkt he trade designation

| Griatabedise daticleplmving an ‘A BargeqadicieSizé of about +

"EPON 828" CES3
fromAir Products
desi gnati on "Ancam ne

Ceria abf¥idivé JaiiSlesChaviRk lad QvérAliEHaR fcleiZeYof AWalit
0.5 micrometer.. Lot nﬁﬁgbg‘lzé&rﬂﬁé?é’iﬂly %ﬁggﬁé@ efrorh )

Pol yet hyl ene gl yc 'E' guri g
about 600, comergi aPI y av

Danbury, CT under}the tradp

D butyl pht hal at e}-pfastiet

Fuji_mi. Ja]%an : , o . : :
{%ﬂ%&%:f{gﬁiﬁﬁq%% arﬁ‘éﬁf  average particle size of

avai from Transelco,
S l794‘! WB

e eI Ol rats BB

East man Kodak Co. tg{@éhest
" Kodaf | ex DBP"

- T . O T ol A A . -
periangprasiya dAriclss heving & mgdien gartele sige of 0.523
micrometer commercially available trom ~Transe %_under the
trade designation “TRS-1793"

CEO6

Ceria abrasive particles (reported average particle size of 5
micrometers) commercially available from Molycorp, Inc.,
White Plains, NY, under the trade designation *S350", Lot
#530401630P

TNOX

Stannic oxide abrasive particles, commercially available from
J.T. Baker, Philipsburg, NJ under the trade designation "S-
3976"

ZRO

Zirconia abrasive particles having an average particle size of
about 0.3 micrometers, commercially available from Tosoh
Corp., Tokyo, Japan under the trade designation "TZ-3YTSK"

TIO

Titanium dioxide particles having an average particle size of
about 0.3 micrometer, commercially available from Fisher,
Fairlawn, NJ under the trade designation “T315,TiO,"
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PCT/ US96/ 15089 Desi gnati on Mat eri al

ABP ATKyT benzyl phthalate plasticlzer comercially available from
Monsanto Co., St. Louis, MO under the trade designation

"Santicizer 261" PP Al kyl benzyl phthal ate _pl asticizer
comercial |y 3M®3¥aHe from Monsant o CO%! t he
trade designation "Santicizer 278" TDP T- but yl phenyl

di phenyl phosphat e Ly avai | abl e

from Monsanto Co.,

"Santicizer 154"
comercially avail
SAB Sodi u

available from Sto
desi gnati on " FAVOR
havi ng an average

m cronet er,
Shelton, CT

COMMeEr e

SHﬂﬂF‘ﬁ?'h E, trade desi gnat i offiaterial

a‘t,)we from

m  pol yargy,

né §ld8'

Péﬁgﬁé&g gﬂ\b%[m e g&binhiafo?'

Jdola
u&%UDCII,

800H
particle

PREC)

particle size of
avai | abl e from Rho

out
e Poul en

TN.
| y

2,4,6-Trimethy}
cor:l;ni%zzl %}i“;{’? Oi..CO [5
Sﬂ) a ;. ylammo- 4@ fi'oé 'ng?fg 31/ 5 g:art |

ercially avallab orp,

o degignation “Irgacure 369"

cl es

" sopropybipsanitepen spmmersily | SRlsbion G0, Bidge-
Sawyer Corp., New York,ON¥ (Ristributor fos (Qctel Shemicals,
cUnited Kingdom) under the trade designatien TQuaunticure ITXSp

triisostearoyl tit
CEC3 Ceri
about

e coupEthylef-Gliaerbylamino) benzoate photoinitiator come@icialiy

abr asi ve

gpailadblecirans Biddle: SayyerCony @ndey ehepiradei debignatibn ¢
0"EPDYi croneter, Lot #74906 comercially

ver age
1y
opyl

b Of

avail able from

‘Ceria abrasive par
0.490 m croneter c
Yan, NY, under the

PHS
ticles ha

onmer ci al
trade de

2-hydroxy B3, 4—8’\'neth}ﬁ%i?o 9H-thioxahthéri2-yloxy)-
VNN & tﬁﬁﬁiﬂ@ﬂl—@%@ﬁﬁﬁﬁ'nmr tohiokige S icdMmercially
HraifibR! fhohb bﬂafersawgéFrc%P&% &P thel @5&3 designation

abrasive particl es[#
m cronmeter commerc| a

trade designation
(reported average

SIGARIWRYTIRS- 1
O

Ghes comfrerchally le from Biddle-

commercially availfable fro ﬂ@%g ‘E R "
Pl ai ns. NY yunder the t+rade cs a\mn men LR 8893
#530401630P CACO Calciunt ¢ carbonate filler havm!, an average particle size of about

one micrometer, commercially ‘available from Pfizer Specialty
Minerals, New York, NY under the trade designation
"Superflex 200"

CACO2

Calcium carbonate filler having an average particle size of about
2.6 micrometers, commercially available from Pfizer Specialty
Minerals, under the trade designation "USP-MEDIUM”

CACO3

Calcium carbonate filler having an average particle size of about
4.6 micrometers, commercially available from Pfizer Specialty
Minerals, under the trade designation "USP-EX-HEAVY™

CACO4

Calcium carbonate filler having an average particle size of about
0.07 micrometer, commercially available from Pfizer Specialty
Minerals, under the trade designation "MULTIFLEX-MM”

SAI

A silica suspending agent having a surface area of 50 meters
square/gram, commercially available from DeGussa Corp. under
the trade name "OX-50"

PLFP

Filler particles having an average particle size between 5 to 7
micrometers, these filler particles were a combination of
micronized polyethylene and TEFLON (PTFE) and were
commercially available from Micro Powders, Inc. Tarrytown,

iy
Ui@;flﬁ.ﬁ Sg'éﬁéen—n@%
4 6- lb -diphenyl-ph
Lz thet p ercrlal:h;3 n:va‘:laziz ;"::m BA@-’ (ot A 1 e

Ceri a

ticles

5)

NY under the trade designation “Polysilk 600"
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TNOX Stanni c oxide abrasive particles. comercially available from
J. T. Baker, Philipsburg, NJ under the trade designation "S-

3976" _ ZRO Zirconi a abrasive particles having an average
par_t:clble s:cze of about 0.3 mcroneters, conmmercially
avail able fr Corp., Tokyo, Jpepid t he
trade desi gng{q%ﬁ Z- 3YTSK" : TI O Ti t ani um di oididggﬂg
ga;t icles having an average particle size of about

.3 mcroneter. qUyRERTHIANTY avalrTaole TrOoMm katedsl .
Fairl awn, NJ unddr %ﬁa‘ [ dde _desjignation "T’%l'—% Tigerr]”
-74- WO [9YA1L1484 | An anionic dispersing agent commercially available from Byk
PCT/ US96/ 15089 _ DeGliegivat Watlingford, CT under the trade designakim eri al
PHI 2, 4,16- Tr i met hyiDispebely i 1t phenyl - phosphi ne_oxi de photoi piti ator

commerci al | y avai|lgRie T g Biptrsintagért Qoimnerdillly Unvifable! frism IC1 America
trade designation "Lucirin (iECwilmington, DE Ritder the trade designation “Hypermer
I2- Be{lzyl - 2- N, N-dijnet hyl ami fngy2- (4- nor phoI I no- phenyl ) -

- but anone, com®
@ eensbor o, NG u% DA Y tré‘dﬁ‘ﬁgﬁ@dfsﬁa {lhg-hgtn t%'@t'nﬂ)!rcfaﬂ’f RBvailable from Byk

fdr® 3
2- 1 sopropyl thi oxant hone ¢ mﬁgg{b iﬁys- vé‘?l a%Te from Bi d%ldlee-des'gnamﬁ)
Savvyer Corp , MNMarle

Uni t ed Ki ngdom) u]n%g? the |7 2eleth f’e %se)’%h At ﬁ'%%}nﬁiﬁu‘)‘r available | -,
Et hyl - 4- ( di net hyl fani no) berg% ‘é‘ h‘8 H‘ftﬁ‘ 39&&32‘5&*@&@ Hypermer

avai l abl e from Bi dd.Le;Sawy

" EPD" PH5| ASP Hyerl“ai' ate fflen copmer
9H-t hi oxant hen- 2-VIl oxvy) - Menlo Park, NJ, under the tradgl gsxgqatlon "A
trimet hyl - 1- pr opaldini um | 2 Ehetbeiygthoxyoin eerylale ommercially available from
avai | abl e from Bi ddl e- SawySar@mepCon sy undakthe tradp-degignatign 9ariomer 256 |
"Quanticure QIX' [MA2 PHGaury! acrylate cotwmercigliyayailable framt Sasomer 6ominceilal | y

avail able from B ddle- under the trade designation “Satoyrer 3330r p. _under the{trade
desi gnation "Quanfy@are PTKsodecyl acrylate commercially available from Sartomer Co.,
Inc.. under the trade designation “Sartomer 395”

ngelhard,

MA4 Propoxylated ncopentyl glycol diacrylate commercially available
‘from Sartomer Co., Inc:, under the trade designation “Sartomer
9003"

CACOS "Calcium carbonate filler, commercially available from Pfizer

Specialty Minerals, under the trade designation “USP Heavy
Calcium Carbonate”

SIN A silicon nitride abrasive particle having a particle size less than
about 2 micrometers commercially available from Starck,
Germany under the trade designation “M-11"

YZR1 A sintered yttria modified zirconia abrasive particle having an
average particle size of about 0.2 micrometer and comprising
8% Y;0:-92% ZrO, commercially available from Tosoh
Ceramic Division, Bound Brook, NJ under the trade designation
“TZ-8Y". the zirconia was essentially fully stabilized in the
tetragonal form

YZR2 A sintered yttria modified zirconia abrasive particle having an
average particle size of about 0.3 micrometer and comprising
3% Y;0:-97% ZrO: commercially available from Tosoh
Ceramic Division under the trade designation “TZ-3Y". the
zirconia was partially stabilized in the tetragonal form

NHC Ammonium carbonate salt (NH;HCO:) commercially available
from Alfa Johnson Matthey, Ward Hill, MA
TANA Tannic acid commercially available from Sigma Chemical Co.,

St. Louis, MO
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PH7 2,4,6-trinmethyl benzoyl - di phenyl - phosphi ne oxi de liquid
photoinitiator commercially available from BASF, Charlotte,
NCTmder tne trade desitgnation "LCucirin LR 83893" CACO
Cal cium carbonate filler having an average particle size of about
one mcroneter, comercially available fromPfizer Specialty

M neral s, NewW@27R1484lY under the trade designation PCT/US96/15089
"Superfl ex 200" CACO2 Cal ci um carbonate filler having an
average particle size of ahout 2.6 .01 cronet ers
comercially avail a!B¢S!gﬂat|lQ§lnl\ Pfi zer Specialty Material eral S,

under the trade d atrorm——HS

carbonate filler h?ﬁ“}lg an a%fgéyé 3”%5?'??’?{?"3"5'5%"2@"@ir° gpa Chem'uTCE’
4.6 mcronmeters, darMerci al I@almwa&m@mérmm RbmafRfcialhp &vhiRbleYfrom Alfa
M neral s, under tHe trade deshmbRMalhey udiE-thetrdded¥sianation “Wollastofite?

Cal ci um car bonat e {TZgTErT havA rgqug,gd W&\Béﬂnﬁ: B C

an
0. 07 m croneter, domrerci al Y& rcially
Mnerals, under the trade d%%:gbﬁb}oﬂ )ln Flemmg,ton%under A
silica suspending agent hawvi tﬂegl,rﬁlg?l% n% @ 0 Gret e
squar e/ gram comeret+ety—avartabte .
t he trade nane " OX-50" PLFP Filler particles having an
average particl ePﬁdpﬁﬂltbﬁWﬂﬁ"C@Oi Abfasive Particles m croneters,

these filler particles were conbi nati on of
nmi croni zed pol yet hyl eHs esid 'PEF!YW“(‘P*FFEF’&HG%%r‘E‘th a coupling agent in the

comrercially avaféJII@@inE ﬂaﬁﬁéptM&ﬁl(tmm‘Pf( %Eﬁi'asn;gei{amﬁef?ware mixed together

NY under the trade deSignation "Polysi

-75- S \\OWIY /an ]gmmpyl tmsostearoyl titanate coupling agent and methyl ethyl ketone
PCT/ US96/ 15089 erial
DAL A S50YeBh; ARSI & Veb i wrs evplisi o emayehe rwenis salyeat.( FAsR ey k

Chem e. Wl | i ngf the Gerid"particide ivekehdrieti ra G6orl @érhyfeddire Fr 48 hours. The resulting

"Di sperbyk 111" . . . . . . .
abrasive particles contained approximately 1% by weight coupling agent on their

surface.

10

General Procedure | for Making an Abrasive Slurry Comprising a Ceramer
Binder and Abrasive Particles

The ceramer binder precursor was first prepared and to this were added

additional materials to form the abrasive slurry. To prepare the ceramer binder

15 precursor, the SISOL1 was first charged into a round bottom flask, followed by
HEA, CAl and CA2. This order of addition was important to achieve a uniform
ceramer binder precursor and prevent gellation of the ceramer. These materials

were mixed together to form a uniform dispersion. Then the flask containing these
materials was placed on a rotary evaporator and heated for about 15 minutes at

20 55°C and continuously stirred. Then a vacuum pump system operating at about
2.64 - 6.60 KPa (20 to 50 mm Hg) was installed to remove a portion of the water

while maintaining the rotary evaporator temperature at about 55°C. These

- conditions were maintained until enough water was removed so that the resulting
ceramer was about 66% by weight solids, in about 30 minutes, thus producing the

25 ceramer binder precursor. BP| was then added to the ceramer and the resulting
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DA2 A di spersing agent commercially available fromIC Anerica
Inc., WImngton, DE, under the trade designati.on.“Hyperner

LP1" DA3 A cationic dispersing agent conmercially
avai |l abl e from Byk Chem e. Wallingford, CT under the .
trade designation " Di sperbyk 115" PCT/US96A S50

A pol yet hyl eWQ %48 based di spersant comercially avai | abl e
fromICl Anerica Inc., under the trade designation "Hyperner
KD2" ASP blend was mixedrforabont ousininiteat GEG2 Mg thea cmm!b'iadﬂwalﬁvtael abl e

from Engel hard, . . nl o.

desi gnation " ASPéﬁmeng blend was'l\}ﬂ'fed about I\%‘ur '%'"F%E [\ﬁ%‘Xye@ §/)a&&?hy"fiat§cr yl ate
comerci al |y avairésalting blendnwvas mixed about four minutes. Pﬁahh@ﬁﬁﬁs tdded dnﬂothe under
the trade designation "Sartoneyr Lauryl nxl ate

commerci al |y avairtsyiing b FF%WP’SQP‘P%M“‘ bygp minujes. Mé‘z’“m”‘"g this, PHZ was ‘added 2 under °

the trade desisgngid RGuling¥Iémd s miked about three o3 minutes Next! syl caeryl ate
comercially available from Sartonmer Co., Inc., under -

the trade desi gnatasaddedSidithereasulgags blend was mixegaout one minute.PrASadgitianabd
neopentyl g ycoI 1%6{9 s%h&td 8 mgu‘ftén l ldéﬂdg\)%g'nln?éal about thr§(§i H‘%’rtregrto form the

from Sart oner der 't he nat1 on

9003" C/hﬁi%ve slurry. Cal ci um carbonate filler, comrercially

avai l abl e from Pfizer Speci al ty M neral s, under the
trade designation "USP Heavy Cal ci um Car bonat e"

SIN 10 SiGdneR PRIcedn:dq1 &‘?Mﬁh ga.pamsﬁﬂeesnmycaapa.siaeatc&hﬁusI ze

| ess than Binder and Abrasive PA8 m cronmeters comercrally avail able
from St arck, rmany under the trade designation "M

|1 YZRI General Pﬁp@ﬂwpé'r@awms ian AbEgive Shery Gompeising a A1Famsr v e

ﬁ]ag'; i)(r:rlat?e?a\ellinggcgd}npdr T and ébraswe Particles was es&%ﬁﬁl@%g%ﬁr CEF%E rofédggés?m 0.2
Zr err] conmmer cieatdpy ﬁn\zm folloWieg thanges. THealeramer did not include CA2. There v@ge ami ¢

Di vi si on, Bound Br t trade L gnatLaon

"TZ-8Y": the i r¢ 82%35’%!&%“3%@{1{* g&ﬁ%@fm ?e‘g‘gégﬁﬁ‘?-g&&“i‘sn°ft%‘ charged to

tetragonal form the round bot¥afiRBask. The cerafhed Wik GEadell it trippedraglinf Prockdatericoni a
. abrasive particle having articlfethsue of

era
about 0.3 micr Omg{hg,abgﬁue gﬁf@pr"ﬁ%mn‘& by mixing 11.4 grams ofaB m?o 40Qgrams o

YlerrJQ err]-97%gfblepr Kidxt Cﬂm@ma af B2 A¥Rialideal16 fi§ MERdT F206wing this, 540.0
Ceranmi c Division under the trade designation "Tz-3Y"; the

zirconia was par tarais §f GRQRowere geadually mixed inte thisklenda|Nexo 29 grams of PH1 wene:

From Al 15 Joieor KL IR DI Fibdy| £7 s SPPRE Wetclih A6 Biho form

conmmer ci al | y avaithedbrasiviesinmy Si grma Chem cal Co., St.
Louis, MO - 76-

General Procedure 11 for Making an Abrasive Slurry Comprising a Ceramer
Binder and Abrasive Particles

25 The ceramer binder precursor was first prepared and to this were added
additional materials to form the abrasive slurry. To prepare the ceramer binder,
200.0 grams of SISOL1 were first charged into a round bottom flask, followed by
20.67 grams of HEMA, 20.67 grams of BP3 and 16.38 grams of CAl. This order
of addition was importamt to achieve a uniform ceramer binder precursor and

30 prevent gellation of the ceramer. These materials were mixed together to form a
uniform dispersion. Then the flask containing these materials was placed on a

rotary evaporator and heated for about 15 minutes at 55°C and continuously stirred.
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PCT/ US96/ 15089 Desi gnati on —Material
SAR— SaftTTyrTC actd comercially available from Si grra “Cheni cal Co.
CVS Calciumnetasilicate filler conmrercially available fromAlfa

Johnson Matthey under the trade designation "Wl |l astonite"
A sintered nOWO@IAM84 zirconia abrasive particle having an
average particle size of about 0.7 mcrometer comrercially
avai lable from I\/agrne3| um El ectron Inc., Flem ngton, NJ under

the trade desi gnatfihemavasaumpump system operatissiahabosh2.64 - 616K RI2P tasp mem Heg)
Particles | a
coupling agent in taﬁ mmimoﬁr?’%‘%oﬂn{l%n%fﬁlﬁ%?&%O*%?ﬂ]%{)&%ﬁ;eﬁgg%gﬁ
abrasi ve particl eswaamamtmeﬂ@dahwgéi°ﬁerTheEﬂask contamirgrthe meteridp whs subjected to

t t | titanat d net
ol vent. A ter m Arageon Oy el R PinsSre e ancbal o S P ramet e e

ZR
PCT/US96/15089

Then t he sceraban rm%t §otill€ Sn WBsuU® 30T Thifbtes thusORIFMihE MHRCEePnibr Binder ﬂ&thour S.
The resulting abr asive particl es cont ai ned ap Er oximately 1% Db X ght
coupl i ng agent on 10P@igrams of this geramer hinden precursor wegg plageq '“‘Pr%é%ﬂ”ék.lt o

Making an Abrasi ve g3l ys.f.r%oﬁsmhwa BofLHAAPS were addelPt§ P/ cafier 200 ve

Particl es e ceraner bin precursor was first prepared and
to this were addealesulting blewwil&mmda#bonmmrmialhts. Follnﬁrdmgmhtshdaoablm gremsblir ry.

To prepare the cer r . S| SOL| | rst harged
into a round bottom ﬁggﬁoﬁ"?'?ddea% &%r@sﬁﬁnnﬁég,ﬁd &ﬁmgﬁ%% "‘i’ﬂ'i"gl Br der
of addition wae i IFpﬂﬂW:gmlsIms ng@FEHaweﬁitfdﬂédTRnd the resﬂﬁfgﬂﬂﬁfd vizds ibeed for

T xed Toget her 1 o 3Pk RGNS oPoRReBincl 2 Bomr AR Nera ek Rt gy

t hese mat er ibRhé wiGhixed AACthRR 1@ fduP nfkies Wﬁrﬁﬁﬁl&tagfasxwﬂuﬂ%ﬁat ed for

about 15 minutes at 20 55[err] C and continuously stirred en a vacuum
punp system operating at about 2.64 - 6.60 KPa (20 to 50 mm Hg) was
install ed to renp@enerapBrocedsnre dY fartMaking an Abrasive Sliniry EompirisingiaCergmehe
rotary evapor asor BimlepandAbrasivatPaatidest 55[err] C.  These condi tions
were mai ntai ned until ough wat o that .the.res

ceramer was about 66% ﬁ(’} ?ﬁg‘\“ﬁ\ﬁlﬁ"‘g‘dﬂ’“&g“"ﬁ Wasy H%Lﬂrc'?(frarﬁ“ﬂﬁﬁﬁ‘ w“t’ﬁﬂ@eg?}b"duci ng
t he additional materials to form the abrasive slurry. To prepare the ceramer binder,

366.4 grams of SISOL1 were first charged into a round bottom flask, followed by
306 grams of CAl and 71.2 grams of HEA. These materials were mixed together
20 to form a uniform dispersion. Then the flask containing these materials was placed
on a rotary evaporator and heated for about 15 minutes at 55°C and stirred .
continuously. Then a vacuum pump system operated at about 2.6 to 6.6 KPa (20 to
50 mm Hg) was installed to remove a portion of the water. The rotary evaporator
temperature was maintained at about $5°C. The flask containing the materials was
25  subjected to these conditions until enough water was removed so that the resulting
ceramer was about 66% solids, in about 30 minutes, thus forming the ceramer
binder. Next, 40.2 grams of this ceramer binder precursor were placed into another
flask, then 0.47 gram of PH2, 0.47 gram of PHS and 0.47 gram of PH4 were added
to the ceramer and the resulting blend was mixed using an air stirrer until the blend
30 was essentially homogeneous. Following this, about 9.8 grams of BPI and 9.8

grams of BP2 were added and the resulting blend was mixed until the blend was
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25 ceramer binder precursor. BPI was then added to the ceramer and the

resul ting -77- WO

07/ 11484 '

PCT/ US96/ 15089 bl end was m xed for about one m nute. CEQ2 was then
gradual |y added and the resul ting blend was m xed alpyiisscAsdss M nut es.
Next, TI O wXNOHH® and the resulting bl end was nmi xed about four

m nutes. PH then was added and the resulting blend was m xed about

two mnutes. Follg %ﬂg enegﬂilz NeRS S@Q%e%ms%@EOZQere Eﬂeua'ilgiﬁkieh'aﬂgtml end

was m xed about t m nut es addi ti onal was added
and the resulti rlgaﬂxirur\ﬂhnvl/ab@s mxxédn fopy the abrasiverinuy.e Any addi ti onal

TI O was added and the resulting blend was m xed about three mnutes to form
t he abrasive slurry. 10 General Procedure Il for Mking an

Abrasi ve Slurry GewepsliProegufe K3or Muking the AbrasBientigicleand Abr asi ve Particl es

General Procedure Il for WMaking an, Abrasive Slurr nprising a Cer r

Bi nder and A% asive P%P?IVB’P@Q%NE@E%H%W?WWQ%c‘éfgp"@ @i ocedur e’
! except f&ht.wan*imlﬁpsam&gdma&@s@ar heseCbAMRE Weid BRAN geaminuqe CA2.
There were 15 457.5 grans of SISCLI. 88.75 grans of HEA and 37.5 grans

of CAL charged tpredetermined prder orouay. Hstorestvctiondop! wasigsseptially therinveess ofithet ed and
PPl 89 ot "prAeRREf Wb dimensions and"FreBlbrRchl 6P (i blalive YmfiBEIEs DVTAE <! 1O

11.4 granms of B rans
of BP2 were addegtotiuetibmtool b/hemlureEm kmmahgpmén ;ﬂateﬁsi@ﬂmaskmg typegprasmreof CEQ2
were gradually mixed in

mxed into t}l s BMENE. ad,%m\gl ﬁlaée bﬁei a@?ﬂ‘r”?’sﬂgﬁ‘y ﬁﬁﬁg\()\ﬁ% "ﬁ? % vﬁeiff mes bl end

to form t fredwRkibR $dol @sifg  ribber squees.ee suéBE‘ﬂiQtr thk ab¥asioe sluire compledelyr
Maki ng an Abrasive Slurry Conpri si [% Bi nder and Abrasive
Particles 25 filledthe cam'es cRlexhePP li’*‘ﬁb‘& WB? B"@H&élﬁdﬁ"’\%@m viththe abasivead and

to this were addggry contsi gﬁﬁieteaan@ql of TR g.rohaézﬁntteoufwmbsé}em@é?r@@rmdsl urry.
To prepare the cerarrer% rans of SISOLI were first

charged into a rauwsd thedtack surfabegfithe bayklnammsnse that the abrasiye glpriy rveatted gre HEMA,
vas 1 oo 1 ark t oGS o 1 e PR oL oo M GuediEl ar subes, eS| OF
was cured by passing the tool- together with the backing and binder precursor for four
passés under one ultraviolet. light lamp:(*V" bulb, commercially available from Fusion
Systems Inc.), that operated at about 236.2 Watts/cm (600 Wattsfinch). The radiation
passed through the film backing. The speed was between about 7.6 to 10.7
20  meters/minute (25 to 35 feet/minute). In some instances, the sample was greater in
width than the "V" bulb. For such a case. one side of the sample was passed under the
bulb two times, and then the other side of the sample was passed two times under the
belt. This ultraviolet light exposure resulted in the polymerization initiation of the binder
precursor and the abrasive slurry being transformed into an abrasive composite with the
25 abrasive composite being adhered to the PPF film backing. The curing was done in
ambient conditions. Next, the PPF/abrasive composite construction was separated from
the production tool to form an abrasive article. The abrasive article was then heated for
about 15 seconds to one minute at about 110°C to 115.5°C (230 to 240°F) to activate
the primer on the PPF backing.
30 To prepare the abrasive article for testing, the edges of two abrasive articles

were abutted and laminated to a pressure sensitive adhesive tape commercially available
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30 prevent gellation of the ceraner. These materials were m xed together

to forma uni form di spersion. Then the flask containing these
matertats—was praced on a rotary evaporator and heated for about 15.
m nutes at 55[err] C and continuously stirred.

- 78- WO 97/ 11484

PCT/ US96/ 150990 97711484 Then a vacuum punp system operati né’cafusm 2.64 -
6.6 KPa (20 to 50 nm Hg): was installed to remove a portion of the
water. The rotary ev rat er at mai nt ai ned_at apout
55[err] C. The flag‘k“‘ tsérl h 'tqp ‘Taﬁ?gewg"“é‘uﬁf‘é‘é‘cé%’eﬁ‘ﬁe T963MP™. { hese

condi tions until ﬂteatm.%t@izm\emmhﬁfmmdlaﬁ@st%maemgxercﬁﬁuhumg ceramer was

5 about 66% solids, in about 30 m nutes, thus form ng the ceraner binder.
Next , 100.0 grans of this ceraner b| nder precursor were placed into
anot her flask, th . granms of BP2 were
added to the ceraﬁkmgnpd.o‘f‘cﬁlgrﬁirgrﬁgglggﬁﬁa‘iﬂﬁﬁ@%?én é/as m xed about one

m nute. Fol | 0@ ng thi Sheabmsive idicleOwas iasde @f a machine s:%ﬁZtovwhaﬂllgﬂﬁfHdahl y
added - and the resyl ti ?g\ﬂgl end was xed gbout four m ng(;]es Fal | owi ng
this, 0.5 grams of'8¥H E"&P&‘&‘a‘éap RO € NS REQTFSI RS BT ‘Ef"\k%t%c'ﬁtsﬁ&? Por
about two minut escleaﬁ%dwﬁ)wwybmpﬂenelpradat:anﬁ,opt,aﬂ?&.m&ﬁm%Qﬂﬁ%eaageﬁeﬁe
resul ting bl end was m xed about three to four mnutes to formthe
abrasive slurry. of cawt-es witlspeeifigd dimepsians areanged mmpmmrmgneamdmroamse

Slurry Conprisin A&

The ceraner bi ndglr-l% fg{%’ursJP&vﬁ/’aass e&enﬁlgi[ﬂﬁ B‘?Qg’é‘r%gémbg& & h%#% d\;\&zern?a'o'a(fged t he
addi ti onal matoer i atapgement ofrthe ablrmvatnoapmsnes sTherproductian tpmleamruawbinﬂ fﬂmi amer

bi nder, LSOLl were first cha bott om

366..
flask, followed ‘Q/""écrgrﬁe “?@%"eg‘?lg%wﬁﬁ Cqaled aéﬁ%P"*/ie"?L'gF"M“dé“rW "“ Ese

materials were mostitles S PRédudfion tdod ut.eg m\ac.unt t-lef mediosﬂaer Neli)- thBBR t he
flask containing these materials was pla a rot ary evaporator
and heated for aHl?&'f‘“&B’aﬁprﬁ%’éé“‘St”S‘B‘f‘e‘f"F’] @eéhﬁs‘gﬁ F'Prﬂéamed productipn 1ol ous| v.

‘Then a vacuum purgcsinat GEaBRAVELGHY @/Enéi‘lbtﬂé”frogt s@«rﬁl& &F-tfe KiRRink 2 AdePvards, 50
mm Hg) was installed to renove a portion of the water. The Totar
evaporator 15 ltheﬂmwat&-blrredlm wmtnmahmedjtlmumhmrowpen tqoCandrinte the ask
containing the majer tv@slgr yog §5 Aifferdy Oha %féfiamgs WaRSRe, ANids! OAR ARGV
enough wat er was Tenove Lot {he T 65

lamp was a Fusion System-ultraviolet light that used a “V” bulb and operated at

236.2 Watts/cm (600 Watts/inch). The second was an ATEK ultraviolet lamp that

used 2 medium pressure mercury bulb and operated at 157.5 Watts/cm (400

20 Wattsfinch). Upon exposure to the ultraviolet light. the binder precursor was

converted into a binder and the abrasive slurry was converted into an abrasive

composite. Then, the production tool was removed from the abrasive

composite/backing and the production tool was rewound. Following this, the

abrasive composite/backing, which formed the abrasive article, was wound upon a

25 core. This process was a continuous process that operated at between about 4.6 to

7.6 meters/minute (15 to 25 feet/minute). The abrasive article was then heated for

about two minutes at 110 to 115.5°C (230 to 240°F) to activate the primer on the PPF
backing,

To prepare the abrasive article for testing, the abrasive article was laminated to a

30  pressure sensitive adhesive tape commercially available from 3M, St. Paul, MN, under
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ceranmer was about 66% solids, in about 30 mnutes, thus formng the ceraner
bi nder. Next, 40.2 grans of this ceraner binder precursor were placed into
anot her flask, then 0.47 -.gram of PH2, 0.47 gramof PH5 and 0.47 gram
of PH4 were added to the ceranmer and the resulting blend was m xed
using an air stirrer until the blend 30 was essentially hesRg S.

Fol | owi ng t hi%o U 9.8 grans of BPI and 9.8 grans of ngg\ﬁ/'\gre
added and the resulti ng bl end was mi xed until the blend was

-79- WO ¢ traidedddgnation "Scotch 467MP Hi Performance Adhesive". Then, a 30.5 cm (12

PCT/ US96/ 15089 essenti al ¥ neo Next, 54.2 granms of CEQ2
were gradual |y adﬁé’ﬂdgﬁ'atef‘f'fgula”e‘“ ampﬁ:éggﬁ PHJOBENE was ni xed to form t he
abrasive slurry. General Procedure |I for Making the Abrasive
Article 5 poedy owl ene production tool was provided that
conpri sed a seri eGengral Procedure HY foriMaking the Abyasive Artirleli nensi ons and these
cavities were arrange r r

producti on too? was e;tgéerﬁtiaf‘gmc§dur eml ﬁ%g eg‘gmo‘fqﬁg{“%egs @en%“sller%gegx ape,
- di nensi ons and ar mqgemnbwaei\ottdamedloue;sia\cbammptmﬂttwe idetina! ultraviolet lamps

producti on t ool red tal i er, plat type
pressure 10 senmf'% YaIFmL %‘F?ﬁ Wh@'"&&"gsﬁ\?@lél #m&%@; 0|nto
the cavities of t{usfnch) wer@aeduwhd Msﬁ,@mwwsuaaune:ahéawatrerabaaugeﬁeﬁdemh
that the abrasive slurry conp | ed the cavities. Next a PPF

backi ng was br ougéne mlmteat@bmtaléi’ tQNY 5R°¢ h@oéﬁﬂﬂgﬂ/@ activate the primer of thedRRFa ned
in the cavi t| Oﬂac%nn ¢ production tool. A rubber roller was rolled

across the back sirtace of the backi ng to ensure that the abrasive slurry
wetted the 15 front 'Ewpr[emetl'cfabtabiee imidkifatgesﬁlgi tvo abmasive articlesywena Jeisedr ed
air bubbles. The art

h y h ith
t he backi ng and bf%ﬁh‘?’ apd lapingted to afPB?ss"ir%ﬁﬁ?smvg a(ﬂnesweﬂggsctg %ﬁ’%gg‘f V%'ﬁglgtﬁoer "

ultraviolet |ightslase RaulMRUkder qmmeccieaak.hanowswtabhm,in &1 FerfBinfaRice
Systems Inc.), that operated at about 236.2 Watts/cm (600 Watts/i nct}) The

radi ati on ﬁﬁ'&%‘é‘ﬂ' t Hhew -2 BB (3 ingi)sinmeten gircular st sapwlevageglie e e en

about 7.6 to 49 P‘ nmeters/mnute (25 to 35 feet/mnute). In sone
i nst ances, the sanp 8 was greater in wi dth than the "V' bulb. For
such a case, one side of the sanple was passed under the ' bul b two

times, and then t eotp\e_r Ethti S edtwotlrres under the
belt. This ultrav §Mef ’|° g(% i g‘“ﬁ suI 8% a‘ﬁe pol yneri zati on
initiation of the bi nd@éneral Procedure IV for Making the Abraswe Article was essentially the

same as General Procedure | except that the abrasive anticle was not heated to activate

20  the primer on the PPF backing.

General Procedure V for Making the Abrasive Article
General Procedure V was generally the same as General Procedure 1, except
that the wetted PPF backing and binder precursor, still secured to a metal carrier
25  plate, was passed through a bench top laboratory laminator commercially available
from Chem Instruments, Model #001998.  The article was continuously fed
between two rubber rollers at a pressure of about 280 Pa (40 psi) and a speed of 2
to 7. The article was cured by passing the tool together with the backing and binder
precursor under two iron doped lamps commercially available from American

30  Ultraviolet Company, that operated at about 157.5 Watts/cm (400 Wattsfinch). The
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precursor and the abrasive slurry being transfornmed into an abrasive
conposite with the 25 abrasi ve conposite being adhered to the PPF film
backimg—The Turtrng was done in anbi ent _condi t1ons. Next, the

PPF/ abr asi ve conposite construction was separated from the
preduction tool to forman abrasive article. The abrasive article was then
heated for WO 97/HMRUt 15 seconds to one minute at about 1POTES6{18089q
115.5[err]C (230 to 240[err]F) to activate t he prlner on the PPF
backi ng. 30 t| n e
edges of two abr asfaslgnoa}gssgfm%agﬂhs R b@‘g{" é fpf%edw*gr? oyt ierid’2 ﬁg QQ
pressure sensiti vefestthimgéhand thamplmvmpassedahnb%hawanhebl e

- 80- WO 97/ 114.&4 , e f , . . .

PCT/ US96/ 15089 Q RiFRarsthe abpasiveartigle fof eting, the abrasiye.articlewas lamiratedia i on
"Scot ch Adhesive 753 sensitive adhesive @ipe cé&m%&cnﬁllycd%lfaﬂlgﬁ'bﬂ@m Sﬂ'ﬁﬂFW u‘ﬁﬂércm ar

test sanple was die cut for testing. General Procedure

Maki ng the Abr di vibe jade designation "Scotch Tape 46TMB BijiRerfermancestdhesive’s m arﬁﬁé on a
machine simlar tog) h@tmchidldﬁﬂe?at‘cﬁﬂr samplewas'ﬁ'i {fgrt%% Qf the present
application. This process was carri ed ass 000 cl ean
room A pol ypropyl ene production tool was provi ded that conprised a series

of cavities with s eC|f| arr d in a predetermned order or
array. The prowmh rg‘ffgf"be “(ﬂég’f 'ﬁf%gﬂ ‘t‘ﬂé‘o{ ®nverse of the desired
shape, dimensions and TneralaPratedieeeVl vads &daamany ahd \BmE ARRRSH 128 SGenbhit
producti on tool s unwouynd from a w nder. The abrasive slurry was

coated at room% erfeFeqE s Cexerpt thay FS'I“i Rigder pregursqsevas cured by-pagsing; thestook togeter

production tool USLflduR ¥REH %rﬂnﬁlﬁ?ﬁdeld' pRec & Gider Nﬁétwsmtehﬁgﬁpgn oy @Ck' ng
was brought into contact wt he abrasive slurry coated %tl on ooI
such that the abr #omierciglly,ravgilabletfraar Fusien fSysserns, sine.f ek apératetheat batold 1660

Afterwards, 15 ‘Ilwéhol et light radiation was transmtted through the
and n

production tool t he abrasive slurry. Two different

ul traviol et Iarrps were used in series. The first W | anp was a Fusion
System uItraV| P am] that used a "V' bulb and operated at 236. 2
Watts/cm (600 tt§f| ). The second was an ATEK ultraviolet |anp that

used a medi um pressur eA”E’bGﬁthnM@a@ﬁﬂd@ﬂeézﬁﬁlﬂ,ldp&%prép@ﬁmémmhhlsérpmrfeépo 20

Watts/inch). Upon exposure to the ultraviol et bi nder precursor
was conver t depsteRitog! baving Rerasting Serface eomprised; Pﬁ/?ec%lFQi\Or' pf odizcentoninssted d

into an abrasive pyramids. The resulting production tool contained cavities that were in the shape of
truncated pyramids. The pyramidal pattern was such that their adjacent bases were
20  spaced apart from one another no more than about 510 micrometers (0.020 inch).
The height of each truncated pyramid was about 80 micrometers, the base was
about 178 micrometers per side and the top was about 51 micrometers per side.

There were about 50 lines/centimeter delineating the array of composites.

25 Pattern 2
This arrangement of abrasive composites was similar to Figure 6, each row
comprised alternating abrasive composites which had the "cross" shape with
abrasive composites which had the "x" shape. In this arrangement, the abrasive
composites from the odd rows were offset from the abrasive composites of the even
30 rows. In this arrangement, the total length of both arms of either the cross or the x

shape was about 750 micrometers and the width of one arm of either the cross or
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conposite. Then, the production tool was renoved fromthe abrasive

conposi t e/ backi ng and the production tool was rewaund. Follow ng this, the
abr asi ve conposite/backing, which formed the abrasive article, was wound
upon a 25 core. This process was a continuous process that operated at
bet ween about 4.6 to 7.6 meters/mnute (15 to 25 fe ' The
abr asi ve art V@1 t hen heated for about two m nu?‘fadgﬁ?twg?%’to
115.5C (230 to 240[err]F) to activate the prinmer on the PPF backi ng.

To prepare the athE@cséh‘éﬁe ab 1a6o ‘&me&&ﬁétér@gﬂﬂet’@v@ﬁr oY 2270 TnfirbRetéds
| am nated to a 30 pressure sensitive adhesive tape commercially avail able

from3M St. Paubeiweed thegenter of one cross w)llg7¢cm_t_:n®ﬂthr. adjacent x shaped abrasive

PCT/ US96/ 15089 rade | at ion r rance
Adhesi ve". Then,<ompgsites ﬁ‘ﬁ{ vk “buu% ﬁeék?f“dﬂ g‘cﬁ%‘{‘ g)& é’?sls efith hn@a{n[: sanpl e
was die cut for Tﬁﬂfeigﬂﬂof the compositesGRizab@lt 7Bmiicrenhekes (B Inilsy. OThe\drbssexdantdhe

Abrasive Article Cener al Pro dure |1 erall y. the same
as General Priocedld P"@’el flightly 'ape"e‘b?’t‘gﬁf' “Pﬂ& f‘w\ﬁ%&abﬁﬁ'ﬁ V\géﬂ g‘? aﬁsrfﬁft i{ .

clean roomand t S tdoRfg wis add/ b btkudk | 1¢id Bito Y mhseer) that
used a "V' bulb %iﬁ%dcgperati% at 536’2 V\a|t t“g/rrgfs}ntmggop0yp"{p5 V\atot s/inch) were

used. The abr asitoel which wasgnada by  photolithegraphic moccas:) dRuring shis photelitkographic

one i nut e at about 410 ey hdi SLE! "h6ih238 4 nBARER PEpkOsRE Hihe the

primer on the PPE rasive

article for testphmhtltdgnph}bwasusee tarcteae| ths dmedep;umrmaw the magneshmgphﬁeer and
Iamnatedtoapress sensi |ve adhe vetaeco rcially available from
3M St. Paull® M\P"astﬁr\ 19 ¢{eate ﬁcﬂé"edi'ég'?déh‘é&tf‘f)ﬁ SIELB'ch 467MP Hi  Per f or mance
Adhesive". Then, a 30.5 cm (12 inch) dianmeter circular test sanple was die
cut for 15 testing. General Procedure IV for Mking the Abrasive
Article Pattern 3General Procedure IV for Making the Abrasive Article

was essentially the gy patte 12\?{63% 23RNSR offilo %@%Hﬁfa cirbatfro@bsst Létfont he

abrasive article was not to activate 2 rimer on the PPF
backi ng. TheBe mereahbolt 3@ qusts et/ lifeal clb(d0 mypsts rper Amathb)e Ahe ipotte

15 diameter was about 100 micrometers (4 mils). The post height was about 76
micrometers (3 mils). The posts were slightly tapered with an angle of between
about. 15 to 20 degrees. The production tool was made in a2 manner similar to that
of: Pattern #2 using a photolithography process and casting a polypropylene material
from the master tool.

20
Test Procedure 1

This test procedure simulated the planarization process of a semiconductor
wafer. The workpiece for this test procedure was a silicon base unit having a
silicon dioxide layer (i.e., a "blanket" wafer). In general, this workpiece was less

25 expensive than a conventional patterﬁed semiconductor wafer.

The oxide layer on a blanket wafer is harder to remove than a conventional
patterned semiconductor wafer. Generally, conventional patterned semiconductor
wafers comprise a plurality of discrete metal interconnects covered with a metal
oxide coating. These discrete metal interconnects essentially decrease the surface

30 area and increase the effective pressure on the wafer surface. In a blanket wafer,

there is a continuous coating of metal oxide and the load is spread over the entire
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General Procedure V was generally the sane as General Procedure 1, except
that the wetted PPF backing and binder precursor, still secured to a netal
carrrer—25—Tprare, was passed through a bench top | aboratory | am nator
commercially avail abl e from ChemlInstrunents, Mdel #001998. The
article was continuously fed bet ween two rubber roII ﬁ‘

pressure of aWeONMWBH Pa (40 psi) and a speed of 2 ; Kevarticle
was cured by passing the tool together with the backing and bi nder
precursor under two.iron doped. | comer cial ava from rlcan
507 Utr avi of et EoAsaAYe St s AR RO SR at Bt BeB4SHE el A O

Vat t S; inch). The 1o lead to higher cut rates, the high cut rates on the blanket wafers may in facBlRad

WD 97/ 11484 . . .

PCT/ US96/ 15089 to even highericyt fates op sanvepfionp)patigfRed saicopducton ¥@ferhg. The speed
was about 10.2 meters/ Fhdiwbfpleds i.e., blanketf\%?&/ Wal WaBd actBRlig"® e Toldwi
passed t hrough two tines. To prepare the abrasive artic e for
testing, the abr as’rqpedmtAcsmlwmstalampwabasg upid having a dlamqur ef40 mmsandsA t i ve

adhestve fape COMGBHGER drindi 3 d a3 roh whtBHle o Yy BRI, TR LN
trade desi gnatlon ‘§co ape 4 ormance d Sl ve! ﬁen a 30.5
cm (12 inch) di aneflieon base Qntit awast thert phemolnea \raacdi l&vmgta hydrogeasindngcygen

CGeneral Procedure VI for ki ng the Abrasi Artjcl Cener al
Procedure VI was ég'é"émefeai"\{}%y' Fﬂ% @m%?*wofgma%e 'G‘é’ﬁ%‘F%\lw 1950°Cpr 4 uailRIe v

except that the bijeless icef HioRiaé wastheRhdllP GepbsitdPsvet B siiie6n baR! thisqEsdeler

with the backing and bi nder precursor under one visible light la "V' bulb
commerci al |y aQai being kngwnokhthe,ait @ a dyesmal ipxide precess. t gt depesited: siliepnzdiondsout
600 V\attsll Jdh taBh 0 ” 0 PO | was
made by casting po yp?scs;p‘ﬁéebr?é %‘ﬁtagrt?}ajf %Onto 2000 IAn"’smés b ﬂb‘ﬁﬁ:‘e? sf"g%aw ng

a casting surfacemeasupng sleﬂcofcommaiaﬂlsemvaltahleoés adplanﬁemo_delr #RBATHH Resist
pyran de- The syl 08 AR O RERDSHRPHAE S HAbhaR ARl MR " 1
their adjacent basas measufed’fve mﬁqaaaedclaotamte fblloningoldEatidAOT kiRl cefter, I @m han
about 510 m C:rl.g me%i?éc?ly g)glogztge Icerl]'t?e? 36 mm directly below the center, 24 mm directly above
the center and.36 mm directly-above the center.
The test machine was a modified Strausbaugh Lapping Machine, Model
6V-1 similar to the apparatus depicted in Figure 3. The workpiece was assembled
into a retaining ring, commercially available from Rodel of Newark, DE. A
20 pressure sensitive adhesive, "Scoich Brand Adhesive #7963MP" commercially
available from 3M, St. Paul, MN, was laminated to the back side of the abrasive
article. This pressure sensitive adhesive enabled the abrasive article to be secured to
a polyester film disc, 40.6 cm (16 inches) in diameter, between the abrasive sample
disc and the first support pad. This polyester film prevented the fluid medium from
25  penetrating into the support pads. The first support pad was a polyurethane pad
was commercially available from Rodel of Newark, DE under the trade designation
"IC1000". The second support pad was a polyurethane impregnated polyester non-
woven pad commercially available from Rodel of Newark, DE under the trade
designation "SUBA [V". A second support pad was then attached below the first
30 support pad onto the platen of the lapping machine. Each support pad had a

diameter of about 30.5 cm (12 inches).
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The hei ght of each truncated pyram d was about 80 mi croneters, the base was
about 178 m croneters per .si.de and the top was abewt—51 m croneters per

si'de. There were about 50 lines/centineter delineating the array of
conposi tes. Pattern 2 Thi s arrangenent of abrasive
conposites wag r to Figure 6, each row conpris Jofkdigy | N9
abrasive co Qq’yﬂg‘k‘ﬁm ch had the "cross" shape with eﬂ:brasf%ve

conposi tes Whl ch had the shape. In this arrangenent, the abrasive

conposites fromthe Odﬂmﬁ%@es ' Gn Qb rﬁ ﬂ'ﬁng FﬁP ?\&!’t%ethgpegp%ﬁlp%ﬁt

t he even 30 rows. In this arrangenent. arns of
ei ther the cross ¢o candigion the abrasive hapb vTéus abbtmmtn meial mng,onml’edm placerf thehe
\_MggE h of one ar m of @%&gﬁgs ;ort]aei\etf: 2100 rp rpm and then brought into contact with the abrasive

PCT/ US96/ 15089 article atthepressmhwezwms @bgsit f205 ¥eddhOIBS Rné - mikier € AREY €
about 1270 m croneters tween the center of one cross to the center

of the adjacen® xS¥Niioans.dhe %Pﬁ% article wassisgdowith deloniged ateler e about 8
crosses per lineal cm{rlhhi aeRifg tﬂ@rwdrlkﬂ?éléé"wa%rkﬁmd to rotate J%oﬁgi(ﬁrﬁm‘)f the

conposi tes was about 76 m croneters The crosses a S were
slightly tapered bsfoie ihwasibrgught @fto benraQemlhaﬂbelabras:ﬁe disc. thengrkp'mse nidkhed

production tooling wa de b XL.r udj ene ont.o a
mast er t ool ﬂ%ﬁ@ﬁ%’" r@fé:dsgar%'% % % ﬁ\eﬁg%)f%fgﬁ? %hp és§§” th3 fiveg
this photolithogr a@bi:d:penodxcny pmhe&liﬁsiﬂe psOWas exthrsd aWﬁlSoualeltbad rfpf. aThe
magnesi um printing plate. Then, [ﬂﬁ‘? toli %gogra phy was, used to create
the desired ph?tePArkeirge #dbrsiyr diss ﬁ‘f‘&t“éﬂ W'“W&E“"éf%’é’l“t precangther t he
pattern and thus trheatrieRdisclrO@led over a sweep BR8Z ®iin3d 0.9 second cycle. BtRitke
pattern was a square array of posts having a _circul ar cross section.

There were about 2wasiedisc apd warkmiecg|weserrqed ficstangd therr brioughs dnto icantagt. withhe
rost 10 o ko B s USRI o T oo LA, 12
an angl e of bet weebout 5.4 kg (2Dlbs) antiShe dmﬂﬁvadblgadaesforc‘fhas;abtmlueizlkgr(% tbs). was
made in a manper i& meld‘?src artlcP thE: D«%Pkpicce interface was pumped a potassium hydroxide solution
(0.25% by wt. KOH in deionized -water) which had a pH in the range of about 11.5
to 12.5. The flow rate of the potassium hydroxide solution was 80 miL/minute. The
abrasive disc was used to treat the workpiece for a two minute cycle. After the
treatment ended, the workpiece was rinsed with deionized water and dried.
20 Next, the workpiece was tested for cut rate and surface finish. The cut rate
was measured by determining the oxide film thickness in the same locations, as
measured prior to treatment, using the same machine. The difference between the
workpiece thickness prior to treatment and the thickness after treatment is referred
to in the following tables as the “"cut." Between two and five readings were
25 averaged to determine an average cut rate of Angstroms per minute.
In some instances, the test length was longer than two minutes. The length
of the test is specified in each example. After every two minutes the test was
stopped to measure the cut rate, 1o remove the treated test workpiece and to install
a new workpiece for the next cycle.

30
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of Pattern #2 using a photolithography process and casting a pol ypropyl ene
mat eri al fromthe master tool. 20 Test Procedure |

This Test procedure sinulated the planarization process of a sem conductor
waf er. The workpiece for this test procedure was a silicon base unit having
a - silicon dioxide layer (i.e., a "blanket" wafer). In general this
wor kpi ece wasWMO#341484  expensive than a conventional patt ePEEESI6/1508

sem conduct or wafer. The oxi de | ayer on a bl anket vvafer S
harder to renove than a conventi onal patterned sem conductor water.
CGeneral |y, convenflessifapcedureeldr ned seni conduct or waf ers conprise a
plurality of discrete g locliihehSARIGEAANT MRS VT pPodlRIrElt except hali d°
coating. These discrete neta erconnec Ssoents a y decr ease PhE
surface 30  areatlergdugenariine peestunewas dboot 4.2 kg((0 Sibs)and thnddwieload force waw f ace.

In a bl anket wafer here is a continuous coating of nmetal oxide and
the load is sprea&oﬁ\'férﬂ}['ﬁé entire

- 84- ¥\O 97/ 11484

PCT/ US96/ 15089 surface area so that the effective pressure is |ess.
Because the hi gheTesFeaceduee Hlends to lead to higher cut rates, the

high cut rates on the gl Fﬂ%@édu}’@il egﬁxtidllg JIeasﬁﬁe L?ft%t Proceduréﬁe?ééﬁ{'thgt' gher

cut rates on conventional patterned sem conductor

wor kpi ece, i.e., theabiasive am«ﬂewas N sonditibnechwithy thetiahwginum mﬂgeprkokdum ng 5
procedure. A single crystal silicon-base unit having a dianeter of 100 nm
and a t hi ckness of about 0.5 nm was purchased from Waf ernet of San
Jose, CA. Theio TestProdedore INase unit was then placed in a furnace having a
hydr ogen and oxygen t nosphere and the tenpergture in the furnace

i ncreased to 1050[ err]the ﬁﬁﬁﬁﬁngcﬁ"ﬂ?'ate the Feéﬁlé’F"cg*)‘" 6}1"' agrifing, fhegex

thermal |y deposit afifagy/6fa dehfofiduicior Wafd? 2 There brreStwY 018 $5 the Qest nfaBlimd Teeown in
the art as a thernmal oxide process. The deposited silicon dioxide

thi ckness was bet bseiniyich ielhghe werkpgceowes ﬁm&g@m@rﬂs VagiablerSpendr Gndesi ng a

measuri ng device r g ﬂ@ st
commerci al |l y avai f&gﬁ& c?lr“gdrﬁcy g\élad"hﬂgkﬁgal "?mppdp %@ﬁgﬁﬁ%@ OtXI de
t hi ckness 15 wbs&d nﬁ&smr(@@hcm dﬁ@mth:rmbslsm dige,c Fheodbrastve diso Wag sicrrpd It@o‘m i ons

t he center, .directly belo 36 mm
contor . 24" mm di rBEE PGt BRGHES ofe eSS sl P i pomine R erBOR YoRTEe « ne
center. St. Paul, MN, under the trade designation "Scotch Brand Adhesive 7963MP". The

abrasive disc was die cut from a larger disc or sheet for testing. The blanket wafer
workpiece was prepared in the same manner as described in Test Procedure I. Prior
20 to treatment, the workpiece thickness was measured using a FTM commercially
available for Nanometrics, Sunnyvale, CA under the trade designation "Nanospec
AFT". The head unit was an Automet 2 Power Head commercially available from
Beuhler Ltd. The workpiece was secured to the rotating Automet 2 Power Head
plate by a wafer template commercially available from Rodel, Newark, DE. The
25  head unit containing the abrasive disc was brought into contact with the workpiece.
Both the head unit and workpiece rotated in a counter motion relative to one
another during treatment. The workpiece rotated about 500 rpm. The treatment
was carried out wet, with tap water directed to the center of the workpiece. The
treatment time ranged from two to 10 minutes, depending upon the particular
30 example. The pressure between the abrasive disc and the workpiece was about

0.31 kp/cm®. After the specified time, the workpiece was rinsed and wiped clean
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The test machine was a nodified Strausbaugh Lappi ng Machi ne, Mbdel

6Y-1 simlar to the apparatus depicted in Fi gure 3—Fhe wor kpi ece was
assenbl ed into a retaining ring, comrercially avail able from Rodel of
Newar k, DE. A 20 pressure sensitive adhesive, "Scotch Brand Adhesive
#7963MP" co (gé:,)ng?& avail able from3M St. Paul, MierNadsnsdayl nat ed
to the back t he abrasive article. This pressure sensitive
adhesi ve enabl ed the abrasive article to be secured to a polyester
filmdisc, 40.6 ¢ ( hs I & nth

di sc and the fi rs‘{ﬂh é% &f)gd |“§sé pgﬁégse{f"% hV\I‘?((r'?n reven?sure‘{hs‘?"gfﬁ%w d

medi um from 25  sameinstrahenn gs edsared the iiigh fidkhess.adibe différendeibetsieers the ritidt  pad
was a pol yuret hane pad .. was Cco i all aila Rodel of
Newar k, DE under Wﬂgngflﬁﬂ‘éeﬁég"ﬁﬁﬁq%&“m °¥’°ﬁ‘¥ﬁ Pedeﬂel'i@ggtﬁ'ﬂhd support
pad was a pol yurethane i npregnated pol yester non- woven pad
comercially avail able from Rodel of Newark, DE under the trade

desi gnati on " SUBAlestProcetluse¥ond support pad was then attached bel ow t he

ot a0y SUPPOLL PaGelbhgeablle UL et g AP ke FRERADE v SR 3UPPOT

pad had a di anet'er o out

- 85- WO Quibritdit 86mprising deionized water and ceria sol (20% solids, acetate stabilized,

PCT/ US96/ 15089 . or, to testin metal ring was
st al | ed on t he WERE saEl,baat 20 S o pefigh pRLTEl el SBad] RO o

The al um num net glvailable JromByatbl, AGhlam, M AYCWasQirette to the centéObfkihe SdFkpivas
rotated at 100 rpm and then brought into contact with the abrasive

article at alr edufipgtrestment. Addi '3““B¥>\|‘§e Rresurs vas 0 ORHEYEW  one minute. After
5 conditioning, the abrasive article was rinsed with deionized water.
The head hol ding the workpi ece was caused to rotate at about 100 rpm
before it was broleghProceduge ¥dnt act with the abrasive disc. The workpi ece

moved thr ough a‘rﬁ& Plletdt'e \?lt \%st éq@&n&lﬁ: @U‘sir{%é)@ i;%g Pg%g 9flvté§‘é%pc

abrasive disc with a ni cond perio asi ve
rotated at about tbat thc)luBﬂcampmas a'hedlaﬁ hydmldkpolenm ﬂmdhaba aH | ofcabous 0.3 ot at ed

| ock t di
ot at ed over 13 suansdeOrD AR Re PR Ty s ce bt pitpl 189 Folni®
abrasive disc and workpi ece were rotated first and then brought into

contact with one anot her at a pressure of about 21 Pa (3 psi). The
gauge or |ine pretstfrocefce about 5.4 kg (12 Ibs) and the downward

load or force was aboyist Phocedire ViBRas d3ehtially e sab ad Nt HiotedurdlexckiR that

wor kpi ece interface was punped a potassi um hydroxi de sol ution (0.25%
by wt. KOH in deitbhbrasivenertiele )washiot rohditongd prthy thet ahminym Jag giriog e (se. 11 5

20  Additionally, the gauge or line pressure was about 91 Pa {13 psi) and the down load
force was 17.25 kg (38 Ibs).

Test Procedure V111
Test Procedure V1II was essentially the same as Test Procedure 1 except
25 that the abrasive article was conditioned with the aluminum ring for 15 seconds
prior to use. Additionally, the gauge or line pressure was about 91 Pa (13 psi) and
the down load force was 17.25 kg (38 Ibs). The length of this test was four minutes
and after every two minutes the test was stopped to measure the cut rate and to
insert a new workpiece.

30
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to 12.5. The flow rate of the potassium hydroxi de sol ution was 80

mL/.m nute. The abrasi ve disc was used to treat the workpiece for a
two mnute cycle. After the treatment ended, the workpiece was rinsed
wi th deionized water and dried. 20 - Next, the workpiece was tested
for cut rate and surface finish. The cut rate was neasured by

determ ning t EO8Y1IAY fi| mthickness in the sane | ocations, PEEUSIE/15089
measured prior to treatnent, using the same nmachine. The difference between
t he wor kpi ece thickness prior to treatnment and the thickness after
treatnent is referFestiProcedured® in the following tables as the "cut."
Between two and five r i r .eraged to determ ne an.,.average
cut rate of Angstrons 3%9 ';ﬁ}lg‘?]eg e.& el esshliiy &elsﬁmgs eﬁtr{g‘]?‘ﬁﬁ‘gég;l APt est
| ength was | onger thitahe gauge oF fingt ressurlvslaborgtoh Pa (13 psiphnd ihe db®f load Force

speci fied in each ex l.e. r.every t m nutes the test was
st opped to rreasurequﬁggé%ﬁ(ﬁli’g; TSB“P‘éFRﬁ\agW?WC’t’F'E‘&F%d t est wor kpi ece and

to install s a new workpi ece for the next cycle. 30
- 86- WD 97/ 11484
PCT/ US96/ 15089  Test Progedawe K ocedure || Test Procedure ||

was essentially the sa R tt hat t he gauge or
| i ne pressure was abou':ﬁ ﬂ@‘%‘gﬁ%%“gﬂg%s Mg‘ﬁ lhteﬁ%'%gg esrgfaﬁdf'ﬁr‘yee"\%%%’a‘

10. 4 kg (23 | bs). thessupport padiess a Polysrethanecfolinl pad commercially availdisié froft ReRUUr €
Il was essentially,t as Test, edure.ll except that i t he
abrasive article \Auégerﬁg §r§%eﬁ87s’ﬁn%‘f?é’d '@‘fbﬁ 1 r@&%ﬂﬁh@i‘f}\gr"l”r’ig’ p% inigrometer;se.
10  Test Proaedul(®mil)/fpolyester film between Theaupprl fAdiaR@th iabiddive £6cid Bingl iefdd.
procedure for nodifying the exposed surface of a sem conductor wafer.

There were two parts to the test machine. The base unit which held
t he wor kpi ece was Tas Presedate X1 Vari abl e Speed G i nder -

Test Procedure X1 was essentially the same as Test Procedure X except that
the total treatment time was only one minute.
15

Test Procedure XI1I

Test Procedure X1I was essentially the same as Test Procedure XI except

that the pH of the KOH solution was closely controlled to | 1.5.

20  Test Procedure XIII
Test Procedure X111 was essentially the same as Test Procedure X except

that the pH of the KOH solution was closely controlled to 12.5.

Test Procedure XIV
25 Test Procedure X1V was essentially the same as Test Procedure IX except

the gauge or line pressure was about 112 Pa (16 psi) and the down load force was
about 22.7 kg (50 lbs).
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Pol i sher commercially avail able from Buehler Ltd., Lake Bluff, IL. The base
unit 15 held a 23 cm (9_inch) dianeter abrasive disc. The abrasive disc
was secured to the base unit by means of a pressure sensitive
adhesive commercially avail able from 3M St. Paul, M\, under the
trade designation "Scotch Brand Adhesive 7963MP". The i di sc
vas die cut YPJHs4 arger disc or sheet for testing. The bcmg?ﬂv%fer

wor kpi ece was prepared in the same nanner as described in Test Procedure I.
Prior 20 to treatnent, the workpiece thickness was neasured using a FTM
comercial |y TestProgedweXY e for Nanometrics, Sunnyvale, CA under the trade

desi gnation " Nanpsgeeﬁ Procedure ¥V was &s6&ifafk shielas Wasi PRotediitt 0 8RJepranitover Head
comercially avail able ?rom Beuhl ér Ltd. The workpi ece was secured to

the rotating Abe ahrasiveartiviewas nasgenditioned with thealusjnum g Rejor teussiagd the
commerci al ly avail abl : e 25 head unit
cont ai ni ng theprﬁﬁwgs"ﬁ;gg'é?gkﬁmggi '}%\S@E%’i‘eﬁ%"?—‘gﬂt act with the workpiece.

Both the head unit and workpiece rotated in a counter notion relative to
one anot her _during_treatment. The workpi ece rotated about 500 rpm
The treatnment TestProcgduwreX¥l i od out wet, with tap water directed to the

center of the workpjesClocelli® XVi wasés§eﬂﬁ$l§ﬁﬁ‘ésa’iﬂe%1"é§%&&dﬁr&0ﬁ txeptt 0 10
m nut es. dependi ng upon the particular 3 exanpl e. The pressure between

t he abrasive dihstheireatmens cygiasivysreeny opegnipget 0.31 kg/cnferr]. After
the specified time, the workpi ece was rinsed and w ped cl ean

-87- WD 97/ 11484

PCT/ US96/ 1£8)89Test ProcedureiXVila paper towel. Next, the workpiece final

t hi ckness was neasur ed. usi S i NS ¢ t he
initial thickness. uﬁ‘ﬁ%"&‘?"?‘?"ﬁ? 2@5& %aét%egﬁg&h{geis%§1?iqgﬁesp§&gﬁ§ I nal

t hi ckness corrgapiniRch pateinb® workpieow evas ubed isgpeadidf iackdanpetr wartipiede. t Three. 5
Test Procedure V Te

st .Procedure V was essenti al | .he sane as
Test Procedur ePatigrmed ¢espyafgrs were "‘aJeLhSrq‘ o ?w'B%Pﬁ?F?‘@f%z\ ﬂ@eo?wsé%a' Wt er and
ceria sol (20%gekitdFae Aedidd Biambi@Pbt 1006fim and a thickiadsl sTgbeut (oS min wiout 3. 0
.and an average particle size of about 20 nanoneters avail abJ e from

Nyacol , Ash anpurchasgd fiem Wafaraas oE8an Jgse. (4. cdsr paticghed feptirgioverp et

- during treatmept ., AdGLL] QREbY MhobbihyRhE SakiR pifa UdiRg HkC Tltkih ldyer
of silicon dioxide, typically having a thickness between 1.5 to 2 micrometers, was
conformally deposited on the patterned wafer test workpiece using the technique of
Jow pressure chemical vapor deposition (LPCVD). The abrasive article was used to

20 treat this test workpiece for a cycle time between 30 to 60 seconds. After this cycle
time, the test was stopped and the TIR (Total Indicated Runout) measured. If a
desirable TIR was not attained, then the treatment was continued to further reduce
the TIR. Typically, a TIR of less than 1500 Angstroms was considered desirable.
The TIR of the patterned wafer workpiece was measured before and after treatment

25  with the abrasive article of the particular example. The TIR was measured using a
Tencor P-2 Long Scan I’.roﬁlometer commercially available from Tencor of
Mountain View, CA. The TIR profiles were taken over four to five arrays. The

assessment length of each array was between 500 to 5.000 micrometers.
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Test Procedure VI Test Procedure VI was essentially the sane

as, Test Procedure |V except that the lubricant was a sodi um hydroxi de
sollutron that had a pH of about 10.3 15 (0.25% NaOH). Additionally, the
pressure at the interface was about 0.188 kg/cnjerr]. Test
Procedure VI Test Procedure VII was essentially the sane as
Test Procedur 978} 48¢&pt t hat the abrasive article wasP %UE’SS’&’H?&? ti oned
with the alumnumring prior to use. 20 Additionally, the gauge or line
pressure was about 91 Pa (13 psi) and the down | oad force was 17.25
kg (38 Ibs).  Test ProcﬂblSthUcedure \/ Test Procedure VIII
was essentially therg rlﬁ)lllpa%%gmaﬁy the &t'r rocetdl?%tlntet)l&p'f‘br asi ve
article was condltlone Wi eaumnumrlng secon rior

to use. Additi akalallgase alimugaum vais als¢ md}ieqb teethe wa&r M&cab'ﬂwtabmw?slut(rm_B psi )

and - t he down | oa The | ength of this
test was four rY3jFPeEes over eacgﬁ%ﬂf@e&ﬂ B atg, éﬁb'(“?gw 'ﬁ?r?a'fselgmf Ea?(‘-,‘%fh’%s
St8 gpped to %eama%rsg%;&ﬁﬁiggtmrm&a@magea fluid mediufts €rthedlob@abia¥ivepsigeg. 30

PCT/ US96/ 15089 contained approximetely; 3% cfyr weight amorphous fumed siligg dp dsjogizediur e | X
was essential | y,ghe oftHbFRRL 5 ﬁfrg%@%&hisu fiSHCERot Co:(-;:adTL%sEJ;lil,tlL'E he gauge

or line pressure was out 91 Pa psi) and the down orce

was 17.25 kg (wddrbhgtradﬂdwgmmn 1564 Gtiot #2693 Mo ni nut es. 5 Test
Procedure X Test Procedure X was essentially the sane as Test
Procedure |11 except that

10  Test Procedure XIX
Test Procedure XTX was essentially the same as Test Procedure XVI1 except
that the pH of the KOH was closely controlled to 11.5 and the support pad was a
polyurethane foam pad ("1C1000"). Additionally there was a 76 micrometer thick
(3 mil) polyester film between the support pad and the abrasive article.
15
Test Procedure XX
Test Procedure XX was essentially the same as Test Procedure XIX except

that the test length was two minutes.

20  Test Procedure XXI
Test Procedure XXI was essentially the same as Test Procedure XI1X except

that the test length was five minutes.

Examples 1 through 10
25 Examples 1 through 10 compare different formulations of an abrasive slurry
that utilized a ceramer binder precursor. The abrasive slumry was prepared
according to General Procedure | for Making an Abrasive Slurry Comprising a
Ceramer Binder and Abrasive Particles. The materials forming the ceramer are
listed in Table 2. The materials forming the abrasive slurry can be found in Table 3.
30 The amounts listed in Tables 2 and 3 are in grams of material. The abrasive article

for each example was made according to the General Procedure 1 for Making the
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t he support pad was a pol yuret hane foam pad comrercially available from
Rodel under the trade designation "I1Cl000". Additionally there was a
76 m cronmeter 10 (3 ml) polyester film between the support pad and the
abrasive article being tested. Test Procedure Xl

Test Procedur gugbsAyags €ssentially the same as Test Procedur t hat
the total treatnent tinme was only one mnute. 15 Testq’ﬁ?gg‘sﬁ% Xl
Test Procedure XlI|I was essentially the sane as Test Procedure Xl except
that the pH of iesiEHARAL WihePadp af! 26l t Test
Procedure Xl 11 s I1€ i Proce u?emﬁﬁ?‘{% z\{/\rgéslé gggge%yteﬁja]c%srdnp%e sanme as
Test Procedure Xienoralckest ProceduretlHafT he test nesulte fortBxemplaH ﬁmdughllﬂnrem;eedmh osely
controlled to 12, cedu Procedur e
X'V was essent i j??qf/ 4 h%hersean%rlggtwfgn? 'b"{c@vc?u‘l"%ﬂ‘ﬁ"f(“éﬁséeﬂtf"' cach °"T‘W§° gauge or

| i ne pressure Wahe atwoaltcul kate Par (olkpiepaii loranwith e aderage buradiel 2€ Gistedas
?gg?t 22.1 kg ( Ei'glz}\!bgg'z;.ﬁxlgfgg@s/minute.

PCT/ US96/ 15089

Table 2
Amount of Materials Added Together to Form Ceramer Binder
Examples SISOL1 HEA CAl CA2
1-10 457.5 88.75 18.5 18.5
10 Table 3
Amount of Materials Added Together to Form The Abrasive Slurry
Extra
Ex. | Ceramer | BP1 | CEQO2 | TIO | PHI PH2 | CAl | TIO
] 40 228} 378 8.65 0.2 0.47 2 10.0
2 40 228 | 378. 1865 | 02 0.47 2 5.0
3 40 228 378 | 865 | 0.2 0.47 0 0
4 40 228 | 540 0 0.2 0.47 1.5 0
5 40 228 | 54.0 0 0.2 0 0 0
6 40 228 1 540 0 0.2 0.47 0 0
7 40 228 | 540 0 0.2 047 2 0
8 40 228 { 405 | 7.21 0.2 0.47 0 0
9 40 228 | 378 [13.65] 0.2 0.47 0 5.0
10 40 228 | 378 | 1865} 04 0 0 5.0

Note in Example §, an additional 0.2 gram of PHI was added after CAl.
Note in Example 7, an additional 5 grams of CEO2 were added after CA1. Note in
15 Example 7, an additional 0.2 gram of PH1 was added after T1O.
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Test Procedure XV

as .Test Procedur

e |

except that

Test Procedure XV was essentially the sane

condrtroned Wth the alumnumring prior to use and the
26.6 Pa (3.8 psi) on the workpiece surface.

Test Procedure XVi

5

that the treaWdwliegcl es were only one m nute.

Test Procedure XVI

except that a patterned workpi ece was
patterned test wafers were
silicon

The
single crystal

10 Test

t he abrasive article was not

pressure was
Test Procedure XVi

was essentially the sane as Test Procedure XV except

PEDUSHAH8I XV |
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210

120

170

Examples 1 through 10 illustrated that different cut rates were achieved by

altering the formulation of the abrasive slurry.

Examples 11 through 25

This set of examples compared various compositions of the abrasive slurry.

The abrasive articles for this set of Examples were tested according to Test

10

Procedure I, Test Procedure 11 and Test Procedure 11 and test results are listed in

Tables 7, 8 and 9. In this set of examples, there were one to ten abrasive articles

tested per example.

Example 11

15

The abrasive slurry for Example 11 was made according to General

Procedure 11 for Making an Abrasive Slurry Comprising a Ceramer Binder and

Abrasive Particles.

The abrasive article was made according to the General

Procedure I for Making the Abrasive Article using Pattern #1.
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WD 97/ 11484

PCT/ US96/ 15089 Test Procedure XVIl| Test Procedure
XVI1l was essentially the sane as Test Procedure |1l except that a
| oose abrasive slurry was al so added to the wafer surface. The abrasive
sjurry wiPspiggred over each wafer at a rate of 80 nlp@iiiédsAsosd hi S

| oose abrasive sfurry 5 was in addition to the KOH based fluid nedi um
The | oose abrasive slurry cont ai ned approxi mately 30% by wei ght

amor phous funed siligmpidd GetiRsligherb compare fint forfidiaBionsO8S 8n Abradivd Ve
slurry was purchased from Cabot uscol a, IL, under_the trade

Corp., T ur .

desi gnat i on " Selurry thaputilizedssplastisizer. TE@”"“WGQ""‘PM&E@W@ by mixing, with an

Test Procedure,. 2% %ﬂ@'ﬁe =l | T qﬁﬁu pPt except
that the pH of a%gﬁé was ?Po‘?él@é‘%m%ﬁéﬁ%?ﬁ'@ﬁn t'%@ suplport pad
was a poNext; EEDA ves radumlip added'td GlsO0Bture. Inthedk mpmrxitmhatelyt F3emisutems a 76
m croneter thick .o ) ol yester_ fil.m het t he ort. pad and
the abrasiv® afdblgrddn “fses& info %ﬁxlﬁfeocfé’gﬁ‘?"@g B@é the CAT wias a%Hg‘P'f'géPeD
Procedure XX V»?e%um%ﬂeﬁd was!nvixdd for &rdtRlitiafial i iinklte9.C Nekt! sy CAC@XTNOX,

that the test | ength was twp m nutes. Test Procedure XXI

20
Test Procedur e SAXjor GBS were é‘?ﬁeﬁé‘P this blend agd mixed Joraboyt 16 mipwtes toomakethex cept
that the test Lﬁaﬁwsuw?ﬁ the/ GmBid? WF e materials for theCMRIVeSIutrids s Gl il 0 25

Exanpl es 1 through 10 conpare different fornulations of an abrasive slurry
that utilized Tablebarfibe abrasivecartigle for grchexampld vgs mbdesaccaording lte theyGeneral pr epar ed

accordi ng ner al re |l k ' .an rasive Slurry Conprising a
Cer amer Bi hgereﬁé%a&,&%rg’gﬁ\%gﬂf?% /I“% sévse%ﬁggs' %@?’é{f@'form ng the ceraner

are listed in Table 2. The materials formng the abrasive slurry can
be found in Table 3. 30 The anmounts ilrslt din Tables 2 and 3 are in grans

of material. The abrasive, articl .," ach _ex | e was made accordi ng
to the General Pr ocedﬁPE“sl"e\sBF'!\/ER‘i“Hﬂ“‘f‘Wé?“" xamples 'gqﬁr"“gh i3
' 15

Material | 12 | 13 | 14 6117 18] 19
TMPTA | 18 | 6 | 18| 6 | 6] 6] 6] 6
HDDA | 78 | 66 | 78 | 66 | 66 | 66 | 66 | 66
PEG | 0 | O | 0 |48 | 48 | 48 | 48 | 48
DPP | 24 |48 | 0 |0 | 0| 0] 0] O
ABP | 0 |0 |20 0|0l o] o0
CA3 | 10|10 f[1w0|10]10]t0]10]10
PH3 | 15 | 15| 15|15 0 | 15(15]15
P4 | 3 | 3 |3 |30 333
PHZ | 3 | 3 | 3 |3 |3 |3 ]33
pHI | 0 |0 |0 ]l0 ]3]0 0|0
CEOl | 495 | 495 | 495 | 495 | 495 | 495 | 495 | 495
CAl | 30 | 30|30 30]30]|30]30]30]
CACO | 45 |45 |45 0 451 0] 0] 0
TNOX | 0 |0 | 0] 0] o0 |4a5] 0] o0

0

0

SAl 0 0 0 0 0 0| 0
ZRO 0 0 0 0 0 0 { 45
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WO 97/ 11484

PCT/ US96/ 15089 Abrasive Article using Pattern #1. Each abrasive
artTcle was tested according to General Test Procedure I1l. The test
results for Exanples 1 through 10 are listed in Table 4. There were
between two and five workpi eces tested for each exanple. The act ual
cut rate per WPRHIM¥=. along with an average cut rate are [PCI{USPFESPEY 5
Table 4 in Angstrons/ m nute. Tabl e
2 Anmount _of Material s, Added Together to Form Cerapmer Bj nder
Exanpl es S| SO Examples 20 thrpugh 25 comparqgiifperent ievels of aop. asticirzrsr. %Le 1 -
10 457. Ibrasive slurrPWas'prepared by mixihg. With an air stifer, STMPER, HDDA, CA3

Tabl e 3 Am)untng?f ll:'\ﬁ./tg":aeri al's Added Together’ to Form The Abrasive
Slurry PH3, PHihand RH2. Next, CEQk was gradualiyradd®imo thigmuigture. Titgook pPH|

PH2 .CAl TI O . .4 . 22 . . . 0.47

> 10. 0 approanately IJS migutes 9) gg%n %he?ﬁEgl ?‘nz%%mﬁnqu' EolloQ»ﬂu'?gA is, 5
5.0 53 CAl wa(added and.tBSresulfing Hend Wasthixed fod 2@ addiflordlfive minfes. 0
20 L21.028 g,}?egt CA%b)?when useg_) was addg@, t20 thisq)]%z and m}xeg for aboutolo migutes 4510

2.28 54.0 t® make the Sorasive sﬂm%? The amBunt of the nflterials for the abfasive slurfiés is 2.28
54.0 0 0.2 0.47 0 8 40 2.28 40.5

7.21 0.2 o_ligizd in Tabie(ﬁ. The abragive article for each examplejyps made gccpgling tgthes
13.65 0.2 O . : .28 37.8

18 65 0 4 d%eral Proceglbrelfor %kgt:g the Abrasive AlQicle uﬂgé gatlteﬁn zanpl e 5, an

addi tional @02 gram of PH was added after CAL. Note in Exanple 7, an
addi tional 5 grans of CEQ2 were added tq‘r! CAl. Note in 15 Exanmple 7, an
additional 0.2 gram of A msiv\é\%?ur%jggrqmﬁ;uons forI xamples 20 through 25
Material 20 21 22 | 23 24 25

TMPTA 24 18 12 6 0 0
HDDA 84 78 | 72 | 66 | 60 48

PEG 12 24 '} 36 | 48 | 60 72
CA3 10 10 10| 10 10 10
PH3 1.5 15 15| 1S 1S .S
PH4 3 3 3 3 3 3

PH2 3 3 3 3 3 3

CEO 495 | 495 | 495 | 495 | 495 495
CAl 30 30 { 30 | 30 | 30 30

CACO 45 45 | 45 0 45 0
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-92- WD 97/ 11484

PCT/ US96/ 15089 Tabl e 4
Cut Rate Cut Rate Cut Rate .Cut Rate Cut Rate Cut Rate
Aver age Ex. #1 #2 #3 #a4 #5
Cut Rate 1220 1170 960 7 870
N 7US96/15089
1, 000 wo’i’“‘&‘ 90 50 130 80 P
90 3 300 150 200
220 4 60 40 0 40
50 5 60 50 oo :::::l:é.é u 60
50 6 620 470 k1] 390 150
370 7 24Tt Cu?230 Cut Cut50 Cut | Cé¥#( Average 1590
1770 8 14R@te | Rate 12Rate | Ratt®Q Rate | Reied Cut
24218 ?o Ex340 #1 #2 1%0 #3 #2090 g5 #6 | Rate
14U
170 'Elxéﬁ%?%s 14#%“ uc?ﬁolc iSIlPust r7ell?el t hat di4fs?erent cut
rates were achi eyezb Qy 1019 pdeoert i m3p0 He 1180 U380 gn of |t he32tbr asi ve
slurry. Etaonples 111t hrough 25 his t of eXanpl es
conpar ed vari ous | c#hjod40i dnid8r |t h260ayr 4340, 4180 fy. 133 qbrasive
articles for thi$pgt ’OE:"a'irgg‘e'ﬁ'o F [TRHE] %0601 0keF [ O1d&st | 10
Procedure |, Tesf ﬁf"rcccggure 1 ai dﬁﬂest %?oc dure IIF and test rlesults are
listed in T§b21es A908]aB@09.,| 840t hji B6Bet|f of exanpl gs, Aher¢ were one
to ten abrasive #~-t+ghes t-egt-et—pe—exaHpe Bapte 11 15
The abrasive slu r%’ forg%xanﬁlsg 11“\2)4’; mﬁg’ eccjépdi naﬁthj (Igﬂgral
22 770 940 1070 750 720 850
22 1110 1240 1140 1160
23 1060 1150 1105
Table 8
5 Test Procedure 1
Cut Cut Cut Cut Cut Average
Rate Rate Rate Rate Rate Cut
Ex. #1 #2 #3 #4 #5 Rate
25 90 50 70
24 70 70 : '- 70
12 0 0
i3 290 290
14 1830 630 1230
15 | 470 470
16 210 210
17 | 1240 | 1220 1230
18 270 270
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Procedure Il for Making an Abrasive Slurry Conprising a Ceraner
Abrasive Particles. The abrasive article was made according to the Ceneral

Procedure—+—for—vaRTTg the Abrasitve Article using Pattern #1.

Bi nder and

-93- WD 97/ 11484

PCT/ US96/ 15089 Exanpl es 12 through 19 conpare different

f or mul at i onswef974mM84br asi ve - slurry that utilized a pl BS¥VII®8? The
abrasive slurry was prepared by m xing, with an air stirrer, TMPTA,
HDDA, PEG DPP, ABP, CA3, PH3, PH4, PH2 AND PHI . Next, CEOL was

gradual | y added to this mixture. It todRble8proximtely 15 minutes 5 to
the CAl was added and

blend in the CEOl into thIS mxtur@”‘?@ﬁqedwq{g this,

t he resul ting as. Next,

any CACO TNOX, ed for
about 10 m nutes f{ t he

materi al s for the wadweds he abr asive
article for each «Lx%p d”‘?@ 10”[°He Procedure |
for Making the Ab v Tt RRUs atter L

Table 5 o Ag\?dasi\ilgos u‘??g){ For nul ati ong for Exalrsr% ed 12 through
19 IVBE ey 11320 1050 03| 14 15 16 1 IDSOL&E 19
TMPTA 18 6 18 O - S —O- - HBODA 78

66 78 66 66| %6 838s| 1938 PEG $0 o 0 48
48 48 48 48| 13 830 | 840 | DFPP 4 48 840 0 0

0 0 ABP 24 0 0 Q 0

CA3 10 100{ 19 4390 10 10 10 10 430 PH3

1.5 1.5 1.5 1.8 4ttt —4—5- =4~ 3 3

3 3 o 3[16] 14 bHD 3 [ 3160 3 3 3
3 3 3 PHI 0] 0 0 3 0 0

Examples 11 through 25 illustrated that different cut rates were achieved by

S altering the formulation of the abrasive slurry.

Examples 26 and 27

These examples compared two: formulations of an abrasive slurry containing

a ceramer binder. The resulting abrasive articles were tested according to Test

10  Procedure 1. The test results are listed in Table 10.

Example 26

The abrasive slurry for Example 26 was made according to General

Procedure Il for Making an Abrasive Slurry Comprising a Ceramer Binder and

15  Abrasive Particles. The abrasive article was made according to the General

Procedure 1 for Making the Abrasive Article using Pattern #1.

Example 27

The abrasive slurry for Example 27 was made according to General

20 Procedure 111 for Making an Abrasive Slurry Comprising a Ceramer Binder and

Abrasive Particles. The abrasive article was made according to the General

Procedure 1 for Making the Abrasive Article using Pattern #1.

.97.



CEOL 495 495 495 495 495 495 495 495 CAL 30
30 30 30 30 30 _30 30 CACO 45 45 45 0
45 0 0 0 TNOX o 0 0 0 0 45

0. 0 SA1 o 0 0 0 00 10 0

ZRO 0wl O 0 0 0 45

- 94- WOt 11284 PCT/US96/15089

PCT/ US96/ 15089 Exanpl es 20 through 25 conpare different
| evel s of a plasticizer. The abr asfapge @ urry was prepared by m xing,
with an air stirrer, TMPTA, HDDA, CA3Test Procediited, PH4 and PH2. Next, CEOL

was gradual |y added to thpis xture 1t toak approxinmately 15 m nutes
to blend in the CEQOL intp thig rrCR?cur Gus| | gwi €t t h| sAversge | CA1 was added
and the resulting bl end R ';-"e'o,,”, i Gut Ratenlit es

about 10
terials for
article for
rocedure | for Making

CACO (when used) whs2&dfie
m nut es to make t hefabsapd
the abrasive slurries is] 27
each exanpl e was made accordimng to the
the Abrasive Article using Pattern #1. 10

Next ,

ETneT at

Table 6 iThese twe iExamples) illustrafedr thed differentscut gateEwarepacbiev@Dby hr ough
25 22 23 L 24 25
TVETA o4 gltenng fl\%%%ulaglon of th% glbraswe s?uré' HDDA
84 78 72 66 48 PEG 12 24
36 48 60 F CA3 10 10 10 10 10
10 E"""'l’ezsPHS 1.5 1.5 1.5 1.5 1.5 1.5
§H4 g 3 3 Tlée Bbrasive3 ?s:lurry fo? Example 38 was made according to Genefal'2
Procedure IV for Making an Abrasive Slurry Comprising a Ceramer Binder and
10 Abrasive Particles. The abrasive article was made according to the General
Procedure t for Making the Abrasive Article using Pattern #1. The resulting
abrasive article was tested according to Test Procedure 111 except that the test
length was 8 minutes. There was only one workpiece tested and the test was
stopped every two minutes. to calculate the cut rate. The test results are listed in
15 Table 1],
Table t1
Cut Rate after 2 | Cut Rate after 4 | Cut Rate after 6 | Cut Rate after 8
minutes of minutes of minutes of minutes of
Ex. testing testing testing testing _
28 1720 1630 1420 1330
This Example 28 illustrated that one form of the abrasive article of the
20 invention provided a sustained cut rate of greater than 1000 Angstroms/minute.

Examples 29 and 30

This set of examples compared various abrasive slurry formulations. The

abrasive article for Examples 29 and 30 were made according to the General
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CEO 495 495 495 495 495 495 ' CAl 30
30 30 30 30 30 CACO 45 45 45
0: 45 0
-95- WO 97/ 11484
PCT/ US96/ 15089 Table 7
Test ProcedUWe 91711484 Cut Cut Cut BGIIUSIEERY Cut
Aver age Rat e Rat e Rat e "Rat e Rat e Rat e
Cut Ex. #1 H#H2 . #3 L #4 #5 H6 Rat e
11 420 Propedure 1 forMaking the Aprasive Article using Pattern #1. Thegprasive article 5
1010 1660 leTo 0 P3oldd 1320 20 1410
wa d ac o Test e 1V,
1410 1260 %340 mﬁ@o ; 1320 24 1120 1560
1460 990 690 660 1080 21 490 820 840
860 . Exa 9 750 21 650 350 1110 1030
160 960 mple? 22 770 940 1070 =~ 750 720
850 5 22 Thel @brasivel sidfly of Bxakiple 29 was prepared as follows. Into a 1160
23 1060 1150 ) I1105
container was added: 20 grams of organic soivent (glycol ether solvent
commercially available from Olin Chemicals, Stamford, CT under the trade
designation "POLYSOLVE TPM");, 15.0 grams of TDP, 3.68 grams of TMPTA
and 55 grams of HDDA. The resulting binder precursor was mixed using an air
10  stirrer until the blend was essentially homogeneous. Next, 120 grams of CEQOI
were gradually added into the blend and mixed until the blend was essentially
homogeneous. Following this, 0.8 grams of PH2, 0.8 grams of PH6 and 0.8 grams
of PH4 were added into the blend and mixed until the blend was essentially
homogeneous. Next, 80 grams of ASP were gradually added into the blend and
15 mixed until the blend was essentially homogeneous to form the abrasive slurry.
The abrasive article was tested: according to Test Procedure IV and had a
cut rate of 900 Angstroms/minute over-a 10 minute test. This example illustrated
that a relatively high cut rate was achieved with the use of a cerium oxide abrasive
particles incorporated into the abrasive structure and in the absence of a potassium
20  hydroxide based fluid medium. Additionally, this example illustrated an abrasive
sturry that comprised a high boiling solvent and a photocurable binder precursor.
Likewise, this example illustrated an abrasive slurry that comprised a plasticizer,
coupling agent and filler.
The abrasive article of Example 29 was also tested according to Test
25 Procedure V. For a two minute test, the abrasive article produced a cut rate of 3750
Angstroms/minute.
Example 30
The abrasive slurry for Example 30 was prepared in the same manner as the
30 abrasive slurry for Example 28 except that 0.47 grams of PH2 and 0.2 of PH1 were

added instead of the PHS and PH4 photoinitiators.
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Table 8 5 Test Procedure |11

Cut Cut Cut Qut Cut Aver.age--.. Rat e
Rat e Rat e Rat e Rat e Cut Ex. #1 #2

#3 #4 #5 Rat e 25 90 50

70 70 ;

> 0 W0 97711488 0 pcrmssmsg%sp 250
290 14 1830 630 1230
%io 470 The abrasive article was tested according 49 a"est I’Afz&dure Wla/ad had ]fg 40
1220 cut rate of 1600 Angstroms/minute affe? #Wo minutes of testind @nd a cgt/fite of

270 - 96-

97/ 11484 1270 Angstroms/minute for the next two minutes of testing. This example

PCT/ US96/ 15089  jfiustrated that 2,4,5-trimethylbenzoyl-diphenyl-phosphi ifePhas % _useful

Test Procedure | o VG PP PSRN Gt cut Cut
Aver age 5 initiator for the bisdler precurRit e Rate Rate Rat e Rat e

Cut Ex. #1 #2 #3 #4 #5 #6

Rat e 23 1370 1790 1770 1770 1700

1680 Exaimple 31500 1490 1650

1550

The abrasive slurry of Example 31 was prepared as follows. Into a
container was added: 44.05 grams of HDDA, 29.36 grams of ASP, 5.06 grams of
10 TDP and 10.3 grams of SAB. The resulting binder precursor was mixed using an
air stirrer until the blend was essentially homogeneous. Next, 44.04 grams of
CEO1 were gradually added into the blend and mixed until the blend was essentially
homogeneous. Following this. 0.36 gram of PH2, 0.19 gram of PH6 and 0.4 gram
of PH4 were added into the blend and mixed until the blend was essentially
15 homogeneous to form the abrasive slurry. The abrasive article for Example 31 was
made according to the General ‘Procedure 1 for Making the Abrasive Article using
Pattern #1.
In this example, a void-producing material (SAB) was included into the
abrasive coating. It was theorized that during treatment the SAB particles swelled
20 ‘out of the abrasive coating. which resulted in a more porous and erodible abrasive
coating.
The abrasive article was tested according to Test Procedure VI and had a

cut rate of 398 Angstroms/minute over a 10 minute test.

25 Examples 32 and 33
This set of Examples compared two different patterns. The abrasive slurry
for both examples was made according to General Procedure Il for Making the
Abrasive Slurry. The abrasive article for Example 32 was made according to
General Procedure I for Making the Abrasive Article with Pattern # 3. The abrasive
30 article for Example 33 was made according to General Procedure 1 for Making the

Abrasive Article with Pattern # 2. Both abrasive articles were tested according to
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11- 1320 1050 790 1050 12

830. 1020 _ 930 13 830
840 840 19 430

430 16 160

160 Exanmples 11 through 25 illustrated that different cut
rates were alNQ@¥M¥4by 5 altering the fornulation of thePEHVEEAPE S| yrry.
Exanpl es 26 and 27 These exanpl es conpared two formul ati ons of
an abrasive slurry containing a ceraner binder. The resulting

abrasi ve articl dsstuRroceduessP\odexsens ohati thy tap wheest wasOreplafrdowithiar potessivlthe t est
results are i Sth?(ﬂ'ogige I&Blu&: é\gl had a pH be ll.% %612.5. Thﬁaﬂow T ;Ehsra brasi ve
slurry for Exanpfe was nade according to ner al rocedure 11 for
Maki ng an Abr asiapgroSinarely\3 oGl minue Tibe cut Gee waemedsurad e fivamtinités and Ao asi ve

Parti-cles. The rasive grticle was d rding to the CGeneral ..
Procedure | foraiB/é'ﬂ?%ﬁs't todf, pesulfs ate g&?‘ﬁ@ﬁg&géﬁh@g%‘t?ﬁ svegp measured in
Exanpl e 27 g  Angstroms/niibgeabrasive slurry for Exanple 27 was nade
according to General 20 Procedure 111 for Making an Abrasive Slurry
Conpri sing a Ceraner Binder and Abrasive Particles. The abrasive
article was nade according to the CGenerghye 12 Procedure | for Mking the
Abrasive Article using Pattern #1. . procedure IV

-97- WO 97/ 11484
PCT/ US96/ 15089 Cut Rate Cut Rate Tabl e 10
Test Procedure | Ex. [ after 5 minutes | after 10 minutes
' 32 776 794
33 200 132
10 This set of Examples illustrated the effect of different patterns on the cutting

ability of the abrasive article.

Examples 34 through 44
This set of examples compared various percent sclids of the ceramer binder
15 precursor. The ceramer binder precursor was first prepared and after the ceramer
binder precursor was prepared, the additional materials were added to the ceramer
binder precursor to form the abrasive slurry. To prepare the ceramer binder, the
SISOL 1 was first charged into a round bottom flask, followed by HEA, CAl and
BP4. The amounts of these materials (in_grams) are listed in Table 13. This order
20 of addition was important to achieve a uniform ceramer binder precursor and
prevent gellation of the ceramer binder precursor. These materials were mixed
together to form a uniform dispersion. Then the flask containing these materials
was placed on a rotary evaporator and heated for about 15 minutes at 55°C and
continuously stirred. A vacuum pump system operating at about 2.64 - 6.6 KPa (20
25 to 50 mm Hg) was installed to remove a portion of the water. The rotary
evaporator temperature was still maintained at about 55°C. The flask containing

the materials was subjected to these conditions until enough water was removed so
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Cut Cut Cut Aver age Ex. Rate #1

Rate #2 Rat e #3 Cut Rate _ 26 1030 770
772 860 27 750 730 710

730 These two Exanples illustrated that different cut rates
wer e achi eved altering the formul ati on of the abras] .
Exanpl e 28 w%’pm?m The abrasive slurry for Exanple 28 mgéF’Pr%JgéMsy
according to Ceneral Procedure |1V for Making an Abrasive Slurry
Conprising a Cer he Bl Ve P ' : | ye
article was rrademgﬁg%g?%lnﬁgé tcgrg lﬁﬁég&err\ rt{a(f?r%r fiad @%g’é{e& uf&gh%ﬁﬁt)er%bt"@g%cﬁg t he
Abrasi ve Articl eexasplegn Pable Brn #1. The resulting abrasive article was

tested according to Test Procedure Ill except that the test | engt h was
8 m nutes. There was only one workpi ece tested and the test was
stopped every two mnutes to calcul ate Thelegsit rate. The test results are

listed in 155 Tabl e Solids and Starting Materials in the Ceramer Binder Precursor 1abl e ||

Cut Rate after 2 fter A Cut Rat. fter 6. Cut Rate after 8
m nut es of mindxemplef | % Solids nyt SSQJ1 | HEH JuCAd ¢f BP4 Ex.
testing t st ST 4
1630 1420 Tias0| P15 | syl 378 | s ok
illustrated that orje Tgsm off t heysabradi veses ti[clgg. @ {t Be.s2@¢ 24i5nvENti on
provi ded a sustaingdcut ratle of _greatloer than (1000 gstrogs/m nuf e.
Exanpl es 29 and 30 36 T s sqt 83 7.exgni8 dodpdr ed 284 i pus
abrasi ve slurry formotggromy—h @7.5:‘51. ""88‘.17'5“""35.5“ zﬁ)sd'l'l | es 29
and 30 were made adcording tlo the Gendral
- 98- 38 78.5 457.5 88.75 375 24.5

39 78.5 457.5 88.75 375 24.5

40 77 457.5 88.75 375 0

4] 77 4575 88.75 375 0

42 77 457.5 88.75 375 0

43 77 4575 88.75 37.5 0

SISOL2 was acidified 10 a pH of 2.2 to 2.5 using nitric acid. The SISOL2
and CA4 were placed in a round bottomed flask and mixed for about 15 minutes.
The amount of SISOL2 and the CA4 were listed in Table 14,

10 The abrasive slurry was prepared by mixing, using an air stirrer, the ceramer
binder precursor for the given example with the CA4 pretreated SISOL2. Next,
CEO2 was added and mixed into the resulting blend. Following this, PH2 and PH]I
were mixed into the resuiting blend. Next, any BP4 was added and mixed into the
resulting blend. Following this, any additional deionized water was mixed in.

15  Finally, any additional SISOL2 was mixed to form the abrasive slurry. The amounts

of these materials, in grams, are listed in Table 14.
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Procedures V1 and the test results are listed in Table 15. The cut rates were

calculated as Angstroms/minute. -

Table 15
Using one workpiece for a total time of |5 to 20 minutes
Cut Rate

Example (Avg.)
34 943.6
35 | 1000.1
36 1223
37 1478.7
38 4373
39 13.2
40 80
41 27
42 37
43 9423
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WD 97/ 11484

PCT/ US96/ 15089 The abrasive arti.cle.was tested according to
Test Procedure |V and had a cut rate of 1600 Angstroms/m nute after
two mnutes of testing and a cut rate of 1270 Angstrons/ mnute for
the next twou of testing. This exanple iIIusg(?ﬁ(gs@gﬂgu t
2,4,6-tri rretnéﬂggé{rfgiyl - di phenyl - phosphi ne oxi de was a usefu 5 ?ﬁi tiator
for the binder precursor. Exanpl e 31 The abrasive

slurry of Exanple 3 o3 B Rer was
added: 44.05 grans ctn; mﬁ@ﬁ?&&%@%ﬁ@%@%ﬁ@%ﬁ’&@ rgresavr‘{%reggﬁél\gh BFTDP and
10. 3 grans of ShBEingfheformalatidniaf thelmbrasive slwrecur sor was m xed usi ng an

air stirrer until the blend was essentially honogeneous. Next, 44.04 grans
of CEOL were gradually added into the blend and m xed until the blend,
was essentiall ;comp,mﬁm%p@gm?pmgzhmw ng this. 0.36 gramof PH2, 0.19
gram of PH6 and 0.4 _gram of PH4 were added into the blend and m xed
until the blSend vvasTgﬁs‘E-ﬁt'P%i‘FI‘?e P 2 standard AbAStYE Janpings ataral cemmsiciadly v e
slurry. The abr,gsi iag! agg)ll,,% ; ,g&c‘%' g to the
General Pr ocedua?éia‘lﬂ@ff%??\/]gklghga{l'hrg&b\br agf’\%vﬁﬁ?gcf'g“%ﬁg% ' %"5? tern #1
. numberi3 G XrpFlis abrasivsi lapping flwe isnprepareckby alurry Somingvhs
included into t I i t i i ng
treatnment the é&%o‘bngtref F'gﬁ'gé @%ﬁ‘gg‘%@@%’é’ﬁ‘ b%@ﬁ'lghgﬁeggﬁr%@a?\v/%p@%g |§lg, whi ch
resulted in a radSecnp(i2dach) disclbyclamihatiigdt @l domble @adhesive sidabprbssmng sensitive

The abrasive artjcle s tested, accgordi to Test Praqocedure VI a had a
cut rate oft®39gd Bfgtal\:‘vgr’rﬁ'f‘ﬁi'hﬁ? des '@?P ‘Bn'%(s} ﬁ’i"ﬁ‘?ﬂ“é" regﬁ"?“ L. ngomeasrgiifiy| es 32

and 33 amount of KiliorSddxid wasréhidied duii@iNoefinitesesdi f f erent patterns.
The abrasive slurry for both exanpl es was made according to Ceneral
Procedure Il for Making the Abrasive Slurry. The abrasive article for

Exanpl e 32 was 13 %% U Iubh 4k © General Procedure |I for Making the
Abrasive Arti cléeg?'\g\nﬁ’t% &gt&g?n # 3. The abrasive 30 article for Exanple 33
was made accor di ng ThesSdixemples Sorupacadvacious levels ofiplasticizer.iEhe abrasive slormasi ve

ArLicle Wiy oLl Sdbateay nfidhd wilh b Sk Yird P RSHBBIAC ABBSLRY, BT N0 tO
Next, CEO! was gradually added. ' It took approximately 15 minutes to blend in the
CEOI! into this mixture. Following this, either CACO2 or CACO was added and
mixed in for an additional five minutes. The amount of the materials, in grams, for
the abrasive siurries is listed in Table 16. The abrasive article for each example was
20 made according to the General Procedure 1 for Making the Abrasive Article using

Pattern #1.
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repraced wth a potassium

Test Procedure |V, except that the tap water was
hydr oxi de solution that had a pH between

11.5 to 12.5. The flow rate was approximately 30 nmi/ m nute. The cut
rate was neasured at five m nutes and al so at 10 m nutes. The test
results are |WOSMBH Table 12; the cut rates were neasur edPGHPSIEIS0ss

Angst ronms/ m nut e. Table 12

Test Procedure IV Cut Rate Cut
Rat e Ex. aftEsblgléinutes after 10 minutes

32 776 200
132 10 Thi s braswe ?hz' F""T‘""‘"“'f‘ rﬂEP%m%l ‘% %mé ect of different
patterns on the cutting MatenalabEkamgleM t Bamplerdds Eearmlulﬁsl e.

Exanpl.es 34 through 44 o A e i weefpar ed vari ous
percent solids of the cdr THETAp} nddt- 2515 pr%éﬁrso . anmer bi nder
precursor was first pregafg Qn agy g5 e Cxy @ner pder precursor
was prepared, the additiiona erials wire added aner

bi nder precursor to formtABPabrasBﬁ@ sl girry372.500 p ¢ ceraner

bi nder, the S| SOLI v&m. S+ \,'"arg ' -Betyom f | ask,

foll owed by HEA, CAl ang BP4 he anou of 2 majerial s (| n
granms) are listed in Tall epfyp. [Thi sz grdef 2030 of pddigzgon Wwas inportant to
achieve a uniformcerangr_hindef precursgr and prevent gell ation of

t he ceramer binder precyr$HO!1 T] hes'@3r7§ter i all23-Wer e m'l>2é65 together to
forma uniformdispersicCA IILII lao\bug fum lng terials

was placed on a rotary gvaporatjor ang heat edg about 5 mTEut es at
S55[err] C and cont iiN@ACO y| stio.oed. |A vacmum punps.y st ¢m operati ng at
about 2.64 - 6.6 KPa (20L25-—-t-040—m-Hg-)—\A.as—L-nst-al-Led-t-o-rrermve a

portion of the water. The rotary evaporator tenperature was still

mai ntai ned at about HRL fkshilife abldife hRREE weRE@dd UcBSkding to Test Procedure VIL.

5  The test results are listed in Table 17. Note the cut rate was an average of readings
and was measured in Angstroms/minute of material removed.
Table 17
Cut Rate Example 44 | Example45 | Example 46
after 2 minutes of testing™* 400 1010 1960
after 4 minutes of testing* 380 1130 2100
after 2 minutes of testing** Not Tested | Not Tested 1810
after 4 minutes of testing** Not Tested | Not Tested 1910
after 6 minutes of testing** Not Tested { Not Tested 2360
10  * Inthis Test Procedure, the abrasive article was made and tested on the same
day.
** In this Test Procedure, the abrasive article was made three days before it was
tested.
15

The data in Table 17 indicated that there was essentially no difference in the

cut rates if the abrasive article was tested the same day it was made or if the
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the materials was subjected to these conditions until enough water was

of 2.2 to 2.5 us?’ﬂtj’“?n‘ltﬂ‘f of ae'r*am cArhonate filen

'l%e an‘QHEf

round bottoned firgg&kignd m xed for about 15 mi nutes.
SISOL2 and the CA4 were listed in Table 14. 10

renoved so -101- WO
97/ 11484
PCT/ US96/ 15089 that the resulting ceraner binder precursor had the
percent soli for each exanple in Table 13.
Table 13 5 d@ *ﬁ{ 0 Solids and Starting Materials in the "c%'r’%sr?%’ﬁs"%’r nder
Precur sor Exanpl e % Sol i ds SI SOLI HEA CAl
BP4 abrasivéarticle was tested ftree days afier it 4ag made. Addiffonélly, the dafa in
24.5 3 75 7.5 88. 75 37.5
24 5 Table ég indicated differenggs in cut rates vﬁ%}l was relatedgto/the amount ef
24.5 plastici2ér present in the ablve slurgr. 457. 5 88. 75 37.5 24.5
38 .5 457.5 88.7 37.5 24.5 39
78.5 457.5 88. 75 37.5 24.5 40 77
457.5 88 5 5 41 77

457.5 > Exanifiess and &, 42 77
457.5 _ 88 75 37'1‘ﬁise Examﬁles prepared as describeiSin Examples 44-48, compared
457.5 88. 75 acr

|f| p a pH

%‘spfﬁi‘{eﬂ' in a
The amount of

The abrasive slurry

t he ceraner bi nder
AgPretreated SISOL2. Next,

was prepared by m xing, using an air stirrer
precursor for,the given exarrple with the;

0
Co e il e st i 8 2, P
m xed into the resul ting Maesnidl IEthpiw‘ng Ekanple 48n}) addi ti onal _
to form the abrasve slurry. RPN SIST [ 7o ] o oo-2 vas mxed
HDDA 22.50 22.52
ABP 45.0 00
PP 0.0 45.03
CA3 4.95 4.94
PHI 240 245
CEOI 123.75 127.26
CACO2 68.3 1018
CACO 0.0 0.0
CACO3 0.0 100.01
CACO4 0.0 14.03

The abrasive article for each example was made according to the General

Procedure | for Making the Abrasive Article using Pattern #1 except for the

15 following changes. For Example 47, a rubber roller was not used. Instead, the
production tool/abrasive sl rry/backing was subjected to a two roll coater to ensure
that the abrasive slurry wetted the front surface of the backing and to remove any
For Example 48,

undesirable air bubbles. a quartz plate was placed over the

production tool and the radiation energy was transmitted through the quartz plate
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of these materials, in granms, are listed in Table 14.
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Tabl e 14

Anmount of Materials in Abrasive Slurry For Exanples 34 through 43

Cer aner Bi nder Ex. Pr-cursor S| SOL2 CA4 CEC2 PH2 P
BP4 \Water SMWO}7111484 34 38 10 0. 875PCT/US96/15089
0 0 0 0 35 38 10 0. 875 16
1 0 0 0 .0 . 36 . 38 18 1.6
14 1 0 and tl@p productvgn tool and into the abrasive slurry. Theguartz plate aidedn
1.75 12.0 ke th® production tool flatQYuri ing 0 38 38
1584 o5 kptHing theproduction tool flatduring curing 0 39

12.54 1.1 16. 8 The resyjting abrasive artples were #@sted according to Test Procedure VII
i(z) gj - 01:9% e%%pﬁfgr theQ’ollowiggi&\?@eg.'zﬁx abras@e Grticle of G:Qample 47 wgé%sted for 3
8.13  0.715 ofl§.tiv® mifutes. 1TheObrasivé article of ERample 48 Ava@ fested for 26 midutes.
8.13 0.71

abrasi ve arti cl

.19 .19 ..2 2.21 .
é&é¥ fé%aé* listed ip Eﬁfﬁlﬁ;’% Nete ﬁtsrcax rafe was2A avaage of geadings

H1
1
. 8

35.6
35.6
35.6
5.6
35.6
The

Meking the Abr aghy Gagihédsired inlShgsGomdinie'df thateridtémiVelie t ested according to
Procedures VI and the test results are listed in Table 15.

Test

cut rates were

10

15

20

cal cul ated as Angstrons/ m nute.

Table 19
Cut Rate after __minutes of testing Example 47 Example 48

2 2690 800
4 800
6 930
8 1360
10 | 1610
12 1800
14 _ 1900
16- _ 2200
18 2460
20 2530
22 2720
24 2370
26 2750

_ Relative to Example 48, it was concluded from the above data that there
was a “break in” time for the abrasive article. 1t appeared that this “break in” time
was about the first four minutes, where the abrasive article produced a lower cut
rate. After this break in time, the abrasive article generated a higher cut rate.
Although not wishing to be bound by any theory, it is speculated that this break in
time may be associated with the time it took to remove any outer fitm of the binder

on the abrasive coating. 4

Examples 49 and 50
This set of examples compared various ways to make and to test the

abrasive article. The abrasive slurry was prepared by mixing, with an air stirrer, the
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Tabl e 15 10 Usi ng one workpiece for a total tinme of 15 to 20

m nut es Cut Rate

Exanpl e (Avg.) 34

943. 6 35 1000. 1

s i 57 remmns 476,
40 80 _ 41 27

42 Féllowing: 7.5 gram$ 6f TMPTA, 22.50 grams of HDDA; 45.0%grams of ABP, 4.9942. 3
-103- WD 97/ 11484

PCT/ US96/ 15089 grams of CA3, and 2.48,usampy RIS 1. Mextnl23 73 1grams of (GEQ: were gradwaliyit
abr asi ve. si ur ry ek "G GG pinwes & Gl ind CEOD FGlyAn O O L1
This test made u8S0ograms sif LACO dvabaddidvand the iesulfingablend: whs oixedefociaal | y
5 additional five minutes.
The abrasive article for each example was made according to the General
Procedure 1 for Making the Abrasive Anlicle using Pattern #1 except for the
following changes. For both examples, a rubber roller was not used. For
Example 50, the UV radiation was transmitted through the PPF backing.
10 The resulting abrasive articles were tested according to Test Procedures VII
and VIII. The test results are listed in Table 20. Note the cut rate was an average

of five readings and was measured in Angstroms/minute of material removed.

Table 20
15 Test Procedure VIl and Test Procedure VIII

Test Procedure/Cut Rate. Example 49 | Example 50
Vil/after 2 minutes of testing - 470 2450
Vil/after 4 minutes of testing ™ 550 2250
Vil/after 6 minutes of testing 630 Not Tested
VIll/after 1.5 minutes of testing 2840 Not Tested
V1lV/after 1.9 minutes of testing 2620 Not Tested

This data indicated that there were differences in cut rate if the abrasive

article was conditioned prior to testing and how the abrasive article was made.

20 Examples 51 through 57
This set of examples, prepared as described for Examples 44-46, compared

various abrasive shurry formulations. The amount of the materials is listed in

Table 21.
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available from3M St. Paul, M\, as Inperial Lapping Film Chrome Oxide

pr oduct nunber 3M 031X This abrasive lapping filmis prepared by
slarTy coating 0.5 M cr onet er chrone oxi de onto a pol yester film
backi ng. The material was used as a 30.5 cm (12 inch) disc by

lam nating it to a doubl e adhesive sided pressure sensitive 10 adhesive
and using it WOXEM84ibed in Test Procedure |I. Result: no 96/11089
anount of silicon dioxide was renoved during a two mnute test.

Exanpl es 44 through 46 Thesre Exarrpl es corrpar ed various |evels

of plasticizer. The abrasive slurr ar ed mxiLng wth an air
stirrer. TMPTA, HDDA, ABP"""CA@,""%%"H‘H""“‘ %:" E"I‘QE‘;P!‘” bﬁ%f Séé gradual |y
added. 1t took appr DRIRERETVESS) M BY o2 [ BEeNE3h TR 55| ExSEQ 1 nto

this mxture. Follo bd _and

m xed.in for an addj TMRTA |fil38 m mi2.2sials, in
grans, for th S-S -B-5—H S 6 he{ abr asi ve
article for each expfPRAWGs 493 | nf? 4 \ ocedure |
for Making the AbrasTRgpTITTlE UST NG 3 Pategn fl.g 9
-104-

1 CA3 5 S 5 5 5 . 5

PH3 0.6 0.75 0.75 0.75 0.75 0.75

PH4 1.2 .5 1.5 1.5 LS 1.5

PH2 1.2 1.5 1.5 1.5 1.5 1.5

CEOQOI 247.5 247.5 247.5 2475 | 2475 2475

CAl 0 15 15 15 15 15

CACO 225 225 22.5 22.5 225 225

The abrasive article for cach example was made according to the General
5  Procedure 1 for Making the. Abrasive.Article.except for the: following changes.

Examples 51 through 54 used Pattern #1. Example 55 used Pattern #2. Example 56

ased Pattern #3.
For Example 57, the abrasive article was made according to the following
procedure. The ceramer binder precursor was first prepared and after the ceramer
10  binder precursor was prepared. the additional materials were added to the ceramer
binder precursor to form the abrasive slurry. To prepare the ceramer binder,
457.5 grams of SISOL1 were first charged into a round bottom flask, followed by
88.75 grams of HEA and 37.5 grams CAl. This order of addition was important to
achieve a uniform ceramer binder precursor and prevent gellation of the ceramer
15 binder precursor. These materials were mixed together to form a uniform
dispersion. Then the flask containing these materials was placed on a rotary
evaporator and heated for about 15 minutes at 55°C and continuously stirred. Then
a vacuum pump system operating at about 2.64 - 6.60 KPa (20 to 50 mm Hg) was
installed to remove a portion of the water. The rotary evaporator temperature was

20  still maintained at about 55°C. The abrasive slurry was prepared by mixing, using
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PCT/ US96/ 15089 —_— Tabl e 16
Abrasive Slurry Fornul ations for Exanpl es 44 through 46

Mat erial Exanple 44 Exanpl e 45 Exanpl e 46 TMPTA
11. 25 . 7.50 HDDA 75
28. 13 wBguge ABP 20 o PeTsssnsis, (2
45.0 CA3 4. 95 4. 95 4. 95
EEIB 75 3. gréaleglrrer 400%:815 of %115e ceramer Binder precursor, with 22.8 C&ams of BEEOL 68, 3
68.3 Blekt, 5400 grams of CEOZ were @radmily added andomgxed into the ceragerp

68. 30 | ti a ' ' rdlng
to Test Proced uP'@de\?IpImc"rs%r SH‘FH‘e§€§§aIWS%Z|2'\bIeP@{ %Ardg? pﬁd’? ﬁﬁ‘fl_&,gﬁl aﬁﬁ%lo

the cut rate wag @e aﬁ’!(ﬁ\Feaﬂlﬁr}OlefeQﬁﬁhlsﬂg article for ExamjlleV§ISwvasandie aecbrding to
Angstrons/ m nute of nmateri al

Table 17 5 the General Procedur@jtforFQAglgng the Abrasive Art:c\sbyaxﬁﬁféne&ﬁ#l Exanpl e 45

Exanpl e 46 The redultfily aBralilartiBies Wére kRl 'aEkQ)rdmg, ; tof¥8t Procedure VII. 1010
1960 after 4 mnutes of testin 1130
2100 Thé test resultsiane listed inf Tables22. ngote thmtt rfiewascan avegege Efved
1810 af.ter m n Not Tested
1910 rpings g Wi ifpifea i Aﬁgﬁ}“h‘ e %a&gg{"g‘g‘m Not Test ed
2360 10 * In this Test Procedure, the abrasive article was nade and
tested on the sane day. In this Test Procedure, the
abrasive arifcle was nmade three days bé‘f"‘&!‘ezzlt was tested. 15
The data in Tabl R4 TGIAIEL BE EXB5 |CBe 81BN, 55 | BR. S EeSehce in
the o i SUt I alEReTS mingtes ©0| T060 | 30" 1" 2480 920 qO1335 | SodB 03000 | Vias

of testing

after 4 minutes 1130 620 | 280 1250 1530 | 1600 | 2770

of testing

after 6 minutes 1200 1300 | 1440 | 2760

of testing

after 8 minutes 1150 | 1170 | 1290 | 2590

of testing

after 10 minutes 2640

of testing

Examples 58 through 64

This set of examples. prepared as described for Examples 44-46, compared
various abrasive slurry formulations. The amount of the materials is listed in

15 Table 23.
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abrasive article was tested three days after

mate—AddrtTomatty;

The data 1n

it was

lable 1/ Indicated differences in cut

rates which was related to the anpunt of

abrasive slurry.

5

prepared as dwedrildst i n Exanpl es 44-46,

Exanpl es 47 and 48

pl astici zer present

conpar ed

in the

These Exanpl es,
v arRQINS/1588s  of

cal cium carbonate filler. The anmount of materials is listed in Tabl e
18. 10 Tabl e 18
Abrasive Slurry Formnul ati ons for Exanpl €Eablé23and 48
Material Exanple 47  BomspleSlur8y Formulations for Examplcs 58 through 63 VPTA
7.50 7.50 H 22—50
22.52 . 4b Exanples 63,
PP. 0.0 —M—“%ELEPGLEX' 58 %?c 59 | Ex.60 E?c 6l 63 and H4 4. 95
4.94 TMPTA 7.5 pHp12.0 7.52 ho 12 73 45
CECQL 123.75 97 ' - <= CACHR
683 - 1o 15 | HDDA 2%.50 0 2250 |, 33 225 575
0.0 PEG 0 CACCB0 0 0{ 036 0.00. 01
CACO4 0.0 r 4- “g +he—albrasive—artidcl e for
each exanpl e was nmade AB%or i ﬂs o] t ¢ cené?-39 0 procethfte | [for Making
the Abrasive Articl ef UgA3g Palglegr nf #lsEXCERTosT Of (fgc 1o 46§ 1 owjng
changes. For Exanplel4Z__a tubher foller ea he
production tool/abrasi Wls| §ir 240bakki fig ya2.40ubj ecledjto £.40w r¢l| coater
to ensure t hat thE=abtasive—pst yHretted—t+he—ont sarfa\, of the
backi ng and to renove Q’B? 0 unde@'i?% abl eoai r bJE?bI ¢s. FH Ex le 48, a
gquartz plate was pl a‘ced'mwe t loe 1.5 pjodgctijon §oof and g he radi ation
ener was transmt tjed—th+rof J
& PH2 *ghﬁl’hg_qﬁ%%—%&% 3 0
CEO1 123.75 | 2475 | 123.75 495 123.75
HEMA 0 15 0 0 0
CAl 0 0 0 30 0
CACO 68.30 225 0.0 45 0
CACO2 0.0 0.0 68.30 0 68.30

The abrasive article for Example 58 was made according to the General

Procedure I for Making the Abrasive Article using Pattern # 1.

The abrasive article

for Example 59 was made according to General Procedure Il for Making the

Abrasive Article using Pattern #1.

The abrasive articles for Examples 60 through

64 were made according to General Procedure 11 for Making the Abrasive Article

using Pattern #1 except for the following changes.

10

article was not heated.

seconds with the aluminum ring as described above in Test Procedure I.

In Example 62, the abrasive

In Example 64, the abrasive article was conditioned for 20

The resulting abrasive articles were tested according to Test Procedure VIL

The test results are listed in Table 24. Note the cut rate was an average of five

readings and was measured in Angstroms/minute of material removed.

15
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PCT/ US96/ 15089 and the production tool and.into the abrasive
slurry. The quartz plate aided in keepi ng the production tool flat
during curing. The resulting abrasive articles were tested
accordi ng to cedure VII except for the foll ovholgu s. The
abr asi ve artlcﬁ Jf%ﬁxarrpl e 47 was tested for 5 only two s‘c}k}?ﬁﬁbe The
abrasive article of Exanple 48 was tested for 26 m nutes. The test
results are listed in Table 19. Note the, ate was an average of
r eadi ngs and was neasured in Angstrons/m nute of material renoved.
Tabl e 19 @t Rt e pEX.68 \nEx 39 d<Ex060 | B 6ng ExEB2I|TE» 63 ] Ex. 64
Exanpl e 48 after 2 minutes | 1470 | 908 | 240 | 1720 | 170 | 4402499770
800 of testing 4
ggg after 4 minutes t1580 980 | 100 | 1660 | 160 1580

of testing
ig?g after 6 minutes I§¥0 30 160 1470

of testing
1 : :
1888 after 8 minutes 16 310 1370
2200 OfleSan& 19
2460 after 10 minutes | o 310 1520
2530 of testing 22
2720 24
2370 his set .of exafrg)l demonstrated the. effect oF differe i
2750 10 s set; EENE 56 the, effect of different freatine pondifionte

above data that thenge the fabricatims aof 't ahiaswe’l"arlidldfre ﬂ'BlE $eheofalbkanplesealgg t i cl e.
It appeared thpat this "br fII’St four

h
m nutes, wher tﬂg“‘%ﬂﬁ'&@i’g’& cﬁtrrf'fecqttg'eﬁ‘}’f?&u’c@ﬂ §°Y"6\Ré’fe"9‘t? tim rate. After

this break in time, the abrasive article generated a ‘higher cut rate. 15

Al t hough not wi shing to be bound by any theory, it I's specul ated that this
break in Examples 65 through 70 '

This set of examples, prepared as described in Examples 44-46, compared
various abrasive slurry formulations. The amount of the materials is listed in
10 Table 25.

_ Table 25
Abrasive Slurry Formulations for Examples 65 through 70

Material | Ex. 65 and 66 | Ex. 67 | Ex. 68 | Ex. 61} Ex. 70
TMPTA 0 0 0 7.5 0
HDDA 320 320 320 22.50 35.0
ABP 48.0 2545 0 0 0
PP 0 22.65 48.0 45.0 35.0
CA3 4.08 4.08 4.08 2.48 3.84
PHI 2.56 2.56 2.56 2.40 28
CEO1 123.75 123.75 | 123.75 | 123.75 123.75
CACO2 80.00 80.00 | 80.00 68.3 68.30
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time may be associated with the tinme it took to renove any outer film of
t he bi nder on the abrasive coating. Exanpl es 49 and 50 20
Thrs—set—of—exanptesconpar ed various ways to make and to test the

abrasive article. The abrasive slurry was prepared by mxing, with an air

stirrer, the -107-
97/ 11484 WO 97/11484 PCT/US96/15089
PCT/ US96/ 15089 following: 7.5 grans of TMPTA. 22.50 gramnms of HDDA

45.0 grans of ABP, 4. . gr f 3, d 2.40, grans, PH1. t, 123.75
grams of CEOL were gra a’fbﬁ?f"g a%ﬁeag’(ﬁ ample @3S Wads 4EPH éP%h‘i'\?éWﬂut es
to blend in the Chteduredl lferMaking ltheS Abrasive AitheldQsiag Paterii# T AGGEpMIHE tiRDded
and the resulting blend was mxed for an 5 additional five m nutes.

The abrasive arti ©llewingchanget, Axslasp IPkatsas ingialledQuen thi nigduction trol @rdhthea)
Procedure | for Makhviglet i BB Rt irbiinGne Sh L1 h ighor_the
fol |l ow ng changes. Foﬁ kbégth ex_arrlpl gs, a"&r u%ﬁgé&?’oﬁ?ﬁ@qvgg%g?)ﬁ&?g%& For
Exanpl e 50, the Uegolandiinte therebrasise sluransmi tt ed t hrough the PPF backing. 30
The resulting abrasiv rbi r ccor di to.Jest Procedyres
VI and VI11. Tﬁreh%taté’g‘r%’?é?u  for EaE?‘sé'g'ﬁ?s‘? B, adp s irding to ﬁE"t Geperal oot
rate was an aver aPyecedure I farf Making tiicc Atiiasigs Aztidle wsifg Padénied dxbept for the

Angst rons/ m nut e material r ved., ) ) .

Tabl e 20 15 fliowing Shanges. Theulraviplgt it vas wiapsnified heaugh phe, peodstiony | |
Test Procedur e/ CuiooFidSnto tHowBRBIVE sidiy. Al B1ER! Washly one pass of the sam[:lyluhée;t‘f ter 2
m nutes of testin 470 2450 VIl/after 4

m nutes of tekki ngeultrawsbt light. 2250 VI1/after 6 mnutes of
testing 630 Leghy; t ) of
festing 2840 Not H‘?’% Sz%%ﬁ Ethticles for Example.v?‘?I %}Aéjf"(’ zili) ‘%F’%;nranéenu cgllg}ngf%o
testing 2620 the\GeneTd Pranddure 1 for Making the Abrasive Article using Pattern #1.

The abrasive articles for Examples 65 through 70 were tested according to

Test Procedure IX except for the changes noted below. The test results are listed in
15 Table 26. Note the cut rate was an average of five readings and was measured in

Angstroms/minute of material removed.

Table 26
Example Cut Rate Cut Rate* Cut Rate**
65 2702
66 983
67 1640
68 2283 2285 2640
69 2318
70 1240
20 * In this test procedure the workpiece rotated at about 60 rpm and the

abrasive article rotated at about 70 rpm.
** In this test procedure the workpiece rotated at about 45 rpm and the

abrasive article rotated at about 100 rpm.
25
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This data indicated that there were differences in cut rate if the abrasive
article was conditioned prior to testing and how.t he abrasive article was

made. 20 Exanpl es 51 through 57 This set of exanpl es,
pr-epared as described for Exanples 44-46, conpared vari ous abrasive
slurry fornmnul The amount of the materials is |isted Tabl e
21, BBt 1os ctussensoss

PCT/ US96/ 15089 Tabl e 21

Abr asi ve S urry Fgg Iast-nqnﬁ;j‘zor Exanpl es 51 through 56

Mat eri al Ex. Ex. 53 Ex. 54 Ex. 55 Ex. 56

TMPTA 13.5 13‘.«'5abfas"{945.|w for Bxampl 72 #as Pepared bP 1Sing, with an air HDDA

0.5 405 Agedd 75 Parkoof TRHPER 22,50 of HODA, 45.0 geliis of PP,  ©

6 3 5

5 5 4.9%grams of CA3 and 2.40 grams of PRH3 Next, 123.05 @rams of CCE(I were 0. 75

0.75 0.75 0.75 . .. PH4 1.2 .5 .5

15 15 5 grag%ll%added to this mixture. PHéook approxn'q_latgy 15 nqimfe%to blend]in theg .

JZL. 5 , 1.5  CEOL. Eouowmg m.s 200.0 grmfcmo?%éaddeﬁm tﬁe resn%@ b’iend 247.5
47.5 47.5

15 15 was mixed for %%S@"O“a‘ five 2‘21"55 22. 5 22. 5 22.5 22. 5

22.5 Th amsmlgr& for| EafpleOf2 YRS Wi Gn ai

according to the Ceneral Pr l(')y[(’jzledurg P for Ereﬁ g%}gﬁgay vgn Rfticle

except for the foftirgni Hy0 cﬂ’ﬂ!‘ﬁgeg TMPTA, 9‘EQ68MES>fﬁiDDHr d89h grdmssddPRatt ern
I#:ttl)r gg%: Z g& tﬁ(é18 g‘ﬁ%‘%gf@éﬁéﬂ‘? w\%‘g‘%%ﬁé’ accg g‘gngg'%%'gtc’ﬁgﬁ(}l V&% ng
procedure. The cegraduslly sidediclt tqnkeaboutsiSrminates foi blend ipthe [GBOAGnRIHis Afittere. t he
Ceramer Following this, 320.0 grams of CACO3, 32.0 grams of CACO2 and 32.0 grams of
CACO4 were gradually added and the resulting blend was mixed for an additional
five minutes.
15 The abrasive articles for Examples 71 and 72 were made according to the
General Procedure 1 for Making the Abrasive Article using Pattern #1 except for
the following changes. A rubber roller was not used Additionally, there was a
quartz plate over the production tool and the ultraviolet light was transmitted
through the quartz plate and the polymeric tooling. The abrasive articles for
20  Examples 71 and 72 were tested according to Test Procedure VII. The test results
are listed in Table 27. Note the cut rate was an average of five readings and was

measured in Angstroms/minute of material removed.
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10. binder precursor was prepared. the additional materials were added to

t he ceraner bi nder precursor to formthe abrasive slurry. To prepare
t he—eer-arer—inder 575 grams of ol SOLI were first charged into a
round bottom fl ask, followed by 88.75 granms of HEA and 37.5 grans
CAl. This order of addition was inportant to achieve_a uniform

ceramer bi ndwo®va4sarsor and prevent gellation of the cer aREFUPENS8Y; hqer
precursor. These nmaterials were m xed together to form a uniform
di spersion. Then the flask containing thﬁgfﬁ r;at erials was placed on a

a 1

rotary evaporator and heated for 5 mnutes at 55[err]C and
continuously sti[fted. TNgQtRate @ vaclium pPERdmpld/sE €M JPer aiExagplarz abou
2.64 - 6.60 KPal(20 to 50 mmn Ha) was installed td remye a portioh of

t he wat er. The 1ot arfterraipotesditestingnpernat ure W60 20 gtill mas0dt ai ned pt
about 55[ err] C. Hhe—gbt-gst-vre—Sttty—was—prepateg—hy—4-Rgr—usiie
2109-° Wh o7 ffief Agminutes of testing 1700 1300"

PCT/ US96/ 15089 afterdd mmltes of tedting! - 400 O appgol [ Ne [Cer anerj7bg nder |
precursor, wth gus _of CECP were |
gradual | y added |andaftdrx@uinutes of testivgcer qaner  2310bi nder [precur 989Q Then, | 3.0
grans of 2.0 PH - O ,PHZ were—achded- to—ttire Q" astTve
slurry. The abr gsi A e'ér?i"ﬁ 0esQ Fes'&%npl e 57 was nmade adcor di n& {’JQ) 5

[ he
Ceneral Procedufe laffepn2iitaddftdigngAbr asi ve Article usiing Pat t2ez; #1.
The resulting al ' - = i
VI, The t ¢st aftes I minugsoftestingd ifn Table 22. Notd the c@83Cate wak an
average of five readi gS—and was Teasured 71T ATy St roms/ ot e of
mat eri al renoved. 10 Tabl e 22
Cut Rate EX. Esdmplex73 &l 74£x. 53 Ex. 54 Ex. 55 Ex. 56 Ex. 57
after 2 mnutes 106 630 4 720 1555 . 1530.., 3000
of testing 21 L8P aresive, iy 167 Bxapyple 73 43¢ prepared By mixig, Yish g &1 1530

1600 2770 5  stirredf 1.8Sdrhig of TMPTA 33 9 gam81 JTUMBBA, 45.0 grams of DUP,
1200 1300 1440 2760 of testin after m nélt es
1150 1170 1498 gramscpf CA3 and 2.4Q,grams of PHL. Next. 123.75 grams of CEO! were

gradually added. It took about 5 minutes to blend in the CEOI. Following this,
110. grams of CACO3, 20.0 grams of CACO2 and 10.0 grams of CACO4 were
gradually added and the resulting blend was mixed for an additional five minutes.
10 An abrasive slurry for Example 74 was prepared by mixing, with an air
stirrer, 7.5 grams of TMPTA, 22.50 grams of HDDA, 45.0 grams of PP,
4.95 grams of CA3 and 2.40 grams of PH!. Next, 123.75 grams of CEO1 were
gradually added. It took about 15 minutes to blend in the CEOl. Following this,
200.0 grams of CACO3 were gradually added and the resulting blend was mixed
15 for an additional five minutes.
The abrasive articles for Examples 73 and 74 were made according to the
General Procedure 1 for Making the Abrasive Article using Pattern #1 except for
the following changes. A rubber roller was not used. Additionally, there was a
quartz plate over the production tool and the ultraviolet light was transmitted
20 through the quartz plate and the polymeric tooling The abrasive articles for

Examples 73 and 74 were tested according to Test Procedure VII. The test results
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after

10 m nutes

of testing Exanpl es 58 t hrough 64

This set of exanples prepared as described for Exanples 44-46, conpar

various abrasive slurry formul ati ons.

in 15
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PCT/ US96/ 150

Tabl e 23.

glé) 9\991

4%2/ 11484

G

Abrasive Slurry Fornul ati ons for Exanples 58 through 64

Exanpl es 62,
and 64

7.5

PEG 0
45. 00 12

10

15

20

25

ed

: ; ri : , :
are h%q_laﬁ@tzﬁ. @F%ﬂ@ént rﬁ% ZW%sEiﬁ av§3§%om r@ﬂimfigﬁd was
nid@§died in ADgstfms/minute of m@erial remared. 50 72 22.5
0 0 36 0 ABP
45. 00 0 45.0
~ Table 28
Cut Rate Example 73* Example 74
after 2 minutes of testing 1550 2160
after 4 minutes of testing 1450 2380

* Note that the first cycle was only 1.5 minutes and the second cycle was only
0.75 minutes for Example 73.

Example 75

The abrasive article of Example 75 was made from an abrasive slurry that
used a thermally cured binder precursor. The abrasive slurry for Example 75 was
prepared by mixing, with an air stirrer 30.0 grams of EPR, 6.14 grams of EC and
72.29 grams of CEO2. The CEQ2 was gradually added to this mixture of epoxy
resin and curative. A production tool was provided that was made as described in
Pattern # |. The production tool was secured to a metal carrier plate using a
masking type pressure sensitive adhesive tape. The abrasive slurry was coated into
the cavities of the production tool using a rubber squeegee such that the abrasive
slurry completely filled the cavities. Next, a PPF backing was brought into contact
with the abrasive slurry contained in the .cavities of the production tool. A rubber
roller was rolled across the back surface of the backing to ensure that the abrasive
slurry wetted the front surface of the backing and to remove any undesired air
bubbles. The article was cured by heating the sample for about one hour at 65.5°C
(150°F). Next, the polyester film/abrasive composite construction was separated from
the production tool to form an abrasive article. There was some distortion of the
production tool during the thermal cure of the epoxy, which resulted in some distortion
of the abrasive pattern.

The abrasive article was then heated for about 15 seconds to one minute at

about 110 to 115.5 °C (230 to 240°F) to activate the primer on the PPF backing.
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CA3 4.95 5 4.95 10 4.95 PH1

2.40 0 2.40 0 2. 40 PH3 0
0.75 0 1.5 0 PH4 0 1.5
0 - 3 0 ' PH2 0 1.5 0

3 0 CEOL 123. 75 247.5 123. 75 495
123..75 WO 97/11484  HEVA 0 15 0 RETAUS965089
CAl 0 0 0 30 0 CACO
68. 30 22.5 0.0 0 0.0
0.0 68. 30 0 To prepare the @yag@ article for testing, two ahrn%veagpca@, wete @glqepd e
for Exanple 58 |

Maki ng t he Abr a‘é"?&\ﬁl Art | c e%ésaltﬂgpltﬁg‘%'{cgﬁ ﬁ' #1. ‘@sh'c t@%%’ﬁ‘f‘é}ga lré'E' iﬁlca:I}|e féih

for Exanple 59 waZﬂVirr&tdd’ach.dundgr the tQ@de alesignativno SSxdtch e467MP  Hb Perfisrivancg t he
Abr asj ve Artlcle P e sive.articles for S

t hr ough '&@Fg& "aéc O%Cﬁ"hég '@g&ﬁ%‘?‘ “'%P'B’ ‘58&?‘8”"1 E@‘%%’ng t he
Abrasive Arti cﬂ e testing. using Pattern #1 except for the follow ng changes.

In Exanple 62. the abrasiv article was not heated. I n Exanple 64, the
abrasive article was ES W‘ﬁ?%ﬁh’aﬂ‘fe&m tested according £ Test Pracadiie ¥ nfuﬁqﬁum
ring as descri bedyghgfeson te_gﬁ@?th?&ﬁ?ﬁ@wﬁseloﬂ)@.k %stroms/mmgte Aﬁ@s%ﬁﬁﬁihﬂt&s‘d?g

abrasive articles were tested according to Pr ocedur e
test results are testing &he chtrary s E‘W@"&-’N@U’é’nﬂww cut rate was an aver age of

five readi ngs and was neasured in Angstrons/mnute of materi al
renmoved. 15 WO 97/ 11484

PCT/ US96/ 1508%  Example 76 Tabl e 24 Cut
Rat e Ex. 58 Ex. 5 Ex. after
2 minutes 1470 3@556("’3"?16"‘?(3"7 %ﬁmgx 1?0"35 “’Egﬁﬁmm a“l’?ﬁ"ﬁ“’e slurry that
testing af tugéd 61pﬁﬂlﬂlyt;%@menﬂe'a%ylemcﬁ%nsaturl\ﬂ@ monoheOiade ac@&@mg to

1580 of testi nﬂ after_6 mnutes 164 80

160 1 4hgfollowing p@pequ&tﬁﬁb 209.5 gramgof gpocgyl @#Fyli¢ acid and 0.81 grams

310 of bensildimethyl-ketal biidiBinitiator were added into a vessel. The resulting

15 mixture was first purged with nitrogen for 15 minutcs. Then the vessel was
exposed to a single Black Lamp that operated at |5 Watts for 30 seconds to
partially polymerize the acrylate monomer. The resulting partially polymerized
isaoctyl acrylic acid had a viscosity of about 7800 centipoise.

An abrasive slurry for Example 76 was prepared by mixing, with an air

20  stirrer, 1.18 parts CA3, 6.54 parts HDDA, 3.08 parts TMPTA, 16.15 parts PP, 1.0
part PH7 and 1.15 parts of the partially polymerized ethylenically unsaturated
monomer. Next, 47.57 paits of CEO! were gradually added. It took about 15
minutes to blend in the CEOI into this mixture. Following this of 23.33 parts of
CACO3 were graduaily added and the resulting blend was mixed for an additional

25 five minutes.

The abrasive article for Example 76 was made according to the General

Procedure 1 for Making the Abrasive Article using Pattern #1 except for the

following changes. A rubber roller was not used. Additionally, there was a quartz

- plate over the production tool and the ultraviolet light was transmitted through the

30 quartz plate and the polymeric tooling. The abrasive article for Example 76 tested
according to Test Procedure VII. The test results are listed in Table 29. Note the
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of: testing after 10 m nutes 310 )
1520 of testing This set of exanples denonstrated the
effect of different heating conditions during the fabrication of the
abrasive article. This set of exanples also 5 denonstrated the cut rate

of the abrasi i.cle over a period of tine. Exa ough
70 %Wéhéét of exanpl es, prepared as descri bed%@?}%#g%

44- 46, conpared various abrasive slurry formul ations. The anount of
the materials is |j i T . .

Tabl 6 26 e 7ol s by ernne Gt i r6ifings and v ety im APSEmELTme £ ough
70 Vavmtdrial rembyed. 65 and 66 Ex. 67 Ex. 68 Ex. 61 Ex. 70
TMPTA 0 0 0 7.5 0 HDDA
32.0 32.0 32.0 22.50 35.0 ABP 48. 0

25. 45 0 0 0 Table I9° 0 22. 65
48. 0 45.0 35.0 i CA3 4_08_ 4. 08 4.08
2.48 3.84 PiGut Rate 2|56  Example Ho 2. 56 2.40
2.8 CEOL - T . : g  123.75
CACC2 80. 00 g0 2B 2 migplegpf testing g | 3 030 WO
97/11484 after 4 minutes of testing _ 1090

PCT/ US96/ 15089 The abrasive article for Exanple 65 was nade
according to the General | after6 mimtgseliestiog] | for Makd2f® t he Abrlasive Article
using Pattern # | except |f e ot t - | ass plate
was installed over the pro%%rtﬁlﬂuﬁe%gﬁtesé'ﬁﬁ he ultravidl et Iight was

transmtted thsough the glass plate and through the production

Examples 77 through 80

This set of examples compared various levels of the ceria abrasive grain in

the fixed abrasive article; the amount of materials is listed in Table 30. The abrasive

slurry was prepared by mixing, with an air stirrer, TMPTA, HDDA, PP, CA3 and

10 PH7. Next, CEOI was gradually added to the abrasive slurry until it was

substantially dispersed. Following this, CACO3, CACO2 and CACO4 were also

gradually mixed into the abrasive slurry until the calcium carbonate particles were

substantially dispersed.
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5. tool and into the abrasive slurry. The abrasive article

for Exanple 66 was nade according to the General Procedure | _for
' +he—AbrastveArtTTtre using Pattern # 1 except for the

foll owi ng changes. The ultraviolet |light was transmtted through the

producti on tool and into the abrasive slurry. Also there was only one

pass of the wosphmsander 10 the ultraviolet |ight. PCT/US96/15080 o

abrasive articles for Exanples 67 through 70 were made according to

the General Procedure | for Making the Abrasive Article using Pattern #1.

The abrasive articles for Exanpl es 65 t hf®h B 70 were tested accordi ng to
Test Procedure | X exceptbrrgive SiMpydosmylations,fog Expmples,/7 thrpug results are

listed in 15 Table 26. NOgGehiIE @_74_[7-; [é;-)f?\ BN 70 CER®D pf five readings
mn Q

and was neasured in Angstro naterilal” T enpved.
Tabl e 26 Exanyl BMPTA | B4t |Reue | 844 Quigddatp* Cut
Rat e* * 65 220 66 983
67 1640 HDDA | @331 | 25.31 | 253igq 25.31 2285
2640 69 1240

_ PP | a4t 25 | 4125 | 4F.
20 * In this test [procedufe tlzﬁe V%I‘%(SDI ece rqta g%l at about 60 rpm

and the abrasive artli cCA3rof a4.081 at 49boyit 496 rlpr.95 ** In
this test procedure the Hepi-eeel+otat-pa ailbﬂui 5—+pm-And t he

abrasive article rotated at Eﬂiut 1%’)60r 5rr?-495 “2.40 240
-113- WO 97/ 11484 I CEO1 | 3094 | 61.88 | 92.81 | 123.75

PCT/ US96/ 15089 .

CACO3 | 71.91 | 68.07 | 64.25 | 60.42
CACO2 | 17.05 | 13.2] 9.39 5.56
CACO4 | 1288 9.04 5.22 1.39

The abrasive article for each example was made according to General

5 Procedure 1V for Making the Abrasive Article using Pattern #1. The resuiting
abrasive articles were tested according to Test' Procedure XI. The test results can
be found in Table 31. The cut rate was measured as Angstroms of silicon dioxide

removed in the one minute interval.

10 Table 31
Example | Cut Rate Angstroms/minute
77 148
78 500
79 1311
80 1580

This data indicated that there were differences in how much silicon dioxide

was removed by the abrasive article depending upon the amount of ceria present.
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Examples 71 and 72 An abrasive slurry for Exanple 72 was

prepared by mxing, with an air stirrer, Z.5..grans of TMPTA, 22.50
grans of HDDA, 45.0 grans of PP, 4.95 grans of CA3 and 2.40 grans of
PH . Next, 123.75 grans of CEOL were 5 gradual ly added to this m xture.
It took apprOX| rnag%fy 15 minutes to blend in the CE%T,Egyﬁh%ng
this, 200. 0 CACC3 were added and the resulting blend

m xed for an additional five minutes. An abrasive slurry for
Exanpl e 72 was prExaaipé $1thiough 8y, W th an air stirrer, 30.0 grans of

TMPTA, 90.0 grans of HDDA, 180.0 grans of PP, 10 19. 8 grams of CA3 and
9.60 grams of PH . NeXtis sebef exagplesspreparedztny (gated according for the pregegurs ded. | t

took about 15 m nubgsiet 97.8b %aa&mﬁo&li%s.w&mn& mrﬁmmx&{s%ﬁ &k wegs used to

Following this, 320.0 grans of .0 grans rams of
CACO4 were gr aduamaky tm-vanmcbh'éhermmtquymbrmdlswdsn 'ﬁabJ@?tﬁ f ast usu ts

addi ti onal é%@wm %e The abrasive articles for

Exanpl es 71 and 7% e accordl ng to the General Procedure | for
Maki ng the Abrasive Article using Pattern #1 except for the foll ow ng
changes. A rubber roller was not used Additionally, there was a

quartz plate over the production tool antplled2 yi traviol et 1ight was
transmtted t hr oudybrasive ﬂﬁ’&'ﬁt@"ﬂ!"&f‘@'ﬂﬂﬂrz{‘mﬂﬁbﬁWE‘P‘!E!! ool i ng. The
abrasive articles for 20 apcording to Test
Procedure VII. The test re Not e t he cut

n

rate was an average of fi v TIMREA N

Angstrons/ m nute of materi ph—erB) eg; MO-Q7/11.1484
PCT/ US96/ 15089 HDDA 25.31 25.31 25.31 253bpl e 27
Cut Rate EXPPDPT 8 4125 | 4125 | 4155 3g 7
after 2 minutes of testing '%'260 2 ' .25 500
after 4 mnutes of testing] CA3 oa7op o0 | 495 0 1300
after 6 mnutes of testing 2023 1750

after 8 mnutes of testing DAI 4%31p 4.95 0.3 248 1990
after 10 m nutes of testing pH7 2 40 2.40 2.40 2 40 2260
after 12 mnutes of testing 2120
after 14 mnutes of testinp CEOl 123.75 | 123.75 | 123.75 | 123.75 2530

CACO3 | 60.42 0 60.42 | 60.42

CACO2 5.56 0 5.56 5.56
CACO4 1.39 67.37 1.39 1.39
10 Table 33
Test Procedure XI
Example | Cut Rate Angstroms/minute
. 81 1393
82 1667
83 1348
84 ' 1141

This data indicated that there were differences in how much silicon dioxide
was removed by the abrasive article depending upon the materials and their

15  respective amounts present in the abrasive coating.
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Exanpl es 73 and 74 An abrasive slurry for Exanple 73 was

prepared by mxing, with an air 5 stirrer, 7.5 grans of TMPTA. 22 50
gres—of—HPBA—450~grans_of DUP, 4.95 grans of CA3 and 2.40 grans of
PH2. Next, 123.75 grans of CEOL were gradual |y added. It took about
15 mnutes to blend in the CEOI. Follow ng this, 110 grans_of CACGS.
20. 0 grans ofwayma®4and 10.0 grans of CACHA were gra W‘%ed and

the resulting blend was m xed for an additional five mnutes. 10

An abrasive slurry for Exanple 74 was prepared by mxing, with an air

stirrer, 7.5 gra ‘“BPleﬁ'ﬁﬁg.B" 750 grans of HDDA. 45.0 grams of PP,

4.95 grams of CA3 andThis 4& of bxaffiples, préfidied dyB¥scribdd’Br ERaniledmF-8U césatedrer €

gradual | y added. It took about 15 minutes to blend in the CEOL.  Fol | ow ng

this, 200. Garipuy sbragiye shxodformdations that cemained difesent dayels of elasticizar 1o ng

bl end was m xed A tH [ ki . The

abrasive articl ei‘é %trhgﬁé%% es 3“%%?09{‘{ o\fg‘ra{gn%‘ gﬁtggz:no-!r.a !en33 "to the

General Proceslure | for Making the Abrasive Article using Pattern #1 except

for - the foll owi ng changes. A rubber IL# er was not used. Additionally,

there was a gquartz plate over the Jl’b@ dtion tool and the ultraviol et

light was transmitted 2Rbrasive Siigy Foriitulatioas for Exaniphs 35 throligh D! yneric

tooling The abrasive articl es—for- Exanples—73.and 74 were tested

according to Test Procedure \[I Matetigl | tRsB5 |eBx;86s| Ex. 87 WO 97/ 11484
i%as

PCT/ US96/ 15089 are | iW‘W WH?‘W‘E‘ cut rate was an
average of five readings and S A uré3 in %\ngsw rons/ m nut e of

mat eri al renoved. HDDA 33.75 | 28.13 25.31 Tabl e 28
Cut Rate Exgnple73 FanrrpI e 74

after 2 minutes of testing PP 130 375 | 41.25 2160
after 4 mnutes of testing CA31%4P04 95 2.95 495 2380 5 *
Note that the first cycle wag aonly 1@ mndtes and the gecond cycle was

only PH7 3.6 3.0 2.7
CEO! 123.75 | 123.75 | 123.75
CACO3 | 6737 | 6737 | 61.37

The abrasive article for each example was made according to General

10 Procedure I for Making the Abrasive Article using Pattern #1. The resulting
abrasive articles were tested according to Test Procedure X. The test results can be

found in Table 35. The cut rate was measured as Angstroms of silicon dioxide

removed in the one minute interval.

15 Table 3§
Example | Cut Rate Angstroms/minute
85 497
86 1060
87 1382
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0.75 mnutes for Exanple 73. Example 75 10 The abrasive
article of Exanple 75 was.yade from an abrasive slurry that used a
thermal |y cured binder precursor. The abrasive slurry for Exanple 75 was
prepared by m xing, with an air stirrer 30.0 grans of EPR, 6.14 grans of EC

and 2. Qo emags of CEQ2. The CEQ2 was gradual |y addedgip y&j‘ﬁ?gi xture
of epoxy resin and curative. A production tool was prow’ge at was
made as described in 15 Pattern # |. The production tool was secured to a

metal carrier plate udihisglata indicated thatsthern gveteydifferpuices mUtiosv mectsiilicon dicxillaesi ve

tape. The abrasive,s [ s,.coated int . the cayvities, of the |,
production t ool u‘g?snge%v%(duﬁ%elpesa H‘é‘é‘@&&“&éﬂmpﬂa%E YPRR tg‘br’%‘?’\?g and ﬁ1e|r5| urry
conpl etely fill edespeativeambointspresehieiithe dbrdSWE chiialti Ng was brought into

cont act with the abrasive slurry contained in the cavities of the
production tool. A rubber 20 roller was rolled across the back surface of

the backing t@ engiihipléss8itnidagh9Pr asi ve slurry wetted the front
surface of the backi n?réand to renove any undesired air bubbl es. The

article was cured by Haistseteof exawplen ppipered @s desoobed ioExaiples 72:80,6&niparedr | C

(150[err] F). Next,. .the refil.nf abrasi ve copposife construction was
separated from Va"&ﬁt%bgﬁiﬁgs%&ff’%mmggf {I?gwf'c'?r‘fﬁ o gBF%{%’? TaSivE WG There
was sone di st ort iThe amouktiof materials 3riedd i Table 36001 during the thernal cure of
t he epoxy, which resulted in sonme distortion of the abrasive pattern.
The abrasive article was then heated for about 15 seconds to one mnute at
about 110 to3bl5.5[err]C (230 to 240[ errtdpre 3§ activate the prinmer on the

gs}:lgig Zi ng. Abrasive Slurry Formulations for Examples 88 throu‘giljﬁ B WO

PCT/ US96/ 15089 Materipb | e 88 rjcEx1R9 tlﬁm@@ 4e5:a|9tli cle for testing,
two abrasive articles wer e $ =0t ed to a
pressure sensitive adhesi ve}TWJZA on'fr di af hv&P-Pa1 el 80 o 3M St.

Paul, M\, under the trade [dg$HBRAYT Kag JCOgsHT FRgVEs it 44 1 Pr mance
Adhesi ve". Then, a 30.5 cm(12 ing¢h) digneter i rc'u?er lest| sanple was die
cut for 5 testing. PP 108 Ir 9JU0t | IG6THIIadDEE® priicle was

the cut rate was 1090 Angdkr S mi PR [nrtor | B |miRde pr o
PHT | 5760 | 91.20 | 91.20 | 57.60
KD2 0 | 15048 | 0 0

CEOI | 2970 | 47025 | 47025 | 2970
CACO3 | 1450 | 2296 | 229 | 1450
CACO2 | 13333 [ 211 | 211 | 13333

CACO4 | 33.33 52.7 52.8 33.33

The abrasive article for Example 88 was made according to General

Procedure II for Making the Abrasive Article using Pattern #1. The abrasive article

15 for Examples 89 through 91 were made according to General Procedure 1l for
Making the Abrasive Article Using Patiern #1 except that the ultraviolet light was
transmitted through the backing. The resulting abrasive articles were tested
according to Test Procedures XIl and X1ll. The test results can be found in
Table 37. The cut rate was measured as Angstroms of silicon dioxide removed in

20 the one minute interval.
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testing, the cut rate was 1370 Angstrons/ m nute. 10 Exanpl e 76

The abrasive article of Exanple 76 was made from an abrasive slurry that
used a partially polynerized ethylenically unsaturated nononmer made
according to the foll ow ng procedure. First. 209.5 grans of isooctyl
acrylic acid gr ans _ of bensil di nmet hyl -ketal p Lodletdo@t OF
wer e added i ntwgpgﬂ%/éisel . The resulting 15 m xture was firs le%dg)r'%gdgg W th
nitrogen for 15 mnutes. Then the vessel was exposed to a single

Bl ack Lanp that oper afThi data ifdicatak that theve wafe diffratesintow much silitah dioride y

I [ th | at ... Th | ti .partial I i.zed
Doty et vt o s eI TR e R, A bl kB
An abrasive sl ur regspbétive mmoaad Sresefit Mdlfe dBFSIVEERMnPY M xing, with an air 20
stirrer, 1.18 parts CA3, 6.54 parts HDDA. 3.08 parts TMPTA, 16.15 parts PP,

1.0 part PH7 and 1.15 parts of the partially polynerized

et hyl eni cal | y gun Hoids 39 ¢ nomer. Next, 47.57 parts of CEOL were
gradual | y added. ?{a t"(?ﬁégk a%'gﬂghggo mnutes to blend in the CEOL into
this mxture. Followi dgistsehi of exaimples, pRpprad s destribed in ExGAFIER780, ccompmedal | y

added and the resul.ting bl en m, xed for an additiopal, 2 .five

i nut es. various aélvgﬁﬁagﬁﬁsggnuéqnppﬁhét pee ‘Eﬁ‘g% I"'@Eei @wégaswm&wle-

accordi ng to the Theambadt of materialBistigted i Rable 360r Making the Abrasive Article

using Pattern #1 except for the foll owi ng changes. A rubber roller

was not used. Additionally, there was a quartz pl ate over the

productilon t gl danﬂ theI ultraviolet |ighfap transmtted through the ?0

quartz plate and the po ' | Qﬁ;% rti or Exanple 76

tested accordi ng %mysetcsi%?pggﬂﬁ?m [ e '%‘%sgt% t?"éo(sd&thg are listed

in Table 29. Note the Material | Ex. 88 | Ex. 89 | Ex. 90 | Ex. 91 -117-

WD 97/ 11484 '

PCT/ US96/ 15089 cut] TMFTAds 18R dvetBige| 32063 Je ¥88adj ngs and was

measured in Angstronms/ m nut S Tegdsal o]

Tabl e 29 ' HODA 'glgt RaﬁaS 98188 540 Exampl e 76
PP 1080 1710 | 1567.5 1080

CA3 118.80 0 188.10 | 118.80
PH? §7.60 | 91.20 | 91.20 | 57.60
KD2 0 150.48 0 0
CEO! 2970 | 4702.5 | 4702.5 | 2970 -
CACO3 1450 2296 2296 1450
CACO2 | 133.33 211 211 133.33
CACO4 | 33.33 52.7 528 33.33

The abrasive article for Example 88 was made according to General

Procedure 11 for Making the Abrasive Article using Pattern #1. The abrasive article

15 for Examples 89 through 91 were made according to General Procedure 11 for
Making the Abrasive Article Using Pattern #1 except that the ultraviolet light was
transmitted through the backing. The resulting abrasive articles were tested
according to Test Procedures XII and X11l. The test results can be found in
Table 37. The cut rate was measured as Angstroms of silicon dioxide removed in

20 the one minute interval.
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atfter 2 mnutes of testing 570 after 4

m nuft es of testing 1090 after_6 mnutes of
t estRe 250 after 8 mnutes of testing
1220 5 Exanpl es 77 through 80 This set of exanples

conpared various |levels of the ceria abrasive grain in th xed
abrasi ve artwolseni@he anount of materials is listed in Tatﬁg"ﬁ?s"%

abr asi ve slurry was prepared by mxing, with an air stirrer, TMPTA,
HDDA, PP, CA3 and 10 PH7.  Next,

| 8. . radual |y added to the abr asi ve
slurry until it was su stantl ol l owi ng this. CACG3,
‘CACO2 and CAC4 were al so 3’6%&?’9’%93‘9@&“5 the abrasive slurry

until the cal ci uprcarvoma ﬂemmu@ram.ﬂm Tewt Procedtire Rl CubR&®dr sed.
-118- Example Angtroms/Minute Angstroms/Minute
- 88 62 84
89 2113 2045
90 1462 916
9 1546 1220

This data indicated that there were differences in how much silicon dioxide

5 was removed by the abrasive article depending upon the materials and their
respective amounts present in the abrasive coating. Additionally, this data indicated

that there were differences in the cut rate depending upon how the ultraviolet light

was transmitted into the abrasive slurry to solidify the binder precursor. Likewise,

this data indicated that there were differences in the cut rate depending upon the pH

10 of the KOH solution.

Examples 92 and 93
This set of examples, prepared as described in Examples 77-80, compared
two different plasticizers in the abrasive sturry formulations that were used to make

15 the abrasive article. The amount of materials is listed in Table 38.
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Abrasive Slurry Fornul ati ons for

Exanpl es 77 through 80

Tabl e 30

Mat eri al Ex. 77 Ex. 78 Ex. 79 Ex. 80 TMPTA
8. 44 8. 44 4 8. 44 | HDDA porARocikose 25- 31
25.31  25. 31‘”09‘%"%“ PP 41.25 41.25C G158
41. 25 CA3 4,95 4.95 4,95 4,95
PH7 2.40 2.40 2.40 2.40  Table 38 CEOL 30. 94
61. 88 92. 81 123. 75 . , . 68. 07 64. 25
60. 42 | Abragive Styrry Fopmulgtions fpk Exiimpled §2 st 93 °° 07
CACO4 12. 88 9. 04 5.29 Material. 39 Ex. 92 Ex.93 The abrasive article
for each exanple was nade acc W@M—é——%;edure IV for Making |
the Abrasive Article using Paftér . {Thel-3%su| ti A0 abrasive articles
were tested according to Test ?'HDB%F” Rba g e[t Lsoﬁuuults can be
found in Table 31. The cut raie was measure'a as} Angstro of silicon
di oxi de renoved in the ope nmPRut e |i nagooal ao
Tabl e 31 Exargl-e—Gat—Rat-e—Angst rons/ m nut e
77 148 PEG | 0 450 500
This data indicated that theré_were diflf eréncestin how kuch silicon dioxide
was renoved by the abrasive afti ditl degend.4ly upon2.4de fnount of ceria
present. CEO! 575 | 1B

CACO3 60.42 060.42

CACO2 5.56 5.56

CACO4 1.39 1.39

The abrasive article for Example 92 was made according to General

Procedure 1V for Making the Abrasive Article using Pattern #1. The abrasive article

for Example 93 was made'according to General! Procedure IV for Making the

Abrasive Article using Pattern #1, except that the sample was heated for one minute

at 110°C (230°F) to activate the lilm primer prior to the abrasive article being

removed from the production tool.

10

The resulting abrasive articles were tested

according to Test Procedure X. The test results can be found in Table 39. The cut

rate was measured as Angstroms of silicon dioxide removed in the one minute

interval.

Table 39

Example

Cut Rate Angstroms/Minute

92

2770

93

1860

15

-124-



WO 97/ 11484

PCT/ US96/ 15089 Exanpl es 81 t hrough 84 ' This set of
exanmptes,prepared and tested according to the procedure of Exanpl es
77-80, conpared various abrasive slurry fornulations that were used to
make the abrasive article. The anmount of materials is listed in Table 32.
Test results W@971i484 shown in Tabl e 33. PCT/US96/15089

Tabl e 32 Abrasive Slurry Fornul ations for Exanples 81
t hrough 84 It should be noted MRt SfikAlestingX theSbrasivEXrticB4rom EXampld9o3 Ex. 84
TMPTA 8.44 8.44 8.44 8. 44 HDDA

25 31 25 31  was seyerely daprge and unusable in the testing of any additjopal semicongyctpr,

41. 25 41. 25 wa‘fle]'s. 2'Fhis data indicated that tBXi were differincggﬁ how xzucélssﬁicon di8xi§e 0

4.95 0

2.48 . was removed accordinigtly the plasticiZér géesent in tBe atidasive c@atihQ. 2.40
CEOL 123. 75 123. 75 123. 75 123.75 CACC3
60. 42 50 60. 42 60. 42 CACO2 5.56
0 ' 5.56 Exampjss94and9s CACO4  1.39  67.37  1.39
1.39 10 This set of examples, prepared as descriRBlig E§§n les 77-80 compared
Test Procedure Xl ! Exampl e (RJ
Angst r oms/ i nut gnonofunctional acrylates in the abrasive slurry forngdations that were used to mpR® 3
3421 the aﬁ%gi%e article. The amount of nffﬁlerisals st {lSled in P@g#% ‘d that there V\é?gﬂ
di fferencesipn how nuch silicon dioxide
Table 40
Abrasive Slurry Formulations for Examples 94 and 95
Material Example 94 Example 95
HDDA 7.16 7.10
MAI 63.91 0
MA2 0 64.50
CA3 0.76 0.74
KD2 0.74 0.75
PH7 2.28 2.27
CEOI 184.8 184.6
CACO3 75.84 59.9
CACO2 5.59 16.28
CACO4 1.4 1.40

The abrasive articles for these examples were made according to the General

15 Procedure VI for Making the Abrasive Article using Pattern #1. The resulting
abrasive article was tested according to Test Procedure XIV. The test results are
detailed in Table 41. Note the cut rates were averages of one to ten readings and

were measured in Angstroms/minute of material removed.

20 Table 41

Example Cut Rate Angstroms/Minute

94 1140
95 2240
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was renoved by the abrasive article depending upon the materials and their
15 respective anounts present in the abrasive coating.

-120- WD 97/ 11484

PCT/ US96/ 15089 Exanpl es 85 t hrough 87 This set of
exanpl es, pre%?,qlﬁ described for Exanples 77-80, conparegeryisoensoss’ | OUS
abrasive slurry tornulations that contained different levels 0o 6{ astici zer
to make the abrasive article. The anmount of materials is listed in

Tabl e 34. S These examples demonstrate the ability of a fi dTﬁ)bal f ‘?éf]tl that did
Abrasive Slurry Fornulations for Exanp|es 85 through 87 ¢ arce thatd

Mat eri al Ex. 8ot contain gny plastisizer gythe abrasive coating to remove silicon dioxidd fv&¥i An
11. 25 9.38 : , s HDDA 33.75 28. 13
55 31 semicondbicttf wafer test wongece. 30 37 5 11 25

CA3 4.95 4.95 4.95 PH7 3.6

3.0 2.7 CEQOL 123. 75 123. 75 123. 75
CACOB 67. 57 Exagples D6 throggh 98 The abrasive article for

each exanpl e was madahRGetdkanplésOprepital @k tdsted BdescRdl Br Exdripiesdakingg t he
Abrasive Article using Pattern #1. e resulting abrasive articles

3
were tested accoPdi GogParsd Yaraqus devels o pragticieer infbe pbrasive durny fosmylations ghat
found in Tabl e 3gere JR6 15 Hhke 1A SoriR aRRAS T'ﬁeeﬂnrﬁﬁi m%%rgaﬁq? 1idd 1% TabiE 92

di oxi de renoved in the one mnute interva
Tabl e 35 and test results are shown in Takle#3l e = Cut Rate Angstrons/m nute
10
Table 42
Abrasive Slurry Formulations for Examples 96 through 98
Material | Example 96 | Example 97 | Example 98
TMPTA 6.56 5.63 4.69
HDDA 19.69 16.87 14.06
PP 48.75 §2.50 56.25
CA3 4.95 - 4.95 4.95
PH7 2.4 2.40 24
CEQI 123.75 123.75 123.75
CACO3 60.4 60.4 60.40
CACO2 5.6 5.6 5.6
CACO4 1.4 1.4 14
) Table 43
15 Test Procedure XIV
Example Cut Rate Angstroms/Minute
96 2320
97 2840
98 2250
These examples demonstrate the utility of ceria-based abrasives containing a
range of plasticizer to remove silicon dioxide from an semiconductor wafer test
workpiece.
20
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85 497 86 1060
87 1382 WD 97/11484

PCTI"USY67 I5089 Thi's data 1 ndicated that there were
differences in how much silicon dioxide was renoved by the abrasive
article depending upon the materials and their respective ampunts
present in thWOSHiHE4 ve coati ng. 5  Exanpl es 88 t hr oughPCI{Us9e15082
This set of exanples, prepared as described in Exanples 77-80, conpared
various abrasive_slurry formulations that were used to make the abrasive

article. Tﬁﬁ‘“ﬂﬂﬁﬂ?t‘hfﬂ"ghﬂf’%ri als is listed in Table 36. 10
Tabl e 36 This scL0f GRimBRs RnttiiYat T WS@bF ANSr ERbnEIRIRERMeRS
t hrough 91 Material Ex. 88 Ex. 89 Ex. 90 Ex. 91

TVMPTA 180 as meanp Bodress the fxeizabrasive gicle. The abrasive slurry was preppiedhy

240 L 825, RtkindSwith aralfstirrer, TMPTA HODA, PP, GAY, and PR7. Next, CEBfRyps, (1710
118. 80 5 gradually added to the ibdlre. FollowiingSihis, cdud Garbonadd wa gradudlly. 60

g 5[9)30 470-2.0 5 Aaﬁé;io ;5415139. amoynt o? the materials? in grams, for the aRpasiye slurry jpslgtzegjinzzgfs
2296 1450 Table 44. CACO2 133. 33 211 211

133. 33 CACO4 33. 33 52.7 52.8 33.33

The abrasive article for Exanple 88 was made according to General
Procedure Il for Making the Abrasive Argjyil §gusing Pattern #1. The abrasive

icle 15 Ex : ' Ge I
g; E)Icgdﬁre I I14 8; armkﬁ&(’lﬁ'gc?ﬁ Mpﬁ}lgéfoﬁg?%rﬁgﬁéé&gﬁﬁ%hggg @ie)r n girgxcept

that the ultraviolet |i ngt was Abrasive Sturry Formulations for

Material Examples 99 through 102
TMPTA 540
HDDA 1620
PP 3240
CA3 356.4
PH7 172.8
CEQ) 8910
CACO3 5760
CACOS 176
CACO2 400
CACOM4 100

The fixed abrasive articles for these examples were made according to the

General Procedure 1l for Making the Abrasive Article using Pattern #1. The
abrasive articles of Examples 99 through 101 were treated with an air corona using

15 a Sherman corona treating unit (Sherman Treaters, Ltd., United Kingdom) in the

bare ground role configuration. The abrasive article of Example 99 was treated with
the air corona at an energy level 31.2 joules’cm2. The abrasive article of
Example 100 was treated with the air corona at an energy level 41.2 joules/cm2.
The abrasive article of Example 101 was treated with the air corona at an energy
20 level 50 joulesfcmz. Additionally the abrasive articles of Examples 100 and ]01
were treated twice at half the energy density to obtain the total energy level. The

abrasive article of Example 102 was not air corona treated. This set of abrasive

articles was tested according to Test Procedure XIV. WNote the cut rate is an
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transmtted through the backing. The resulting abrasive articles were

tested accordi ng to-Test Procedures XlII and Xlll. The test results
can be found in Tabl e 37. The cut rate was nmeasured as Angstrons of
silicon dioxide renoved in 20 the one mnute interval.

- 122- wi37114sd 1484 _ . PCT/US96/15089
PCT/ US96/ 15089 This data indicated that there were

di fferences in how nmuch silicon dioxide was renoved by the abrasive
article dependi ng/et@elafédneateﬂaéfefn'b@d Ev@ﬂ&kbib&js kested per eXafpRE Cithle (&t AREILENT S
present in the abr S|ve o Exanpl es é) 8 through 91

This set of exanfAnde fousd @b—g”rb Sas descrl bed in Exanpl es 77-80, conpared

various abrasive slurry formulations that were used to make the abrasive

article. The amount of materials igplei4§te€d in Table 36. 10

Tabl e 36 Abrasive Slurry 'Iéor mul ations_for Exanpl es 88

t hrough 91 Examplt| €t Rate Angstrddis/Minke.| 89 Ex. 90 Ex. 91
TMPTA 180 285 . Lo HDDA

540 855 961. 88 549 99 38 AP 1080 1710
1567.5 1080 100 CA3 T8 80 0 188. 10
118. 80 PHY . 58 91.20] 91.20 57. 60

KD2 0 150. 48 0 101 0 105 CECQL 2970
4702.5 4702.5 2970 -CACS3 4450 2296 2296
1450 ead® |133.33 22211 211 133.33
CACO4 33.33% 52.7 52.8 33.33 he abrasive article
for Exanple 88 was nade according to General Procedure Il for Making

the Abrasive Articl e Iti¥angvident tfeamn thejaboys, data sabde ithae use of tieecorona energy
significantly affected the resulting cut rate of the abrasive article.

Examples 103 through 108
10 This set of examples compared different abrasive slurry formulations that
contained various types ol abrasive particles. The abrasive slurry was prepared by
mixing, with an air stirrer, TMPTA, HDDA, PP, CA3 and PHI. Next, CEQl was
gradually added to the abrasive slurry until it was substantially dispersed into the
abrasive slurry. Following this, the other abrasive particles were also gradually
15 mixed into the abrasive slurry until they were substantially dispersed into the

abrasive slurry. The amount of materials is listed in Table 46.
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15-
for

for

Exanpl es 89 through 91 were made according to General
Maki ng the Abrasive Article Using Pattern #1 except_that the

ul tTavi ot et

T ght was

transmtted through the backing.

Procedure 11

The resulting

abrasive articles were tested according to Test Procedures XIl and
XI'll. The test results can be found in Table 37. The cut rate was
nmeasured as AVQS8YH&¥Ms of silicon dioxide renoved in 20 tRETHSB 18Ut e
i nterval . -122- WO
97/ 11484
PCT/ US96/ 15089 Table 46 Tabl e
Test Procedures XI| arfsbrasiyg Slurry Formulations for Examples 'OPé§f°‘1$P‘d@§dure Xl Cut
Rat e Test Procgt | a g
Angst rons/ M nut e aterid® | Ex-103 Ankgml Ex %E&.m@ Ex. 107 Egglos
62 . TMPTA 9.38 8938 9.38 o 9.54 9.54 2113
2045 90 1462 916
91 HD%45 28.13 28.13 28.13 28.61 1286} 28.13
Thi s data indicaf trat Tt} it TCTES h RECSihizcoh di oxi de
5 was renoved py tpﬁ br"éf%d\je articlle dépenjl:l;\%glsuoo\rl\\%f%; maf e'rsi als and
their respectCa® ahodmss pré9snt| | 4.95he| ald9si he4®bat | ng.95
Addi tional ly, th}s—datai-ndicated -hat+—-hero-were—di-H-arenrce$ in the
cut rate dependi hg Bibn hod®he| uBPavii oB&® | | grd4 24\as| t st t ed
into the abrasi VETFEHTY 1123%” qb3 ¥s {929 R80ET BHECHT 595 - |- K@yl S¢-
this data indi categ‘that ere mere diffferences in the cut [rate dependi ng
upon the pH 10 ofSthe KOBSI6.90! ut i On. 0 Ex®nmpl s 02 a!nd 93
This set of exanptes epatet—as—gesertbhed—h—rat Bo—eoenpar ed
two different pl ast$@{ efs ’n the brds |v§ slprry fo rrupatlonsotha wer e
used to nmake 15 VrRiabl asgve pripcl g The apoupt of npterfalgois|listed
in Tabl e 38.

ZR 0 0 0 125 0 0

YZR2 0 0 0 0 125 45

The abrasive articles for Examples 103 through 108 were made according to

General Procedure IV for Making the Abrasive Article using Pattern #1.

The

reSulting abrasive articles were tested according to Test Procedure XV. The test

results can be found in Table 47. The cut rate was measured as Angstroms/minute

of silicon dioxide removed. The test length varied.
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PCT/ US96/ 15089 Tabl e 38
Abrasive Slurry Fornul ations for Exanples 92 and 93
Mat eri al Ex. 92 Ex. 93 TMPTA
7.50 7 HDDA 2 22.50
S96/15089
PP 45‘."@8”"‘“ 0 Pé’&ﬁ% 0
45. 00 CA3 4.95 4.95
PHI 2. 40 2.40 Table 47 CEOL 123. 75
123. 75 CACES G042 §0—42
CACCR 5. &Yt Rate afety| 5 CAcos
1.39 1.39] —minutesol | g 103 | Ex. 104 | Ex. 105 | Ex. 106 [ Ex. 107 | Ex. 108
tesnjg
2 210 780 2330 2070 1460 2720
4 280 630 1860 2100 | 2140 2610
6 340 2470 1670 2090 2470
18 2290 1980 2310 2420
10 2560 1340 2360 2400
12 2540 950 2430 2320
14 2550 2230 2440
16 2610 2330 2510
18 2160 2100 2470
20 2500 1530 2340
22 2310
24 2420
26 2380
28 2350
30 2430
32 2410
34 2590
36 2520
38 2330
40 2570

This data indicated that there were differences in how much silicon dioxide
was removed depending upon the type and amount of abrasive particles in the
S  abrasive coating.
For Example 108, after 40 minutes of testing (i.e., 20 wafers) the abrasive
article was used to treat a wafer (the 21st test wafer) for 2.5 minutes. After this

step, the test wafer was cleaned with distilled water and dried using a stream of
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The abrasive article for Exanple 92 was made according to General 5
Procedure 1V for Making the Abrasive Article using Pattern #1. The abrasive

ar trcte fFor—ExXanpr e 93 was nade according to General Procedure 1V for
Maki ng t he Abrasive Article using Pattern #1, except that the sanple
was heated for one mnute at 110[err]C (230[err]F) to activate the
filmprimer pWO8Y1IMEA t he abrasive article being r emov FETYSIHIHe

production tool. The resulting abrasive articles were tested 10 accordi ng
to Test Procedure X. The test results can be found in Taple 39. The cut _
rate was measur lgamairangEher sifaceffinish| oo die Wafxi wes meamied Using (W i nut e

interval. . Ipterferometer, Model # ST Plus Tucson, AZ. The su¥&de! ffish Was measured
Exanpl e f'e Angstr ons/ 92
2770 in five dlﬁ'erent locations. Th;gest results can be found in Tablg@8. 15
-124- WO 97/ 11484
PCT/ US96/ 15089 It should be noted that, after testing, the
abrasive article from Exanple 93 Tabk 48ever el y danmaged and unusable in
the testing of any sagdrid FinRRIMé&RaefiRnEof /215t Test WildrdiyExakiplé103at a
i ndi cated that there s—n-how my siticon digxihde was
removed according tq thelpationicizier prB¥§it in {he abrB&ive cdating. 5
Exanpl es 94 and 95 =7 ﬂ'ﬁ,—g?egm'm“as descri bed
i n Exanpl es 77-80, donpar ed rmnofung) I onal acrx?’ &% i n tlhe abrasive
slurry formul ations [that were used to reédEnm the absam ve drticle. The
anount of material s is-listedin-Table 40 10

3 0.95 nm 0.75 nm

4 0.95 nm 0.76 nm

5 0.77 nm 0.62 nm

*RMS refers to the root mean square of the deviation from the reference
plane.
10

Example 109
The abrasive slurry for this example contained an ammonium salt. The
abrasive slurry was prepared by mixing, with an air stirrer, TMPTA, HDDA, CA3
and PH1. Next, CEOl was gradually added to the abrasive slurry until it was
15 substantially dispersed. Following this, the other abrasive particles and NHC were
also gradually mixed into the abrasive slurry until they were substantially dispersed.

The amount of materials is listed in Table 49.

Table 49
20 Abrasive Slurry Formulation for Example 109
Material Ex. 109
TMPTA 18.75
HDDA 56.25
CA3 4.95
. PHI 3.00
CEO! 80
. ZR 147.2
NHC 10.4




Tabl e 40 Abrasive Slurry Fornul ati ons for Exanples 94 and

95 Mat eri al Exanpl e 94 Exanpl e 95

HDDA 7.16 7.10 MAI

63. 91 0 MA2 0

64. 50 WO 97/11484 CA3 0.76 PCT/USY6/] 589" 4

KD2 0.74 0.75 Hﬁﬁ}'

2.28 2. 27 CEO1 184.8

184. 6 The abrasive @ASES for Example 109 wa$.alle according to Gerieral 9

CACO2 . D . 6.28 , . . CACO4

1.4 P rggegbreglv for Making 'he'l}#gasévﬁr%'éﬁcVeusﬁ'ﬂt'Ta&‘F'@s#'Fofr he gesulting arpl es

were made accor dbRgivé erticlkevastatiakcokfing 1°Te% Prcedury/ XV OrThiVidst AGuits"&@n
Abrasive Article using Pattern #1. The resulti abrasive article was

n
tested accor di ndetfernfisa Taple 58ediie sutitpyy. WaFH‘éeaﬁ‘ESg ay dagsirows/minute of silicotlet ai | ed
in Table 41. ;Notg, EfiG&embled” AHE TestRhSth M4E ﬁ@ggﬁu% af?(pgxgtcﬂt Ia%w&seégds&%é and

wer e maasure(? in Angstroms/m nute of nateri

renov

Tabl e 41 after one minute of treatmenExanpl e Cut Rate Angstrons/ M nute
94 1140 95
2240 : -125- WO
97/ 11484 Table 50
PCT/ US96/ 15089 These exanples denpnstrate the ability of a
fixed abrasive article that did CutR#et contai h &y adticizer in the
abrasi ve coating to renov ' aﬁer mm.uteo.f estiri-' UL LT q9em conduct or
waf er test workpiece. g

after 2 minutes of testing 640

after 3 minutes of testing 740

after 4 minutes of testing 680

after 5 minutes of testing 580

10 Examples 110 and 111
This abrasive slurry for this set examples contained a complexing agent.
The abrasive slurries were prepared by mixing, with an air stirrer, TMPTA, HDDA,
PP, CA3 or KD2 and PH1. Next, the abrasive particles were gradually added to the
abrasive slurry until it was substantially dispersed into the abrasive slurry.
15 Following this, either TANA or SAA was gradually mixed into the abrasive slurry
until they were substantially dispersed. The amount of materials for the abrasive

slurries can be found in Table 51.

-132-



5 -

Exanpl es 96 through 98
tested as descri bed for

This set of exanples,
95,

prepared and

Exanpl es 94 and conpared_various levels

of =pfastictizer Tn tne abrasive slurry formulations that
make t he abrasive article.

were used to
The anmpbunt of nmaterials is listed in Table 42

and test results are shown in Table 43. 10
Tabl e 42 WO 97711484 Abrasive Slurry Formul ations for &aﬂﬁr"é'é"'ﬁ‘e
t hrough 98 Mat erial Exanple 96 Exanple 97 Exanpl e
98 TVMPTA 6. 56 5.63 4. 69
HDDA 19. 69 16. 87 Table b6 PP
48. 75 52. 50 AbrasiveSjurry Formulations for Examples 110qnd 111 4. 95
4.95 4. 65— : 7 -

Material E 110 ZExhmple 111 2. 40
2.4 mdezell 15 ?'5 qbg 7BMPe 152175
CACs, 60. # TMPTASO. 4 60250 14,26 CACO2
5.6 5.6 56 GACSH 4
Test Procedure X txanﬁre Rate
Angstronms/ M nut e PP 30 96 0 2320
97 284CA3 495 98 ©
2250 These—exanplestderprstate—the~t+H+y—af—ee+r+f- based
abrasi ves contaihing a KD2 rangg of pIaQticizer b o remov® sili bn di oxi de
from an sem condfICToOr Wagggr 1t €St WORKpI ece.” PO 1.82
-126- '

YZR] 87.47 0

ZRO 83.05 0

YZR2 0 221.68

TANA 20 0

SAA 0 20

The abrasive articles for Example 110 and 11! were made according to

5  General Procedure 1V for Making the Abrasive Article using Pattern #1. The
resulting abrasive articles were tested according to Test Procedures XVI. The test
results can be found in Table $2. The cut rate was measured as Angstroms/minute
of silicon dioxide removed. The test length was variable and the cut rate was
measured after a single minute of treatment.

10
Table 52
Cut Rate (Angstroms/ minute) | Example 110 | Example 111
after 1 minute of testing 200 1270
after 2 minutes of testing 150 340
after 3 minutes of testing 230

It can be seen from the above data that different cut rates were achieved

with abrasive articles that were made with different abrasive slurries.
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PCT/ US96/ 15089 Exanpl es 99 through 102 . . This set of
exanpl es denonstrated the use of an air corona post-treatnment as
means to dress the fixed abrasive article. The abrasive slurry was prepared
by M XiDdoriudsh an air stirrer, TMPTA, HDDA, PP, CA3pcpdodisliss Next,
CEOL was 5 gradual |y added to the m xture. Follow ng this, calcium
carbonate was gradual ly added. The anount of the materials, in

grams, for the abrasiyg é‘lJréHvEyarh&e lo?gxﬁ'rq%hrl 11 was al@@fsﬁd %cordm% to Test

Tabl e 44 10 Abrasive Slurr ornmul ati ons Exanpl e

t hrough 102 Procedure XVII. The TIR was measured beforeAesting to/ie Sgpmamqmqt‘e;s n'ﬁ!heit i ons
fl'(l\)/erT A TIR after testl%b\&a 406}|anometers Exanpl es gaDERr ough 102

1620 3240

%g 8 5 Examples ll% tﬁi’ou&dﬂ_&l Pg 510

CACGB This set df €R&mples compared various abrasive %%rmulatlons that

3204 were used to %Aa(gg%he abrasive article. Ttpn@brpqx\ggeqjurgjb Meas ipreparedt Byc| es

for these exa”p'Ag.r éag{yﬁhgvtﬁst P‘%ﬁ\ﬁlbf‘;glfr@okhﬁ’ ﬁ]déeﬂ,srpﬁ] r{)&?%ﬁ&e 11

for Making the I cl e 'using Patt rasive
articles of Exanpkegradelly laddedgte majabmwe Slurreamaunwasmuasta:many dispaysed. usi ng

Cngdom P PO R0 bk Hor CHRGH btk il fso phluy Mt | ¢

Ki ngdom) in roun e con | gurat I'oh
of Exanple 99 waﬂnetabmavwhrw unkil these pamdlésewem substamtialhadisgersed  Thedmpant ofv el

31.2 joul es/ Th ' ti 100 t t ed
w ih Lhe o cor BABTSI. Weragh dghe BT ShFie cpnn eniaREFS.  The

abrasive article of Exanple 101 was treated with the air corona at an

energy 20 | evel 50 joules/cnierr]. Additionally the abrasive articles of
Exanpl es 100 and 101 Table 53
15 Abrasive Slurry Formulations for Examples 112 through 114
Material Example 112 Example 113 Example 114
TMPTA 8.44 10 18.01
HDDA 25.31 30 54.02
PP 41.28 35 0
CA3 495 495 0
KD2 0 0 3.84
PHI 24 3 2.88
CEOI 124 76.14 1515
ZRO 0 178.96 354.11
CACO3 69 o 0

The abrasive articles for Examples |12 through 114 were made according to
General Procedure 1V for Making the Abrasive Anicle using Pattern #1. The
resulting abrasive articles were tested according to Test Procedures XVII. The test

20 . results can be found in Tablc 54.
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were treated twice at half the energy density to obtain the total energy

| evel . The abrasive article of Exanple 102 was not air corona
treated TS Ser or_abr asl ve articles was tested according to Test
Procedure XIV. Note the cut rate is an

-127- WO 97/ 11484

PCT/ US96/ 1500809711488  qyerage of cut rates of one to five RiJUSSVEE¥s
tested per exanple. The test results can be found in Tabl e 45.

.Tabl e 45 Exanpl apiegy Rate Angstrons/ M nute

99 ' 38 100 29
101 105 | Example | TIR Prior to Treatment | TIR Aj}glz’l'reatmem 22
5 It was eVroem=—fTormmtiT rrre—data—tea m—uﬁe of the
corona energy Si ngfdﬁé%nt y affg%(f'gﬁ t he fesul ?I ﬁﬁ"‘cut te of the
abrasive article. Exanp| es 1080d dm ough 8 1483 nm This set of
exarrpl es conpar ed diffen slurcy forpulations. that

cont ai ned various types fof lé‘braFl ve péqoc'}'l‘:l es. The abfawwve sljurry was
prepared by m Xi ng,wWth—amar st rrer—ivWPTA—HBBA—P, CA3 and
PHL. Next, CEOL was gradual ly added to the abrasive slurry until it

was substanti al | y di sbissdnth indicated himat different adbraaivi \coatig Uofrirulatfonk lachiéveg t hi s,

t he other abrasiv ar were al so gradually 15 m xed into the
abrasive slurry Lfﬁtﬁ? trh‘g%f"aére substantially dispersed into the

abrasive slursy. The anmount of materials is listed in Table 46.

Examples 115 through 117

This set of examples compared various abrasive slurry formulations that

were used to make the abrasive article. The abrasive slurry was prepared by

mixing, with an air stirer, HDDA, MA2, CA3 and PH7. Next, CEOl was

10  gradually added to.the abrasive shury until it was substantially dispersed. Following

this, CACO3, CACO2 and CACO4 were also gradually mixed into the abrasive

slurry until these particles were substantially dispersed. The amount of materials, in

grams, for the abrasive slurries can be found in.Table §5.

15 Table 55
Abrasive Slurry Formulations for Examples 115 through 117
Material Example 115 Example 116 Example 117
HDDA 7.50 9.00 10.51
MA2 67.53 66.0 64.50
CA3 495 497 4.95
PH7 240 2.42 242
CEO1 123.78 123.78 123.75
CACO3 84.03 84.01 83.05
CACO2 5.62 5.61 5.62
CACO4 1.4] 1.41 1.40
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PCT/ US96/ 15089 Tabl e 46 .
Abrasive Slurry Fornul ations for Exanples 103 through 108 Mat eri al
Ex. 103 Ex. 104 Ex. 105 Ex. 106 Ex. 107 Ex. 108 TMPTA
% 13 28 130T, 2% 61 28 61 2. 13 retribiglisoss
37.50 37.50 37.50 36. 85 36. 85 37.5 CA3
g 88 g' 88 ngegabrasive agtfc%lsfor Exan‘?plzeg j 15 throughgl:lggrere made accordiglvggl
123. 75 123. 75 Gendral3Prpgedure VI for] Making the Ab@give Article 1§iog Pattern #1. Th&ZR
gg B 0 0 resufgmﬁ abrasive articl% were testedoaﬁcording to Tgst $Z?_9efiure X)él Iilae test
120 0 results ¢an be found inBlable 56.
5
Table 56
Example Average Cut {Angstroms/ minute)
115 3400
116 400
117 100
It was evident from the above data that there were differences in cut rate
depending upon the formulation of the abrasive coating.
10
Examples 118 through 122
This set of examples compared various cerium oxide abrasive particles. The
abrasive slurry was prepared as described for Examples 77-80. The amount of
materials is listed in Table 57.
15 '
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ZR 0 0 0 125 0 0

YZR2 0 0 0 0 125 45 —

The—abrastve articles tor exanples 103 through 108 were nmade according to 5

General Procedure |V for Making the Abrasive Article using Pattern #1. The

resulting abrasive articles were tested according to Test Proc g XV. The
it

t est resIW@8VH4¥ be found in Table 47. The cut rate wadGte as
Angst romns/ m nut e of silicon dioxide renoved. The test |ength vari ed.
-129- WO 97/ 11484 ' Table §7
SIS0 sy oo sy 2
107 Ex. 108 Material | Ex. 118 | Ex 119 | Ex. 120 | Ex. 121 | Ex. 122
. TMPTA 8.47 8.46 8.46 8.44 8.44
HDDA 25.35 25.34 25.53 25.34 25.31
PP 41.29 41.3 41.27 41.28 41.25
CA3 4.96 498 4.96 4.96 4.95
PH7 240 244 241 2.42 2.42
CEOl 123.77 0 0 0 0
CEO3 0 123.80 0 0 0
CEO4 0 0 0 123.76 0
CEOS 0 0 123.76 0 0
CEO6 o 0 0 0 123.75
CACO3 60.41 6041 60.43 60.41 60.40
CACO2 5.64 3.62 5.63 5.61 5.60
CACO4 1.42 1.43 1.40 1.41 1.40

The abrasive articles for Examples 118 through 122 were made according to
5  General Procedure VI for Making the Abrasive Article using Pattern #1.  The
resulting abrasive articles were tested according to Test Procedure XIX. The test

results can be found in Table 58.

Table 58
Example Average Cut (Angstroms/ minute)
118 1846
19 1651
120 859
121 1368
122 490

10
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testing 2 210 780 2330 2070 1460

2720 4 280 630 1860.___. 2100 2140
2610 6 340 2470 1670 2090
2470 . 8 2290 1980 2310
2420 2560 1340

2400 wo s figs 2040 oaorCTUSHhse
2320 14 2550 2230
2440 Eds€mples 123 and 124 2610 2330
2510 18 2100
2470 20 This set of examples compared the cut ragayf @ fixed abrasive article withgmQ
ggig e:%%nal lubricant present in the fluid medium to the cut rate of the same fixed
2420 abrasgve article without an external lubricant present in the fluid medium. The
gggg 5 ah%%ive article was made according to General Procedure 1 for Making the
2430 A&stc Article using Pattern #1. The abrasive slurry was prepared by mixing,
241

2598 wntlggn air stirrer, 8.44 parts TMPTA, 25.3) parts HDDA, 41.25 parts PP, 4.95
gggg pa?l% CA3 and 240 parts PH7. Next, 123.75 parts of cerium oxide abrasive
2570 panrql@ Q)i warec graduallyhadded Hior thewebrasivei slaey cungibsit i washow

T ve oord Pgbdfaly (MBsds® TRURNAACOR0 Ho B ERCOYPS BTfRTR", of

abrasi ve particles abrasive coat 108,
after 40 m nut esCACO2esd il partseof, CROOhaiess al}so tgl’adualynanzed/mto the ab“risivel e was

Step, the test vapBrnLEeRraTRle G HEHCHh d s er and dri ed using a
st ream of The abrasive article of Example 123 was tested 3c@rding to Test Procedure
[H1. The abrasive article of Example 124 was tested according to Test Procedure Il
15 except that the fluid medium contained 0.5% by weight of a water soluble
polyethylene oxide polymer-commercially available from Union Carbide of Danbury,

CT. under the trade designation “Polyox :1105". The test results are shown in

Table 59.
20 Table 59
Example Average Cut (Angstroms/ minute)
123 1610
124 1420

Examples 125 through 129
This set of examples compared various abrasive slurry formulations that
were used to make the abrasive articles. The abrasive slurry was prepared by
25  mixing, with an air stirrer, MA3. HDDA., PP, CA3 and PH7. Next, the cerium
oxide abrasive particles were gradually added to the abrasive slurry until it was
substantially dispersed.. Following this, CACO3 and CACO4 were also gradually

mixed into the abrasive slurry until these particles were substantially dispersed.
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ne

Tabl e 48
Exanpl e 108
Ra

2

0.95 nm
0.76 nm

clean air.

KO

TNTEert eronet er,
The surface finish was neasured

results can be found in Tabl e 48.
WO 97/11484r f ace Fi ni sh Measurenments of the 21st PRI&SIIMRE by
Locati on

5

Vodel

RMVS*

| ocati ons.

Tucson,

The surface finish of the wafer was
# RST Pl us,
in five different

AZ.

The test

Thegamaoum 02’ materials, in graps. gorgtmz 9abpagi]ve slurries can be fo(i)x'ng’ Zi%nm

Table 68: 75 nm

5

0.77

4

nm

0.95 nm
0.62 nm

*RVB refers to the root nmean square of the deviation fromthe reference

S prepared

CECOL
tially

ntially

e 109

pl ane, 10 Exanpl e 109 Tdife gPr asive slurry for this
exanpl e contai_ned an a . " Y25 K 198
by m xing, W fh an air ‘s lga!,r“lr’Je[e]‘&?l.ﬁ bﬁ?ﬁpﬁﬁfﬁ&wg&%ﬂﬁw ghﬁ;“g [ Next
was gradual | y addedMateriaine) albx. 425 vt Ekursy fulBxi 127 t| wees 128 | $xbkA%a
di spersed. FOl | OWalgmtuli=c W
al so gradual Iy mikedMABt o |t heB-%br ati vB- B udry 1@ i 1| t H8yYPuele dafist a
di sper sed. T Mt Ol BT el T 3575 S [T 13855 1N G@DsE 9. 45.0
Tabl e 49 20 HDDA zs'g\gr abi \?jeﬁgi urrngbr mul alion fér Exanpl
Mat eri al B 109 41.25 300 7.50 0 TMPTAS.O
3375 A3 4.95 4,95 4.95 4.95 57177 4.95
3.00 PH7 2.70 oHOT 2.70 60 $0 270
ZR 147 .2 N
10. 4 CEO! 123.75 123.75 12371731 - 123.75 123.75
CACO3 67.36 67.36 67.36 67.36 67.36
CACO4 8.0 8.0 13.0 15.0 13.0

10

15

The abrasive articles for Examples 125 through 129 were made according to

Ger;eral Procedure IV for Making the Abrasive Article using Pattern #1. The

resulting abrasive articles were tested according to Test Procedure XII. The test

results can be found in Table 61.

Table 61
Example Average Cut (Angstroms/ minute)
125 1996
126 1107.5
127 320.0
128 146.7
129 420.0

It was evident from the above data that there were differences in cut rate

depending upon the formulation of the abrasive slurry.
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according to Ceneral
using Pattern #1. The resulting
to Test Procegiiosy

cut rate
The test

50

one ni nute of trE

..The abrasive article for Exanple 109 was nade
Procedure 1V for Making the Abrasive Article
abrasive article was tested according
The test results can be founddi, %p,h;wso The
was rreasured as Angstronms/mnute of silicon I OXI de Trenoved.
|l ength was five mnutes and the cut rate was neasured after

Tabl e
{liRes 130 and 131 Cut Rate Ex. 109

after 1 mnute of tesThisget of examples}Eompared various abrasive slurry formulatiofdf th&tf 2

m nutes of testin

after 3 m nutes of

640
7 40wgre used to make the abrasive articles.

testing Lhe abrasiverslyry avas prepaeedtliyng
680 ith t t g . 10
Exanpl es 110 to glr’l‘:jn 1“" an air stieé, TR, :@Rgbﬁgs(?éﬁeg gfﬂ-ﬁ' Neétl’ t}t' §e9mm
exanpl es contfi nexidesabrasivg| pagiciey ve&gemadually addedr tnetlatxbmswuelusdyunml hswuyer e
prepared by m XI r CA3 or
and PHL. Next, Hfsiantt a’?.d@E“Sé&r t ?é' Qi this “ﬁﬁﬁ%a‘ﬁsw&%&a “P’éPdt fnie the
abrasive slurry alifﬁswe'sldrryvml ﬂwbshaﬁélesaivbry stbstdntilyedisperte® e agldLmShfve
slurry. 15 FO||OWIriIsgthIS f or SAA was gradually m xed into
als, in gra:m1 lfqr|t g

t he abrasive sl uPf
anount of materials for the abrasive

51.

“«Ré 1gries cancdefoundn TableiZ per sed. The

slurries can be found in Tabl e

10 Table 62
Abrasive Slurry Formulations for Examples 130 and 131

Matenial Ex. 130 Ex. 131

TMPTA 11.25 8.44

MA4 33.75 2532

PP 30 41.25

CA3. 495 4.95

PH7 24 24
CEOI 123.75 123.75
CACO3 67.36 67.36

The abrasive articles for Examples 130 and 131 were made according to
General Procedure IV for Making the Abrasive Article using Pattern #1. The
15  resulting abrasive articles were tested according to Test Procedure XII. The test

results are in Table 63.

Table 63
Example Average Cut (Angstroms/ minute)
130 466.7
131 1876.7
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PCT/ US96/ 15089 _ Table 51
AbTastve Srurry Fornulations for Exanples 110 and 111

Mat eri al Exanpl e 110 Exanpl e 111

TMPTA 11..25 14. 26 HDDA
33. 75 WO 9711484 42 77 PP PCT/US96/1S089 o
0 CA3 4.95 0

KD2 0 3.04 PHI

3 Ity wasevident from the above datgtimt there were differences in cut rgje 47

0 0

YZRO degg?)lgmg upcnbthe formulation of the ab&sﬁw@@lg%l 68 TANA

20 SAA 0

20 . he abr.gsive cles for Exanple 110 and I | | were nade
according to 5 E@@?Jgiﬂ? 88&1He |V for Making the Abrasive Article
using, Patterng#l. The This set &sfulekimgesabpRpiryd Bl_vftih6| Pfocelure Hesiited in

accor di ng to Test Procedures XVI. The test f%i?m ts can be found in
Tabl e 52. The cutExpmples 480 fompered yarinys Abiasve sy formylations that were used fto.on,

di oxi de renoved.  Ihe tﬁé%?asﬂv@%t:l@s}e e a\’rf%[lht%? hﬁteﬂﬁlgnsthgﬁd fitfabletds WVaS

nmeasured after a single mnut treat ment
Tabl e 52
Table 64
10 Abrasive Slurry Formulations for Examples 132 through 134
Material Ex. 132 Ex. 133 Ex. 134
MA2 18.75 3.68 3.68
HDDA 56.25 11.03 11.03
CA3 4,95 0.97 1.41
PH? 6.0 1.18 1.18
CEOI 123.75 24.26 35.26
CACO3 67.36 13.20 13.20
CACO4 g 3.57 0

The abrasive article for Examples 132 through |34 were made according to
General Procedure 1V for Making the Abrasive Article using Pattern #1. The
resulting abrasive articles were tested according to Test Procedure XII. The test

15 results are in Table 65.

Table 65
Example Average Cut {(Angstroms/ minute)
132 583.3
133 516.7
' 134 3400
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Cut Rate (Angstrons/ mnute) Exanple 110 Exanpl e 111

after 1 mnute of testing 200 1270 after 2
m nut es of testing 150 340 after 3 m nutes
of* testing 230 It can be seen fromthe
above data t rent cut rates were achi eved wi th abrasive
articles tha?éklg?’g‘gngde with different abrasive slurries. PCTUSNS08Y

-133- WO 97/ 11484

PCT/ US96/ 15089 . & v& aa{ L s al so
tested according to ésﬁas eviden b rog‘g g?‘}e Hhd q’h'% \Lﬁr %&gﬂlﬁree%a{éﬁ!rne efore
testing to be 500Gepeadingwypioe i fofimdation of the Abmsied dery. t esti ng was 40

nanonet ers. 5 .Exanples 112 through 114 This set of

exanpl es conpared various abrasive slurry fornul ations that wer e used

to nmake the abragk,uﬁpwtasqina 136he abrasive slurry was prepared by

mxing, with an air stirrer, TMPTA, HDDA PP, CA3, KD2 and PHl. Next, CEOL
was gradual | y5 added t Bs $¢b ob gramples compared the yiscpsity] of apcabrasive, shuemy thag did,
dispersed. 10 feldoftiniChidpBlsiig agdr S0 MHe 3isBOMH) BF arf rfslvi T o Y oty © 2l SO
gradual ly m xed into rasive slurry until es partlc es were
substantial |y di 8dispersing aSFnteThmmvecﬂurry was prmtedrhyahlsm,t,.l withyamais stirfepr  t he

abrasive slurrieg\gap Q—%ﬁRUBH k zT?rB' ﬁﬁor Next., the ceria Slr:ra%\)l(eamlglgs yees

Tabl e 53 15 rasive urr ons
t hrough 114 gradually addédtterthehbrasive siurry it ipives subRantially disperfedarniiéxe, 113
%égﬁl e 114 10 DA2 was addmg 'tAﬁe abrasive shurry. Follo%iréllgélthis. CACO2 was graduali]j'o

mixed into the abrasive slurry until these particles were substantially dispersed.

The amount of materials for the abrasive slurries is listed in Table 66.

Table 66
15 .Abrasive Slurry Formulations for Examples 135 and 136

Malerial Ex. 135 Ex. 136
TMPTA . 8.44 - 8.44
HDDA 25.31 25.31
PP 41.25 4]1.25
KD2 240 2.40
PH7 2.40 2.40
CEO! 123.75 123.75
DA2 0 2.40
CACO2 67.40 67.40

The abrasive slurry corresponding 1o Example 135 was a thick paste. It would be
difficult to process such a thick abrasive slurry to form an abrasive article. The
abrasive slurry corresponding to Example 135 had an estimated viscosity of less
20 than about 50,000 centipoise. At this viscosity range, the abrasive slurry can be

more easily processed to form an abrasive article. Additionally, it can be seen from
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HDDA 25.31 30 54. 02

PP 41. 25 35 0

CAS 705 Z. 05 0

KD2 0 0 3.84

pHL 2.4 3 2.88

CEOL WO 9711484 124 76. 14 1 PETHISI6/15089
ZRO o 178. 96 354, 11

CACC3

The abrasive artthisdaa Thé‘rthEﬁﬁﬁ’\'ﬂ‘P'bg”ls'ﬂ' W‘Bhﬁﬂaf‘sﬂﬁfs'oééf“%""hﬁﬂbl°§’6w}edl ng to
CGeneral Pr ocedurﬁsgoyt}f&f‘?é\{l@mh abRGvéiRsi ve Article using Pattern #1. The
resulting abrasive articles were tested ‘according to Test Procedures XVil.
The test 20 results can be found in Table 54.
-134- 97/,1 4

PCT/ US96/ 15089 Examipit 147 Tabl e 54
Exanple TIR#$rior tdTHy eamplensedld 2rcbh bpacified glassiitintas the abrasive particle. The

112

600 nm Gznoboraspvrens&lgy »Yfﬁ..prepared by m%xjirg)g, Qm'u an air s&irf[gf 3.75 grams of Tl%l;lgk ‘nm
72 nm 11.25 gﬁm Sf HBIDA, 12231 GRdrCoft FPa L. %lgréﬁbecm ahd mu\g@am i ng
formul ati ons achi eve different TIR | evels. mpl es 115

t hrough 117 PH7. Next, 473() grawg pf g 3ircen gpasified s@%%weawéw%a%desm thej ve
slurry formul ati gRgJehfrry until lt “W? Ebstamfily URpdRae Hollswinp ks '25%2%?&1'15%!‘9 AThe

abrasive slurry was prepared b mXing, wth an air stirrer.
MA2, CA3 andi®PH/CARERt2. Om@msmagA@O’ andy2. augamsp&wwerpsraﬂwymmﬁsme

slurry until it %%br%gpes El@l% i.lﬁh tlYeSé:i bﬁaaéssﬁg‘e sE@tJnﬂXﬂyrmspersed. The zirconia
opacified glass frit had an average particle size of 3.67 micrometers and contained
25 to 50% by weight silica, about 14% zirconia, 14% of a mixture of alumina,
boron oxide and calcium oxide. This particle was commercially available from
15 Ferro Corporation, Cleveland, Ohio under the trade designation “CZ-110". The
abrasive article for Example 137 was-made according to General Procedure VI for
Making the Abrasive Article using Pattern #1. The resulting abrasive article was
tested according to Test Procedure XII. After 33 seconds the wafer slipped from
the retaining ring. The cut rate was extrapolated to 360 Angstroms/minute.
20
Examples 138 and 139
This set of examples compared various processes for making the abrasive
article and the cut performance of the resulting abrasive articles. The same abrasive
slurry was used in both examples. The abrasive slurries were prepared by mixing,
25  with an air stirrer, 8.44 parts TMPTA. 25.31 parts HDDA. 41.25 parts PP. 4.95
parts CA3 and 2.40 parts PH7. Next, 123.75 parts of cerium oxide abrasive
particles (CEO1) were gradually added to the abrasive slurry until it was
substantially dispersed. Following this, 60.40 pants of CACO3, 5.60 parts of
. CACO2 and 1.40 parts of CACO4 were also gradually mixed into the abrasive

30  slurry until these particles were substantially dispersed.
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this, CACO3, CACO2 and CACOH were also gradually m xed into the abrasive
slurry until these particles were substantially dispersed. The anpunt of

materials, in grans, for the abrasive slurries can be found in Table
55. 15 Tabl e 55

Abr asi ve Sl ur%fﬂgml ations for Exanples 115 through 117

Mat eri al ng le 115 Exanpl e 116 Exampl e 11 FCTIUSS6/15089

HDDA 7 50 9. 00 10. 51

VA2 67. The abrasive article for Bfangple 138 was made &¢ording to General

> Procsdijes V for Making the Abrasivg Article Using Pattern gft > PH?
123. 78 123 hé Gabrasive article forl BXample 139 was madeGRcoMing to General

84.03 84. 01 X %%2,05 ) i CACO%

5.62 Procgdyre V for Making the Abgasive Article Using Datterp #1, except for the 1 4
1.41 follovAflg changes. Th%r?swe]sitﬂ as coated into the production tool using a

PCT/ US96/ 15085 8 8 he abr asi @évart icle for pExarrpl es 115gt hr ough

1 17 were made acmdred squgeses. Then PFTChasking wapplaead hyercthe/jopfafithe\abrasivg sturmy
Abrasive A1 1 cl e USRS RRESEARhe Wk Sondyiohed 8 hOSBLY RRLUGAL'SSE! ©°

were tested accoragi'l ‘to rocedure can be
found in Tabl e 56Pa (@ psi). The polyester film backing/abrasive slurry was pulledT fbimethe6

gﬁggp e Avﬁ'rogu%gorﬂjc}ol (ﬁg }llgsocr(r)%stmnllon wag taped to an aluﬂm,lm board face up 115
117 10  and exposed to mﬂwlolel light. The samplé twa%&ntQWod@ﬂés fhl"(ﬁﬁh e above
data that there were _differences in cut rat ﬁ)end' n_? on t he
formul ati on of t hdtravigletstapes seb At Iﬁ& 5 Watts/cm (400 Watts/inch) at 10.7 meters/minute

(35 feet/minute). The time between which the abrasive slurry was removed from
the production tool to the time that the abrasive slurry was exposed to ultraviolet
light was on the order of minutes.

15 The resulting abrasive articles were tested according to Test Procedure
XIX. The test results can be found in Table 67. The cut rates are given in

Angstroms/minute.

Table 67
Example Test Procedure X1X
138 1846
139 2044

20
Example 140
This example demonstrated the effect of pH of the fluid medium on the amount of
silicon dioxide removed by the abrasive article.” The abrasive article was
manufactured by first preparing an abrasive slurry. The following materials were
25 mixed together with an air stirrer, 8.44 parts TMPTA, 25.31 parts HDDA, 41.25
parts PP,4.95 parts CA3 and 2.4 parts PH7. Next, 123.75 parts of cerium oxide
abrasive particles (CEO1) were gradually added to the abrasive slurry until it was

substantially dispersed into the abrasive slurry. Following this, 60.42 parts of
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Exanpl es 118 through 122 This set of exanples conpared vari ous

cerium oxi de abrasive particles. The abrasive slurry was _prepared as
destrioed—for Exanpres //7-80. The anount of materials is listed in
Tabl e 57. 15 WO 97/ 11484

PCT/ US96/ 15089 Tabl e 57

Abr asi ve Sl urWP 9184l ati ons for Exanples 118 through 122 PCTUSIANER or g
Ex. 118 Ex. 119 Ex. 120 Ex. 121 Ex. 122 TMPTA

8. 47 8. 46 8, 46 44 8. 44 DDA

25 35 o5 34ACO3, 5.56pasts of CAC 8%53:@ 4 39 partszgf gfl\cm were ar'so graqyﬁlly
21929 : 2193 mixed mto4l1e aﬂ)?aswe sIurry‘Mltul&ﬁese pamc)@@wgr% substantially dxspe@&ﬁmto

2: 40 2 A4the abrasnvg slme The abr;_sw,ggmcle for Example> 142 was made ac@@lg to

323' 7 123, g 0General Proc%fgurev for Mak;sg the Abrasive An(l)clpUsmg Pattern C#E]O4CECB 0
0 . 0s ThSresifiting abrasive @rticle was tested@E@Bding to Test Pra@edure XIX, 0
123.76 0

0 0 except t!wéheﬂg-l level was vane%st results cang:G f%\fd in Table %) a1

60. 43 60. 41 60. 40 5.64 3.62

5.63 5.61 5. 60 CACO4 1.42 1. 43

1. 40 1.41 1. 40 Table8 oprasive articles for

Exanmpl es 1 18 through 122 were made BiterntipHJlevels 5  General Procedure Vi

for Making the Abrasifve ATTTTl BHUST NG Pat [ eigyy Rdte (ARgStroms/minute)
7 deionized water only 1433
85 1530
9.5 1248
10.5 1550
1.5 1366
12,5 1316
10
Examples 141 through 144
This set of examples, prepared as described in Examples 77-80, compared
various abrasive slurry formulations that were used to make the abrasive articles.
The amount of materials is listed in Table 69.
15
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resulting abrasive articles were tested according to Test Procedure Xl X

The test results can be found in Table 58. -
Tabl e 58 Exanpl e Average Cut (Angstroms/ m nute)
118 1846 119
16. 51 WO 97111484 120 859 pcTUSIENS089
121 1368 122
490 10 -137- WO
97/ 11484 Table 69
PCT/ US96/ 15089 A@?WSIﬁn%%nﬂﬁﬁnmor Examples 141 throtigh34get Of
exanpl es conpared_the cut ra abrasive article wth an
external |ubrican pmﬁﬁéln‘t i p t X 44li d | medButf2 o tlheEsdd3r af eEvfl4éhd sane
fixed abr asj=v ﬂﬁ) et VM*WHW ' = t he
fluid nmedium The ;I ve cl ejwas e agcor ti ﬁg tp Greral
Procedure | for M KI rm)mne 25\8[ asi Ve Argiz¢l e Using FHattler psizk. [he
abrasive slurry s preparedlby m xing withlan air_stirrer 8144
parts TVPTA, 25.31 parR® HDDR, 41128 pafts M254 99 41.25 pakt 41@A3 4nd
2.40 parts PH/. I\E'rt—,'EAgS.—TS par of jﬂ T rdefabr 73"6 2o Paticles
(CEOCL) were gradufal |y "added to the abragive Slturry tuntil was 10
substantial |l y dispers®g7 Fol | owi rxda hi s,| 60. 240 par t|s 02.4GIA 3, 2460 parts
of CACOX2 anjg—1-—40—pa+ts—ot wACO’!‘nrea-l—s-e—g-p ' ' ) t he
abrasi ve siurryCERET | {hes®3darti ¢1 es e subst’&-’h?g al] y 18- %edsed.
The abrasive artiTeQicds<anpl € gg4zWas [LeSlgg@accqr digygy 0 (1€4p 477 odedure
CACO2 5.56 5.56 5.56 5.56
CACO4 1.39 1.39 1.39 1.39

10

The abrasive articles for Examples 141 through 144 were made according to

General Procedure V for Making the Abrasive Article using Pattern #1.

The

resulting abrasive articles were tested according to Test Procedures XIX except

that the pH was 10:5. The test resulits can be found in Table 70. The cut rates are

listed in Angstroms/minute.

Table 70
Example Test Procedure XIX
14} 1746
142 1168
143 646
144 984

The above data indicated that the abrasive article generated different cut

rates depending upon the formulation of the abrasive slurry.
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[1:1. The abrasive article of Exanple 124 was tested according to Test
Procedure Il 15 except that the fluid nediumcontained 0.5%_ by weight
of —a—water—sor anl e pol'yethyl ene oxi de polyner conmercially avail abl e
from Uni on Carbi de of Danbury, CT, under the trade designation

"Pol yox 1105". The test results are shown in Tabl e 59. 20

Tabl e 59 WO 97/11484 Exanpl e Average Cut (RAGYBIHHS?

m nut e) 123 1610

124 420 Exanpl es 125 t hrough 129

This set of exanﬁf’h‘%m&&ﬁ)ar ed various abrasive slurry for?rul ations that
were used to nake them@éxampwm.tsmb@m efibt ofliffareintvietainingring mmialsroapar ed
by 25 m xing, with an air, stlrr xt, the

cerium oxi the aHekatsy \Fﬂ'%ﬂ‘ﬂ“ r E%“‘\Xﬁir by aggﬂﬁgﬁ? 9‘9618d§}' ‘EbGasl"ﬁe‘ WBr asi ve

slurry until it Wasp pared bfmﬁg,a%ihadd ¥r ﬁir?d?ejm parfSOTNMPTANGS .48 PartsCACT3
and CACO4 were al so gra ua m xed into the abrasive slurry until

t hese particl®s mgﬁﬂsﬂhmfts&ﬂﬁ V881 Ospaets €A and 91.20 parts PH1. Next, 4702.50
;Dé?.?bsges / 15089 V\Dngs70/f Eﬁﬁ Eraflualw addefi to Ithglalsarmlven slur unttl n was s?thstannﬂllyaSI ve
slurries can be @spersgd ino the abragiedshery6 (Following this, 2296 parts of CACO3 211 parts
Teble 505 occoRal Fb e AT AR i) B RTSBRE 0
?5( 0129 sluehntil these partictes 4ére substantiallyldispersed into thd @br8Sive slurry. THe. 75

10 abrasive article for Example 145 was made according to General Procedure II for
Making the Abrasive Article Using Pattern #1, except the ultraviolet light radiation
was transmitted through the film backing.

The retaining ring was an annular ring, 10.2 cm (4 inch) inner diameter,
12.7 cm (5 inch) outer diameter, 0.95 cm (0.375 inch) thick, and was fabricated

15 from various phenolic composite materials, as described below.

The material for the . retaining rings was commercially available from
Minnesota Plastics of Eden Prairie, MN.

The abrasive article was tested according to Test Procedure XIV,
substituting the different retaining rings for the Rodel retaining ring. The gauge or

20 line pressure for the LE test holder was about 280 Pa (40 psi). The test results are
in Table 71.

Retaining ring XXX was made from a paper/phenolic composite.
Retaining ring LE was made from a cotton cloth/phenolic composite.

Retaining ring N1 was made from a nylon cloth/phenolic composite.

25
Table 71
Test Procedure 1 ; Different Retaining Rings
Test Holder Cut Rate (Angstroms/minute)
XXX 390
‘ LE 380
- ‘ NI 1410
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HDDA 25. 32 33.75 50. 55 56. 25 45. 0

PP 41, 25 30. 0 7.50 0 15. 0
CA3 4. 95 4. 95 4. 95 4. 95 4. 95
PH7 2.70 2.70 2.70 6.0 2.70

CEQ 123 123. 75 123. 75 123. 75

CACCSB @%’Z‘m 67. 36 67. 36 67, 36 P“Jﬁ@;’g‘g“’
CACOA 8. 0 13. 0 15. 0 13. 0

: 8.0
The abrasive articles r ; t hrough 9 wer [{lrggF according to
General Procedure |V f-%'(rg K‘)Ek?'ﬁgétgﬁig'%ig‘rea%favsggﬂ "fecr‘-‘gne{fg‘f WEEPt Bt The
resul ting abrasi viependingupersthesmaterinlasednd make tedtetaging@ingest Procedure Xi|.
The test 10 results can be found in Table 61.

Tabl e 61 Exanpl e Average Cut (Angstronms/ m nute)
125 Example 1461996 126

1107.5 . 127 i ) 320.0

128 5 The abragiverarticle for this example contained polymeric filler particles.

420. 0 e ablasiVE R WEEHendk 4R A Qe ALk DY & Jiere
differences in cu’l; erag'{ag 15“de€%pl nﬁwup%ng?ﬁ%wgér rthIaaé‘tﬁb% '"8?'%t5§e°°§f)ra5| ve
slurry. TMPTA, 19.75 parts HDDA, 48.77 parts PP, 2.50 parts D29-and 26.0 parts\WP{7.

97/ 11484

PCT/ US96/ 15089  Nexts 123.8 parts of CEOI were gradually added to the abrasive slurry until it was

substantially dispersed into the abrasive slurry. Following this, 26.0 parts of PLFP
10  were also gradually mixed into the abrasive slurry until these particles were
substantially dispersed into the abrasive slurry. The abrasive article for
Example 146 was made according to General Procedure V for Making the Abrasive
Article Using Pattern #1 except that the abrasive article was exposed to only one
pass under the ultraviolet lamp at 7.6 meters/minute (25 feet/minute) with a quartz

15  plate over the abrasive article.
The resulting abrasive article was tested according to Test Procedure XIX

and had an average cut rate of 1170 Angstroms/minute.

Example 147
20 This example illustrates the use of hexagonal boron nitride in the abrasive
slurry. The abrasive slurry was prepared by mixing. with an air stirrer, 18.75 g
TMPTA, 56.45 g HDDA, 4.0 g. KD2, and 2.4 g PHI. Next, 173.45 g CEO1 was
gradually added to the abrasive slurry until it was substantially dispersed. Following
this, 79.04 g of hexagonal boron nitride (Grade A-01, particle size 3-5 micrometers,
25  commercially available from H.C. Starck Inc. of Newton, MA), was gradually
mixed in until substantially dispersed. The slurry was uéed to make an abrasive
article as described in General Procedure | for Making the Abrasive Article using
Pattern #1.
The abrasive article was tested according to Test Procedure XII. The

30  average cut rate {average of 10 measurements ) was 594 Angstroms/minute.
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Exanmpl es 130 and 131 This set of exanples co al
abrasive slurry fornul ati ons that were used to mkenﬂmﬂnmslmﬁmlullll
artTTres —The abrasive situarry was prepared by m Xing, s tch an alrs «
stirrer. TMPTA, MM, PP, CA3 and PH7. Next, the cerium 5 oxi de abrasive

particles were gradually added to the abrasive slurry until it was

subst anti al | YW@P¥H&¥sed. Fol | owing this, CACOB was gradual PETHSAGnt o t he
abrasive[err] slurry until these particles were substantially dispersed.

The amount of materials, in granms, for the abrasive slurries can be
found in Table 62. 10 Claims Tabl e 62
Abrasive Slurry Formul ations for Exanples 130 and 131

Mat eri al Ex. 130 Ex. 131 TVPTA

11. 25 8. 44 1. A method of modifying an expgsgd surface of a semicopductor

éié?’z' 4 ggvafer compris'mg tlgzgteps of. PP 30 |£:1>]|-|'725

2.4 8.4 (a)  contacting said surface with LHhilee-dimensioribl Xextbred, fixed 123. 75
CACC3

67.36, ) 67.36 . . Th b I ' f
Exanpl es 130 andairasivegsticle gampaising a plugality of ahrasive pa"'éggﬁ}rd?ﬂsll":‘-lﬁbgrt 5 lenISV 19 E)r

Maki ng the AbrasinsGori 6t arédéterntiebdpasdrRiand #1. The 15 resul ting abrasive
articles were tested according to Test Procedure XlI. The test

results are in Tabl e &3. relatively moving said wafer and said fixed abrasive article to modiff,p| ¢ 63
Exampl e AYLE ARk i trons/ m nute) 130
466. 7 Y54 Bfcd Ssalt W 1876. 7
- 140- 10
2. A method according to claim 1 comprising contacting said surface

with said fixed abrasive article in the presence of a liquid.

3. A method according to claim 2 comprising contacting said surface
15  with said fixed abrasive article in the presence of a liquid having a pH of at least

about S.

4. A method according to claim | wherein said exposed surface
comprises silicon dioxide.

20
5. A method according to claim | comprising modifying the exposed

surface of a processed semiconductor wafer.

6. A method according to claim 1 comprising relatively moving said
25  wafer and said fixed abrasive article to modify said surface of said wafer to create a

surface having an Ra value of no greater than about 20 Angstroms.
7. A method according to claim | comprising relatively moving said

) wafer and said fixed abrasive article to achieve an average cut rate of at least about

30 500 Angstroms/minute to modify said surface of said wafer.
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\Ié\gT?L/SEIJé??gOSQ . It was evident fromthe above GHHL“ "M’“‘"P“mm"l

were differences in cut rate dependi ng upon the fornul atien o
abrasive slurry. Exanpl es 132 through 134 5 This set of
exanpl es, prg,p&gﬁ,q LYy the procedure described in pglimaa?k@@ 77-80,
conpared vari ous abraswe slurry formul ati ons that were used to make
the abrasive articles. The anount of materials is listed in Table 64.

Table 64 10 8. AbrAgethodSicoerdipg o clrim dtwhensin said fiksd alyrhsive article

t hrough 134 te Eﬁ

134 comprises a bac%havh@ gdrﬁL:lgo ing ]s§ % ab?mgg plszﬁlcleg‘%gd ém% 8
HDDA 56 biider in the formildf.af 3brasive coafirg. 03

4. 95 0. 97 1.41 PH7 6. 0
1.18 1.18 CEQ" 123. 75 24. 26
35. 26 5 9. A nﬁﬁ@@iccordmg, 3 to clﬁr?\ Bvherein said abrasi¢€particles havd 3- 20
CACO4 8 The abrasi ve
article for Exanpd e%eresszmtﬂﬁ\eéﬁgno &Gﬂ‘emﬁ'bah?&ti%m%@m‘%fﬁng to Gener al

Procedure 1V for Making the Abrasive Article using Pattern #1. The
resulting abrasive articles were tested according to Test Procedure XlI.
The test 15 resul t sl@re Ametha) hecofding to claim 1 wherein said abrasive particles

Tabl e 65 . . anpl e Average Cut (Angstronms/ m nute)
132 consist essentnglg'ftgénanﬁmcles. 133
516.7 10 134 340.0

Ll A method according to claim | wherein said binder comprises a

thermoset organic polymer resin.

12. A method according to claim 1 wherein said binder further
15 comprises a plasticizer in an amount sufficient to increase the erodibility of said

abrasive article relative to the same abrasive article in the absence of said plasticizer.

13. A method according to claim 12 wherein said binder comprises at
least about 25% by weight of said plasticizer based upon the weight of plasticizer

20  plusresin.

14. A method according to claim | wherein said fixed abrasive article
comprises a plurality of abrasive composites and a binder in the form of a pre-

determined pattern.

25
15. A method according to claim 14 wherein said abrasive composites
have a shape selected from the group consisting of cubic, cylindrical, prismatic,
rectangular, pyramidal, truncated pyramidal, conical, truncated conical, cross,
post-like with a flat top surface, hemispherical, and combinations thereof.
30
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WD 97/ 11484

PCT/ US96/ 15089 It was evident fromthe above data that there
were dftferences rn cut rate dependi ng upon the formul ati on of the
abrasive slurry. Exanpl es 135 and 136 5 This set of
exanpl es conpared the viscosity of an abrasive slurry that did not
contain a di SWe93iHB84 agent to the viscosity of an abrasive WW@FSP??at did
contain a di spersing agent. The abrasive slurry was prepared by
mxing, with an air stirrer, TMPTA, HDDA, PP, KD2 and PH7. Next, the
ceria abrasive particles were graguyal |y added to the abrasive slurry
until it was substantially dispersed. Next, 10 DA2 was added to the
abrasive slurry. Followi ng this, CACO2 was gradually m xed into the

abrasive slurry until these particles were substantially difgersed.
The apount of nmaterials for the abrasive slurries is lisg€d I'n Tabl e 66.

Tabl e 66 15 11 Abiasive Sl urthor | ati ons ffor Exgnples 135 and
136 . Mat eri al 185 Ex. 336

™ PTA 8.44- g 8.44 9 9 8 HDDA

25. 31 25. 31 PP ey 25

41. 25 ol o o 2", A 2.4 ) Y2, 40

PH7 2.40 [N e dadeddy, 7.7 X a3l T s

123. 75 123.75 (2 e \\\\ﬁg&;, 8

2. 40 A SO AN AL A P TN PTaD "aIs o

The abrasive sl urr gt 1 £5poRainer La~ Beaml e’ 185 nis?d X icDegstsy |t

woul d be di f f _--'r,".f-'.-pb.o.' 55> S, <L ] K Alor 5 L05" 0 forman

abrasive article. Tfe”" < ST s e SE UYL torf esDetlinn A oo Tkl e 135
had an estimated vifseOsi4y0f-1956,707 kNinf alout 50,80Q-£ot Apoi se. At

this viscosity randeg” Lt abizSi ve Sl el L foreigadi |y
processed to form an abrasive articre. ditionally, it dan be seen from

1 2B

FIG. 1




-142- WD 97/ 11484

PCT/ US96/ 15089 this data that the addition of a small anmpunt of a
di sperstrg—agent—can 1 Oower t ne viscosity of the resulting abrasive
sl-urry. . Exanple 137 5 Thi s exanpl e used a zircon
opacified glass frit as the abrasive particle. The . - abrasive slurry

was prepared WOIMIM8Hg, with an air stirrer, 3.75 grans of PCUUSG/15089
11. 25 grans of HDDA, 22.51 grams of PP, 0.96 gram of CA3 and 1.21 grans of
PH7. Next, 47.50 grans of a zircon opacified glass frit was gradually added

to the abrasive slurry until it was fgbstantia|ly di spersed.
Foll ow ng this, 20.02 grans of 10 cacase’/ b 02 granms of CACO2 and 2.01
grans CACO4 were gradually m xed into the abrasive slurry until these

particles were substantially dispersed. The zirconia opaci fied gl ass
frit had an averagegparticle size of 3.67 mcronetgers and contai ned
25 to 50% by wei ght }silica, about 14% zirconia, 14% of a m xture of

al um na, bor o oxi de and calciuquggide. Thi g particle was
commercially availaljl e from 15 Ferrd rporatior, C eveland, OChio under
t he trade designatidqn "CZ-110". The abrasivg article for Exanple 137
was nmade according tlg.General Procedure VI _for , Maki ng the Abrasive
Article using Pattern #1. The res{l ting~s} asive article was tested

soRds waf er slipped from
s 60 Angstrons/ m nute.
o83&xanpl es conpared

t he retaining ring? :
20 Exam@es 138 4
vari ous procesges.f J4-fraki ng the abrasiye
performance of the resulting abrasive ticle

slurry was used %g bot h exanpl es. Thg abrasive STUrTi es Were propsy ed by
mxing, 25 wt afy stirrer, 8.44 parts NPTA.465.31 parts HEPA. 41.25
parts PP. 4.95 pfris CA3 and 2. 20) parts 7.%9Next , 1B ZBEfEts of
cerium oxi de abrasi (€ partrcres (ceo ) werelgradual |y adg #lt he
abrasive slurry untifl it was , substantiélly i spersed =@ this,
60. 40 parts of CACOY, 5.60 parts of and 1. 40,¢ar,

were al so gradually
particles were substantially dispersed.

FIG.3




- 1:43- WD 97/ 11484

PCT/ US96/ 15089 The abrasive article for Exanple_138 was nade
acToraimg to Gener al Procedure V for Making the Abrasive Article
Using Pattern #1. The abrasive article for Exanple 139 was nade
according to Ceneral Procedure V for Making the Abrasive Article
Usi ng Patter w98 ept for the 5 follow ng changes. THETASPYLIR:
slurry was coated into the production tod/7using a rubber squeegee.

Then PFF backi ng was pl aced over thi
theresul ting conposite was sandwi chy¥ 6

Pa (40 psi). The polyester film backingl,atM®asive slurry was pulled fromthe
production tool. Next, thig cogglrughign aped anifluninun1board
face up 10 and exposed‘/ f ; R3S sent two tines
t hrough two SZAi;fi ,;V?KOO Watts/inch)
at 10.7 neters/ m nut

4? ;ﬁrn
R i u;g\
abrasive slurry was r gig# ; A
AL

Q{f‘_«p whi ch the

. # (RGN he tine that
the abrasive slurry we

of mnutes. 15 4 3ted

pn the order
according to Test Procedure . The test results can belfound in
Tabl e 67. The cut rates are given in Angst r onms/ m nut e.

top of the abrasive slu 60 and
een two rubber rgfls at about 840

Tabl e 67 npl e Test Procedure XX
138 1846 F|(f.$ 139 |
2044 20 Exanpl e 140 Thi s exanpl e denonstrated the effect of pH
of the fluid mediumon the anmount_of silicon di oxggle renoved t he

abrasive article. The abrasive
preparing an abra

t oget her wi t hpaan .}
parts PP, 4. 95 %Qar 5

oxi de

manuf §

DDA, 41. 25
of cerium

tured st
5 m xed

73
i

FIG.7
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abrasive particles (CEQ) were gradually added to the abrasive slurry until

it was substantially dispersed_intg the abrasive slurry_Followng
thrs, 60.42 parts of - 144-

WO 97/ 11484 _

PCT/ US96/ 15089 CACC3, 5.56 parts of CACO2 and 1.39@&@ 1% CACHA
were al so gr Q&1 1gss m xed into the abrasive slurry u A
particles were substantially dispersed o the abrasive slurry. The
abrasive article for Exanple 142 was made according to Gener al

Procedure V for Making the Abr@34ve Article Using Patt @30 #1. 5

The resulting abrasive article pag3gested a ér di g to Test Procedure Xl X,
except that the pH Ieﬁﬁl [ g e found in Table
68.

Different pH Levels X Cut Rate
(éﬁggst rons/ m nut e) / Iy ”/,? 292 %gsg
55? \\\\\’\'\\\\\\\\\\\\‘\ 2311366

”"’Jﬂ." J""—&AJAI -" ﬂ‘

mgh 144
This set of exanpl es, &scribed 1 n Exanples 77 80 onpar ed
various abrasive slurr forml ations \hat were used to make the abrasive
articles. The adunt of materlaéﬁ Is listed in Table 69. 15

FIG.12
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- 145- WD 97/ 11484 o
PCT/ US96/ 15089 _ Table 69

AbTasTve srurry Fornmul attons for Exanples 141 through 144

Mat eri al Ex. 141 Ex. 142 Ex. 143 Ex. 144

TMPTA 8.44 _ 8.44 8.44 8.44

HDDA WO 97441484 25. 31 25. 31 PCIUS§/15089

PP 41. 25 41. 25 577 41.25 41. 25

DA3 1. 0%0 = 2.0 3.18 4.0

PH7 2.4 2. 40 2.40 2. 40

CEO 123.7 156 1243. 75 150

CACO3 60. 4%

CACO2 5.56 ‘ b. 56

CACO4, 1.39 — Baeoy 1. 30 301_': 1 3 g o\ A.39

The abrasive articles fQr Aoty A Y X et YA At £5Fme dcording to
5 General Procedure JII“WMM%’ at t ern #1
The resulting abrgst’ve(articldgs were tested accordi ng t© Yest

Procedures Xl X exce at tHEpH was 10.5. The.test resuldfs can be

found in Table 70. 'FI#?@ cut rates are listed in Angstrons/ m nute.

FIG.9

el




10- Table 70

Exanpl e Test Procedure Xl X o 141
1746 142 1168
143 646 144
984 The above data indicated that the abrasive article
gener at ed di f WO $Vid48d ut rates dependi ng upon the for nuPSFPS I8¢ he
abrasive slurry. - 146-
WO 97/ 11484 6/7
PCT/ US96/ 15089 Exanpl e 145 Thi s exanpl e denonstrat ed
the effect of different retaining ring materials on t he anount of
silicon dioxide renoved by the abrasive article. An _ggéfsi ve slurry
was prepared by mxing, with an air stirrer, 320.63P s TMPTA, 961. 88
parts, 5 HDDA, 1567.50 parts PP, .10 parts CAS and 91.20 parts PHY
Next, 4702.50 parts of CEOL re gradual |y added to the abrasiy
slurry until it was substqntial di spersed into the abrasive/lurry.
Following this, 269 art's Yot ACO3, 211 parts CACO2 and $B2.8
parts of CACO4 were algo graduallsy m xed into_the_ ab ive__ lurry
until these particles wer subsLa}ti al 1N dispersedsLnty_t he ahy AL56e
slurry. The 10 abrasiveZarticl’e for Exanple 145 was meYle acc &ng to
General Procedure |1 f i i 1 ' attern
#1, except the ultravi q——j:l AT t hr ough
the fil m backi ng. 2339-- Fhe—t-et-ai-AHAg g v@e*t;z ing, 10.2
cm (4 inch) inner diané?ér, o Togter—utan % ?5 cm
(0.375 inch) thick, and2 abri cat ed l\ 5
— i \
252 257 259 212 255

2N

FIG. 13
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15° fromvarious phenolic conposite materials, as described bel ow.
The material for the retaining rings was commercially available from

M nnesota Plastics of Eden Prairie, M The abrasive article
was -t ested according to Test Procedure XV, substituting the
different retaining rings for the Rodel retaining ring. The gauge or 20
line pressureW@W?‘H@ LE test hol der was about 280 Pa (40 pPEYUSIEIScst
results are in Table 71. Ret ai ni ng ring XXX was made
from a paper/phenolic conposite. Retaining ring LE was nmade
froma cotton cloth/phenolic conposite. 7/1 Retaining ring NI was
made from a nyl on cloth/phenolic conposite.” 25

Table 71 Test Procedure |; Different Retaining R ngs
Test Hol der Cut Rate (Angstr / m nute) XXX
390 , 380

N | %?1210 Q) ol

-147- - 344 Cl ai s

1. A met hod of nodj fyin exposed rface3g a sem conductor

waf er conprising the S®eps 5 a) contacting said surface
with a three-di nengrqnal -y abrasive article conprising
an abrasi ve conpodyt f a plurality brasy v : S ol a
bi nder arranged in :6)) the for 3D e-gat eyf™ ned tern 3458

(b) relatively novi said wafer an f i % ar to

S :
nodi fy sai d surf ée of said m \ 2. A“net hod
according to claim21 conprising co ctin aidarfee‘é with said
fixed abrasive article in the presence of a qu@ .

FIG.15

351
[

602

601
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3. A AR HFoBN ZESFAdi 4052t BBl ai m 2 co ng said surface 15
‘Wth said fixed- abrasive article in thwmlﬂmﬂmﬂg i quid having a pH of

at leas =according to claim 1
wher ei nt@alrrcliué( ?P% surf conprises silicon dioxid 20 Ory £T3%

5. tméreAc ‘r‘d1 o a| m 1 conprising nodifying t gxpoéed
,surface Ohr ocesjed'fa&nPcp‘nductor waf er . . A met hod
raccording to dlaim | conprising-relatively noving said 25 vvafer and said

fixed abrasive article to nodify said sQieifrace of said wafer to create a
surface having an Ra value of no greater than about 20 Angstrons.
7. A method according to claim | conprising relatively noving said

waf er and said fixed. abrAShiBodiof intddifyig aAC g@b’e@ suiifade/ OF A ensitindiitée of at
| east about 3 0 500 Angstrons/nminute to nodify said surface of said
vaf er . wafer comprising the steps of: - 149-

oo Sen s back: v Mlay ssheBhe L S B0 SR bRl B0LKE, Bidd ol o
sai d abrasi ve phrasive artisle aonipmi@x plurallty df mlmlswe pmutl det amangedirasi ve

coati ng. thod according to claim1 wherein said
abr asi ve part i dhed fg“ﬁ&%"“‘d“e’m‘aﬁp&%} %“cpart icle size no greater than

about 5 micrometers(y) relatively moving said wafer and said fixed abrasiveé article to modify
said surface of said wafer.
10
2. A method according to claim 1 comprising comacting said surface

‘with said fixed abrasive article in the presence of a liquid.

3. A method according to claim 2 comprising contacting said surface
15  with said fixed abrasive article in the presence of a liquid having a pH of at lcast

about 5.

. 4. A method according to claim 1 wherein said- exposed surface
comprises silicon dioxide.
20
5. A method according to claim 1 comprising modiffy‘mg the exposed

surface of a processed semiconductor wafer.
| 6. A method according to claim | comprising relatively moving said .
25  wafer and said fixed abrasive article 1o modify said surface of said wafer to create a
surface having an Ra value of no greater than about 20 Angstroms.
7. A method according to claim | comprising relatively moving said

wafer and said fixed abrasive article to achieve an average cut rate of at least about

30 500 Angstroms/minute to modify said surface of said waler.

-149- ' AMENDED SHEET
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10. A n{aetvﬁf)cf"‘law&l'ﬁl 4§ §ToNRY ai m: k- where sive art icles
consi st essentially of ceria particles. m I "III " A net hod
according to claim | wherein said bi nder ther noset

organi ¢ pol yner resin. , A met hod accordlng to claim
| wherein said binder further 15 conprlses a plasticizer in an anount
sufficient to increase the eredibility of said abrasive. article

relative to the sane abrasive article.in the absence ofsaid piasticizer.
13. A nmet hod acaor di mgmbtamclaedoraungtov\tlﬁﬁﬂ lwhamrdsdid ﬂzkarabmwpramde at

| east about 25% hy we f said plasticiz 62!;\” t of
pl asti ci.zer zqympnfﬂs&{:qc kiag having a surface compnstﬁa’iﬂ aEEF \ a{@yg ing to

o) ve "Comiiet e G BcdNe B! | L0 SoTRTISes & b ural iy o
[err] or 14 wherein said abrasive conp05|tes have a shape sel ected
fromthe group consistin f, cubi cy

rect angul &r, pyra% dal A'ﬂf’g?ﬂ:é‘t"@fﬁ}gﬁélﬂ'ﬂilWheé'ﬂ'?\F@éf’gmf"r'%?%‘éﬁl?&a&m cal ,
cross, PQvbrage mxm fite i drbade chénabsut'S micmel@el spherical, and

conbi nati ons thereof 30

- 150- WO 97/ 11484

PCT/ US96/ 15089 f N [ m | wherein
said fixed abrasi ve ar mfthod ?ccordmgpb Hkim P gh@r%ﬁ%xﬂ agﬂs&'é)pﬂxéés

consist essentially of ceria particles.
10
1. A method according to claim 1 wherein said binder comprises a

thermosct organic polymer resin,

12 A method according to claim | Whercin said binder further
15 comprises a plasticizer in an amount sufficient to increase the erodibility of said

abrasive articlc relative to the same abrasive article in the absence of|said plasticizer.

A 3. A method according to claim 12 wherein said binder comprises at

least about 25% by weight of said plasticizer based upon the weight of plasticizer

20  plus resin.

14. A method according to claim | wherein said fixed abrasive article
comprises a plurality of abrasive composites, and-e—binder-in-the-form—ef-e—pres ’
determmed-patierny
25 A or
5. A method according to claim'14 wherein said abraswe COmPOSIteS
have a shape selected from the group consisting of cubic, cylindrical, prismatic,
rectangular, pyramidal, truncated pyramidal, conical, truncated conical, cross,
post-like with a flat top surface, hemispherical, and combinations thereof. |

30

-150-
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3
3

i . XNO Cover -
cgnpri ses a backing having a suif acéegeQpri sing said abrasive particles and

said . bi nder in the formof an abrasive coating. 5 9.

A nethod according to clarmT wherern said abrasive particles have Rimp coi)
average particle size no greatgr than about 5 mcroneters. +

10. A met hod according to cliaim| wherein said abrasive par jgise

consi st essentially of ceria particles. 10 11 a8 hod
accor di ng to-c|dP{¥I1 wher ei WORLRPRIELEACEVAL PROPERTY, ORGANIZATION t

ohorei & CAHERABERAL ApryscaON PuRLISHER Gies T FRR cRRERA AP rbtnY BB
suf fi ci{esix InteroationytRatsat Sipsstibpionc:0di bi | ity Dfis) Snddnshtional PublicatddNaglerie art W &7/11484

rel ati e tHoMUZI/3082182%1, B4 ¥/6rticlieal p the absence of said plasticizer,
13. | met hod according to claim1d whE¢Bntemation) Pehlication Dates ) 11 37 March 1397 (27.03.97)

| east dbout 25% by wei ght of said plastidi Ny .
pl ast i qi@prerntgonat ng'g'fbﬁ.‘ PCT/USS&/15089 &F%m mm %ﬂd&gllm
cl ai m 3 @8) reikrBitionatiling| Dété: X € Ao Seperer 1996 (100dos)J| ©  Counsel, BBy 3343 GaintPay) | M 55135-8497 (9.
abrasi e conposites and a binder in th¥ flormof a pre- determ ned

patter, g 15. A net hod ' | aj, L ' id
abr asi \ g”%%%&js  es 22 SeptdiBes OLQERIH & 1B %Wé%&m%&%w&%g géﬂ%
C

of cubilc, cy¥5NWTi cal , 13 Novemban 199%(13.11.95) USrlect ang(unansom BOKR KR, KE/LENDR RS,
pyram dai , CHRFRAI "t AAREE 0P ORI al | Wrloss, LT LU LY. MRONG, MIGIOL MW WK NG, N7 FL
top sufface, hen spherical, and conbi natijons tdmeuzswg.ﬁﬁ’omm(mx.s,' , SD, SZ, UG),
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