‘WO 2007/ 047558 PCT/ US2006/ 040317 ABRASI VE ARTI CLE AND METHOD OF MODI FYI NG
THE SURFACE OF A WORKPI ECE Technical Field 5 This invention relates to an
abrasive article and a nethod for nodifying the surface of a vvorkpiece.
Backgr ound ' brasive articles typically have a f asive
grits adhe}vgggﬁ)ﬁ%ﬁ%acki ng. Three- 10 di nensi onal, texb’g%@é?&f’f’@g abr asi ve
articles include a plurality of abrasive particles and a binder.in a
pattern. When such articles are used in polishing or |apping hard workpi eces
such as sapphire, however, they may damage subsurface of the workpiece,
often severely. Furthernore, the renmoval rates are often not neasurable and
when they are neasurable they quickly drop to zero. Using such articles in
conbi nation with a conditioning particle can inprove and sustain renoval
rate. 15 Conventional netal I@ﬁ%‘f E@Mrovi de high renoval rates
and fine fini shyihoior ubsTIGG SHIRImRRACRSH Al Wotumameyal rates,
however, require substantial tinme and effort to recondltlon t he rretal
surface. Furthernore, such plates are often heavy and rigid, making them
cunber sone to mani pul ate and ”Dve:fréﬂggclxl'lﬁllh' ng their range of utility.
Conposite resin-netal plates can bility to construct and control
t hé beari ng Taisdmyentigore woAprelp pdcls tndie mathed famwdifngg tedurddeyfaar ved from
conmposi g, 19 ates with saws or drills to C create channels or holes. The
vari ety 011( geonetric patterns and bearing areas in such plates is generally
limted to those that can be created fromstraight lines and circles.
Furthernore, concave or convex st { cannot readily be achieved.
Carving a conposite al so requires Badkeroul ial material or thickness,
enderl ng t lieatedatpasve atidesringtaliy baveiagiytr afubrasivi|geitsi adhezed B35 bRblghgl Tpteat es may
|nd| d dual |y 0 achle onca onyex struc e ut. these
gl o s R Frst S Siadng MRl of SRFa e Spingitdposa
Furt herampties. Wlhan suidk aftiales élﬁhlsdd&ﬁpﬂiﬂﬁlﬁgﬁflappihgj&dd ozbrk@asés spdtedsaspphay ng a
Zgg?&g %olg\%lgert %%g%%@(éan‘ggt%%%g gf' ti’xé/ wor?cplege?aﬂgl severlely urt ear!nlore the reli\l%)val

rates are often not measurable and when they are measurable they quickly drop to zero. Using such

nl- g

" arficles in combination with a conditioning particle can improve and sustain removal rate.

15 Conventional metal lapping plates may provide high removal rates and fine finish with low
subsurface damage. Sustained removal rates, however, require substantial time and effort to
recondition the metal surface. Furthermore, such plates are often heavy and rigid, making them
cumbersome to manipulate and move and limiting their range of utility,

Compdsite resin-metal plates can lack the ability to construct and control the bearing area.

20 Some composite structures are individually carved from éomposite plates with saws or drilis fo

( create channels or holes. The variety of geometric patterns and bearing areas in such plates is
generally limited to those that can be created from straight lines and circles. Furthermore, concave
ot convex structures cannot readily be achieved. Carving a composite also requires substantial |
material or thickness, rendering the composite structure rigid and inflexible.

25 Rigid plates may be individually molded to achieve a concave or convex stnicture, but these

' rigid structures are not particularly amenable to replacement or disposal. Furthermore, the
mechanical response of molded or cast plates having a substantial thickness cannot easily be

changed, if at all.




Summary of Invention In one aspect the present invention relates to an t
abrasive article for lapping or polishing a workpiece. The abrasive article
conprises a three-dinmensional, textured, flexible, fixed abrasive
construction having a first surface and a working surface. The working .
surface covptiogesssa plurality 5 of precisely shaped aRCAI@HRIPpbsites. The |
preci sely shaped abrasive conposites conprise a resin phase and a netal
phase. The netal phase further conprises a superabrasive material. In “
anot her aspect, the present invention relates to an abrasive article
conprising a three- dinensional, textured, flexible, fixed abrasive
construction having a first surface and a working surface. The working
surface conprises a plurality precisely shaped abrasive conposites, wherein

10 the precisely shaped abr asi $empemadnyeadiononpri se a resin phase and a
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super abrasi ve I an n “ano
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wor kpi ece.. The .net ho s cont ac tact surface of rkpi ece
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corrp05| @Eﬁﬁf@@ﬁagﬁ Be gt ﬁgﬁ%ﬁ%ﬁm" PReEST SYRRaRasiveriy teﬁ@t hod further
conpri ses r &l @bth¥edsyect, mwré@nmﬁnw 1Rt EPanHBFhsiv %ﬂiéro@ﬁlpﬂﬁng"@thﬁdef uction
whi | e cgntacting th&df a%t syrface and the working surface. The nethod
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aspect, the present invention relates he kit conprises a three="
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preci sely shaped abrasive conp05|tes wherei'n the ?re0|sely shaped abrasi ve
conposi tes émwptheg@p%@t rﬂ&nrfsﬁepméeeﬁmla@s trea mptherheiqelishppgpondinpingfaur t her
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whi | e cont I ng surface an
working surface, The method also comprises providing a superabrasive material such that the

superabrasive material is provided in the metal phase,

20 In yet another aspect, the present invention relates to a kit. The kit comprises a three-
.dimensional, textured, flexible, fixed abrasive construction having a first surface and a working
surface. The working surface comprises a plurality of precisely shaped abrasive composites,
wherein the precisely shaped abrasive composites comprise a resin phase and a metal phase. The kit
further comprises instructions for carrying out a method of polishing or lapping a workpiece. The

25 method comprises contacting a contact surface of a workpiece and a working surface of a three-

dimensional, textured, flexible, fixed abrasive construction. The working surface comprises a

plurality of precisely shaped abrasive composites. The precisely shaped abrasive composites

comprise a resin phase and a metal phase. The method further comprises relatively moving the

workpiece and the abrasive construction while contacting the contact surface and the working




WO 20071047558 PCTI US20061040317 surface. The nmethod al so conpri ses

provi ding a superabrasive material such that the superabrasive is in the
net al phase. Other features and advantages of the invention will be apparent
fromthe follow ng detailed description and clains. Th ry is
not intendéﬁofgnﬁg@%ﬁibe.each illustrated enbodi nent 5?%@Bg%§?§MQﬁa

i npl ementation of the present disclosure. The figures and the detailed
description that follow nore particularly exenplify certain preferred

enbodi ments utilizing the principles disclosed herein. Throughout this
"disclosure, the follow ng definitions apply: "Mdulus" refers to the elastic
nodul us or Young's Modulus of a material; for a resilient 10 material it is
measur ed ing a m c conpressive test .in.the thickness.direction of the
ot or | o=t g R o RERG BT e A htrebi iy Hia ) BPTRT 1 URE e

t ensi on ik éshe mbtal fh@sepl ane of the material; "Fi xed abrasive" and "fixed
abrasive constructjon" refer, to i,nt egral, abrasive,or . copstruction, such
as an abrasiggmﬁﬁ?FE$€?é? 3@“%@02&5§?§W%P&Pp$¢ﬁﬁ@gmdﬁmﬂﬂﬁﬁggﬁﬁgﬁﬁaﬂﬁgsive
parti cl eRscrpi6eRid cRSmiTaYe Bive Sgnhaly etnd thdnde] 8@eictibe dch aMistbted gbalhéace of
a worl cpi ece; 15 "Thrﬁe-ginensiona " mheﬂ sed tg descrigf a. fixed abrasive
condt r uGresY plapatatign gt e piegert digglosurs, dhebpsesend theghtalgbdessrinioatay a fixed
abr asi veosw hiotepartRami SxefpiBr @HsinpRITa I\ bB@EAS i8Bin Bkt prehifes difiRughout

at least a_portion of 1ts thickness; "Textured" when used to describe a

fi xed al¥Ed}-ve construction refers to a fixed abrasive el enent,

particul arl Y',[‘ﬂrofu% A RBkNE R foll6WRg dB@MESE ofd):sed portions and recessed
portions in whic 20 at least the ralsed portions contain a resin phase and

fr et al phasEModupy aefess & e Apgisimedulys of Epunel Meridusef 2 angriak dpr aysibgmt shaped
ogh es vhieh) G heGkby Blink o BnAMicdBmBresGud it Hthe IlR&s dirbBiA bPRR maARRASI Ve
construction conprising a resirn phase and a netal phase; and "Precisely
shaped amrezes (o aglgidponerioblt iyragagyred psingmstatisrtension éestivriproplineefihpvnaigiah nol ded
25 shape { haluicss SHRRLARI R el BUELS o forbAEalTl dhef Bl gl Ch 1 5
retained after the conposite has been renoved fromthe nold. Brief

Descr i ptcoostrugtion; fush Br anabragive Ritigley @atlis substantiadin frag gfoshattacherhaltrasive particles

Cross-s i i rtj 3 bggg!v icle. 30 Figure 2 is and
an enla%%%%ggﬂﬁ%ﬁ%§¥%9%?%ﬁﬁﬁﬁBgﬂﬁgggrﬁgﬁgée cgﬁg?%é% Em%uperabrasive '
materi al . “Three-dimensional” when used to describe a fixed abrasive construction refers to a fixed -

abrasive construction, particularly a fixed abrasive article, having numerous abrasive particles
extending throughout at least a portion of its thickness;
“Textured” when used to describe a fixed abrasive construction refers to a fixed abrasive
element, particularly a fixed abrasive article, having raised portions and recessed portions in which
20 at least the raised portions contain a resin phase and a metal phase; ‘

C “Abrasive composite” refers to one of a plurality of shaped bodies which collectively |
provide a textured, three-dimensional abrasive construction comprising a resin phase and a metal
phase; and

“Precisely shaped abrasive composite” refers to an abrasive composite having a mo,l&ed
25  shape that is substantially the inverse of the mold cavity which is retained after the composife has

been removed from the mold,

Brief Description of the Drawings

Figure 1 is an enlarged schematic cross-sectional view of 2 portion of an abrasive article.

30 Figare 2 is and an enlarged schematic view of a metal phase comprising superabragive material.




3 WD 2007/ 047558 PCT/ US2006/ 040317 Figures 3 and 4 show exenpl ary '
configurations of an abrasive article with regions of superabrasive
material. Detailed Description 5 In one aspect, the present description
relates to an abrasive article for lapping or polishing a workpiece. The |
abrasi ve av®pwp/esIady conprise a three-di nensional, tex W‘é%??"ﬁf“f‘@%’bl e, fixed
abrasive construction having a first surface and a working surface. The
wor ki ng surface may conprise a plurality of precisely shaped abrasive
conposites. The precisely shaped abrasive conposite nay conprise a resin
phase and a netal phase. The netal phase may further conprise a
superabrasive (" | 10 material. In one enbodi nent, shown in Figure 1,
abrasive article 100 conprises backing 110 havi r]gi pressure sensitive

adhesi Jaguresand $hosrrrepplaty cenfigrationhelan pbosivegytele mith pesiang of spsrabreivef
backingmm%$9 i s abrasive construction 150. Abrasive construction 150 is
three-dinensional (as this termis defined above) and conprises a plurality
of abrasive conposites 160. Abrasive conposites 160 15 have distal surfaces
161 and lateral surfaces 162. Ther& Ah&cEd Ngs or valleys 170 between

adj acent abrasive conposites 16@7‘§%EHTHQQEUT val l eys 170 may,in sone '
enbodi ment sn alelaspect, the presgnt desdriptionweirts fogn brasive article fredappihgror pofishing ause of
abr asi .t ni .val . n :

embodi ranRatee Pl fihye RPR L0 3o Rbut U b el a Bt bl B

arti cl ecdd@ctidorhating s fipasirfaceddra veorking suréiot. The biodsagsarfaenposicgsisd60 ar e

truncated ram ds 0 asi ve conposj.tes 1 onprise a plurality of

i scr oL e B eSS gb AR SRR e 8 A MR SRR osi ve
CoNposichagriseryredie plse adganctal phass. Phermatal trhask atapfirther édieRe dbupersbisival | {0
tg tured fLexi ble, fixed abrasive construction. Suitable arrays include, ™’
fof i n®%HBE those described in U S. Patent No. 5,958,794 (Bruxvoort et
al . ). The aliasientbodifdehiCitewithy Figor|ll iiseshaliisd M0 c2hpaes sidkingtlilohavibhat are

patterned. TrizactTM abr.asiyes, .made by .3M an are e ary. of a

Dot o1 B D PSR R Ben LD iR e el LB i S ATR B oms of
abr asi a0 emRRHE LaStrudios 456 Albyasilk caadciRnd SR AMEQEIthaohad (QMhistetthgs nol d, or
ot her techni ques. Such patterned abrasive articles can abrade, polish, or

si mul t AERHSPGVABRhPEPrisT A IR AL abiasivg SeRPHETLO A Rigs R MNg a9 18Y  Pat ent
-AnBl i cafaloMmstionurddd 9617and 3ReralCRAMRIL 52, FR&E BRPehds Rr VAR PIRSRRALeAPP! | cati on.
Vhen n eﬁ%ﬁgﬁ abrasive-composites 160, Openings of valle§§ 170 may, in 'some 'éfﬁbbdhﬁéﬁfs, afiow

shurry and/or working fluid movement during the use of abrasive article 100, Openings or valleys
170 may also, in some embodiments, facilitate the removal of swarf during the use of abrasive
article 100. In this particular embodiment, abrasive composites 160 are truncated pyramids.

20 Abrasive composites 160 comprise a plurality of discrete metal phases 180 and a continuous resin

" phase 190,

The abrasive composites may be arranged i an array to form the three-dimensional,
textured, flexible, fixed abrasive construction. Suitable arrays include, for instance, those described
in U.S. Patent No. 5,958,794 (Bruxvoort et al.). The abrasive article-may comprise abrasive

25 constructions that are patterned. Trizact™ abrasives, made by 3M Company, are exemplary of a
patterned abrasive, Patterned abrasive articles include monolithic rows of abrasive composites
precisely aligned and manufactured from a die, mold, or other techniques. Such patterned abrasive
articles can abrade, polish, or simultaneously abrade and polish, as described in co-pending U.S.
Patent Application No. 10/977,239, commonly assigned with the present application. When needed

30 to abrade, polish, or simultansously abrade and polish, any number of tools may be used, including




.30 to abrade, polish, or sinultaneously abrade and polish, any nunber of
tools may be used, including 4 WO 2007/047558 PCTI US2006/ 040317 appl yi ng
an abrasive article to at least a portion of a rotatable cylinder, a belt,
or a flat sheet to create a tool. Figure 1 illustrate nt in
whi ch the WRPAY%E%rticle conprises a backing, a pre?gﬁﬁgﬁggﬁgkﬁfve
coating, and a protective liner. In other enbodinents, the fixed abrasive
article 5 may have only a backing. In such an enbodinent, t he abrasive
conposites are attached to a backing. Optionally, the abrasive article does
not have a separate backing. Such enbodi nents are known as having "integral
structures". F@ferring to Figure 1, integral structures mght include an
exanpl e ein re5|n Q and b Ckl re cont i S d rmade of
t he saﬁgﬂﬁg‘?éq? Alypst ﬂﬁﬁ'g rag%ﬁa%eapo olnc?? Fraagﬂe%’ abe?t ?harrkgag%cfeﬁtneny onal ,

t ext ur eekatefd teadi bl e, flxed abrasive 10 constructlon haV|ng a first surface

and a wor Ki surface, In s enbod, . i.rst surf further
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0 exi bl e n acki.n that . ar.e nore ri ) es o
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film metighs. b@hbnallsz,l B¢ ForasPRRedcle dodd ﬁ@.‘lﬂh\%%e%drﬁebackﬁl(gm%%ﬂlbadlﬂleﬁt& grt ed

versions thereof 15 and conbinations thereo Exanples |nclude Polynerlc

films &POPBRSEYINg: Miegi sEwhpey RltrEpe todilge 1. Wigwaletrupyrey Bighd include pyi ni de,

pol yc afeQ&H%E QherPR! r¥§i"1’f’bl§1§a 19904y uwmg 13b &RRBAtnuPG B Eﬂaaa/ bﬁﬁ@smataﬁ&t&@ﬂ hyl ene,
and the | When used as a backing, the thickness of gnerlc film

Macking is Tengseiveside mwaﬁonw%%ihreg@lm@ﬁ@éalowmeéxﬂmh1%tﬁye abrasieai ned in
L’”ﬂ@ abr, @ﬁdu%&lcﬁ&ﬁ{ahﬁé@fnét Qm%@%d%%ﬁhg%}”a%e 18 Wk &%oﬁﬁ%%‘s feses bhed. i n Figure

1, a backi n IS a Il gl el enent that IS genera Yy coext ensive with and
inter Jelcczer h@@woataﬁrvaﬂleﬂchap%& |0pwél|a113awnh @m@dhaﬁveezgiewsecddhqmlm@@ Anpy
"resil ' (f H%];na{eﬁalg%QBn lﬁﬂe& %?Ndlﬁ hﬁéﬂ%ﬁ@F pﬁldrﬂaghﬂgseti]ﬁ”ent
el asti ca COFYpI’ SSI on g gl I's neant an

el ementaret rh@tts ngsl Branp W lexibld bpakings hu}udp,tfer mﬁwbﬂpemmerle fiémeeprimednd  whi ch
def or "g)oiarﬂme;l{: RN et PHE rE!lo?ﬁe ﬁéépgf‘ Surdiifzel %}Eﬂ ﬁbﬂvﬁ;g!eﬁé alld %Eé{éd éeﬁl&ﬁ éﬁe?&f“g or

| appi n narwor kK-"gi e At act ‘sur are SCribed in
Uls. Pabe cmnljmatmﬁa Ba2oD B@almﬂes(lﬂlnda erlyowrde Shmsalf p):vlyeslta], mdmbhelyea&'pmmm- t he
wor ki n u C | it. abr asi ve
conpos%f)isdcli ﬁﬂxﬁrgééf ﬁ3b°§£ Bﬁ S|é%p81 ?)O%E@ ?FSe aresin

phase, paljdthﬁlgm;hﬁi the IIkB When used as a backing, the thlckness of a polymeric film backing is
chosen sqéh that a desired range of flexibility is retained in the abrasive article.

In"some embodiments, such as those described in Figure 1, a backing is a rigid element that

20 is generally coextensive with and interposed between a protective liner and the abrasive composites.
(: By “resilient element” is meant an element that supports the rigid element, elastically deforming in-
compression. By “rigid element” is meant an element that is of higher modulus than the resilient
element and which deforms in flexure. Such designs are particularly useful in polishing or lapping a
planar workpiece contact surface and are generally described in U.S. Patent No. 5,692,950 |
25 (Rutherford et al.).

In another aspect, the working surface may comprise a plurality of precisely shaped abrasive
composites. The precisely shaped abrasive composite may comprise a resin phase and a metal
phase. The shape of each precisely shaped abrasive composite may be selected for the particular
application (for example, workpiece material, working surface shape, contact surface shape,

30" temperature, resin phase material, metal phase material). The shape of each precisely shaped




phase. The shape of each precisely shaped abrasive conposite may be sel ected
for the particular application (for exanple, workpiece material, working
surface shape, contact surface shape, 30 tenperature, resin phase material,
~nmetal phase material). The shape of each precisely shaped 5 WO 20071047558
PCT/ US2006¥@#03047558abr asi ve conposite may be any usef fCHFEREMEST exanpl e,
cubic, cylindrical, prismatic, right parallelepiped, pyram dal, truncated
pyram dal, conical, hem spherical, truncated conical, cross, or post-like <
sections with a distal end. Conposite pyram ds nmay, for instance, have

three, four sides, five sides, or six sides. The cross-sectional shape of
the abrasive conposite at the base nay differ 5 fromthe cross-sectional
shape at the distal end. The transition between these shapes nmay be snooth
and corfbierivotPsresiteragy ke msafy shars dprxamgiecybic, aylisdnsabanisapif, 8fped abrasive
CONMPOSih &fielRYedahy3 SnidieH Bnctel b, onidll, S laREicANARRSed Ifap LREL 38! ¥
shaped "abrasive conposites may” be arranged in rows, spiral, helix, or

| at t i ceoftdikhsestionsorithvngistlend ile nytaagdaanayT i ipvaned, sevothropdpadidebr asi ve

CONposi : : rﬁg‘kﬁg i ' A0S o ' i .and/ or
facili t%%@%ﬁ@%@éﬁbva .&fg%ﬁggg%?g&atﬁggﬁ é\éeq:fog#ﬂr)nﬁﬁga“tlﬁgggﬁ% ;ﬁée y shaped
abfasi encheposi-seciomlshhge 4t dpalisial end. The tratisitbm behicertheve dhdpet wuabaknidugh di st al

end. The.t r ; L : i nst ance,
Er 1 e VAR g2 el R L Ik o 95 o DBLAR 5085 ks 1ot
hei ght lofe mabdure pf differsa|sharshdibe dreaibelnsiayeal abmsiye sonpositss paefecrabged it he sane,

but it is passible to have, precise haped a sive conposjtes. of varying
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precisely s rasive, cqnposites mayhe separated from one. another by
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el ght I rensi on of each contactin recl se ed abraslive _conpposite.
Thi s d PT‘H?‘?‘%"&rfmcS‘*{EPo%t‘?eEW 5 BTG 1P s Perkes & °§%§T8ﬁ§é’ﬁﬁfﬁ?& eghh By ekt 20
preci selrisshapgdd ahtasd sehpeatofrel-RblyIhadafie Ank AAIEYsibRACIhAE Ipi%isél e-like

structure which contacts _and extends between facing |ateral surfaces of the

pr eci seﬁhﬁpeéﬁléifﬁ%ﬁ @W&%‘F’\?@fﬁ"’é}ﬁ%% ‘?1%1%%‘_?‘ atingle agiglensi ves are adjacent in the
segse that  mge bdib 61 6 Blebidel§ gm?%ab&a@.ive §od1115&ﬁés%iay%u@oxﬂ'aﬁ&ﬁér ok, iR, |ine
drawn between the centers of the precise _ééshage_d abrasive conpositées. The
-pr eci sehgbaserni adiacent uistitiey SepbTAsiKacomppsiise magtbe aeparated fpbpenedeetbertivned
pattern,af Sﬁetciﬁ%ﬁ dkent¥ ﬁ%ﬁﬁrembﬂﬁgleﬁtgﬁ?et%gﬁcéf‘céﬁéﬂ b&t@v@er?ﬁfa@&it\éﬁ}aﬁ{fé icle. For
exanpl e, when the abrasive article 1's e v

composites involves no more than 33% of the vertical height dimension of each contacting precisely

'shaped abrasive composite, This definition of abutting also includes an arrangement where adjacent
20 precisely shaped abrasive composites share a common lalnd or bridge-like structure which contacts
and extends between facing lateral surfaces of the precisely shaped abrasive composites. The \
abrasives are adjacent in the sense that no intervening composite ‘is located on a direct imaginary
line drawn between the centers of the precisely shaped abrasive composites.
The precisely shaped abrasive composites may be set out in a predetermined pattern or at a
25 predetermﬁxed location within the abrasive article. For example, when the abrasive article is made
by providing a slurry between a backing and mold, the predetermined pattern of the precisely
shaped abrasive composites will correspond to the pattern of the mold. The pattern is thus
reproducible from abrasive article to abrasive article.
The predetermined patterns may be in an array or arrangement, by which is meant that the

30 composites are in a designed array such as aligned rows and columns, or alternating offset rows and




by providing a slurry between a backing and nold, the predeterm ned pattern
of the precisely shaped abrasive conposites will correspond to the pattern
of the nold. The pattern is thus reproducible fromabrasive article to
abrasive article. The predeterm ned patterns nay be in an array or

" arrangenentVORPA#Eh is neant that the 30 conposites 5?3U§%m§Wﬂ§@igned
array such as aligned rows and columms, or alternating offset rows and 6 WO
2007/ 047558 PCT/ U52006/ 040317 columms. In another enbodi nent, the abrasive
conposites may be set out in a "random array or pattern. By this is neant
that the conposites are not in a regular array of rows and col umms as

descri bed above. It is understood, however, that this "randoni array is a
predeterm ned pattern in_that the |ocation of the precigelg shaped abrasive
conposi tceimns. 1p aeeiber sphpHBE  athE AMaYTeeophatiss 1ay beset p A [ @ndqmy’ 5 Shspect |
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and t he dessribbd giess dt is pederaeedahayioyer binighis frgadom | atray ég a pradeitrmined $pféesn in bot h

t he resi . @Qﬁﬁ : ' - i ments
of the 'Itg%tta{égﬁ}g%g%ggft%%@nﬁhﬁ e, Sggx%@glﬁ%gﬁrg&g%%eg e ygogﬁ%%ggpﬁo resin
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which is parall el f ive i te,
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nethacrylgtgs), phenolic resins, urethane resins, and epoxy resins.

Parti cul®aP®@cryl ate resins include, for instance, vinyl acrylates,

acryl ated epoxicgf end6diylens o tsitphas asy iRGidY h airdotivrhie aashigmkidial B 20
silicones. Particular Egﬁg‘ﬁl ic resi ps I nclude, for instance, resole and
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in US. Patent No. 5,958,794 (Bruxvoort et al.). The preci sely shaped

abr asi vdorEsifsbyderesing welapprpmaddehyieesing anéwafgi@?edﬁ%m%wmi g@aldeﬁyde

resins. Qther Tesin phase materials include, for instance, acrylate resins (including acrylates and

In sone

methacrylates), phenolic resins, urethane resins, and epoxy resins. Particular acrylate resins include,
for instance, vinyl acrylates, acrylated epoxieé, acrylated urethanes, acrylated oils, and acrylated
20 | silicones. Particular phenolic resins include, for instance, resole and novolac resins, and
( phenolic/latex resins. The resins may further contain conventional fillers and curing agents such as
are described, for instance, in U.S. Patent No. 5,958,794 (Bruxvoort et al.).
The precisely shaped abrasive composite also comprises a metal phase. The metal phase
may also comprise a superabrasive material. The metal phase includes, for instance, relatively soft
25 metals (relative to the hardness of the workpiece). Without wishing to be bound by theory, it is
believed that in some embodiments, wherein a relatively soft metal phase comprises superabrasive
material, the sﬁperabrasive material is permitted some degree of motion within the metal phase,
allowing both the exposure of new superabrasive surface which promotes polishing and lapping, as
well as some mechanical response to localized pressure to allow a reduction in scratching on a

30 workpiece surface.




may al so conprise a superabrasive material. The netal phase includes, for
instance, relatively soft 25 netals (relative to the hardness of the

wor kpi ece). Wthout wi shing to be bound by theory, it is believed that in
sone enbodi nents, wherein a relatively soft netal phase conprises

- super abr aswee00%®I68 i al , the superabrasive material isPEEUFPEREI3Eone degree”
of notion within the netal phase, allow ng both the exposure of new
super abrasi ve surface which pronotes polishing and | apping, as well as sone .
mechani cal response to localized pressure to allow a reduction in scratching
on a 30 workpi ece surface. 7 WD 2007/ 047558 PCT/ US2006/ 040317 Figure 2 is
and an enlarged view of a netal phase conprising superabrasive material. In
this particular enbodi ment, netal phase 180 conprises superabrasive nmaterial
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sone enbodi nents, the netal é)hase further conprises superabrasive materi al-
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phase. This enbodi nent ma%/ e considered charging during nanufacture. In
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conprise superabrasive matertal”. A slurry or “mxture cont arning the
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prior to forming the abrasive composites comprising the metal phase. This embodiment may be

considered charging during manufacture.
In another embodiment, the plurality of abrasive composites may also be formed with a resin

20 phase and a metal phase that may or may not initially comprise superabrasive material, A shury or
mixture containing the superabrasive material fnay be used to charge the metal phase with
superabrasive material. In yet another aspect, a plurality of abrasive composites may be formed with
a resin phase and a metal phase that may or may not com'prise superabrasive material. The working
surface may further comprise a region of superabrasive material in an erodable or soluble matrix,

25 The superabrasive material (in, for instance, a petroleum jelly/diamond paste), may then, for
instance, in a lapping application, be dispersed (for example, by wiping or otherwise spreading
across the workpiece and the working surface surfaces of the three-dimensional, textured, flexible,
fixed abrasive construction) such that the metal phase becomes charged with superabrasive material

during use. This embodiment may be considered in-situ charging,




superabrasive material. In yet another aspect, a plurality of abrasive
conposites may be fornmed with a resin phase and a netal phase that nmay or
may not conprise superabrasive material. The working surface may further
conprise a region of superabrasive material in an erodable or soluble

“matrix. 25WMAhOTHIEBabr asi ve material (in, for instance’CHUFRYEIRIm
jelly/dianond paste), may then, for instance, in a |apping application, be

. dispersed (for exanple, by wi ping or otherw se spreading across the

wor kpi ece and the working surface surfaces of the three-dinensional,
textured, flexible, fixed abrasive construction) such that the netal phase
becones charged with superabrasive material during use. This enbodi nent nmay
be considered in-situ charging, 8 WO 2007/ 047&5_8 ,PCTTS%OOG/_O40317 Usef ul
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maj or surface aof the backing to forman article. I n some enbodiments, the
resin pﬁ%@@aﬂf%n AT gee hemndre lsg@rq%@w%m dfieeayifies of the rapl -@@wgﬁl %2 rom

t hes out Bickiighid MELinBbdicEe o forft Whiteh of Ty bR e Bat thd mddurdkkets on€lhfder before

or after introducing the backing). The resulting article is renoved fromthe

pr oduct FBHce pigBe Packing st frraAn aiFlasinpeme sRadments. ot Rt phage Biratiplesyedtaped
abrasiv ?FIIEQ PR the Srticle Hﬁﬁaﬁg ?fbl!p)fhe?&ltéi) @ﬂ%lg of e BoRAGidAGnay HRGAE K S alPhase may

optionally be further cured after_ renoval. Further.
eithier before or after introducing the backing). The resulting article is removed from the production
tool to form an abrasive construction having precisely shaped abrasive composites, optionally
20 bonded to a backing. The resin phase may optionally be further cured after removal, Further
C : description of representative methods of manufacturing such abrasive articles may be found in U.S,
Patent No. 5,958,794 (Bruxvoort et al.).
In one aspect, the three-dimensional, textured, fixed abrasive construction may be flexible.
In some embodiments, a three-dimensional, textured, flexible, fixed abrasive is capable of being
25 wrapped around a cylinder (for example, a mandrel) in a convex manner (that is, with the working
surface generally being convex and the first surface generally being concave). Such configurations
- may allow, for instance, simultaneous abrading and polishing of a workpiece. When such
simultaneous abrading and polishing take place, the contact surface of the workpiece may form

channels that correspond to a channel formed or shaped in the negative of the abrasive composites




C description of representative nethods of manufacturing such abrasive, .
articles may be found in U S. Patent No. 5,958,794 (Bruxvoort et al.). In
one aspect, the three-dinensional, textured, fixed abrasive construction nmay
be flexible. 1In some enbodi nents, a three-dinensional, textured, flexible,
fi xed abrasi@eooi/g4’égpabl e of being 25 w apped around aPEyUS20EB031T Or
exanple, a mandrel) in a convex manner (that is, with the working surface
general ly being convex and the first surface generally being concave). Such
configurations may allow, for instance, sinultaneous abrading and polishing
of a workpi ece. Wien such simnultaneous abradi ng and polishing take pl ace,
the contact surface of the workpiece may form channels that correspond to a .
channel formed or shaped in the negative of the abrasive conposites 9 Ij WO
2007/ 04 (55RBsdn6dd 1423 ﬁ)gloslf‘aterﬁ APplas et NHa0/97MBOcRRAGH P gisindd willaihent

Appl i cati on hb 10/ 977239, comonly assigned with the present application).
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abrasive articles 15. of, the ent ventlon manu tured in a
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workpiece. The flexible nature of the abrasive article allows it to conform to the shape of the -

workpiece.
In yet further embodiments, a three-dimensional, textured, flexible, fixed abrasive
construction may be used in combinaﬁoﬁ with a backing that is a rigid element that is generally
20 coextensive with and intexrposed between a 'protective liner and the abrasive composites. When such
a combination is used, the abrasive article may be capable of substantially conforming to the global .
topography of the surface of a planar or substantially planar workpiece while not substantially
conforming to the local topography of the surface of the workpiece (for example, the spacing
between adjacent features on the surface of a workpiece) during surface modification (for example,
25 lapping or polishing). As a result, some embodiments of such abrasive articles can modify the
surface of a workpiece in order to achieve a desired level of planarity, uniformity, and/or roughness.
One of ordinary skill in the art, guided by this disclosure, may select the particular degree of”
planarity, uniformity, and/or roughness desired, depending upon the individual workpiece and the
application for which it is intended, as well as the nature of any subsequent processing steps to

30 which the workpiece may be subjected.
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construction may be used in conmbination wth a backing. that is arigid
el enment that is generally 20 coextensive with and interposed between a
protective liner and the abrasive conposites. Wien such a conmbination is

used, the asi ticle may be capable of substantia -ng to the
gl obal to;a)\gérzioﬂﬁgﬁg# the surface of a planar or substa%ﬁlgﬁ%@glg{og}gar
wor kpi ece while not substantially conformng to the |ocal topography of the

..surface of the workpiece (for exanple, the spacing between adjacent

features on the surface of a workpiece) during surface nodification (for
exanple, 25 |l apping or polishing). As a result, sone enbodi nents of such
abrasive articles can nodify the surface of a workpiece in order to achieve

a desired level of plaparity, uniformty, and/ roughness.. One of. ordi nary
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flexi bl e nature, of the three-dinensional, textured | exi bl e, fixed abrasive
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conventional netal |apping plates and rigid conposite plates. Furthernore,
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ni tride, gl&YsLkilicdn,orfetindigukirtg end od@htions tieedof. 16 btherEmisidaednts, appropriate
workpiece materials maylinclude, for instance, optical substrates, light emitting diodes, or
semicoﬁ&ﬁctor materials. 4
20 In some respects, a workpiece may have a contact surface that may be contacted with a
( ; working surface of a three-dimensional, textured, flexible, fixed abrasive construction. The flexible
nature of the abrasive construction may, in some embodiments, allow the contact surface of the
workpiece to be any of a number of shapes, Examples include a planar or substantialty planar
contact surface, a dished contact surface, a convex or concave contact surface, or any other shaped
25 surface to which the three-dimensional, flexible, fixed abrasive construction is conformable. The
| flexible nature of the abrasive construction may allow it to be cut in a daisy pattern, allowing
substantial conformance of the shape of the abrasive article to a curved or spherical workpiece,
The surface finish of a lapped or polished workpiece may be evaluated using a well-known
quantity, Ra, which can be measured using an interferometer or a contact profilometer. When an

30 abrasive article as described herein is used, desirable Ra values on the surface of a hard and/or

11




gl ass, silicon, crystalline quartz, and conbinations thereof. In other,
enbodi nents, appropriate workpiece materials may include, for instance,
optical substrates, light emtting diodes, or seni conductor materials. 20
In sone respects, a workpi ece may have a contact surface that may be

cont act ed wobttwas4BGssawor ki ng surface of a three-di nensi opat/psioesadsoried,
flexible, fixed abrasive construction. The flexible nature of the abrasive
construction may, in sone enbodinents, allow the contact surface of the

wor kpi ece to be any of a nunber of shapes. Exanples include a planar or
substantially planar -contact surface, a dished contact surface, a convex or
concave contact surface, or any other shaped 25 surface to which the

t hree-di nensi onal, flexible, fixed abrasive construction is conformable. The
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dai sy pattern, allow.n substanti al conformance of the shape of the
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Ra, which can be measured using an _interferoneter or a contact profiloneter.
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In yet another aspect, the present description relates to a method of polishing or lapping. The
method comprises contacting a contact surface of a workpiece and a working surface of a three-

20 dimensional, textured, flexible, fixed abrasive construction. The working surface may comprise a
plurality of precisely éhaped abrasive composites. The precisely shaped abrasive composite may o B
include a resin phase and a metal phase. The method further comprises relatively moving the
workpiece and the abrasive construction while contacting the contact surface and the working
surface, In another aspect, the method comprises providing a superabrasive material such thé.t the

25 superabrasive material is provided in the metal phase.

In some aspects, the relatively moving while contacting the contact surface and the working
surface and providing a superabrasive material may be simultaneous. Such embodiments include,
for instance, when multiple abrasive composites are formed with a resin phase and a metal phase
where the metal phase does not initially comprise superabrasive material. Secondary patterns may

30 be provided in (for example, die cutting) the three-dimensional, flexible, fixed abrasive construction
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15 anot her aspect, the abrasive articles described herein may provide an

i nproved renoval rate stability and predictability, which inproves process
ef ficiency and reduces scrap during finishing operations. In yet another
,aspect, the present description relates to a nethod of | Shi | appi ng.
The netho&“gﬁWﬁ?VE@s contacting a contact surface of éﬁ&%%%@%@%@9gnd a
wor ki ng surface of a three 20 di nensional, textured, flexible, fixed

- abrasive construction. The working surface may conprise a .plurality of
preci sely shaped abrasive conposites. The precisely shaped abrasive
conposite may include a resin phase and a netal phase. The nethod further
conprises relatively noving the workpiece and the abrasive construction

whil e cgntacting the contact surface. and t wor ki n su C | n gnot her

e pect e PRt B Sttt i Dttt Sy Bs B By RS e
the 25 BaRGHARIIASE b\becliri! & migtire cBnRin@\s tEBefpbabradi@: MRl (RPASEAce| # Sone
aspects, the relatively noving while contacting the contact surface and the
wor ki ngPeWWgY/QJﬁHm‘&%I Wﬁehm% then bg gRliss fubp Seeordstieratiains Ard plBTIZEAHTt aneous.

Such enbafligiE it al sHEdebdS In udeOfor INBGARNES i@ hpPkdatibD kiR AREARhNR BAOROSI t s
are formed with a resin ghase and a _netal phase where the netal phase does
8

not3 i ni isidagtiiluiedasinss e epidhs heseviimpnsicaph Hexiblgdixetheharsjverantiarian waly 30 be
provi dega in@ $EHPStal Ha it dul i natii |@athe s j ,
fixed ab?é@?é%ﬁégﬁstrp%t?on 12%&%#gg%%%%ﬁ?%ggﬁgC#ﬁ%E%%%6/04%%f%ﬁ&%gggving
cavi t i emaierial) fakes Macssingiltapaeyily with relgtivelyinpnvéing anl gerdachibg.asi ve construction).
The fil m mayy.t : ' L ) [ L0 t he
superabrasi&%cﬂg?g?Pg?h f6Pﬁ%ﬁgﬁgﬁ%%?Qgﬁg%gggg#gﬁﬁg'%“??%@?gﬁgﬁﬁﬂgaste),'nay
hen bemapipkithedvarkpitdsans the ebrasivecopsituctemehitavgnippitngdhs wethe|surface aldepl e, Wit h

;) _ ¢ C o . Aoty
uRE 5 b P St Sac b BEHEREP mchle SnbARELILBRBNL BRLLAN: phlideaty o
t hr ee- diuresss pDmading th mxirkyibese ahi ‘e dupdrtassivweenataabprion ¢t fooning tlehebrastvat t he

chargi ng of the .al a it hysuper abr asi v terial .(that jis rovi di ng
t he SUp%}maFE?ISI es?ic\(?lgl%%%% t@?lrn%ﬁp a%at < élémgjﬁlgcaeSpgcl ’r’?ﬂﬁﬁ:{%n?\b@o% n%/s n\(}ﬁl H ‘?rheeflg\}fe:ovel y '
novi ng shrakivaninpodiiengre fdrmed tvith o rasivbgidienmmd tasnetgd phase thatnigay remsupe inkinllasi ve
phase takes.glace bejoretnqla&h%el§l nnvig&gthe.work i ece %pd.the abrasi ve
const r u¥TTIBH FRCTETES IR AEC 1R O SERCEHP FORET B SRR DT RS

surs _ag eis ugunb chirpotie mam% phasEvyith mﬁmﬁesi%‘l?ﬁltelﬁél (beﬁwlgdf aﬁf a&bluﬁveﬂggmeﬁh@l is
provi de a.process of mxing the neta ase and t super.abr asi ve

o | aihe Sor RS 854 BF AR A dpr oD coafii S BB MR EP G PHE et a

phase. 4ppfadnot’her aspect, such embodi ments include when the

In yet a further aspect, the present description relates to a kit. Such a kit may comprise a
three—dirﬁensional, textured, flexible, fixed abrasive construction having a first surface and a
20 working surface. The working surface may comprise a plurality of precisely shaped abrasive
( composites, wherein the precisely shaped abrasive composite comprises a resin phase and a metal
phase. The metal phase may or may not comprise a superabrasive material. The kit further
comprises instructions for carrying out a method as described hefein.
Objects and advantages of this invention are further illustrated by the following examples,
25 and the particular materials and amounts thereof recited in the examples, as well as other conditions

and details.
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abrasive conposites are forned with a resin phase and a netal phase that

or may not initially conprise superabrasive material and then a slurry or
m xture containing the superabrasive material 15 is used to charge the netal
phase with superabrasive material before the step of relatively noving the

wor kpi ece vagehotgs@br asi ve construction whil e contactiwgrtdresmasshiact surface -

and the working surface. In yet a further aspect, the present description
relates to a kit. Such a kit may conprise a three-dinensional, textured,
flexible, fixed abrasive construction having a first surface and a 20
wor ki ng surface. The working surface may conprise a plurality of precisely
shaped abrasive C conposites, wherein the precisely shaped abrasive
conposite conprises a resin phase and a netal phase. The netal phase may or
may not conprise a superabrasive material. The kit further conprises
instructions for carrying out a netg@ehphs described herein. ojects and
advantages of this invention are further illustrated by the follow ng

exanpl epye al%ﬁoﬁtggmﬁe_mgﬁq;,ﬁ&@fecﬂpst,eglu@}ﬁl and anounts thereof recited in
t he exanp P as well as other conditions and details. 13 WD 2007/047558

PCP/ US2 oo 6/ m@e@wanteﬁhlﬁﬁm el Spytshspstsan RS e ve I 208 sy Alable FgeyN®RER ur sor
Slurry éwﬁ%o% ﬁﬁb?l%@lr]ﬁ@nf«/[aﬁ&leéiér' oK. >0afnd 7% m%%bﬂta%@eglﬁ ?SK 36339 a%a%feefm\m 32000,

avai l abl e from Noveon’ Division, Lubrizol , Manc ester U K) and 75 wt %
acryl at Rarfomst Go. (ISRa Begn,BA) saamixe s apwr@mnaeé}ft b HRg AT, drwﬂ@pmp@@r on, PA) was

m xed fI‘B 9%1 Vggt'gé!p tie 'vb%é ﬂ&eﬁﬁ&aé‘héat Ao 'BatE 56700%() %@fa%h{&@‘rﬁ%mngﬁ I ng

mX|ngt emxt aced V\B.tel’ tate
mel t i ngtheflisperdast moébeneean‘(am Az t?sletlwé initgpddriavailsble from Dupentidkmical Salaticor

(amai | | .
o HE he PSPt PUR PO o AR Rlor it o bR 8 B d Bl B3, |
t he Vazibe §2zd fgittptofﬁnn @aquamlatﬁs; él tharmsl, mmatbhmim wan ptodaded by sotiog b ondoiéeso

pr Oduc.e%ai?té)ng] vft‘y ?ate Tesm Xgl% 968 i/nh)gox?ngat { acr lag‘ 1-éuEr'\ dn‘%:a pro;geﬁg‘; ré?%rs PI) i ];g,[ e

appr oxi S|ng air Xer. A THTm
( NYAD Madchuidhdiaiicemn i(INE ADd&i0l Wb]llaetohne:; mdﬂ!ﬂ@ﬁibhﬂé‘{ @b Miherals Indjdiammssilid o

Sonor e, S Gk PR R 8420 Ul PR AR MR B 3 ?f;:'ys
Thes NYARafi#Ofe mutdﬂenamm:h efilait 100 °C G D4 aaRETRINY SDaMDOIRS tiarbéedey Seal ed
weh : vi 1‘"?) 1In tén? e?atgrg talté the contamer sealed with vinyl tape until use." oo
A resin pre-mix was produced by mixing the following components using a high speed -
Cowels blade mixer: 85 wi% 368 D resin, 10 wi? dispersant solution described above, and 1 wt%
photoinitiator (Irgacure 819, available from Ciba Specialty Chemicals, Tarrytown, NY). The resin
20 premix was mixed for approximately 15 minutes until the photoinitiator dissolved.
A metal resin binder precursor shury was produced by mixing 134.5 g of resin premix
described above with 231.5 g of NYAD M400, 10 g fumed silica (OX 50, available from Degussa { -
Corporation, Parsippany, NJ), and 91.5 g of 1-5 micron tin powder (SN-101 available from Atlantic
Equipment Engineers, Bergenfield, NT) under high shear using an air driven high speed Cowels
25 blade mixer for 30 minutes. To this shury mixture 0.25 g of an antifoam (Dow Corning Additive
47, available from Dow Corning Corp.) was added. The mixture was allowed to cool to room
temperature (20-25 "C). The slurry was then mixed for 15 minutes nnder low shear using an air

driven propeller mixer, during which 32 g of the thermal inftiator solution was added.
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A resi-n pro-m x was produced by m xing the foll ow ng conponents using a high
speed Cowels blade mxer: 89 wt% 368 D resin, 10 wt % di spersant sol ution
descri bed above, and 1 wt% photoinitiator (Irgacure 819, available from
.G ba Specialty Chemicals, Tarrytown, NY). The resin m x was_m xed for
appr oxi mat $M0204%M4A5Rut es until the photoinitiator di ss&‘ﬁé‘@zooﬂmﬁ‘?ﬂ resin
bi nder precursor slurry was produced by mxing 134.5 g of resin prem X

- descri bed above with 231.5 g of NYAD M400, 10 g faned silica (OX 50,

avai |l abl e from Degussa Corporation, Parsippany, NJ), and 91.5 g of 1-5
mcron tin powder (SN 101 available from Atlantic Equi prent Engi neers,
Bergenfield, NJ) under high shear using an air driven high speed Cowels 25 -
bl ade m xer for 30 mnutes. To this slurry mxture 0.25 g of an antifoam
(Dow CoPrepagptien e Majal-Resin Bindey FragnreorsSggty Bow Cor ning Corp.) was added. The

mxture was ks géeﬁgn&pr _1b@meggmpo%@a{gfgﬁiatm@n&2@ﬁ%u@a Wlfassl urry was

then m xed for m nut es under | ow shear usi ng ir driven prog@l | er

m xer, eunbingg Wik 30re gresglegrsie M RRESARIS Wit &o;ha% ér5 %’@leil%d%ﬁ?ﬂ%l&d H 14 Fl
WO 2007&%%{5@8 ake e MS%%%Q@%%@ Bl epas2 m@& Mﬁ&@é miRES ol aﬁr&aﬁatel

Precursor rry 2 A dispersi t 70 go tin powder (

Al dr i ch3omnmumanwdrlm§mpé]émmmd with 30 g of resole resin (3M R23155,
75 W% solids, 1.5:1 fornual dehyde: phenolic, KOH catalyzed), and 15 nl of
50: 50 i sopr opanol and water. This dispersion was m xed for approximately 5
30 m nuPesparssiongf MetatiRestr Brader Freowsdr| BurrpBxer. Preparati on of Metal -Resin

Bi nd P i | - f wd
B e SoUABbeh AR o AR Al el RO RSB OPRST POl
av al | atxnsbizes vBhGOChaiepoiyli8Sn &IyallhBle a2 smmwemotszﬂ, AffB,c?npa%ﬂ‘dpo;ﬂ;Ofrﬁ‘mrﬁMny, St .
Th 0. t
o s PRERSE T D P BERLA SEep " o1 1

A di spedveapropélier tirmesh tin povvder (Sigma Aldri ch, M | vvaukee W) was
conbined with 15 30 g of epoxy resin (avail able as Scotchweld 1838L AB, 2
part epoxy, from 3M Conpany, St. Paul, W This dispersion was m xed for
appr oxi Prdpeldtion @f MetiHIRSinUBind¢ Mecudsor Shiriry @n propel [ er .m xer.

A dispersion of —100 mesh tin powder (Sigma Aldrich, Milwankee, WI) was combined with
15 30 g of epoxy resin (available as Scotchweld 1838L A/B, 2 part epoxy, from 3M Company, St.
| Paul, MIN). This dispersion was mixed for approximately 10 minutes using an air driven propeller

mixer.

.Three Dimensional, Textured, Flexible, Fixed Abrasive Construction
20 Preparation — Method I
( -' Three dimensional, textured, flexible fixed abrasive composite articles were made generally
7 as described in U.S., Patent No. 5,958,794 (Bruxvoort, et al.). A polypropylene tool (mold) was
provided comprising an array of cavities. The cavities in the tool were in the form of inverted
truncated four-sided pyramids .having approximate dimensions including a depth of 800 pm, an
25 opening of 2800 pm by 2800 pm and a base of 2500 pm by 2500 um with a center-to-center
spacing of 4000 pm. The mold was essentially the inverse of the desired shape, dimensions, and
| arrangement of the abrasive composites.
An approximately 305 mm (12 inch) x 508 mm (20 inch) piece of the polypropylene mold
was adhered to a 3 mm (0.12 inch) thick a]uminmﬁ plate using masking tape (commercially

30 available from 3M Company, St. Paul, MIN) with the mold cavities facing up (open side exposed).
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Three Di nensional, Textured, Flexible, Fixed Abrasive Construction 20 .
Preparation -Method | Three dinensional, textured, flexible fixed abrasive
conposite articles were made generally as described in U S. Patent No.
5,958, 794 (Bruxvoort, et al.). A polypropylene tool (nold) was provided
conpri si n@gv@poodtd78ss of cavities. The cavities in the tmmussesedonsthe form
of inverted- truncated four-sided pyram ds havi ng approxi mate di nensi ons
including a depth of 800 m an 25 opening of 2800 .tm by 2800 m and a base
of 2500 m by 2500 mwith a center-to-center spacing of 4000 .Cm The nold
was essentially the inverse of the desired shape, dinensions, and
arrangenment of the abrasive conposites. An approximately 305 nm (12 inch) x
508 mm (20 i nch) piece of the pol ypropylene nold was adhered to a 3 nm

(0. 12 i Ttehetd] Rdsikbimdet Plefiuisor pluﬁwmuﬁl-n@lrn&aaerm@cmmlﬁﬁpmcmﬂ shyeadOy
avallable from 3M Conpany Paul he nol d cavities faC|ng up

(open shé@einigihesaanyitics umgwbiﬂebﬁﬂﬂwws%@Xbmlmﬁob@kméﬁ?wnrﬂéd?@tnap resin
bi nder ﬂyﬁ@t\s’fﬁlﬁ{ha%ing bh mﬁ%@é @emﬁ%au Ro %m@gﬁfprl?ﬁe%ﬂ RQbrfReYs bYcohed@s then

spread b hese cavities using a rubber squeegee. Next, a

pol yest @ﬁﬂabét:casuancl(mw frame BMclongisnyyiwas coestedathethe tictehtepinviurg-castedt hyl ene
aciyl i cy, ﬁﬁ fif?atBa%MM%!g(/e %) t tﬂé' A& SHhd %‘Fﬁletbgclﬁg %%hﬁf’mg 1ﬁ¥nlﬂét&ab!‘ e as

Scot chpa rom npany Bontacted wth
sl ur ry-eitatugber Sollvrd (Gheulokirmheats, Fahléieb:lb@é% ivagussd torfagiliwetthe imémpteicomeactsur f ace of

}:gler ??gtll)%'g]w&&gé n?e?’ﬁ ?&m s a\:faxo,l%]a% p, % anﬁﬁt&? Pge!ré.tgc[ ?c ag%'ﬁ'ydrr%ﬁéunyat nts,

net al rlﬂsssurest‘ mtlrlgPaaﬁrbst)rweﬂm@kqnn@cl ikhgwidéinioH dfteralungisuio pitcayiddtha fillech appl i ed'
pneumat |, sure P gver 61 cm (.24 nc roll
& 1@3]1? ﬁnci}?ld]an tﬁ? facgﬁes%r %Qc}cmg a5 tierl fxd)osedt le %TW éEﬁ}H

The al um un1p t he.
deOyestm&aﬁmﬂyﬁngspaﬂmgtﬂhaqﬂatemmmmg chlstrocaivh ﬂircaigh(aum pfoncg;ladir () 10

radi ati ansporti.ng the. e- - backi [ i h a U/
s PSS RRRaN bOS AR B Rt R Ll R T sk Ak 8 "\ oy
Hill, N&)mlg_.(lﬂgm ferain). 4"11657(/ flergylximfs n‘m(sirﬁﬁeaﬁhlﬁﬂgl}ltm br)ckmiglilﬁo Wn&fﬂﬁﬁ@)&m U\\A//als
transmtte aCKI I Into the neta resin anp
Lot vt ThAD S, LaE ASS el Bt My el s SReist ST S RRES) i ¢ 400
wat t s/ i @obhivatishen) pmtpwmbld Baalahg aﬁsmaﬁrt wwﬁassa@tmaﬁghnmmq&ghﬂa twidgh t he WV
;]ghts twi.ce. at-15 bet with the polyester

i P FUGTAG T ARV (b e L TP ietsh -G SR VN g HE b0t | o |y
cured npdidofyRab okl (With HiedaRiatif BurBPhy@Risah sRAG kAN p¥OSdr BEking) was then

removed from the aluminum plate, flipped over so that the polypropylene mold was facing up and

placed back onto the aluminum plate. An approximately 1 cm (0.4 inch) quartz plate was placed on
top of the polypropylene mold to keep it flat while it was sent through the UV processor for one
20 pass at between 4.6-7.6 m/min (15-25 ft./min) during which the polypropylene mold was facing the
UV lights. | '
Upon exposure to UV radiation, the metal-resin binder precursors were converted into three
dimensional, textured, flexible fixed abrasive metal-resin composites. The mold was removed from
the abrasive composite/backing, The metal-resin abrasive composites were then heated for 1 hin an
25 oven set at 80 to 105 °C to complete the cure of the binder system and fo activéte the primer on the
polyester backing.
To prepare the abrasive article for testing, abrasive composite/backing sheets were
laminated to a 0.762 mm (0.030 inch) thick polycarbonate sheet (Lexan™ 8010MC, available from
GE Polymer Shapes, Mount Vernon, IN) usmg a pressure sensitive adhesive tape (442 DL,
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renoved fromthe alum numplate, flipped over so that the pol ypropyl ene nold
was facing up and placed back onto the alum num plate. An approxinmately 1
cm (0.4 inch) quartz plate was placed on top of the polypropylene nold to
.keep it fl I t was sent through the UV processor 0 pass at
bet ween 4.3%%£@hh?%ﬂ1(15 25 ft./min) during which the %%ﬁg%ﬁ@%?ﬁéﬁe nol d
was facing the UV lights. Upon exposure to UV radiation, the netal -resin
- bi nder precursors were converted into three dinensional, textured, flexible
fi xed abrasive netal-resin conposites. The nold was renoved from the
abr asi ve conposite/backing. The netal -resin abrasive conposites were then
heated for 1 h in an 25 oven set at 80 to 105 Cto conplete the cure of t he
bi nder system_ an Y pri n,the ester ack

pr epar €? H@S%BW$3P%3“ t%ﬁ%-@ésﬁ§ (Egﬁmﬁéﬁ¥§§¥9 mﬂ ﬂﬁ&%?ﬂ@?ﬁﬁ% sheets
were | petgRaied to a 0.762 mm (0. 030 inch) thick polycarbonate sheet
(LexanTM 801 OMC, available from GB Pol yner Shapes, Munt Vernon, IN) using
a pressure sensitive adhesive tape (442 DL, 16 11 WD 2007/047558
PCT/lJSﬁQQ@ﬁQﬂQ3@ﬁﬂhagg[Iable from3M St. Paul, MN). A 30.48 cm (12 inch)
di aneter cCircular test sanple was die cut for testln Preparatlon - Met hod
Il 55 An apprfbwm}@welzégiWﬁa((l?tznqhhéﬁ@*? AR NieEe of e RyLYpioKencrolihe
pol ypropyd aﬁlﬂ&em éj3mﬂf9(% 1§%ﬁ5mktaﬁmﬁn§n e(ugméglabl&%% étebﬁﬁe?émw num pl at e
usi ng maski ng tape (commerci al avai | rom3 C%npany, Pau

M nnes oivadlablg frpmBhe wnp@yso%tvli’atli,gémn%@tahwwe (r@bieq@vsw@cme%pé@@awde The met al
resin b o en
G cad B D e SR ek

| ate abtdaamd litie theproiatiitippisingcr rpctrbqueease tBledhgmmm pla@ and filledemoldtwasoom

t énper I r h, 85 C
ol T Fopficr el E0FHERE 4 oy Bl AL iR ol e Bl e el 0.0 01 e
to rooid foeinhe?antifoe ! hAm5r°6>fomia]n edtd)/l 2000 fgr of. Tihn'a it a8¢ otobdwed tﬂerﬂzﬁi@&ﬂ 1A/ B
epoxy res a I|ed e 0 tal /resin and A
cheet cPoedarermaRroPakPean LR Ve SR el 1506, B Soit SR A poxy
resin. #Aashadk oﬁ’topgif&&snaaﬂsestﬂmﬂ mdiacgdh@mrswﬂa@aﬁe‘z@(em Pakipiy) mad 5 causi ng
][ Q% ﬁg? ag: M&i S‘s}e? thte (’200 111?;) \eltvndoe\{)glgy }e?nel Kes%eet o gsls r\]vvas t teﬁ'\ lrafaced Q%QId thg §cotc pal? hﬂl ar. The
15 causing the epoxy resin to flow over the metal/resin material and become planar. The laminate was

left undisturbed for 15 h. After the epoxy resin hardened the mold was removed and the composite
article was heated for 2 h at 70 °C. This composite article was then die cut into a 12 inch circle.
Eight additional 5cm circles were die cut near the center of the 12 inch article. The 8 holes formed a
circle with each hole about 2 inches from the perimeter of the 12 inch article, as shown in Figure 3.
20 To prepare the abrasive article for testing, abrasive composite/backing sheets were laminated to 12

C inch diameter, 0.762 mm (0.030 inch) thick polycarbonate sheet (Lexan™ 8010MC, available from
GE Polymer Shapes, Mount Vernon, IN) using a pressure sensitive adhesive tape (442 DL,
available from 3M, St, Paul, MN).

25 Preparation — Method I
An approximately 305 mm (12 inch) x 508 mm (20 inch) piece of the polypropylene Imold
was adhered to a 3 mm (0:12 inch) thick aluminum plate using masking tape (Commercially
available from 3M Company, St. Paul, Minnesota) with the mold cavities facing up (open side
exposed), The metal resin binder precursor slarry (Resin Binder Precursor Slurry 3) was then spread

30 by hand into these cavities using a rubber squeegee. Additional resin material was then applied as a
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| eft undi sturbed for 15 h. After the epoxy resin hardened the nold was
~renoved and the conposite article was heated for 2 hat 70 C. This corrp05|te
article was then die cut into a 12 inch circle. Eight additional 5cm
circles were die cut near the center of the 12 inch article. The 8 hol es
formed a WOr284784%5¢ h each hol e about 2 inches from t hecpesicneesesi7of the 12
inch article, as shown in Figure 3. 20 To prepare the abrasive article for
testing, abrasive conposite/backing sheets were lamnated to 12 C inch

di aneter, 0.762 nmm (0.030 inch) thick polycarbonate sheet (LexanTM 8010MC,
avai l able from GE Pol yner Shapes, Munt Vernon, IN) using a pressure
sensitive adhesive tape (442 DL, available from3M St. Paul, M). 25
Preparation - Method 111 An approxinmately 305 nm (12 inch) x 508 mm (20
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was applied over the resin and and the construction was pressed with

r ubber shegis|vwerslaginated §xt P-Helgmind0. ﬁ?%ﬁyah)é]ﬂliﬂ@]ﬂplywl‘b@tlﬂ@ ghept (Lyxpa™ BOWMG.uct i on was

al | owne b Jﬁh@% es/ BN e Y " €, t

undi st%%ﬁlg}gﬁ% élﬁi) Olﬁ r thetté%{:oﬂgy %s?ﬁg%éj&%eﬁg?ﬁﬂg dH%@ V\@E r enoved
and t hét@drpesiilable diom BILStiial, BMNea3ds Lor(12inph)alianrter Ciredly tpt egpemiewahe

abr asi yg g{itok&gtgnfor testing, abrasive conposite/backing sheets were {./»-,
| ani nat ed 762 nun (0.030 inch) thick polycarbonate sheet (LexanTM:*.
80A0MC, avail abl e from GE Pol ymer Shapes, Munt Vernon, IN) using a
pressu {i sive tape (442 DL, available from 3M St. Paul, MN).
A 30. 4@%’5p (F{}id? i ncm%ggﬁarret er circular test sanple was die cut for testing.
10 Prepar at Aoepproditattely 05 imA( 2 aauphy mﬁi}&mtne(ﬁsyu@@@lmnﬁbe pplm:mpylxndiﬁ&drrm (20
i nch) of,.th 0 r. .12 inch)

t hi ck ?ﬂ um&ﬁﬁaﬁ]t% gpﬂn Log@ngwc%%mj@ gy\%corr a&‘ltage &31\1/%1 fmag e from 3M
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FC8' " binder precursor slurry (Resin Binder Precursor Slurry 4) was then spréad by hand into these -~ -

H

cavities using a rubber squeegee. Additional resin material was then applied as a bead along one
edge of the mold. A sheet of Scotchpak™ was applied over the resin and mold and the consiruction
was pressed with rubber rollers as described in Preparation — Method 1. The construction was
allowed to cure for 15 h at room temperature, The laminate was left undisturbed for 15 h. After the

20 epoxy resin hardened the mold was removed and the composite article was heated for 2 h at 70 °C.
To prepare the abrasive article for testing, abrasive composite/backing sheets-were laminated to a .
0.762 mm (0.030 inch) thick polycarbonate sheet (Lexan™ 8010MC, available from GE Polymer
Shapes) using a pressure sensitive adhesive tape (442 DL, available from 3M Company). A 30.48

_ cm (12 inch) diameter circular test sample was die cut for testing. These 12 inch diameter articles

25 were further modified by applying a 1em wide bead of mixed DP-100 epoxy (3M Company)
creating three concentric circles that were planarized with a rubber squeegee, as shown in Figure 4.
The epoxy was allowed to cure for 1 h. The three concentric rings were 6cm apart with the outer

most ring located at the perimeter of the 12 inch diameter article.
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15 binder precursor slurry (Resin Binder Precursor Slurry 4) was then spread
by hand into these cavities using a rubber squeegee. Additional resin
material was then applied as a bead al ong one edge of the nold.. A sheet of
Scot chpak TN wgs 7@@,@@ ed over the resin and nold and the_constructi on was
pressed wi th ruBGEr-Tol lers as described in Preparati onPCTRBIOAGHOF7 The

construction was allowed to cure for 15 h at roomtenperature. The | am nat e

~was |eft undisturbed for 15 h. After the 20 epoxy resin hardened the nold
was renoved and the conposite article was heated for 2 h at 70 C. To
prepare the abrasive article for testing, abrasive conposite/backing sheets
were lamnated to a 0.762 nm (0.030 inch) thick pol ycarbonate sheet
(LexanTM 8010MC, avail able from GE Pol ynmer Shapes) using a pressure

sensi t i Yagladhledilpnppingkest 442 DL, available from 3M Conpany). A 30.48 cm (12
inch) dhpreter circular test sanple was die cut for testing. These 12 inch
diameter articles 25 were further nodified by applying a 1lcmw de bead of

m xed DP-| OBstepusepetBvdomediy) singde Béa lapring machine avrleblstioncSteasbatigk §Sanh at

were pl P N : Lo Fi T oXy was
1 oupd ToPEERE AR pid N bR B REGn 128 sP B L e fine JPREROLY e
outSer  sepstiveradhepiveoClagt mefalarsin sheaspiecpmpesie pafs veheprégrddiohteding g imtialar t i cl e.
18 1~1 WDO.2 [ i ' Dr ess
Test s vERUTHRrs Grnea o theERRe AL A Ak AT SBRLED) TS et Fom
St r as ba¥ghlinBanfixddubmssi@b vepmpun@A)to thicened min ZSdiimhpdinasiye3.¢dmpodii2é pad was
mount ed._t.o .{ aten [ sure . 5 itive eshye...[h t al
rosi n aBr SUr BB Ul GoRE B8 Bl N Bl e pPRISE Y B P ¥

ondi t | 768i304 atssivigoretheinsurticd wore choaltediviaVis 2 (6 & k) ABmeteawdtd mab (26 fichm 3M

Conpany). ., The .268 | und na fixed abrasive unt ed t hr e 65 mMm
(ol bick b metl s P Aol B §a8 eI NS R TR P eh PRt B i ks
(gwi ft Gl&gi‘,oﬁ%en‘i\m{aic; thacﬂiﬂﬁiohﬂg@&te?@h@édnﬁﬁhﬂiwg gﬂia&hﬁas\aictic)hedd ehdOppe8 XA

abr asive on ir. surface re noynted.tpo a 152 i.nc iameter x 15 mm
(o 6°1 viens Ottt Bphing oG G b T FECO I BPLEDRIR g TDGies o YRyt al bong
509dq eing aArsem@plaxdTmu@h Sountef Eotating Vo0 ilpaycc@aﬂfbﬁggplafupgﬁ@ Joﬁ%iﬁbﬁng, 10 head
condi t'i oni t congdj ti.o wWas attached to the, upper ea

ot he TeMsnRE e Sowi Bermar LRk Rch 1 B IF el ssens s Sup gt A ema (3
psis) T oktebf A AulRin. USing a 180 rpm pl aten and a counter rotating 100 rpm
condi tiﬂ{g ng "_pI ate. During conditioning, 10

The lapping fluid was prepared by mixing the lapping vehicle (V170 Water Based Vehicle
available from Speedfam-Peter Wolters, Des Plaines IL) with DI water (1:1 ratio by wt.) with a high
shear air mixer. After 10 minutes of mixing 4-8 um polycrystalline diamond (TCD-PD, size 4-8,
20 - available from Tomei Corporation of America, Cedar Park, TX) was added at a ratio 0f 0.2 g
(,. diamond : 100 grams V170-H;O mixture. The diamond slurry was mixed for 10 minutes. A series
'of 10 minute lapping tests were performed on C-plane sapphire (Crystal Systems, Salem, MA) with
the platen (304 mm (12 inch)) speed set at 180 rpm and the substrate speed (three 50 mm parts) set
at 100 rpm rotating in the opposite direction to that of the platen. The lapping fluid was supplied to
25 the pad surface at a flow rate of 6 ml/min. During the lapping test the lapping fluid was
~ continuously stirred using a maghetic stir bar. After each test the removal rate was determined
through weight loss measurements of the sapphire substrates. The removal rate of the sapphire work
pieces was calculated by converting the weight loss during lapping (M in grams) to thickness
removed (T in um) by using the following equation:
30 T = 10,000¥M/(A*D)
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vol % Sabr el ube 9016 (Chenetall Oakite, Lake Bluff, IL) in deionized water
was supplied at a flow 15 rate of 30 nL/mn. Lap The | apping fluid was
prepared by m xing the | apping vehicle (VI 70 Water Based Vehicle

avai | abl e. TTOm Speedf am Peter Wolters, Des Plaines IL) with DI water (1:1

ratio by wwo)200as5s5& hi gh shear air mxer. After 10 mPOUSsH0eh0riXi ng 4-8 m’

pol ycrystal line dianond (TCD-PD, size 4-8, 20 available from Tonei
Corporation of America, Cedar Park, TX) was added at a ratio of 0.2 g

di amond : 100 granms V 170-H20 mi xture. The dianond slurry was m xed for 10
mnutes. A series of 10 mnute |lapping tests were perforned on C- pl ane
sapphire (Crystal Systens, Salem MA) with the platen (304 mm (12 inch))
speed set at 180 rpm and the substrate speed (three 50 nmparts) set at 100
r pm r ot shérag. = ared dfehmbsﬂmtet (emBiané Bt densitywf tﬁwesubsdxfate(gienip,l aad mpphﬁdﬁmdlaappl ng

fluid u th urf ce at, a rate n. During
the | apBiny Tastthe e R tr RO R s nr e Y PPl S g™ ragnet | ¢
stir balappiff teﬁrfoﬁaémpetd&ﬁftusinbe TerwbPAtontaat gofllemedetvaiinhle fom K Dughr vve| ght

| oss ne ene of t sa ire subsirates, enoval rate of t

sapphi ra\’lbjkﬁaﬁe I}ﬁ ‘gfzgﬁloa%%s%vs BBFR?@FtﬂWé ATEPORIET P By gage ur| ng

| appi ngdulM, Qi‘mﬁfs%ék’!%)tal&eﬁ at 90 $om ERARMRLat(He rhid rAdindf isiNEmtphas. frak | owi ng
equation: 30 T 000*NV(A*D) 19 WO 2007/ 047558 PCT/ US200 /040317 wher e
A= ar eépa@ﬁpeﬁwa%%%itmla%%c WEM}‘“&WHS pleofd@plzeyd phoigatakigsyionrtf@pcm , and
sapphi r gihad vt H88ikH 18 wWwlehiciBor.The surface finish of the sapphire
wor k pi eces was neasured after the last [|apping test for each pad by using
a Tencor P2 contact profiloneter available fromKLA Tencor (Ml pitas, CA.
The prohk% @i@he—ﬁ had a 0.2 mstylus tip radius. The data reported is an

average 0 four 0.25 nm scans taken at 90 degrees from each other at the-- :
m t0 r adi us cJfhetchmp®iionsisd ferdxamples 1-$cegshepeddlabds].0. 005 mmi sec with a

sanplin e izontal resolution of 0.05 mcrons with an
8 m Cro&a l@& A ﬁ%ﬁoﬂ%ﬁﬁqalﬁggé)i—ﬁ

ong wWa out Exanples 1-6 (.} 10 The conpositions used

for Exanples 1-6 are [shown in Table |.EXKMMBLE - Conpositions for Exanples
1- 6 EXAVPLEomponent 1 2 3 4 5 6

Acrylate resin 119.6 107.0 119.6 107.0 119.6 119.6

Disparsant Solution | 13.3 13.9 133 | 139 | 133 | 133

Photoinitator ' 1.60 1.45 1.60. | 145 "1.60 | - 1.60

Calciom Metasilicsre | 2315 | 2360 | 2848 | 52 | 2315 | 2315

Fumedsiica 10.0 10.0 10.0 7.5 100 | 100

fifomn 0.25 025 025 | 025 | 025 | 025

Thermal Initiator

Solution 32.0 29.0 32,0 29.0 32.0 32.0 (

Tin Powder 1-§ micron | 91.5 — 383 | 289.0 - - “

Tin Powder - 325 mesh - - = - 91.5 -

Tin Powder - 100 mesh - - = - - 91.5

Cu Powder - 200 mesh = 1025 - - = -

Example 1

A metal-resin abrasive composite pad was produced using Preparation — Method I, above;
15 and tested according to the Single Sided Lapping Test, above. The metai-resin abrasive composite

pad of this example contained 5 vol % of 1-5 ym tin powder. The resulting removal rate data is
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Conponent 1 2 3 45 6 Acrylate resin 119.6 107.0 119.6 107,0 119.6 119.6

Di spersant Solution 13.3 13.9 13.3 13.9 13.3 13.3 Photoinitator 1.60 1.45
1.60. 1.45 1.60 1.60 Calcium Metasilicate 231.5 236.0 284.8 52 231.5 231.5
Furmed silica 10.0 10.0 10.0 7.5 10.0 10.0 Antifoam 0.25 0.25 0.25 0.25 0.25
'0.25 Ther P 2PHi% 758 or Sol ution 32.0 29.0 32.0 29.0 32F§TA52Y%PH powder
1-5 mcron 91.5 - 38.3 289.0 - - Tin Powder - 325 nmesh - - - 91.5 - Tin

. Powder - 100 nesh - - - - - 91.5 Cu Powder - 200 nesh - 102.5 - - - -
Exanple | A netal -resin abrasive conposite pad was produced using
Preparation - Method |, above; 15 and tested according to the Single Sided
Lappi ng Test, above. The netal -resin abrasive conposite pad of this exanple

contained 5 vol %.oof 1-5 mtjn powder. The resulting r val rate.data is
20 WO 2007PPB4TEEE° _ﬁéﬂﬁ@%@@f@ BOS S SERENOTRCF3 S ?%@g&{ﬂ“ﬁi@“ i ni sh of
the Sappﬁbﬁeeﬁ&pcmﬂwmﬁﬁﬁeceaﬁ@wmc%ﬂtWf@ﬁamcmaﬁmabﬁty; nspection of the
wor kpi ece showed excellent specular reflectance and clarity. Table Il -

Singl e Sided La_pin%.ResuIt§ for Exanple 1 Applied Pressure - kPa (psi)
Cunul at i VebiglheSingle pjdepdppping Resules forxample 154 5 (7.9) 10 2.6 20 2.8 30 2.4

40 2.1 50 -MaFLedPredsurt — K (Fsiyt | Cumulative Time (min) | Removal Rate (um/min)
54.5 (1.9 10 2.6
20 2.8
30 2.4
40 2.1
S50 - 1.9
- 60 1.9
( 70 2.1
&0 2.4
90 . 2.2
100 2.1
110 2.1
42.7(6.2) 120 59
130 1.8
140 2.1
150 2.0
160 2.2
170 2.5
180 2.3
190 2.2
200 2.1
210 2.3
5
(' Example 2

A metal-resin abrasive composite pad was produced using Cu powder (-200 mesh, Sigma
Aldrich, St. Louis, MO) and the Preparation — Method 1 described above. The exact composition is
10 shown in Table I. A Single Sided Lapping Test on C-plane sapphire was conducted with the results
being shown in Table III. The surface finish, Ra, was 200 angstroms. Visual inspection of the

workpiece showed excellent specular reflectance and clarity,
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80 2.4 90 2.2 100 2.1 42.7 (6.2) 110 2.1 120 2.2 130 1.8 140 2.1 150 ,
2.0 160 2.2 170 2.5 180 2.3 190 2.2 200 2.1 210 2.3 5 Exanple 2'A
net al -resin abrasive conposite pad was produced using Cu powder (-200 nesh,
Sigma Aldrich, St. Louis, M) and the Preparation - Method | described

above. The W€t/ 04s¥position is 10 shown in Table |I. AdGivmbwosizded Lapping -

Test on G plane sapphire was conducted with the results being shown in Tabl e
I'1'l. The surface finish, Ra, was 200 angstrons. Visual inspection of the Il
wor kpi ece showed excel |l ent specul ar reflectance and clarity. Cl it 21
SHEL T it WO 2007/ 047558 PCT/ US2006/ 040317 Table 111 - Single Sided
Lapping Results for Exanple 2 Applied Cunul ative Tine Renoval Rate Pressure
- kPa (psi) (mn) (mcrons/mnn)
Table I - Single Sided Lapping Results for Example 2

Applied Cumulative Time Removal Rate
Pressure — kPa (psi) (min) (microns/min)
35.9(5.2) 10 1.4
20 1.9
30 2.0
42'_7 62) 40 1.9
50 1.9
Example 3
A metal-resin abrasive composite pad containing 2 volume % of 1-5 pm tin powder was ( "
5 produced using the Preparation — Method I described above. The exact composition is shown in '

Table I. A Single Sided Lapping Test on C-plane sapphire with the resulis being shown in Table IV,
The surface finish, Ra, was 181 angstroms. Visual inspection of the workpiece showed excellent

specular reflectance and clarity,

10 Table TV — Single Sided Lapping Results for Example 3

Applied Cumplative Time Removal Rate
Pressure — kPa (psi) (min) (microns/min)
10 0.2
20 1.9
30 2.1
40 3.1
50 2.8
o0 2.7 :
42,7 (6.2) 70 53 {
80 2.9
90 ' 2.6
100 2.6
110 2.8
120 - 2.8

Example 4
A metal-resin abrasive composite pad containing 20 volume % of 1-5 pm tin powder was
produced using the Preparation — Method I described above. The exact composition is shown in

15 Table I. Single Sided Lapping Test on C-plane sapphire was conducted with the results being shown
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35.9 (5.2) 10 1.4 20 1.9 42.7 (6.2) 30 2.0 40 1.9 50 1.9 Exanple 3 A
net al -resin abrasive conposite pad containing 2 volume %of 1-5 mtin powder
was 5 produced using the Preparation - Method | described above. The exact
.conposi tion,i m.in Table I. A Single Sided Lapping Test on C plane
sapphire wﬁWH%Pﬁﬂﬁﬁggults bei ng shown in Table IV. The%§ﬁﬂﬁﬁ%@mﬂﬁﬁﬁsh, Ra, |
was 181 angstrons. Visual inspection of the workpiece showed excell ent
"specul ar reflectance and clarity, 10 Table N - Single Sided Lapping Results
for Exanple 3 Applied Cunul ative Tinme Renoval Rate Pressure - kPa (psi)
(min) (mcrons/min 10 0.2 20 1.9 30 2.1 40 3.1 50 2.8 0 2.7 42.7 (6.2)
70 2.8 80 2.9 90 2.6 100 2.6 110 2.8 120 2.8 Exanple 4 A netal-resin
abrasive conposite pad containing 20 volume % of 1-5 mtin powder was
pr oduc éd Talle g Thﬁ@rgﬁfe%@iﬂa&acwslﬁmgs@@m- Vdsskipsrsetipnh Wévoﬂgm@cfu‘ék@md
cConposi L, j ' .2 1. Single Sided Lapping Test on C- pl ane

oo 12 R el iek kAR, it e PPERS P

sapphi re was results being shown

Table V — Single Sided Lapping Results for Example 4

Applied Cumulative Time Removal Rate
Pressure — kPa (psi) (min) (microns/min)
10 1.7
20 ' 1.8
30 1.7
' 40 1.7
C ' : 50 1.7
60 1.7
70 1.7
8¢ 2.5
90 2.0
42.7 (6.2) 100 51
110 2.2
120 2.6
130 22
140 2.7
150 2.1
160 2.4
170 2.3
180 2.7
5
Example 5 _
(__ _ A metal-resin abrasive composite pad containing 5 volume % of 325 mesh (44 um) Tin

Powder (Sigma Ald_rich, St, Louis, MO ) was produced using the Preparation — Method [ described

above. The exact composition is shown in Table I. A Single Sided Lapping Test on C-plane
10 sapphire was conducted with the results being shown in Table VI. The surface finish, Ra, was 168

angstroms. Visual inspection of the workpiece showed excellent specular reflectance and clarity.
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22 G! WO 2007/ 047558 PCTI US2006/ 040317
was 160 angstrons. Visual

specul ar reflectance and clarity. Table V-

Exanpl e 4 Applied Cunul ative Ti ne Renoval

Rat e

in Table V. The surface fi

I nspection of the workpi ece showed
Singl e Sided Lapping Results for
Pressure kPa (psi) (mn)

ni sh,
excel | ent

(microns/ mym 2000043ss¥ 20 1.8 30 1.7 40 1.7 50 1.7 6Qrhustoosf@sd: 7 80 2,5 -
42.7 (6.2) 90 2,0 100 2.1 110 2.2 120 2,6 130 2.2 140 2.7 150 2.1 160

2.4 170 2.3 180 2,7 5 Exanple 5 A netal -resin abrasive conposite pad
containing 5 vol une % of

-325 nmesh (44 Pan) Tin

Louis, MO was produced using the Preparation - Method I

Table V1 - Single Sided Lapping Results for Example S

Example 6

Applied Cumulative Time Removal Rate
Pressure — kPa (psi) _ (min) {(microns/min)

10 0.3

20 2.2

30 2.7

42,7 (6.2) 20 2.5

50 2.6

60 27

A metal-resin abrasive composite pad containing 5 volume % of —100 mesh (149 um) Tin

5 Powder (Sigma Aldrich, St. Louis, MO) was produced using the Preparation - Method I described

above. The exact composition 'i_s shown in Table 1. A Single Sided Lapping Test on C-plane

sapphire was conducted with the results being shown in Table VII, The surface finish, Ra, was 156

angstroms. Visual inspection of the workpiece showed excellent specular reflectance and clarity.

10 Table VII - Single Sided Lapping Results for Example 6

Example 7

" A metal-resin abrasive composite pad was produced using Preparation — Method 11 and

Applied Cumulative Time ..Removal Rate
Pressure — kPa (psi) (min) (microns/min)

10 1.9

20 2.4

30 2.7

40 2.7

50 2.7

60 2.9

42.7(6.2) 7 23

80 2.8

90 3.0

100 2.9

110 2.9

120 2.8

15 tested according to a modified Single Sided Lapping Test, After dressing the article the Sem spaces

24

Powder (Sigma Aldrich, St.
descri bed :
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-The exact conposition is shown in Table I.
Test on C-plane 10 sapphire was conducted with the results being shown in

above.

Table VI. The surface finish, Ra, was 168 angstrons. Visual inspection of

the workpi ece showed excell ent specular reflectance and clarity. il 23 WO
20071047558WPCHI876961040317 Table VI - Single Sided lrappiseepsResud ts for
Exanple 5 Applied Cunmul ative Tinme Renoval Rate Pressure - kPa (psi) (mm

-(mcrons/mn) 10 0.3 20 2.2 42.7 (6.2) 30 2.7 40 2.5 50 2.6 60 2.7
Exanpl'e 6 A netal -resin abrasive conposite pad containing 5 vol une % of - 100
mesh (149 m Tin 5 Powder (Sigma Aldrich, St. Louis, M) was produced using

. the Preparation - Method | described above. The exact conposition is shown
in Table I. A Single Sided Lapping Test on C plane sapphire was conducted
Wi th theefeddlsd tuﬂ:hbdispgrsﬁhoﬂ\pbtﬂormﬁajellg (8 Sciehbre Gibbsfoame NT) congding Rawt as 156
angstro Vi sual inspectipon r kpi.ece. showed e ecul ar
refl ect gﬁ?c’@”&ﬁ?d“%“&?? ine dgmpi ‘%I(t l\ﬁpmo%lhﬂlé%ﬁ@?rb‘@dc‘f_&ébg‘i’rkeﬁéﬁﬁl ts for
Exanpl eplénates wmﬂafawwsqﬁee\gea Thmlﬁwmﬂedaﬁﬂﬁddﬂbﬁ@%&cﬂamm%cﬁlﬂs| ) (m.n)

m crons/ mn 2.7 .40 7 5 42. 60 2.9
( ﬁljspermgn after 15 mmutes of %appmg 31%3 resulting removal rate gata is shown { fa%le 111,

5 Visual inspection of the workpiece showed excellent specular reflectance and clarity.

Table VIII — Single Sided Lapping Results for Example 7

Applied Cumulative time Removal Rate

Q Pressure — kPa (psi) (min) (microns/min)
42.7(62) 5 0.2
| 10 0.5
15 1.7
20 1.5
25 1.7
30 1.3
35 0.8

Example 8
10 A metal-resin abrasive éomposite pad was produced using Preparation — Method IIT and

tested according to a modified Single Sided Lapping Test, Lapping times were at 5 minute intervals

&

up to 20 minutes, The resulting removal rate data is shown in Table IX, Visual inspection of the

workpiece showed excellent specular reflectance and clarity.

15 Table IX — Single Sided Lapping Results for Example 8

Applied Cumulaiive time Removal Rate
Pressure — kPa (psi) (mih) (microns/min)
5 1.0
42,7 (6.2) 10 1.2
15 0.6
20 0.7

25
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70 2.3 80 2.8 90 3.0 100 2.9 110 2.9 120 2.8 Exanmple 7 A netal-resin
abrasi ve conposite pad was produced using Preparation - Method 11 and 15
tested according to a nodified Single Sided Lapping Test. After dressing the
article the 5cm spaces 24 WD 2007/047558 PCTI US2006/ 040317 were filled
‘wWith a dispersion of petrolatumjelly, (EM Science, G bbstown, NJ) containg
0.5w % of 9 mcron nonocrystalline dianond, (Tonei Corporation of
"Anerica, Cedar Park, TX) and planarized with a rubber squeegee. The hol es
were filled with additional petrol atunfdianond dispersion after 15 m nutes

of | appi ng.What& dlawmed tsi ng renoval rate data is shown in Table VIII. 5 Visual
i nspection of the workpi ece showed excell ent specul ar refl ectance and
clarity. Table VIII - Single Sided Lapping Results for Exanple 7 Applied

Curul ative ti n'eIRenDXAaﬂlexﬁﬁEQbraEiﬁr@%UIe@orlﬂ_jﬁ 6110@11)511&1 am)ork;stb@er ons/mn) 42.7
(6.2) 50.2100.5 15 1.7 20 1.5 251 0.8 Exanple 8 10 A

met al - r esi ROABHHBE-ve conposite pad was produced u5| ng Prepar ation - Method

|1l and tested accop g ndghfn oHBdfeHu?é& g%ﬁgleeﬁﬁdda‘ﬁ% RBh g&%ﬁmﬂgﬁgp' ng
fines were at 5 mnute Intervals m nut es eresutlngr I
rate data iadirglsorface and‘ﬁa#ndrkmg)&urfhﬁestha Iwarlnﬁg) awface nomprigihga plurality of
 precisely shaped abrasive composites,
wherein the precisely shaped abrasive composites comprises a resin phase
and a metal phase, wherein the metal phase further comprises metal in elemental form

and superabrasive material, further wherein the metal phase is concentrated at a surface

of the abrasive composites.

2. The abrasive article of claim 1 wherein the resin phase is a continuous

phase and the metal phase is a discrete phase.

3. The abrasive article of claim 1 wherein the metal phase is a continuous

phase and the resin phase is a discrete phase.

4, The abrasive article of claim 1 wherein the working surface conforms to a
shape of the workpiece.
5. The abrasive article of claim 1 wherein the resin phase is selected from an

acrylate resin, a phenolic resin, an epoxy resin, and combinations thereof.

6. The abrasive article of claim 1 wherein the metal phase comprises lead,

iron, tin, silver, antimony, copper, cadmium, bismuth, and mixtures and alloys thereof.

7. The abrasive article of claim 1 wherein the metal phase comprises 1 to

09% by volume relative to the total volume of the resin phase and metal phase.
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wor kpi ece showed excel | ent specul ar reflectance and clarity. 15 Table I X -
Singl e Sided Lapping Results for Exanple 8 Applied Cunul ative tinme Renoval
Rate Pressure - kPa (psi) (mn) (mcrons/mn) 5 1.0 42.7 (6.2) 10 1.2 15
0.6 20 0.7 25 What is clainmed is: 1. A flexible abrasive article for

"l apping or polishing a workpi ece conprising: a three-dinmensional, textured,

s

flexi ble, fixed abrasive construction having a first surface and a working .
surface, the working surface conprising a plurality of precisely shaped
abrasi ve conposites, wherein the precisely shaped abrasi ve conposites

conpri ses a re5|n phase and a  metal phase, MM&JEIH t he netal phase further
conprises metal 8in elBohrasiye %?lﬁpf‘élﬁﬂﬂéﬁ‘ﬁ'é 5 SYRAEALTRY S aerialt | t her

wherein the ﬁﬁﬁﬁ ool t f of the abrasive
conposi tes. @ﬁ%hd a ras‘t'u\?le ar@?@%&o&@?@#ﬁ%}é&h@?@n the resin phase is a
continuous phase and the netal phase is a discrete phase. 3. The abrasive
article of clai n.the e.is a contin and the
resin phase is dlgfﬁ%? & ﬁﬁgg ?d#ﬁ%?iﬂﬁ5§FW%P%ﬁ¥%%F%%EEI@? ’ﬁ]l_mherein

t he wor ki ngaHed RaBe 6ankarade. to a shape of the workpiece. 5. The abrasive
article of claim1 wherein the resin phase is selected from an acrylate
resin, a phenolic resin, an epoxy resin, and conbinations thereof. 6. The

abrasive articl g of el aiumd. EIELRAPS WHERl, BBRAGFOMRELSGE o kSt |7 on

tin, silver, nony, copper, ures an aIons
t her eof . BmkEQEnahmﬂ5|ve artlcle of cIa|n11 wherein the netal phase
conprises 1 to

11.  The abrasive article of claim 10 wherein the flexible backing material is a

polymeric film.

12.  The abrasive article of claim 1 further comprising an adhesive suitable for
attaching the abrasive article to a polishing machine portion, optionally wherein the

adhesive is a pressure sensitive adhesive.

13. A flexible abrasive article comprising a three-dimensional, textured,
flexible, fixed abrasive having a first surface and a working surface, the working surface
coﬁ‘xprising a plurality of precisely éhaped abrasive composites, wherein the precisely
shaped abrasive composites comprise a resin phase and a metal phase in elemental form
and a superabrasive material, wherein the metal phase is concenirated at a surface of the
abrasive composites, and further wherein the working surface further comprises a region

of superabrasive material in an erodable or soluble matrix.
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99% by volune relative to the total volunme of the resin phase and net al
phase. 26 8. The abrasive article of claim1 wherein the superabrasive
material conprises dianond, cubic boron nitride, or a conbination thereof.
-+ 9. The abrasive article of claim1 further conprising a backing materi al
“attached to the first surface. 10. The abrasive article of claim9 wherein
the backing material is a flexible backing nmaterial. 11. The abrasive
varticle of claim10 wherein the flexible backing material is a polyneric
film 12. The abrasive article of claim1 further conprising an adhesive

suitable for attaching th brasive article to_a palishin chi ne portion,
optionally V\heri-%-n tﬁ@@t%‘ﬂﬁ%ﬁ?oi@m%o‘éla}ﬁﬂ%%émoél%ﬁwmQ/ge%%ﬁgg’ia\%‘? 13. A
flexible abgapl VenfdddgL! € conprising a three-di nensional, textured,

flexible, fixed abrasive having a first surface and a working surface, the
wor ki ng surface conpevelingp Gexhlerthicewdimefsioprle tixgwed; fixhd perdsimbartisiey e

conposi tes, .wher.ej n.the pr.ecisel shaped rasi ve. co sit.es . conprjse a
e e phatrid ARt e hotalfe Bl A S A e R Rl b ey PRy
materi al, vge®ibtadifec ftephase is concentrated at a surface of the

abrasive conposites, and further wherein the working surface further
conprises a region whersinthe puspisaly shapgd alupsing CorpposHeSROBPIISFEa BHINPBRTEy| o
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abrasive article,” cofprising: provi e, three-dinensional, -

t ext ured, #&ndagerabrasive vataniat,iaod firtheswhereinl thainbtabpladse ssionecrdmtedet @ havi ng a
wor ki ng surface nprising a plurality of precisely shaped abrasive
conposi tes?ur%ﬁ“e?’g'?‘ﬁa{’%%‘vﬁ?%l"%étﬁ shaped abrasi ve conposites conprises a
resin phase and a rRhndlciRAshtadt WirdfARe of WhRKGiselal@ Bk einghadeceINPr | Ses
metal in elenental form and superabrasive material, and further wherein the

met al phaswid Sexiblaebrasivaeditleaends  surface of the abrasive conposites;

relatively moving the workpiece and said flexible abrasive article while

maintaining contact of the contact surface and the working surface.

15.  The method of claim 14 wherein providing the flexible fixed abrasive

article takes place before relatively moving the contact surface and the working surface.

16.  The method of claim 14, further comprising charging the metal phase of
the flexible abrasive article with a slurry containing the superabrasive material before

relatively moving the workpiece and said flexible abrasive article.
17.  The method of claim 14 wherein the metal phase comprises a region of the
superabrasive material distributed on the working surface of the precisely shaped flexible

abrasive article.

18.  The method of claim 14 wherein the contact surface of the workpiece is a

non-planar surface.

19.  The method of claim 14 wherein the workpiece is selected from sapphire,

c-plane sapphire, zinc oxide, silicon carbide, germanium, topaz, gallium arsenide, gallium
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contacting a contact surface of a workpiece and the working surface of said
fl exible abrasive article; and relatively noving the workpi ece and said
flexi ble abrasive article while maintaining contact of the contact surface
and the working surface. 15. The nethod of claim 14 wherein providing the
‘flexible fixed abrasive article takes place before relatively noving the
contact surface and the working surface. 16. The nethod of claim 14,
;further conprising charging the netal phase of the flexible abrasive article
with a slurry containing the superabrasive material before relatively
nmovi ng t he wor kpi ece and sai d flexible abrasive article. 17. The nethod of

cl ai m 14 whakislepAlmanya Oxy Nifridsestedpiromesieel, glasyi vlicass crypelling gpastapadisi ve
mat eri al di i L he working surface of the precisely shaped flexible
abr asi ve aﬁ?&@”gﬁb%%#%%ﬁ% met hod of claim 14 wherein the contact surface of
the workpiece is a non-planar surface. 19. The nethod of claim 14 wherein

t he workpi ece is selected fro a iLe c-pl ane .sapphire, zinc¢ oxide,
silicon carbi de?oger iﬂ&ﬁ%OdtQ?ﬁ;nglgaﬁr@arrﬁoa@é’émgd’éﬁ Uegsi loncary@e ity i de,
Al um num OdidVhéthdge, steel, chrone steel, glass, silicon, crystalline

quartz, and conbinations thereof. 20. The nethod of claim 14, further
conprising instructions for carrying out said nethod. Il 29
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