. 1N 9
\WIKYZ[ e3e@ 6bT#E" 1: L WD 991 15311 PCT/ US98101364 Abrasive Articlest 3 MR 232
Conprising A Fluorochem cal Agent For Wafer Surface _ Modification
Background 5 This invention relates to nmethods of nodifying the surface of
seni conduct oY WEPEPS during seni conductor wafer fabricati BﬁT’Hﬁ%’OHWed
abrasive articles used in such surface nodification processes. The fixed
abrasive articl eabhiive AdficlexXQafHGiIREA FluoFsbhbmfcdl ALNPFoSWaGrSurfaby asi ve
conposite, or conposites, coextensive with_a backing. The abrasive
conposi tes of foxed abrasive articl eModHliMSe abrasive to particles
di spersed throughout a binder. Integrated circuits are very small, conplex
el ectrical conponents that have nultiple netal interconnect Layers coupled
to a vast nunbdiackgropndctrical elenents within a very small unit of area.

Each |ayer of an i ntggiRbAfn g«%xagé‘s]gib Tme%h)gﬁé &i‘%dd}f){iﬁ?t’ﬁe SurBRESE sbinfcoRfiblof! N Of
i

metal interconnects responsi or e specitic characteristics of 15 a

particul ar i nt Expfe duringjsereipenductarovaferdarieation endfiied elrasivesriilesisadin .
i nterconnects, smm&wdﬁfcﬁi&fpra&eges@%;ﬁ%ﬁséed%fagivé 5r§c1£§’k&b§ﬁl+x§o%§e a precise

nmufti-step fabrication process. e starting materia i nt egrated

ci rcui t manuf adnajarsurfage gorsprising on alresivsrcompdsite, or Fgmppasisds| goextsrsiveddthduct or

waf ers under go 196 I J: i ot | i ng, and

et ching during th %e 's21?711!32%%%%?@?0%\%&&4%%&{%&9?@QH %H@pg?%%btggfgg Det ai | s of

t hese mandf act weitilys dispeped floougbeutiabodetuct or wafers are reported by Tonshof f

et al., "Abrasive I.Ni il i i of the

I nternational I|nst :V?ﬁ%%%\&%ggsﬁ?%‘gi%ghw%ﬁg%}( ﬁrégﬁ?arl]a&%orsﬁ g%%ﬁtﬁla?i/ol une

391 2/1990), pp mubidle 16&8l)interconnactdayeuseoupdedad a meshoimatet of dlavticsltedppeentsit i s often
desirable to dify or refine an e sed surf.ace of the wafer, in order to
25 pr epar et he NE ol it afien FARTRTer BhiB68R alolf el g e
surface nodi fi cpdcifopatero ofmeataltintpicarmetty resgonsiblé for thegpedifiv! charheterptiviedr ei n t he
process i g able tqg. renpve mul ati.ve irreqularities fromthe surface in a
qui ok and et 1 GraREv R TRBL TSP Re P T Bral MESAEREnt s dur i ng

t he process. Omansfagtodefs of irtagperedddircuifigicaliynise a peeciz® tuki-tapt fhtgitatiphocess
utilizes slurries of 30 g@rasi.ve ar.ti ctjt.es often in Cﬁﬂé unction with

cheni cal addi t iX¥ESamier FF?‘%‘H@”B‘&B@?(’ GeHMEN AP DAPYEE IS ce of a wafer
at various st epemidoHduet@r Wwirer. Fpicallypdemmandiictol afefbmie go protektifip] €5, 1~
f~~,";~ ~L~L WD i‘%l 15311, PCTI US98/ 01364, .Thi s. cqnbi nati.on of‘}fsurface

modi fying cheni@H9ngapasitipnpatieiping-2nf sihingduring fhe seraiconduptar Wefe 4y v ref erred
“to ias chemhcal f?ieh&ﬂip&&kslspbeﬁasr ofZidsé ﬂ?gwct&ﬁh%’stepﬁ!fbr%mb@xdﬂedoywms hmay

enpl oy a three-dinensional, textured, fixed abr yve artjcles. Suc
abrasive arti cla&e?wgéﬁf’?shﬂgeté‘ '&%@B’F%@F'}‘m%ﬁgé‘@%gﬁb‘b@’f‘g“m ay that is
coextensi ve W tAnngls bBRE&Infgnatibid Bftithlinefdr Profirtfibly Engiideting Raedicve been

described in 97/ 11484 and in_copending US Serial No, 08/694,014
(Bruxvoort). THY¥CKDERYAE YD Pt o shauenevd mamifastame sePe il oy a three

di mensional , t @rbdd&fabld toRMIFAEY rdfide\R eRfosdddufacdde 1R Wil il dterlté Ui d, whi ch
may be substantially free of abrasive particles and is able to nodify the

seni conduét or REAPaTe theswafenfprawbsequeppiabrigation or eppufpaiuring; (The sufasor ef £ ci ent
removal of a p%&dlﬂ%&lﬁfprﬁislfwi&h% %aggnmwmgaﬂwh% phEdesyis i oace. For

exanple, dielectric materials suc ) . )
remove cumulative irregularities from the surface in a quick and efficient manner

without damaging functional components during the process.
One specific type of wafer surface modification process utilizes slurries of
30 abrasive particles often in conjunction with chemical additives and resilient pads, to

planarize the surface of a wafer at various steps during the fabrication of the device.
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. 110 gana
pol ycrystalline silicon, thermal oxide, doped and undoped oxi des ar]eg HAR 2002
comonly applied to the surface of a sem conductor wafer. For a particular
surface materi such as silicon dioxide, a CVP process _conpLi.sing a
parti cul ar m&ﬁ%éﬁkol ution that optim zes silicon dioxi dicT’E%@!ﬁ‘?"l may be
enployed. It is also conmmon for netals, such as tungsten, alum num copper,
gold, silver, t’K)ﬁsh:emﬁ'raammio&‘aﬂfammodxiyhgcsaméaamﬂltﬂrés adsechanizalduct or waf er and

one skilled in the art wo rocess t he renoval
of a particul arp“hcﬁfsﬁ’lgés)b%"ﬁill%rﬁ%"&‘g aléeﬂﬁ‘?ag'gecha’ﬁ%f‘ 6“1?&%&%1- s processed
usi ng CVP net hadterrativdly OB MPSindy mtbymtme-dmeanfexmrédc fickd, abrhsiggrond- | i ke

carbon filnms, polyimdes, spin-qn aer refractory oxides and

silicides, and qs.glgvch@prfaplgga_.m es VEFPW F%BE@S "Wﬁﬁ’teﬁéragssi gned a

renmoval rate, usdd do!xtélﬁﬁswlitﬁdbiidkméng'ﬁéséﬂfﬂaaBﬁExvéﬁerlésﬂxav&BBéhvm ent to the

removal of a port| n of _a ager froma g ﬁg ccinduc or wafer surface in a
158 gﬁ H&¥eo

gi ven tine per |d6§f“ od imWFO-37/4 1484 endiin\ropRy f5 4%¥e i s advant ageous

because there nByxPEord. h‘ﬁéﬂ&h&d&fdadcnwdfm&intﬁése%f&&ﬁ:ei&ﬁblé)f@ﬂredur' ng the
sem conduct or vvaf er. fabrication process. By decreasing the length of tinme

it takes to corfinesignaldeured, fixereabeasive acle a‘?ﬁe?n‘éi?‘&@ﬁ@l‘"ér whigh mey bfe able to

i ncrease the r%ﬁ@staqixaﬂg £8F kAo firiat dhd ABKEARbURAe lejcldiddraned 0 a hi gh
removal 30 rate e3|ra CMP process uniformy renove

mat eri al far al ISeﬂfaCFo t he surface of the waf er to be rmdlfl ed. Uniform
removal of materi al [ éét%’ 01364 -
sone regi ons unnodi ?We{:f'“ ogdé'r%rdég%ﬁ]%“%ﬂ?'é‘%‘rgp‘% I e iarﬁ%yﬁﬂgﬁ{posm bl e
destruction of a@FWngqoyW@;fFfe@tfw Fermexample, diglectric matefialsisy¢hag | ayer, such as
metal intercon I ve a high
removal rate s@gg'}:&smhﬁe élﬁo@h}%&g ?igfgejggéa ag&]ﬁﬁdoge%degg&&%@r?@g as the
consi st ent rempliedmthsemfaaeef arsgmispidyptor wefem | Hoya mgulwédffm matefelt r ons per

m nut e) ng tg S i g@%ﬁ parti cul ar
CWVP pr ocglgg wi | P&héé@ﬁelg%déﬁpr e%rgls%lppé{ce%ﬁggpﬁs%& f@{/ncl @;‘fvﬁ % e onfal removal of
surface from t hbatbptirsizeswiit@r dionidéi rémeal gy ticreeployed. ﬂtm@lsssommomﬁwar |y
identical to the rate,of reno of

_twentieth wafer %%jis‘fc’lh@&m%“?nh%mﬂlrmé cé’gperlfé’l?g?ﬁf” Ea?e ﬁg?s“ﬁ& P“t?glhel S an

i nportant consisdeftcabf o sentieaductoe wafef hreldne iskiBeddx the tartiwouldohboseispgifiche r enoval

of the wafer sygface dui |f|c 9cess, rolllngthe
anount of surf;@é[&ﬁ@tc%sls?oél r&'ﬂ%‘(ﬂﬁdﬁ@m frgeqalf’; e(r)(s:lesagevm{hﬁr a hig
renmoval rate strmvérialstpyocessed whing I CMRP membdstmmdbswcpneumde (Hemhmuade sem conduct or
waf ers nodified.hb Peess have ear y. amount s of
surface materi é’l‘“’%&ﬁ&g“eﬁa”ﬁﬁé W@s f?{%oﬂg ?rﬁrae{f’ﬁe ﬁlgc*?@frol ogy or
frequent oil I|dﬁﬂe£ﬁﬂfslhbnﬂa;tarﬂrferﬁfeleaﬂﬁbs.m pated renoval rate. Summary O The
| nventi on 20 One engI odi nment t he %?ﬁgent. invention is a fixed abrasive

article that, in ad@iRertisias GMRRACES SBFENAI R TS PYADEHESHPE v

coext ensi ve W til Adgsbrai pérGnimdé, Squivalsat 16dRSreMbvdl 6BSporfidifoflallaler Pehen cal agent
associated with the fixed abrasive article. .Such an article us%tgki n CWP
results i procERgcenduptar Vafer USRS AR BV IMARSTIOY A EMR praeesthaying diligh) y and

preci sely nodi frymévaPrafels aRagebusbesdats 160 HidF bOK 1aMRh6thl ithnbBQtktep di Srupting

the delicate co onents on the wafer surface., The additjion of at | east
equired during the semiconductor wafer fabrication process. By decreasing the

length of time it takes to complete some of these steps, manufacturers will be able
to increase the rate of integrated circuit manufacture. In addition to a high removal
30 rate, it is desirable that a CMP process uniformly remove material parallel to the

surface of the wafer to be modified. Uniform removal of material will avoid leaving
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one fluorochenical agent to a fixed abrasive article used in CMP prpdess 8sin?
i ncr-eases the wafer surface renoval rates of the processes and al so

m nim zes the noise | evel created by such processes. The fluorochem cal
agent associ AU h the fixed abrasive article may provF§ B4
beneficial characteristics to CVMP processes. 30 Specifically, the invention
-enbodies a fi xesé,mabéga@isuﬁn&iﬁddcah@oma{mgxb@iomg-rmmmpm:&nbmmé surface nade.
of an abrasive conpagsite that incl Ees a lgpgl i tgééof WO 99/ 15311
PCT/ US98101364 P’\‘/%fpﬁ%l‘i“t"islzﬁ@éte# e ok %fb " Shche?sm%ler Commonl y
only one surf acgiepbnietg fi xed abrasive article conmes in contact wth the
wafer surface to be nodified and this surface of the fixed abrasive article

is frequently cal | edt it Neo Prefepessibet afelyiBprosess haveahishrypoebratastabilife abrasi ve
conposi t e shas qzm&alr&els&blﬁtbm?@e HéHn@@as%hé’éo‘ﬁﬁﬂé{t PR valSlstiedct infteridl | east
one fluorochem cal agent is asSociated with the fixed abrasive article and
enhances the r sy measered rAngsteys Rer miwtel amang theswnfers sredifiediby e uor ocheni cal
agent may be aqug&gsatfgge%,tp{g PpdriiBidk bx?ﬂﬂgﬁcemﬂ%’ﬁ h3em&Vh AW asi ve

COITpOSI te or nore than one conponent brasi ve CO osite. The
conponents of aitebiity ifithevate elrepowl oksutfersifiomethe fingt waferanatiified by thet@dP t o,

abrasi Ve L 0 LA ELAS pedl Mffent inciE oFHARSEUr AU ERcoM dRANGE L he abras! ve
conposi te. es of an ar resent 1nvention includes a fixed
abrasi ve ®rti cltwehtzet waferatodified by tlwrpeocmsu&em\raémmbll@gt@nn igogenti ated with
at least the ab [ I east one

fl uorochem cal ‘%’géél Sgégggééus(é dﬁﬁwh’%@?&:g?{ m%@ﬁp% ﬁex‘%?ohgdo?ﬁle af% anot her
exanpl e i ncl udesmrfade dluawgﬂhe oméxﬁéaltxumpmcaewhﬂraionm@mgtthammmt offsedfack5 at | east
wi th the exposed nmajor Suf ace of rnatively, a
fixed abrasive BiTicl &0 H%yp il d%bgﬁ pargcegss‘?"ghea %glgg‘%v%l?at?ﬁlbﬂﬁ in addition
to the abrasi vequﬂd ¢risarie elmt mbshqbcmﬂient;calfsamtchmiuctoowﬂ’ensMxmdby theer t hat

i ncl udes gt Ieast one. | uoro ' sociated with | east the
filler. A‘?fot herP 8??50‘3‘?1}?@‘{%"6 fy’?%lg ?ﬁ?}%‘ﬁ‘? o(gﬁu agezfatﬁ%ﬁﬁ%%f’vs? Modi fying an .
exposed 20 sur fraininifthénee fir oa-lioemtteslogyat Gequertuff-line tchafimatapifr es cont acti ng
a maj or surface qf. a sem conductor wafer with the exposed major surface of
a fixed abrasi \ﬁé'“amt?‘éﬂe@?"a@merel n the surface of the fixed abrasive article
conprises an abrasive conposite. The abrasive conposite typically is
textured, having a thr di_mensj onal structure and conprises a plurality of
abr asi ve parti m&l’%ﬁ%ersed in a binder with at 25 | east one

fl uorochegi cal agentondembedimérntdf Metphesadt invemivh lpmﬁxeﬂmmmneramcmfthdthe fixed

abrasive article jin a nanner which allows the fl uoroche t to be
present at the W4BRIPaYRg ap abrpfve LomPOSfte BEST Y%‘?B‘eﬁ%‘fca@]{/%ga&}“f‘g ép 8 during

processing. ThqncmtebQtdedsn&ietﬂd&%cmdﬂ@caﬁag@ﬁtSasw‘mafea%mﬁé matableslwrﬁa&e of the
wafer to be nodifjed with the exposed major surface of the fixed abrasive

article and rmv?“ﬁb ag ﬁ@clﬁﬁ‘feél‘“ @Wé?SP\?‘e‘“Bfﬁ’cfséeSthﬁ‘é“E ?“k@&edo\{ﬁ“%? vatesdhati c| e

whi l e nai nt ai nidg @RREyamMY pa&ﬁe@uﬁJdif?Itﬁéﬁﬁudaeeesﬁwsamb&{d\a&sﬁwmﬁvm&ﬁr and the
fixed abrasive articlé thereby no t he surface of

~~2~ WD 9&F/ 1531@@@113099@1@1%@%@% p water surfase.h de addraratypt feAs| udes t he
use of a worki ngef frldksbnitbica hagentof?)t b ofal | Wrasive RticRS ufeBamt V@ pRERMIENT S,
transports heat into or out of the intertface, and assists in the rermval of
debris gener at eificreases the wefsr BW%@W@G@‘S%C’“MP@ﬁ@ﬁ%eﬁﬂd&bpé@ﬂlW@hé‘el nventi on
enbodi es a sem g t cMet hod.

O her features, ﬂ‘g\%ﬁ cgéatee\sé%%ﬁ@gﬁ%@ﬁ@@&g@&ﬁﬁ%ﬁiaﬁVeng&g@g}k&d QP{? e better
under st ood fr orﬁnehebramel agtiolerTgrypesidel qher benefidial thagactegistica nel CMPeprogessker r ed
enbodi nmen oS of the Rt Vi ri Dr awi ngs
Figure 1 %S o Cross% ?%fc&l‘(iyh'ufl xﬁ%ﬁl{lgxpfméo%le? f%fed '{ﬁ% Gl &él?@orgnsﬂ;g%abram e
article; exposed major surface made of an abrasxve composxte that includes a plurality of

r’
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Figure 2 is a cross sectional view of a portion of a second fixed afjr@diive 2312

article; Figure 3 is a cross sectional view of a portion of an abrasive
construction; 15 Figure 4 is a partial side schematic view of one apparatus
for modifyi n&’(’tﬁ%’éﬁéﬂrface of a wafer used in seniconduct oPCTEYPFPBS i on.
Detail ed Description O The Invention Use of fluorochem cals in abrasive
(rrgdi L ibc ;it I ON prabRess ﬁx&ggé‘s fixed a’“} ateﬂeﬁeam 4 Bipgdr! %mnidﬁly%ﬁﬂ)e?ﬂe dﬁx‘fﬂ&ﬁfZ 6§ -

t ubbs) report a |t|on of a uoroc emc t he | ayers, of abrasive
el ements (cont aﬁ%@ oastyakpl e i oBps Suih ?ewﬁqcﬁ]%%méﬁ? 6 0t

associ at ed W t Rhis ls@@dk @ the 2 hbgive GRidleSs %@i&n@bf‘.alﬁd MK Sxpbsedafti al s,
because the soft material released fromthe, surface clogs the aﬂ asi ve

material of theUHieasi Jeriealpndhe abragive,sempesiterhas ¢ Hprecijelys ghapgd onmenon is
a particulsar pro.gighe StrihieR, CAl kil QA€ NRGIGRmRA dpest B'a8sociied! witdihe
~especially nitrocel lul ose paints which are coomonly used on car bodies. The
process of remf¥pheprasivientticleragderhancgs the T‘E!?ﬂvﬁlléétetoﬁé oeresass. ofn addifon, n t hat
the seni conduct,ps ma emiZBVagERhA 1 BLeBd G# o mg,oe@m&nﬁoha& fan be
easi ly disrupt ed e process. "US Patent 5, 5 8,362 (Reinhardt) reports
that fluor ocherﬁb@a\\’e hfgmnoeéembm@ theyortséompevnts@ﬂ qmmswefcompw@l Jdefor use
Wi th conventio f L.uo y rbon is
j ust one of marrl'!:g;}n %‘%g{sb‘%feq%rﬁvg;cﬁlﬁ@g&gda@ﬁei h‘gn{rgq@ %éﬁg%ég é?’Eeglr‘a'eference
does -5 101 9 @amcres ;binder;-or-the\exposd ov8:t surfaceTofIbeadboasiys 4ompasite.cBxamples hat  such
fl uor ochem cal v, CwvP
process or m ni s BACR oP A3k HRkdtn BBA el Brb A ALe hRirE oFleed
enbodi nent of tdne flupreehemicahagest asdciateddwithbat deistvthe abt@asmd particdespr Asiteg at | east
one {1 uor ochemicg gl 2geRkiod 8 nd Wil BGSIBAALL AL PLORES S8 AT N0 S
seni conduct or déviite Fi catron ese FolDT as] Vo ar I'cl'es
mul tipl e conporbgdtrs Stitlaanothercexample mchidaldtyeast mpe)ﬂmcamhemmaltdgentvaas‘oemteéur face
nodi ficatjon pr one e abrasive arti ot her
erbodi mertP of % B PHpAE PERRE PR 0 ete oL 8 R RorBp R Al el 8o or ¢ ne
pat ent appl i catfixed abragiveFarselel nﬁbﬁxa:mdu&n/hbtamé eoxﬂ'ﬂwmf theedn a&d:ﬁm toethar ti cl e of

th t i t.i |
oot ensi ve wi RPVEPHHNE SR ek SRORTr SpUe BCRTRES e i vei ve

conposi te may ffRbivckdnicat dgehBsociated Mithaskeasethe dnggosi tes, that provide a
textured surface to,a fixe brasi.ye.art] e of a textured
fixed 15 abrasive aN?tgfré’q%ggmﬂtt?ﬁﬁféfl"éﬂ'of’r‘f W%deo)%f‘%%%ﬂﬁ XA y) Figure
"1 illustrates aufficsefla sdiicninctoravalir.C ke m&hoti reduiney comtactsy a mijoosuifie
conposites 61 fixed .or .bonde backi n .62. The i.ve, co site

(ot et ur os) 6 Pr 8 SRHIMTGRSO GRS pahs Sppied el BUfheh S BAELIP S ERIARS. bi nder
65. There are naARRHSAS siface/clithefiked RtashRlanRRItoRfliRe adbrale @smpRit€ onposi t es.

A fixed abrasi ti.cle may haye_ at |east, ope fluor,ochenucal 20 agent s
associ ated pri rvﬁwérgs% PP 5t tegiiredahaving g thrpe dimgnsiogalisiietrear asi ve

article may hawygd 66ipriés 4 Phirglith budrRwb smlaésl fixedSRldkpaSRIaR h Bin8st vRtiafar i |y
with its abrasive particles 64. Another alternative is a fixed abrasive

article t¥Hat naspsteng ueraehemicalagent apsociated Witk o least ong Gempanentof theifixed d
primarily with ghlgveaiitiens .ﬁeﬁmer%&ran@&g meh‘ymcixe&fcm%ge@tH@éﬂrysenmt icle may
have a fluorochem cal agent associated wt z5 aforenenti oned

conmponent s of ithesexapsed slaipe surtingefdhe fixed pbrasiveapticlecdyring pracessing. t Fer eof .
Conponent s of gL RAGARI¥EME &@B‘%?'c&ﬁacrﬁ $ e sirficd J/;ﬁhéwﬁ% be AT Wit
partlcles t he abrasive conposite sur ace or other conponents. The
term "associ at dbe expesed major s%fiﬁcq of thﬁﬁmémfmteawle an@ modting thetveafer relativper neat i on
t hr ougho an agqﬂ hem cal agent
A fluor ogjhem 02}’ gdg&ebfrrl sm {ewlgﬁalggmggbétga%}r{d gl“%(‘)é;14 rQ% rgd Wi t hin
particul ar el erbet\'teemﬂxemfeahncbthe fnedabrhsnzﬂ artickenthershylsadifyiizg theysudack ofise or

ot herwi se be transported to or throughout ~~i ~.~ Li:~~ WD 99/15311
PCT/ US981 01364 anot her el enent of the article. For exanple, a

fluorochem cal oil which was initially.@pplied to the surface of the
abrasive article may diffusion into the binder upon storage or during the
surface nodification process.




The fluorochenical agents of the fixed abrasive article nmay be "reédcfi Ml 2212

in that the fluorochemcal is involved in a polynerization reaction or

ot her chem cal reaction, unlike an "unreactive" fluorochem cal agent. Most -
preferably, VA& PYorochenical agent is a Iiquid or soliCT/US8/01364
organo-fl uorochenucal . Suitable reactive fluorochem cal agents include, but
are not |imt echetvaferf Thomethdrsondenlyimidddacthy Listtofs wolttg fllidiehiolk hem cal -

acryl ates, for exanple to EnSO2N( CzHs) CZHA0 +=CH2, .

CoFTE0oN CHB) COPBEBEHE NP IR S ERPr TR 75 O Bt Qe Blesioe Cr3) =i,
C' FZ" +| C2HA0 CORkdrdshtits intibredid)al ofidebfidenbiibd HORCHChiRg plodCz HA0COCH=CHY
(derived from hexaf| uor opr opyl ene tr| meirx#), .C'F2n+, O(CZF40%rrCFZCIé—|£OCOCI—|:CHZ
(n=1 to 6, m= 2 tonapgtherpapees, the inyension embediss aspmicpnsictopWalsspradiced

C8FI 17SC0z N( CH3 keraHatSrelRbibhdd3metiedO C8F17SOZN( C2HA0CH2C - CHz) z.

CsF17S02N( CH3) CH2C CH2 > > O~ CgFt ~S02N(CH2CH-CHz) z. . |

[ ( CF3) zCF] zC=C( CF3) @herfegtpres, advaritages and consiractsefthe iayentipp wilds betdsr exanpl e,
CgF17S02N( C2H ) fddtddd Edanrtné foibihg des&n'kij;&!féﬁ epﬁ@msqa& the PREGAQRInBSdifts €xanpl e,
CgF17S02N( CH3) C2HANCO and C'Fz"+, CzHINCO, fT1 uorochem cal carboxylic acids
for exanple, Cgfthsormntiareion?COOH, C7F15C00H, CoF2n"+~O( GLF40), " CF2COCH
(n=1 to 6, m2 to 20), HOCOCF2(Q( CzF40) nCFZCOOH (m=2 to 20) and their salts
and 2s ides; fluorochem cal sulfonic acids for exanple CBF17SO03H and their
sal ts andoani dduief i rawingsphat e esters for exanple

Va2 LIRS P eTR hed feoggiy BEa foriod o R RRIM L Bk 01 < T
G F15CH20H, CH2F2n+Figrei20#p cHECHR{GRFYeY RE GRREapCH2CH20H fileiabR800) .
Exanpl es of spg&iicl}‘ej c unreactive fluorochem cal agents include

fl uorochem cal polyether oils for exanple "FOVBLI N' manufactured by
Ausi mont, "KRYTOX" FigureB éot anese seckignabview ofupugtien of an abrasive construction,

CnF2" +10 F40) xQ( G& e & =1-8, . X- P

CnFo +10(EAF 50 xR R e tfielt it kpneBlvs o magifng the o ¢ or
exanpl e C 6Faasurfabeicfaoedfernisakih septitvadectdrdabrieatimnpl e CBF170CaFl ~ and
C7F1sCH20CgH17~; fluorochem cal esters; fluorochem cal urethanes;

fl uorochem cal am des for exanple C F, sCON(C4H9) 2 and CgF17S2N(CaH9) 2; to
f 1 uorochem cal DetaflediDpdcpiptiorcOf The Invxstignl € TEFLON nmanuf act ured by DuPont or
KEL- F manuf act ur ed iXin Anerjca,, O.angeherqg, NY; fluorochenucal

t her mopl asti ¢ copol@%e‘% ﬂé‘?f@ﬁheg‘écalsﬁﬁélgraﬂ}'es&‘f)g@%ﬂ%"? r?rqjgssﬁafse'ﬁ’? W({é:eiy. 389, 625
and 2, 6429 416, repoded | WOPaet &[164,265 (Shudbi) oeports tHeadditoasfial finofoehemiyaler S of
hexaf | uor opropyl ene and, vi.nyl.i dene, fl uaride. The fl yarqcheni cal.agents were
1s chosen for %/hr‘?gfyrersa japfasive elemegis (GRaaag ¢ "gakey af"? 2e¥*APEd "YEMEPY i ¢l e and
for their abil piopleins assbéistedwith rleadingt| Loaling osbes whed abesdingadoftamaterialsar ti cl e

was used in a fer surface . i figcatign procedure. Fluorochepmgcals are
e cont oot w t Recag g fob et pipasef Born B sfrias St i prp et Lotifs e
present use, i Akrhdikdi dignenOV\StabYsréons Hichading SRAOMInBARVAparfdulf Gidbldnls, | ow
coefficient of friction, and |ubricity. Preferably, the fluorgochem cal 2o

: Cliy : (

agent assbci at BhenellHose-tagsdnamtsre Byvolied; pspediallypyteiselioss paipts MY udes at
lleast 25 ppm Otorhhiénlf L@ A ChEIHdRS! TAIFEsYBY feRoviRZpRht FdIE caPisAmliNe
conposite. Most preferably, the fluorochem cal agent assocjiated wth a
conponent of athe KeershIsf ein gthyt; the esemigepdygios veater) way tcomsinppleatimel t he
fluorochem cal ca@gMbnty!Phat QarB8 sty BErBRE B! HE prAREROSUS Pateh 5 %98 Y658l |
features, often I'ess than one mcron w de, are associated wth fabricated

structures on f{Reinhgydpirgpastsdhat Bearpchemigel dydrpcafhomemay boya eongtitugntof epedks used in
waf er sugface gRALd LERESRRE Qﬁﬂ@& b3 HeRichNR dd e of the
waf er . Tae fi xgg_ g{)‘?"gs%‘!\’/e&gﬂf%ﬁg‘g@ of hees%rg'esglh?lpérﬁ(\:/entc%gﬁ' %s%rg&fn a Cw
process, provi idush ogepCiranymessihiediesativepepnftitesatsi afre mofl. Jdwirefenanhgotoes waf er
surfaces without 30 disrupting specific nmetal interconnect structures or
ot her functional features on the
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wafer surface. It has been found that the removal rates of surfaceig W JatiH
nodi fication _g_ ~~i.~,~ WD 99/ 15311 PCT/ US98/ 01364 processes using fixed

abrasive articles of the invention are general |y higher than renoval rates
of surface m¥APIBALi on processes utilizing simlar fixedPEBPHE8O articles
free of fluorochem cal agents. As nentioned, wafer surface nodification

processes havi ngt fepe tﬁﬁ&&u@hﬂaéroéremm{ydfoaére&lsaéteal@%@awgewmma&hat t hey_
allow 5 increased rates of integrated circuit manufacture. CMP processes

using a fixed dbrgderogsss piiginzes thespisassaciaduicttMBIProcg¥nt may create

hi gh noise |evels. Unexpesdifett or il i8enlod is)etked@ bR/ Brtidle lbmpsidgOPr | ses at
| east one fl uorochem cal agent is used in CVMP, the sound or noise created
by the process lfast gt iflyproghemicnh agent fsed dswtaen mpsificationepiogesses dwiivst ant i al
in that the to s@?ﬁbﬁdﬁ@to%@%@é %n&a’%xoﬁasrﬂel/e aRlee el aks bl Altiper ence in
vol une as opposed to pitch or tone between e two processes wthout the
use of el ect r orfowpereats Uthitn grediadivideslly oimppitane tdetW oveaderf swfagee modificatigns mal |
differences in d. I is
preferably cir c@%& [ Eﬂ%ﬁonﬁpﬂ oﬁ&ﬁjs apgh@%,‘-sgv@ 1l:19 aﬁd ? thae}nlalg1 éﬁ%bﬁfﬁgc The
out er edges of imeti%liar%mcasse@lmﬂbsﬂomm @thQDSO’éﬁhequﬁéfamhaﬁioy snoot h or,
alternatively, may be scall oped. The fixed abrasive article may al so be in
the formof an oval or of any polygonal shape such as triangul ar, square,
rectanguliar, arkixedidbrdsivkdrticd t ernatively, the fi xed abrasive article may be
in the formof a be n bra5|ve article may
be provided in the ]El‘é?%eggﬁ'rggny aﬁl&e g?%gﬁe?tﬁnvree ont cfﬂ¥ CTCEHE abr asi ve
art as abrasi vebisivé amq:omml lhyer cdeﬂtememﬂnla,smghdba(&dbfgaﬁIa\itﬁlltﬂaypEbalchhg s wll be
i ndexed during .{he wafer nodification roce glbr asi ve article
may be perforat anas%er‘iS*mpaﬁt%’&@ RGEUEH %Sﬁ'ﬁ rfsh"(? °8’BP%§§F§’/ 2By and/ or

- the backi ng t o qzextofed sl.trfiee ﬂbmangﬂ)risfvefahklel lAmmmnmectlauasttheﬁ ﬂi’:dil during or
after use. Additianal S C erni er al ristics of the
fixed abridsive a&?af“’%?‘g 815‘13'{%“"‘%@% f;gs ﬁ‘i?&yagﬁﬂfel‘g%&@% gédfound in US
Serial No. 08/ %Asx@&#’txélBﬁmwitﬁ)ﬁj‘rhﬁudal@ﬂiﬁﬁ@dek@omﬁs 61 fored oabsmisd soea articl e
conprising a fluqrochem cal ent is preferably |on asting i at it
Shoul d be bl ¢ AU 0F Boragvhcatapste Crspifed iy i pite Mrclfg 4
preferably at Ima’sedaadﬁmbxmw 5. PTiRtedrakcsssator bﬂﬁﬁst63%ﬁvew5cﬁiceaur face

nodi fi cati ons. e‘Ln .additiagn tg Igpgwl asti,ngpgg formance, the fixed abrasive
article 30 gend@PHpivgcompesites A dixed abrasiyg gric] avefbisast pyslporasherifale articl es
free of fhuoroGggad ﬁ?dcxa@éﬂ%hﬁnlymltb eﬁa@%seutam&ﬂergvﬂxeaatsremqet&mot appear
tointerfere _g_ ., I-i. 9 WO 99/1S311 PCTNS98/ 01364 with the precision of
the CMP proces §“3é’|hﬁYfé’“F ﬁémm%ﬂ@emahﬁna%ai sgenta pespeigted primasiypul) its aBrasive yj ef di ng

sem conduct or  Wa#RIeS 641aXndMkkr AEHRIBIVER b Bixdd BESOS Sreicl® tal ﬁ%ﬁ'hafvé Baest and m ni mal
di shing and donming, The npterials, desired_texture, rocess used to

make the fixed a5 Buqrochemicaliagents wqc}atqdrwma@wéhtth@lr@mﬁprﬁdmgve>5 Specific
el ements of theg ffxbd(ﬁgasﬁ}éraﬁﬁle\fﬁay%‘é\tré acﬂu%r&ﬂ@mé’dl :E%n%%fa’tela%th' A US Patent No.
5,152, 917 (Pieper et al.), /1 1484 and Seri al . 08/ 694, 014

(Br uxyoor?tS) Awfqgnwomém@mmr@gts szf)ltsqbrqalm epgIPpeites ipany icombingtion fi xed
abrasive arti C'tﬁ'er&ﬂ”@?)}n?&ént Pt bbkivt YorfHosBRE@RL YF, kel aflative O Spersed in a
bi nder. The abrasive ticles may ﬁormgeneous y di spersed in a

bi nder but it mﬂgbhéh%ﬂbra}wpc@m@ﬁlﬁmrf&ﬁm@dbhethamoawpmtSpé"m teohes are
honogeneously di ) " T S y be
associated wt hhép& tgog‘g‘tﬂ 3%%113?? %@%{g né?‘ﬁ B’g tghltoy&‘fﬁ%'% &%cﬁgm cal agent
may be 15 appl izsdlementtofien shussivacempdsite b;ethaﬂmcmsuhwmchagtm cAdlgotpghemiicel ng t he
particles,in a id.con i Ng.one o or.0c agents, or by
spr ayi ngsst he o8 Lng?n%}rag?%ﬁpﬁ&utgrogc Pes “gtli“entpa 'cﬁlaree Pgéan "tl%s. The

fl uorochem cal astgpenbay salqurenﬂgtdaﬂusmoththabzmﬂ;ettmspmeﬂlmbe&mmgboube reactive or
unreactive. Fine abrasive particles are preferred for the construction of a
fi xed abrasive
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1D 9919
20 article used to nodify or refine wafer surfaces. The average si ze‘o? [t"h% &
abrasive particles can range fromabout 0.001 to 50 mcroneters, typically
between 0.01 to 10 micronmeters. In sonme instances the average particle is
about S.0 m cwWOs¥1tls or even about 0.3 microneters. |In sorE/ysAGEces t he
average particle is about 0.5 mcronmeters or even about 0.3 nicroneters.
The size of the ghbasiatnRRblelaflct. ir8r SambiPl fihdcKembR 6l PpRl hlihgt e
| ongest di mension of the abrasive particle. [n alnost all cases there wll
be a range or diagplied buthe sfags ofisbe abrasive adticle @wy diffusesntohe bisdepwpes it is -
preferred that (W ' ' ] ' be tightly controlled such
that the resul t%%ga#?iéﬁﬁﬁﬁe%@g%é’rﬁﬁc% BHIE)O?%\% des a consistent surface
finish on the waf er. Théfuoadzhemsical eggnrof ihelfissl abeagivea hisicle iy pe Bsative”iim t he f orm
of an abrasive rate .30 The abrasiyv articles in C | oner ati on
may be hel toggﬁgh%rzﬁ?%ﬁ}he@ﬁa@s mvglvg g a%?ly'%?&ﬂ@fea\‘/c. ‘?’Fnorcffzﬁé}lfn?}%&ggl | 5311
PCTI1 US98/ 01364 agglianyertlke en tunrdetive” Mhdrecharaical ugdny , Mbligreflratigitiee parti cl es

may bond together by inter .pajtigcle tractjon forces, .Exanpl es of

Co tanle anyasi Shosiheal taem i Etdudo ol A o Rt i R et od

al um num oxi de, fubriotiendidabe@ntaindiile) bib apehod Bmitdo MBSraetheticd) aethatdanrsi tion 5
al um nas, zi rconig tin oxide, cerja, fused alum na zirconia or

al uni na- based s@nd fjarocheryisaliacrslates, forexpmple nar i cl es. The al umi na abrasi ve
particle nmay ComR,SON(ORL U, HOCOCH-CHM, Cire/SO, NI, BHIOCOCHECHRr asi ve

particles or m r icles chosen will depend on the type of wafer
surfaces to be ﬁﬁ‘l’ﬁ’g@%éo&&'gﬁ%@Lﬂfﬁ%@?qqgg&)ﬁ g@zesseq can include
interlayer diel egb)iGHPEOCHALE, (n¥8418); SycR-Ct,0a0CH=eR,yneric to materials
such as pol yi m de. rlayer dielectric materials conmonly

Examples of interl
modi fi ed usi ng @%v%?%%@@@?ﬁﬁe(d&ﬂ‘é@d o hegaflugiogsapyenedAges; | i con di oxi de
which s doped \it,O@LR0) AMEHOCUHRIG(EHS0 o/ R Aidioyonal type of -
interlayer dielectric material 1s a silicon dioxide into which fluoride has
been intrdéluced during deposition. Exanples of netals which are commonly
nmodi fied using GWP 15 processes include gold, silver, tunggten, alum num
copper and m xtures and alloys thereof. The ceria abrasivg\particles often
used in such artjicles nay either be esg 0aN{GH,H T AR OWH. CH} ers or
dopants (e.g., Jbarhemisalspoysy geexpmple, ﬁ%ﬁ% aiB?l 2@rrgdi fiers a%id/ or dopants
(e.g., other netal oxides). In sgnme instances, these etal 20 oxides may
react wwth ceria. It is also fea{s}]t')‘le to use ceria wt\y a conbi nation of
two or nore net &sFoROINColITHATECH N Colf 180 (CH)CHEEI-GHy. react with the
ceria to formreaction products. The fixed abrasive article may al so
contain a mxture of two orog-;e different types of cabrasive particles. The
22

abrasive particl f t x Ele’ N the mxture of two
or nore di ffereﬁﬁﬁ%&é&@&égg Sch@gsz?ﬁgcﬁfd‘?;}ﬁg &¢Hé ,asive particles may
have the sane average particle size, or may have a different average
particle size. In sone instances it is preferred to nodify or treat the

surface of2ot he #bsraghiemtcalsilares for esampld, g8y 7S OpNELEshEHY CHLACHSHOCEM; t | ve.
These additives may 30 i nprove the di sPersi bili tel of the abrasive particles

in the binder pflaefaeheayicabisaeyanates fosexpmple GaF 17802M(ET8)E€2H4NEO Bochder precur sor
and/ or the bind 1 article -11 . .~ w, e~ ~1:~~ W 99| 15311
PCT/ US981 01364 ﬁ%mb@ﬁ%%%‘“&ﬁ?f%&“&ﬁ&qdw8’(%“"3% cutting

clhar act gr ![ st ![ plellaFnSO)N(szEm-EdQQHabmom—Lf {n}arzrwi,mmo&mnécnen (h*let nent t may
al so substantially_ i © uncur, rasi ve conposite.
The | ower vi scod %"yﬁ gq\,@éf %@5##@@%&%?%9& wm%dggg)pﬁ“gmféslﬁﬂed particles
to be incaspor ata&ﬂlfeé- Bt o Bt ACHIFG L AR5 26t e eé&”ﬁﬁ@?ﬂ[ tad ﬂéﬂgﬁlﬂ%cf potential

advantage of a surfdce treatnent Is to mnimze the unintentiona
aggl onmer at i on ofamides; flagroctsinicsl ghaspthate lessers faEesamplees of suitabl e surface

(CsF17SON(CHs)CH,0),PO(OH)3, (n=1 or 2); fluorochemical alcohols for

-



nodi fication agents include silanes, phosphonates, titanates, and{ g [!'f 3012
zircoal um nates. Exanples of commercially avail able silane surface -
nodi fication agents include "Al74" and "A1230" from OSi Specialties, Inc.,
Danbury, CT. WR%¥&Hpl e of a lo surface nodification agentRCHEPSYUM| o
abrasive particles is isopropyl triisosteroyltitanate. O her exanpl es of
comer ci al surf aggn j {CFE(DHOQ,FQ‘Q@ﬂh@PﬁH@(ﬂﬁHﬁDP,X@F@%@FWHJdI—ﬁb| e from Byk
Chem e, Wallingford, CT and FP4 avail able fromICl Amefica Inc.,

W | mi ngt on, DE. (Ms=280D).er Particles Afiller is a conponent of a fixed
abrasive article forgthe, purposes of nmodifving.the erodihility of the
abrasi ve conposite. ’ﬁamsotl)elrgré’Fﬁ’ﬁéﬁ%‘ﬁceeagt,we%u?%ck%%‘écag%gﬁﬁgﬁ)nrcgugfe and correct
amount of fill efluotobieemédabghilyetter dils fafexinyde HOMBLRE ntannfacteret by ABsimdcr ease.

Conversely, in s9 i-nst ances wi.th ri r 20 anmount of
filler, thé erod ET:O?@ i %regLE’}Y Ei%gﬁ%i@é&hﬁg&%&égéhﬁ |l ers may
al so be sel ect edn=io8, xe6I20) Cor@QBA,. OFC.Fs 0802 5 (n+&-8Co+BpZ0)] fludrochtniied! t he

br asi e conposihate e B Eaible s Moottt et oagnae hetrdstn °
aprasi ve conposi .
-g_e: ;at eri ?usl %/hafafa@cm,;c{;nsodﬂﬁb;rﬂ?&gmdfd‘ai ikfs) mrﬁdhgm?iuaethagx@rrpl es of useful

| ers or IS 1nventl on |1 NCl uae m [l r es, nesi um
silicate, ther n&ﬁ?rag'mcaﬁwﬁsé?fégafaﬁﬁafw@kﬁgﬁg 2385 Fr%%&@f%a

m scel | anegus f ighbREiferdidArtheieRplailids o BtampRARFS ONSHANuRNCIUrd g DUPEntod | f Ur
conpounds, graphite, boron njtride, and netallic sulfides. These exanples

of filters are mednt mpgpf r%fn?yéﬁﬂg%éﬁ‘ﬁ%ﬁaigﬁnﬁﬁﬁjwi%m ficseful fillers,

and are not nea@ﬁenhe)pxﬁn@@dmgﬁém%aaayaﬁsﬁwisctdsédism-patéatﬁemsé,@gtaaaces, it is
preferable to use a blend of two or nore so different particle sizes of

filler. Fillers 243:4bo apt Borerbemiosl elastomersifor sxamplacopelifers ofs - 12 L' . 2~
VO 991 15311 PCTAESAR Odrdfiend G5ityRBhe ADGYR. TRE ARPEASHIA P&k WgLes. The

fillers should not cause ‘excessiVe _ scratching p‘? the exposed waf er
surface. $6i t ablchoses for Heir ghilityite basemerparhef adixedebirasive @rtigdetand i theirabilityone

f1uorochem cal  a96Base Kifovh! rH@WAEE TxEPdbrATE Hicll s BRd APPWAECubitket hE

surface of the filler by 5 mxing the filler in a solution of at |east one

f | uor ocheni cal anpdification peqseduye. Hiyornchemieatstarenseociaedovidhetiariety of praprsties on to

the surface of 1R Eidl Rfevandd¥ thd ﬁmlgsrcﬁ’&l%ﬁ Hefod W&Ha?é&@&g,aéaﬁge?% (fh a
e al’so be nade

filler may be reactive or unreactive. i'1Ter could 1 of a
f1 uorocheni cal mfdenritugllow oesfficient of ffidtionrand hbriditya Preféveblyytisl fluordchenpeat t i cl es
such as paqlytetr l.ene. i . \ istry of the
bi nder i 504) npor tagénntk y%gé&%%&%heQ%énrp r%?geﬁlglé&(c)kﬁé? %%gsf‘@% é&iegﬁérhg%ls éggdggr%%i cle. For
exanpl e, if the pbindide flusrotheodcahegent'up te K% ofthe htirasing compesite abostsi ve articl e
may create deep rat S, 1L Q- e ace. 15
Conversely, if £ ﬂég&ﬁfﬂ?%ﬁﬁlgéo%ﬂng%aﬂs%@taﬁ%@ﬁ tﬁ’gq'rltélsg %P@F%gaf(?)% gﬁg&{abr asi ve
article may not apmsivi afeclaingdudes atdean25 ppemefitl fluoatchensical ageyt vihe SYodfithe cat i on
process or may hglrvgv Jolels sa}eti cle durability. Thus, the binder is selected
to provide the e T @R act eristics of the fixed abrasive article. The
bi nders of2sfi xed abr Wedysmalbfebtueh, @ftemlesstthinsone niiceort wide, age assqeiacddevithbl y f or med
20 from an organi,c. _hinder precyrsor. The binder precursor preferably is
copable of {1 ontihgestel sopelEhof o3 ot EmBpntilor BB IR afs $h0E

So: idification géafetrmfalaé ﬁdiﬂﬁcaﬂﬁxﬁp‘rﬂ) msg& mgmb_ebmiat(alelfd mﬁgfabypméw]gtfer. ( el- g., )
pol yneri zi ng and/or, cross-|inking), ryin e.q., driving off a liquid),
and/ or sinply b heémdiaﬁa.swerﬂeéﬁ q%&@rw%%emgp uspdyn HEME proag ogide _

sol vent - borne, a géRk @fd fHedid enodHicatidon bORMIRANICEL? wafer Surfac® vathostubst anti al |y
sol vent-free) copposition, Both thernoplastic and thernosetti ng"dgol ymers or

materi al s,3%as wISFUPHES $ssitis meteliippreonnge stpptures anpthee funetingalfeatyrpeonihe der

E_r eg ursor. One GfafdrRirfact.! ¥ B4sHebBhRthat AEGEhSvalBies BEsubfadeffodiichflordn O gani ¢
| haer




precursor before solidification. A reactive fluorochenical agent nay 9 [} a2
actually be a - 30 conponent of the polynerization process of the binder so
that when the binder solidifies, it may be incorporated into the polyneric
structure of Wh¥1Bithder. -13 L WO 991 15311 PCT/ US98/ 013B4T/ES&A3Pes of
reactive fluorochem cal agents include but are not limted to _

fluorochem cal geteddeathsin MR BIRIRARIKS B B inyédMibeiraRbdeyAl Yigh@lthaneast one
fl uorochem cai ‘agent may be applied to the binder after it is solidified.

I n many i nst ancédoval faesobsusiape modignstiensproeesses uligingsimilag fxed abrasiver ry of a 5
mxture of abraghyg bl ihEheRtH afentd DA RS Yradd surfabD SroBiRbARh VE
conposite may conprise by weight bétween about 1 part abrasive particles to
95 parts abr asiirecepws havingdighanaterigl rompyabrabsis areadvantagems ipthetdheyjafersr |

Preferably the Eﬁé&‘éﬁf P%Qﬁieh%ir&@%hﬁ&ﬁmabo“t 30 to 85 parts abrasive
0 p in

particles and about 1 arts er. Li kew se the abrasive conposite
may conprise based @fhprootssavesing a foed abriasies articlefoeepd s flberochemicalagents part s
abrasive particles Q. 2.1 a i r r..1hi ume ratio
i s based just u%a ncr%%g“éb?%ésgie\ygs'gg??xg’écﬁ%ed&’ gﬁ B ﬁ%gt?%%;r%eagbc?;ségﬁj Mé;e!;]d does
not incl ude t heatVabtuwne flaaodhemisaltagent isafsed ih EMPa dieisndarr neipd ¢reated byfthd | er s or
addi ti ves. The binder precu [, referahly.a curabl rgani ¢ materi al
(i.e., a polymet 15 B %‘#?@Fd&beg%ﬁ"éngf&ﬁ%ﬁdﬁs E?t%%ﬁgnaﬁgﬁgr crossl i nki ng
upon exposur e tmadhinabpantdy i®easity dbdy tosletactakesdifidrerea arv@iumess oppasd tel ect r on
beam ultraviolet,light, visible light, etc. .or w.th tinme upaon the
addition of a C‘H%’%O{:‘gf’e B%‘f’%ﬁ")}}é)ett,wo%&gisffr‘%’?hogti’th%ﬁ?é’f elﬁ%‘éorﬂc Tﬁﬁg’g i cause the
pol ymer to cur ededicesas? llikerdevicaefor mBisthéirgy small Bifferiefces ingsanitipl es i ncl ude epoxy

pol ymers, am no pol r.s or, am nopl as ol yners, sugh .as al kyl.at.ed 20

ur ea- f or mal dehyde pg[{ggrﬁé?cg?br?%ﬂe "%94@Fﬁ#ﬂ?ﬂjﬁ@“&?@*@@@%ﬂ’aﬁkyI ated
benzoguanani ne-§ @ waheRhy deaPsbrasive disc AThy batkCedged ONTRS Sirculaf hbtgkivaglisacr yl at es
and net hacryl ates al k acry] at es i

I acryl at ed epoxi es, _acryl at ed ur et hanes,
acryl at edpol y et @Fele Xb&%ﬁ‘}}?"é’t‘é’& Pesmpayetve may i%ﬁp@fhﬁs,%é@r%rw%d oi l's,
anfl acryl at efl Sairiidl@ma?smso?ﬂekmgh@mfmnﬁff& S¥4C Br B ahly g&lggmel _a,laiwal?cﬁcusyrrer S, )
pol yester polyners, reactive 2s urethane p ners, noJ i.c polyners suc
as resol e and ng¥EMRe S@‘&F“’yﬁeé?}ag@%r@ﬂél]‘ﬁq@F-l &‘é&mﬁ?}%ﬁﬁ‘e&# @B@&? yMer s
such as bi sphengiy WRROMY fal of TBEISIn ahStB& eaBadiRent. THO Exedabiaive SrticR@laySi | oxane
pol ymers includi ng al kyl al koxysi |l ane polynmers, or reactjve V|gyl_polyners.

3l KY
The resul ting btierPd‘é‘f‘defjrﬁ‘ythﬁg’q“rPfﬁﬁ& Fﬂfﬂyoqefeﬁ.ﬁ%&fér‘@, abgAsive et Lrashys| yier s,
or combi nat i ons,bhRNEOfn g@&ré[hﬁxeaaﬁiaﬁ(?@lta%étrolﬁ'mq{e iRd&REd USMgSthB vegerat | east
one pendant al pha, beta-unsaturated carbonyl group per nolecule or
ol i gomer. Thesemesifipient progess. The g figed-abrasive apticlgmay be perforatedty PRYHE01364
materials are fynhernAeseiht Bndldvoning anBat Atbadi: topedfBudpassidediison et
al.) and 5, 236,%2%@%@}& aﬁgﬁl. _Igr%é%earnr ed Di raid_e‘rso;pree_ genlebrsa?téeczaf romfree
radi cal cur abl ethpligiié medmchefose rduringrpe after sy d Additienab detailsgoneering the
pol ymeri zi ng ragi.dly. : r e f Rt @hdeON
energy. One prgﬁ%l&g%lecg%&%ggtép%?% ?%(ea& ?oéﬁaaﬁ%!:euzr&gg{se ett)i?)rqgj;ar pre%‘lresors
i ncl ude e#shyl endas e fopndiind2§ Seriak Nel 0B(6A41614 (Brxwoerlor s, Exanpl es of such
et hyl eni cal | y unsat i r R rs..| e ] S oners or
ol i gonmers havi ng pelrg génr? g'a?pﬁg,g %)Fehtsggdqﬁggt gornka[)?l g:hé' %afrbl?)c{opr)\é&%mé:?oi elg?f,g
et hyl eni cal | y unefatably dangdastingio vt & sbouldbé ghimereomprterap leasteXl piefmablyoatur at e
nononers, acrylat ureth t g ,0lj r t Vi rs or
ol i gonmers, et h)}?aesﬁ?’c%?rlef regegagvéjf %rlgﬁsggpﬁn%%séﬁ%%bgf?ﬁe&gn s,w%%pi § qte
di sper si ons, andodificatiattse In taliditi@nfo. lofig tastingr perfanuaptenttiee fixed | abchsige butitla
acryl ates_and net hacryl at es. Et hyl eni ea{?{) ungat.ur at ed bi nder .precgursors
G e B8 oATORHAD! 2186 A TR R o B AEPe i RIS B of
car bon, hydr ogeffuotdttlentival @gdnts. ATkt idére391n RMBV4l Yate dbdsIog @ppeantd ihfedferoal ogens.
Oxygen or nitrogen atonms or both are generally present in the form of
et her, ester, urethane, am de, and urea groups. The ethylenicaily
unsat urat ed nmononers may be nonofunctiqqal, difunctional, trifunctional,
tetrafunetional or even higher functionality, and include both acrylate and
met hacryl at e- based nononers. Suitable ethylenically unsaturated conpounds
20 are preferably esters nade fromthe reacti on of conpounds contai ni ng
al i phati c nonohydroxy groups or aliphatic pol yhydroxy groups and
unsat urated carboxylic acids, such as acrylic acid, nethacrylic acid,
itaconic acid, crotonic acid, isocrotonic acid, or malefic acid.
Represent ati ve exanpl es of ethylenically unsaturated nononers include
nmet hyl nethacryl ate, ethyl nethacrylate, styrene, divinyl benzene,




2s hydroxyet hyl acrylate, hydroxyethyl nethacryl ate, hydroxypropyl
acryl ate, hydroxy propyl nethacrylate, hydroxybutyl acryl ate, hydrcﬂxﬂbhﬂ QI &2
nmet hacryl ate, lauryl acrylate, octyl acrylate, caprolactone acrylate,
caprol act one weddnazn yl at e, tetrahydrofurfuryl nethacryl at @CTE§B0bIéX Y|
acrylate, stearyl acrylate, 2-phenoxyethyl acrylate, isooctyl acrylate,

| sobomyl  act 1 ok e JEBRIof BEION bocesd By BkdMbERGe BHiLEGL citRioae V! at e,
pol ypr opyl ene gl ycol "nonoacryl ate, "vinyl uene, ene g yCco

di acryl ate, pol ydﬂxngbe@nwngwoywovafqus kaving h@ep;ableﬂdm}dsewfagb {inigh and MEnimal\D

99/ 15311 PCT/ US t [ I et hyl ene
gl ycol diacryl a@éﬁ&]ﬁgﬁf %l ge ﬁggﬁ‘% ho%y esuQ? %&ﬂﬁg a% g&tcgs§ %%%%@%ﬁgé}% ed

tri met hyl ol profmﬂ@branvmc}ﬁwﬂlmﬂuemﬂmﬂw pﬂomsmpane triacrylate, glycerol
triacryl at pent aer. A% hacryl at e,
pent aer yt hs‘rsl tol tet r%g%:ﬂri'st eg’{s 0?{3' ééﬁgbé?%%?t?cﬁo#é@oc} Arné)%r(tia hm;cr | at e.

Q her et hyl eni chtd:nijunSiaﬂuBlﬂt@(tpnm elr)j WIOs9’A/H<484|md U Baal Nquz;/qsmoym lyl, or
pol yret hal | yl ers and am des of carboxylic acids, such as diallyl

pht hal ate, di al @ ﬂ'%pat e, or N,N-diallyladipamde. Still other nitrogen
contai ning ethylenically unsaturated nononers include

tris(2-acryl -oxyethyl)isocyanurate,
1,3,5-tri(2- mt%@%@%@t hyl)-s-triazine, acrylam de, nethylacryl am de,

ﬁmst h?/l 1@ acr yI am deex,asznNe éﬁnﬁﬁgﬁxtl;eydfgcﬁaééh ﬂffhm,aﬂN}e\/doﬁx‘thseByﬁ)lu@dtl;})d&ge for

vi nyl - pi peri referred, bin recursor contains a blend of two or
more acryl ate n%ﬁ‘ﬁWEP?% spersefippm %frhg'hﬁiﬂ?ﬁ?fé’tepb’?‘é%ﬁ?’%‘?e'??&y be a bl end of
trifunctional akdmtgeiedusdy@lsparsBdin@binaetiuoit &l gempdlly lppdfarodan® BRI abrasifd) exanpl e
of one binder pregursor is a blend of praopoxylated tri net hyI ol p opane
triacryl ate andPdm si"e(}?mé’ﬂﬁ’ﬁ%‘iﬁb(tdl%i’%d ‘%fh?;)b}"d%fc ?F ahrasivepagicigamghbe r at i os of
nul tifunctional as§&ia§t’éd%§x a@[édstMo%bﬁédn@d!ﬂéenﬁ@lﬁé'ﬂ%@cmh&w&t HiFHbel ange
fromabout 1 part to about 90 parts multifunctional acrépate t o about 10
parts to Hbout @ppligtiethe sipsrsofithe phrasive paricles byymixing the pagticles g fuidisi bl e to
formul ate a bi ”Eb%fauﬁ’r(ge&l\é’%%)oxferﬂ%?o@hemiaéiég%ﬁs Qﬁ-byﬂﬁ; %&f@ﬁé A fof’d an epoxy
polyner, e.g., as described in U S Patent 138 (Tuney et al.).

O her bi nder prftorechemisal agants aado r@mevlalﬁmﬁle@uereehwi agents pwosisted at | east
one pendant acrwﬁ@;@as%gmc@gma};bgqga)égvrpgrgmq%lwat| ves having at |east one
pendant acrylate group are furt'her described in U S. Patent No. 4,652,274
(Boett cher et al.). Fing ayagivapasticles aeecpreferendforrthe eonstruetionef, aa fixqdgbeasive | acr y| at e
of tris(hydr oxyglifylged &&msa@rmmfwafﬁtguwrces)tﬂferavalagwﬂeo@imwaw s include
di acryl ate urethane esters as polyacrylate or poly nethacrylate

ur et hane ester spamdqwen@w fraay shont @ tp §O oycaametess, M@Hﬁdhﬂﬂwﬁﬂm%% ers or

pol yet hers. fﬂ(}lﬁ% nes

i ncl ude those un & teersf(ria n@%&?%@%ﬁ&&%@? b gro?‘&?tgltr?:aﬁ/brton

Chemical ; "CMD @@m@boyt 0.5Mirenoes. Insnnle NIMDeSBe Brerage paiticlaliy boftr®im - 16 | 9

~ Y22 20 WD Smyrna, GA
PHOTOVEF\’ r esi rﬁ%}%ﬁ}%ﬁgﬁﬁ%%%%ﬁ 15?1 g%# Epﬁg%?eg’hﬁaﬁbsbgien NJ;
"EBECRYL 220" (typialyupesificdtradie the longestidimension btheatsasivg lpartielp, In's5BesCRlYL. 284"

(al i phatic ur et@éﬁ%han f.‘ldl a@%'aar%ng? g%%t%@u%on o} partlc?e s1ze§ hIn sbme mrsgt?mcaeé1 3 di ol

di acryl ate),

preferred that the particle size distribution be tightly controlled such that the
resulting fixed abrasive article provides a consistent surface finish on the wafer.
The abrasive particles may also be present in the form of an abrasive agglomerate.

30 The abrasive particles in each agglomeration may be held together by an



5 urethane diacrylate), "EBECRYL 4830" (aliphatic urethane diacryldt@ [!'D Ag),
diluted with tetraethylene glycol diacrylate), "EBECRYL 6602" )
(trifunctional aromatic urethane acrylate diluted with trinethyl ol propane

et hoxy tri acr woabassir " EBECRYL 840" (aliphatic urethane di apeypisssepss and
"EBECRYL 8402" (aliphatic urethane diacrylate) from UCB Radcure

o63. B0, 906- ABSIEREREBYe BB G I pb b et ey Bon e RS 4B oo -

bi nder pr ecur sormrtickaktrddorborees. vyl at e epoxy esters as well as pol yacryl ate
or poly nethacryl ate_epo ster such, as the .diacryl gte esters of bisphenol
A epoxy pol yrer. Exaﬁﬁ?’%égs SE‘M@F‘XT P?f“‘g?ﬁdf“fl I%segéfwma’“é‘b&%tes is

i nclude those ungtgfed talighitunneheda Mbite GVEY AbHBUM ox(dYorb80alumiaiid trafsiion 3700" ,
avail able from .Radgur e Specij al ti,ezLéf 1? her bi nder precur so%ﬁ may al so be
acryl at ed pol yeXEHng3oiiFRus, din oxide. pedg. diyped,@lpsyiag pigjoniagprealynypa-pasectof 84l

_products of acr Ydetifedbladive\pdriiclad. dhdaAGinfha abrhdiveHattRidahdyCcoriall « MaBQstide
pol yester. Exanples of conmmercially available acrylated 20 pol yesters

i nci ude those krigRikfiesy Theeparticlse abraslye Ratislemar mpoy fERrIss chosen will

(hexafunctional @&l Al 1e typeE waldFGhEVER ot lRodifiddet TRl Wared hPfdds to be

tetracrylate) from Henkel "Corp.; and "EBECRYL 80" (tetrafunctional nodified

pol yester acryl sreoessed EBEGRVe iptgayef fisteptyic arateialvompthls c gsgAnireratsperic

hexaacryl afye) anghe RGNS & "'d%hﬁ%z?:fﬁk?%?ln%%gxﬁ | ¥R e B YR from
not her pre d bin

UCB Radcure 25 Specialties. erre er precursor 1s a blend
of ethyl eni cal | ynagifiedtuging COFP provegessinclude elicen disisie and Figwﬂedi@#tﬂ whigthie bi nder
precursor may CoEpL] $fh orBh %}Por?ho oSG, Y kit bBdifidHaCih O Bfintebel RRNGLE! | gomer
and one or nore notunctional dcrylate nononers. IS acryl ate nononer may
be a pentaf unct irateral ac eysilicor, di@ddet it avhichclivoodalhandesd anteducedi dwingt i onal
conbi pat | ons  narbaien. § Sk o AR WAk’ 6 FoniShy AbAsECLMEEIOME) |

PCTI US98/ (364 Tpnecetsesineindengodd; witven tungstgn, alusinuime }:wpeamdymimeescﬁné pdaysi on |i ke
t hat descri bed itﬂe <l,%,.fs. Patent No. 5,378,252 (Follensbee). In addition to

t hernosetting bi néer's, t hernopl astic binders may al so be used. Exanpl es of
sui tabl e t hernopl ast The lveried @brasivenparticles piRdnyased de spclp ettigles mydyeeither be

Dol Yot yr ener - acrytobiay FeF of BRvt: & dO0FH: e e ol HRL BRERy sE ey Sbhdine

st yrene- but adi ennsodifieys andior bdpants (€@ pathsrmeata oxidés).r hrsemedismnessctheseymeeahe bl ock
copol yners, acetal, polyners,..pol.yvinyl. chlaride and.conpi natj.ons thereof.
Vet or a0l ol o biamel ey Ba gt @ s o @ dens BY & EREPHEREEL | ng 1o
resin may be usado oExargxh&s okide widti€irs.S Thagbmetabixidde majp k@ ciwistothe cérfagd ude

pol yvi nyl al cohofJ hi de 8| ge, or water-soluble cellul ose ethers such as
hydr oxypr opy| met' Ayt FABPPHTOGYES et hyl cel | ul ose or hydr oxyet hyl net hyl

cel l ul ose. These bi NndR¢ SfitedeabiRivOaitRIE miy hlso SontHataciixnlNe .of 4wd S, nléd (But kze

et al.). In the gase of binder precursorsg containing ethylenicall

unsat urated 15 oo g’eﬁﬁg “Qﬂ"‘?‘%om‘%e,s' p ‘y%éqsivﬁé’ﬁ“g S tqea‘ifdﬁéer%éy be
used. Eéarml esI ihﬁfdln_wg@. or.lﬁalciiu fniidere Oofil GRS or ddde @ﬂfmmdﬁsivqtﬁamlm_a@sme nitroso
conmpounds, acyl ,halides, hydrazones, nercapto conpounds, pyrylium
conpounds, i i dd3BYids! abEafive pRrtiFlespRY ks the SAREAVErag HzeaPLRY e s,

di ket ones, phenq¥esent Herdgk phrtiEIESzd hereof . Exanpl es of suitable commercially
avail abl e, ultraviolet-activated 20 photoinitiators have tradenanes such as
"] RGACURE 651" and " IRem@uRstang@s'it isoprpferred t mpdifiy ar trges) defsugaget ofethei ba

Gei gy Conpany angca« ?5}%}% 3, e Sdifdati kJ.abl r Anot her
visible |ight- acrlifq Vat o&éﬁzn? tslﬁlgt or ﬁdé?a'fl%negql(?%‘}gé rgl?r% @I&@C&é& 369"
commer ci alI0y avdinpree thefdispansibiliaofbe ghratxenprativles iEtkentindes pegcurseri andior e
visible |ight-agt [PraTEA : i : No.
4,735,632. A suﬁ{l’g%?éeﬁ?na%lﬁs{g?gé %}ént%é r%%es‘a |F nc ur gegn% 'otp%gaéﬁg#’?%leer.
Represent ati ve photosensitizer may have carbonyl groups or tertiary am no
groups or m xtures thereof. Preferred pggt osensitizers having carbonyl
groups are benzophenone, acetophenone, nzi |, benzal dehyde,

o- chl orobenzal dehyde, xant hone, 30 thioxanthone, 9, 10-anthraqui none, or
other aromatic ketones. Preferred photosensitizers having tertiary am nes
are net hyl di et hanol am ne, -18




19 E; .i~~"~ WD 99/153 | PCT/ US98/ 01364 et hyl di et hanol amine, 13 [i'R
tri et hanol am ne, phenyl net hyl - et hanol am ne, or di net hyl anunoet hyl benzoat e.
Commerci al ly avail abl e photosensitizers include "QUANTI CURE | TX",

" QUANTI CURE QWR'99/1S3QUANTI CURE PTX") " QUANTI CURE EPD' from BiTid8oe01Semy er
Corp. s In general, the anount of photosensitizer or photoinitiator system
may vary from aluind iy Wlo LA B WS e TBHRg RAAIALRRLYof HOMLES Lo

4. 0% by wei ght of Hﬁ!ﬁe C(!)[ynpo(r)lents of t he lgprecursor . %\qu}eoﬁal ly, it~
is preferred to ab!asp%pml(Sprfeﬁféeratmaynqnhmﬁbalm substartially fower e{temscowytdﬁe bi nder
precursor befor iC t ueh..a abr asi ve
lo particles angyeaq’g{; %ﬁo%%’ééra?% ’(?ng;t% I ;thelﬁgg‘gltvgusﬁ ias];b ?regﬁ{ hat the
bi nder precur sorpetamtegepaﬁ‘altraswe rpadlickes |tmrbeemmrgyate¢)meb emahﬂcyredl dbragive ol et

l'i ght or VISIb|e | i ght cur he, bi.nd geursop. In sone
i nst ances, Scert ar® &% aé‘mt«gerppa??"g%l a(g%a" aﬁﬁf’ rgf? gf’arﬁmﬁgds I v&mze 1ihf" absorb
ul travi ol et and usingntidral igg.g:lﬂteratmnbtihe Msl\hl paderes PEoneples ol suitable stdftee bi nder
15 precursor. Thi sgﬁccurs B’? {lﬁj E ceria abrasdl ve particles. The
use of phosphat &% f‘téﬂ“n‘?gﬁ'éts nes pheiplonajes, tianates, A EWPINHES phi ne
oxi ﬂe cont a: nLngExﬁﬂﬂﬂEOIoﬂlcbmﬁbﬁraﬂy alEMbl& sDAng axlﬁ‘a&ethdxlﬁé@ibh eugbr;tmacﬁvdﬁ_rrpl e of
such an acyl phos, , trimet hyl henzoy phenyl phosphi ne

oxi de, which i Sﬁ&%@& Eﬁp H‘i?%‘b(‘fpéc‘i‘w’?f &ﬂéﬂp@r‘ Itll“(% 88t 2t he
trade designati Qprfice R&RSHicatida Ngentdo fexaeaaiaeSabeafswgorpaﬂmg ali yisapapy abl e

acyl phosphi ne oxi.des include "Darocur 4263" and "Darocur. 4265" comercially

avai | abl o from NEseSterowkEasn; Qther sxaalgs oF §°mvclﬂéui§%°@anngicvtmntaﬁ%&t%afe

pol ymeri zati on whgjerbyk €1 Divakle trown bfl@@@nbbomllﬁgfoﬂpw)ﬁn@ FPY hviliablefdifr -

Exanpl es of cationic initiators include salts of opium cations, such as

aryl sul f oni um sdF} America Ing) Witiiggtop.PEoret al |ic salts such as 25 ion arene

systens. Ot her exanples are reported in U S. Patent Nos. 4,751,13 8 (Tuney

et alL); 5,256,170 (Harmer et al.); 4,985,340 (Palazotto); and 4, 950, 696.

Dual - cure ¥nd hydiler Bartidlese phot oi nitiator systems may al so be used. In

dual - cure photoi ni at @rgigy $¢ Q%mp&{éﬁé B0a Oﬁx&%wagﬁslamie RR tRE ptpSsek et WO

separate stages, via either the sane or different reaction nechanisns. In

hybrid-cure 3o prdifiing thei expdiility \pf thenabrasiveusompasiterg Inveaseeainstanees, gotuthe at t he

sane ti e UPON_ GRS aidcddob! At AN, Shli6ufliey B 9 Ao eBMpeRel al | on,

-19 WD 99/ 1531 rasive Conposite PCI/US98/0 4 The abrasive conposite

conprises a pl uredyjdegrease. aGonyeisely ipsompe ems@gcqslwédtharm@psmmgré@ormt a

pinder. Duly MY oGl iPRua! BE Erolfllly dr YRSubRdGl odithodl iHGed it G Surface

nodi fi catl on agents, passivating dgents, coupling agents ers,

expandi ng agent sﬂsOﬂmbdw_&ed tameduse east of thgehnséve cpaa@ﬂte,\ﬁée!dﬁhb thealogy of thé t i at or s,

suspending agentyhr! I R the WibAib haRGE AR of WY J3EIBUbAposRh OFRDL S, dVeS,

UV stabilizers, "conplexi ng agents, agent's, accel erators,

catal ysts, or aatde tyaicallysseletted sanasumit 3o aleletehiawsly Mt thevmxrtair modiféation ed t o

provide the propy e i Lonal l'y

i nclude a pl asti gle?%r%xgqaaseﬁfg?saﬁpﬁq ¢ forgl%]?? Ve mﬁgﬂ{ﬁg a{uﬁ’éstl Y d%é‘r w | |

i ncrease tle er oxhghesiumt ysxhoitet themadpiaztss \mrtmbsrpmll thenmet samftrble:n t Beheover al |

bi nder conpositign I NSt ances | asticiz idl act as a

i lwent “tor & he reaiaorous B, BEhE Shbeepbaid B SRS Mt sBReBBpaci bl e

wi th the binder graphits, mbnashafenctehmienaﬂmmﬂesoWhedﬁmxnsﬁla&fﬁﬂersmbmbdteo

pl astici zers inIude 15 pol yet hyl epe V|n chl oride, dibutyl

phthal ate, al kyl eﬁéﬁ’ifﬂeﬂtg ‘Fﬁg‘i"ﬂ{\{%w sam%y%ﬁ%ﬁﬁ“ﬂg A ggedio B’SW Fﬁff’fng‘?sﬁohol

cel | ul ose est er s usdfhiifilleRe 1P kdnte mﬁ@hc@saﬁtas ﬁ:@ﬂreﬁﬁh@@@é £blesd 6 two dThate! S,

pol yol s der| vatiyes, t-hutyl pheg&ﬁé Fll phenyl phosphate, tricresyl phosphate
f 1

castor oil3% or Rt BaTtignEizes ol WM&PQP@V’G@?W%PFW@EHF@%@Hype of
preferred plast|C|zers. 20 In addition, water and/or organic solvent my be
i ncorporated into the abrasive conposite. The amount of water and/or
organic solvent is selected to achieve the desired coating viscosity of

bi nder precursor and abrasive particles,,In general, the water andlor
organi ¢ sol vent should be conpatibl e mnth t he blnder precursor. The water
and/ or solvent may be renoved foll ow ng polynerization of 25 the precursor,
or it may remain with the abrasive conposite. Suitable water sol uble and/or
wat er sensitive additives include polyvinyl alcohol, polyvinyl acetate, or
cellul osic based particles. Exanples of ethylenically unsaturated diluents
or nonomers can be found in U S, Patent No. 5,236,472 (Kirk et al.). In
sone instances these ethylenically

20

l)
74



30 unsaturated diluents are useful because they tend to be conpatib} 8 W RG22

wat er. -20 1 gfv,~~ 1~ ~1le WO 991 15311 PCT/ US98101364 Addi ti onal
reactive diluents are disclosed in U S. Patent No. 5,178,646 (Barber et
al.). Abrasi wo@spdsite ~onfig ur~, ~ ion 5 There are manyCHUFBOIdht f orns

of three-dinensional, textured, fixed abrasive articles. Exanples of
representative jQEmRd aabsveSfaheuBﬁawé:iHMed | s e QFould nbt GalfsE Txdes@d 2.
Preferred fixed abrasive articles contain abrasive conposite structures
‘that are preci sérapchingpiehy earosed wafssuefeced in Figure |, or irregularly shaped
as in Figure 2. 1o Abkanid ﬁﬂ‘eréﬁﬁi&ﬂ? Hagoesafswéﬁﬁekirvﬁﬁx £¥91¥asp%né QL&BE&Q&P si mply
as abrasive conposites. Fixed abrasiVve articles havi n'gf preci sely shaped

abr asi ve conposégeat. sThe,8earechemigpl cagans smaypbectnpliedetd. thy urisdexafdthe Billershv e
article 50;in F r Ig osite
structur es The}n?&” gtP%gfgét?sighgé@%ﬁfﬁ%&?@%gﬁ%ﬁ&ﬂbﬂg&lgﬁ%ﬁ??ﬁ ;‘t{r?;gﬁé)ﬁp and

di storting an ileastiond flyorécbemisal agenypa tp theourface of e fillr. ofthsucygcrhemicah cation
of the binder PIGHLE 58 ateq Winlo G B 1 ADRRS: eaJ[tJVQSfrﬁ@mfzﬁc 4 Ao raight,
non-cl ear, non-r nexact  or I | anes or s e

boundari es. ThembdernferﬂuamdhatbcammMBalpwhtascalfhsrqwhqupal d\md@lattpbaxﬁmsi ty of
shaped abr asi vesucgn%)oo i tt%ﬁ'orTQﬁlabras' ve conposite shape may have a variety
of geonetric 20 A "3’6‘? FORS yef&/pl cally the base of the shape in contact
with the macking has a | arger surface area than the distal end of the
conposite. The ﬁh@ge of the conposite may be selected from anong a nunber
of "geonetric s such as a cubic, cylindrical, prismatic, right

paral | el epi ped, pyr eﬂrﬁe(ﬂ&hiculirrchmafyedt}errﬁlBii islporte e dﬁlpmfhamh&pﬁﬁfei cal ,

truncated conic I ass, .qr post-like.cross segtiqgns, wth end 2s
Compoi te pyr avivisd g vedae s B eatigdr B SRS oo o otns Mok B, o
crosssectional shi@pe affcletrigy o?d&t’e’c‘c&bp/&dﬁmbm@;ﬁaﬂl@sc&ltchbhﬁ thaaposed yurdtick.f er from

t he crosssectlo o} di st i t.i on . hetween these
Shapes naf® be. SHOUERAREHE SN0 S FtyeubEs D] Sopdts Hide SRS, The
abrasi ve conmposprofisle ABMidénE CentbaM atd diifingithd Rodificatlod pratRBbr MBPRAS podrhe

abr asi ve conposites be 30 arranged in rows, sSp |raIlE£eI|x or. lattice

fashi on, or nay2Hee AR %B‘M’I JFhusy the binder ip selecteq ta_provide the.des ﬁhm‘WﬁS@@I 15311
PCT/ U898/01364 a‘ﬂmeﬁ,gedg&aﬁ@rdmm t he abrasive conposites may be
per pendi cul ar relative to t he backing, tilted relative to the backl ng or

tapered with dinini shefgd WFGW?“’E‘GW&?‘YP Firtes of thisdpveatiep arg pestrablycleeedangl e may
range frogg abougrork ahQr. %a‘élcdmeleﬁ@eurﬁeh% Bt ﬂré&moabewrabzy {sapddledsrgr ees,

nore preferably from about 3 to 35 degrees and nost preferably between

about 5 to 15 diyriessfficemdy sl tode ahls 1>é@atarserquﬁefsehél@eﬂ%e%@sémém s
results in a nopgeudddh kR M GbEsd S?Gﬁﬁn‘g"(@b %Bl?ﬁeﬁ’ﬂu%%dio?%rdﬁﬁhﬂﬂg? ofy the

abr asi ve conposl te. An abrasive COprOSI a Cross section hat is
| arger at the dd@mal(e Bnervingeff h!lqltlﬁem@éstmlm?é}ybYa¢°§bﬂ83eTh%@Gdef arecHsrgh

fabr cat fon e Togeorfl | ki o, kBNl £9EGBAY RSl £OTPOST Lo i s

preferably the s ne ossibleto ve conposites of varying
hei ghts i# a si m@mntlrall»(e@lvqlbﬁa@ wmmmrtl eﬁoﬂﬂ'hh?ﬂhml«'gim aof &W@OMOsi tes

Phe range of abiur et SRSl M ke ePhab QRRIER ma 101 & Babhg @'Y 17

conposi tes nay peatrsoone anot her or, alternatively,

One or more fluorochemical agents may be mixed with an organic binder
precursor before solidification, A reactive fluorochemical agent may actually be a
30 component of the polymerization process of the binder so that when the binder

solidifies, it may be incorporated into the polymeric structure of the binder.
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- ) 70
t he bases of adjacent abrasive conposites may be separated from one anot Fié@ &0
by 15 sone specified distance. In sone enbodi nents, the physical contact
bet ween adj acent abrasive conposites involves no nore than 33% of the
vertical hei ghodissmnsi on of each contacting conposite. Mecaysssizmaabl y,
t he amount of physical contact between the abutting conposites is in the
range OT 1o Zg%nﬁ;lest Qpré/a%ﬁ\;e' ﬁ%ro&%’nﬁ L4 Jntseﬁa%ﬁdg%i \?62& |39 @{B{EHOEJ te. Thi S
definition of abutting also covers an 20 arrangenent ere adj acent
conposi t es shar 8uaochemicaln aatylatesi wed coethenylates. | aridtenmatively, dgt- keaskeosst r uct ur e
whi ch contacts gn X t ween f.aGi i |ls of ..t he conposites.
Preferably, t hef;hllcg(r)lc erﬁs‘\%?(ég?ngﬁgyﬁ%%pg&ﬁtg@%ﬁ?ﬂdg€%%5“ grsglé eelra' than 33% of the
vertical hei ght di mrdnshang instanessc theaabraive mbmpasitp s fdraed Tom abluagiofea

conposite Jand is forped fromithe sa lurry us to f.ormthe abrasive
conmpost t et Theeig B LB i Bndey Richirsdt® e st el
i nterveni ng conposirise by svelghchdwetnabowt 1pare atirasivegmirtivies \to 195 partsl aeragivebet ween

the centers of the.co sites, It | ref.erre h t | east port.,jons of
Lhe abrast ve coRSOUFRE St Bsde gp &3 PRESHIS o st ihe el SaEe efgHs | de
recessed ?r eﬁs bertippie&@abbwti 396 8P Phrts ztbmivefpartiblasf aﬂrﬁbagi 156 .70 Paks bindegar

spaci ng of the rasi ve conposites,may range from about | 30 rasive
conposi te per |$&g\gl§e 8}?1%%6“@&5(?8?‘9‘1556 "X?Br‘l%\%\}? l?f’é‘%BpB%q“t Yolygae of abrasiye cm  The
linear spaci ng e@dpolits 0/2kd €6 pareiCdbrdsivaparkibles HAMCARL0 Bhdrbifer freePsi tes is
-22 19 ~~, ", ~~~ WD 99/15311 PCTI US98/ Q1364,02%eat er in one |location
than in anot her ThiEuQlumsiaHp fsbase jst wrop cherfPragivs BATticlesying Binder gresuiseis indi n ¢ he
center of the fhge8thof el e 6ibhE loBatrithliBn TaRd bARAS! &Y oftfonfl HIRASHL €S
ranges from about | to 10,000 conposites/cne. It is also feasible to have
areas of the ba&@‘ﬁ@s-exposed, i.e., where the 5 abrasive coating does not
cover the entire surfig¢hdaéeubr is Rjﬁefel?a%m able UAgadictryR&iaPhi.c 2% pAIPGETENL i S
further described in U S "Patent No. 5,014,468 (Ravipati et al.). The
abrasi ve &bnposPt e4tetisl ccapsbier of pelymerizing adior grosginking: kpery exrosyre 3p et er ni ned
pattern or set %Por%ihe@soﬁ]?c@{%mn% , schis %Q&I’dgfﬂghﬂgﬁ’tr%vﬁ%ﬁiklgf‘visiﬁQfigh?,x anpl e,

in the fixed abrasive artic e by providing a slurry between the lo
backi ng and a pttederctitiotime ersin theaadditign e hemics! catplyiste meisture; ©r ptheigegertr mi ned

pattern of the GATPAsch e Whlhe R GESRAHbRENC BRI CBudlor (Rfmf@Yi ties o

the production too p rnis thus reproduci romarticle to
article. |n oneinelnéroeporepalyrdrs, mpinomolyeersear eininoplags potymers, suethes alliylatedi ve

conposites, are jn. . ri.a g {oC il t he
composi t o2 ar o [HwRiyBaLRLe Bl AR ormale” Bob e AR fed 1,
al ternating of f baszoguanemirerfdrmaisiehydda polymer, dersletequlynerscineledingécrelitesagidv e
conposites nmay J I ly..al i j 0 f asi ve
conposites. Pr eP‘gtP g‘!@{‘@‘?ﬁt &h ! lrldéﬂlﬁg{’j Aﬁ@}aggsdi \Epeox%%n%ggi&%e)s% gertr%a;n/xxbgacgg ?erget from
t he second row pdlyeafersaairylged poiyetiers; syl etharspaeatidtet oibsndnd dicrybated, silicores,abr asi ve

conposites may out in a 20."randont array qr ttern. By this it is
nmeant that the %%H‘;gélm%r% s3‘§r}'ez‘1sn liethlmﬁe 3&?'&;15 8%?”3 &%?Pegfporyén\ﬁrss’ %3“"(? ol ums as
descri bed2:boveurethase palgungrs.e phehblic pblymers \saclc appresid esd nmyolée pslghergut i n a

manner as described. i,n WO PCT 95/ 07797 - publ.i shed rech 23, 1995 (Hoopman
ot 2l ) “and w0 PEFltey Pelmiro R o bt 3 Srgheel BpSafEeey ) I
-is understood, Rooymnatds, isdapdnudates,s polysilofiae! palpmers r myludisg aallplalicheysilan® ned
pattern in that the |ocation of the co sites on jhe fixed ahrasive
i clo 15 prodetiame RE s Cust PORRGRALRS Boviing Petehrephe 3 4 AUBCSh i es i n
monomers, oligomers, polymers, or combinations thereof,
30 The aminoplast binder precursors have at least one pendant alpha,

beta-unsaturated carbonyl group per molecule or oligomer. These polymer
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the production tool used to make the fixed abrasive article. Backing 138 [#h2
fi xed abrasive article may include a backing that is preferably uniformin
thickness. |If the backing is not sufficiently uniformin thickness, a
greater -23 wWognsit;, ,~ ~~Z WO 991 15311 PCT/ US98/ 01364 ‘pariuadsiokicky i n
the wafer uniformty will result. A variety of backing materials are

sui table for th| in i bl | s and cklngs
that are nore rigi Ef% r%%rfheesﬁé)s?déegg?mtbﬁegﬁﬁ 49902’%36; > "aeéklﬁéjs i nclude
polyneric film He3eed (Bokyrad)ic film netal foil, cloth, paper, vulcanized

fi ber, nonwovens and ver si on her eof ons_t her eof .
One preferred type ofPIS gg%%'ﬁgfs %gcéxgraéﬂ:grlp fr i ﬁ?ag%{%@&ze’ SFUSER il ms
i ncl ude pol yest eThek¢ binders zpebapelﬂé eﬂpo@mdnﬂmg)ﬂbxyﬂabmeﬁbdum to theﬁﬁaﬂ)\mrgj'ed

pol yester fjl s, Lmde filns, polyanide.filns, pol vin al cohol filns,
ol o opyl ehe. T P sGERY O el i of e ke SorpHE bINPRFEESNor t ne
polyneric film bmakdmhmrteuyalnhatumwmertpe&u@@@ ERaiilesd? stich elidically

m cronmeters, preferably between 50 { 00 microneters and nore preferably

between 60 to 20¥NsHHEafed htader precurpass éwlg BRIt FopRMEfS 9f CHEMELS B MBet ween
the pol ymeric {1 beuiRCHpR) R InbiRuriled a8 bRy RERAST bylekiBIPR MkshRRIANCES,
the surface of polyneric film backi is primnmed i nprove adhesi on. The
primer can invol PeNEREFS SE Oligdmesy, o8 °%FS°%“‘§§BI’PQ!‘&NCUn agiylaged cyretianea) - t ype
priner. EXgl eSoigbmeld! haghted! pdkf inidABRers Né! Hﬁ%%m@ﬂr QhRlehicAR! RBuratddV
treatnent, electron beamfreatnment) flanme treatnent and scui~ng to increase
the surface areaMomMEHArdduests, @%ém@anerse%@%mwwhwmﬂ dhe tesmjgerylaige
acrylic acid COpﬂklMJE@Botﬁ%cxgla{%QLrﬂﬁﬁ‘&hdcﬂrla%ss Patent No. 3,188,265, colloidal
di spersion as taught in Pat ent ) 906, 523, aziridine-type materials
as 20 disclosed in UEtkylenpaliyepsatipstedsbimden peeparsern dnalusi both srenemérict &d pri mer s

as taught in U mPl&ﬁ"d %% E)gﬂﬂra nor e
rigid backings i lﬁﬁéng%ne p?hg?ggntﬁggdgﬁﬁld%ﬂ%ﬁ%t’e , a%n t ekfgl%ﬂ’e. dAnot her
exanpl e of 15 sw opdiohadly b pitrkgenganidsthel dglogéns e dO¥ygerUoiS nitrogene ptomior 1B are, 776
(Stout et al. t r S 2s

| am nat ed t oget h%eﬂ&a@?ﬁ@eﬁgn ﬁ@f‘r@l cﬁ%&hﬁ%@&&ﬂﬁregm&}eﬁ\@%@u ?‘B%Qig%%(p ymeric
mat eri al as di scétidenibailyn wEFKupted| mmbmcm w%é 1m9tldm(cmemdd‘ancaonaal ).

Al so suitable ar i.lm(e.g.,
a polyester, pol tgiur cﬁ’gﬂg&ﬁg onﬁ %#gt@maﬂf’&mﬁg’g%gd H‘?iuw'%th? rkléé,e or

pol yet hyl ene fi |anf mmhaexybwmeﬂ meﬂo(mtsos&hmaﬂdaclhylngcdlye ugsaturqlecbeqmmnnd;t her

o nated T 5 i Puotallp bk Habie ALACHETRARGE it RYELLA AR ARalE
pattern can be amynchpdebxyr groupsoor aliplstip pelyhyidrxy gPetips add unsBturated, carboxylie WO
i dges, 1 atti costoBNer Eaehibpin Fbat i PEan oY froidhe £ B88RRmCL
bl ocks) rods, angtid, her inialeiz. addd.pr Repregentativen sxdniples adh&sietﬁeallgamshterateam nat ed
bresour s o o e Gl Eheeiye soul rbRoie e CRLEHace of
the backing. Al tigidroayéthye adtylateRydpsxeahyl httaeEie] hydeoxasiopy IaV@laf‘eﬁﬁyMya
transfer tape that is | sur backi n not her

aspect of the i nkk Ml 'Bﬂﬁa"éyq?tﬁaﬂxdé‘ﬁi‘éfé‘wlaf‘%ylﬁt&n%H§°V§Whé‘legﬂ°’9’gtet H&¥acki ng.

Abrasi ve Constr ugiyife toetyR adryigel ajaprdftiofe addijiae,e ciprofabtBndr MeRitiyldte)vent i on
may be a conponent of i xe ﬁtﬁr asl ve constructl%} An exanpl erny an

abr asi ve const r detRArofutunyl | (methagrddgte,  cpslofigrd 3aciHee St@Thpa¥ B ncl udes
at |east one rig. )gm ackAat@NHocthyl | 2 ie %b%o:’h Shdrj1RB] is6deR 14, Wwhich
is attached to a ?]i’xe ag’ﬁa‘%lﬁve ar[tﬁlrtycl egliaG he I?ll d, el erren?re{b?’

i nt er posed3bet weklyethyleng eglycol ermnoeqrﬂmntpolmroamet 8 c<fl| fogoasHlae | vney1~ s
article 16, whi cBas 8 Vi t dugt f: r. Thus,
in the abrasive ccl)’nstreugtefl%%l &lgﬁmkﬁé Pag&ﬁﬁg cﬂ%ﬁ?ﬂtﬁﬁyﬁ\% (gl enment
12 and the resilient elenent 14 are general |y continuous wth, and parall el
to, the fixed abrasive article 16) such tshat the three elenents are
substantial ly coextensive. Al though not Shown

&2



in Figure 2, surface 18 of the resilient element 14 is typically attdchdd'R 701

to a platen of 20 a nachine for sem conductor wafer nodification, and
surfaces 17 of the fixed abrasive article contacts the sem conductor wafer.
As shown in Rygus/ssd, this enbodi nent of the fixed abrasi weTassbimbee 16

i ncludes a backing 22 having a surface to which is bonded an abrasive
coating 24) which includes re-determ.ned pattern of ~.a plurality of

preci sely shapeg‘mﬁgﬁ%@ﬁ?’e Z%X%ﬁ‘ﬂgsi %@"é’"@% céﬁﬁ&‘ﬁg’}eng %l'frogsi giacyater i cl es 28
di spersed in a DizetasxyeoxyNutiys iaudlated Prdpogylddd Mretiydol CHOpIne Upiucylate, '

di sconti nuous on, tg&bo?acki ng., In certain enbodi nents, however, the fixed

abrasive articl Eimstiwlolntopans oitiacylates ghvcerol nigiacrater nRaakTtayItol Eaeylgiey el enent

of the abrasi vep&oRSinrat ifpRitasyhe, Dentidrpiitde detRidcriile BRC hemter@hritbhe fixed
abrasive article, at least in part. Although Figure 3 displays so a
textured, %hreelHPRERSIMNEI  Oherebylepmis wv%tuat%ﬁsﬁteﬂhl_a\}m%lgdeammcw‘se| y
shaped - 25 ~poiyyl oV oL PCIMSREIALICARRIRS LR, SADASIAIGY 1 he
abrasi ve conpositions o he present invention are not |imted to a

preci sel y shapeBhtbabipsiallyleadivrice opNiNrialyladipamidee Sl othee niteogen pastpining ement i s
to allow the abétﬂﬁem&ufqnﬁétgﬂafteg | ABndsfrs ghb&&hdielrlmsa-acyyxfoapétmmsﬁﬁi&r?@, gl obal

t opography of the surfaace o \f € e maintaining a’u orm
pressure on t hel.haftd(Z-methyaceyjoayrthyd;s-taazinenpardamide mesthylestylamiden P-methp an
overal | shape w : AV : uh _'!% Tabilans: 44, thi ckness,
whi ch t heh}gbr a\é\?é&ﬂea@géﬁﬁ’#luﬁ‘%@rl\&éﬂouﬁ;ﬂ%@g# ant F‘g{ei %’ﬁ}&rrak’?@rﬁ&?ltd b'lpi's desirabl e
to provi de subst ant i Alprefereddyinden pescasort ¢ratains raablende off tws tor Usdre arrytate t he

gl obal topograp h S j.ev j o ! of
uniformty aft e]r;’IX oglterrr%d?f) }IN%E’;? |p§h?n§faﬁ 'tmt?g P \%&{I\Jgﬁ ’gfﬁ P g@&%@e‘%ﬁﬁ?@ﬁ%@
resilient el emeatrylatnded gomenafiowiensk sirylate dummomgrsa A rekamme wbdiné ibaden on

process, its re j.enc o) 4L i s i i is an

i nportant char a@!teéedrr?ogt %o%ggngcﬁgglﬁﬁ%ﬁ s“tugﬁir“g%ls g’k&ﬁee tggcrs'ﬁ% e%@y (i.e.,
the stiffmess i A(LehmyetboiydethgncylateaJhe weightbretinsdf muftifincdonabaryliteantd el enent
is related to the dul us of th terial in the thj S I ion, and
5 15 8l 5o ar enpuuorl aynh B e gt BolSour LA TR R SEPACT

nodul us or Youngulsifukbibahiuscrgite ato naboetr 1@ partf ao aboute 99 | paetn t momfimctiombl it i s
measured using a q%/narri c conpressive test in the thickness direction of the
material, where¥&#8r a rigid material it is nmeasured using a static
tension test in the Ipisds fehsitléieo fRintlaiead binddreprevutsoB fipmPalmiixiee ¢ffant he rigi d

elenent is to lim,¢t the ability. of the 20,abrasiv t ti
SubStanti 501y OGP A 50 EREY | RbEIer (o & deRorbRY im0 e Moo TP h Rt e
For exanple, a ¢rimegeruldict or wafer typically has adjacent features of the

di ff t h ht ith LI, bet , {he .t to which th
brasive conet roct | QIR RB 0D B AEPHREg e AGRTASH RIS FOMILRIE abl o o

attenuat e conf operaat GcBiatd BdupIhd Sdoefunste efivatioés RivingOatt 164t log€ gendampogr aphy
of the wafer so as 25 to achieve the desired |evel of pl nar'trétaj t he

|
“wafer (e.g., avefiffiatgBnp agfurther sﬁ@ﬁ@l“ﬁéssqaﬁ‘fﬂés‘ﬁﬁ(ziﬂg.(&% ce to

deformati gn by PRNGirBEred isdcfiufatedimht@aPENE irfhcAfitd NITORAYdroxhakyRCt eri stic
for achieving this purpose. The bending stiffness of the rigid elenent is

directly rel at e§oYanW#e i n- pl ane nodul us of the material and is affected by

its thickness. For eX@nghé bildel pRoltrPHEINELsScriRk lrétRine dsfdfs RWg A9 30
stiffness is directly proportional to its Young s Moddulus tines the

t hi ckness of t heolyastyiats en polvamethasrylate prRibanerfsiers Qybyglrexy temgnated isocyanate
extended polyesters or polyethers. Examples of commercially available acrylated

30 urethanes include those under the tradename “UVITHANE 782", available from
Morton Chemical; “CMD 6600”7, “CMD 8400”, and “CMD 8805”, available from
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19 ~~~~';~ ~~~~ WD 99/15311 PCT/ US98/ 0136a The materials suitable fb§ [&8 7272
i-n the subpad can be characterized using standard test nethods proposed by
ASTM (St andard Test Methods of Tension Testing), for exanple. Static

tension testi WO%#53Hi gid materials can be used to neasure ROTASYUNY' S

-Modul us (often referred to as the elastic nodulus) in the 5 plane of t he
material . For mepegug Ul

(Standard Testing I\/E%dﬁlggtsg&{a\{‘%g%%% étﬁO%@&m& (eé\gij%%can be used:

For measuring t el0Yoiery' Benktld Gorps Bibbaken, oN@aﬁEBE%Yyn%?O”(éiemncpbmbtl cs or

rei nforced plas 4, » for nsil e
Properties of P’l %%é’e p\%%ﬁ - 4 @és"é{\%‘%g’? ed%cgﬁgr fes of

Thin Pl astic Shé2io0) dlluteatamt}bel ﬁheﬂnedﬁbrdthyht@at‘mmmw’t Hartomiatiec| ude

rrultl le | ayers o .eri iy dul us, of the,ov || el enent
(i.e. p t he??/am Hrﬁihén%ﬁcuwl %%ﬁé%ﬁﬁg LfFltp atffs‘l’?faanfﬁit é"gﬁ 3,;2 ‘f’ﬁb hi ghest
m)dul us materi atetra&h}&érel’g@bbl}d;acfyla@)d BBEORYL 24652’ ( @ifuhdiiond ufshakit ufetighed el enent

itsel f] havano n dul us.v east, a rein, the
Young's Modul us?®@Y? t? %1“ gVl éﬁ"@ﬁbﬂ?ﬁpﬂ’ga"ae‘ﬁt i ARy @t#&%@pﬁ?@pri ate
ASTM test in theliphatio eudbien alibchaté)) eantl WEBECRYL S g4d2ac egiplfict bethamd eri al  at
room t enper at ur c cogpressive te resilient

mat eri al s can bglaéﬂ‘, %tfff}"hé%‘gargdfﬁé %&‘ﬁ&e% %dtﬁswlgerfeﬁ“é‘f §%ed to as
the storage or edastOMERD®EESISI645N9455¢E 96BeK NRBAD] ICABBOMIBO,0étc ) H@mTRL €ri al .
Herein, for resilient mat erials ASTM D5024- 94 20 (St andard Test Methods for
Measuring the DyMHReECRRERRAIRMI Properties of Plastics in Conmpression) is
used, whether the reﬁsétlétﬁ'atmﬁ‘deeps?&arsbé iRgkEdel m&;pat@re Bxy aibBalkedeichenent
that includes nmultiple layers of material s. eralg , resilient materials
(or the overal | PolEashlate of Pelyemethacrylate @pexyhestes saclvewgf diagrlatg| estersyeff ue of

| ess than about y; ndYB@epoga,nPolfﬂ-Pére Eﬂirﬁﬂlé‘sr&%ﬁ{mlar%ﬁﬁy 5&%1@43%&5&0%@3

"Herein, the 25 Young's of the resilient €lenment IS determ ned by

ASTM D50245 94 |wclpﬁ‘ethf>m wierehestratienamer ‘CYD 3500 HEMRBEPY atnda CMIDETWRA 0. 1 Hz
with a preload faafe fork OB @ggl%g?&mgg; ails of a fixed abrasive
construction are found 1 n US Paten I'i cati on 08/ 694, 357. 30 Met hods O
Maki ngFi xed Abr asi veOther ibinders preztrrsorsvmegqlsxesbi1acad;r¢cUswﬁmr3m1merpr eferred
met hod for naki i r i e d
abrasi ve conp os?tglggt{dswgggl ﬁécﬂ{g r@ard.l&lcbﬁjdg&%r?@%l\ﬁhg%ﬁ Wh_galglg%i%eeper et
al) and 5, 435 84@&@@&@}%@1@&@ palyester. Gixamplegief wmmrmdh’saveﬂabbmcmde met hods

d P 4 72l
5 a7 rousTs ( caplrSiry PUEN ol e ke Do \eHIHONRER b7 -

preferably conddcxaémctlmahawle@h m@d‘ﬁﬂ@;‘@@@hﬁﬂ%r{mﬁmcwng tetrgerylatg)ss 100,

class 1,000, orggla 0 @Qﬂ t ion in
the fixed abrasi g’é %?'}]Jegldé% ATsui ?B% meé(ﬁogh nc: 5‘%’8@%"@%&‘?"?}]"3@1 slurry
conpri sing abr aacrswe)oaiﬁHE@Ré@ 450"n dfistty pucdcmnélﬂcd @nlfestqrt hexaarkylag)dand ves;
i trry into tno HEAGRR 8% RO G (R0l ftidg Borl 0P HEAS, 1 "
cavities; 2§ ntroﬂpmahgsa backing to the slurry covered surface of the
productiontool; and a | east ttial curln t he
precursor before t heA’é? Rer pre °"&§3’51de pr]e f%aegl@é‘{/f)ﬁt@e%&w Hesa uct i on
tool to form abbmmemﬁnmmefse&?or dmmpleethé bikder precorsoratisy db)hpﬁﬁ‘d@blaidng

t oget her by any éui tabl e g} X1 ngl hnl gue t he bi nder rgrecurr}s?%rp,ﬁ.t h]e
- abrasive particPed" dffgiafhgn o‘ﬁ'&? higomgp, an ER&fpI 1Bge o DRpa
t echni ques i ncl wiﬁatleqﬁbr@hﬁ@r P adiiigle BoiRMer Ma)ibBG. petdilhchibr@hasiiger m xi ng

being preferred. Utrasonic en al.so be utilized in conblwgltlon wth

the nixind® st ep' fupctipas! aP’H’étes'F@FW’\?Y%?:tﬂf‘“(cf‘ﬁ'@ 1 gerelatgsmenetyngs

inportant in thgrdse PBIPMELREL dohBin@fionk iRreébf Xed abrasive article) and/or
af fect the rheol ogy of the resul ti ng abrasive slurry. Alternatively, the

slurry may be heated in the range of 30 to 70C, m crofluidized or bal
mlled in order to mix the slurry. Typigally, the abrasive particles are
gradual |y added into the binder precursor. It is preferred that the slurry
be a honogeneous m xture of binder 2s precursor, abrasive particles and
optional additives. If necessary water and/or solvent is added to | ower the
viscosity. The formation of air bubbles may be mnimzed by pulling a
vacuum ei ther during or after the m xing step. The coating station can be
any conventional coating neans such as drop die coater, knife coater,
curtain coater, vacuumdie coater or a die coater. The 30 preferred coating
technique is a vacuumfluid bearing die reported in U S. Patent Nos.

3,594, 865; 4,959,265 (Wod); and 5,077,870 (Mllage). During coating, the
-28 ii: L MD 991153I1 PCT/U898/01364 fornatlon of alr bubbles i's
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production tool. Entrapped air may led to porosity such as voids ingthgp 7012
abrasive coating and possibly increase the erodibility of the abrasive
conposite. 5 Additionally, a gas can be punped into the slurry either -
during m xi n§¥O3#1Bating. After the production tool is co%ﬁ‘é'é‘%ésl?‘ﬁ@ backi ng
and the slurry are brought into contact by any neans such that the slurry
wets a surface of t ke fiAdeKiprgursoliifaySalsorbe Yin lasrylateQlipBisioh MlikOthapddsaibed W t h t he

backi ng by contact, pi.p .rol ich forceg the resulting construction
toget her. The r’f?aﬁ'srgﬁltmtrl?g’yg%g}#é O&F%ﬁéany material; io however, the nip
roll is preferably mgfitfonoid MerfiobdiirigUbiadersYahepinbistis WirddeRSmiyEhIR be MEL al
all oys, rubber or, cerami cs. The hardness of the nip r(r)r{,&({f may vary from

55

about 30 to 1205%ufFAupletof syitabledhermpplastip Bitdersinclpde padys wyleneng nore

preferably abouybiyB@peedeo *e‘?trers, B!?gkethﬁegrplgyethmw?ﬁm%fb apbl@ﬁtﬁeﬁéﬂe slurry
e

by an energy source to_ at | east partially cure i nder “precursor. The

sel ection of tReviepdrleputadenecstyrene| hlodkeprpalimen spaene-tufsdisne-sareahdleckt ry of
the binder pr e(éH]%cﬂ}Qﬁers,Ts nE-YsBEre@J—stﬁEM'cgﬁbl AL, aB&alYolyneRS p&

processing conditions. The e.nergy source shoul d not appreci agly egrade the
product i on t oolchlerideyad kpmpjnatioas thera¢f. cure of the bi nder precursor neans that
t he bi nder precursofy.is. 1 ] 1 aat Lty does
not flow 20 when i nygﬁe?g@%%%{%’Eéerzgrg%uté%ésf%%nfﬁggtﬁaﬁﬁ wr;ll@e%té ﬂmt?shég %i nder
precursoriomay Ivesinf mayl e wsed. e Bxanfples rof mater-solybdetinded pfecursars inslude pelydnyl on t ool
usi ng conventi K pard.i t he

bi nder precurs gir}?ﬁqt]’ﬁg&[)g %g%l ﬁgﬁ ageﬁ %‘8@% tcgfr;iﬂc?eé Ftbgrg%%%lragsh&e%kyﬁ ﬁygfegﬁyzlir e
separated. |f thHuldsé,nuiethylpretidesesar hydsoxpeshylhethyl ycelulposed, Thdse bxigledsi aveler
precursor can t I € I r1l and/ or exposure to an

ener gy source. r%ﬁﬁ%‘?ﬁy 'gtﬂﬁgengﬁé'dg%%g%ﬁgﬁké%e#As}‘sr"rsev\ound on mandrel so that
the production tool Incsire bmerefubimderagmiurseandonthieing i ethylenidainsinseturated i cl e i s
wound on the mandrel . I n .another. variation. of this firs h he slurry
o Coat od ont o TERE et IRHA b Rheh PHisRrs b Felehd P Howat 7 o

t ool . The sl ur roygaaio ietuakides Cizo npmpourids, guiemed) mitrogh tcompdunds; carylnbdlides, t h t he
producti on tool §uch t hat thpg sl ur“&);é l{drsows into -29 1.9 fi~v 'Ilés~ ~~~~ WD
99/ 15311 PCT/ USBHPEPIS4 DASERIQy | Fampoundls, ¢ PETYRY™ 4y EXTRINIGSy o) MidBRAES o ngi i ng
steps to make tchierdtriazines, dend, \benzoinadlkyl Gkiersadikefohd, phenenas ot aiistiteed above.

It is preferred that the bjnd recursor i.s cured by radiation energy. The
radi ati on energlﬂ‘f' y b‘g‘a{’?féﬁsﬁ ?‘F‘@E‘et ﬁ?%ﬁﬂgthé"%lg@%i g ?e%'ﬁ‘f‘ Bﬁtﬁﬂ t he
producti @ 5 t @hbtoinitaRrstaoKirfidndies puchdsIRGACUREWYS 13 BN IRGACURE34eCi abl y
absorb the radiation, energy. Additionally, the radiatj, gy..spurce
shoul d not appr“@'@f"&’ﬁl“ﬁy 61?3¥%8§°P’h eﬁ@%ﬁ%@ﬁ"}??@dﬁ@ti%@@@# ¥H§r

i Inst ance, u: t r&ui‘nﬁhﬁtany h@gibls:ﬂmb.eertlf aAfdth etrgm;flet ligheagivated @ﬁd)tﬁ'ﬁﬁihﬁfl backi ng.
Al ternatively, if the produgti tool s made from certain thernoplastic
material s, suchatedEs aamy REACURE g6t o pemasreially apbls Gom i Gy

pol ycar bonat e, cRaipiye tHxemplesbffsainsle visR ightRtiidd iNBAtBAGFrepdrRN in U.S.

pol yur et hanes, r’i'gm&‘; nyl chl ori de, or conbinations thereof, ultraviolet or

vi si bl e 1% ght niflo. th7dR8M4-t t ed through the production tool and into the
slurry. For ther nophagithfe RRRARH st il iRRdt @ hdtosdnSifiz? P el pldsdiativondi ti ons
for making the fixed abrasive article should be set such that excessive
heat is not germBptasesttizer mmay e sarboayheraupsi of teiagiorraipe BERVPS ORIAXHEY di st or t
or melt the therhnpl afbiefred QROtbRMsitizRChANE Abof UkrGips "BY b@ﬁ‘zo?he"‘n@ﬁb[ ce of
thermal energy or radiation energy, such as el ectron beam ultraviol et
light, or visilsceophespne, Theaziknopbenzald¢hydsmer gychlosabanzaldghydepe rctsthewe, t he

chem cal patur g r Li ps,.J e hi r urs wel | as
upon the 3tBhi ckﬁggéang‘ﬁge’dgﬁgiab%%@ﬁé %ljl rrlbéltée? S %ﬁg.kﬁé’f&zo t?{?grrén&él ener gy,
an oven t enper ghotosensifizeiy onhavingut t&€i@yt 0 aniinesit 2860C metyldiethancdaniiney of from
about 15 mnutes to about 16 hours are generally sufficient. Electron beam
radi ation or ionizing radiation may be used at an energy |evel of about 0.1
to about 10 Mad, preferably at an enengy |evel of about 1 to about 10
Mad. U traviolet radiation includes radiation having a wavel ength within a




25 range of about 200 to about 400 nanometers, preferably within a tdhdg& b
about 250 to 400 nanoneters. Visible radiation includes radiation having a
wavel ength within a range of about 400 to about 800 nanoneters, preferably -
in a range ofWaBY¥l#11400 to about 550 nanometers. The resul’iqTﬂJj"’%"g?‘i“di fied
slurry or abrasive conposite will have the inverse 30 pattern of the
production tool ethiddietbndlfagd, Patdetiahdidmie)l i NPhiyinsettiyl-Shhnolangnedn t Be
production tool,, the abrasive conposite has a preci se and predeterm ned
pattern. -30  fimsthylaminoethylbenzoatsyn gg‘f‘TS%"f Y peatfapleophasasseitizere e uct i on
tool has a frontQEANTRCERBNITXY COQUANTICERR! WL t YQoANTARUREE PTX”,
indentations. These cavities are essentially the inverse shape of the

abr asi ve corrposfQEAEH?)C%EPBSBG‘H@‘!QI%SWF%Hati ng the shape and

pl acement of the abr@gieydaCRERAGInE 65phoRseBBisE of Pdtbinfiatol BkteAEy ‘g@prret ric
shapes that are the inverse shapes of the abrasive conposites. The

di mensi ons of t femeheut0i0ddo 40% by weight; marepeferatly Gom 02840 A 8% byeweightipber of
abr asi ve CO”DOSk&&g&?&{éﬁ%Sft?\@%&é@?e@&rsor?rhe cavities may be present in a
ere adjacent cavi

dot-1like pattern K er vities butt up against one another at
their portions wher eAdditonpliydis istpaeferoadgo Wispegee (prefesably wiformdy the iitiator iraj or
surface of to t i i i i f

cavi 1165, The prEquRe HEhl G eaEbadhitp by e SR LISGT ity
cont i nuouso sheeparticleswbl/or fllec pattitlesg rol | such as a rotogravure roll, a

sl eeve mounted on a goatling.to r.di : roduction I be nmade
of netal, (e.g., ni c@eﬁ%ﬂg?rg’rr‘éfsa‘{ré%ﬁ &{/‘%,tﬁ%?l;m&?eggf@gqr%fhegpcﬁftreggou{:aﬁ%%" tool is
fabricated by cenergnptetendbly dlesiust diglesor visible! light, ngcutd oppalymdrizé Hedimphy
knurling, engravin hobbi n el ectrof oy m.n or di gnond .turnj.ng. .For
exampl 6. a copplPotis! TR R SHAn AHPHEF e PR A SAEHeRL ¢ ool
may be el ect r ophkisbidulGiviolef ant hasitdeo fighe r whictD may Bind@agrapérange of therbiecct i on

t ool ted | S. Patept Nos. 5,.152,91 Pi ] t.al.): 5,489, 235
(Cagl i ar S ot apresurkdt 4B aceits Ry sopile yiefery sbeskiys GRG0 2B e o o

al .); PCT 20 WOpBispkite/ Sohtdiriigoptizeoinitidtors) in partiavial 42IphdsfhiRd bd@el Sdntriiggopman et
|.). Ath | ast.i.c tool y. h | i,cat f f t gl t t ool . Th
mmster ool i | PRI RO BRFra gi Pemel e BBEEFon ¢ oo
The master tool okige i @f48-rileshylerctoyldiphefylplalsphineu 6Xide SwhitiC ke corpmertialty

al um num copper qr. _bronze. A therpopl astic sheet materjal tignally may
be heated al ong®Vildhle fipm %@?rp?réﬁ?np ei;the ﬁ’ap‘h FSIgnAROTy H&Bﬁ%i aQthere

nmaterial he enbeaaphs o thnhéiGialishifiblet dfibhdsptideCdxiteld ncRide SDAELrt42631 WO
together. The thernoplastic material can also_be extruded or cast onto to

.al ca
the master tool ahdPafosurta§saeammereiathy availgile iypMegsk ¢ naterial is cooled to a

nonfl owabl e state anthtiohie hitheRama Bused Ritilte poBMmb@atibPRhen the Bb@FWCEe @
production tool, 30 Suitable thernoplastic production tools are reported in

U S. Patent Nobassd uppn ag epoxy<syinglesther cExamplep of eatignip initiatess inchyde saihplast i ¢
material s usef ubpihf ch@nd) sudhlas ardi¥iiBhium kD8 WeiBdslorBinbineaflid/stik3hdh as

25 ion arene systems. Other examples are reported in U.S. Patent Nos. 4,751,138
(Tumey et al.); 5,256,170 (Harmer et al.); 4,985,340 (Palazotto); and 4,950,696.

Dual-cure and hybrid-cure photoinitiator systems may also be used. In

dual-cure photoiniator systems, curing or polymerization occurs in two separate
stages, via either the same or different reaction mechanisms. In hybrid-cure
30 photoinitiator systems, two curing mechanisms occur at the same time upon

exposure to ultraviolet/visible or electron-beam radiation.
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t he production tool include polyesters, polypropylene, olyethylegeg
pol yam des, pol yuret hanes, pol ycarbonates, or conbi nations thereo | §“
-preferred that the thernoplastic production tool contain additives such as
anti - oxi dant ¥OMEP8Y UV stabilizers. These additives may BRVERE*Bft usef ul
life of the production tool. The s production tool may also contain a

rel ease coating to permt easier release of the fixed abrasive article frgm
t he production l)ool. | es of such rel ease coatings include silicones
and fIuorochenT%éF@ﬁigﬁgggLare nmany net hods for making abrasi ve conposites
having irregul arly Thagessivelkbaposite conprisesd pleality \dhhresiveqianigles fikeigiatiar | y
shaped, these a ﬁ@?aSIVG 1ﬁ g osites n§¥ nonghheless be et,out in a

predet er m ned grsgdnin # Rindetaput ey neledg P 't't"Fr“es"(?Br‘Fﬁ fasiug ppiticle

predet ermisned. shffaceModiRhtAhgertd) Passlvefinpyagerts, COAIRE ahhk All@Y | dxpMingf a
production tool to generate the abrasive conposites. The roductlon t ool
may be the san@gﬁmﬁa(ﬂ’e‘tsc atistatie | asefs, (Faassive |UUENtEH BVLRLqTH %‘!ﬁ@“é‘&% @81, pr eci sel y
shaped conpOSi ligRicadfl) WV aghfhe sSrpatahik, fn%mér@émy&dUVstlsz@ Mﬂﬂﬁ%' on 15
tool before the binder precursor is cured or solidified sufficiently for it
to substanti al |agenterchaimtrnsSr ageatseacapiespiorsesntalals, orrashivatere Bhormrunisei t ool .
Subsequent to tthés@ad&th@sﬁb?éi&'fed%? Wide tHe pio?)eﬁx%&gxr&ir solidified. Since the
bi nder precursor is _not cured e inthe cavities of the productlon t ool ,
this resuldts in theTh¢ thresiveicpmppsitey man dptipnallydncluda g plasticiaeh r Bsgepesalcaposi t e
shape. 20 Meth reported
in U S Pat en'(t)‘1 qﬁltlol&%fmé;@%&lg%% i agegn’%ﬁﬂée%gg lﬁt? of‘ﬁ{g‘ﬁgrag(lz%&djﬁ()p% Sl?ﬁ?&l pati et
al.). In a varisaftéengthe oferallrhuglenmwdnort hia seine) m}n@arthmlas@@a@reﬂll ofttas t he
backi ng. The bac t t t. i on tool
stch that the cgioR s ind SEdls BSBEEY B bR EBR Eplsreloh bob R R T, O
remai ni ng st epdirtder takinimize pBEsefsnepmahoa,brEusmpbs af tshicdble pia%cnztre ihide as
det ai | ed gbove._Af t sive e 1S be fl exed
and/ or huﬁl di flpo etthelle%er E'lycoi )%? orlde,I dnlga tyl O;E(\}};'halate aﬂﬁ’fjge ]?ngl%.?ate
irregularly sha;o@dmgloaqatam, tprelyvmylhﬂcdlbl,quelyulmsarbsbs csmacbredontsntadlpatheandur face of
a rotogravure r t he rotoqravure
roll and the slsal?arc%/tevéie tpﬁfé‘;’l B‘I’(?’ﬂe%e%éverso?g'ﬂy \?I'\fedlpoﬁnlypf)ﬁlosﬁh 0 inparts
a pattern or tentreuybphasp}met bastes | oily oycomﬁemﬁqnstthmecs‘l WPhthglateadekivatiyescoabi nat i on
is renoved fron1t gtqgrayq E Loll and the resulting construction is
exposed to -32 °“e-yp§ preferred plasficizersyy 991 15311 PCT/ US98/ 01364 condi ti ons to
sol i dify fhe bi nder Iipadkiititng dfates uadiot bRjanianoclean asdyviee iwomposmiet einfosthé or med. A
variation of this .process. |s o coat %he sl urry ont.o the backi and bring
Ve backi ng. i nreOhESRRoR ¢ AhE REORLTIR ROy GRANE S41EET o5 SHFRI 0 o r of |
may i npart desiackievenhd aearrascowcgmmsn@ dﬂ@bﬁa@(}i?ﬁbrs&firﬂ)abrasive’ pedﬁms Thattices,
spheres, pyranlds truncat ed P¥ran1 ds, con ubes, Ek ocks, ods The
rot ogravur e r ol Sn9Taky the) aier; aadio organig solvent %‘ﬂ‘& e ccAmpatibipa pih jthe énd ar ea

bet ween adj acerﬁreoahblasmeamarmmt Sdbent thiyf e ﬂeﬂﬂﬁkd%ﬂﬂvnﬁgaﬁblﬁ@diﬁﬁtloﬁ%fa m xture
of abrasive particles and _binder. Alternatively, the rotogravure roll can

i mpart a Pat t erthe HEFEORIP it ey erpain With thejabragive comppsitse Syitable watsrselble abr asi ve
conposite 10 shaggs wafer Eedsiive Udditit8 iidhide PoRVinyiCalbdtol, foRRinkIMRRtate, @dr Pat tern
such that there is a mxture of abrasive conposite shapes. Anot her net hod
is to spray or cebesiabaeedgriticless through a screen to generate a pattern and

the abrasive CO”DOSE&é’rﬁplesw@ﬂﬂylErh@a%l_ﬁhﬁ@ﬁfatéarcﬁﬁéﬁss&rmdﬁm&'d ehfbeburkiQh i di fi ed
to formthe abrasive conposites e screen can inpart any desired 15

pattern such adU.& B@%&d‘%aﬁ 23473 (Kirkjeti gk, In somg instances these @ﬁlyle@%“&m ds,
truncat ed;,pyr arjyehayra t&c? %ﬂ&entsc P %§eﬁllbtke9&.l§§ ’t I’ter[dogsbe a@aﬁﬁl ;, al so
inpart a pattern suc erels a area bet jace abra5|ve
conposites. This |land area can conprise a nlxture of abrasive particles and
bi nder. Alternatively, the screen may inpart a pattern such that the
backi ng i s exposed between adjacent abrasive 20 conposites. Simlarly, the
screen may inpart a pattern such that fhere is a m xture of abrasive
conposite shapes. This process is reported in U S. Patent No. 3,605, 349
(Ant hony. Anot her nethod to nmake a three-dinensional, textured, fixed
abrasive article uses enbossed backings. Briefly, an enbossed backing is
coated with a 25 slurry. The slurry follows the contours of the enbossed
backing to provide a - textured coating. The slurry nmay be applied over the
enbossed backi ng by any suitable technique such as roll coating, spraying,
die coating, or knife coating. After the slurry is applied over the
enbossed backing, the resulting construction is




exposed to an appropriate energy source to initiate the curing or{ g ['R 7012
pol ynmeri zation 30 process to formthe abrasive conposite. An exanpl e of
abrasi ve conposites on an enbossed backing is reported in_ U S. Patent No.
5,015,266 (YAfEWEY et al.). -33 1 9 E <<',~ ~~~~ WD 997qR%>p§01364

PCTNS98/ 01364 Anot her met hod of making a fixed abrasive article using an
enbossed _ baclkiddgions reagivet dithehts hieSdis@lede@nin NDS. Patehd, 62 S(BRiAsoOrt). A
slurry is coateig Lnto She recesses of an enbossed backing. The slurry
contai ns abrasi'V¥ ?fe?H‘li cl es, binder precursor and an expandi ng agent. The
resulting construction is exposed to 5 conditions such that the expanding

agent causes the sjurry to expand above the front surface of the backing.
Next the bi nder%%ﬁé@%ﬁ%i ed to form abrasive conposites. A
variationsof this emhgsses fagkiiffigertelornd oo SBfeeAinALibil, ateRfhrddaGikedg havi ng
an abrasive coating bonded to the front surface of the backing. This 1lo
perforated backebrgvarrtisles, Examples gf represegtative forasare schematigbpllaet@tedi® of hol es
or cavities thaigextigagat hrough the width of the backing. The slurry is
coated (e.g., knife_coated) over the backing. These cavities wl|

i nherently create aPrefexned fised abiisiyg attisles gentaimgbrasive Gompesiteastiugtarepghiahod of

maki ng the fix AR L : t nrégg L j e article
can be prepar egﬂe\/\ﬁéar Eﬁé@'rs‘ﬁ%efﬁﬁ%l&l? 4“3”‘83@?%;%{“ a%@f/%hh*t;eﬁgd stl g%“n%-gpasti c
bi nder, dBr asi Abrasive icpwbesite stmebturesymazpbd tsfeaed sei simplyvassabgasive sompesitesded

t oget her accor g : ant i I ' | - M , ok €€di Ng
the mxture i nﬁ){agﬁkgﬁér)%g?% hﬁ’ﬁ %r%]cgsglp;'& g&%%&&?ﬁ%&a@x@a{g&%ﬁ a|5§3| l ets or

| ong stands. Theost psefedredbifbes fixed ahrasive| astidles 50 He Figuer Belhsaoregilati thepet 0 any of
a variety 20 of ,conventi [ : i asi ve
article my be By %r rredA% t%%?&%@ts ?%%ﬁ%ég'ofn%;lggéﬁgﬁéh%ﬁ %Fﬁ%ﬁ{rﬁgpbﬁ% ure using
a nol d havi ng emsgnflowihg yant hdistortimgr ae initielly cformedf shape presi roedupwt oern of the

[i xed.abrasi ve iddceh FUAE 3ifer TSR XL Gt MupOis a4 the o nt

at which'it forns I'ch™i S e nol d and
](c:lool ed. g\l Eﬁr natrzigtaj gxonic_tean', Sncml-r?potlbmﬂ)bi tiiée:acttoohg?pet:r_fehe ;ihinnd?nr shafq;] I it "
ows an en.,add abrasive particles and any additives to formthe nolten
slurry and therll’o‘é AV8rt the nolten sl urry into abrasive conposites using
conventi onal net hodThe tipeasmitabrasiSe pdrticléspiayprovitesacplurblitgl of shapdidabmsiveor art f or
abrasive slurry bass&g pl na%i zation of ségagecondgct or VX\@ ers oy gener ally
be adapted for GRROSHFS h PRSI FONRIHE S(ARe MYy havg & varicty of geometrigys,
99'(1'11‘5311t2'E)CT / USIBﬁHgOﬂaﬁGﬂh. al'yfpicﬁllytetﬁe Bis; tolh &eisha{)?ﬁﬁ b?mad\/l»\h' t:h t?e: h{lcllmg has a |
nodi fications. .| n many cases e ence of . rel ati.vel y opaque slurry
in methods of t#gersp Eﬁrteaﬁ‘ﬁ(’/g’ﬁpisffﬁefa/i"l?ﬁ’e§f“ﬁ%qslt‘?'};}ﬁterf‘gapﬁé’gﬁﬁfcx@ﬁgsﬁe devi ces
and net hods. Alnsg, beaseieet At amdng ianfunitei oo Igegetsile wolive Ssuatnds netdbixds nmay
al so be readily adapted. for use vvlbff th&se fi'%(Pid abrgdsive articles of the 5
present i nvent igpdriea. prismatie, Bt oplislepine, Pyramidel truneated pyrEmigglafoRcas f or

modi fyi ng waf emsmidpifitdl, thicdtddoRicAICRES, RPOQLRE Bidsd ciidhe with i Qital .  Numrer ous
variations of this machine_ and/ gr n mer,aus ot her machi nes nﬁ%/ be usef ul
wi th thi €5i nverftompasteTaramds, pay fvea§%91 #su §veides ArnsiX otifesy atieatPBns and

other types of sapigadl 3hdpe oRiIR d6RRNE chiipdsite attdhb bhRr maS@FdOfr N tthe &8sl Shi ng
pads and | oose abrasive slurnes. An exanple of a suitable comercially

avai | abl e apparseatigaaljshapg atithe distahende Bheairansition betweps tipcshapesTaybef

Phoeni x, AZ. AlshesMahd “ontidius TG Resir 3 Gis@Ueislepd! ehd LiMive [RMpEACH or
SPEEDFAM Apparatus 30 conprises head unit 31 connected to _a notor (not
shown). 15 Chudhey3gsocheve aasixtureopd differant shpnes.3 The ahrasivg spmppasitesf maibh a chuck
is a gi | ch L ] polg I ates different
forces gﬁg pi ngrgngggﬁfrﬁggg%tngdg, h?llﬁxkgﬂﬁglg?%ﬁ@’egarﬁy?%rgldgr i e&si' t he desired
surface finish and fl atness on the wafer. However, the chuck nmay or nmay not
all ow the wafer to pivot during planarization. 20 At the end of chuck 31 is
waf er hol der 33. Wafer holder 33 secures wafer 34 to head unit 3l and al so
prevents the wafer from becom ng di sl odged during processing. The wafer

hol der is designed to accommpdate the wafer and may be, for exanple,
circular, oval, rectangul ar, square, octagonal, hexagonal, or pentagonal.




“ ~n
2s In some instances, the wafer holder includes two parts, an opti én%l R
retaining ring and a wafer support pad. The retaining ring may be a
general ly circul ar device that fits around the periphery of the
seni conduct oVABABI  The wafer support pad may be fabri cat&U¥FBitone or
nore el ements, e.g., polyurethane foam Wafer hol der 33 extends al ongside
of sem conductor wafT&¢ side feriming tﬁgaaasmambmbmteﬁﬁayﬁfa;fbgpeamealhmmﬁmmh i's
optional) may b V\nthhlde 3 In

raie |l ece, 0 n
some instances, E‘?A%’Fé‘Pg H@F%ﬁa?‘ﬁ%mvﬁ‘? ac °"e‘>?P°éFf£in'é 'HWHSh“‘@S”‘ h1t°‘§a’ ~
1~~~ WO 99/ 153]&ﬂe d6edl/ b0 B A s dh@[@ﬂfa?'%iﬁ§ﬂ6rh abdiRl tMVag Qégréia] siererabip does not

touch or contact fixed abrasive artic In other i1nstances, wafer

hol der 33 does Tt ehout &8 fheeetess groramrelerpbly fomnaboph ta\aF dseress PR oes t ouch

or contacts the gEa8) ¥YQweABOR 'sttsles Hégréw' the BABE ah)& ApRIerB®b&tise rray
i nfluence the characteristics of the abrasive conposite. For exanple, s

waf er hol der 33hiprgsultscis adpare Beiform geoss pectienaharpamalpngstha beight) of thigbrasivove t he
out er most  por ti gy Qditet h@. awmfv@e&nﬁsué Bith BI&&QS&@‘;@&%V@ lzﬁ‘éér'a@ lma cﬁlg ji ng

processing. The wafer der or retaining rin e made out any
material that wnéd thaaautbe\chheway plscelep user, although & mqamremwwnmqraﬂ@whe desi red

degree of modi {1 cat i kit el hhuive SAIRKES GredBilb U SuREYRLRAL S | not ude

pol ymeric material s. ota es wll
depend oriot he pmsmhltz:m bave &ppmsmsuzf vapyingdweigbisrig acghti fixehshrasiexagtitleabr asi ve

ticle, dt i h
wafer nol der 33 eSPRE Y EoutibicliFhiag B st b by oSOl rs TV V"
bet ween about Snd mowtnacttcul‘éﬂj:)mnlprrp.ngeroé&twnmﬂtyZb@tmm@meterh)out 10 to about 300
r pm and or e pr ef er %Fl V\ispg} tY}gebr}aS?\ll%%%R?Sgest rﬁwaaﬁ&gc%nelagot%er or. B{nmalnfreg;[ he V\’af er

hol der rotates too $ #0% guic esired renov rate may
not be achi evedhe bhéscof dd;abdxeabr&%veamdipomtebamybdﬁepm;edrfodmbee Anotler <byrcu| ar

fashi on, p| ral fashl Jinear tion, on-.unj f or m. tical
fashi on’ 43 a {i%g0f bt dBFRL TR o eniofiies Jbm AR b Bwaekl ger or
base may oscil |aﬂjaeanIabrdsNZH’ aingosife® inMolred hX @tbrelifan IBYVie ofittel wekrtixall heightise wi t h
the currently to Ocmd ter rs V\A|| |caIIy have a
i st er bet vedPEISTE! 45 partashee sspoBlee navE srei Tt sathmansh SEPSBH ) 1750
cm nore pref ercahtot bb@&e%&ﬂa&hﬁigteoﬁﬁoﬁt@si&ﬁlﬂthéfﬁngé’bﬂ fd Moﬁhé&&txm article
may rotate betwee out 5 tg 10,000.rp typi.cal n about 10 to
1000 rpm and pr*‘@‘ﬁgﬁ'gfb?wt‘ GRAAGHES, CompRRsite g-]“lséiy%B %ﬁhﬂm"& S0i OV} 8f er r ed

t hat bot hpot he wﬁﬁgfenﬁﬂdwﬁekbeacﬁacmdoaﬁésﬁes shered donficd dbedsire eomﬁbstth fngame

direction. Howev t he wafer e fixed aprasive_article _my . al so
rotate in oppoéﬁrgﬁa% l“éé‘t"i‘c&HEWi'Fﬂé°'lt9rﬁseﬁ“ a’eteﬂ Setpset afln%ﬂama@f °§t&fface 34

and waf er hol debmgeskithy. emfeﬁbﬂyyths Ay Lsﬁludaﬁe h& 2keigh€ bf/nd prdhtehen 83 fopr m t 0
ensure that the desired glggree of 30 .planarization |s chi eved. Reservoir

37 hol ds wor ki il Yertifal Reisss dimension, ofisach adipcent camppsite,; Theehrasiye cRRPRKE i s punped
through tubi ng 134 i Eﬁrﬁhe& ABmi thé SdnfeAdhBryD@edRS forah& ibrash@ composites. The

25 composites are “adjacent” in the sense that no intervening composite is located on a

direct imaginary line drawn between the centers of the composites. It is preferred
that at least portions of the abrasive composites be separated from one another so
as to provide recessed areas between raised portions of the composites.
The linear spacing of the abrasive composites may range from about I
30 abrasive composite per linear cm to about 100 abrasive composite per linear cm,

The linear spacing may be varied such that the concentration of composites is

=22-



19 ~ ;a~ ~ ~~~~ WD 991 15311 PCT/ US98/ 01364 surface and fixed abradi¥di'R 2212
article 41 which is attached to base 42. It is preferred that during

pl anari zation there be a consistent flow of the working Ilguid to the
interface betV@®¥A5he fixed abrasive article and the waf eFCYUFPAPE The
liquid flowrate will depend in part upon the desired planarization

criteria (renovg@katéraih@ne Sotafi@Cthan indarothidt. S Boragxdmpleatharcohogptrationenagadet i cul ar _
waf er construction and, t he exggse t al che[n ry. The liquid flow rate
typical ly rangeeaeshin thpester oot TRYVeIaTtcte: 8 PIFRTREPRLY %F‘é‘?’%"r‘ﬁ‘fil y

bet ween about 2ZfandedfrdmQbsiitl1lth 10,060 sohipbsités/em® During the nodifying process of

i nvention, the fixed abrasjve article is typical]ly secured to subpad 43
which acts as a supﬁbrstal%a agblg tq h@’eﬁ’%‘éd)fé backipg expPsshtiiol Wherg Hiepart, t he

subpad provi des;ppRive chdtig dbés)r’)ott Qvé th@m&er@rfﬁde&?éd oRedatR. arthd tgpeoft O
effectively cut the exposed wafer surface and conformability such that the

fixed abrasive #@repgemest isfyrther deparipediin). & HateaiNe. 916468 Rapipateet alf er surf ace.

This conformabilityqhs iRRE! Aalpokis 2L HE¥EraBly 9881 §uf dors W baGhg! iiaSh across
the entire exposed warer surf aceO’Tsus ﬁ oﬁce of 0the partgl cul ar subpad

(i.e., the physhredgtermihedpaiiear pf get onf on hé’a@mspﬁd)prsmmaleém@cslpo?m to the
fi Xed abrasi ve &51%1%‘19' fn Hcﬁxédhéo}asfvﬂem Jlexﬁxgde @f Br%wﬂﬁlga{ Elhlfrr% Befel pes the

desired wafer sur aracterl stics rgm)v rate, surface finish and
pl anari t y)o. Thebanbem@dwsmdqcaoratophl@hmg laevities sheekira heapredetermingd patiermtaf t he

sub pad_ pr ef er abt%lﬁ &nﬁ!ogi es‘inri‘lﬂc:ﬁr}zeg%Qd ?cptrhﬁﬁr‘jgyern &rtflé &L'ﬁesf (!nffj'the g:%gu&i'og 'tc%l during

pl anari zati on erre attac neans 1S a pressure sensitive
adhesi ve (e. g., Therpattére isftbysreprbduibiei from aticle topeticle. Pr essure sensitive

adhesi ves surtable this incl 3 1.h b repe,
rosin, acrylic poly frlr'gf’ & %{Plb (r%geng?é&,e ée%f%'.q'g'.le,d P%%?%ﬁ’?e“g%gp‘a f@'{’peo )élée%d ot her
pol yacryl ate esdrelhs)n anraynynl armngmat (bg.vehich isahegnti thytl the-chmpositescira ém ), al kyd
adhesi ves,_ rubber adhe5|v nat ur,al rubber nt he Ne rub

chiorinat Bd 25 PRI ﬁb snﬁlggﬁir rows 40d  CRIypns, 191 ‘5?%%%?%5 sENEi at"l ve
adhesi ve is pr ea‘oam:bl )If Hesifhd)ainedo\orof@maixﬁdcwrpbﬁteh hexy lha clireatlydatigndd inhe fi xed
abrasive articl S venti 0 t echni t her type.qf pressure
sensitive adhesl‘??‘?}1 t(%gstef’% Py ‘rfd*ﬁf"ﬁ‘é? c?rf‘?(ﬁg"tsr T t‘graﬁlx ppe @X‘pffagué?‘? V*No.

5, 141, 790. The dompesteainnylsd affsetdrdni the eecomiroa of abristvesemposites.t 0 t he subpad
using a hook 30 and.l oop,t ttachment system The |oqp fabrjc may be on
the back side of thdd AROLE HRhodimegh ‘E?Etaﬁ’réf‘ & ShEPOSHE WALRE h O %g' &ub pad.
Al ternatiely, ‘riidomvalcsy bByatlem. - By this nmyreant‘iliat the dMpRLted arklhot in a

PCT/ US98/ 01364 on .t he bagk si d of the({i brasrve arti CL and the | oops
on the subpad. TERH¥ amaxQ qua&ﬂ Ofpans s dese °§"ys}f‘§r?§a’8?1% eHEIed in U S.

Pat ent Nos. 4, 6@hpbdiks nﬁyz&‘lsel%t i, a5ﬁh5xm3142s dedeflbddGh W@ POTL92/821975
berati ng Condi t| Q% Vari abl es which affect, the wafer %gesm&g} cl ude the

"sel ection of tHEO4HE Sffriatde 100N (Heapmap &8 &by andp WA BET 9[5 P rface and

fixed abrasive &tigulstci4e:l9§5)’(ﬂ%ol§}ﬁan| ét qrc? dt RRAHTbod, Bbwével @hat RGeS amiosh”r €l at i ve
noti on between the wafer surface and the fixed abrasive article, and the

f1 ow rateof t HSTaY iSchPradetesmingd pattereia shat the Jocationtdhe camposites ap thepB¥edent . and
are sel ected baa‘b?ﬁwb'lﬁﬂiﬁletlbﬁ’re&ém*rﬂﬂeﬁiuﬁ’d cotrbpdndsStdr théfoRatlRi dfShedatiiesined. I n

general, since there can nunmer ous process steps for a single
seni conduct or vraferroduqﬂnetoyéwé&md@tthﬁﬁreébbqa@mmkc| ndustry expects that
the CMP process will provide a relatively high renoval rate of nmaterial.

The material 15 renoval rate should be at |east 100 Angstrons per m nute,
preferably at |Bagking500 Angstroms per minute, nore preferably at |east 1000
Angst roms,per i nut éﬂgﬂ per

m nut e. In sone |ns?gn?g‘gd@%‘vﬁg{;ﬁ%@aﬂlgxls(:l}{lrig%}’ié:ﬁ‘?‘g?ha%ﬁgperfe va+£ﬁ1te to be
as high as at |ie&dckn&S0U thirigskimgissotsefficimtlyumiforman thickuess, 230&@eror 4000
Angstrons per mnute. The renoval rate of the fixed 20 abrasive article may
vary dependi ng upon the machine conditions and the type of wafer surface
bei ng processed. However, although it ixs- generally desirable to have a high
renoval rate, the renoval rate nust be selected such that it does not
conprom se the desired surface finish and/or topography of the wafer
surface. 2s The surface finish of the wafer may be eval uated by known

nmet hods. One preferred nmethod is to nmeasure the Rt val ue of the wafer
surface which provides a neasure of "roughness"” and may indi cate scratches
-or other surface defects. See, )



for exanple, Chapter 2, RST PLUS Technical Reference Manual, Wko Chr MR 7002
Tucson, AZ. The wafer surface is preferably nodified to yield an Rt val ue

of no 30 greater than about 3000 Angstrons, nore preferabI%/ reater than
about 1000 AMGSPHBHE, and even nore preferably no great er P¢HEN¥2BHUt 500

Angstroms. -38 19 E~~,~ ~~~~ WD 99/ 15311 PCT/ US98/ 01364 Rt is
typically neas Waﬁﬂ)nll—ﬂﬁinﬁge @ﬁeﬂdﬁ;f&hﬁ@mmw may%sbamwg kgl afdl US _
Interferoneter, purc

ased fromW ., .0r a COR profiloneter.
- Scratch and defsék‘?cbleffp'éféls:PHIFPP%%IU%I%"W‘ gwb}e haelgvssaml backmpethptarer f ace

pressure betwe f gm}g@ .e., the
contact pressure rEH@dtgg&g’lég?@?fgz@e@ﬂ%h&gﬁrgu (Elude lgﬁg&ﬁy | ess t han
about 25 psi, rmsimed pplﬁmm@@mwwsf@l tlatinpappio welcanBed ber nonwReess dnden

di scover ed thattretaﬂﬁ’véljsxéx%qhémé@ﬁd é’o%b?ra&énﬁ 'uFere!d? €8hné d?ef%x? é&% dfpqer ding to
the invention provides a enova te at an ‘exenp |e erface
pressure. Al so,apolymede ﬁlmarli;tapplot@'§s¢hrf§¢nsmduﬁetnob'ns§emﬁlmh|pnlyestqnlaamm-| zation
process may be I X§ pt may

onpr i se a hi gSpey ek niciAlTRicE pofele: i, ARiBUORARCDIAGHED. 0V

Rot ati on and trp@h'sinyitaioohzllﬂlmspmﬂmopylene file, peiyethylens fihm and the liké. XB@ abr asi ve

article also . be v |ed dur i e |zat|on rq r surface
processing i 3”3?{‘8‘%“8?%3 h)7 P8‘<¥ma t?%é) a"lt’.i“ gtpqg"er e%"éﬁ ) i g?/\gaﬁlto\r?ggoﬁi qui d,

whi ch i s 1sel ectxﬁdohaﬁeﬂpmmablybbt@eaosmwom n@mnmierihﬂmmé erefesablyf ace. 15 In
sone applicati | i qU| d typically conprises water, this water
may be tap vvat F‘“’aﬁ‘g‘ﬁ%é %}? 'or dei oni zed water. The working |iquid

may al so contain che‘h&rea{oalddﬁslbggm a‘dnesiasndetivyexahe potiph@icdilih backinglahd hi ng
per f or mance. h _chem cal s. can _include a base X | S _or reducing
DGent s A pr ef AR WERSTAFRTRGS 1 At icpa e e CLMNEGH A% PRSP B e
surfacesdl s an p@ﬂ'ldl egﬁmphﬁzse?mlora Eﬂdplﬁ&edani&oﬁ&sﬁfacﬁermﬁaﬂ’ surfaces to be
processed may include interlayer dielectr ial.s suc S

pol ycrystil | i néapglfcp'glqud),{ac{aqqgc,:aﬁgpe B’S%’F‘He% mg o 3igERtions 18 ‘3‘1"‘%5 Exanpl es

_of interlayer Gofingtbdtént BV Sehtmlest, ampaéam tFEﬁﬂlheBt @amélfredt@edeMr | ncl ude
silicon dioxide and silicon dioxide which is dop ed with boron andl or

phosphor ous. ArfCUtRg tojingrease the setacs arean Fxpmplesal chﬁ“é?aéﬂ’ﬂ’? pEmersfnelde s a

si l'i con di oxi detiyth@adMlicakid zépoi,)niépag diR1086d5n DEE Patest NN 8188 d65] Wblioitl
deposi tion. Exanpl es of metals which are commnlx nodi fi ed Using CVP
18%r

i ncl ude tungst é*l'fpera‘Pﬂlﬁﬁ Akt ‘“éb%d’éfent Nerdh 90002 h paudinertypa matspials 8t hese

metals. Hhe WorddcRgedlin O, Hatehiio, 579562 eadlafior AR d e s Wught ih he fi xed
abrasive article through a chem cal nmechani cal polishing process. During

the chemical 3&-pdiatanbNonf.5pbPasdAg33.2He working |iquid nay react with the
outer or exposed Waﬁ%mme%%fmore rigfli backings intlddd Netapldds, E’H&n@%&&’s%@m surface.

Then during the mechanical portion of processing, the fixed abrasive

article may rertgike; Anatherexampleef ampw&cb@ckx%éd%@medﬁw Si Baterd Nemy al so
contain additi \56451797§§£sté\§ S5 [ 2d RBESe mw&'cﬂ&ls@%%zyé nford §aLkifgs I USt

i nhibitors, |ubficant soaps, and the I'i ke. These additives are 5 chosen

to provi dé the l@@satwbtgg%@wrs well ag @h&ﬂ@lng:ﬂamgnmgfed Inea pohynerir yiategjal as

sem conduct or may be included in
the working Ii %F@E?Z’?ﬁ?ﬁg&llﬁéog@g éé%él?‘llél%&;%?g@tl on between the fixed
abrasive article andlsblsmtableme(b@cldlasmﬂlefmhefarsanmbsseépdunermgilrpl(aglac| zat i on.

At | east one fI I|qU|d

whi ch becones &5 ggggafg%’?&ﬁﬁng%%ﬁéwg% o\pql“gdr%’t ll’osl; EOPH{}P?H%@W irf ace

nodi ficati on prfimeaembdked cthabdic toking (etg]epaﬁelr uosthaermenwaveh cellymstc to a wor ki ng
l'i quid cay ld all ti nual f uQroch C

abr st ve Horpodratel e Gt B et Hioderiiied 2 43 SERETee Fesbihn <

parti cul at es nayfainihe Hhekmg?CThddﬁ'ndosist’tl faftern\sax bel ang textuiie) i lbr edngtecthts | nor gani c
particulates may aid in the renoval rate. Exanples of such inorganic
particul ates include: silica, zirconia, calciumcarbonate, chroma, ceria,
ceriumsalts (e.g., ceriumnitrate), gajnet, silicates and titanium

di oxi de. The average particle size of these inorganic particul ates should
be | ess than about 1,000 Angstrons, preferably |ess than about 500
Angstrons and nore preferably | ess than about




19 1R 201

20 2s0 Angstrons. The addition of fluorochem cal agent to the working
I'itquid could allow for continual renewal of the fluorochem cal at the
abrasive co osr te durr ng the surface nodification process. Although
particul ates Y added to the working Iiquid, the prefBrVERIEM3MKi ng
“liquidis substantr ally free of inorganic parti cuI ates, e.g., |oose
abrasi ve zs pargaiterh esn bafin the f@meranhexagshalQiray, eidgsy| Fahxcéshq)hfeﬂe&epslraﬁ:hrsasi ve

article. Preferably,, the, rkin liquid contains. |ess than 1% by wei ght, -
preferably | es§""f‘%‘?ﬁi %%gs Fﬁﬁiﬁé‘"ﬁa‘ér"g? ably is essentially free
of inorganic parti cnl;ﬁésa&eselitreveaaraﬁembcetbetrtrﬂnatartkltmchmm@sidSOprrhef erably
sufficient to aid.in the renoval of netal, netal oxide, inorganic netal

oxi des, or sil |bé‘3ﬁ‘f‘3(ﬂfé*iﬁpdﬁ‘°t9éb‘8§¥ft oTh gressugmsepsitive adhesine gan begoftethy i nst ances,

there is Suffi Girgaly ohicthé ShrhE B KIRS | AdteiRfively fhe bréasﬁmseasweor t he
cheni cal etchant. wever, in sone instances it is - j ~~~'" R ~~~~

WO 991 15311 Pcrﬂ'tmepmbgeztramfeﬂmer%IStlemnaatﬂetOélweﬁeperd atsnbackmgeérent at the
pl anari zation 'arr&tﬁér aqebt drtheArhdidn ﬂf&a& substri® chd BehmibKicife Mcﬁmg d. This
second liquid nay be the sane as liquid fromthe first liquid, or it
may be different. The ability of a nunber of fixed abrasive articles to
renmove netal fr 2ol surface may be test procedures reported in
08/ 846, 726 (Kai@sa?}ZE)sr e_. o%&s The follow ng non-limting exanples wl|
further 0] ustrate Ahfixed nbremei agticle Af the presept mventiop anay datacgpewonantiof ds, et c.
in the exanpl eg . 4N I, ovvrng
abbrevi ations I gt{go X'e }ééloy Q‘rg 3%3@35{}&’ P ?)rgm enc% ﬁ‘%ﬁ% s ﬁ?&raﬁe}‘ﬂ i

WO 99/ 153x 1 TAdgluEe 1\’@@3/21661%13 00 3GHudes at least one ngxd element 12 and at least one

Dest anat | onat gLy ahTHETAT Y TERY Lk ALARADS, blh AEEU ALBEIBTCHE A
available fro toner er the 9 adevaés) gnati o artorrer3
51" HDDAHexane@leoientdlZirsnmlemb&dcbetwmm d\eadetﬂ;enavlamémbhemﬂ rthn"rﬂmrabmme Ext o PA

under the trade desij n rt 23 SANT] C 8Al I nzyI

pht hal at €°pl ast ccriaeilgr wg‘% i rsc‘f?aﬁef 3&;@3 ar aesermr’wﬁ?éﬁ r?g our s,

:VD LUdCI El!(\l 889?.Mﬂstde @nﬂtmcﬁmﬁhﬂth}&@m@!n:rdtgrin&?migiq)gesqghil:hmdctke ﬂhahent

i qui dphot oi ni or. comercjally avai rom . .

Char ot t e, e GRS 4 e PRl contipiE pad and ppfi ey R fved sromes ¥k o i e
of about 0.5 m d6psuek fhm; thethmfmieﬂtls laye sabspdnkiallyl coextensive. thhm@bubteshmyﬁ(l?— TTSAN

i sopropyl triisostea a e coupl.in entcoi‘me vai L.abl e from
Kenrich PetrocH® 8 ]tséga}l?r{ﬁséheﬂg ki.“f% %}F\Ityp’cal ya labhedto { platen ot

LR88932, 4p6- Tr ramatdhmht:teﬂméonqua&ewr‘er Pbdifi@kibn) cand xduefecek | IquUofdBdixed ni ti at or
comrercrally avai l.abl e from BASF, Charlotte, NC. CALA cal ci um car bonat e

filler having AfesveAtdecossessit sém!ff’ CtOFWHBut 4.6 mi croneters,

commer ci al |y avai | alak ehéw:pmsmgﬁead ttlyis Wnb@dimérs of NRIVENGT dbrasNEWrikRy K6 under t he
t radedesi nati on_ " USP- EX- HEA CALMA cal ci.um car bﬁnat e filler having an

average parti crllellérevebmeaaﬂra@’sea FHrRFSiRpYhihgis b gbrasiye,coaing 44ap| e
fronBpeci al ty Mufriadhfies NpW-déRhtined\BaktertOd'a pRREIRY of PracibelAehaptaibraBiod | ON

" USP- VEDI UM' CAL - M cal ?:f’\lgm car bo?tat eefr Il er havronﬁegn averaggmpartr cle
si ze of afdut 0.cOMPIFteT Y RAMPFENS shsasve Partigles 98 %rwsr%m bipdep dp Sbragive y

Mnerals, New Ygithg 24 WayWeKcdnBiflRus td?edltcbﬁcﬂe&e%n ahd BRckimYUL Th Rbdeafs MM KRYTOX
1514A perfI uor opol yet her” commercially available fromE. | . DuPont WImn on

DE. FLUORAD FX- ESEpdimenss Hiomeras| theofvess cabyasive earticirfienschal | tequingy & jbrekinge
_fronmnM nnesot a d f ri cas
Inc. WIlmn onMUD{I%!&’%EgQ ‘7t w?n{écwr%&n%#{er)pt@glgﬁﬁ con?mh?nck idbs éeosqtdgcrﬁgfr | m
cont ai ni ngan etthptiackieg efdhe/fixed abrasive acticleyaf lpastin ppit.i Adshough thhe: 3 displays

frontsurface. S 7 4

pressur es3§nsi t %\S{eggm()céag“n%ﬁu gnts%garl eg)zegpa?ﬂswgeefe&%& W é%%._lyg%aip ochemi cal

di acryl ate having the structure -42 1 9 ~~o0 VR WD 99/1S311 PCT/ US98/ 01364
CgF SQOZN CZH40COCH=CH2 2FLUORI NERT FC 723M St. Paul, M. SILANEThe chem cal
CaFnSO2N( Et ) CH2CH2CH2Si (Owve) a described in U S. Patent No. 5,527 415SCOTCH
#7963MPA pressure sensitive adhesive cosmercially available fromthe




3 St. Paul MN. _. The follow ng general procedures, General Pr ocedurlegl 'a d‘-l-qz
Cener al Procedure 1, were used to nake the shaped fi xed abrasive arti cI es
-used in Exanpl es through 12. 5 General Procedure | For Making A Fixe
Abrasive Arti"@®"Wst, an abrasive slurry, conprising a B?Tfﬂ%"g lr?rs“ecursor

was prepared by thoroughly m xing the raw materials as listed in the
exanples in a hibgisws heﬁnposiﬂaxmé abrhbige konymditialy afStheepreseiti Ml antivmaremadle using_a
pol ypr opyl ene ctl on .t t hat . conprised a series of cavities with
speci fied di rre §°%1Prr°3ﬁ§'s&aﬁe oMt er mi ned order or array. The
production t ool was 'ms§ﬁxﬁiw@hﬂpysetdﬂmelraﬂeﬁt&&nﬁﬁt i$ focallow Sterbehsivhape,

di nensi ons and arrangenent, of brasrve osi t he production t ool
was unwound fr oY W@F“bsﬁaﬂ'éaléﬁ? 8“&&1&?()“) gb&‘f%ﬁ%@ﬂ’r%ﬁ

t enper at urse andwARIWHile thainthiring! NBif6AVpreds@S of thetwaler PFOEahpIER t 00l using a i's
vacuum sl ot die coater. Next, a PPF backing containing an ethylene acrylic
acid co pol ymerseBicondystor pafer may have anovgrd slrﬁpswghfelthﬂzs BERSHNQRRtioRs o ¢ he
abrasive slurry,aamhem tmererésscrvru@mma PthsiveWestruftidh shdifd ﬁlartﬁﬁiamemﬁbmr ry wetted
the front surface of the b % Afterwards, ultraviolet light radiation
was transnittedtisiedabate Prew sail qonformance ofithe %br?élvaswﬁgwri@nsq thery. Two
different ultr anp was a
Fusi on System u a%‘t@%@?%éwgfmﬁ ﬁs}fﬂaggehh%% &@Bésgéd lb‘-g%fs%%gltrllat%gﬂ at 236.2
Vat t s/ cm 10600 \medificationcef the waﬁ@ ssré”@enaem therresilipmielement wndergoes Iarrp t hat
used a nedi um m (400
Watts/inch). UB{S’%’?’Z&S%%‘S&J&QE? (E)&ﬁ[‘ Eélllnp tﬁérlg?/r?%}ﬁéﬁ figreﬁﬁen%f ééﬁ@ gr ecur sor
was converted iinths thicksessdiirectian is mmepmn@bam@e@mfmycmgéhmmqsed into an
20 abrasive coMRlifincy (2 e LiteRiOMHGHLR haShat G RIRER LR | N°

abr asi ve conposi t e/ bacKi uction
this, the -43 elemegt rsfelated te tie4moduiDs ggmgmdalmm tbmgass)dmﬁoxabmhxsr ve

conposi t efjbacki g ol ol .95 A2 CLrADIARL W bl or Vg LN

upon a core. Thi's proce conti nuous erated at between
about 4.6 to 7. Modmusexfsknatmaltkréﬂﬁxlremm&naleesmmsmﬂasmg él'dynpmpare the fixed
abrasive articl 8 far . .xed abr.asi attached to
pressure sensit] v@regd‘ﬁ’ mqg?tz?pn“es%é'm e t%éhe r?%eé’taﬁ rhere sefora“ “?jr e cut for

t esti ng. Gener ahatéabit &schorasréd usingra sﬁhktengonﬂtedt‘-mghdplﬁqterafﬁe\mtmtl cl e General
Procedure Il was ge raII the sa r.al except 10 that
the wetted PPF back?ﬁg %Wg‘é?t\)/sgos GrP 'f/i%geﬁ’ n“s%&lu“ctﬁe%lﬁ%gqmvvere secured to
a netal carri erabp:hxaé ennsmmmasamntlkﬂy@ugbmtobbﬂobal femnrdsarﬁﬂleamr@rcyof am nat or

comercially a from em | ns The article

s cont § nusuel §¢ VRE- ot hiRTle, RETHBOEIST At Rl ARSI Sout Sa0
Pa (40 psi) andhasameedlﬁeﬁenaxeightsmhwewfb@r\eetn,atbe pogrephytd whicketheas cured by
passi ng the tooa

ras:vg constructlon should not substantially conform. It is desirable to attenuate
conformance of the abrasive construction to the local topography of the wafer so as

25 to achieve the desired level of planarity of the wafer (e.g., avoid dishing). The
bending stiffness (i.e., resistance to deformation by bending) of the rigid element is
an important characteristic for achieving this purpose. The bending stiffness of the
rigid element is directly related to the in-plane modulus of the material and is
affected by its thickness. For example, for a homogeneous material, the bending

30 stiffness is directly proportional to its Young’s Modulus times the thickness of the

material raised to the third power.
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15 with the backing and binder precursor under two iron doped Ianﬂsg R 200
comercially available from Anerican U traviol et Conpany, that operated at
about 157.5 Watts/cm (400 Wattslinch). The radiation passed through the

fil m backi ngWOo¥d53heed was about 10.2 netersdmi nute (35 FeEYPRPRtk e) and
the sanpl e was passed through two tinmes. To prepare the fixed abrasive
article for testingThé hetehalxeﬁitaahrtasmemaafhéls@&;ﬁdvuaﬁ bzcbhh:awemaadmgo -
pressure sensiti vgafgdhem ve ta@ﬁ A CI | ar tée @pﬁ was_die cut for
testing. PatterSfndd Aeshmsthadt POROTOSY "5‘5/ TestsMetagdsoef YsiBpyl ene
material on a nﬁkﬂg),rmskﬁmpueoobtaha\tén@ign Qesﬁ?bf _iil_%dsrlditéﬁa%ecﬁoti@ﬁde& qd of a
coll ection of adjacent truncated 25 e resulti n(glmproductl on tool

cont ai ned cavi tMeegre Hgr YoRes Mﬁd‘thﬁe@g?ﬂaff@r@f’ tp a8 e elagic gyediishin thyhe hei ght

of each trsuncatmewm%gemsmbﬁwsum:mqroeﬁ?; fodulub BE Dave, WePrvabout 178
m cronmeters per_side and t was about 51 m croneters Eer side. The

pyrani ds were fEAH23 (Sﬁ"@f%aﬁﬁéﬁéh@ﬁhoéi/ ofpfension T@ﬁl@ge}f Mesallic Heibreag baci ng of
230 m crons. 3QIst1q7JrQ{eL§ﬁ%§'@le %ﬂﬁ"é ?Mo@ﬁl&cﬁqﬂ'b BBI?&@!d@rgeﬁnlaStlé%rbq Il for

determ ning the renoval rate of ngle artic are described bel ow. -44

19 ~~~ ~ 2~~2 rgigogsd pBYIL), P@M@é@@fﬂ emaﬁrm@dﬁhedmforlf&ns@é’tr@emeﬁi ng The
R | Rate OF : f d
enoval Rate Ofqepygf dne‘rﬁﬁbm-q‘k' %’gfi{iag?]g%}ﬁ%%lﬁré#estt{s%? rP‘fas%\;aﬁ ngr orme

on a prototype chem ca chani ca ing o
di anet er 0ot at icaybphsedeFor amivated lelemes 1113001019(& msltipledayerschf materialsathe ur ed by

Rodel, Inc. of\N,Q, ‘ig%hﬁ"‘@fr&e Rhu Jn?e CLV\!hEr\a nésﬂéﬁdﬁgﬁﬁﬂtb%hetop of

adhesi ve. The fi x rasive pa ed was [ am na
the Q 1400 pol insdasuney yping thqteshfomtﬂeay@astofodtpjumaeuaé Bxefembtyl. tigid avitedsls ve. The

waf ers used Wer(gr t%g gvem @ggrkc% 1t§ E}fﬁt&ria oﬁh t’p E{ gﬁgi\? amgs?r out ¢ he

silicon oxide l[fayer "was mcro gr own by "t her mal
oxidation. to ‘Illothf dilegeit, clhdo‘éomp:gidexMixswéﬂm rigldoatambnt rstcbteamnatbytuhmg Gar ner

head whi c pressed th the f abrasi ve ust abl e

b essur e Drhe aaropele A Ipsl I e e At PGP I8 pBEF PR T o e

of Delrin ther mﬁmh&twmmfﬁhpemmtee(izmsfg:)rl ng was pressed onto the fixed

abrasive pad wth agdjustabl e pr.es ure Pol.i cconpl i shed by

oodi ng Fhe pad wi DHG St EE Ring, phrueruate e 35 8T P 11 5

supplied at a r Fomdg’ sllﬁedms/(ﬁﬁauie&nwlto)miheutoratgber pRkticshodutusy incthe. The

waf ers were polj.shed on one_side at I.a en rotation r rpm and a

carrier head rd%‘%fﬂeﬁﬁi“f“é{i"éc’f)%eg@tef’ﬁm% Rpsfent %F'ealsdg%@gg%og%?‘b the &xed

abrasi ve pad wi(Sfandard mes SMéthodaf fobMdasuragc{hé Dendniit Medhigcal lmg)em%s opr essed

onto the pad w.th ressure Qf 11 During.the ollshln cle t he
P&ﬁgcssx egl 8\

Garner head 20 PRRSNQD a\ﬁﬂsefl’oﬁ‘%heé tRsTeSlicnt Slsmenthis "i“ﬁ %t the
pl aten so that linifatéd élehent dghe iefudéshmultiglé aaaya*srwnfatda@lssmrémagh Rregilidnbe waf er

came essentially to the cent t he j nne ion of the
sweep, and the @&°W§{’ﬁ8“’r"eg %tﬁﬁe?f??’??’ﬁ ast?‘f”éff%?é‘lﬂﬂ E‘ fer came

essentially tOIésE‘&aﬁ’h’EcﬁElma Qf\d inbeppéfehtﬂﬂesgrthin%oatsomsnerﬁﬁrme on of the
sweep. 25 Average renpval rate for each wafer was determ ned by measuring

the difféfence YWnheMedukgoitheresilions element !@rf’é%eﬁ‘mé?d DHASTMRAO2¢-8¢ By thend t he

final thi Ck”esﬁm%eés%e&%hgﬁhéﬁﬁﬁﬁal%izo“@aii’d)d) DES wANQIprdibfa otdisapg of the
waf er using a PROVEIR x SM2OO instrunent, manuf actured by Tencor of

Mount ai nvi ew, Cal i f 8pasifig. detpile of; 8| fixed ﬂbfe!p‘(ﬁ eangtrystion arecfoune imlye Passpbval rate
(in angstrons q{ppgeghg,eoglm\ged per 30 minute) for 10 wafers. -45

30 Methods Of Making Fixed Abrasive Articles
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19 ~vl; ;R ~~~~ WD 991 15311 PCT/ US98/ 01364 Procedure 11 For Deterhdinlitg 2072
The Renoval Rate OF A Figed Abrasive Article _ The workpieces for this test
procedure were 100 mm di aneter sheet filmthernmal oxide wafers. The

deposi ted si WQ¥ASHA! oxi de t hi ckness was bet ween about 7, 088TAHHABD00
Angstrons, as nmeasured by using commercially available 5 neasuring device
such as #RR/ FTM RESASgreferad! inietold 'fBA makindd iXed Rbrakive artidfe Haging fpr@lsdly NJ. The
silicon dioxide, thi cgqr;ess was .neasur ed ‘Li ve tinmes at different |ocations
within the pl arfbansdbipsivg camposites isgesesibetindd S cBatens Nofc s LA Y HE SRR € r . The
test machine Was) ghdn4bisis16¢spolr &H%@@?Qhoihép@és%tiyﬂscbﬂ fftabldBdbodOel simlar

to the apparatus depicted in |Ngure The worKkpi ece was assenbled into to
'S

a retaining ririgporedinbk%iRarany gt 4356 §.f i 4rodihbarsk steilair &43 1543 A _
pressure sensi tiigoasines '5,‘53?,2%?#% eg 963 Wranuiedre i??i:e\i:eg&b . onfyctddgn Back side

of the fixed abrasive article. ressure sensi esive enabl ed the
fixed abrasi ve ceen rednetype etyironneenti (gl 2 olass 186 dlass 1,800, fdr [clasd 1 GO0 cd@n6 cm (16

inches) in diarg - QS 54 fl Sgq@nd the first support
pad. The first sﬁ’g{}Srt‘%%ﬁ%@%"ﬁﬁg{‘%’z‘f‘ﬁr et ;ﬁ{g{ﬁrgﬁfoga. 'ccmee.r cially available
from Rodel of Newar I4 suibiblamethed in¢ledes peegaring @sdugryasomprisinig abraspye @articles, second

support pad, u | @ brovii % Tan . Ured by Rodel
of newark, DE, %\i\ﬁgér %P%E%E%O g:?ﬁdelg?cﬂﬁ\}[eg@ T érgg%cgrg?%bggﬁ#[laeg%rgcond
support p@d wasudiceaireducimgt the tshirypihtat the cafiti¢shef 4 gp@luntipncohihardng Each
support pad had,a_di a r of ut 30 12 .1 nch . Th ad

hol di ng the mrﬂluﬁflg 8%?%58%@@%&"% % gatcgif' é qzz)i'gmea 1%'@? cg%.)t‘)edr %’%fa%ee&otrﬂg it Was
brought into cgoméductiontiodlharidhe laktrmsially cuting ©r gdllivgg the blngérgqrecursovidore hr ough a

31 mmarc startjng.l fromthe edge of ..the abr.asive disc w,th. a nine
second peri odi é‘}'et 3¢‘°$hggpﬁ%sr §§V\/‘he(ﬁa§' g t}}eoft’rﬁ?‘écamétw‘gbt ufor‘@fb{agw?o rpm
The wor kpi ece awnaipaditeasi ve di sc each rotated in a cl ockwi se manner as

vi ewed frgm 25 abov ot h. th brasi.ve di s nd wor.kpi ece wer.e. rot at ed
first andl(gt hen br ougm 5?’9(‘8“@5?1?%8?“’ ?%m&etg%%ﬁ\ﬂ&’f ﬂ"ﬁa@é&“’gﬂ}g PEPIBe ot about
16.2 kg (36 | bahe bifder pieeursbrSitie abrakivielpartiales kiali the eptiondleddiavs. Basmpdesryfed a

pot assi um hydr oxi.de sol.uti o 0. 25% by w.., KOH i.n dei.gni.zed wat.er) which
had a pH about ™PHP&techiiques in ?laivég‘iﬁ a’ﬂ%glbg'%@g‘m%‘ﬂ%h?‘é‘kfﬂﬂgw ti on was
80 L/ m nute. Heiagpesfarddy Ultthsoficensrgy sl alsd bditilizeddh chibinationlspitree for a
two mnute cycle., After the trea} ment, ended, the workpi ece was, rinsed with
dei oni zed wat er™XiRg| si§P;tadowerstge slugry, vispotnp) Qlesy Yisopsisy Mig URRAEEP B Next , t he

wor kpi ecepovas  trmbifaélufeQr tHe EfieY abradivalatticle] B/ sraifest e thedlGpy Wi she resiiagur ed by
determ ning the oxide filmthickness in thei)1b ame, | ocati ons,_ _as_neasured

prior to treat fRFve iRy Alfrmatively theslysryiaay beheated nthe BAZELT3QERT ¢ he

wor kpi ece t hi cknig®fuifizéddr bhlPmille€Rtlordn to MRdhd sheryt hi ckness after treat ment is
referred 5 to in the foll ow n%gt bl es as the "renoval, rate." The. renoval

a . .
rate for ten workpi &g, the,3Ruasinge partiglesy atee BratWALY agided, dntqgthe BiAUal rate

in units of precursor. It is preferred that the slurry be a homogeneous mixture of binder

25 precursor, abrasive particles and optional additives. If necessary water and/or
solvent is added to lower the viscosity. The formation of air bubbles may be
minimized by pulling a vacuum either during or after the mixing step.

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

30 preferred coating technique is a vacuum fluid bearing die reported in U.S. Patent
Nos. 3,594,865; 4,959,265 (Wood); and 5,077,870 (Millage). During coating, the
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_ _ 19 MR dzs',?ﬁz
Angstrons per mnute. Exanples 1 and 2 1o This set of exanples was prepare

by the procedure described in General Procedure | for Making A Fi xed

Abr asive Art| |ng pattern #1. The articles of exanpl 2 \Were

made of corrpgg)é’s(fé Yisted in Table 2. TABLE 2 15 MATERI AL@@#@%@%M Exanpl e

1 W.%xanple 2 Vt.%WMTA2. 171. 99HDDAG. 505. 96SANTI Cl ZER

2788. 679. 71FP4raaipnadialobubbids\s pelably. Bifinizd AHO8h BSsomeidTalkes if 8ol | ar -
410) _ 7.30 A f s of . 1t he fixed
2bra3i ve 20 ar Py BRERER S8paEdk ETCAGRY Khe Sriyle bEHE LALEBInd 10 1

f 1 uor ochenucal podpaioynesl. Entrappad aip meypdedeid foyosity xuchgrs G'oidsgrﬂ)mbrasxve

CgF1~S02N( Me) C~(§:OCH: =8 an
aver age n=9. 2) c0 lﬁgoang_'a? q%y 'ctr?lacrg%o%?gb&%yl \° %E‘SZW ghe- 0 5 gr ans
3- mer capt opr opy.l:ldxtmnaﬂgetargas(gambb pmﬁped(htd(heglumul&zd((rblgsmﬂﬂ@uﬁqoaﬁlfg t rile) and

40 25 grams ethyl agetate in contain mxt at a rate
of one liter -47 égﬁ%#‘eﬂ?d‘?c n_toobis %‘blﬂf&? %%i%éﬁg‘ﬁgtr m nut e
ni trogen for 3inbo mﬂb&sax@nﬁbaﬁiuaclcmattaeﬁeﬁy h.@isdlsﬂg‘adehﬂ'tlﬁ?d)lﬁEﬁﬂﬁgtlrws was
seal ed and heated a "ég and r ot a‘H&t % ter bath f]r g hour Two such
cont ai ners wer&l“‘ﬁ‘@%’é‘? t intR GOptact; ‘8?93 ng gy coptast mip rell which for ﬁesé t ai ner
wer e evapor at egksatingl 85rfstrédtibn Zoébﬂiéfs TABGhif Pslt MBS bél wRide \IRIWE aNfemafegsl; show ng
31.2% 5 solid of theflrstuo yner cogé)osmlon and 31. 4%soI|d of the

second pd! yner Mo dhe pig foll it m&éféa%w e, & dtrasieralmateria) spgh asHmetalool ed
conposi tion Wagmefdl ailRgs, Wibbér &%&amc@n?h@ﬂamﬁkss@are&lp%ﬁ ZaRy finPiBouof a

sol ution of 10% C7F15C02H (HOESCHT) .in ethyl acetate. %he resul ting mxture
was applied wi 8htnl3hdusemsters prefesably abgpti6octe 18? dyromesespnd shose Peérait i cl e at a
rate of about 4poat 80 ddrbgéa™s per 25 sq. to cm The fl uorochemn cal - pol yner
coatings were allowed to cured for about 5 days at roomte erature and
humi dity. The renmoviextrerergy iowansimited inso thei shigryfy eaceney aureetoastileast es were
det ermi ngd by F£r9£lf‘ll%gfe%é bifidRr pQ@&rﬁ‘erT‘ﬁb @@ec-nr&?oﬁﬁé'&% &381c6 will débexﬁ! xed

Abrasive Article test results are in Tab Table 3

Articl esFl uor oiftiest upan teenghemistry af the binderi nigonesps ¢he wpepiradstien taabas

Fl uor ochem cal r e

Fl uor ochem cal “ﬁggﬁtt"%‘%‘;’ 4Exan%) 0%}9#80?%%%@%&%&%9%%@%%%@ b? | evel s
wer e measur ed degridaghe tredustion taeleor hackingi Particloqwrefghekindeppregqursdripgans nachi ne
operator who W G8Ghhe pABlSoriPpdifhdicla b Beadl dd SENAE T FANRG iR, DEt ween
t he processes wt e use of roni c measuri ng VI ces. nor se

| evel of 26 r ef when igvested irdthe aredinition edol.d Himaefedghe binddn preswrseramayaiedfully noi se

| evel of 1 ref of et.ec A0: 1o

associ ati on of L\ﬁ&# ?E%rgg é?n%% )ﬁgg‘e?\l}% é\rngﬂ?ﬁ%'pﬁ& 'hgmg;&r asl 6‘2&5? ‘g"? |l e
decreases the sromes created

After at least partial cure of the binder precursor, the production tool and
fixed abrasive article are separated. If the binder precursor is not fully cured, the
25 binder precursor can then be fully cured by either time and/or exposure to an energy
source. Finally, the production tool is rewound on mandrel so that the production
tool can be reused again and the fixed abrasive article is wound on the mandrel.
In another variation of this first method, the slurry is coated onto the
backing and not into the cavities of the production tool. The slurry coated backing
30 is then brought into contact with the production tool such that the slurry flows into



) 19 L/R
-48 19 E~~f; R 2~~~ wo 99nss~1 PCT/ US98/ 01364 during the rmdlflcatlonn o2

process when a surface of the fixed abrasive article contacts _ a surface
of the sem conductor wafer. In addition, the renoval rates of the uncoated -
fixed abrasi WO%1#4kl es were | ower than the renoval ratesPHULHEREd fi xed
abrasive articles. The fluorochem cal agent inproved the renoval rates of

the fixed abrashy&vhiedsfithCproductibn fo¥iaMhe @émainigep? to Xl tht ExedBatiditvous=h s _
This set of exanples wa epar | t he procedure described in CGeneral to

pr
Procedure | Fora“m’ﬁﬁ’e/&a'ﬁ%?élata&gragé‘ieve Article using Pattern # 1. The

article of exanple § j¥afefdiRdehathetMMBORSEIrsor s Sk RAChy MAdidddy &erky. THBLE 4
MATERI ALS Conponent Eaanpl e 3TMPTAS3. 09 A9. 26SANTI Cl ZER

27815. 08KR- TTSTadiationenennprsgomemigedtthrugh thebagking qglmapsipthe gredugtion 1 15 The
article of; exanphe ﬂe‘ﬁ'ﬁé«dﬁe& régucﬁJﬁQO&asﬂ‘&xl@Q&%Bﬁ@iﬁﬁy %ﬁso?ﬁﬁxe%ﬁ&xdtﬁhe of
exanple 3, however, the surface of the article exanple 4 was coated with
a solution corrmﬂFst nédditionafly, ¢he radiatiorf mtﬁmemw@ald raﬂtlapkrﬁ@wlv degradg RYTOX"
1514. The sol u h@ﬂac)éﬁ% o%ﬁoraa&r%q 161 %mkaﬁaagun?r@.wétwlgm c;{mY?%téém in 20
"FLUORI NERT" FC 72 an pr oxi mateAé grans of thi's 2% sol ution was
sprayed onto tﬁbrogshmgbrew baskingab @'M'éelnrlf thel I@O@ﬁﬂ@x&wbllsemﬂde friore article
was all owed {0 iofin dfofmPMERD! lbdinls; A% as' SorfelbiellD Aphiiehe, PiclYelfid8/ 01364

The article of exanple 5 was he 'sanme "conp nt e article of
Exanpl e 30 howplycarberate, spelyethes sflfondie mly(m@hsé méthwmtp] epfﬂyumbanesnat ed with

Car1-Soon( ) o PR A hatng ol fvioy o visbie Jght may oy 5oy

solution of t herahtmmed)dhmmghdhé pidictioe tosl apd ':ﬁtblﬂﬁRlslhERT"FoFCﬂx&mopiMc pr epar ed.

Appr oxi mat el y 2% sol.ut i on 30 ed, on e surface of
e articl o o thselraPioRn toble e SrERg kSRS pRRRERInE "hR' Ssb ghi . The
renoval rates ai-txdemhonulésbu lsdt isunahy tﬁatne@sﬁhr}mﬂlxs/mtegenerttécbslfafcceemarmhtes , 4,

15 generated, this may distort or melt the thermoplastic tooling.

The energy source may be a source of thermal energy or radiation energy,
such as electron beam, ultraviolet light, or visible light. The amount of energy
required depends on the chemical nature of the reactive groups in the binder
precursor, as well as upon the thickness and density of the binder slurry. For

20 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 are generally sufficient.
Electron beam radiation or ionizing radiation may be used at an energy level of
about 0.1 to about 10 Mrad, preferably at an energy level of about 1 to about
10 Mrad. Ultraviolet radiation includes radiation having a wavelength within a

25 range of about 200 to about 400 nanometers, preferably within a range of about 250
to 400 nanometers. Visible radiation includes radiation having a wavelength within
a range of about 400 to about 800 nanometers, preferably in a range of about 400
to about 550 nanometers.

The resulting solidified slurry or abrasive composite will have the inverse

30 pattern of the production tool. By at least partially curing or solidifying on the

production tool, the abrasive composite has a precise and predetermined pattern.
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and 5 were tested according to Procedure | For Deternining The Remjpvhlligafen?
O to A Fixed Abrasive Article. The test results are in Table 5. Table 5
Articl esFl uor ochem cal Renoval rat eNoi se( A/ mi n)Level Exanpl e 3Cont rol - no

FI uor ocheni c¥Pg¥15Ngent Exanpl e 4Coated with 2% | CRYTOX193/HEHHR%npl e
5Coated with 2% Si | ane26602 The noi se | evel values are defined under the

fsgact ijonbl abel ed e?amliﬂ @Sduftimolkﬁszﬁzmmrgwdmﬁﬁeomﬁééblﬁﬁtiﬂiycwcm:ﬁse.ss :Jsi ng
I Xed abrasive artjcles o1 __exanpl es and, conpri si a uor ocnem ca
agent nmade | es<" AYPYIGHA THPffCCaLtipy s ST (TR gg%egglwr%et he fixed

abrasive arti cleggpdsite an®@fard redpdnsisieest c‘gaahe_raaﬂgrthé siitbe %aapmcema}t o we, fixed
abrasive particles conprising fluorochem cal agents had inproved renoval

rates conpar ed #Pi@siys SoEWOsSs-asi ve article free of fluorochenmical agents. 20

Egamml es § through @heI@Eﬁitﬁ?ha?ﬂav@é@émdtﬁcssh%tl{%f5’1@% HyePoé shides B e edur e
I d 'l For Making A

described in General Procedure Il Fo A Fi'xed Abrasive Article using
. Pattern # 1. Tibragiymoeampogites yelihe rdim¢nsionsoef the eavities jard selectefl te sachievextherpl e ar e

listed in Tabl - ~ ~ - ~ 1 B 6 Rl ALS
5 ST o0 Sl s o B o Bl bl
8TMPTAG. 156. 15®resentinndS-likg p@teqr wherd adiadeit a@yidesrbutt up against one another at

27830. 0330, 130 21 R Ser sl VRS s S0 o o AR 3 090 0CEO

Treated with K
151499. 0ACAL 43 tiggaivetiontodl Taaied ivth@interstites of hesavithdsll . 061. 031. 07KRYTOX

artici o of exanpl e ThasaeRAER Fybifihe LR Shat MRS OBHuRls RPLT 1, 10
and the articl er wéb,axaa}tingeol&udoastaabtmgmvabmlshvleevpmovhtedl esaa@iog'mﬂt ed with
I0C 150 TR 4GRS SIS Se MR Rl A A 2L
parts of " KRYT@NticlSTie produdiin paul tis fabficated HyCEdninkidtial féchriigues Aintledingri xi ng,
e compas! {1 bR A%E ot B, oSk SRR BBl L1
exanpl e 8. The twuraingVEdr ekaniple, @icopipectobRigay teidinghond tuntd@sd thes & nickel metal "1 a v
~l-r-~ W0 99/ 1%(?0} ]rhay be electroplated off of the copper tool. Preparations of production tools
are reported in U.S. Patent Nos. 5,152,917 (Pieper et al); 5,489,235
(Gagliardi et al.); 5,454,844 (Hibbard et al.); 5,435,816 (Spurgeon et al.); PCT
20 WO 95/07797 (Hoopman et al.); and PCT WO 95/22436 (Hoopman et al.).
A thermoplastic tool may be replicated off a metal master tool. The master
tool will have the inverse pattern desired for the production tool. The master tool is
preferably made of metal, such as nickel-plated aluminum, copper or bronze. A
thermoplastic sheet material optionally may be heated along with the master tool
25 such that the thermoplastic material is embossed with the master tool pattern by
pressing the two together. The thermoplastic material can also be 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.

30 Suitable thermoplastic production tools are reported in U.S. Patent No.

5,435,816 (Spurgeon et al.). Examples of thermoplastic materials useful to form
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1" n
PCT/ US98/ 01364 tested according to Procedure Il For Determ ning ThelI &e[‘r‘o'aazbgz
Rate O A Fixed Abrasive Article. The test results are in Table 7. Table 7
Exanpl esFl uor ocheni cal : KRYTOXRenoval 1514r at e( A/ ni n) 6Con'é;cql/ S5 E%“
FI uor ocheni c¥PYP8Agent s7FI uor ocheni cal di sper sed i n1240bi nNdé&r BADr asi ve
particles pretreated w thl1340F uorochem cal 5 The articles of exanples 7
and 8 had i ncrthageatuciomtoal inclade polgastersapelgpropylénbepalydthyddne, pdlyamidespl e 6 free
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this, the binder precursor is cured or solidified. Since the binder precursor is not

cured while in the cavities of the production tool, this results in the slurry flowing

and distorting the abrasive composite shape.

20 Methods to make this type of fixed abrasive article are reported in U.S.
Patent Nos. 4,773,920 (Chasman et al.) and 5,014,468 (Ravipati et al.).

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 fixed abrasive article are the same as detailed above. After the fixed 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 roll and the slurry 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 and the resulting construction is exposed to
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t he surfa¥e of Ywgy. V@h@plurry fodlows the contours of the embossed backing to provide a
textured coating, The slurry may be applied over the embossed backing by any

suitable technique such as roll coating, spraying, die coating, or knife coating. After
the slurry is applied over the embossed backing, the resulting construction is
exposed to an appropriate energy source to initiate the curing or polymerization
30 process to form the abrasive composite. An example of abrasive composites on an

embossed backing is reported in U.S. Patent No. 5,015,266 (Yamamoto et al.).
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abrasive coating.
An altemmative method of making the fixed abrasive article uses
15 thermoplastic binder. The article can be prepared with or without a backing.
Typically, the thermoplastic binder, abrasive particles and any optional additives are
compounded together according to conventional techniques to give a mixture,
feeding the mixture into an extruder, and then forming the mixture into pellets or
long stands. The fixed abrasive article is then formed according to any of a variety
20 of conventional protocols.

For example, the fixed abrasive article may be formed by injection or
compression molding the mixture using a mold having essentially the inverse pattern
of the desired pattern of the fixed abrasive article surface. The mixture may also be
heated to the point at which it forms a molten slurry, which is then supplied to a

25 mold and cooled. Alternatively, it is also possible to heat the binder until it flows
and then add abrasive particles and any additives to form the molten slurry and then

convert the molten slurry into abrasive composites using conventional methods.

Apparatus
30 Equipment described in the prior art for abrasive slurry based planarization

of semiconductor wafers may generally be adapted for use with the fixed abrasive
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articles of the invention with minimal modifications. In many cases, the absence of -
the relatively opaque slurry in methods of the present invention will simplify the use
of such devices and methods. Also, associated in-line metrology devices and
methods may also be readily adapted for use with these fixed abrasive articles of the

5 present invention.

Figure 4 schematically illustrates an apparatus for modifying wafers useful in
the process according to the invention. Numerous variations of this machine and/or
numerous other machines may be useful with this invention, This type of apparatus
and numerous variations and other types of apparatus are known in the art for use

10 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. Alternative CMP machines are available from
STRASBAUGH or SPEEDFAM.

Apparatus 30 comprises head unit 31 connected to a motor (not shown).

15 Chuck 32 extends from head unit 31; an example of such a chuck is a gimbal chuck.
The design of chuck 32 preferably accommodates different forces and pivots so that
the fixed abrasive article provides the desired surface finish and flatness on the
wafer. However, the chuck may or may not allow the wafer to pivot during
planarization.

20 At the end of chuck 31 is wafer holder 33. Wafer holder 33 secures wafer
34 to head unit 31 and also prevents the wafer from becoming dislodged during
processing. The wafer holder is designed to accommodate the wafer and may be,
for example, circular, oval, rectangular, square, octagonal, hexagonal, or
pentagonal.

25 In some instances, the wafer holder includes two parts, an optional retaining
ring and a wafer support pad. The retaining ring may be a generally circular device
that fits around the periphery of the semiconductor wafer. The wafer support pad
may be fabricated from one or more elements, e.g., polyurethane foam.

Wafer holder 33 extends alongside of semiconductor wafer 34 at ring

30 portion 35. Ring portion (which is optional) may be a separate piece or may be

integral with holder 33. In some instances, wafer holder 33 will not extend beyond
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During the modifying process of invention, the fixed abrasive article is
typically secured to subpad 43 which acts as a support pad for the fixed abrasive
10 article. In part, the subpad provides both rigidity to allow the fixed abrasive article
to effectively cut the exposed wafer surface and conformability such that the fixed
abrasive article will uniformly conform to the exposed wafer surface. This
conformability is important to achieve a desired surface finish across the entire
exposed wafer surface. Thus, the choice of the particular subpad (i.e., the physical
15 properties of the subpad) should correspond to the fixed abrasive article such that
the fixed abrasive article provides the desired wafer surface characteristics
(removal rate, surface finish and planarity).
The means used to attach the fixed abrasive article to the subpad preferably
holds the fixed abrasive article flat and rigid during planarization. The preferred
20 attachment means is a pressure sensitive adhesive (e.g., in the form of a film or
tape). Pressure sensitive adhesives suitable for this purpose include those based on
latex crepe, rosin, acrylic polymers and copolymers (e.g., polybutylacrylate and
other polyacrylate esters), vinyl ethers (e.g., polyvinyl n-butyl ether), alkyd
adhesives, rubber adhesives (e.g., natural rubber, synthetic rubber, chlorinated
25 rubber), and mixtures thereof. The pressure sensitive adhesive is preferably
laminated or coated onto the back side of the fixed abrasive article using
conventional techniques. Another type of pressure sensitive adhesive coating is
further illustrated in U.S. Patent No. 5,141,790,
The fixed abrasive article may also be secured to the subpad using a hook
30 and loop type attachment system, The loop fabric may be on the back side of the

fixed abrasive article and the hooks on the sub pad. Alternatively, the hooks may be
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variables are interdependent, and are selectcd based upon the individual wafer
surface being processed.

In general, since there can be numerous process steps for a single
semiconductor wafer, the semiconductor fabrication industry expects that the CMP
process will provide a relatively high removal rate of material. The material

15 removal rate should be at least 100 Angstroms per minute, preferably at least 500
Angstroms per minute, more preferably at least 1000 Angstroms per minute, and
most preferably at least 1500 Angstroms per minute. In some instances, it may be
desirable for the removal rate to be as high as at least 2000 Angstroms per minute,
and even 3000 or 4000 Angstroms per minute. The removal rate of the fixed

20 abrasive article may vary depending upon the machine conditions and the type of
wafer surface being processed.

However, although it is generally desirable to have a high removal rate, the
removal rate must be selected such that it does not compromise the desired surface
finish and/or topography of the wafer surface.

25 The surface finish of the wafer may be evaluated by known methods. One
preferred method is to measure the Rt value of the wafer surface which provides a
measure of “roughness” and may indicate scratches or other surface defects. See,
for example, Chapter 2, RST PLUS Technical Reference Manual, Wyko Corp.,
Tucson, AZ. The wafer surface is preferably modified to yield an Rt value of no

30 greater than about 3000 Angstroms, more preferably no greater than about

1000 Angstroms, and even more preferably no greater than about 500 Angstroms.
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The mterface pressure etween the fixed abrasive artlcle and water surface

5 (i.e., the contact pressure) is typically less than about 30 psi, preferably less than
about 25 psi, more preferably less than about 15 psi. It has been discovered that the
fixed abrasive article used in the method according to the invention provides a good
removal rate at an exemplified interface pressure. Also, two or more processing
conditions within a planarization process may be used. For example, a first

10 processing segment may comprise a higher interface pressure than a second
processing segment. Rotation and translational speeds of the wafer and/or the
fixed abrasive article also may be varied during the planarization process.

Wafer surface processing is preferably conducted in the presence of a
working liquid, which is selected based upon the composition of the wafer surface.

15 In some applications, the working liquid typically comprises water, this water may
be tap water, distilled water or deionized water. The working liquid may also
contain chemicals designed to modify or improve the polishing performance. Such
chemicals can include acids, bases, oxidizers or reducing agents. A preferred
working liquid for polishing silicon oxide wafer surfaces is an aqueous base at a pH

20 of 11-11.5. The wafer surfaces to be processed may include interlayer dielectric
materials such as polycrystalline silicon, thermal oxide, doped and undoped oxides.
Examples of interlayer dielectric materials commonly modified using CMP include
silicon dioxide and silicon dioxide which is doped with boron and/or phosphorous.
An additional type of interlayer dielectric material is a silicon dioxide into which

25 fluorine has been introduced during deposition. Examples of metals which are
commonly modified using CMP include tungsten, aluminum, copper, and mixtures
and alloys of these metals.

The working liquid aids processing in combination with the fixed abrasive
article through a chemical mechanical polishing process. During the chemical

30 portion of polishing, the working liquid may react with the outer or exposed wafer
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semiconductor wafer surface.” A lubricant, for example may be included in the
working liquid for the purpose of reducing friction between the fixed abrasive
article and the semiconductor wafer surface during planarization. At least one
fluorochemical agent may be dispersed in a working liquid which becomes
associated with the abrasive article during the surface modification process. The
addition of the fluorochemical agent to a working liquid could allow for continual
renewal of the fluorochemical to the abrasive composite during the surface
modification process.

Inorganic particulates may also be included in the working liquid. These
inorganic particulates may aid in the removal rate. Examples of such inorganic
particulates include: silica, zirconia, calcium carbonate, chromia, ceria, cerium salts
(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,
preferably less than about 500 Angstroms and more preferably less than about
250 Angstroms. The addition of fluorochemical agent to the working liquid could
allow for continual renewal of the fluorochemical at the abrasive composite during
the surface modification process.

Although particulates may be added to the working liquid, the preferred
working liquid is substantially free of inorganic particulates, e.g., loose abrasive
particles which are not associated with the fixed abrasive article. Preferably, the
working liquid contains less than 1% by weight, preferably less than 0.1% by weight
and more preferably is essentially free of inorganic particulates.

The amount of the working liquid is preferably sufficient to aid in the
removal of metal, metal oxide, inorganic metal oxides, or silicon dioxide deposits
from the surface. In many instances, there is sufficient liquid from the basic

working liquid and/or the chemical etchant. However, in some instances it is
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The following non-limiting examples will further illustrate the invention. All
10 parts, percentages, ratios, etc., in the examples are by weight unless otherwise

indicated. The following abbreviations listed in Table 1 are used throughout.
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TMPTA

Trimethylolpropane triacrylate commercially available from
Sartomer, Exton, PA. under the trade designation "Sartomer
351"

HDDA

Hexanediol diacrylate commercially available from Sartomer,
Exton, PA. under the trade designation "Sartomer 238",

SANTICIZER 278

Alkyl benzy! phthalate plasticizer commercially available from
Monsanto, St. Louis, MO.

LUCIRIN 8893X

2,4,6-Trimethylbenzoyl-diphenyl-phosphine oxide liquid
photoinitiator commercially available from BASF, Charlotte,
NC.

CEO

Ceria abrasive particles having an average particle size of
about 0.5 micrometer, commercially available from Rhone
Poulenc.

KR-TTS

An isopropyl! triisostearoyl titanate coupling agent
commercially available from Kenrich Petrochemicals Inc.,
Bayonne, NJ.

LUCIRIN LR8893

2,4,6-Trimethylbenzoyl-diphenyl-phosphine oxide liquid
photoinitiator commercially available from BASF, Charlotte,
NC.

CAL

A calcium carbonate filler having an average particle size of
about 4.6 micrometers, commercially available from
Specialty Minerals, New York, New York under the trade
designation "USP-EX-HEAVY”.

CAL-M

A calcium carbonate filler having an average particle size of
about 2.6 micrometers, commercially available from
Specialty Minerals, New York, New York under the trade
designation “USP-MEDIUM”

CAL-MM

A calcium carbonate filler having an average particle size of
about 0.07 micrometers, commercially available from
Specialty Minerals, New York, New York under the trade
designation “MULTIFLEX-MM”

KRYTOX 1514

A perfluoropolyether commercially available from E.I.
DuPont, Wilmington, DE.

FLUORAD FX-13

Fluorochemical monoacrylate commercially available from
Minnesota Mining and Manufacturing Co., St. Paul, MN.

FP-4 ICY Americas, Inc., Wilmington, DE

PPF A 76 micrometer thick (3 ml thick) polyester film containing
an ethylene acrylic acid co-polymer primer on the front
surface.

SCOTCH 476 MP | Scotch 467MP Hi Performance Adhesive is a pressure
sensitive tape manufactured by 3M, St. Paul, MN.

FC-DA Fluorochemical diacrylate having the structure
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General Procedure I For Making A Fixed Abrasive Article

First, an abrasive slurry, comprising a binder precursor, was prepared by
thoroughly mixing the raw materials as listed in the examples in a high shear mixer.
The fixed abrasive article was made using a polypropylene production tool
10 that comprised a series of cavities with specified dimensions arranged in a
predetermined order or array. The production tool was essentially the inverse of the
desired shape, dimensions and arrangement of the abrasive composites. The
production tool was unwound from a winder. The abrasive slurry was coated at
room temperature and applied into the cavities of the production tool using a
15 vacuum slot die coater, Next, a PPF backing containing an ethylene acrylic acid co-
polymer on the front surface was brought into contact with the abrasive slurry
coated production tool such that the abrasive slurry wetted the front surface of the
backing. Afterwards, ultraviolet light radiation was transmitted through the PPF
backing and into the abrasive slurry. Two different ultraviolet lamps were used in
20 series. The first UV 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 a medium pressure mercury bulb and operated at 157.5
Watts/cm (400 Watts/inch). Upon exposure to the ultraviolet light, the binder
precursor was converted into a binder and the abrasive slurry was converted into an
25 abrasive composite. Then, the production tool was removed from the abrasive

composite/backing and the production tool was rewound. Following this, the
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General Procedure II For Making A Fixed Abrasive Article

General Procedure II was generally the same as General Procedure 1, except

10 that the wetted PPF backing, abrasive slurry and production tool were secured to a
metal carrier 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 fixed abrasive article was cured by passing the tool together

15 with the backing and binder precursor under two iron doped lamps commercially
available from American Ultraviolet Company, that operated at about 157.5 Watts/cm
(400 Watts/inch). The radiation passed through the film backing. The speed was about
10.2 meters/minute (35 feet/minute) and the sample was passed through two times.

To prepare the fixed abrasive article for testing, the fixed abrasive article was

20 laminated to pressure sensitive adhesive tape. A circular test sample was die cut for

testing,
Pattern #1

A production tool was made by casting polypropylene material on a metal
master tool having a casting surface comprised of a collection of adjacent truncated

25 pyramids. The resulting production tool contained cavities that were in the shape of
truncated pyramids. 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. The pyramids were formed in a square array with a center
to center spacing of 230 microns.

30 The following general procedures, Procedures I and II for determining the

removal rate of the sample articles are described below.
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pressed the wafer onto the fixed abrasive pad with adjustable pressure. The wafer

was held in the head by a 3/8” wide retaining ring made of Delrin thermoplastic.
The retaining ring was pressed onto the fixed abrasive pad with adjustable pressure.
Polishing was accomplished by flooding the pad with aqueous potassium

15 hydroxide solution at pH 11.3 supplied at a rate of 150 mL/minute throughout the
polishing cycle. The wafers were polished on one side at a platen rotation rate of
31 rpm and a carrier head rotation rate of 33 rpm. The wafers were pressed onto
the fixed abrasive pad with a pressure of 6psi, and the retaining ring was pressed
onto the pad with a pressure of 11 psi. During the polishing cycle, the carrier head

20 was swept back and forth slowly along the radius of the platen so that the inner
edge of the retaining ring surrounding the wafer came essentially to the center of
the pad on the innermost portion of the sweep, and the outer edge of the retaining
ring surrounding the wafer came essentially to the outer edge of the platen on the
outermost portion of the sweep.

25 Average removal rate for each wafer was determined by measuring the
difference between the starting thickness of the oxide layer and the final thickness of
the oxide layer at 49 points over the surface of the wafer using a PROMETRIX
SM200 instrument, manufactured by Tencor of Mountainview, California. The
values reported are the average removal rate (in angstroms of oxide removed per

30 minute) for 10 wafers,

-45-



10TV, 10%& ()-!Cs 109%&' ()-f!s 109& ()-f!Ls- 109& ()-!Hs- 10%& ()-"NC®-H/R 2292
109’ () -ngaBK@ 10T! V', 1+10%& ()-" 9*,
10%&' ()-! & 10%& ()-z9%0%&' ()-&P109%& ()-", 109 ()-gUuj @T!V &10%& ()-F 10
10 106GLOY%R YVPIYS3MOoR ()-!. 10%& ()-glL-10%& ()-9 a RdBj REFIUSE8/1364
10%g9& () - 998100/@1&' ()-10%9& ()-9s!10%& ()-!' @0%& ()- 10%& ()-R

, NP2 _@TIV S ﬂbé@&r&w&rm&nﬁam FRORBfoal REte I/ Rixed Abrashid % ticle- ! -
10%58&' () - gnUA 'V, ¢ - (5] - 0] -THT

10%gg& () - f 109%g& ( )Them{w&e%f?t %lsemmsﬂé?wm H9gwn ﬂ@%g@r gheetifilm

10%& () -fO- 100/| Oﬂ@f (Thetdd /g(o@@ﬂ s(xl}cofl dl 39&@3&:1 was between about
<MYhUnm\ 910% & 10%{& ()-sL109 (& ()- 10% & ( ﬁp
10gy @EnV 91@%0 to@PS9f msrm@awmsw ’oxewggpqrynerm@lf@w le) - 10%1 &' ()-
100 & )] [ Sriioiaibcc R BLRLRIP TSN b blumelfoth s

109% (((& ()-'Ls 10%(, (& ()-10% & ()-BaB// 10(6FL10%& ()-!L2

10% (, (& () 2/ Boeeld; X @EEM@WM & (ap meggured diyg times atfdifferent
10( 109& 11 9 O(1K ?!'z[9K/
: L(L 10 %&,( % ) }/gg%é%%qﬁﬁ% Y{tlpxghg f%g/é& a @PE‘E{(& nga)jor exﬂ‘osétps@faée)of tHeQkrafdrO( ] z[
10%& () - &10%& () - | STHRHURL trychire WaPl modirdStf@sbaugh La@ping Yaghine, Model 4Y--

109&' ()-T!HLL! %R ().~ T! Iy . 10% o . .

2 ()- Thove ()- LoPRe s Weeaqmafs donbdd misured. The yopipigos e ssspgbiggimo

106GLO%&R1q ) - ! Lb Betairfif}Mig( Jommdrtidlly’ avalaBl€frém Rodel of Newark, DE. A pressure
sensitive adhesive, SCOTCH 7963MP, was laminated to the back side of the fixed

abrasive article. This pressure sensitive adhesive enabled the fixed abrasive article

10g

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. The first support pad was a

15 polyurethane pad commercially available from Rodel of Newark, DE under the
trade designation "IC1000". A second support pad, under the trade designation
“SUBA IV”, manufactured by Rodel of newark, DE, was placed underneath the
first support pad. The second support pad was attached onto the platen of the
lapping machine. Each support pad had a diameter of about 30.5 cm (12 inches).

20 The head holding the workpiece was caused to rotate at about 100 rpm
before it was brought into contact with the abrasive disc. The workpiece moved
through a 31 mm arc starting 13 mm from the edge of the abrasive disc with a nine
second periodicity. The abrasive disc was rotated at about 67 to 70 rpm. The
workpiece and abrasive disc each rotated in a clockwise manner as viewed from

25 above. Both the abrasive disc and workpiece were rotated first and then brought
into contact with a downward load or force of about 16.2 kg (36 Ibs). At the disc
and the workpiece interface was pumped a potassium hydroxide solution (0.25% by
wt. KOH in deionized water) which had a pH about 11.5. The flow rate of the
potassium hydroxide solution was 80 mL/minute. The abrasive disc was used to

30 treat the workpiece for a two minute cycle. After the treatment ended, the

workpiece was rinsed with deionized water and dried.
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Angstroms per minute.

Examples 1 and 2
10 This set of examples was prepared by the procedure described in General

Procedure I for Making A Fixed Abrasive Article using pattern #1. The articles of

examples 1 and 2 were made of components listed in Table 2.

TABLE 2
15 MATERIALS
Component Example 1 Example 2

Wt.% Wt.%

TMPTA 2.17 1.99

HDDA 6.50 5.96

SANTICIZER 8.67 9.71

278

FP4 0.53 0.49

LUCIRIN 8893x 0.55 0.56
CEO 81.58 74.00

Talc (Stellar 410 7.30

A fluorochemical agent was applied to the surfaces of the fixed abrasive
20 articles of examples 1 and 2. The agent was a crosslinkable fluorochemical
copolymer. It was prepared by mixing 6.0 grams
CsF17SO,N(Me)C,HsOCOCH=CH,, 6.0 grams C,F2;+1C;H/OCOCH=CH, (n=8 and
10, average n=9.2), 12.0 grams 3-methacryloxypropyl trimethoxysilane, 0.5 grams
3-mercaptopropy! trimethoxysilane, 0.10 grams azo(bisisobutyronitrile) and 40
25 grams ethyl acetate in a container. This mixture was purged at a rate of one liter
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Articles Fiuorochemical Removal rate Noise
(A°/min) Level

Example 1 No Fluorochemical 793 3
Agent

Example 1 Fluorochemical Agent | 2121

Example 2 No Fluorochemical 1373 4
Agent

Example 2 Fluorochemical Agent | 2872 1

Noise levels were measured during the surface modification process by a
single machine operator who was easily able to detect the difference in sound
20 between the processes without the use of electronic measuring devices. A noise
level of 6 reflects sound capable of damaging the human ear and a noise level of 1
reflects sound barely detectable by the human ear. The association of a

fluorochemical agent with a fixed abrasive article decreases the sound created
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5 “FLUORINERT” FC 72 was prepared. Approximately 50 grams of this 2%
solution was sprayed onto the surface of the article of Example 5. The article was
allowed to air dry overnight.

The removal rates of the resulting fixed abrasive articles of examples 3, 4,

and 5 were tested according to Procedure I For Determining The Removal Rate Of

10 A Fixed Abrasive Article. The test results are in Table 5.
Table 5
Articles Fluorochemical Removal rate Noise
(A/min) Level

Example 3 | Control-no Fluorochemical 801 3
Agent

Example 4 | Coated with 2% KRYTOX 1937 1
1514

Example 5 | Coated with 2% Silane 2660 2

The noise level values are defined under the section labeled examples 1 and
15 2. The surface modification process using fixed abrasive articles of examples 4 and
5 comprising a fluorochemical agent made less noise than the surface modification
process using the fixed abrasive articles free of fluorochemical agents of example 3.
Also, fixed abrasive particles comprising fluorochemical agents had improved
removal rates compared to fixed abrasive article free of fluorochemical agents.
20
Examples 6 through 8
This set of examples was prepared by the procedure described in General
Procedure II For Making A Fixed Abrasive Article using Pattern #1. The amount

of materials for the articles of each example are listed in Table 6.
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TABLE 6

MATERIALS
Component Example 6 | Example7 | Example
TMPTA 6.15 6.15 6.%4
HDDA 18.43 18.42 18.42
SANTICIZER 278 30.03 30.01 30.02
KR-TTS 3.59 3.60 3.68
LUCERIN 8893 1.80 1.87 1.81
CEO 90.0 90.0
CEO Treated with KRYTOX 99.07
1514
CAL 43.86 43.95 44.07
CAL-M 4.07 4.11 4.10
CAL-MM 1.06 1.03 1.07
KRYTOX 1514 8.80

The article of example 6 was free of fluorochemical agents. The article of
example 7 contained “KRYTOX” 1514 dispersed within its binder and the article of
example 8 contained abrasive particles associated with “KRYTOX” 1514. The
article of example 8 was prepared by taking 90 parts by wt of the CEO particles and

10 placing them in a solution comprising 9 parts of “KRYTOX" 1514 in 100 parts of
“FLUORINERT” FC 72. After mixing, the composition was placed in a vacuum.
The dried, coated CEO particles were then combined with a binder to form the

fixed abrasive article of example 8. The removal rate of the resulting articles were
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Examples Fluorochemical: KRYTOX Removal

1514 rate
(A/min)

6 Control - No Fluorochemical 1070
Agents

7 Fluorochemical dispersed in 1240
binder

8 Abrasive particles pretreated with | 1340
Fluorochemical

The articles of examples 7 and 8 had increased removal rates compared to

the article of example 6 free of fluorochemical agents in its binder.

Examples 9 through 12

10 This set of examples was prepared by the procedure described in General
Procedure II For Making A Fixed Abrasive Article using Pattern #1. The articles of
examples 9 and 11 contain reactive fluorochemical agents that are involved in the
binder polymer polymerization process. The article of example 9 comprises a
fluorochemical difunctional acrylate and the article of example 11 comprises a

15 fluorochemical monofunctional acrylate. The concentrations of the acrylates (FC-
DA and FLUORAD FX-13) as well as other materials are listed in Table 8. The
concentration of materials of the articles of examples 9 and 10 were chosen so that
both articles had equivalent concentrations of acrylic functional groups and
equivalent ratio of mineral to organic binder. Also, the concentrations of the

20 materials of the articles of examples 11 and 12 were chosen so that both articles had
equivalent concentrations of acrylic functional groups and equivalent ratio of

mineral to organic binder.
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5
The fixed abrasive articles of Examples 9 through 12 were made according
to the General Procedure II For Making A Fixed Abrasive Article using Pattern #1.
The removal rates of the fixed abrasive articles of the Examples were determined by
Procedure II For Determining The Removal Rate Of A Fixed Abrasive Article. The

10 test results are in Table 9.
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) >1098&' () ->1090&' (The antpde@f ¢xpmple09a 1(1)had creased removal rates compared to
5 the untreated articles of examples 10 and 12, respectively. Examples 9 and 11

appear to promote a CMP process with a consistent surface removal rate. When
the first two wafers in each series were omitted, the average removal rate and
standard deviation were: Example 9: 2606+:64 A®/ min, Example 10: 2466+448
A°/ min; Example 11: 1379475 A’/ min; Example 12: 96666 A’/ min.
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10 (b) at least one fluorochemical agent associated with the abrasive composite;
and

(c) a backing coextensive with the abrasive composite.

15 2. The article of claim 1, wherein at least one fuorochemical agent is selected
from the group consisting of fluocrochemical acrylates, flucrochemical
methacrylates, fluorochemical epoxies, fluorochemical silanes, flucrochemical
isocyanates, flucrachemical carboxylic acids and their salts and amides,
fluorochemical phosphoric acids and their salts and amides, fluorochemical sulfonic

20 acids and their salts and amides, fluorochemical phosphate esters, fluorochemical
phosphate esters, fluorochemical alcohols, fluorochemical polyether oils,
fluorochemical alkane waxes, fluorochemical ethers, fluorochemical esters,
fluorochemical urethanes, fluorochemical amides, fluorochemical thermoplastics;
fluorochemical thermoplastic copolymers, and fluorochemical elastomers.

3. An abrasive construction, comprising;

(a) a fixed abrasive article including a textured three-dimensional abrasive
compaosite that comprises a plurality of abrasive particles fixed and dispersed in a
30 binder, wherein the abrasive composite provides an exposed major surface of the
fixed abrasive article and there is at least one fluorochemical agent associated with
the abrasive composite;

(b) at least one resilient element genérally coextensive with the fixed
15 abrasive article; and

(c) at least one rigid element generally coextensive with and interposed
between the resilient element and the fixed abrasive article, wherein the rigid
element has 8 Young's Modulus greater than that of the resilient element.

40
4, A method of modifying an exposed surface of a semiconductor wafer,
comprising the steps of:
(a) contacting the surface with & fixed abrasive article of any of claims 1.2,
45

(b) moving the wafer and the abrasive article relative to each other to
modify the surface of the wafer.
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agent, comprising the steps of:

(a) combining at Jeast one fluorochemical agent with at least one component
20 of an abrasive composite; and

(b) attaching a backing to the abrasive composite,

wherein the fixed abrasive article is for use in a semiconductor wafer surface
25 modification process.
g.

M. A coated abrasive article comprising:

(a) an abrasive composite comprising a plurality of abrasive particles fixed
30 and dispersed in a binder providing an exposed major surface of a fixed abrasive
article;

(b) at least one fluorochemical associated with the abrasive composite; and

35 (¢) a backing coextensive with the abrasive composite.

10. Use of on abrasive arhcle as tisclosed < clhims
12 or 9 dor the wodificakion of a seiface of

a Sewmiconductor wafer,

4. Use of an abrasive tonshuchon as disclosed 4 tloing
3% for the modification of o Stusiconduclor wafer .
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