METHOD AND APPARATUS FOR CONDI TI ONI NG PCLI SHI NG PADS UTI LI ZI NG BRAZED

DI AMOND TECHNCOLOGY AND TI TANI UM NI TRI DE Rel at ed Applications This

appl i cation woe8®sati nuation-in-part of U S. Application RETUSRYHE¥S 571.
filed July 15, 19%98THUD AND ABPARATUSEFOR EONBIHONING POLEBEING PADS
Decenber 1, 1998TLEZING BRAZEB DIAVIOND TECHNOLOGY: AND TVRPANIUM NJIRIDE | v
relates to nmethods and apparatus for polishing or planarizing workpieces
such as sem conductor wafers. More particularly, the present invention
rel ates to nethods and apparatus f orjela@fthieIne&itiag pol i shi ng pads used for
t he planarization of 10 workpi eces. The present invention is also
directed to a nethod and apparatus for the planarization of workpieces

whi ch utilizes di el ¢ &ition QRAlirdllyO RIS fo ﬁenpo&aaﬂdnsbpamwstﬁp Ipd[Rhigt & de

based coating or a coating conprising a thin filmdianmond deposition.”
Backgr oundl ofplankrizing waskpicass surhes ssminpnductas walsts. iMare particulerlys thedgsens inegtion

wth the.creall of NHiah- ' 1.6 . i .

waf er fabri cgél?tggmpgr’%[@e%g? _ F@ea}a %@f@&ng%é@;%ég Rﬂ‘fsﬁiﬁ%f? ﬂn’ﬁ%ﬁ‘gﬂ ué‘?%i ng
and di el ect r ivorigpiebes.o rThec present! dpestidn Snalgr diverssle®. a Beatlndsandodppatatus for the

hi gh- preci siopn requir in.the nrodyctign of .these integrated circyjts, an
extrenely | S TR PR SR e g optiBpat AP P 4

sem conduct Omitiaé Bdsed bafiisox £coptinpdmpeisiag b 6y filmvdiamond depssiier of the

m croel ectronic structures being created on the wafer surface. As the size
ofthe integrated 20 circuits continues to decrease and the density of

the mcregtuctures per integrate@aeksoindsSthe qed for precise wafer
surfaces becones nore inportant. Therefore, en each processing step,
it is usually necessary to polish or planarize the surface of the wafer to

obtain the flatt . : Lbodse, RS _@Qﬁg\' !
mechani cal pl anarq%g?%%&?%)gé%%%%g% an ﬁfappar a%nggh?éshe , gaﬁlk?ngpc’m
exanpl e, Ar aiwafess. Iuring the viferfabrication fwcess, BO8afgs By ingdergodnultiile wasking, 4d@%
Arai, et al., R ' . 1992: . K t
2 U7, ok ilepie i Segbilof g Seested "Bl BF B8 ehingisi bl f
No. 5, 498, 196rodustiomed theker infegrafed @ficuit b eitremely flat setfacklis generaBy négbd ont atilieast
5,498, 19 i ssued h, 1996. . Such polishing is well kno in th rt
and genedl | P AIey oo SPRIRRRTHFIP: TR OLEP P TERR By 50 cpetompanet, oF 485 o
a waf er car r ingieroglectediic tnfifes Vet rddtbdi dhethe wakts safale Ak tiddze/dlithe indgadtetst a
e e G Ao i deiy Bk St £ o SPmBN nSsed e

: need for precise wafer surfaces becomes more important. Therefore, between each processing

step, it is usually necessary to polish or planarize the surface of the wafer to obtain the flattest
20  surface possible.
For a discussion of chemical mechanical planarization (CMP) processes and apparatus, see,
for example, Arai, et al., U.S. Patent No. 4,805,348, issued February, 1989; Arai, et al., U.S.
Patent No. 5,099,614, issued March, 1992;.Karlsrud et al., U.S. Patent No. 5,329,732, issued
July, 1994; Karisrud, U.S. Patent No. 5,498,1 96, issued March, 1996; and Karlsrud el al., U.S.
25  PatentNo. 5,498,199, issued March, 1996. |
Such polishing is well known in the art and generally includes attaching one side of the
wafer to a flat surface of a wafer carrier or chﬁck and pressing the other side of the wafer against
a flat polishing surface. In gme@, the po]ishihg surface comprises a horizontal polishing pad
that has an exposed abrasive surface of, for example, cerium oxide, aluminum oxide,

30  fumed/precipitated silica or other particulate abrasives. Polishing pads can be formed of various
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that has an exposed abrasive surface of, for exanple, cerium oxide,
al um num oxi de, 5 fumed/ precipitated silica or other particul ate
abrasives. glysds1d pads can be formed of various nater ipglriisosiRosos known

MR e R ST T G e

pads avai | amadmaybeablavt eblymethaune; sush SothplG andiGSseries oSpalishing pads avaitablz fom. The

har dness a | f L shi depends on t.he material..that is
o be pol | SRt Ffels CorpdralfyiY SRR aBBe TREfocsl ok dEn R oF i Bt
t he wor kpi gmeé dépends onvthé maderialahdt yyto bepodlisheat essed agai nst the polishing pad
surface_while e, rqQqtates apout j.ts vertical axis..In addition, .to

i npr ovet he poltq]‘gwgﬁga B@F i%@ﬁ@?&?&?wméﬁe S5 & “&’ét%"%out
i t's verti cajressed agaifidt the@blishingphbehridaihile e phdiotakes abcRdt itd Vefticalikisahfadaition, he
polishing pad. It is well known that polishing pads tend to wear unevenly
during the PYPPRYR hepoliskipe efestivencss, as Yefeummtakodeirptated aout ity yeatical axisiand
devel op 0ON dsBfathdBhack kAd R \OVE theiethblo? e palishirdGal! Ricwdll %%Im];t%nmgnd

polishing of all workpieces, these irregularities should either be renoved |
or account edy tend towesar ey diringdhopolishing qperafions epusing suréage firegblariies tahi ch
devel oggyi N 18] Anduse | i%@gm? et - me

sort o?orou&geﬂgﬂlgggrtﬁéghél?iﬁg nean%&?%%neral y Fiips trU|Ir)1€g%dr33tglrSié\ﬂggiQ’r§3dﬁof t he
pol i shi ng pemdkpiesss,dhaseirregilatitios shduld etheite rembeed or gaceuntesi foy pol | shed (in-situ

20 condi ti oni I n .ol i.shi. s J.exssitu.condi.tioning). An
exanpl e of exsiq}lg)n%:e(t)h% io? §| 50E1¥n3| ﬁlﬁn tﬁess"{f?%é‘q%‘zac&iﬁ?snw %"3’?“%%“'%??‘," EPAGEL ent

No. 5, 486, 18é&ondition stidréissale phd mith somesdrt of ARGhingerdukting nkedns.d GEMerallyahik Gaing

Condi ti oni ng ,Pol.i shi Pads. An exampl e, of .i.n-sity. condi tioni, is .

di scl osed iR SEHREPLEE Pﬂi%!“gﬁé‘i‘ 8?ﬁ°°g§'p‘1“l‘i’a‘1"?’%ﬁ§°s‘(¥%ﬁél ing polistd (Bt ¢ | oq
on J:.I| %53, cbﬁ&ﬁoraiﬂ@ﬂoﬁ&&ﬂwfehﬁﬁoﬂhiﬂgzé Sdwéps Jeksich Eanditiobing))i PG exB@iphe bh&dit%zczng, -
et al. patent and the Karlsru . applicatiaqn e rein incorporate
refcler P] . i"PE‘é‘Pm&%é“rdA’r"? ‘,"ds F’rget’% ?‘s%lmQE%rrPdfFBf ﬁ?' %ﬁés?pbﬁs‘i“?mﬂn@“@%”’ y
pl anari zat i1(996,‘5&[1&&&&Bé%e%ﬂ@ﬂﬁbﬂﬂg?&lisﬁﬂ%?&&gAﬁ'eﬁ@ﬂé &f in$i#€ Condtiofling NF4
particles, are used to condition the polishing pads. Ag shown in both the
Cosna, ot df disglosed i Kapiwhd, Hes. RatewAmplitation Srtisk No i/ 447550, i o by rifo%x - oi ¢ u

condi t i oni nglq JpRAdOPsIERG | PdiZConRirohi.2Boltl e Ceomliek w?%%ﬁt_ Al hE KaANGAT hese
cutti ng 30 elenents secured to a bottom flange of the ring. Generally,
t hese @t t japplicatiemen hereigincomerataddy refarenee bot t om surface of the flange of

the carrier ri pnd¥inah 6l s%ﬁﬁ‘{oﬂfl]cﬁ;}' ﬂ{ﬁgﬁf‘é&d [anﬁ{zﬂﬁén’w?tgit%ﬁﬁﬁ Toughi

El ectropl ati ng produces a sinple nechanical” entrapnment of the cuttin
el ement s orer chiéing elamEntHERciSH\iamond particles, are used to condition the polishing pads. As

- shown in both the Cesna, ef al, pateni: and the Karisrud application, both in-situ and
ex-situ conditioning apparatus utilize circular ring conditioners .which have these cutting
25  elements secured to a bottom flange of the ring. Generally, these cutting elements are secured
to the bottom surface of the ﬂangé of the carrier ring by an electrbplating process or biazing
process. Electroplating produces a simple mechanical eritrapment of the cutting elements on the
catrier ring by depositing metal, for example in a layer-by-layer fashion around the cutting
elements until they are entrapped. However, one problem with the electroplating process is that
30 the electroplating bond holding the cutting elements to the ring surface is relatively weak and the
cutting elements occasionally become dislodged from the conditioning ring and embedded in the
polishing pad. Further, because the electroplating bond is sﬁsceptible to shearing forces, a
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" -. carrier ring by depositing netal, for exanple in a | ayer-by-I|ayer
fashion around the cutting elenents until they are entrapped. However, one
problem wi t h wdhe@msssgct ropl ati ng process is that the el ectr ®ETaISPaRg98ond .
hol di ng the Guistdntigh 4RAES bondifg hiafrial iP decdbd {oA0h 1he chthg bleMehty in'Yade. 20ch t he
cutting elenments occasjonally becone dislodged fromthe conditioning rin

and" enbedded r¢sultithgbogding materiatartglly pavers mostyihpqt all, gf the magy eyiingslemepts JBerehy gg
bond is SUSC%&&%%%&,&&MQ%&&W% ec%mﬁﬁ&ﬁﬁg%ﬁié. a;{hu@m%viafsmﬁ&dioﬁ&

material is nee o hold the cutt.lngjwle.rrents in place. ‘As a result, the
bondi ng mat ebrazingpracewsiis grefewed: A detailod diseussipmef the brazirg proeess isglispussed hereigas
el enments, cth : C .S t h L L0 : ' t kkt{gdRi Ng
Fing. Thil, tiig SRRl <P (1€ aRrhbURIMACHRRA ohikes s, Bbaa 1, 0
det ai | ed di soxhichiihereih itdogpomatedbyrgfepneeess i s di scussed herein as 10 well

in Hol zapfel , LU S | cation Seci al 08/ 683, 57
Filed duly 15, 188eoRg PRl WRPETor REUP S5 tehan S5iror o B IRBE O R FIR | ng

el ement s whi Gimyagompfise diamondsppotipetysailineochipslslivers; gilivbn tdrbidé partigies, ahd driikecr

rings may conprise di anponds, | ycryst.al ling chips/slivers, siljcaon carbide
particles, Ve TR essiqd e Y copiomingrines e B HE phAlecBrRiNein FdF,
rings argpbr 3g R b Bt cI@hREs £uch B Bdrfchds, thedd St6¢esstSare nbtQddaPin AR the{ Bchibit

cutting el ements, such as dianonds, these processes are not ideal 1n that

they exhi bit aavepeshprisiifetime whichireyalts jihfiamond logt, diamond diaghien ar Pleag wedrard
fracture, or JlahsiYndiEdd, ese 1Q£t§¥ﬁ%£¥%igﬂ%§%&? J&@&@s&r@éﬁes H b (v_%fe&lé” ed

di anonds can cause“severe scratches i1nt ers that are I ng pol 1 shed.
Waf ers that dhatarsbreing polishieds Wafersthat ate swealched afpeconsidened tarbg serhp andshis caeresilt | n
i ncreased co I u [, iLfet] .

condi ti oni ngqltr1 ?r%gseg&gﬂfﬁqﬁ%%swgt ?:{r]\@%rv\’/et%% &l%gﬁs?el%gn{rﬁ ##%eacﬁbﬁlgﬂﬁ{%%&% tdﬁ%to
condi t i oAb ng plating swemr és sigpificadt liy thab ¢henmmtitionipg mings/ are dppicallyathe enosb expensivit
part on the CVP a Qlaratus. élthoqgh e brazing of the cutting elenents to
secure them t§" € SPPpoent paxt Py tRe GVEABPAREY Gver the el ectropl ating

process, there anthoighlthe tearify qiteRintig clananto sdécard theni 10 the varrier fid i8 PrefeiableS s .
| he probl ens a;geociiat d.with the unrel | abi litbﬁ of the hond created using
brazed di anofd2% ¢ R PERRSSS: therg a7e;sil Somprohiems assorigteft wath e brazing process, 4

in the prior Tyetprobighs @sosiRte® withthKaRRRAbIRY oFlthe béadSoredidt Qg DlazedSdinfidnd 25,
t he I’e|labl|lt¥ of a braze joint fornped between a dianond filmand a

t ungst en 2@ ar Heholegy, ia variqus applicationgleag besp addreesed inthe préor arta Fenexamplepin faprory

braze conpri g g U/ Patht . 51567595 the réliaBily ¥1d b2 joltit ifdrinell BawRLAd ik AOMEAIRE Ur €
and high pressure to forma polycrystalli'ne conposite conpact having

reduced abr agpdatunggencadidecbicets ingreated by epyeing the diargondIim wifhen lypae cpiprising

Lo oluts i armtigl IRRAG0R B tor Shifeg Mol epflfille o 1igh BfpiPe Lof 4P

pol ycryst al | ipelycristaliinn dompasite sorapact kavingrrgdoed alxasbedayeysteebes is di@ldspdin @8en

whi e Tubeace,eyens "sdoRe UsRiS oAb SIS Atso, s Pakeiit No. 4,899,922 issued to Stutz
el al., describes a brazed implement having a thermally stable polycrystalline diamond with shear
strengths exceeding about 50 kpsi even while furnace cycling the brazed implements. This is

achieved by brazing the compact to another compact or to a cemented carbide support using a
brazing alloy containing an effective amount of chromium and having a liquidus above about 700
30  degrees C. Still, each of these methods for creating a more rcliable brazed bond requires
substantial mechanical and/or chemical .manipulation including a temperature application.

Further, none of these prior art patents suggests the use of their respective methods in a
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3 achi eved by brazing the conpact to anot her conpact or to a cenented
car bi de support using a brazing alloy containing an effective anmount of
chrom um ang,l&ygesld @ |1 qui dus above about 700 degrees Cpctiubdsizasspach of
t hese nethods

mechani cal ’g‘{mt@ﬁ@}%"?ﬁﬁg ﬁ?ﬁ‘f‘ UP aﬁy: ﬁth?r aﬁbong‘gt gﬁ%éqglpﬁgzmgubs&ant '@l

appli catiorintlﬁtappﬁwﬁbhpmpesnone of these prior art patents suggests the use
of their respe t|v t S in a senm conduct or ocC SSI n

particularly | E‘F’fﬂﬁﬁl'ﬁﬂi 2SIy WF‘H@ g@&aﬁp ng%é{nng

apgl i cati orpomﬂfgq,aasf usfj&iﬁﬂfe@blﬁ@ing oxl'ﬁlhﬁﬁﬁﬁbﬁoigerﬁﬁﬁiﬂuﬂﬁfwﬂrsh IMﬁlll’e(pwﬁdulﬂW, hod
and apparatus for conditiaoni Ql i shing pads used in the I shin

pl anar i 2 at ithsee i§ R nesddprasvraple e‘ﬁ%‘?"&"é‘h"‘fﬁd@?ﬁ‘ftﬁ ﬁ‘F%‘FT“anE e ringgwhich ¢ 5
need for a & id Rr @d?ﬂm%&fmgﬁxb%llshﬁﬁbmgo Hacth @O RAldedrthse fnQiiantRB Wst, dRRIoAG t he

rings which are used for conditioning the pollshlng pads so that.there is a
decrease i HraghzaandcplatingsvearipEihe senditioningrings shereby restiting ine donger life fer the

condi tioni ry I i oni ng
Fings and ombSHEE Al RRAY R h ERftd e G cr lefhe BB O or
chi ps. Summary of the Invention 15 It is a principal object of the .
present invention to provide an ﬁlpro Gl.- g and apparatus for polishing
or planarizing workpi eces such 3 1 fU - wafers. It is another

obj ect of the present invention to produce inproved di anond brazed

o1 anar 18511 on' 51 opepipal 8iec BF e préhd Pifion R prgigP deomproved et amh

i nvention tagpapitas/ﬂoﬂpolamﬁgbmmaﬁmdg %ﬂ@teaéslbﬁcﬁaarserﬁﬁonduﬂﬁl'wsﬁtsng wor kpi eces
whi ch includes_the coating Ofdﬁ condi ti oni,ng rlng used to condltlon éhe
pol i shing pad YuBrAneihss opipstqf the presend ipysauons to profyce impraved, diam

cont ai ned QBndifihifg itk LicdTort@nditiSingPpclisiih@pdds imaplhyarmdmedmmpiecess yet

anot her object of the preseni invention to_provide i mpr oved nethod and

appar atus for Pdp s@hm@h%wmoé@e@r%mt@wmwww% 4@@%#@”
fever §§r atiphigfnPworkpieeRwhRAdHGEdRE mé%ﬁ{ng ofhkoﬂcﬁuoimglringalsé%tchﬁam&bmsct of

t he present |nvent|on to rovide a neth ap arat us for pO i shi ng
wor kpi eces palishing pas sush that siapclogsagofdhe epwegelenw%qoammrmw%@egu n

. appar at us wh\ ga8|n=wi&mﬁ9&mmggcaj mechani cal planarization processes,

t her eby decr 5“oosts associ ated with polishing and planarizin

wor kpi eces. 301t is yet another pbjeetfof therpregentinwention {g prervidsrandmproved method inds and
apparatus f Bﬁar&%%r ixﬁﬁiugg vpo(}i{ﬂlécm Which results in less scrap, namely fewer scratched

20  semiconducior wafers.
It is still a further object of the present invention to provide a method and apparatus for

polishing workpieces which extends the lifetime of the conditioning rings used in apparatus
which perform chemical mechanical planarization processes, thereby decreasing costs associated
with polishing and planarizing workpieces.

25 In brief, the present invention provides methods and apparatus for conditioning polishing
pad devices which overcome many of the shortcomings of the prior art. In accordance with one
aspect of the present invention, a polishing pad conditioning device for conditioning a polishing
pad by contact with the pad is configured with cutting elements, such as diamonds, braze bonded
to its bottom surface, and a titanium nitride based coating or a thin film diamond deposition

30  placed over the braze bonded surface. The conditioning device also suitably includes a means
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4 pad devi ces whi ch overconme many of the shortcom ngs of the prior art.
I n accordance with one aspect of the present invention, a polishing pad
condit i oni ng wWiee2sessf or conditi oning a polishing pad by COM&S9W‘?W t he -
pad i s confi dowrengaging the conditioningenms mith thespodishing pail addoristatibg thecoidbitictdng t o

its bottom surface, apd itaniumnitride base oat i of.a thin film

i arond depodiengsh st Sspihating B8 bolfdbolde ifor SEE theiBS tiridl S pdtithile bad.
condi ti oni ng dev i€ &ccotdaficeSwith & Rirther 8pédt AF the Ppra3ern mvefition, Ge@ngaghgy fobsting and
conditioning ngans with the polishin, ad and, for rotating.the cqndit.ioning
TBANS On. and@SGIANRE MeRRS FompYitss B oRFASE Fkasapied FE mayine the qosditigning evice intor

the polishi NGn@afit of, Nbpeafifd Eipag&neit Withathé Yy Siffaccd&P8E tpab) ardd'for REEEARE the
i nvention, the engaging rotating and oscillating means conprises an

operating ar FPedidgningdlevice ragially pver thedorsrfanercf ey The gprditiqnigdleviee compgrises out
of, operati Veahcﬁz‘}ﬂﬁagz{{é{ikoﬁﬂ Tiﬁﬁxe%ﬂa?ae?f‘& i ,‘in&’ﬁavix@hecuﬁiigeleﬁﬁ Gft4ched to the
the condi tioni g t

oscillating evice radia over the p surface of the
pad. The condbottomsirfage ofthe cagrier olementina circulsnring configurationn Futthen faicgating of ¢ither he
shape of a rin hayi n ting. ele . J.ne. ace
of the carrié rcggpgsrlrn%oﬁ't‘%?tﬁ' e%'ggil’é"}r"(': U g’rtr? Aﬁ"%g%% ﬁ?ﬂ& gﬁg‘gﬁ‘?‘éﬁ’gmﬁg‘ﬁs%&‘%ﬁ@ %3%1{ i ng
of eithell0a cattingeleents. containing titaniumnitride or a thin filmdianond

deposition is applied. over.the 15 utting el.ements,, I n_.accordance, wth
Gbther aspect ol EREGVE LA awed O e PReem LI t BB AT R I
fl ange whi ch sehgeaibicledaends dvat the périphery v e rihgd) vith itieGuttitg lelendei® being hititPed

el enents being ,attached to the flange. In accordance with yet a further
aspect of thdoBedEet i nvention, the flange includes cut out 20 portions

to permt materi gh focbidaks SR Get'a ek hPedt Bf BE brRSentihvention, 4R flahfd inklhdld cutloilt
accordance with this aspect of the invention, the cutting elenents are

di stributt®@d S9Bims tn peanitnatemialisde mcgpefiomm the dneriar of g sarzigtring, dn ascorgapeeswith o
braze bonded s hide Sutd; %feﬁ{!mgﬁxge%kstrﬁﬁﬂ bsg%f%
brazed net al %?F%E&&F%Fﬂggﬁ%’ctg%er gbout 50nto 75e§/3£'u an pl?ﬂé%%}g%o%%t
40-60% and rflange aud dfecclenients arehuaze bowied tofthe fangewithyibragsd metal allop. tBreferably, the
el enments. For . ti ' rti )
havi ng an aveb F%%Hﬁ%%lho&%}l%ﬁfxwﬁ%gﬁ%ﬁ% tt(l? %g%haé‘d&%rf]%%b‘g?@%w‘g%o%‘d%%
m cronet ers gmefenably tabgat S0%rod kiieyheighooft thel Gfiting efenmentst Fosexamiple, for autting elehaits -
al l oy shqgyl d pref.erab ver_each cutting. me u 0 about 5Q% of it S
nei oht P uPecraRn YerBSE beine dn ieresbieht e dhapiied b R SiMeg 320 50 200°,
200 U. Si n}es hnicﬁ::mitegi)ﬁﬁd g{oen‘ prefipdbly abigt150 Gicometeds) tlééoﬁrazaf&iétaihraﬁoy should
particularly we apted {o the present i nyent : ) n agcor dance
with a furt hé%’eflﬁ?B’gc‘f‘l[‘)’S‘f °‘E°he°“ﬁ"§s Hpent r\'Petﬂtﬁ\{’Bﬁ,go%% fts hgight L& “t"h‘%‘atr\*‘C"QES‘J/?f‘ta1 0
40% micrometers. Particle sizes in the range of 50 to 200 U.S. mesh, and most preferably about 100

) to 120 U.S. mesh are particularly well adapted to the present invention.

25 In accordance with a further aspect of the present invention, covering less than 25% to 40%
of the height of a cutting element with braze may result in an insufficiently secure bond, such that
the cutting elements may break away from the braze, thereby liberating the cutting clement and
perhaps damaging the workpieces. On the other hand, covering the cutting elements with braze
in excess of 60% to 80% of the height of the cutting element may impede the ability of the

30  cutting elements to properly dress or condition a pad. Thus, the present inventor has determined
that an optimal range involves covering the cutting elements in braze up to about 50% of the

height of the cutting elements and then coating the brazed cutting elements with a composition
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of the height of a cutting elenent wwth braze may result in an
i nsufficiently secure bond, such that the cutting el enents nmay break away

fromthe br‘%g9 B&Qereby liberating the cutting el ement apgrysosR@dehaPs
damagi ng tt}\g RO eces, . Oj')a{h? %hg{m r}angl govering the cutting el enents
with braze mﬁﬁgg’%’"b’?’% 230 §F 8 558 B PRTORd GERONUOR 1 he cutting el ement nay
I npede t he abi I addcoribndelveithoiet 4 fundercaspaceofitise freseptrinvention) tikreAditichingdevitet | on a
pad. Thus, th resent i nveptor has .determ ned thhat an, optimal range

Pvol ves o UE REEEs (AP e of BBHOSP A B S5 S OO0 e GIRPOIUEhe 5
hei ght of tIhaccBidbdide WGthehie spedt 6 tae Hhvériion theadhdifichidgtievios prefeshbiib todfiguRlienent s

Wi th a conposition having a titaniumpnitride base or a thin film di anond
deposi t f on.1o FRuBlie 3 meXeAdE cfrichelgment which holdsthe workpieces dusing-polishing ¢

i nvention, thepeoRGliidcO Rt S ARBM aSci B thepRes&Pivinlioh, It doRdiGAMINE devRPistHAE
polishing pad at the sane tinme workpi eces are being polished. |In accordance

with this d&iggredto méunt arourdibeguter perimetss of the Werkpieesiermigr elenpang avhereinfthecautiing | s
configured Q DQFIQ-E taBache CRkhd I - W\l Iﬂ]dggli e

wor kpi eces eép%ﬁn{nsg pol1 shing. ﬁ@%@é@ ancee\?ﬁ?ﬁﬁ@%ﬁlﬁ%gsp C Ei(?)'ﬁntghe
present i mbeazingofithe citingderdénts and & titpnisenittide fanting orp thindilmalianand depositioar ound .
the outgr perineter of, t.he rkpi rrier elenent, wherein the cutting

el eman{lg are ?8%%?3VV%%%%@$%&%§%&%OHom surface of the ring in a
circul ar confi Guacosrdmice with yétadurthegaspéct dithe present imentidrs tthiting Bldments magni um -
nitride coating.or . a thin filmdianmpnd deposjtiop,15 i 0si ted over the
brazed cut &F ﬁ&g“é‘F‘é Fﬂa‘hbg“.ge IW@@F?P%‘}R’B\? ‘gﬁ ]E)eﬁp °€ﬂ’f W@‘haﬁa@ﬂ@c‘be g‘f“gf he
present i N\ppdTerably mdylificlGdétdut H@ poftRAEI Rmiinatetalaid ccdpe drohDtha irftdrivh gLthehi ch

ext ends about the periphery of the ring. In addition, the flange preferably
may includd™@ut out portions to pernit materials to escape fromthe

interigs of thefcodtfanceRith yet anothéraseeCaTikbnéstnt vehtiofS the 30hp BlemattPasel Of

the present invention, the cutting elenments used nmay_conprise_ different

mat eri al s, mAYcepgpsise differeat mafsrials, sich 3t far pumple disgond, ppsficles, qrolycryisigiine

chi ps/ sl i v ehe/shid, EutlObéton Ritdite ph@icks) silicon SPbidShdriiciind MMude THAkbdtinges and
the |ike. The coating el enent maé conpri se SUPERNEXUS, which is a tradenane

for a ti'taclementmaydotpripy S, avhichiina radepanesi fartitgniyeynitside product, or
SUPERNEXUS f 3 i el Vel | SOPERIGERUS Us bibadiha nPERHEE 1AM tocegRn and.

conprises par antumnitride and part zirconiumnitr ternatively,
t he co020i ndBeaveston Oregonypnd comprises@ard titahikmm nitiideand partairednivwaitiidey Alisingtivelionsi st s
of man-nmade, di anond_conpone . Lhg. . | CF .S f rbon
W th s m PSR RoRPRGN corsetd it gimof Ui Ao R BIRG R helim8 0P
by heat i ng dizdad norapuests, teitalk of athivh petcomprised ofdatbon with afmininameoftydmgent 3000
degrees F. 'l!'flgsqee&ianhclm%hp {ofe3 ad made synthetically by heating carbon and a metal catalyst in an

electric furnace at about 3000 degrees F. under high pressure.

25 ie ripti I'

A more complete understanding of the present invention may be derived by referring to
the detailed description and claims when considered in connection with the Figures, where like
reference numbers refer to similar elements throughout the Figures, and:

FIG. 1 is a perspective schematic view of a semiconductor wafer polishing and

30 planarization machine currently known in the art;
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30 Brief Description of the Draw ngs 6 A nore
conpl ete understandi ng of the present invention may be derived by referring
to the detail wbodesossi pti on and cl ai ns when consi dered i n c8aTELs24960 Wi t h,

t Ee Fi %ur es, hwhe_rmdsl x&daééef@mms-mﬂﬁeMMe Mers:ildihiﬁghaeﬁism% in ]EIG.

t hr oughout the, Figures,_ and: Fl 1 is a perspective schematic view of a
sem conduct or ?\‘IQIE’FE‘TME&W?TW R@%%&*‘W°%Péﬁ‘§lﬂﬁf’£gttp’éﬁﬁ‘m RPEDINgrecess | y known
in the art; FlGS FI&.ansa 3ida%si—%ﬁ&{apﬁ%wﬁﬂﬁfsbﬁféaﬁdu%?%fe?Ea&i@xeelé’}ﬁénﬁ With an

cl eaning machjne shown in FIG 1 illustrating different parts of the

machi ne at di M eplshingpad conditioningying copnestgd jss; FIG 4 is a side

Cross-sectsg onal vgiews ) TR 1306 E or. el ] -

i n-situ polishi ngR ggd?{%%%i%%?oni ngHﬁ“ﬁgo con g%fgoé\ﬁf[nﬁepgbgg%gm%ﬂh 4 FIG 5
is a top view of FlGe6isn side viewof the in-sity conditionimgiing shownin FIGSg4 albsyn i n FI G
4: FIG 6 is a si Is Ltioni ng,ri shown,.in FIGS. 4
and 5; FIG 7 is lsai%b?a(rlsg C |e§/t¥<}%\7}|i éng&lot%y??i’g&%%%‘frgaﬁ ﬂ%hgﬁ? Rieg mschipg shown in
pol i shi ng macFiGhd withoarexisitu pblizhink pait tonditioning-appdratupial dpetativigengaigtment with the
condi tioni ng a&iggﬁlat‘? I n operative engagenent with the polishing surface;
15 . FI @80 % de cross-sectional view of the ex-situ polishing
pad condi0i oni ng FIGNYislaaiddeross-fiidhal Vievwrbfihe éx-sitd golisiing Sad@oh@RonthEMhdHolder
ex-situ poli sgi nﬂ_lgﬁ%h%pndi tioning ring; FIG 10 is a cross-sectional view
of cutting el t i

. _ whi‘ch have been braze bonded to a conditioning ring and
coated with a coness is£18p vidwat 6R EEAGRCSMiApddtendifiGif find; NVENti on, and 20
FIG 11 is a cross-sectional view of cutting el ements which have been

el ectropl at ed t o FGeHhgierassrsestjonal migwof euttiegelenents whickhhave bpershregedonded to a
accordance W ¢RakiBEindfifs Sl cobtey Gith | Is Ress Wiild f.the .
Preferred Enbodi rrenlt’és) %e scﬁ’??ect %(r%@g%‘??%)%n#g%gt es%tﬁo&adrl\é)&rer%%'%‘é%mm’and

appar at ust3f or corfiiGt 1 bisiaregpsevsectipnat viswflcitting elgmpmtsiwhich havedseen elpstophetdaea hod
for securing | Q- £ at.us_so, t hat. t he, cutting
el ements do n‘%t“%@ﬁ%%%gﬁ%?ﬁlﬁg&ggﬁgggﬁ% 1L RGO ance Yt the PessnE IRVeRion. e ng

polished. While this invention nmay be used to condition a |arge variety of
pol i shing pads which may Qe used to. poli 3 varie of,, different types of
wor kpi eces, the preferred exenprary - TS gr-Sotreseeerein will

relate to polishing pad conditioning apparatuses used to condition

sem conduct or waf,ﬁlg gJ | shi ng. pads. It w |l be understood, however, that
the invention ject invention relates to an improved apparatus for conditioning workpiece

polishing pads, and an improved method for securing cutting elements to the apparatus so that

20  the cutting elements do not dislodge from the apparatus and damage the workpieces being
polished. While this invention may be used to condition a large variety of polishing pads which
. may be used to polish a variety of different types of workpieces, the preferred exemplary
embodiments discussed herein will relate to polishing pad conditioning apparatuses used to
condition semiconductor wafer polishing pads. It will be understood, however, that the invention

25  isnot limited to any particular workpiece polishing pad conditioning environment.

Referring now to FIGS. 1-3, a wafer polishing apparatus 100 is shown embodying the
present invention. Wafer polishing apparatus 100 suitably comprises a comprehensive wafer
polishing machine which accepts wafers from a previous processing step, polishes and rinses the
wafers, and reloads the wafers back into wafer cassettes for subsequent processing. Discussing

30 now the polishing apparatus 100 in more detail, apparatus 100 comprises an unload station 102,
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30 is not limted to any particul ar workpi ece polishing pad conditioning

environnment. 7 Referring nowto FIGS. 1-3, a wafer polishing apparatus
100. i s sho ing the present invention. Wafer polighi pgratus 100
g @g"ya C(s) ' [ %&E?c accepts

sui tably conpr rehensi ye waf.er palishing_nmgchin i

waf er s fron‘?ng RIS %&B’c@gﬁ s%‘?%ﬁ?““ﬂ&ﬁﬁ’sﬁﬂ%% ripgeqad load patignak08; s and
rel oads the wafigascoRiafide withiahri¥ertke enfbddinhi ¢Tshel ifVenfist) SAIMRE T 10 ERERSRIHRT -

Di scussing 5 now t he polishing apparatus 100 in npore detail, apparatus

100 conpr i seRvEhty Wk, atedpadsd intathe machipg at unloadistation; 182, Nextt4 rghoticguafery
pol i shing Séagder Gt 112GemeVRslthd wikkksSront Mﬁdaﬁﬂﬂ&ﬁﬁ;@ﬁxi&ﬁa@ggm@ldﬁaﬁm

accordance with a preferred enbodi nent ui the i'nvention, cassettes 110,

each hoPdi nyafer fnsiespm § 147 Wk dransferarm 114 dbradifisand maves theowaferdntatwaferl oad
tati 10 trn G & I Iy <A AN f
station ﬁa&%@ﬁg segpoﬁ PO Ui 1Waﬁ£fe%rl'1§§mﬁﬁl§]#§s @ﬁg@yﬁ%mﬁrm%g& rom

cassettes aces them’ one at a tine,
t ransf er araplutality §fsvafer pickavys ftations il h¢ whith résisle oni of totatablectable 126 within wedérer

into wafer sition cty on.104, t. IS, stransfer arm. 114 suit abl

pl aces an i%%?i@?%%cgﬁo%f@é 0%#%%%“515@*& stﬁt%qt]’{ P)?I%S?S @Y@Wﬁfg’ﬁ@ﬁ%"%’ tions

iég \M%i cht ruTiodfllcm}ﬁ:frzdtemio Jtahﬁthpi_ch-hita)mﬂ@@llllﬁ.g‘&ﬁeﬂamfeﬂscfep(:sﬁtsdbﬂmfof%tiOn i
: atahl e.tahl e al so | i.ncl udes a ural it waf er,

dr op- 013#) stpjl“iahﬁs° ﬂ%"‘bﬂﬁ‘%ﬁ“&ﬂfég ﬁt'?get t)\év?ﬁnﬂwtﬁfeéﬂ-%gé‘f’ﬂtw gliéﬁl.lgnﬂf"[’@r a

wafer is depmsfede 100 Daasf@farrh DBt thén placed e fdxt vifeldn thE Ko dhiptys pidkk-UP@itioh 16,

table 120 will _rotate so that @ pnew station_ 116 aligns with transfer arm

114. Tr ansfdf- Zhigprosess contipues nottl ol pickup statiqns J A6 aze fillsd withavatis, Ia thsippefisredy - up
station 116mbbRinfent¥fAedivenf)tableY 26 willihithdeHive pmkglff,-s%oﬁ«; AR Bvel dBp-afre

filled with wafers. In the preferred enbodi ment the invention, table 120
wi || i ncl uc#atopybl8yi ck-up stations 116 and five drop-off stations 118. 20

Next , waf er. i SR ale Py 'Mé'ig:.”:%lnri I er

el emen?g 124, ?%Esg%&meﬁaédl tguél?l?z’gc@e ﬁ% a%ﬁlg“ﬁd%g! SO t atépkraiég&%%lg??{ie
carrier el ewitshlypalipasiitsglf oves tablet 120 seitiataespentive sarrieh slomenth 124 weef positionadidirectlyesi de
I n respecti oY -‘%-E%IQ | Yt ( . I adr ops
down and pia\ég‘éé%u% e”@‘g@téérsémﬁ’?%gﬁ%ﬁ%??kﬁ’gé@é%'%@?%ﬁ%ﬁé@ﬁ%\%@ t he
waf er s | at elrepsidpws amdpitks aip thelvefersfiom thein respastie stationsead mloveschepwrférs laterajly

stati on 106, bo ol i shi t at h.on._ 25 .. 6~ Cakrier,. aratus 122
Surt noly T e BECE RRE sRCbosidhdbhng beioiing Htion 106 ConEMEv TR RASHEE® 7
(ipz)gr achzoga emgag&imﬁppammr mn\?mhiﬂlglr bh% @em&rﬂﬁaﬁicllt\/gﬂeﬁﬁd by irﬂijv&mgkblmehapfﬂ?eel :

. rmn oper al.l on,. a ae cau Ql.l SNi a O fLOolale
Sbout 1 JapropEativehzascltnt VHits nolishing BHE (7 A 74 P 2181 pier 128 Iniioks 124 -
spi n t he wadpesationy [upwhedl 128 taukess pplishing'pad Y29 tb rétatk abont s veMibaD@Gs. | Atahesatnse - '

waf ers back, an rth across pad 126 ubst anti al al ong arr 133) .as
they press time,(;In '\%dua? car%er eﬁemgxts 1211 spin(tfle ers about t!n%(r respective vem%\é\f ax:i),s d

oscillate the wafers back and forth across pad 126 (substantially along arrow 133) as they press
25  against the polishing pad. In this manner, the surface of the wafer will be polished or planarized.
After an appropriate period of time, the wafers arc removed from polishing pad 126, and

carrier apparatus 122 transports the wafers back to transition station 104, Carrier apparatus 122

then lowers individual carrier elements 124 and deposits the wafers onto drop-off stations 118.

The wafers are then removed from drop-off stations 118 by a second transfer arm 130. Transfer

30  arm 130 suitably lifts each wafer out of transition station 104 and transfers them into wafer rinse
and load station 108. In the load station 108, transfer arm 130 holds the wafers while they are
rinsed. After a thorough rinsing, the wafers are reloaded into cassettes 132, which then transport

eptace



30 agai nst the polishing pad. In this manner, the surface of the wafer
w Il be polished or planarized. After an appropriate period of tinme, the
waf ers are renpysgsigaom pol i shing pad 126, and carrier apparpiriSoskagso

transports th | tei ks rrier apparatus 122
theWRHES B BB udnPsthiAl Fdrirndier ﬁ&%ﬁ%o&%ﬁh&&%

8 then lowers individual carrier elenment 0sits the wafers
onto drop-of f st aPringthisiplishing apd planarization proeess, therpolisking padrwilt oparainfl thus

stations 118 {y. Qpl. anﬁxﬁ E? rs 13 r_arm 130 sui.tabl ifts
each wafer out 0 e?f@%ny ttl}v%'n sta ?rg’rf%ézn%gﬁ%ﬁ?‘?g‘%ﬁ;fné%@tf?@rﬁoﬁh“&g Rﬂ#lgré to
rinse and | oarenwveanosurfagsirregularitivs thabmedy dévalop doridg®lishing NGémkaliy| terk 3f: thal ds
t he waf er & whj thev.are 5 ...rinsed After a,thorough rjnsing, the wafers
are rel oaded ‘llNL_soto E%I}séhsné)fl?gspoﬂ’f}g Rﬂﬁ’i lB'ﬁ“‘_f Is}t‘émfg"&h}é"we?@"{%“g takes
subsequent st plbceatusing the wafef pdlizhing pOCES,SHHilg eREindAEAGHIRDocck il Bflvdel bSlishing
pol i shing and gl anari zation process, the polishing pad will wear and thus
becone | ess eMfctive. Therefore, it is inportant to buff or condition

pol i shing pad 126Réferring HBWeo BIGS. 24 fidsHu tdnbiRidhna Will EREbLd eéuégmy

during polishing. Genergally_ t here eire t\{vg 10%?\/\/ays to {i:ion |t'|ohﬁ£c¥§llg%e
pol.i shing padWith 4 peeferred embodisentiof the pesent invertiongin-sith conditioningrg¢neralinocegrsbak es
pl ace durjgng ¢g & PNitaSQInBS Wik | xSkl oconditionin _
occurs in bet Wee?leﬁ%(%I I shi _r!1g stnepgi.%%g errlt\rﬁf(gb r%gv‘\e/g?ho“@f‘}dﬁaffﬂer ieﬁfnsefleﬁz""
condi ti oni ng ‘Fher¢fors, ag tcatisr ¢lementssE4. rotate and aave rthe waferd overpthe fpalistask pad,

enbodi nent of ' Il on, in-situ.canditionin engral |y .ocgurs
by 15 conne‘(::oinlﬁﬁ(g) aﬁ@tﬁﬁ@%ﬂk ?%&‘Q%in |tc|°}5%‘|:t§iée %qhg%l’adzg'ﬁs f‘g‘dg’:?gwgw"{}iv@b‘ﬁl
carrier el enetht wafeds ardbeingpadished. as carrier el enents 124 rotate and nove the
waf ers over the ppldshing pa ndi ti opi ng. el nt.s 200 wll al so contact
t he polishing pag?ef?rﬁﬁ%ng‘gﬁﬂ%tlpgﬁr @Hﬁg'ﬂ%lf joRdipopng, slement 2(0candcsapripr
pol i shed.15Ref dememg24 04t how b¢ Biscudsed! 26 ;ﬁ@ﬁﬁds?@ﬁe%iibﬁﬂ, Qfri& RsHeht £ HAs and

el ement 200 and carrier 20 . edéqe nt, 124 wi | I now be di scussed. As

previ ously rre?{ﬁsf)%éﬁ‘,” agpigst @’é‘i’ﬂ‘g pasldusine the polidhingropesetian.t Asisweelldmgwn
agai nst the pialties emaelémdﬁtrmmaymg@% BB oPBEERhY éggbog@e kS Holeber RPN

in the art, carrier elenent 124 ma nprise a nunber er ent

enbodi ment s. HYRASSAE discussing,the prsssatinygntign, samiseslenent 124 will be discussed ireavtordance

carrier el enbgih théembbdimet&holsmiA®ed, i n accordance with the enbodi nent
4. 25 N

shown in FIG In accordance with a preferred enbodi nent of the
present 2Avent i oAn arcgrdancewith|agmefpnredi@ubodimshtofhd prescotipvention, carrier element 424

plate 140, a piflBRtd J.ay , o i n 4 nd a.ro e
drive shaft 146. P ess rng%pal At eé%fb&a%ﬁ’? @%ﬁ"éei&ﬁgl 1%‘?/’ %'i'e%l"?‘?%ﬂ?% dﬁﬂd:?lvar d
pressure rotation drive shaft 146. Pressure plate 140 applies an equally distributed downward pressure

- against the backside of a wafer 10 as it is pressed against polishing pad 126. Protective layer 142

will preferably reside between pressure plate 140 and wafer 10 to protect the wafer during the

25  polishing process. Protective layer 142 may be any type of semi-rigid material that will not
damage the wafer as pressure is applied; for example, a urethane-type material. Wafer 10 may
be held against protective layer 142 by any convenient mechanism, such as, for example, by
vacuum or by wet surface tension. Circular retaining ring 144 preferably is connected around
the periphery of protective layer 142 and prevents wafer 10 from slipping laterally from beneath

30  the protective layer as the wafer is polished. Retaining ring 144 is generally connected to
pressure plate 140 by bolts 143.

Also connected to pressure plate 140 is conditioning element 200 which, in accordance

-
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agai nst the backside of a wafer 10 as it is pressed agai nst polishing pad
126. Protective layer 142 wll preferably reside between pressure plate 140

and waf er 1‘19059,289 otect the wafer during the 30  poli shippguRésPe6RsS-
Protective l.gyer 142 be any type.of. sem -rigid naterial . that w not
danage the VY wfﬁalge € e o S o e i e Pt
neterial. M showhGnHIGSbe andlé6] cf&gmﬁdhﬁig ﬂflﬁénegOO peferablie includes bﬂ%\ﬂﬂi\yardly
conveni ent nechanjpsm _such as, [for .exanple vaguu wet
surface te rF%‘“’BﬂPg éﬂgﬁ aq?za\"gf’]b’leﬁ‘i“mt?fdn il tielty é?‘iﬁ”&?’&ﬁ\‘\(};&f’ M&Yf‘%&‘@ﬂgar ound
the peri phalemeals 205 atatlidditheRetb.oF@thed 4 Sodting 420 @IES! B Ml 1) iskpdsiteddvet ihepi Ng -
| ateral Ly from beneath the ;;;Ot ective |l ayer as the wafer is polished.

Ret ai ni Ag rPREs slements 20 tosxtend the difstimeaf dhe copdifioninging-and to,yeduoe op elypingtg) ¢ s

148. 5 the 1o8% SPRERRRRCIFRRE Lty Q&RHL203! AR codtihgl 420 PréFEHabIy Binpigse hEMENT
200 whi ch, ien accordance wth a preferred enbodi rrefg\t of the ?nventioh, s a

ri ng for meditafium nittidg baseron, altdragtively, ey comprigg thin filmglianondn The fimee02 is ofnd 6,
condi ti oni ﬁ”?gﬁ]’ %@‘\34 ' léﬁg&] ]ﬂ&wg 2 ' | ange
202 whi ch {lgif:ﬁ%l nat €s %&&égé%g an elyzé):"%{hf at etg%tt m suéra aé)g%%%%gtlh%g
cutting el guotishing 20 Huang prodessing. Rartbérpconditionihgelement 20 preferpbly2@ill(belléeSely 10 and,
11) is,deposited.over th cutl i L. ener 05 to extend the |ifetine
of the 1&@??’?%%%1’%&‘?%%%34??%@‘83@@ lglr's rglf'{lg‘;ﬁﬁrnlé sgc?’ﬁle °8s FPseuri ng
of the cut tplaig 140 sidohditiciiig eldient 20Rallong lifiiEd perttat nlvéngent bunesttiaslateral -
titaniumnitride base aor, alternatively,. conpri.se thin filmdi nd.
The {1 ange TRYSHF OEfondRipHPESIERTa 200h SORVeCis™ HOEH T cIspert P
attached cuiHidhoes BeREnTud008 itd 410qPIC. AY, lis penaitiedkd thd thdcuti dlétidnts205 :
processi ng. Further, conditioning, elemen r ef ergb be | oosely 15

| ~.2Q0 ly will
connect ed tcgnigetad 446 by, visue of the Weight,of qogélm?g et 2 ‘Psa%/tb%rméw by essure
connectson a?ﬁﬁé@ﬁ?ynca%&%féﬂeﬁt Pl § nddfed, 2aditioRd] Weligh®airiigs 21 2 Ry e 288dab| ows
r

limted vertical ‘novenent but restricts |ateral nmovenent of conditioning
el enent -20@ondifiening¢lement R0Q\ig\ingrease the weightof thntinsapd thup thesprdivioningyessurghi ch
occurs betvigahe sHdt s 208 and 210 (FIG 4), is permtted so that the cutting
el ements 205 contact pad 126 by virtue of the meight of conditioning

el ement 200, r 3n treerdariee withg fystheraspactofitly prefemnd smbedimentofithy presentjinveption, 124,

I f needed, | 3d in¥&d liBEs 14 Jﬂﬁiénﬁi? PR fusGo Bidhdel fRM Y
el emrent 20 tgéildr%cr algyéi&%%y@g?gﬁtg%% fj'ﬁ]é I'n gﬂ‘% ?ﬂus the cg‘;rtle I't1oning
pr essu2e -orintetier gfadnditioningdonandd® Abcoidingly ay shhwn imEXS; S anfl 6 dsdimensionr r ed -
enbodi nent .gf, i ion. b0C o
por t1 one. 214 it S BREPEI p 0l B renke D ANE 1 Wl upli forf ey
i nterior - ofthemngs of about (875! te 1125 inehés. The camainingpartionsf Sanger202, whithIve5 and -
6 as di nensclu%?xg clements 205 attached thereto, an shown in FIGS. § and 6 as elements 216. The size of

the remaining flange portions 216 are illustrated in FIG. 5 as dimension “B” and are in the range

25  ofabout 0.75 to 1.25 inches and more preferably in the range of about 0.875 to 1.125 inches.

In accordance with yet another aspect of the present invention, cutting elements 205 may
be any bard cutting material useful for conditioning pads, such as, for example, diamond
particles, polycrystalline chips/slivers, cubic boron nitrite particles, silicon carbide particles, and
the like. Further, cutting elements 205 may be secured to bottom surface 204 of flange 202 by

30  abrazed bonding process which creates an extremely secure bond. This bonding process will
be discussed in more detail below.

As previously indicated, the composition used to coat the braze bonded cutting elements

10 | /
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"A", cut out portions 214 may be in the range about 0.75 to 1.25 inches and
nore preferably in the range of about 0.875 to 1.125 inches. The remai ning
portions -of fwengeso®02, which have cutting el enents 205 att ectresbséves et o,

an shown i n FB06IFIESaTF aka a8 H Bl paeabs c%ﬁémeﬁhﬁféhﬁﬁu&fm{dh% YabdTBY Sfﬂﬂhﬁin?“ge

portions 216 are illustrated in FIG as dinmension "B" and are In

range 30  ofdiamand; WS‘W”&"F%“P%H@@I’&H@P%F% preferably in the range of
about 0.875 to 1.125 MufigPoidtn accordance wigdghs y % geot her aspect of the
present invention, cutting elenents 205 nay be an ard cutting materi al
useful for conditioni fipecifieddeat such as, for e>&lifralimoldiabApdegrees Cpar t i cl es,

pol ycrystaglline chi psgﬁtgﬁ%ﬁ]&ﬁs&“&l C boron ni rf‘}‘%“fg',%l cles, silicon
ke. "Fu

carbi de particl es, rther, cutting e s 205 may be
secured to bdt'hemprqmrtfeaoﬁwamnn ni’tndclaﬂmg mezaﬂlngyompdsmmiar&eadiemgmﬁg élExﬁ&&s

whi ch create n_ext cur. d Thi s bo ces be

di scussed i nargg’rp Magl?%'%bqngwlg €5, mfracmbnn ﬁ‘ﬂ%&‘%{. "é‘&e 202 pf the
conposi ti on wsaditidningteient 700, Mmmmmﬁ%&diﬁﬁgm&mﬁ&samEMEmmlmw
and 11) is prefer.abl $131c‘%)mrrawgéed of .a, titaniumnitride base or of thin film

di gnond. i t ARG UCEHF ehinalss s gomtbilie of the diammads fraptyringnffef the
2927 degnees flangP 202 dining @B tconditionin, cycle The coatifig &QO Qﬁl) IRk s ?&%eg and’ ee es

c10 El ectrical Resistivit Kle m cr o- mcm ese
properties ofSusceRtibi Rlgng, SP?]% aseleglro-plafingnw hmulhgn l@djwplgglnetwqanoﬂﬂm patingeThe t he

cutting ele f.rom.drac ur|n .and
flaking off n??%mgt%ﬁ% ?0 nge .’)g{r&#eldhe con nﬁlri]g ea}ne i fha?ﬁﬁés ng
speci fi cal | y elemeats @95+ iThg restuatpansartelivrination bﬁths rframmng of amﬁngmanéﬂtsnﬁm:lg hd he
di anonds whi Qssi.bi | i t of . t he di.anonds
‘fracturing o% Pn ‘{‘w’#%%‘fg;“‘?‘h%‘%%} %%’ééha‘? ?"%ﬁ nfl'lllcéor %% Yhish st beeppped e
coating 420 ahmﬁlqndMendcbpemﬂdnmveralmtumﬂlemmemstcw&lﬁ: Wbdiick fhese impoRerddnts

el ectro-pl ati. whi.ch.results in reducing the wear of the plating. The
coating al so '?%Frcr%n fichi

"

AR&P" 2P Bnger bond between the plating and the

di amonds, or cut Durigg 6peedtion of appafatus 106, Wt 1G heldby RurrRet L1BMERIDOR Hdught ito
fracturlng of cutti ,Ie.mentdswﬁj g.the condltlonlng cle results in
f ewer scrat cﬁgﬁa‘gé’ﬂl}’c % B? ﬁi“%" {seeuediader wheel d %pé@fffably JQmaxiptizen
film di anond pdReaas, bh Stadwad iftdhield DefletiBilishing Bad ma'ﬁa@a%owﬁ&.s

these inprovements in the conditioning process. During operation of
appar at u 0 1 o@Pesfrabrasiypsipzicsicag p ewfirqsah)ewem ar&zéqsw#erun@aqmsn»adﬂaacbom act

wi th polishi ng varel 128 Gnd\hiidd eleheXAOW Fdtfte, s kﬁﬁlﬁgﬁlg ﬂlg péﬁ%ﬁvg Jnﬁ% ton 5

maxi m ze Dolishing, an abrasive slurry I's Intro ol'r shing pad
126 and waf ethempfen lyadditien, as carrier element 124 lowers wafer 10 onto the pad, conditioning element

_ 200, which is connected to carrier element 124, will be lowered into contact with the pad. As
lap wheel 128 and carrier element 124 rotate, cﬁtting elements 205 will rough-up and, thus,
25  condition polishing pad 126 at the same time the wafers are being polished.

In accordance with an alternate embodiment of the ‘present invention, the ex-situ
conditioning device of apparatus 100 will now be discussed. As briefly mentioned above, ex-situ
conditioning generally occurs between polishing steps. That is, aftcr a set of wafers has been
polished and removed from the polishing pad, a separate conditioning device is introduced

30  against polishing pad 126 to condition the pad. It should be noted, however, that apparatus 100
does not have to utilize both in-situ and ex-situ conditioning. One skilled in the art will
appreciate that apparatus 100 may include either in-situ conditioning or ex-situ conditioning, or

e
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25 types of abrasive slurries can be used, as is known in the art. As
waf er 10 cont acts pad 126, both lap wheel 128 and carrier element 124

rotate, | tating the polishing and planarizati opcpisdsBsyafer. In
addltlon %;s c gt eLec{nanL 24 | owers wafer 10 onto the pad, conditioning
el ement 20 |s connected to carrier element 124, will be | owered

into contact V\Rdifmlnb aowadFIGS 7I-93pn ehsial coi;aiﬁom@d@afecbe prefdrsbipédmptidés 4 Ot at e,

cutting el ene Swll ro condi ti on ollshlng pad
196" at Ut eSS SppitBonpe ting, PG SRasth 02 a5t Srield e Rtk SR o
alternate mbﬁﬁnmthtﬁfs abpe6t dﬂlﬁ%ﬁéﬁ&nﬂﬂi%ﬁﬁﬁd ﬂﬂgca&ﬁa eR¥refil 302 prelerably hayd Ng
devi ce of appara us 100 will now be discussed. briefly nentioned above,

ex-sit @ 1190wWnveardly;exieading dange 104 vhich, suring gp%l"%e\é‘ﬂl andqepnditipdhe That
is, after golfhg pdd. \t@t&bﬁmt&wm%mhspaa%@mﬂoamme&ttéﬂmnwﬁ fRRkd Shing

pad a separate conditioning device is introduced against pol | shing pad 126
t o condi t i 34 maybegntgrrunted byracnlyrality of ¢1 pulg 306 whieky parmits ssorf anskfinidstto ssca®0 does

not have tf??xﬂgﬂe'1ht%ﬁo%ﬁ:5hdxtfbnﬁ#tdéw@@§b0%ﬁnﬁé8%%ﬂﬂd' tioning. One skilled in

the art w appreciate that apparatu may include either in-situ
condi tioni ng odssmthehtsxtugmhttonmgmmnd@slﬂammdatm 9 fitimg plements 308emdyot h.

Referrlng ow.to | devi ce,.300 pref.erably
B Seerred th%so ttz Spe 520 of flan %‘4%)mq r, @#n&%‘sl 8 € i

conprlses a crrcular con onlng FRg carr rigid
mat eri al , asm:dttyaaf waEterddls, siwh acfoo extmpdes disntold pkrhslesmpbeﬁystatlmé tidpgilioesnt

ext ondi ng IS IUHTAERS Tt s dsperser ane e i A3 hpueed BABSblaw | on
the polis mmgoaetnedmsmﬁ@r skedtacheditd the doftoih pbitibn asmé 304 by HufiqedThast ment

of the |nvent10n flan 304 may he interr plurality of cut outs
306 which tP§°“§§§o r‘g“aélﬁoa gqmipiozftion EP’%E?&‘}L;%'L "I“g?frﬂ titapiumn pitads ofra thin film

condi tisoni dgngiateh &d Barltk il AARAS OIS Figdhd thatlhgmlo?destotg&e SGaRdidd oni ng

ring and as illustrated in FIG 9, cuttlng e enents 308 nay 15 be secured

to the bothashbsteemthe cuting ¢lements 318.and thegpnditioning element and te fusthertrengto® may
conpri se amaatrhfgere:&fms@eé flem8dIves s& Hiat ¥radfuresiaBli 103368 OIS cutih, C;gg.ﬂ&tmfst asCl es,

polycrystalline chips/slivers, cubic boron nitrite parti silicon
carbi de pavell a5 Matingwedr, arecreduced Thesoating compesitiongis Elé‘! discussed infurthen detailn g

el ement s 3&@0\:@%\/ gp%ﬁ%&ﬁﬁ%ﬁﬁnégﬁfé@%fttﬂ leletin@i308 | ange 304 by a

uni que braze Nng process sition conprised of either a
titani2®m nitr |Idec®rdaacetwlrihfsmkqf¢rmd embdﬁlmmfhesnmm pmdmahlgtdhﬂccm ing

e, o i At o CSAEInGR  SHECY BE ECe
‘st r engt henconlitioging tdevige 800cimtnasl GO 8f emgqmdnvwhg:ohﬂm paﬂr]aﬁt (The vertieal | 0SSses
of the c UtrElL\;]egm eg (;.n‘e e 308316%3 controlled by a pressure cylinder 312. In addition, operating
arm 310 may also be adapted for moving conditioning device 300 back and forth across the top
25  of pad 126, thus insuring that the entire top surface of the pad is conditioned equally. Various
means may be employed to connect conditioning element 300 to operating arm 310. - For
example, as illustrated in FIG. 8, ring 302 may be secured to a bearing housing 314 by shoulder
bolts 316. In accordance with this configuration, a shaft 318 may be configured to engage a
chuck in the head of operating arm 310, thus holding the housing and ring assembly in operative

30 engagement with the arm. ' )
During processing, when it is desired to condition polishing pad 126, arm 310 is activated

to bring conditioning device 300, and more particularly cutting elements 308, into contact with

"
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wel |l as plating wear, are reduced. The coating conposition is al so

di scussed in further detail belo[err]ong with the braze bondi ng process of
the cutti-ng eVereeRods 308. 25 I n accordance with thi sPEIE$982496¢ .
enbodi nment  of the top siuiace bf podishing paadR6.| Iruddigon] eipivieel 100 rapicay (@ &2 Bdutet-slodbviag hed

to an operatin rrm 310 .which i.s confiqgured to raise _and | ower conditionin
devi ce 200 i ning’ %ﬁtﬁ" SaTie Uye- °8ﬁ‘amg‘tlbgﬂ]ﬁ"eﬁﬁ‘?‘?’§ﬁ Fonditioning element 30Q tq Eaverse a| ]

movenent of ok abil FortiRbdros e iserfA0 RE polishel M B6PrARSIRwar pladife Bltlthe! N

addi tion, opera&ljéll_r‘}gingr 310 may al so be adapted for noving conditionin
devi ce 300 bat® Sxesen thecpelishing pad spiface and the length of pmsmtn%e

that the @ntidoadiioRing WlehudfitGs i cdnbhet WK tHeHad B bﬁﬁgﬁgce%ﬂoga\é%iggﬁ% QikSred

means may be enployed to connect conditioning e I'Ng arm
310. For exarfonditioping respltsstrated in FIG 8, ring 302 may be secured to a

beari ng housi ng I bgl . oy rdapce with this
confi gurati on, a?ﬂsega to 3?8 gggb%@%ngn L g‘&%g%g%g‘“é‘ﬁgggag‘&gh‘%g‘fﬁu%gﬁ “Bad
of operating taithec@dditionitg rings eiiltihovgbd discussed: sihaccosdadce witlga prefeeredd bibddiment of

condi t1 on po BAT g sehimsetufk Hemept ARy G iR b a Cami b dich Ehi ng
devi ce 300, ahmazimmieehniime wWhichl casates aGerylstron, edliable B b%%enitﬁbtc‘&ttﬁlg@ieﬁﬁhts%& h
the top surfage.of | i ghing.pad 126. In addition, | ap wheel 128 rotates
(e.g., counte -W%?%ﬁesiﬁelggﬂ‘?g‘& qpf the prrsent iuygntiop ytilizes readjlyaveilablegvery hard
oscCi |l ates caumdidigableObrakihg BlldyS Go SleRIERRY scafle bbAY. t TRYGLAK Q@@K f

across the surface of ﬁ((f)lgls.hiyﬁg pad 126? Theblguovm'ﬁl\?é/\)ard pr es urugﬂtgﬁa%ﬁ%@(y

condi ti oni ng QBPPeRikelchramiym or gebalimiqkeln pompbintienss dttas besn fornd thae thisstanili ob
time that theodbhg aligRtetatcs QersH L@[@% hidal bof@Heakike 1 a vary
as necessary t%ﬂlagchi evea%&he desicﬁe conegilmt%f%{\hlong res&?%%&%@?%%ﬁ% to
FI GS. 10 !8nd cutfing clament spifases rathen thandflowfingaway &rhinrtignt dueing the treatgestipaocesst Thiisp
the conditiony iR | ' | n.aceordance wi,th a
preferred errbkogi ment gﬂ‘%%b%?&@ﬁ?Sqtﬁ&\%éﬁfﬁ%ﬁs,mgal}etaﬁ%m&ams 402 may be
attached to a carlhe pocess efpondiog butting elimeats402fo the donditlonils firpOsiTaca U0 Wili v
creates a ver ; | ,abl e.bond be n the cutting elenents and the
ring surface.b\é‘?%]g&sg%ag%? !rllcgmldnae‘?cﬁ(‘)xﬁtlg(ﬂm %CEéftiggﬁfenFW@WP o efements 402 and |
avai | abl e, v draze hlivypartiokts 40 @bsuitalily platedn delniy s rih@siefasitih @ pddSiehRfddfRhizand.
The brazipg lLoys. uti lized generall onprj se, ni.ckel -chrom um or

cobal t-n ?Q keIajEo Bo @B‘f ﬂﬁtfl}gcfﬁeé’.‘%Tsta“ﬁ g?z%ﬁlg’ﬁ PFBHE?& inplage 4 Rpomphindingagentmay ng
al | oys creat &g usedpsich s, fodRampR)] d REEMRAToMPound ARIIveAEE aldﬁ%‘abyl}ﬁgﬁké O¥ent &?d

to-cling to the, 20  cutting el enent surfaces rather than oW ng away from
t hem duri ng E‘Pf‘gﬂ‘ﬁ Urempraper disbation of the catting elements and alloy particles, the ring assembly

is then placed in a furnace having a reducing atmosphere or vacuum and heated until the braze
flows and wets the cutting elements and metal ring surface. Finally, the braze is cooled, securely
25  bonding the cutting elements to the ring surface.

The braze bonded cutting elements are then coated with a composition in order to reduce
the fracturing and loss of the cutting elements thereby reducing the likelihood that portions of
the cutting elements will become embedded in the polishing pad resulting in the scratching of
the wafers. Subsequent to coating, the braze bonded cutting elements may be subjected to a

30  heating process in order to securely bond the coating. The heating process may comprise
placement of the coned ring assembly into a furnace having a reducing atmosphere or vacuum

and then heating the assembly. The coated assembly is then cooled to securely bond the coating.
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greater surface contact between the cutting elenents and the alloy are

achi eved. The process of bonding cutting elenents 402 to the conditioning

ring S‘lrfaC%oAgQ,QsopA' Il now be discussed. In accordance wi thAresasdect of
0

the present_invéntlion, cutting.elenments 402 an aze I parficles 404
br'e Sut t ab| GFBY SRR S MR i Te g 8n Rsteibe SISO T SRS PL TR on.
25  To hol chttingeelemiérits Feducss QIRIAE Sweal theleb@ dfcrébking \thd) Rfetiing| dFhé Bordlitimmg 2
tenmporary binding ggent pay be ysed, such as, for exanple,_ a_resinous
conpound  di Y& %“&e‘;«;‘gﬁe&ﬁ? tionme Arocesss dirsfepkle compositians fog the cogtins atsr oper
di stributi o feliowshe cutting elements and alloy particles, the ring assenbly

Is then placed in a furnace having a reduci ng at nosphere or vacuum and
heated until the braze flows and wets the cutting elenents and nmetal ring

surfaces Finally, the braggng ﬁﬂﬂk%ﬁsed%@&ﬁi%gbd}){c@&mprﬂmﬂpﬂﬁhﬂﬁ cutting

el ements to the ring surface. The braze bon cutting elements are then
coated with a @éfrigoand zirganinm nifride (antegample of such aepradupicis SUPEBNEXYS oss of t he

cutting el enen rlsta/ Is b. §E| i\hood that portions of 13 t he
cutting el erren%pgo‘i\g/‘\ntﬁ%l be%ﬁgﬁﬁe%‘gﬁ%g?&g%m:’n @’%gl i shing pad resulting in the
scratchi ng of the wafer sa tiinhileqdiamiond alepasitionnghich lvembprisez emioemaded cutti ng

el enents may be. subj.ect. 0, a heati racess, in order.to.securely bond
the coating. TMPPﬁggi%‘@é%%’“W@%ﬁ?ﬁP%‘?‘S‘mﬂﬂgmﬁﬂ Sézal?'%ép Toned ring
assenblip into aictuicfianseatationr3080 dewess Fignde iipisprese. or vacuum 5 and then

heating the assenbly. The coated assenbly is then cooled to securely bond
the coating. Fewer scratched wafers result in |l ess scrap and increased

ef ficiency. Fun hordafeakie dnbthaspéct bithe prékdnt me@ios,rmebﬁzjhgw&% nilydki NY
wear thereby increasing the lifetine of the conditioning elements oOr rings
used i n_t heeEemerdin yersips patse ban oneps disapwd plove ol iworstapyrocsss, the bragivgt i ng
are as fol | QWpis k4 applied to the ring surfack)in a marhet didafddd !t HedckibEabBAsS fslvév@2thk N9
whi ch conprises both titaniumnitride. and zircontumnitriud (an exanpl e of

such a produtingielrmEUPERNRKISsE. otiier dhr Urgze@lionis fesed to therigpairfacs, the cuinggon) ;-
par t1 cl'Ss” skt ELEAERG, BRTGS| bt oioe Ml on GORRELDRR WARERERGAT T 1
el ectric f (himisccAfer thelsulting dooentsrgpropylypositiontdr thiiigassenahdy again is placed in
o ocess may bRl Ml e GRS EhlAlank NGO by R ol 00 BB B v
I n the two-gsharglyschices the stune bimding strength 4sdbe one-stepmssthodpipit ithedwo-step pmcessng
surface in g KBRS eater Bl of sBreidd WnisSiERG o BE LuBROYiSinedl UL E Fing Sllfice. A
20  more detailed discussion of a brazing process useful in the context of the present invention is -
discussed in Lowder et. al., U.S. Patent Nos. 3,894,673 and 4,018,576 issued on July 15, 1975
.and April 19, 1977 respectively, both of which are incorporated herein by reference. The braze
bonded cutting elements are then coated with a coating composition as previously described
above. '
25 In accordance with a further aspéct of the present invention, the subject process of braze
bonding the cutting elements to the carrier ring surface exhibits superior performance compared
to the conventional electroplating bond currently known in the art. Improvements such as the
ability to control the amount of plating, the ability to control the amount and placement of the
cutting elements on the ring, better adhesion of the cutting elements to the ring surface, the

30 ability to have predictable and repeatable conditioning rings, and better pad management due to
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cutting elenments are not present. After the braze alloy is fused to the
ring surface, the cutting 20 el enents are then attached to the | ayer of
braze al Loy GfobdMods Ng surface by using a tenporary bi nderecrAissgndséthe .
cutting el enggl &nﬁﬁf‘oﬂa{e%ﬁﬁr]g)ﬁeﬁgﬁbﬁya%ﬂs,%d SpiRinglof the RRARAR e RfRIA, ATl fbced

in the furnace until the ze renelts and surrounds the cutting elenents.
Thi $ two- st egmprayements ge redated th jhefach that the invension preridpsdfatibetigr bonding gf the gutting e

one-step net Aol I
ourt acerun f tineafitd iU ddiicprg RO Il ol et iharthas B e Gosttle, |
det ai | ed di sdushis mgardfthebrzisgmethodpprovidesoptisal supportifor hacheod eexy cutting dhanent

present igventipn.is discussed in.Lowder et. ai.. U S Patent S.

3 804, 6735 and it bsowss duE G sing repcess; the by alloy puompasscs e 894 bottom

[) es geg tively, suﬁﬁfeboﬁefacﬂ\bléxﬁéht,&l?]& ﬁmﬁ&gtﬁgm”_de:gnd] €T asplry of it tivestivg is sHoemlii aze
onded cutti ement re then coate th a coatin onposi ti on as

previ ousl y d%i@e&’%ﬁ RICLS 33 cross-section Hwﬁg:"b% 85%\@?&"%&&%%?%%8&

of the presendondiiMang ii@uoo! The SirRistiCice AIPIS BPacRlizdd 28 ZEontdve,” i.eh) @HIIGH nlchiE

cutting elenents to the carrier ring surface exhibits superior perfornmance

conpared to thneddenisata mivkmume plagomd tesmedige slisrantelements: fyprassreaghon of cuiiae
art. |nprgve r@&ﬁ%ﬁsﬁhﬁﬁoﬁé& Q%@Qﬁ&g«f&h& 1ehgGR Blchfabnde Mt telgﬁni@.{egis' sHEwn L he

ability to contr t he "amount an acenent of the cutting elements on the
ring, better ind6silbnAsiistingnished fiomFIG. dfthe surface cantpur of thg bondidgmwetal 4110ds 5

bility to h ' L . i i.o0i i f,
Dad managenoriieraaSr byl il ek SRR A IRk Ml dhiomoR e Bikhs
i f t hedernémsdi2tfor agi tteofdboind Mietal, sThereforagpwithiharelettsoplating pricessotle t
fﬁgc:‘ ggt ot hat th in eﬁ??%l&erz)‘rmgvi d s(io‘re‘ébZtt rmb rLdi n %f %Q, ﬁpéﬂt?#n °0

el ement s t o (7PBYOREAE SR Ut meye Bond el i pe} Tnaeh s gmurtipn ol ¢ Fofie ke
gg?innglr e\égggit.fgﬁmgg‘g?aglr?gcgﬁfiy ut tdli&ﬁnﬁdﬂlﬂv‘brrt\l;?fi,‘d 10 gn t he riln because
during the fudithie bﬁ&ea@se,ss’tth%%ﬁiwie%rscfgn Eﬁﬁ%@ygbgs Yifle as 794 toe e om
surfaces of esfhgedle& beink RbverddOwith Béhd, BRrefdtt lalloWial @reatth svork eR&GhceD fasteh ©

I nvention is shown in FIG 10 which depicts a cross-section of cutti n‘?zo

el ement s 402 Bmgend Teduier beat byildipe FIES UL olsp Fpvt 4 i compositipR.caseipey
surface 404 i gnielgs BednirevidillyHescrib@i i B, deposiedovbrife AlirReldihnd! 1486¢a dept h

Is at a mninumat a point 1nternedi ate adj'acent elenments. A cross-section

of cutti @ 15notedcthatregardiess|of shetbprt the cuiting clements ang draze banded or ielegtrd-plated, the

accordance w . ' | ' | SLi i shed
rom Fi G 10, el ebe u5 BO UGS g SEWRed St dfloabdgng ipf SR 60
convex in t hecoslitioning praxessdvelethe prgr artnangly redicinger eliminating fractpring andfless of
cutting el emertls"éle 2 for ﬁée%l wen ldgﬁ)th of bond netal. Therefore, with the
el ectropl ating PECCESS, APfiEFaucing platiig wear.

In accordance with a further aspect of the present invention, cutting elements having an

25  aspect ratio in the range of 0.5:1.0 to 1.5:1.0, and most preferably about 1.0:1.0 are suitably
employed; that is, in a particularly preferred implementation of the present invention, the height
of the cufting elements is approximately equal to the width of the cutting elements. In this way,
the effectiveness of the subject bonding technique, as well as the effectiveness of the various
cufting elements in the pad dressing operation are substantially independent of the orientation

30  of'the cutting elements.

It should be noted, that this braze bonding process can be used to attach cutting elements
exhibiting different material properties. For example, as discussed above, cutting elements may
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bond i s weaker even though nore bond netal is used. In fact, as nmuch as 50%
to 100% of the 20 cutting elenents may be covered by the bond netal with
the. el ect r opl,3bhdig Process. However, with the braze procqggashdriedeut ting

el enents can b nded with as,little- %to 40% of the cutting.el ement
bei ng cove%(‘ang'i‘pvxfls etcﬁaxg%n%&ch%g,rp&!yggg&g gl\%f’sﬁ VeseRpis bomR Y ‘?_eclfa&fﬁe ’r@é","nf ast er
cutting ancabitdpaidleyead thilikd. dowgverFofEnditiOniag senlidondbaér vedfer polishiidy pads,

conposi tion,coating 420, which h been preyiously described in detail,
Gopber t ed durron pierbieHorn) A pafies s preBiiE, Hitthes Wl Spts o hecffmgostion

r Fgar dl esls wédmheﬁhm brideebofidédicutliglg SlefeiE deoﬁéﬂrr&f ?&ﬁao?ﬁ&%ﬂﬁch 1&e a titanium f
el ectro-plateq,. t cQnposition coatin ) provides, for the sanme types o
advant ages “&H& 'P‘ﬁfff W%%ﬁhp il dizmopd, 8‘?99?‘5?# Where ths disgond particlescontgiried . ar ¢ |

nanmel y redygineAepysitidhaf Mg fracturing and loss of cutting el enents and
reduci ng plating wear. In accordance with a further aspect of the present

i nvention, cut {4Wi§ beymdesstord thatthe ferpeaing description jsof preferred exeinplarylembodimgats of

0.5:1.0 to . : . A : O - j .
el oyed: _CHuR o B R Bl ik 8ol ksl o 3pdlh b fhstbed
present i mbexein. oYariouhmofiificajions why bémmadsin therdgsign, errmpementsandgypemfielenents y

equal t .ot f t ] - ts. .ln,this way.,1l he,

o't oot 1en b neiel. of it e soBoe R BT ol vSngbR b i rom

ef f ect i vendissscope dfitte ineantious expressediin the appewded claimst he pad dr essing operation
are substantially independent of the orientation of the cutting elenments.
[t should be noted, that this braze bondi ng process can be used to attach
cutting elenents 5 exhibiting different material properties. For exanple,
as di scussed above, cutting elements may conprise dianond particles,

pol ycrystalline chips/slivers, cubic boron nitrite particles, silicon
carbide particles, and the |ike. However, for condi [err]oning

sem conduct or waf er polishing pads, dianmond and cubic boron nitrite
particles are preferred. Further, with respect to the conposition used to
coat the braze bonded cutting el enents, the preferred conpositions include
a titanium 10 nitride based coating or a ihin filmdianond deposition
where 't he di anond-particles contained in the deposition are mannmade. |t

wi || be understood that the foregoing description is of preferred exenplary
enbodi nents of the invention and that the invention is not limted to the
speci fic fornms shown or described herein. Various nodifications nay be made
in the design, arrangenent, and type of elenents 15 di scl osed herein, as
wel | as the steps of meking and using the invention wthout departing from -
t he scope of the invention as expressed in the appended cl ai ns.
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16 1. An appar at us for—econditi-oni-Ag—apoli shing pad which covers a
pl at en nounted on a polishing machine and is used to polish a surface of a
wor kpi ece, t @ SppRsat us conpmlslm\ml]' ulllul\llll | nmeans POR/USIIAPi oni ng
t he polishin - by contact wa t s WRErein said conditioning neans
Is configured wth cutting el efrenfs secured to a bottom surface of said
condi ti oning neans wherein said secured cutting elenents are coated with a

conposi tion that;red %?fpp%%ﬁ?&rcbﬁﬂﬁﬁﬁ?%ﬂﬁoéﬁﬂhﬁ ha{&lvﬁ]:}%@@fsi?plﬁéiﬂn&ﬁ@éﬂ%nf or

engagi ng said conditioni'ng neans Wtk ol i shing_ pad and for rotating 10
sai d condi t i applishingseaching aed isyeed tp pelish@ surface of & warkpicenithrppperats over a top
surface of the pakishing pad. 2. The apparatus recited in claiml,
wherein said COlTpO tion conprises at |least one of a titaniumnitride

cont ai ni rfig conposi t i aneams forxonditionifg thepdiishingred By sotadt ivdth, th8pad, whitkin said

apparatus recited in claim2, wherei.n said conpositi C rises. 15 .
2Tt ani um nEvT e REE S rono gt 0 ok <FRERR Beurel o goip i ity of saidy
appar at us r egéndibning éads MWhdreinvdaRl setudedsaittihg Glénicnts Gresdoater Mith addofipbsificitthat
bonded to the bottom s.urfta e of,thq condi tjoning nmeans and said conposition
conpri ses at "EESHTAEHERG P Ge PPHBEFIEMTYY 274 de cont ai ning conposition and a
thin filmdianmond F‘eprﬁédnEf&&g@ﬁﬂ%ﬁi&&ﬂﬁﬁ&ﬁﬁgﬁ&n@@i&&@ﬁ&lbﬁ& P dnd €6t réthtinal d
brazed bonded cutting elenments. 5. ~ The apparatus remteg in claim 1,
wher ei n Ehi d s&if gapditioning meansi a9d ospillatingcsaid onditigning meanscoyep 8 tap surfgge of the
operating ar ﬁéﬁ%ﬁf@@ for noving said conditioning neans into, and out of,
| gh gement

operative enga With the top surface of the pad, and for oscillating

sai d conditioni.ng meafs appatatuy tesited neelaimhle wherpinsaid £eraposisionichmprises at ig45t one
6. The ap r eci .n..cl aimd A he | 1.@0i Nng nmeans
conprises a (%gé\ Irtion né‘ggﬁg“ﬁ%f‘mgﬁ %%%%%%‘%@ﬂ%ﬁgﬁqﬁgﬁ?%' are di sposed
on a bottom surface oThesppatatnoredited inoiaing 2y whegein faid compbkitiom pgraprisesss reci t ed
in clai , Wherein said ¢ ttt i.]?‘g n%&ncents ag_e %i sposed on a flange which
ext ends about the peri pheEF LAY PTG g ring and wherein said
flange 30 includes cutoulzipediim®ftddé eonfponientt naterials to escape fromthe
interior of said condjtioning ring. 8. . he . a ratus.recited in claim?7,
wherein sai d cutfing éﬁ@ﬁ’i’?tgs ?F’ée%éﬁﬁlgi‘%}ft‘{’liﬁfq‘%/&%mng elements are braze bonded

to the bottom surface of the conditioning means and said composition comprises at least one of

A

a titanium nitride containing composition and a thin film diamond deposition deposited over an

20  entire surface of said brazed bonded cutting elements.

5. The apparatus recited in claim 1, wherein said engaging, rotating and oscillating
means comprises an operating arm adapted for moving said conditioning means into, and out of]
operative engagement with the top surface of the pad, and for oscillating said conditioning means

~ radially over the top surface of the pad_. :

25 6. The apparatus recited in claim 1, wherein said conditioning means comprises a
conditioning ring, and where said cutting elements are disposed on a bottom surface of said
conditioning ring.

7. The apparatus recited in claim 6, wherein said cutting elements are disposed on a
flange which extends about the periphery of said conditioning ring and wherein said flange

30  includes cutout portions to permit materials to escape from the interior of said conditioning ring.

8. The apparatus recited in claim 7, wherein said cutting elements are substantially
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17 flange wwth a brazed netal alloy. . pparatus recited in
cl ai m 9, wherein said brazed netal mllmﬂ m&n I?Eﬁuft 25% to 40% of ;ai d
23“: Eg_ el E% 5 411. ~ The appara : s ai m 1pconisssPidiosai d

g ele &Or‘(‘ﬁl‘l e di nd 5 particles. 12. An apparatus for
condi ti oni HY of e ?‘ng°%‘§ﬂj%57'e wor kpi eces are being polished on the
pad, said appag.at usrHe@ppiehniseditedial chirh 7, Wherehy sl @itting elemerits Gle®ORd td Shid
carrying the workpieces to be polished into contact with the polishing pad,
sai dappar &#gs vitrarazsd metakdlltys for conditioning the polishing pad by
contact with tfie paﬂmm@r&i@@ahdlaﬁmmmmmﬁ&ﬁmmm?mp&mmm -
cutting elenents secured to a bottom surface of said conditioning neans an
a conposi t taAP% efseid cytting elementsast one of a titaniu[err]. nitride containing
conposi tion ang a tjRyld e8I hirf] S PRk QI GENE CleRiEntS Blriprist! libinBRd
el ements. 13. fi Theﬂgggﬂaakdgﬁfgdlrem #sérg In cl a%% 12?A§m;r1erei n@éﬁﬁ '
condi ti oni pgtikesans is a ring configured to nount around the outer perineter

of the workpie cafri . .e] . ' (IR nts
are di sposed ofnfa %%'f%pgéﬁ@%{r%?gce 8@@%&@@@%&“@Fﬁ%&%§§@g%ﬁ%m ted

[ nt cl 3i m l%81;1 thTﬁercleisﬁdgpﬁadatwb?ihmrﬁomh@emanguvebldba'pexsddpgmfﬁla dah-aim_gehTmijch .
ext ends, abou e ri phery o e I erejn sa ange i ncl udes
out out Tbor FPasmensg Beediieend cortatf it B Bl M i PrBales pomftithe st o

ring. 15. for toedifistiag the polishgipad By contadk Hiththelpad VWissiein Baid doriditivringinig@ins -

el ements are substantially 20 niformy di trlibuted n said flange. 16.
The appar afemapPrises cutine elements sprute ,t°\mmt'8i/“ns- "‘§£§?eo° cYtd; GoRgitioning epas bonded

to said flghacsitoh Borfpring2E1dastBie s a Blahiftih nitfide contaiblif? coRPitRAfd 4 8l fld | N
claim 16, V\ghergi n said br@az_ed netal alloy covers ha}%out ia@;'é%to 40% of said
cutting el diamanddeppgition coveringigid cuttipg elemgpiar at us recited in claim 12,

wher el i sai d Cifli RehoClBHERL SechOI diify £, HRRH AR LduliiBfing bbans isAlring
apparatus for condltloﬁ ng a polls I ng pad used I n chem cal - mechani cal

pl anari zat configoted semers avpund the ovlar perimeter of the Watknigee carries plgmentorndmdereimg t hat
Lg;git f?oﬁib%é ?llﬁ%ﬁgél&h&x@ ar@&%fusedgcgl a bottom surface ofsaic?ﬁﬁé. ange attached to said
: 14.  The apparatus recited in claim 13, wherein said cutting elements are disposed on

. a flange which extends about the periphery of the ring, and wherein said flange includes cutout
20  portions to permit materials to escape from the interior of the ring. -
15.  The apparatus recited in claim 14, wherein said cutting elements are substantially
uniformly distributed on said flange. |
16.  The apparatus recited in claim 14, wherein said cutting elements are bonded to said
flange with a brazed metal alloy..
25 17.  The apparatus recited in claim 16, wherein said brazed metal alloy covers about
25% to 40% of said cutting elements.
18.  The apparatus recited in claim 12, wherein said cutting elements comprise diamond
particles.
19.  An apparatus for conditioning a polishing pad used in chemical-mechanical
30 planarization of semiconductor wafers, comprising:
a conditioning ring that rotates about a vertical axis;

a flange attached to said conditioning ring;
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cutting elenents secured to said Hmmﬁ [ mazed netal alloy; and a
conposition coating said cutting el Jmﬂ"m"ﬁ" ,erhe apparatus of claim
19, wherei n swodoesussi ng el enents ai'r Substantisal [y uni f or nPGTASBE2A6HUL ed.
on said flange. 21. ciitifg aleiaiitabedtired €CdaidangBusihda saded methlaNey; andai d
brazed netal alloy covers about 25%to 40% of said cutting elenents. 5

22.  The apparat us r&?%‘?%@?ww&meﬂ'ssa! d cutting elenments
conprise di anond Jar t iThe Gppardtds of cldfl B RMHeRlin Saill CuttingCelémerftd #leMubstantially
wherein said com . Sition conprises at |east one of a titaniumnitride
cont ai ni ng cowrsfosmly; divtribited on seidiflengs-| m di anond deposition. 24.  The
apparat us greci t ety N GLahihattus lofRirs 76, WHERINGG lchiid | . .

a titani ur% nitri gze conpon@nt coan aﬁ2| rcg?iiq‘ﬁlm nitr icgtgﬂéig%%nggeﬁﬁggtgsmgn
appar at us f or flangn avithiadbmizadmstapalloyshi ng pad conprising: a conditioning ring

braze-bonded to Uab bart st Sl i SR, Surt] i prfee i oo B R °

conposi ti on c26%ta 4i% of said duetingtelemeatsof a titanium nitride containing

conposition and thin . filmdiamn eposited over said plurality of

br aze- bonded cut t4ng Qﬁngﬁfmgﬂﬁlﬁyﬁmﬁdfﬁvﬂ%ﬁmﬂ%%ﬂp diamond
pol i shi ngopadpseed@. i si ng: 20 a conditioning apparatus; a
plurality of cutting elements secured to_a surface of said conditioning
apparatus; and a ¥onpdSF FRRETIESHIPd iBiclagn 23, whersinsaid cempgsitioncomprises Hhlegpt e de
cont ai ni NG COopMAFthiinA RitABcoRtaidtd colpoRich ARNHinIBRAWSInidndReKRMRRI N9 sai d
plurn:;; of secured cutting elenents. 25 21 A nethod for

c?ndi ti ?ni ng a g_c% shimglaw%mfgeq;tew qi@m@nawmmgmée@?mﬁmpmgmzt E heh |
steps of: providing a polighiAfnfR ving a polishing pad attache
~thereto; providing a condi ?i oni ng g%%gélgﬁousﬁtf or conditioning said polishing
pad, sai d3conditi oni ng appands zisonivmmitridé cgnpnesndi ti oni ng ring and cutting

el ements attac he(&6\.M t r)%11aa1:uparatus for conditioning a polishing pad comprising:

a conditioning ring having a top surface and a bottom surface;
a plurality of cutting elements braze-bonded to the bottom surface of said
conditioning ring; and
20 a composition comprising at least one of a titanium nitride containing
composition and a thin film diamond deposited over said plurality of braze-bonded cutting
elements.
27.  An apparatus for conditioning a polishing pad comprising:
a conditioning apparatus;
25 a plurality of cutting elements secured to a surface of said conditioning apparatus;
and
a composition comprising at least one of a titanium nitride containing composition
and a thin film diamond deposition covering said plurality of sccured cutting elements.
28. A method for conditioning a polishing pad used to polish workpieces, comprising
30  the steps of:
providing a polishing apparatus having a polishing pad attached thereto;
providing a conditioning apparatus for conditioning said polishing pad, said
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30 brazed alloy to at | rface oﬁ said conditioning ring and a
conposition coating said B@Mﬂﬂ[ﬂl’ﬁﬂﬂg”ﬂ whi ch reduces fracturing of said
cutting ele . _pressings L HMlenments on said ﬁ:%ﬁg L Qi ng ring
agai nst a s%@%@gf .sai d condi ti ogj.n%{la ar a%\;s,coq%r)i Si ngL,%ﬁEU. :
condi ti oni n§PIYPYIng ARPIARS FOMRPTEINE Aurrditioting phe andcuttipg £ et at

| east one sbiabaCallopfiio arlesbt 6a irfadeCoTistid cohdiGoniipCriri A HRRHIpbIiAsh coafdd & sai d
cutting el ements which ‘;ieduaes &;Fact uri_ng,of ;said cutting el enents;

pressi ng saf¥tingflements whichervces Frpturtng of sid eHHREFI™ANS; | ng agai nst a surface

of said 5  polishi Rgessing saidAfinPRIénGitsn shidd6hdifHheGingShiflst AShirB bPghidad
and said conditioning ring relative to each other so that said cutting

el enent & copeliskingpadiand| pad. 29. The nethod of claim 28, wherein said
novi ng step further i REForeQF dﬁb?islﬁ% =TT . a.\ i cal
axis. 10 30. T ea1 rret%c?% %? cl al %ggmv%g?gﬁu@g%ﬁ %\f/%ur‘{gtosetg%%
further conptherseghat saidicutting demantscondition said pad. appar at us about a verti cal

axis. 31. Th t | & , ' 1 d.c | Lioning apparatyus _
firth conpri sgz'sd:r:lnr)lglger aoﬁﬂgdlg?ﬂégf%%&cﬁﬁéﬁ slteg(ﬁél@‘n mpﬁ%r{ﬁgﬁ?%ﬁf&]and
wher ei n sai polishiwp pagd stoetr Yemicahaxis. conpri ses oscillating said conditioning

ring acyoss saig pol.ishi .usibng said.pperatin rm 15, .32 A
met hod Y%r con |or#hﬁ§‘°ﬁ‘gggf‘iq‘§ﬂlszhg éﬂnﬁﬁwm?%?%?é?%%@ﬁaﬂﬁﬁw i shed
on sai d padconditishing Sppigatis bowiasRficallaxispr ovi di ng a pol i shing appar at us

havi ng a polishing pad attached theretq; providing a workpiece carrier for °
“hol di ng said yvcﬁlkpi J@E“H@Pﬁiﬁff IZPSWWS%MIW@P FhBSPRBFIsEpPar at us
for conditi giidtitlg S fr RAMihSdaldtEnddRAinERMB 2h§ Whkteir Shid mBvie QA& ki bdBprist9 and
cutting elenments attached with a brazed alloy to at |east one surface of

sai d condi t Psillatieg saidrpndiianing Hegasenss aidpolishing padysingisald epereting®l enent s |
whi ch rgduces fiz?Ct‘Kin,&ﬂod?ffor&ﬁaﬂoﬁhg&ﬁdﬁ%ﬁéﬁd&%&hﬁléwmgﬁiebﬁﬁ%%‘éing%ﬂgw&kp' ece .

d K f po ng- pads

by pressing sai d workpi ece agal nst a surface of sai I shi

‘cont ai ni ng s padcenmurisipg deteppeR; and 25 _ _noving at |east one
Chat sai d cutting oPoninte s AURNEeARaka ety EbhhEbal dkinch BeRBE | % (%070
pol i shed. 33. The pmyidingia wérkpiees carrBp for hpldingisaid swilkpiespduring polishing; ur t her -
conprises the step QovidgH dodlucie apbRRGS fot RGP R Rlikind IR0 bmBskiy ' ©2!
: 20 - aconditioning ring and cutting elements attached with a brazed alloy to at least one surface of
. said conditioning ring and a composition coating said cutting clements which reduces fracturing
of said cutting elements; ' '
polishing said workpiece by pressing said workpiece against a surface of said
polishing pads containing said cutting elements; and
25 moving at least one of said polishing pad and said conditioning ring relative to each
other so that said cutting elements condition said pad while said workpiece is being polished.
' 33.  The method of claim 32, wherein said moving step further comprises the step of
rotating said conditioning apparatus about a vertical axis.
34.  The method of claim 32, wherein said moving step further comprises the step of
30 rotating said polishing pad about a vertical axis.
35.  The method of claim 32, wherein said moving step further comprises the step of

oscillating said conditioning ring across said polishing pad using said workpiece carrier wherein
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34. The net hod of claim 32, wherein said noving step further conprises
the step of 30 rotating said polishing pad about a vertical axis. 35.

The net hod of wolseiksm82, wherein said noving step further cowprissesdshe step
of oscill ati ngidenditicing kihg Aitached tdRidwdrRSisceTairidr. P0l | shing pad using said
wor kpi ece carrier_whereln said copditioning ring is attached to said
wor Kpi ece carri er36 36Amet}3\°‘i(1)r€9t‘- FRoking @ conditigning apPAARE FEeR & eqnditiop 8 pelishing nad ed
to condition farpAlshingaRErfRBYrh Workpils, toinPsidy Bb'stbE: of a workpiece,
conprising the steps of: placing a plurality of cutting elenents on said
condi ti oni ng appar at uPlacipg a plurality of cuttingslesgentspnispid cengitioning apparatusic| es on
sai d condisti oni ng app . ' :}grﬂ@ i ndi ent in contact

Wi th sai dscutti ng el e%ga%{ng%raszgﬂiﬂﬂg azegggm‘{/@%glrﬁ?#@ge , and said

condi ti oni ng appar at uplasingiatternpardry bindingiagent &1 contact withesaitl auittingyelepeentsi saiccs ar e

held in plac S&ai Ltigni.n arat us: heati sai.d cqndi tioni

appar at us, s:?rgﬁguﬂﬂpgﬁéﬁgﬁ %r%%f%‘,i ?{%ﬁ’gﬁg@%ﬁ%ﬁ) %%qh c\fgng aﬁﬂ ?ﬂr&é@gﬁelt
and fl ow, wet partidesard hkldinipldce gn dié b@iditioning@dpparatas; condi t i oni ng appar at us;
cooling said-conditioning apparatus.so that the nelted braze hardens,

hol di ng said cutting E\‘Fﬁﬂ%ﬁg@cﬁ' figning appaypLys, said quiting elements)apd spid prgzed alloy
appar at uso anghridéirhélChna Foth, Weiag sHQ Bk déthdntdiad 34i8 BBHifortigtdppatus;

conpositi-on conprising at least one of a titaniumnitride confaining
conposi tion and a t hi Fo9uBAwd Pendiiening aprazatisise fhat themelted braze hirdens, Ipldingrsaifhod
of “clai m 36, Wﬂ&a@!mtﬂﬁeoﬁgﬁmw&nﬁga@ﬁw&;ﬁ&ﬁ heating said
condi tioning apparatus in dat |'east one of a réducl ng atnosphere and a

vacuum. 38. A net hogogting said Riapegbamdedmytting elsmients with p aerapasition sexiprising at least
condition a pgleicth iRt | 8] . St ' i .aze all oy
on sai d condi ﬁegﬁ?h’é}h&appa’?ﬁé (&g‘?&%@g%ﬂ)&%&ﬁgiﬁﬁégﬁ%@gggd%P g{z“gn’al loy to
sai d condbt i oni ng7appdhametod pf daimi3g, whepdinisaid heptingxétepciintthérrgmetiesheitiag said

tact with ' [ | | i d it tus: heati i d
condtti on ng SRRoRb8 BsbeRins i pfiel Sie 475 Sty SRiaSTheR R s BTN, 0 it Png
el enents until s&8d branehad foomaking 4 conditidniay bppathasusedio@omlitisnod poliyhifg pad,

cutting el enents,. bondi 25 said plurality of cutting elenments to said
condi tioni ng ce?ﬁ?ﬁ‘?’ﬁgg?;sp%ﬁﬂédeposi ting a coating of at |east one of a

titaniumnitride cont plaBingg bERE RN dnls@id candtioning apparatus;
20 fusing said braze alloy to said conditioning apparatus;

placing a plurality of cutting elements in contact with said braze alloy on said
conditioning apparatus;
heating said conditioning apparatus, said braze alloy, and said plurality of cutting
elements until said braze alloy melts and surrounds said plurality of cutting elements, bonding
25  said plurality of cutting elements to said conditioning apparatus; and
depositing a coating of at least one of a titanium nitride containing composition and
a thin film diamond deposition over said plurality of cutting elements.
39.  The method of claim 38, wherein said heating step further comprises heating said
conditioning apparatus in at least one of a reducing atmosphere and a vacuum.
30 40. A method for making a conditioning apparatus used to condition a polishing
pad, comprising the steps of:
securing a plurality of cutting elements to a surface of said conditioning apparatus;
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a thin filmdianond deposition over said plurality of cutting el enents. 39.
The nmet hod of claim 38, wherein said heating step firther conprises heating
sai d condltwggbﬂﬁ&@pparatus in at |east one of a reduci ngcghydysere and a
vacuum 30 A method for making a conditioning apparatus uSed
to condltloﬂ‘a pollshlng pad, conprising the steps of: securing a plurality
of- cutting el errent Scbamngsaidlpthaha ofﬁecamﬂdumngldbmbmwmga eqqmsi!ibusqmprisingnd

Compr | i ng ieaind ol & e um A Comitih ebtboPHE B B RTBERESR oo o

thin filmdi armnd dep05|t|on. 22
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