; e3edRN6JT K "166166* 29 May 2002 WD 99; 2SCS.t PCT, ' US98/ 24960 METHOD AND
APPARATUS FOR CONDI TI ONI NG Pgdmmm UTI LI ZI NG BRAZED DI AMOND
TECHNOLOGYAND TI TANI UM NI TR ” e I nvention The present invention
generally relates to nethods and apparatus for polishing or 29 Map2a0Rzi ng
wor kpi eces such as sem conductor wa ers More particularly , the present

i nvention relwoess08 net hods and apparatus for conditioni ng PE&IUSEMRPY pads
used for the planaETHEOD ANDAPPARKOTES FOR TONIITEONINGI FOEIBHING PADSE SO
directed to a nerhagISCHBRABEDDLSMOND TEEHNEDOG Z ANDON T N OVIKWITeaBE

whi ch utilizes dianond brazed conditioning rings having a titaniumnitride
based coating or a coating conprising a thin filmdianond deposition. 10
Background of the Invention The proghsi bfRe PhvénBibg9r ated circuits began
with the creation of high-quality sem conductor wafer s. During the wafer
fabrication process, the wafers may undergo rrul tiple maski ng, et ching and

dielectric and caonductor, deposition

hi gh- pr eci si on rofg’wpfesaml Ve onpﬁ”eBEf c’f |ré:Jatse eglgoed%larqg &’%{‘nélﬁ f(Q,f lpglLﬁh{'?
extremel ysfl qﬂmsmmca@mp@cegemraalsdnycaﬂedadwms aMokegsiicularly Ome pselsaﬁ: uﬁ/ten:td?ne
sem conductor wafer to ensure proper accuracy and performance of

ni cr oel ect r onflgtes trpgpesisaad B%R%“%f?é‘é%“éﬁ‘oéwétﬂ‘?ésw s wirdrlactae Pl&ﬁartzﬁbo%‘i’fze

of the integrnafgde&hr CHid ﬁreQéPxE‘tlh\QHﬁ‘&l 018 fiRESE t@r!ldeh@d da%asapbym% tbf he
rni crostuctures per integrated Increases, the need for precise wafer

sur f aces bec@iresnzamreofuwqolgmcam'luclTh@lrze$ dirmondyerzed epndétzoning pinge bsgigwtitgtiap,
it is usuall 0 b or_pl anar h rface of the wafer to
obtain the f?ﬁg ?e Og Imﬂ r%céeOaFmIC 1san% thlzﬁhhldzagboém & 6 "cheni cal
mechani cal planari zati on (CIVP) processes and apparatus, see, for exanple,
Arai, et al., US. Patent No. 4, %05 348, iﬁu«%d February. 1989; Arai, et
al ., U s!Opatent No. 5,99, 614, | U € W0Karl srud et al , U.S.
Pat ent No. 5,329, 732) issued July, 1994; Karlsrud, U S. Patent No.
6,498,196, issued March, 1996; and Karlsrud el al., U S. 25 Patent No.
a498, 199, i ssuedThrrediction gggeerSedtircpisd Yegnii Wigh the cxgetion oklpishvakality seeniconducsmd
general |y inglHde ! f f rface

Wafer carri e?\ai"‘ ﬁ]%&kﬂ%n 'chrf%glg?nﬁggfﬁgsfs t{\ gaf\é@b n?vu]ix era% 1!1%#8 skm%letcg]tng
flat poli shi ngd deledtacaid.cohducge dgrosition pdoeespml Bsdfmuceg)f 1ts:tlmg°hamecmmrrqaqm&63n the
hori zontal polishi ng P2 ad that has.an exp oseddﬁgra i ve surf@ ﬁ? , fO%
exanpl e, cerP[?HP“dB?P Ethesg M RETATTHCITERis; anErirapely (RENIRP R AP N eefadion 4t st
ot her paf3i cuh@bRle I @8 isMBRoRAlctos WAlG RasEukRdy ob@ dcaiRgdadf pMBrinAME of~the 29
May 2002 - WD 99i 28084 PCT/ US98i 24960 materi a as is known in the art,
and which ar é“%t@%lpqt%lcem@@tﬁf?élbélnﬁICF%?“ede‘ihééNaIff;V susiace. polthe pengl hadnieeptcbe a
bl own pol yur I

avai l abl e frgltrrr‘%El Elgoenlnﬁ%rggodﬁe(%:{etsa& “lrig‘éﬁhg?ﬁ“ nflﬁfci r}ggﬁft?étaggkéﬁ&re ?rgtggzl%?ﬁce& the
har dness andnetdrisi frgcissfwafdreuiaies bd:uomgs puacb mmapﬂmds Toerefbfreberet@r dagh piobasing S
to be polished. .5 Dur n t he pol.i shi narLzation ocess,. th

wor kpi ece (eS§P: 'R/\)éf’?—ﬂa; ef%?B‘pteé’Prﬁl}’ 885 tﬁ@é‘i‘rkf Oflttﬁ%wg%f fos‘%rﬂ‘éthﬁghms’
surface hil gmfab@ #aidler ot at es about |ts vertical axis. 1n addition, to

i nprove the poli S?ll ng effectiveness, the wafer may al so be rotated about
its vertical axiBoradticussien Pﬁ%ztﬂwamkwplﬁwvﬁl%&wpﬂwecemsmmﬁm@ (12
pol i shing pag, eL;L BIE. Ml b NG, f4iak NAOk BESISL me@equem?g i 9sond; HEVENY
during the polishi operation, causing surface irregularities to

devel op on tﬂaerpeh:b 5'D(99,éh4sU$sged:Mamhst9§ﬁt Karigtudecalr, ék% Ppieahla¢>|52392t9|,7da 1asm1dd
pol i shi ng of KRGS 5. BAGR Ro! LERAYLich R8s 8l EDSPG o SRy ed

or account edJ }orlg
25 Patent No. 5,498,199, issued March. 1996.

Such polishing is well known in the art and generally includes atiaching one side of the
wafer to a flat surface of a wafer carrier or chuck and pressing the other side of the wafer against
a flat polishing surface. In general. the polishing surface comprises a honizontal polishing pad
that has an exposed abrasive surface of, for example. cenum oxide. aluminum oxide,

30 fumed-precipitated silica or other paruculate abrasives  Polishing pads can be tformed of various
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One nethod of renoving the surface irregularities which develop in the

- polishing pad is to condition or dress the pad with sone sore of roughing

or cutting means. Generally this truing or dressing of the polishing pad
can occur either while the wafers are being polished (in-sitagNay 2002
conditioning), or between polishing steps (ex-situ conditioning). An
exanpl e of exwotsvzgwendi tioning i s disclosed in Cesna, et al.RCTRSE2496k ent

No. 5,486, 131matetid$ UOH LABwH ALY, adBwhith &8 GvailRe cifttnbiclaByl DaNa0P, thdFolishing
Condi tioning Polishing Pads. An exanple of in-situ conditioning is

di scl osed i n padmayrbg@ dlawrspolpyethane. snpiptsi theliG and CSeseries|of Rpfishipg padsavaBle fran ed
on July 3, 19 i ld Shi 110Nl .

ot al"  pat ent AP ERELPoRor ) SLAR, RAfork T b kel dUD o I oG
reference. Gepeerdapdngds on thetriwgerie tiacandbepadishadaf er pol i shing and

pl anari zation context small. roughing or.cutting elenents) such _as.di anmond
particl esf5 are u ‘H“‘tgo&‘&?ﬁ fb("i‘fbﬂr Plﬂ’g"‘ﬁﬁtfq“sﬁﬁ’??ég b’&d@g& c% Wo%\anfﬂ§ BoRicete
Cesna, et al,prp@tedphindiibe pdlighik@pddsitiste WMRE ihe Bhd Bfates BJubitd Vertidal akisaMeladkionl t U
conditioning apparatus utilize circular ring conditioners which have these
cutting 25 ellenBproye hepplisimatesieeivernst ot Walenieay 2 bereiated Abput e watieal pyis and
these cutti ”gos‘é“.'uﬁthB&c‘i( a%P?ox%?&%F ﬁa@.sﬁx?ac%%?th?Bﬁs‘Bmggﬂ&f RGEWON hd¥a thde PG
the carrier ring by an electroplating process or "brazing process.

El ect r opl at i npdprenduc eecanusiveplyeluneg Hemodishing pparaionecdusiof stifee cu¢guianigies to

el ements on the carrier ring by deposi.tin tal, for exanple in. a.

ayor - by 1P ay SEHER ARG &by Vi sgnTig ol dnats PRp T OpRay! apitine of al
entrapped. Hov&¥gEces QRsePir&llRMeydHobidldnaerde eéhsv@PbRddchghidd oEess s that 3U
the electroplati gﬁtﬂbond hol ding the cutting elenments to the ri ngl,surfac_e i's
relativel y weak &g maeodqfrempyneihesuiacs ieeladiondithdpelen iethapelibingead s om
the condi tionppghdbiRAY: R GFREAIRAM LR sbSr BAH:R Ur 0GRS earsU LGl tHFsQ{%H%e
the el ectroplating bond is suscepiible to shearing forces. a 29 May 2002
- V1' O 99J28084irevang 0E08 124 @0 padsh antur glther mdulatheofateys e begpenpolishadin-§iw
needed to.hol d t.he .cutt] el ements in _place.. result,, the bonding.
mater  al Tact GanouEYG ok ot TRt bt P65 TuliRRDEL v RGrERERE R
ther eby conprcoaditignihpés disdieketl iioTeng, @apatis. Pawht Nd1e,486)1d1 { isviddg Jahigy 23,
Thus, the previously nentioned brazing prcaz_ce_ss i g{lef'erred . A detailed

di scussi on ofl Phandpmied Peprefons endidoniiedcdisingPaer 81 FAEPISars| gandjtipning
Hol zapf el , etis @kcloselirKalt@h& Ny s ARt ABblicARorSriafNo.\8/480 8568 ePdnliuly 311995,
July 15, 1996, which is herein incorporated by reference. The cutting

el ement s whi @nd gniéitlesleBefiséingt Bad Rendidaringn Bohftae éevir. ehel. bhtgpiganddhe &arlsiudy
rings may,co i S dj S. S |.ne chips/slivers, silicon carbide
particl eg(,) a%&f%gﬂ %rgg%&&\!/\%é\}gérr?ﬁgéé %?Ad{ﬁgg's of whether the conditioning
rings are braze gleadralty, arthebeiterdu@bratafe polishdrgcied pladerizationebstext stk raughingng
el enents, such as di anonds. these processes are not ideal .in that they
exch bi & vt §uSRbFERERPeEe® GRIBH PETTF 8% Reosnbiiior Bedoiiatra As
fracture, or spdvat inBt\Be CeshdS et PhleBt'fldihd REH S Slicdtios Dt PShitu@hd f ract ur ed
di anonds can cause severe scratches in the wafers that are being polished.
Waf ers that &rsitscpaditpring apparatyn giitiesr eirrulap rivg copditipnesn svhichi kave dbese eytiing | n
i ncreasegs co : inol kd LBE §

condi ti O%SI ng%ﬁeﬁlﬁétg s%&gedﬁgg%gﬂgrﬁzﬂa!f%&f\?\g%rﬁng} rs&:e é’?’gﬁ‘f?}? cant '?ér?%rﬂélgggt;ﬁzecured
condi ti oni ngte ihelsttameutfyqe afahd fardghef Mesarrex prnby sreelcamplating bwcess wp braeint
pan on the CMP apparatus.. Al though the brazi.ng of the cytting el enents to
Secure t hem PB oL EaTITHeproiy e smls BF JBHEr shpretter e sube garingy e
process, thecgrief Bnd by ldepSRIHR READ k&r&aﬁﬁl_%%h&iﬁﬂb%iaty& fafifoDEREnd e RLAGESS .
The probl ens associated with the unrelia |I|té of the bond created using
brazed di anpsigmews petdhryl aysntiappedatiovar Hpp pioblamivathdhhelectioplarngprasess isdenti n
the priog,ar I L . P . /

the relishi1 ey apodigiRoRe bk HRERa Bl e o MeTng SEREEL, el W niche

t ungst en car bitde; adjetd odcssionally easmd dblpded\mn thgednhieioning rpgmshdf drlbaddet] ththa
braze conprising vangdium Further, a nethod for utilizi hi gh tenperature
and high pre8? inec R3Ot drihg EPST‘”S‘/’E% {re elacirpmigting opb & &uéceeaﬁlgaeﬁg%aw Hyees. a
reduced abrasive | ayer stresses is disclosed in U S. 25 Patent No.

5,5Q0, 754 issued to Johnson et al. Also, U S. Patent No. 4,899,922 issued
to Slutz el al., describes a brazed inplehent having a thernally stable

pol ycrystal line dianond with shear strengths exceedi ng about 50 kpsi even
whil e furnace cycling the brazed inplenents. This is achieved by brazing

t he conpact to another conpact or to a cenented carbi de support using a
brazing alloy containing an effective anount of chrom um and having a

l'i qui dus above about 700 30 degrees C. Still, each of these methods for
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Summary of the Invention 10 It is a principal object of the present

i rvention to provide an inproved nmethod and apparatus for polishing or

pl anari zt ng wor kpi eces such as sem conductor wafers. It is another object
of the present invention to produce inproved di anond brazedagangy 20@2i ng
rings used for conditioning polishing pads in the planarization of

wor kpi eces. Iwobs2ssdsi | | anot her object of the present invenPEBHSBE4PovI de
a method and sapaitial Mfodn@bf BondP@ nk8dHaN B neededpb 8618 She/intdp didisdnsdBSidcbe As a
coating of a conditjioning ring used to condjtion the polishing pad such
that fractur é&ulirfhe b%@%éﬂ%la?%@amqvprﬁgwé% dnetillso é*efrm%nméams Rlepgps, thereby
condi ti oni NG chirBlsif e Sériching aAkabity raRAGiohing hifig Y PhusAMObRS oL @D I liofs
the present invention to provide an |rrprovedl % apparatus tor

pol i shi ng \Aorbkqangmewhs mhferreci;m.ti@axlm diseussion of thpbranlagetoyea‘sew\d;scuss;ddm;heaj 20
sem condugt or I rt he S ion
to provi d% a ne;{aY?aﬁo 012 eépez 5 Pa;i‘engHB%! RS |$1)ég“a\i/:\§?lc<6/é8§%7p\/{ﬁl ‘gﬂutl)é;?éggé
the lifeti nevﬂﬁc}ilhﬁeremnﬁhotrpmwg, fefen@se.used i n apparatus which perform
chem cal mechanical pl anarization processes, thereby decreasing costs

associ ated with pof FEhREflemant ”ﬁ]“d‘r?éi‘? sesurpd ol haspmsutace ohthe Hapgerof carrigypings
present i nvertd QnnfriQy hﬂ%n&sem?&?s@nﬂe APRATREASsiT@h c%l&'ﬁah%‘iﬁsnﬁldgﬁé llﬁé"' ng
pad devi ces which overconme nany of the shortcomngs of the prior art. In
accor dance wmwewereafs@etstof whethdréheoadidening ings mteiberre plateg of Flstiomglatpdiig order
Sggd: tsl ggdn??éoure}{adl t?e flﬁ{l%(’{?(il’[genhl Scl).llr(!fé gsgdﬁ%m&%ls IIJ?CEIC nI%CEg%g alg){lagx(ag%?n tE’laIV\fbetVQ:éﬁ g%
its bottom surveacehortalitdiiae thichnesulrs i Hihinded has ethnoodt fraegirQror @lduie rweat. | As

di anond depositijon 30.placed over the braze bonded surface. The
condi t i oni ngPEFtAUEY iodi ‘S‘EF% E‘F%edﬁﬁtﬁ?’ %‘?‘Fé‘i"ﬁ‘b manGpeah §AUAE severy 5?\?&392?00@%&“

991 28084 PCT{/s38haf2p8ishQr VeAGAMHaDSe s RN ddnBEBIoRaRSp Whd il dAR result
pol i shing pad and for rotating the conditioning neans on, and oscillating
t he condi ti ok ingrepsdastoipdhe cqnﬁénqroﬁmélmrftb@@oaf ifgtimee qfahd comingnivadngs due to
accor dange f h

ot ngﬁan%%ggg We‘d[ EJ‘ngﬁ&%% m% :ﬁe c%nl?lggr?iggtrmg?Xx%%g?%!yag,@g{,gsg%?gép&%
novi ng t he comdumabjalcmgpmmgaednnhaJCMB agpedatoit  of . operatl ve engagenent

with the top surface of the nd r_oscil condi.tioni

vt ce radi ol Ty S8teRHs e AR o B i b frRitoRnh g Rears
conpri ses a gadrklic@lecRbABRprdzeR| thgb ke drill SdnielpotsdhdResodiated with M) braditth figoebNy
cutting el ements attached to the bottom surface of the carrier elenent in a

circular ringhearigy asecdried pithitheprrebabilgy af Abe bandesresied uaing BiAsek diamond
containi g e AT drlol e Bnd 1 Bedhl s bA AL pAGAAS bt Ao, APRYAGH
over the 10 cutti el ement £ I n accordance wth aﬂot her aspectp of the
present i nveertdloH,S. Parentdax 6,567,525, dreaiinbilienof i hokejént dorfried hgweahd diamend ﬁkmds
about the perl hery of the ri With.the cutting el enents. bei attach
fo the 11 angtdraheBsmunth obefis w¥isr b Vo b epTigy T EbeahBhisne
invention. thmaliiuang@utting] aldeshodUor Qiilizidd highrithperfuleCandeliigh bredRiretd &rf 4 0

escape fromthe interior of the carrier ring. |In accordance with this
aspect of t hROlYHYERINGFAmRcR %qmaﬁtdavxéséwéﬁftdsabéasweéﬁm iepiss dislgsed wldSal |y

uni form s al pRgh e sfsk@ngeisaid «§ Ml TRN QAN ES. l?"a?é%@NQQﬁ@b@Cbzb(?ssh&emfs'lﬁ{‘ge

with a brazed netal "alloy. Preferably, the brazed netal alloy wll only
cover about @%% describ§94 brazed irppleent hiiyg ﬂbmllﬂﬁamv%ﬁwllmdtaﬂwéwha@w

about 50% of _t he . hej of t ut i N | ement s xannpl. for ti.ng
el enent s 20 ?t enéths ax&ﬁé)ﬂ%labogr ?(;)E 31e QAhel ?Lérn%crtla c&cll é%egbrﬁzrga ﬁ{)]e(nents }ns 18

di anet er) i nadhte@ed BygRZIAE tlﬁQob@aa&Damm maenr@tmdemm @ftﬁdﬁu@ﬁﬂryumt
150 m croneters, the brazed netal alloy should preferabl cover each
cutting el enAtingaloy sonpaing aneidzctire anjoyntpdelyamiumpgnd havipga Ei%bts abaye about 700

m cr onet@rs df@éeUCCl guﬁ' ga%ﬁ olf nh%@%cflﬁﬂgﬁ)rcﬁfreaﬁgg t‘lQT(%QQCIHb@ brﬁg%arbon@@g}uw§t
preferably abé’ut 100 to U S are particularly well adapted to the
present i nvewbstamial Z&Chmm@od/dranlwml tomangpuiagion hmiucasg)edt:mmramweamle:swnt

i nvention, c rin t han 25%to 40% o a cutti el emen
W th brage HayTFEoE SR ARG AR (o SRSl e BORG " TSR At P -
cutting elenents may break away fromthe braze, thereby |iberating the
cutting el ement and perhaps damagi ng t he workpi eces. On the other hand,
covering the cutting elenments with braze-in excess of 60%to 80% of the

hei ght of the cutting elenment may inpede the ability of the ~0 cutting

el ements to properly dress or condition a pad. Thus, the present inventor
has dcterm ned that an optiml range involves covering the cutting el enents
in brae up to about 50% of the height of the cutting el enents and then
coating the brazed cutting elenents with a conposition



29 May 2002 WO 99/ 28084 PCTNS98124960 having a titaniumnitride base or a
thin filmdianond deposition. In accordance with yet a further aspect of
the present invention, the conditioning device may be configured to
condition the polishing pad at the sane tine workpi eces arepdqiz\g2002 i shed.
In accordance with this aspect of the invention, the conditioning device

preferably i5\1¥89§7§8i091“red 5 to nount to a noveabl e carrier elpFRIIbs2494d Ch
hol ds the wor rgi e&@; dur i nsg. Eol i shi ngr.g ln,acc rdagce wth a further aspect
of the preserff IAVERET BIPCCTRE Ul PEARTIAGY HEHT CBHONPIE 04 CPQUATME 1185 Mt
around the ouf gt Plitdlh gfoceds. t he workpi ece carrier el ement, wherein the
cutting elenments are securely attached to the bottomsurface of the ring m
a circul ar confi §Geagingly. thers isaneeh dorom imsovedimsting ddenpatatusdan cepditioniigi um

nitride coatipgnfle pAadlbdin ticpBlidhAEP SRR df \@lcdMudidr URBRSMoRDaRlRluri) N
brazed cuttlﬁg eg nts. In accordance wth yet a further aspect of the
present ifvenlerois a nedddora fimpla gnde¢fBerem ne:thed and sppatatusdbreednt itioning therrges wihichh

ext ends about the, periphery of the.ring. | dditiqn, the fla referahly
may et ude. €TsgLBFisaPehfe He s ot s B PGS b BPusrb b o R Bl

interior of theufe dhd. plating Wdar C GRIcHRNGEING Filgsy@breby elstilgihg &S pacdge Ofifet B the
present invention, the cutting elenents used may conprise different
materials, sGeMitRnIngyes aahaficeasyn A% HIthE SRY suswaer utihiping seraicgrqyuciqe chips.

chi ps/slivers, cubic boron nitrite particles, silicon carbide panicles and
the like. The coating el ement may conprise SUPERNEXUS, which is a tradenane
for a titaniumnitride product, ofummany nf hellpyaitianond depositi on.

SUPERNI EXUS is produced by GSEM Inc. located in 20 Beaverton, O egon and
conprises part titaniumnitride and part zirconiumnitride. Aternatively,

t he coatimg el enkni amacipalngiécs @f ghet presenf idventtbnatognovidoah iimgrowkd afateanstst s
of man- made di anond. conpaonents, the bul k of Wnbg?h are conpri sed of carbon

With a mni mEPRAERUSHHTRUGEAS OFHALEZR MPHTIECHRIUER 8 TRICHNUTRIEY e nt het i cal | y

by heating carbop andodel 888t Fah@lpySénti ilvé@iiof 18 Ghdduse firHF%@E@dﬁﬁnoﬂ@%Ezegooo
degrees F. under high pressure. 25 Brief Description of the Drawi ngs A nore

conpl et e undeemsliteniignipgonset ier condisemng palishing ipads indie nhmageatiopefwbikpreefser r i ng

to the detailed ﬂ??%ifl{(&tolhgpoggg ol ee{mﬁ%nﬁww ;gm@ain&tﬁo%%s%héa%mh
the Pictures,wherc Trke reference n ers refer tO simlar elenents
t hr oughotst t paishingur@kpiecsn vhichGnclides sheaopdigsgfeciondicosiof einp isael tvicewdi thidn the

Ththe art, e SRog e e g biont Bk hGRsan il 3 btmalianae | op
crass-secti onad ar¥sRWSicuytrbgucw@f er cl eani ng nachi ne shown in FIG

It is yet another object of the present invention to provide an improved method and
apparatus for polishing workpieces which results in less scrap, namely fewer scratched

20 semiconductor 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



1 illustrating different parts of the machine at different tines in the
polishing process; FIG 4 is a side cross-sectional view of a sem conduct or
wafer carrier elenent with an in-situ polishing pad conditioning ring
connected thereto; 5 FIG 5 is a top view of the in-situ pobojhpgoead
conditioning ring shown in FIG 4; FIG 6 is a side view of the in-situ
C(ﬁndl t: On'th\»Vde ghown in FI GSI 4 and 5, FIG 7 is a perspectiuygreew of
the polishin | c

ex-situ pol i g%r ell’lg gglg{;dthg conéin%lngn Ir‘ﬂé;atlga g%g?&;[ EB!Q?U@%Q fI%\r/ gdtgln 5%%&'& tl%Hm{gh

t he pol i shi ngneany draeet osfbtllatﬁig@xe Banldﬁmamgmhanmmshesmptsunﬁartalof meW1mﬁngt;hd

ex-situ polishin 2E)ad condl g der shown .i 1!):

top view of ail ﬁncﬁd’f’I F’HS paiﬁechE&etpﬁfFﬁtdﬁvepf’ t ﬁ’@ag'%r‘?%""& ana®
cross-secti Oe?dmavlhgmems c&Hﬁﬁdef‘& @e@nﬁgm aapeh fé}a;v@x@aﬂac&fdamumad@shnw a
conditioning ring and coated with a conposition in _accordance with the
present ihvenatd gnt ofangerative qugagement with the &aposusiase of thenpad. gndfprofscillgiing e

w th a conpootth aife Rt ENER ARPLELR Tyl BrERRAL TRTLRA SN RPS aghad
Description of:amheeldﬁreaf mnﬁgmtediinhb@lslmpmb&a rTxh’ga asdjln}mcunnm@ﬁﬁmam attedhati @stht 0
an i nproved arat condi tioni ng.wor kpi ece_pol i shi_.n

ot oved. et RO St Qi REeL Ry SR o bty st S il

the cutting @l:@maﬁmn déntisthg iaghAOgeidt PMHik BInd PRA0AY U&posifion SRR dvbethe
wor kpi eces being polished. While this invention nmay be used to condition a

| ar ge vall et GUBRE JeM¢8hi ng pads whi ch may be used to polish a variety of
different 1ypes pl MRl GafhonbRoR! G SiednCXERBL AR GRRPHLARR Y include

di scussed herein w relate to po? ing pad condi tioni ng appar at uses used
t o condi ti ona 8argcodimtigstnds ahaft g g@ophcs;hmnge g svith Lte aniting ebmentsdemg taoaded
however, that % ﬁ invention 2~ is not limted to any particul ar workpi ece
pol i shi ng paﬁ) ondiEti oni ng environment Referring nowto FIGS. 1-3, a wafer
pol i shing appar afaascotited \GitlSRO U BEIGSEL 6TThd fieseR 8GR 0bn. iRVRAE Bfludedd it

pol i shi n%nappar atus 10Q suitably conprises. a conEr ehensi ve wafer c{)ol i shing
machi ne Whi cPPTHERSEP PEMAEPAPIERALY V’d‘ﬁ‘i"ﬁe PEVHIS UKETIOF BCBE SMTRET RS g 46T agwe\g*ﬂand

rinses the va{&ksoc G xﬁ@h%}ﬁﬁaefc&ﬁn%@%&ﬁs Q@@Jstrabn{e@sw@‘a%allga.gﬁ&ﬁnqyeaaoﬁ he
subsequent processing. Discussing 30 now the polishing apparatus 10

nmore det ai | , (lansp archthe/genews arohq@m méedaﬁthﬁrﬂaomvlﬁt abriazad may allgy. Pra"gawm,yhezooz
-, 0 991 26084 PCTLUSSL 24560, W8 81 L 19081 140 30aLIAN, L aehRl L0
wa

station | station accor ance W
preferred enﬂneféra“wwibooﬁo%ef tha}vﬁgﬁt iofthe co@iag eletnests. FdJO:xamﬁkEhfohOLhtdmg’lgeraems

plurality of wafers. are ]oaded into the mach ne at u stati 10! .
Rext . a Pobofeif ARt Peieks v gAY PR gl h e ﬂWéfgw ¢ et 46949 290 |

10 and pl acesiddiftlers QN8 rAdst PrdfirABly BBud140 HiidroRedAl @e biasddshefal aney eid
Wafer transfer arm 114 then lifts and noves the wafer into wafer transition

section 104.prefezbly sover eaghs pwtingaelgmentqups i abavt w0 alc 88 haight, 9aivpi ta pRPUWEY er
f
on one o aar@|cpcrrfa|éédg yPaQthleV@eg nt é%%eu& 5§tt@§600@§ A’lgg’l %@4&9%8?&&%& al u?t)(?oe

rotatable t |nvvaer transition section t at
120 al so suitbdBDY.S. mmelshldlespamellallY akil agapefd todtfequresemtopvenfién.st at i ons 118 vvhi ch

ta lhteer nat % with F}In(a'lzcl:(cor ance Wxtthla(%u Sher aspect'g\;&le preseny\ﬁ'ze%qxok Scoge%%g? t%d P'@/o toqﬁ%

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 element 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 curtting elements to properly dress or condition a pad. Thus, the present inventor has deternmuncd
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



10 plurality of pick-up stations 116, table 120 will rotate so that a new
station | 1 Galigns with transfer arm 114. Transfer arm 114 then pl aces

t he next wafer on the new enpty pick-up station 116. This process continues
until ‘all pick-up stations 1 16 are filled with waters. In boguayobepred
enbodi nent of the invention, table 120 will include five pick-up stations
116 and five d aﬂ(a{ statl ons 118. IS Next, a wafer carrierpcaRRagabss 122,
conprising i IVI ua ctEarrler eI ‘P l_}]9‘9 stwtably aligns itself
over table 1283"98 t‘tﬁ%w“’?g%%e “rSt/%f%‘QPt APULHPLUI, are positi oned
directly above thgaydftdné& Mhh?é’larfeﬁlhdﬂespeél JfeiseprREEhiveptiok thiconl@ibhiaf Gevicd 6.
The carrier apparatus 122 then drops.down and picks up the wafers from

their respectiaydesonfiguesado ‘a’t‘i‘ﬂ“‘r‘?ﬁ\‘;@§°t‘ﬁ‘é“g\ﬁéﬁd ghile pme EF’ﬁl“ioi)"Pé‘i‘}Esr?’? Priftg Rofjghed-
waf ers are pqghlchRiafd ABOKS aBiRbd STl venti, urar&oao@t%mr@mc@pm&ab@ﬂs c§m;j_nu9ed
station 20 106, carrier apparatus 122 suitably | owers the wafers, are
hel d by ifidi v thoant tehernyeabde aapvier elament, oﬂmhawidaéheewrghrgmrdtlrlw mhlslan@ol i shr ng

pad 126 which sits_at a |on eel .128
causes pol i shi nghbzacﬁor%g'@ewét? ét’vw‘teéa%% ’Eth ’es"'t‘e‘%‘ ?e%?grl’ hRGondi ’%\'Fm% T Hifes
time, individigated aambir® troghd e obter phAMesPofithd ik etk @irieeddntint, tWheideln the cutting
respective vertical axis and oscillate the wafers back and forth across pad
| 26 (subst antlegieny a8 wRgekratanred 4athe bottem syrfase akibe 558 JyaciFruiar coMdigyEIipR Kigng
pad. In thisypBRBGE thelcl@nStEMhBGSaRS a fiGuRiiGle dﬂ'atlul 8% Rl 18R deposition

pl anarized. After an appropriate period of tinme) the wafers are renoved
from pol i&hi rgdepested 26cr thnbfazsdronita clgpisaisat us 122 transports the wafers
back to transiti r

i vi dual carri SrecEbBbislit e SRy Sis R RRRER A 81 T ERmgpy mes
stations 118be Th&hedied Sammeaviitiesxi¢rdsnbed zHcrpemlﬁtrpqtt thé fingt Ia:tadamm JRSiimpea
second transfer arm 130. Transfer 30 arm 130 surt Irfltr c waf er out
of transiti oR"STAY Y TBU A PPRASHUIS L0 PHBYA PHETH %/\tﬁfeé‘r“f“‘? waefr%afjthe
station 108. ;jhp the load station 108, transfer arm1l sO hol ds the wafers
whi | e t hey are rinsed. After a t horough rinsing, the wafers ate rel oaded
into casbkettes 1IWCOFW%WHbhe‘rPnPﬂlah%‘BQFr‘Pf e presapt PHGNLPOOE cutliyy Jenogsyd
PCT/ US98/ 249 e or
packagi ng. Duglrj&% ncrsmt‘:) H:S‘%BE%F"‘. %aﬁﬁagng&gl angorr%Ez(%rft?llngnél%?%%&ejég}a%sr’r@gggﬁ?sLllragg
pad w | | wearhigsislivetnisuthebane nitsspagfclesctiiiooe carbilemeftioles and theilikei Tpordaing t o

buff or condltlon ol i shi.n o[ s rface.irreqularities
Chat oy devEFBRRIHEPHS DR MUK S S Py Togimams M e enln ST iRg ot o
condi tion thg tp@l filshidRehodd Hepbditi. t SURBHNEXUS fslpréduted by QRS BN Idcnro'i:mteal in
condltlonlng t akes pl ace durlng t he wafer pol.ishing process, while ex-situ

condi t i ol ngBeaygRer: ergﬁns@c{ RBYRISERRArtAIANHE Wiridpand méfzefq*tnﬁ@mrfeﬂﬁf fAdemptoly,
2-4, in-sit m%ge%ﬁg[ atr?ag nly! donfphisS b 1B fith %ﬁ%ﬁ@goauh? ARG, A@RE 6 Wah-thafle
preferred e I men the present invention, in-situ con Itioning
general ly ocdlamsncbc,onmnm ﬁedtuilm;f vehichi amemnnmsqsimﬁ darborowrtﬂngmehmmtf hgdrogano

each individ arri rrier el t,s.124
orate and m0ee B rateRY s mificpdriiy BE Peull® BBRG P o AT RN TR
200 will al saeaﬂaﬁaﬁdcebft&;oppjoostabgkgemdnddrhtga pﬁssmh tioning the pad while
the waters are being polished. Referring nowto FIG 4, the configuration
of conditioning elenent 200 and carrier 15 elenent 124 wll now be

di scussed. As previously nenti q;t,eg.negarifgtioe,romtmﬁmné_m hol ds and presses
t he waf ers against the polishing "pad during the polishing operation. As is
well known in the art, carrier elenment 12:1 may conprise a nunber of

di fferent enbodi prents I Iy
i nvention, carrrieﬂra @r %(Hegﬂ%ﬁ ﬂerswﬂm*b ggérg%gglé‘ég#ﬁﬁ&?‘fgor grh%ﬁb ‘?El"mﬁto
enbodi ment  sthedsailed dedcBptich and@lalis atandodsidaed ivicomeati@r eftiethe Fiouessbordreerd  of
the present invention, carrier elenent 124 preferably conprises a pressure
pl ate 140, dfﬁr%teetmbﬁsﬁayé?“ﬁﬂ@rd&“PéfQﬁﬁkhﬁ“ﬁwﬁﬁyiﬁﬂm’ nd a rotation
drive shaft 146.p8r gssune &%@taclééteaapé RS aﬂa%H,%ottaru&arsagfepgtﬁﬂtnrtO\rrrtrNard
pressure agai nst the backsi a warfer as it 1s presse al nst

pol i shi 3§ padaxﬂ:%auolﬁrmeemt:|cveextraye\pwm4r2thvmttt preferably reside between
pressure plate 140 and wafer 10 to protect the wafer during the 25
polishing process. Protective |layer 142 nay be any type of sem-rigid
material that will not damage the wafer as pressure is applied: for

exanpl e, a urethane-type material. Wafer 10 may be hel d agai nst protective
| ayer 142 by any conveni ent nechanism such as, for exanple, 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

sI | pp| ng IateraIIy from beneath 30 the protectlve Iayer ‘as the wafer i's

-~ o " Y 1 o o, A AN




10 29 May 2002 5 10 IS w O 99/2808d PCT~' US98l 2.t1960 20S (FIGS. 14 and 11
) I's preferably conprised of a titaniumnitride base or of thin film
dianond. Titaniumnitride has the follow ng properties: MlIlting Point 2927
degrees C Specific Heat 8.86 cal/nole at 25 degrees C El ect rzgc,@LL11 200
Resistivity 21.7 mcro-ohmcm These properties of titaniumnitri &e aFI ow
the coating GHPHsbdsl ON to protect the cutting el enents 20~pcpasisasdoar|y
di anond particle r 14 ' f . aki fn | 2 f
the conditioni ng%{quér%eq‘{rﬁpgfggw %#‘%e@%g%]i‘}f] ?%iééa I yef%%fﬁrec l%@é’%?ﬁéﬂlgg%g‘ﬁ%? %(I)(g
fills in m ndrillistadhgidiéfelentysts ofithe eachina andiffereningds in thel pokshirgy predessn nat es

the possibility t he di.,anonds fracturing off. of the flange 2Q'' durin
the Dordi t1 on no el B ARG eIt B 8 SemicBrubPe veli FaRetsemers it 5
suscepti bl e ph-afu Rgishinp phd @ndRloRHE HAg BbBiet @@ thewid;ch results in reducing ihc
wear of the plati Rg'SdT e coating also forns a much stronger pond between

the platihg and F B afPrdeY obthe iysity nodislipg pecheondisigning TiRg shasviia FlGrf; or
elimnation of t fd; [ o]l ,g'g&rg,{bt SEd t .
COndttlotlltlg csg?'eérlrggél{#;vg%or@ﬁee\%g&ag@‘%{fﬁe se%ocgaddﬂg'tsb?g’\}\% ‘ers which
must be scrappedFIA tihampefspdctivelviawmid thedepslsng surfacovighe poleshmgtndchige ehayreint s

?0~ can al so oduce these inpprovenents.in. the conditionj.ng process.. Dyring
operation of FRgnari b &5 pHEY P Risg enFRe cBPalEr RS R RS Hgh:
into 20 25 cobhshidg swhde; pol i shing pad |26 which is secured to | ap wheel

128. Preferably, to maxim ze poljshing, an abrasive slurry is introduced
bet ween Pl i shi n§lhads 196 dnw-sarioas! Vi ofhg otie RoYipies bid capditeniperiag hpldsres
can be used, gas.di§ F(EOMWN in the art. As wafer 10 contacts pad 126, both |ap
wheel 128 and carrier elenent 124 rotate, thus facilitating the polishing
and pl anari zat i ohRlGeP is mwpwadveef anlax-sitd gblishirg padsondingniey ring; ement 1 Z4 | ower s
wafer 10 onto th condi tioning el nt 200 i.ch is,connected,to
carrier el ement ﬁﬁ?géﬁﬂﬁroﬁgeﬂ?\ﬂgr‘gﬁ” Pﬁ%‘m@oeﬁ?"é@tlsv%@hh‘fv ge%lgodf‘ze,&émﬁicgﬁoa
wheel 128 ango@iaiohing ring lhededatedhdith 4 @ingositiof il ddcargdaret evitinhSprdddht iidntion, and

rough-up and, thus, condition poljishing pad 126 at the sane tine the wafers
are bei n pol i shB®- 11 ¥ agresrsaginnal iy ﬁ9 chiting ¢lempeit whishBagiremheleopiatd to a

present i nvepdddbmnhoGia sbdidd »3@1_1Qﬁ}ﬂi&itféﬂii@gcc@%‘ﬂ&evi@lfth@-ﬁ’r@_@h@-ﬁlu&tégp wi Il
now be di scussed. As briefly mentioned above, ex-situ conditioning

general ly occurs between polishing steps. That is, after a set of wafers

has been polished and re f Ak | shi - P rate
conditioning device is i TR BTl fibi B ml ‘E'%E’B—&ﬁ”%sat o condition

the pad. It should he noted. however, that apparatus 10U does not | eave to

utilize both In-gitu and ex-situ conditioniii~~ One skilled, . Ln the art wll
appreci ate that SBpSHPECLEOVERPIERATSNO) Y ENROY §b PRI ttoﬁ corsitening WoRgIest

ev-situ condpdiisRink Bﬂds, 84d an i2PrdVey meRad M QRihd BBdg alepaiatotfie ApfdR¥BY that
i ncl ude both. PCTIUS981249ti0 Referring nowto FIGS. 7-9, an ex-situ
condi t i ¥ ngthgeurting ebmeni &t aotdislgdgedimn ithseapparais rapd damageothel i orknigeay beingig
carrier ele 0 ANl I i 4 : ce
Wth thi s achushed R Biveflihiny b BRD baldiucdTie Sl fpolich b 3G AL ARH
pref erably hagy &e hsaotwnpiishl layvagietyesfddifferent ypepeof3@drkpiaéashihe quefemey experpaty on,
w |l contact and,condition the.polishin d..ln accor.dance with a further
B pect of - hirEOIFEON HSHESRA e S h St fo RO ping haR SR ORRGE ety et
by a pl ural i éonditibn SeetticondhGordRerWoiiihgpansrilt wilibeandersiad, fidvieiversthhahes ecaen

fromthe interior of conditioning device 300 during operation.
25 is not limited to any particular workpicce polishing pad conditioning environment

Referring now to FIGS. 1-3, a wafer polishing apparatus 100 ts 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 morc detail, apparatus 100 comprises an unload station 102,



As with the in-situ conditioning ring and as illustrated in F1G 9, cutting
el'ements 308 may 10 be secured to the bottom surface of flange 304.
Simlarly, cutting elenents 308 may conprise a variety of materials, such
as, for exanple, dianond particles, polycrystalline chipsl sjggwyszoozjbi C
boron nitrite pai-t~cles, silicon carbide particles, and the liKe. As

di scussed in tall below, cutting elenents 308 may be atta b&ye
bottom porti o\gug(‘)’?/&afo?"ange 304 by a unique braze bondi nD proc?ggﬂjswzr‘]‘a Ial, a
conposi ti on cHWHFT EBELEP sefieher. & pelishingistitrhi G per? BRicarRiaRd fqad fapion 108,
di anmond is used iR a&BRlande\GifAbleic-REd SEhESBALS o8B idveRor tdiSetted 91 AR bIding N
order to strengthen the bond between the cutti ngf el ements 308 and the:
condi t i oni ng %plemtittofavaders.@rd inadeddnto sherraandjinh@huniend stauon it Medrebetieder
hemeel ves SQahihd { AGLHEES AL ORSE Sl 1o SN EH AR 51i80%n A
wel | as plating wear, are reduced. e coating conpositron s also

di scussedSi n vafert tnewsfed atrailll 4.b aVafer tramkfen grnwil t 4 tHeh difts mad enoventhe ngpfgriowesaeof
the cutting el enents 3D8, 20 In. accordance with this preferred epbodi nen
of the i nventTBHIOREHPE g‘%‘ﬁi Ty tretnster %‘E‘}bﬁﬁ’_rsé‘f‘g%B‘aﬁ“iag "adet"seﬂé*a@? 8n Qpe ©
operating arm 3iRIiWhsCRatesSpiclh isGHER 16 i@l @8ida0H aliow@ble @RIt td RRhiROvafer
device 300 into and out of engagenment with polishing pad 126. The verti cal
nmovenent of OpefiHen fegtie H043 Mptatable thierldP jaksel shipbly ipglades gplurelty phwaler grop-offi n
addition, op i ahf sl s ted N i t1Qni

devi ce 300 pachUknds PR M B RR P RORAP Al o SR PReGRNeLY B Thhe.
the enti i@ t gursluyfedpeckedp $tixeongddo.itsble dR@ivill oeel sethaad hery siaon dUsalippamsthmay

be enpl oyed to conne conditioning el ement. 300 ta operating anti, 310.. For
exampl e, as IPIUSHRRY &4 TR P pen Eac e g wer SR ET sy TP R fiig™
housi ng 314 hyeshigsp@edss b@hmes?ulaﬁl.auléircka@cscaﬁ@l@wlqe atti fill8d tWith svatee fih Gl padtdred, a
shaft 318 tllay be configured to enda e a chuck in the head of operatin
arm 310, t husnivetaiepgltheanyatien tplealrd Wikl Higlude Sxadirk up slabsriap prdei wodrapro
agement wit hthe,anm During processing. when it is desired to condition
pol11S111l 1t pad 1?6, arm3 | U ~s actwated to bring conditioning device
300, andiihore paNekgalveaf¢ncagier tppavatesl BaeenngprB08,individenl cafiraetrier eleients 124,

2, 0 A SR A T S AL,

the same ti mabovepie adfer vhivhiesidkOn asgEcliVegiicksupGitishalg 6C DRdldatricd Bppaganual e Deieh
300 to traverse hack and forth acroas t he surface of polishi H%&p d 12G,. The

downwar d pr e S&WF &YW had Rifks UB JratAlFrotiPR g edasPed vesiaans Ao e sy cshirie yad
surface and t{& thomed amlfs okd PRidohad adolepRtiseiRB dialibiPTUCN D1RRE 8FRB hrokishirghtation
contact wish the pad may varqy as necessary to achieve the desired

condi t i ol ng | P& sarierappRatie i 23 sgaliplowers e veders, Mhickfee heldibysindividud glginents 124,

met hod of at L ng- t. NG | 1.1 onj ' { |1 now
e di scussed ) A aRCle Byl e A BARARE b8 LA ORAERAR OPTIRR R, e

i nventi on, cupdrativg, lep etedt128 dAiResipalishivg matl tl 2€ toadtateabautc@mvertiedl axisngt HeGalny a

direct 10 brazing .techpique which eates a yery strong, reliabl.e bond
bet ween t he Hiet TP AALFRTIETCISENS Fad SPinGe Salcrsdhont e Tspesivn SR A5 o6
the present bavewthoWatetddabikAR fB@l@Q:'rdsypﬁyﬁ%'(ﬁkﬂs@ntia}ﬂ?@hn?@ﬁéwaﬂgb_ zﬁ!ﬂ'ie@?r&s
brazing alloys to create the secure bond. The brazing alloys utilized
gener al 136 congrinssbe pplishingpathr lorthis mawer. dhssarfaceof B svafer wHhisi nodished asplanarizeth s
been found t hat LS..f.am L i "
chem cal i mechani %EF ngﬁgi'gb%aetg %rgél%?h@gét Iegggé&tagénﬁﬁﬁog&c?%ﬁ Bftl%ﬁntgﬁéld 156’ and
cutting el enenticrsppdraice L22rtadinkyeits tHeavafdrd vk rngraavidgn fatom 0heGuidiar appgratua e 22

treatment process. 'Thus, greater surface contact between the cuttin
ol enents. andtEnbvisrs B0V EbaThERT St Hidng dBuLS o e OB G 118

el ements 402ThOwhBR afOREH feh@0dd8of B3P-oBUlaliaeel 14804 Wichhd PR ePAndidCUSSRE: I N
accordance wth one aspect of the present invention, cutting elenments 402

and brazé® al troylHsuitady bis apold watceow of rasitign ghiaad @4 el wanelcrsphea infd wergnse ace

in a predeternne shi@n., 20T | d cutting. ments, and braze alloy
particles i n&g“ ‘8‘&“35,‘5‘2"“{1" e@rpé’? ﬁ]rL Joagisﬁg%éég;g%ﬁy crr‘fﬁi}gb(gllmﬁgselﬁ? “gﬁtr:%“lé{gﬁﬁ?}oarr ¢

exanpl e, a reésdethongcrcoh@ougitkidingsat weldrsiar: ralosdedtirabtRsecae gl ¢hiswlve thnsp&it
the Iike. Upon proper distribution of the cutting elenents and all oy
particles, the ring assenbly is then placed in a furnace having a reducing
at nosphere or vacuum and heated until the braze flows and wets the cutting
el ements and netal ring surface. Finally, the braze is cool ed, securely 25
bondi ng the cutting elenents to the ring surface. The braze bonded cutting
el enents are then coated with a conposition in order to reduce the
fracturing and | oss of the cutting elenments ihercby reducing the |ikelihood
that portions of the cutting elements will becone enbedded in the polishing

Y b1 Y o o, .



S1) atitaniumnitride based coating which conprises both titanium
ni‘tride and zirconiumnitride (an exanple of such a product is SL1PERNEXL1S
produced by GSEM Inc. in Beaverton, Oregon); or 2) a thin filmdianond
deposition which conprises nman-made di anond particles that ng\ﬂwggg@ed by
heating carbon and a netal catalyst in an 10 electric fiunace at” about 3000
degrees F. un %rgg)ggog pressure. In accordance w th another 33RR&bsRbeot NE
present inven{ion e brazi ng pro e?s may be .Eerformad m t wo- st eps rat her
than one as dPS¥aEEdA SWISEHENT SHIOPHIET fUBCLRTRESHPHRAEKEN8e brazing al l oy i s
first applied to g thRGboBHiARER plEhafizATRANREceSd, Mel [ﬁﬂiisﬁiﬂ% bhalvifRe&" inB&Hys
above, however, the cutting el enents are not present. After the braze alloy
is fused to thgeome jrgs siiedtivee Themfores it is iimgortant tebereneandiioa notisinmpadatetd t o

the | ayer of e dal e . US| .a t r i_nder.
After the cut" Iirh%e %“?é@%ﬁeﬁ‘[}%ﬁt“z“%ﬂf éolggquﬁéy%ggﬁ) ?%rﬁr%déorﬁ?lﬁgg'rléégg%?%@s%%la? tg"g‘fai n
i s placedsi n wdye td aondigior thd pblishink ped; li-simeantd ersitd @nditidnisg! r ihesitndsnditieniggiakésng
el enents. This two-st Etroc S,S enerall}/ achi eveds.the sane, bondi ng . .
strength as e BpinedhO R HERYENE Wess RETE S LCaRT gt Eurs i beiyseep gplishing

greater contrhsof surface uniformty of the cutting elenments on the ring
surface. A 20 nore detailed discussion of a brazi nE process useful in the
conte~;t of the fHe&seng nowirelkGoR-4 H-Hiusondigering will Bkl digqussed) In acgprdance
Pat ent Nos. 3,89 ﬁgq . oSS Ve n I " r% i ,
| 977 respecti\\yldcciﬁla ,rg%%% oog{ﬂg%gﬂﬁgggeﬁc%r f)rgrgtleé ‘ﬁé‘?’ éiln#%g gr% g%él e#(‘::{ér.sjo he
braze boh@led comtetiimy aeliesBntcendtianiighelemesa el twictdh adoodtl rgrieorposht i12h as

previously described above. 25 In gccordance with a further aspect .of the
D sent i mverDRSTETe: o O, EEme debaatety A vt dunarliy Phe Eerge rid
el ements to theiiGiid @EméntdTOSUII a6 Qoxd ith folisiHAPRE Bhs RAUfRKIFEMEE 8 WHRRT ed
to the conventional el egtros)l atinc bond currently known in the art.
| npr ovenent s RsugHeragre sty to control the amount of plating, the
abilrty to contrgbrlhe AWPWFIANS Bk 6HRMioR o rlchRiGHild DOmENEBNLS Qtidhe
ring. better adhesion of the cuttrns cloments to the ri'n~_= surface, tire
, 0 ab~l ity t elehwmuel 2 widli romals dscassdd.r 4pewvable neondictli arianglemeh=24 hahdd and
better pad manal ~enent. due.to | 1. . 29 L 2002 V4. O 99, '.2S084 .
PCT, + Usba/ 248E05e B RHE PET il hingtr taf BRaal Liosspery Sanarelfaerng
of the el eneit e at.@aiehtlevan 12Ahhy Snghisé Airtbee oRdIfiSremreth boeinaihed Hotvel drefdr act
that the invention provides for better bondi ng of t,)he_cutt_i ng elenents to
the conditi oRMRESEP PHYSCatHTEdbePiicatinYeadan: BT eirBieal ! 26 Nakh bhdiscupsd i 35Fadases] y
possi bl e. | nykRinse dfQaifen: LSRR &16NEY et hod provi des optinmal support for
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each and every cutting el enent on the ring because during the fusing

process,2& he br alnecedrilange wiib o prséesrsd smbpdimehied thamdesepitinntien chzicedeméntdat h

el enent, thu i ol i .1 4hhi C f.the ik A i own
TG 10 Wil Sonbis BB AR 14k BoRRR by 41 DN T BB RY
t he surface aftatmanidive sioafi G, Prazgure Plate TN epliendn squafindistrib0wd idswolad pedsaure zed

as "concave," i.e,,.the.allo al. band dept.h is. at a mpigumat a i nt
ot er o at coeReE ek At TR At BatssiaBin PO R Pl 1. Tk By S
el ectropl at egiff ﬁrefelﬂzﬁql)ﬁfé@ﬂla bhiREMtedsid Bidd) | ALHANING O t\protecPiht MhfeRBiiring the

techniques is shown in FIG 11. As disti nguished fromFl G 10, the surface
contour 28f t haishingdirergssrelratectpegayes 1#h may daeny e Al emiirigid matcapldbatrvwpingt ed

dept o bond e e PR Bi=ELe SUARRN, oL BBl el BEFRRedL AR Lol o

i s weaker evenhdlbhapghstppstective hgemnmedly dang cusedient medhagity, ash aaidér exampRYbt 0

100% of the 15 cutting el epents tnay. be. cavered ? th nd netal with the
ol ect ropl at | PG LT B (IEy psiony P e By g P54 S Erabhis cRtiegied ground

el ements camuB@edpegest pYddcdivaRydrithil b Réver® Wate? 10HRGM afipphakiatly 1188 Rhenment
bei ng covered with bond, therefore allow ng greater sworf clearance, faster
cutting 3&nd thedueedivadater leitlicavalpy. lsmp@ed-lgwmnmn&ll%l%mwaw eoingeted to
conmposition cgati 4 i ,has been previously described in detail
deposi ted ov%?g?ﬁﬂggﬁgg@ﬂgﬂgﬁgﬁgnts. It should be 20 noted that regardl ess
of whether the cakbicogheelee mepcsuamabdtére chaliceohpaleedne@d ohjghah accorddnee
conposition coating 420 provides for the sane types of advantages and

i nprovenents in the conditioning process over the prior art, nanely
reducing or elimnating fracturing and | ass of cutting el enents and
reduci ng plating wear. In accordance with a further aspect of the present

i nvention, cutting elenents having an 25 aspect ratio in the range of
0.5:1.0 to 1.5:1.0, and nost preferably about 1.0:1.0 are suitably

enpl oyed; that is, in a particularly preferred inplenentation of the
present invention, the height of the cutting elenents is approximtely

b o - e Y o



the scope of the invention as expressed in the appended clains. 16 29 May
2002 WD 99/28084 | Caim PCTi US98i 24960 1. An apparatus for conditioning a
pol i shing pad which covers a platen nounted on a polishing machine and is
used to polish a surface of a workpiece, the apparatus corrpggméﬂgzo@ means
for conditioning the polishing pad by contact with the pad, wherein said
condi ti oni ng B30 S50k configured with cutting el enents secur&q,dsgg,ggapttom

surface of sal con wherein said.sec el enent

ore coatod it SPESTLETIREET Atbe PUTIRa: T oM TP S e BRE e
el enents: andagEansm ihOFIGHIJagidNg. Satidiosiay dichiedN2 O pikpdtsy Wclided Beiopalvasini Ng
pad and for rotating 10 said conditioning nmeans nd oscillati ng said
condi t i oni ng $¥safias §ange 292 pBish %"F‘f“&t?é‘“c?f“?%"é‘“ﬁ@l H@f“ﬁ&’é"‘ce’?p hpjdng cutting

appar at us 1 eclideblsians GhRhE thereth FLRLD, SR LATRPIGS! D MONYid d%?ésn%& obeﬂra&t

one of a titaniumnitride containing conposition and a thin m di anond
deposi ti of. 3:uttl‘hbelea;§tparqﬁﬁ memmnb@hlfenme of e mr@ltlmrmgrﬁndz!@ ttdtz@rm@bmna@n
conpri ses: ni.um ni onent, a AT htrid
conponent . thel’ﬂés 31'0%5?[ rt”ﬁFsOtIIL P‘é‘ag FRMERE 20 qgv\ger eF era 4 tcohnémses 2
el ements ar e thifae npede e bn atthﬁatbtatyt ﬁmsmﬁrmehmfﬁlmhi@nmﬂd%b ﬂamgfe@mmis
and said conposjtion conprises at | east one of a t|tan| umnitrid

cont ai ni ng coHPEntipRah %Baté’o‘t“l’ﬂ‘ purface A4 vy e ‘?S‘F‘F“Efeﬁ’éé‘f”cl senteRi e an

20 entire surf,agenQfdidiich Roazgd; banded caldidonig e@élﬁéﬁ?ﬂ@(ﬁpreférabmelﬁﬁn%ﬁfyus
recited in claim wherein sai d engagi ng, rotati n? and oscillating nmeans

conpri sedlan Copn@ﬁta@ lorgesawrapRitado b bf’l@ﬂoﬁn%lﬁ rlasielel leasmennnpeien hefweemprsssinst o,
and out of . - OPSL a4 3 SNARGRNT atemvmta'aog d BRUSHILAEEmBled O pRADr 80 e
ral t ace o e

oscillating sald con neans y over e top sur
pad. 2~ 6. _Thm)vaxpaabammsmbﬁagéleademrm@l’laxmmalmecmmoﬁaecbndmndmblem'emgoo

e oD oSy e Sk 3P AR e bl 0 RS, s
contact pad 126 by virtue of the weight of conditioning element 200, rather than by pressure
15  applied by carrier element 124. If needed, additional weighted rings 212 may be added to
conditioning element 200 to increase the weight of the ring and thus the conditioning pressure
on the pad.

In accordance with a further aspect of the preferred embodiment of the present invention,
flange 202 may include cut out portions 214 which permit sworf and fluids to escape from the
20  interior of conditioning element 200. Accordingly, as shown in FIGS. 5 and 6 as dimension
“A”, cut out portions 214 may be in the range about 0.75 to 1.25 inches and more preferably in
the range of about 0.875 to 1.125 inches. The remaining portions of flange 202, which have
cutting elements 203 attached thereto, an shown in FIGS. S 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 hard cutting material useful for conditioning pads, such as, for example, diamond
particles, polycrystalline chips/slivers, cubic boron nitrite particles, silicon carbide particies, and

the ike. Further, cutting eiements 205 may be secured to bottom surface 204 of flange 202 by

LI
[sen)

a brazed bonding process which creates an extremely sccure 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



7. The apparatus recited in claim®6, wherein said cutting elenments are

di sposed 011 a flange which extends about the periphery of said
conditioning ring and wherein said flange 30 includes cutout portions to
permt materials to escape fromthe interior ol'said COndll U%k#}éOOZi”_~
8. The apparatus recited in claim7, wherein said cutting elenents are
substanti al | woldogesa9 May 2002 5 10 |~ 20 25 3U WO 99/ Z8084pfLi4dsi598d 24960

uniformy disgs {ﬁkﬁs.e%%mi) 4 g.lree ago@nao‘e%aprm& omgﬂ{,@amsna{rﬁﬁibhgedoﬁ 5 PR 7 |

wherein said cutting elenents to sai ange wth a brazed neta
alloy. | 0. diarhbed dfipaiat nigideds the tbliowing @bparGes: wher ei n sai d brazed net al
all oy covers about 25%to 4Q0% of said cuttin%%ﬁ; nents. 1 |I. The apparatus
recited inclaiml, dieg POl 4 cutting el edMtEEESHbri se di amond
particles. 12. An apgpedfiéiBlestor conditi oni nggaecRalimhsBiangs Rackewli | €
wor kpi eces are being polished on the pad, said_apparatus being nountable to
a novabl & carrier el ghestifcat Resitizity yi ng t he woHpHeeedn-eMbe pol i shed into
contact wt i shi : g al | S :

condi 1 oni g FRe” At S R R AP AP Halhd o REE § R BuihEements
condi t i oni nR0¥eparcudariyptiansas! murtcldsngpre frectenitsansidtalimegd if from tipolanga2@wiithe e

of said condijti ni.ng east. one

) nean a _co. i ion.conprisi.n t. | of a
C1 tant um i 1 PTHBOROR AT 0T (R BrTRa. ShEuSETRIBI0 o iR R 1R
deposi tion cavesdidgongsivilics tddutdd @r &inein@etiRe pokibilihhet tRgxpanaidd fraéi8eigt Ftbflihe
claim 12, wherei n ,s,ai d conditioning rncans is a ri nog configured to pount
around t'He dJlter “Berdunae & gndtinaingsyRpi ede ©aine &1V BrRRENEC!S siar aRbrYTS:
sai d cutting, el -eRmOLisiRr ﬁxc{i’hs_%@&irg-‘glagﬁ'g,@vhmtrésqm fiedane tl&fw'e%%fqléerﬁld?ﬁ% e

The apparatus recited I'n claim 13, wherein said cutting elenents ar

di sposed on caafinga#lere fonmi e mesht stdgsr dbedibetivhen thepilgting rapd dlie dinmondsngy, cranmg:
wherein said, flange . ngludes .cutout .porti 0. perm.t terial 0._escape
fromthe i nttéer”?e(')]rLb of” Pﬁ"é: rF(l?ur?ﬁfm i%a‘”’r‘ﬁ‘“g”’ap"gg?ea@%"é r?nég(} ttcél(qg }gnEIec'?eé’l?Sn%ufﬂ? e
wher ei n sai dofiditibimpeyeleeemng B fare seublsdaahicahduyotiwhfeas whiyh shustbe istraped. an
said flapge. 16. The apparatus recited in claim 14, wherein said cutting

ol enrent 3° or ShBJmAHTeRY Laraie %fﬁg;@e GHEETE SherBRPL 208 SHRASRIPT UFppese pproYRents
appar at us rggidee@ndilofih@pidts§, wherein said brazed metal alloy covers about
25%to 40% of said cutting elenments. 18. The apparatus recited in claim12,
wherein sai d cutRuring op¢retirsrmiappasatpt | ewalica idhald preartien dement 924 Abprauspanist us
for conditiqnj ). tghi ' ' = | ] anarj. i on
of sem cond eray fuf Byl Al e RS, LluRhaT RPN Ear) RRRNERS
about a ver tpotisHingxh abrasivé tlang e iatdducdidebtweengelichinppedi 126cand mafer 1 0.nVatiouk

29 May 5@02 VO QEI 28084 PCT/ US98/ 24960, cut t.i el rrents ecur ed a [
Flange E8i ndy s B ApPRRe S SN Paed il sp R GeT: AOAS AP ErrPeCeqe 120 Pong
el ements. 2Qap Wine! BI8RAA adrtiér climeal B AQ, thidrediRtaingSBt Poleshingi @ pRh&FRIdSofar €
substantially uniformy distributed on said fl ange. L

the wafer. In addition, as carrier element 124 lowers wafer [0 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, cutting 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. after 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 etther in-situ conditioning or ex-situ conditioming. or
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5 21. The apparatus recited in claim 16, wherein said cutting elenents are
bonded to said flange with a brazed netal alloy. 22. The apparatus recited
in claim?2l, wherein said brazed netal alloy covers about 2~~0 to 40% of
said cutting elenments. 23. The apparatus recited in claim 18g g said
cutting eI enents conprise dianmond 10 particles. 24. The apparatus recited
inclaim! " 3w Shgl N sal d conposition conprises at |east qireubs/960
titaniumnitr] 8etcoré0 q go‘f osition and a thin filmdianond deposition.
25. The appaf&tus t eC|r{’@d‘n°H rg;rl‘m 2 i, wherein said conposition conprises:
a titanium nitri HefeeiprwentFIGES 780N 6n &-Zitd @aditiiing dévided0q0erRable RbmpAses aAn

apparatus for ndi tioning a polishing d co sing: a conditioning ring
having a top® gﬂﬁ‘?ra"cf’é‘ %mamg THiSt QRFH §£F|“TC§E§02 ala{i?aff %I"igtdymB‘F“%luf"tcf‘r‘?@ atE At s

br aze- bonded ¢Qrdahe Rk RMsp: bAER pRfserit @ nG) Bhi bRREMridn0 962 REErB s
conposi tion conprising at |east one of a titaniumnitride containing

conposi tion dmmaartim extériding ﬂianam;ﬁél Vdequsimlmj opgyations will ceritant ahd Wldmtion the
br aze- b ond ed ?‘r‘% Egd elln a@@o@&ﬁ‘xce h%p Qéa rcé”}to'fl ﬁ\ sT emboggn %'t Ea{ A h r\]lgx%nonbtflange

pol i shi ng pa |on|n ura
cutting el engout ma)sl&ﬁlufeﬁﬁipﬁed) bﬂa@hﬁ:ﬂﬂyﬁ ef @ﬁ OStaBOB whiakl périit lswgrfapxpaunas ltbSescz@Bd a

conposition gconprising at | east. one of i.taniumnitride containinb
conposi tion g[ﬂ’&? é\“l"Fﬁr f?éq%ﬁwaﬁ% W‘%}@# NGAPLAPEr i ng said plurality of

secured cutt~nb gl &EMeSn-sidiondioBh otk £n@%hs MOARAIHIORIAY, iRl ApRhiRGoPady
used to polish worl:pieces. conprising 3U the steps of: providing a

poUZ hi ngl0appht ewred abeotinpeirfashefl]asae3d: timiely. ereelomenss 308 minepnaprise
9
oy 2009 o bEPEEL R e BER St GhOPBRYS sthoRE b BoRRsuuBAL EhibDtivefy

condi t i oni ngcubintyrandiroupdriag. Slierenbsicattisehect he tike. Addigpsdd aldenil belowat

cutting ol erhet URTER: PRy GREE: pRaBrOm Bt SRRt s “bf Brdrine Bl ©

pressi ng sai gbr@itatprogse! BREINL S cBMp&adich &Lﬂﬂ:ﬁiﬂséd ST ARG armﬁ\gmagﬁhn@&r Ansfiface
of said 15 diamond is used to coat the cutting elements 308 (See Figs. 10 and 11) in order to strengthen the
bond hetween the cutting elements 308 and the conditioning element and to further strengthen
the cutting elements 308 themselves so that fractures and losses of the cutting elements 308, as
well as plating wear, are reduced. The coating composition is also discussed in further detail
below. along with the braze bonding process of the cutting elements 308.

20 In accordance with this preferred embodiment of the invention, conditioning device 300
preferably is attached to an operating arm 310 which is configured to raise and lower
conditioning device 300 into and out of engagement with polishing pad 126. The vertical
movement of operating arm 310 is 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 1s activated

to bring conditioning device 300, and morc particularly cutting clements 308, into contact with

12



pol i shing pad: and noving at |east one of said polishing pad and said
conditioning ring relative to each other so that said cutting el enents
condition said pad. 29. The nethod of claim 28, wherein said noving step
further conprises rotating said polishing pad about a vertiggmd§¢290210 30.
The met hod of claim 28, wherein said noving step further conprises rotating

said conditi %%%séasgpar atus about a vertical axis 31. The npthoshsalisse! ai m
28, wherein sal, g co

ditioping a tus..further ri.ses, _an _operatin rm
for ol ding T op £EAH disSiriE RRI% Fnddulith W inel PR 80 20 pRBR b Es S
conpri ses osand, aethe Bgnetithe] op@mitigtara 31 Mgscillateg casing sendit®nihg plliesI 800 ¢o PAdrse
using; said ratj arm ~ 3.?. A nmethod for caopditioning; a polishin
pad \?\hi | e V\DBECS\ %’L‘}eg) raémééijﬂﬁgs‘ﬁ@f:? Qﬂgﬂ’%ﬁ’gs@fjduﬁagﬂ’ecwaﬁg HGSSPFFethgtt Ehﬁsg
of : provi di ngogiifeHins REVIE: BRPATGH U VKRG pad ROMACE indXhPachedt bRGRRMhat the
thereto; providing a workpiece carrier for holding said workpiece durin
pol i shi ng%) p eonditifinimg deraeniel i confapigvidpihabad 0y VaY a8 Serebarowi ashiceaibe desire

pol i shing pa [ S 20 a conditioning ring and cutting el enents
attached wt o@ﬂ%@éﬂ%ﬂ%&l oy to at | east one surface of said conditioning

ring and a conpoRtfeirmg nowad FHGS.Sl@i ahddd the sgbjet swnd sf stackihg theduitieg elements

fracturing of said cutting el enments; polishing said rkpi ece b .essing
5510 wor kpi el ha O Nae ot WBised dh AT R RS A ISEa!
cutting el emaptiseseAiidvedoARM Mg Mmdn@dsih mfievdfiasitiido RREArishHAY 40P, ApResai d
conditioning ring relative to each other so that said cutting el enents
condi ti ol sab@zipaschmiapewhish greaiss & pers sores rebablp honddievigsa dhe cBing Plemnepisahdd
of claim 32, er el ' i f v L.en of. .,
Fotating sai HEATE PSR HERK AR R ek e ERR LERS el Bl ors ) o
of cl ai m 32, amhéurehln bsming alioys necrsdie thef seetrbiéondc ofipr brszsg theysstifipedodenerlly

32, “wher cm sSPRH O R CLPBe T AL Fel ot 1 i b ar TR e Ty oty Eh o
condi uonuSs brafingalRk B8 steSaubétidp GhdnSitanitchapRel Hasdsl becausShi 61040 tdupiorTiag EARE | er
whemn ' ' 0 29 May 2002 H O 99128084 PCT, ~L1S98/ 24960 sai d condi tioni ng
ring is Bttatiiéne dencansilages rabsr e flowmeiewpy fram them dusips g rESmenRrIcasy: Ahus,
condi ti oni ng,ARRAKALHSOHBEOhctDeen Ak RN 1EndARl 2nd BHeR8oPAY achieved.
The process of bonding cutting elements 402 to the conditioning ring surface 400 will now
be discussed. In accordance with one aspect of the present invention, cuttinig elements 402 and
braze alloy particles 404 are suitably placed on the metal ring surface in a predetermined fashion.
20 To hold the cutting elements and braze alloy particles in place, a temporary binding agent may
be used, such as, for example, a resinous compound dissolved in a suitable organic solvent, or
the like. Upon proper distribution of the cutting 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 thercby 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 clements may be subjected (o a
30 heating process in order to securely bond the coating. The heating process may comprisc

placement of the coned ring assembly nto 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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for polishing a surface of a workpiece, conprising the steps of: placing a
plurality of cutting elenments on said conditioning apparatus; placing
brazed all oy particles on said conditioning apparatus; placing a tenporary
bi nding agent in contact with said cutting elenents, said byg F0d0Y
particles, and said conditioning apparatus so that the cutting €l enments and
allgy pagticlqﬁ)@hgmpeld in place on said conditioning appargtieseshest i ng
sai d conditiop| j i sayj

10 particl es refe sARRRET e ERhcly it kol AT e 52k B Mg P Y
condi tioni ng apyey alements calrcénpiateg Gemothdieby dmvreagingpialiftive sfothtahditibeng
mel ted braze Qardens,.holdinq sauﬁ.cultin% elgqgnt@ firn1{.in(PIace on said
condi ti oni ng SFPEFEIIREs Wt BTG OBIR A PR ErETAYS L BRASORT fOr Lceatitasare
W th a conposidhpswgonpri sing at | east 15 one of a titaniumnitride

contai ning conposition and a thin filmdianond deposition. 37. The nethod
of claim36) wherein said heating step further conprises heating said

condi tionigng apparatug)in atl8astiARepREd 2odifl Wit M RSPHSH Giedlith &
vacuum 38. A nmethod for nmeking a conditioning apparatus used to condition
a polishing pad, mokprnszingnivnenistidepsn eXampk atiuly aprdsiuazie SAIAERNEXUS ai d
condi ti oni ng apparatus;, 2 i ng. said braze alloy to said conditioning
appar atus; pl aci rf’éo‘%'cfﬂ ?Yrgﬁwi%f '@%ﬂaﬁrﬁaﬁéfeg?@n?r\s/ in contact with said
braze alloy on said conditioRinngimpdahéidugepdsigian i wigicls abshpfieiRdinkh-afaiang
apparatus, said braze alloy, and said plurality of cutting 25 el enments
until said braze damend H‘ﬁé’l‘?{eé theh are prpduerirhysheatingragion pad » mptab Fatalyetin Ay

el ement s, gbondi ng3ajchuRhdd RhubduY 3000 detebi PAinBlraRBIirSsshi@, Sai d condi tioni ng
apparatus; and depositing a coating of at | east one of a titaniumnitride
contai ning conposition and a thin filmdi anond deposition over said
plurality of cutting elenents. . The hod of. cl ai m 38, wherein sai

heat i ng St ep fur tharRuim Tl e aRaermy SIarse batumblon kg e sttt a
| east one of @rfo@EEdGH tvh-AdpIRRPIElaA ofdIgh discudediabave. 48 theAwdatdpQilodesy, tHEdzg a

condi tioning apparatus used to condition a polishin :
g allg)E) 1s first applied to the ring surgce ina manncpr snmlfar to tgat described above, however, the

cutting elements are not present. After the braze alloy is fused to the ring surface, the cutting

15 elements are then attached to the layer of braze alloy on the ring surface by using a temporary
binder. After the cutting elements are properly positioned, the ring assembly again is placed in
the furnace until the braze remelts and surrounds the cutting elements. This two-step process
generally achieves the same bonding strength as the one-step method, but the two-step process
allows for greater control of surface uniformity of the cutting elements on the ring surface. 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 aspect 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 contro! the amount and placement of the
cutting elements on the ring. better adhesion of the cutting clements to the ring surface, the

30 ability 1o have predictable and repeatable conditioning nings, and better pad management due to
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pad, cornpnsing the steps of: securing a plurality of cutting elements to a
surface of said conditioning apparatus; '_' 1 29 May 2002 WD 99/ Z8084
PCT/ US98/ 249(i 0 and coating said pl urali ty of secured cutting elements with
a conposition conprising at |least one of a titaniumnitri de29cm5)aggogg
conposition and a thin filmdianond deposition. .,,,

A L. AL3: AF. W3 IXBPB4ALYY. Al . A&3e. A&Ye. A93. A] Y. Al 3. Al Y. ALF. ARFTUASSE 4383 AHB.
ASY. ASY. A&l Y%the el ofnfiq cuttin@ eMnfents. plating, and spacing of the elements are achieved. All such

Vivoke [ V] caleal canl calcavl.calcal ealeal calcalcaheaisal stlsal sl ael sale
Vuo| cgs! 5~yt cam&td]wm%sﬂml@lr@ama} Gah m@am%mhm}&&a ﬁa‘}élmlsgsl‘d] ca

caV] ca] caV] ca] ca cal cRa] ca] c”a] ca]ca]calcralcalca (!JIyl!iilsg
] caV] ca] caV] ca] ca]

Comaat " ARUTS By Vgh R} P Ui OH et PO SIS AL CAFD AYERRF bl
al cal cal ca] cah A AR AR EANhE RUSEIRAALANEALIBMEEE e side and bottom

ExA** +u+++z----.4

. 7<<<%=={ vqlsgtido cfeael] detherm] ma;] fomingthe adliidiood] Ehip esrbctalf taivwhtal sahoal ma\/]

| == 7
calcavl cal caliapl ol it cal. opleal caliabealen: ST b AABSRBRCOT Y O
ca] ca] ca] ca] eapdifdrimy] refy|408] tra.& b‘&ﬂ]s@ﬂe]c@aﬂ)@l@}:ﬁ@é}dﬁ@ﬂz&ﬁésH@MOKKMhé—MWYO\
] 9abcccghj nnnnnno} xsni d_Z] c] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca} calcalc
a] ca] ca] ca] c &Pehq<ety e afidapiage a]epre HfcHrdals edawaf}%n% A Cross-scction of cut(ing
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r de/! 10864& fdted &}iho%é&rd(e)ss of whether the cutting elements are braze bonded or electro-plated, the

composition coating 420 provides for the same types of advantages and improvements in the

conditioning process over the prior art, namely reducing or eliminating fracturing and loss of
cutting elements and reducing plating 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 cutting elements is approximately equal to the width of the cutting elements. In this way,
the cffectiveness of the subject bonding technique, as well as the cffectiveness of the various
cutting elements in the pad dressing operation are substantially independent of the oricntation
30  of the cutting elements.
It should be noted. that this braze bonding process can be used to attach cutting elements

exhibiting different material properues. For example, as discussed above. cutting elements may
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conditioning means wherein said secured cutting elements are coated with a composition that

reduces fracturing of the cutting elements: and
means for engaging said conditioning means with the polishing pad and for rotating
10  said conditioning means and oscillating said conditioning means over a top surface of the
polishing pad.

2. The apparatus recited in claim 1, wherein said composition comprises at least one
of a ntanium nitride containing composition and a thin film diamond deposition.

3. The apparatus recited in claim 2, wherein said composition compriscs:

15 a titanium nitride component; and
a zirconium nitride component.

4. The apparatus recited in claim 1, wherein said cutting elements are braze bonded
to the bottom surface of the conditioning means and said composition comprises at Ieast one of
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.

6. The apparatus recited in claim 1, wherein said conditioning means comprises a

o
W

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 {rom the interior ol said conditioning ring

8. The apparatus recited in claim 7, wherein said cutting elements are substantially
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10 workpieces to be polished into contact with the polishing pad. said apparatus comprising means

for conditioning the polishing pad by contact with the pad. wherein said conditioning means
comprises cutting elements secured to a bottom surface of said conditioning means and a
composition comprising at least one of a titanium nitride containing composition and a thin film
diamond deposition covering said cutting elements.

15 13.  The apparatus recited m claim 12, wherein said conditioning means is a ring
configured to mount around the outer perimeter of the workpiece carrier element, and wherein
said cutting elements are disposed on a bottom surface of said ring.

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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24 The apparatus recited in claim 23, wherein said composition comprises at least one

of a titanium nitride containing composition and a thin film diamond deposition.
25. The apparatus recited in claim 23, wherein said composition comprises:
a titanium nitride component;
15 and a zirconium nitride component.
26. An apparatus 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 pohishing pad attached thereto;

providing a conditioning apparatus for conditioning said polishing pad, said
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F10% & () - Yo+aB{ Y7 pressing said cutting elements on said conditioning ring against a surface of said
11111 p)$10N & ()-!3 glOO/GJGJ&' ()-S3( 10% & ()-f& 10% & ()-%#10% & ()-fy#10
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109 () - L1 109 () 3 HAERG ethod of claim 28. wherein said moving step further comprises rotating said
polishing pad about a vertical axis.
10 30. The method of claim 28, wherein said moving step further comprises rotating said
conditioning apparatus about a vertical axis
31, The method of claim 28, wherein said conditioning apparatus further comprises an
operating arm for holding sard conditioning ring, and wherein said moving step further comprises
oscillating said conditioning ring across said polishing pad using said operating arm.
13 32 A method for conditioning a polishing pad while workpieces are being polished on
said pad, comprising the steps of:
providing a polishing apparatus having a polishing pad attached thereto;
providing a workpiece carrier for holding said workpiece during polishing;
providing a conditioning apparatus for conditioning said polishing pad comprising
20  aconditioning ring and cutting elements attached with a brazced alloy to at least one surface of
said conditioning ring and a composition coating said cutting elements which reduces fracturing
of said cutting elements;
polishing said workpiece by pfessing 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, wherem 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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5 placing brazed alloy particles on said conditioning apparatus;

placing a temporary binding agent in contact with said cutting elements, said
brazed alloy particles, and said conditioning apparatus so that the cutting elements and alloy
particles are held in place on said conditioning apparatus;
heating said conditioning apparatus, said cutting elements, and said brazed alloy
10 particles melt and flow, wetting said cutting elements and said conditioning apparatus:
cooling said conditioning apparatus so that the melted braze hardens, holding said
cutting elements firmly in place on said conditioning apparatus; and
coating said braze-bonded cutiing elements with a composition comprising at least
one of a titanium nitride containing composition and a thin film diamond deposition.
15 37.  The method of claim 36, wherein said heating step further comprises heating said
conditioning apparatus in at least one of a reducing atmosphere and a vacuum.
38. A method for making a conditioning apparatus used to condition a polishing pad,
comprising the steps of:
placing a braze alloy on said conditioning 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;



1rrrr 10" 10" 10"L: 10% & () -1 710% & ()-96G 10% & ()- 410% & ()-310% & () -
*fddYNC 1111 10" 10" 10":10%& ()-L3 !'10%& ()-109%& ()- 109& ()-#FS10%& () -
Normal " "Headi ng 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c"

"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" 2@%@@19@@2 93] c"A
"Default Paragraph Fontf!*:6@U kvOOVE*=Ho=} 16FZmr u8(!"$4&() +-4;9;

% @BCEKG@ WL N th3oe2ao8a Wy { ~&$%An\ 1p_ <+l s=gKGETi mes New RomanAPCEAUCH(RA68r

New'h Root Entangy Wor dDocunent I #$UR' () *+,-./0123456789: ;
<> N - N
@B FGH JKL qc%%t-lrng sal le r\apityT)f ?e%%r%?lfc trgiln léfermgtrs)%\rit tau%\pnb(p%giiilog comprising

at least one of a titanium nitride containing composition and a thin film diamond deposition.

lalal

-



