CHEM CAL MECHANI CAL POLI SHI NG CONDI TI ONER FI ELD OF THE DI SCLOSURE The
present disclosure generally relates to chem cal nechani cal polishing (CWP)
condi t i on®p2o11ame7onor e particularly relates to a ceram ecsusstwarsobased
CWP conditioner. 5 BACKGROUND Chem cal nechanical polishing is

wi dely used in the manufacturing of sem conductor devices to obtain a
snoot h and even surface of the wafers. Typically, the wafer to be polished
is held by a carrier positioned on a polishing pad attached above a
rotating platen. By applying slurry to the pad and pressure to the carrier,
the wafer is polishedHbylI¢Al NECHANIOQNDR@IBAMNG OONDHEORERL en and t he
carrier. A conventional polishing pad used in the chem cal nechani cal
pol i shing process generally conprises a nultitude of fine holes having a

di amet er of ripob ogremtmscidurRR00 m crons. The hol es can exhibit a punping
effect when pressure is applied to the polishing pad to achieve a high

removal rate. ﬁ%&nuﬁikﬁﬁnﬂﬁ&hgﬁgﬁ&tya%mukhﬁmﬂﬁc@%oﬁﬁﬁg%@ﬂﬁ)OUt or
becone bl ocke neven surface 15o0f the

ishing re ues, caus n
pol i shing pcgagt%fsa?ng E‘%liﬁlp'tlmc‘g*ﬁlé f‘jfﬁ?s 119 3 S tg@ﬁ F¥F soYdierRases over
time and the effectiveness of CMP process for achieving a uniformy snooth
waf er suyfage-€adRoBepdi m ni shed. To recover the polishing
performance and to conpensate for the uneven surface of the polishing pads,

a condi tioni ng wgﬁ%i%h%almcéléhlggingls W?C{%%l%?d I’l%l‘ 819ufa[c{u%1qn(\\),/§s%1%0()(ﬁg)% yneven

20surface of the po use proce55|ng
SUMVARY devices|tqmobgpirf 4 &f@pthasct)@@m Surface@ﬁélmve@#s heddaln Mawafep@lbie shi ng (CWP)

condi ti onerpof@dRd iseh §caﬁde@§(fs§-1'3he@l oft HBSifshigd @adla@a\éhéagb@ve ARt g ?weﬁ ace and an
abr asi ve coating. over % he maj or surface, The {or surface can include

ni cr o- pr ot r'tsiPBREe sy él??dl’aﬁl *H”‘dﬁreéﬁ}ijfe\}%@e E?é‘f‘ecréli‘%waé?r i§mlishpd BPlREgul ar
patternio movemedtdofaR@lane bndspaater. Acdiénfiod] @iisHi@rpad ngd dhiethastal mechani cal

pol i shi ng ( G\({@mcalo ofsrl'ungérr})%ess !geglgravd(‘tomplflses a mlr}lgtuge HEGS ﬁloles%d\Xr}gaatdl I n% a maj or

surface, sin orma ceram ¢ subst
dep05|t|ng(émmabmasﬁméﬂﬁ@emmmngwek$vmnQHMMHmG@maWﬁEH@wbsmﬁwmé The maj or

surface in CelpHﬁjé-d F&gﬂ’lplgdlliglﬁlllé ﬁabf toQbnifleG hdn REQLAI YR, QibRvever, after prolonged use,
the holes can wear out or become blocked with polishing residues, causing an uneven surface
15  ofthe polishing pad. As a result, the ability to polish wafers decreases over time and the
effectiveness of CMP process for achieving a uniformly smooth wafer surface can be

diminished.

To recover the polishing performance and to compensate for the uneven surface of
the polishing pads, a conditioning process utilizing a conditioner for removing the uneven

20  surface of the polishing pads is commonly used along with CMP processing.

SUMMARY

In a first aspect, a chemical mechanical polishing (CMP) conditioner can include a
ceramic substrate having a major surface and an abrasive coating overlying the major surface.
The major surface can include micro-protrusions arranged in a curved pattern or in an

25  irregular pattern.

In another aspect, a method of forming chemical mechanical polishing (CMP)
conditioner includes forming a green body having a major surface, sintering the green body to
form a ceramic substrate, and depositing an abrasive coating overlying the ceramic substrate.

The major surface including plurality of micro-protrusions;
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BRI EF DESCRI PTI ON OF THE DRAW NGS The present disclosure nmay be
better understood, and its nunerous features and advant ages nmade apparent
to those whi2biiadsion t he art by referencing the acconmpanycmgsdeiamirsgs. 5S5FI G

1l is illustration an enbodi ment of a surface of a substrate including a
plurality of mcro-protrusions. FIG 2 is a diagramillustrating an
exenpl ary curved conical shape. FIG 3 is a diagramillustrating an

exenpl ary rggek a:sertrreNoOF THE DRAWINGSFIG 4 is an illustration of an
enbodi ment including a plurality of mcro-protrusions 10in a curved

pattern. FIGs. Shapdset @kRsttl A8 R BBe} hldb$bddE nEXESRk@hYes bid €gul ar _
patterns. FIG 7 is an illustration of a plurality of mcro-protrusions in

[ .on . .

an i rregul adviseesapaqe apparent to thesp gkilled iny the afby REGIGRCIMEARRACHGPHREE patterns of a
CMP condi ti@agangswi th an irregular pattern and a CMP conditioner with a
regul ar pattern. 15FIG 9 is an el ectron m crograph showi ng a chem cal

vapor d €pos itio %Iéq{PAIP%}aMH gmll)o%}ﬁ?eglt (g & Qlﬂ‘%dlcé oqq s%@tr&&ﬁcl&&ﬂ%satpﬁ&&lﬁy of

FIG 10 1s a diagramillustrating mcro-protrusions having zero, positive,
and negat i vIBICIOZREVEARS es. The use of the sane reference synbols
in different drawings indicates simlar or 20identical itens. DETAI LED
DESCRI PTI ON FIG. 2 is a diagram illustrating an exemplary curved conical shape.

FIG. 3 is a diagram illustrating an exemplary regular pattern.

FIG. 4 1s an illustration of an embodiment including a plurality of micro-protrusions

10 in a curved pattern.

FIGs. 5 and 6 are diagrams illustrating exemplary irregular patterns.

FIG. 7 1s an illustration of a plurality of micro-protrusions in an irregular pattern.

FIG. 8 is an image showing wear patterns of a CMP conditioner with an irregular

pattern and a CMP conditioner with a regular pattern.

15 FIG. 9 is an electron micrograph showing a chemical vapor deposition (CVD)

diamond layer deposited on the substrate.

FIG. 10 is a diagram illustrating micro-protrusions having zero, positive, and negative

rake angles.

The use of the same reference symbols in different drawings indicates similar or

20 identical items.

DETAILED DESCRIPTION

In an embodiment, a chemical mechanical polishing (CMP) conditioner can include a
substrate. The substrate can include a metal and metal alloys including tungsten,
molybdenum, zirconium, copper, nickel, stainless steel, or the like. Alternatively, the

25 substrate can include a ceramic, such as oxides, carbides, nitrides, oxynitrides, silicides,
borides, or any combination thereof. Examples include A1203, SiC, WC, Si3N4, ZrO2,

Cr2N3, and the like. Preferably, the substrate is chosen to be resistant to corrosion from the



In an enbodi ment, a chem cal nechani cal polishing (CVW) conditioner can

i nclude a substrate. The substrate can include a netal and netal all oys

i ncl udi ngvounpgaremwy nol ybdenum zirconi um copper, nickeCr/ist@aonksss st eel
or the like. Alternatively, the 25 substrate can include a ceramc, such
as oxides, carbides, nitrides, oxynitrides, silicides, borides, or any
conbi nation thereof Exanples include A 203, SiC, WC, Si3N4, Zr02, Cr2N3,
and the |ikevp Bivabehab! the subfiBitcbBiE AthRkhcSs FBAFER bt PETBShdt@nt to
corrosion fromthe CM environnment. The substrate can have a thickness of
bet ween abotf* 2 nm and about 15 MM A surface of the substrate can
include a plurality of mcro-protrusions. FIG 1 shows an exanple of a
surface 102 wit i aurfplewf &b subyragfeanindng-aphuotliug ione pro@4hionT HEG. 1 shows

i Cr - Pr Of THSLANS: or2 yEAR. 18 Wil BRAIG LPHII G0 SRR WRL Ahitly BRcbfi, Subst rate.
Addi tionally, m cro-protrusions can be conti nuous mnt% the substrate
and freé ofcaab%@mféa‘iw trsepeanicidhes thi ebyeipr d{dtivsrlyne Bk MrpEs8Ybst r at e.
Speci fical | ¥nb¢ mlﬁu@ﬁlm@te@u@fme ﬁﬂ’dﬂ’reEﬂ)ﬁ%ur@lﬁ@thtWSanlﬁbin1%%r<ﬁ1@51$r@r med as a
nmonol it hic shructure r at an t he m cro- grotru5|ons ag f or med
separat el y Ff S {HLs pBeY i‘% ye SRS B B YO PRESEHBET 15 Ene Thg an

adhesi on | ayewlitic soiches, ragenitlantte hieokpnitgeiens bdiog forrand serhedi fmentg t he

m cro-protr V, i bout 2000
D A ) R S i

bet ween about 10 nicrons and about 250 microns. In an enbodlnent t he
plural ity of i dF &L eHPUPFRISPORETOPEITIHAR S St SHTOFREINADY & Migitfend ze.

Al ternati Vea{byutZG)OfrmEISﬁs sell asobtwhdieabait 6 hder@k @ﬁd’aledtG(D'[Bmleﬁﬁls ben samécher than a
second set % ttlgmlcronsa aBo ?5§Ourrsulcrons Eloelinbe 1me ¢ lr;g? 0# rlsrt 15set of the

m cro- pr ot riS ORI REY “HEVET & IHEr e i Hei &&ﬂa%mferwdﬂ1m

di aneter. meHmmMWmahwahb9mmdbeheﬁm@dxmﬁ%@mmbhb afirgsg-ofthotrcusi ons may have
an_ext endedprJ)tﬁl@lgﬂsnan %9911@%95&%% etfohﬁwm?ch%m%fa{?so #8?&519%@ thefppever,

hei ght of the extended m cro-protrusi ons can be between about 1 micron and
about 2bi)o §9 € ths R cro-BRE PR ICRS R AR R A GBI SEARST HiHh AYBWE500 i crons,
even between about 10 m crons and about 250 microns. Simlarly, the 20w dth
of the extendedImhﬂmﬁmﬁéahMﬂ&kmmﬁemam)@embahm&gﬂmahmummiwmkqmgmmand about
2000 m crong,  suc n,.abgut.. s hout 500.n crons, even
bet ween about 10 t%“é?%lﬁgéogﬁn E ﬁ?wei%roﬂgn%% AR {gndegml“‘? ROARN°8hB0di nent, the
m cro- protrM@ﬁ@ﬂ@ﬂbaﬁ1beﬂm§@dﬂﬂmt%@QmwngséM%ﬁ%M$@m@ﬂmnﬁﬁn®®mﬁmdlon|ng pad

Al ternativelpyy 566@1&&& Ew%n IBEtQEéh‘A%u@ﬂﬁm&ﬁﬁ's 4@1@ a&)qaés@qndr&s agnAyagkve coating,
25such as a di ano di anond- 1 i film a bic boron nitride film

or the #4 kerdq*Wéthﬁb’i‘%‘fd\félcréé’&tmﬂ@“6%1’H’elk?%¢\‘7€enéh"“é\1/€1ﬂcé‘§‘em@ HoeiAess of at | east
about 0.5 niicfodd)Such Sdhetveasabaiit Singasits aaddit 500 Aicing ke Setwedn@Bou@lo | east about
2.0 mcrons, c@gd am)ﬁkb%{ &Qe abrasi ve coating can have an average

t hi ckness d? re§ 'ial about 15 nicrons, such as not greater than

about 10 nlcrons Further the thickness of the abrasive coating can have a
vari ati on of notln @f@ﬁ)p@ment the micro-protrusions can be used as cutting elements of the

conditioning pad. Alternatively, the micro-protrusions can be coated in an abrasive coating,
25 such as a diamond film, a diamond-like film, a cubic boron nitride film, or the like. The
abrasive coating can have an average thickness of at least about 0.5 microns, such as at least
about 1.0 microns, even at least about 2.0 microns. Additionally, the abrasive coating can
have an average thickness of not greater than about 15 microns, such as not greater than about
10 microns. Further, the thickness of the abrasive coating can have a variation of not greater
30  than about 15%. The abrasive coating can provide further protection from corrosion and
increase the cutting performance of the conditioning pad. The abrasive coating can be
deposited using chemical vapor deposition (CVD), physical vapor deposition (PVD), or other
known techniques for depositing films. In particular, a diamond film can be deposited using

hot filament deposition or microwave deposition. The diamond film can include
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30t han about 15% The abrasive coating can provide further protection from
corrosion and increase the cutting performance of the conditioning pad. The
abr asi ve woavimgsman be deposited using chem cal vapor aepas2eiomn30CVD),
physi cal vapor deposition (PVD), or other known techniques for depositing
films. In particular, a dianond filmcan be deposited using hot filanent
deposition or mcrowave deposition. The diamond filmcan include

nanocr yst al Lhoesdliadmmngond! nﬂu% fidtsdeAlabbRte omn@mau&lrth@&y TRrhiynat i on

t hereof . Typi cal | nanocr all'ine di C ave a grain size of |ess
t han about 6"%“&%8?1%13 7 © Ver?a%?én ﬁzegq?lﬁ%t ag‘éﬁb mﬁ?"é%ﬁ“ér“a“t}}%erﬁ about 1
m cron. M cgrat siysdf glehttmBandbanbmitrada Miliavgtading tiamehdshizieveod grgin @ad @ t han 10
m crons, genel alhaﬁ'ldr%‘%%nst heaﬁgra@ybltesstt ano?q)u{nogrons 5In an enbodi nent, the

m cr o- pr ot rusions can have su Ia the sanme shape. Alter natlvely, a
first portion of the mcro-protrusions can have a first shape, and a second
portion df the rifEYEOPHBEHUST BHYTEURSIPEVE v Sebtt S Hkgsene Shpys-

m cro- prot rAﬂ&r&ﬂ\%lﬁaﬂrsﬁﬁnfoﬁbfﬁﬁlec& @otﬁ@bhs&hyha%aﬁﬂaesﬂ@s anE@Eec@?ﬂanm e, the

m cro-protrusion

5,can be P gon %{ﬂl fi e ons ngl es of

pol ygons i iéTi9a8" By P ccﬁn ?ec GUiPsr }E rﬂguséor’i‘%lc 408quare or
rect angul(}grfopquelm assty ai‘rsﬂ:lamarfat émhglp,nmaenisro pmmhcéraswdmlpelsgmmd rea!(c:t aggul ar
pr i sms b € 1 ch' T i €

Pol ygons. car Babo B HRR R heh By R A b BT ol U CE 1,
modi fi et poﬂqyegwgeceaaﬂmwn@eﬁ%@@ra@?l%@ﬁ%aﬂ@eawb%@ sgReE@ssthat meet at

an edge. Fua;én&eny, &méenmac@m@re@geg HRIve Ses. mdlhmly@oﬂs@me@&gg&s of zero, a

p05|t|ver a atiye. r shown in FIG 10. The
rake 15ang| “nn% 8‘%@‘1 "éV‘c‘ﬁl efh‘eX‘Pt%S’ﬁﬁE/ e& p81F’g°E”‘F1%a“ Ergtpt Yt rusi on
relative t ocohdage dmred ziofatea khat radeen ai edgen Eulf’tﬁer] tﬁ@dicmg)r@dlgensmyﬂqm atrdkai | 1 ng edge
of the mecr 5[ U e h t he | eadi ng
edge can be%glﬁepseg)ﬁéf)ognvef Egeraﬁg}ﬁ ZOP?% ge(??t%{éﬁaekg l%(Il;lei’ 5 S%lgwnelggie(go(§ erak

m cr o- ptot rasgle grihe aAglnp%th@olpMiWuéthemlmwﬁ@wa rqladig toithehorizpkial telwgl e can have
a | eadi ng eglgemt fé@cﬁng e%lgehb %%ﬂﬁé@@e dee rﬁlEI@lpl‘dtrﬂgone@gled zew‘}ﬁ{e%ﬁ’gﬁe the

m cr o- protru5| on having a negativée rake angle can 20have a | eadi ng edge
that is | ovsiEhtHAK 1‘??\1@‘% tdearan F@”‘eé‘“’dﬁé‘s the height of thg;radlipe Sag5 G8IMAEHFO- t he

m Cr o- pr ot r jstes. &aﬁbr(b@fo'@d’sloﬁﬂﬁ\@@ aipdsitifeeaks ange @h hzﬁz@hlle@dﬁng clibedhatiis t he
ggrb;'?zgf[:)?g: gnevtﬁan tile trat shnélecrl% \%hereasa%%iog)::r(%;glgr{sl }Ilealgll?lgggegﬁt_we rat%ea eecglfl n

m cr o- p?ot rhasé a)ln:shrtgadgeb@tmﬂqventhattedtraﬂmgadgel rst direction and a second set
of micro-protrusions can be oriented in a second direction. In yet

25anot her enbodiBdmbodientakd lelraltoagrdtﬁglo@fcaﬁﬁ@em@ﬂt&in@rh@ga@{erd@f@duemrh@tan be
substantially rando ernati veI t he buprot usions can be

non- pol ygon&t® TP HPHIHSES °<§Ff’§L TR Y 8‘1‘“ bﬁélhgnﬁ ey ¢

m cro- pr ot I sk GiEstionn Q,%Iltt‘ld&lvﬁl@,l’hﬁ"ﬁ*st@Eﬁdflﬁl@mﬂﬁiﬁlﬁismrﬁmasbe oandhtkhigm gpher es and

parti al &%%P Fl%ea”s%&% LY or F1Q0: g%?rPM&? ]pai%'be Thi&tds rf’ar S%Eonh"ﬁre%ﬂén ‘i’&’%e ot have

edges. FI G trates an ex a non-p
Speci f i &al | apothey cpiberemeng phe OselwmlaeOfaherrelelﬁdeﬂweﬂstcewezmtanﬁpﬁemn@m pol ygonal
shape 200 can inprove the uniformty of the CWP conditioning process, since
the profile of themaerypal ygenRbrsbaren slars pidinahangeroassidnie condi tioner
I's rotated. Examples of non-polygonal micro-protrusions include cones and rounded cones, and

hemispheres and partial spheres. Generally, non-polygonal micro-protrusions do not have

edges. FIG. 2 illustrates an example of a non-polygonal shape 200. Specifically, a cone 202

30  has a rounded vertex 204. The non-polygonal shape 200 can improve the uniformity of the
CMP conditioning process, since the profile of the non-polygonal shape does not change as

the conditioner is rotated.

In an embodiment, the micro-protrusions can be arranged in a pattern. The pattern

can be a regular pattern, such as rectangular array where adjacent micro-protrusions are
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In an enbodi ment, the m cro-protrusions can be arranged in a pattern. The
pattern can be a regular pattern, such as rectangul ar array where adjacent
m cr o- pr ovousilongroar e spaced apart by a substantially ®omatSanb/oaissé ance.
FIG 3 is an illustration of a graph of mcro-protrusion distribution
corresponding to a uniformgrid of x, y coordinate values and show ng
regul ar gaps between consecutive coordi nate values along the x and y axes.

Al ternati velyoed ifa8 b @%Ltﬁﬁmlﬂ%%ﬁs@inﬂd&ﬁﬁe hega 1§wlnﬁ'sqatpﬁtomgrﬁbh oS HEH-as a swirl
pattern or aSS I ra attern Genera@gﬂgln a curved %ttern ad acent

m cr o- pr ot rRﬁ%tf“élﬁ% dlétﬁ‘ﬁitlB%coéfF?Pﬁ?P@@d" i SR QPETRSVE T 2! YQPEs of
curvat ure. rtfagar padbeisecaflcoBetinatcudréinaayallealcenstant yatcong the | ength of the
arc, or may vary, being larger in one region of the arc and smaller in

anot her region qAIltelthtgle@rtﬁe reg.h atérnségﬁ)%a (%Re(?f)(a@tgﬂﬂl S%E}yasggmﬂ%m& aOf a

substrate 402 having mcro-p %?ru5|ons 404, 406, and 408 arranged in a
curved pat t®fHpatgre neﬁ%lbtlrl%%%@ama@wwwo POYGENE & DpaTaapyddhged al ong

arc 410 extgngi a&gird‘}raolﬁgm@lumﬁ@mélihetrmﬁsbecmg& fabbe@bnstht@losglast rate. In
an alternate qg? di nent thegn(w protru5| can $ ﬁrraqg din an

irregul ar pSt¥ ea{‘;‘e‘ﬁé?aéﬁ‘% TaEy T PPeau s 5}83{%3 W PHeYEpéci ng bet ween
adj acent paiegien @ftheriec FEs. grsipiwsas bemplayambhgmeranitiondsyatd # et hevibgmed- Wil e sone

i rregul ar p}?&tﬁ@lo&s M6 qgc{ 40§§m§1ggtéﬁlé Eldsrogéirc&t%h? tl@l@l% ro@rrﬂgé}@ lody frum

di stance bet ween a ‘acent pairs bet ween adj acent pairs can be
subst antq al 40§ C?“éﬁd@%ﬁgg‘:d aénngtam%‘m%dw frqml e m@r 412 tpikapiee 4%%@@

Addi tional lypst@@ i rregul ar pattern nay have a defined density, such that
there is substantially the sane nunber of mcro- protrusions per cnR at

various places gcross the syrface of the condltLoner 5 is an

ana tern e e bodiment, the mlcr Totrusions can be arran%:fl mtaﬁl 1rregula
illustration of ‘a 'grap a mero-protrusion arra i"nvent i on,
showi ng a rmmdmnﬁawméyHUmn%%uVum@@mdwmam@gbaWaegﬁwwwathdwambeen restricted

such that oAl O fRRIOM .8 NEHALEE, RONILAALE ipltigs, di ffers from

t he nearest coordi nate value pair by a defined m ninum anmount (k) to create
an excl Usi oRamprGEcegaimeEdenn foine bawcen Adacgaps. thEtpgingbegenn
iITustrati ofdjaednt pairg CRAPE sdftadAABERSIVEHPLRE RitRk R YRfablk Regd. Nvent i on,

Additionally, an irregular pattern may have a defined density, such that there is substantially
the same number of micro-protrusions per cm?2 at various places across the surface of the

conditioner.

20 FIG. 5 is an illustration of a graph of a micro-protrusion array of the invention,
showing a random array of X, y coordinate values which have been restricted such that each
pair of randomly generated coordinate values differs from the nearest coordinate value pair by

a defined minimum amount (k) to create an exclusionary zone around each point on the graph.

FIG. 6 is an illustration of a graph of an abrasive grain array of the invention,

25  showing an array that has been restricted along the x and y axes to numerical sequences
wherein each coordinate value on an axis differs from the next coordinate value by a constant
amount. The array has been restricted further by decoupling coordinate value pairs, and
randomly reassembling the pairs such that each randomly reassembled pair of coordinate

values is separated from the nearest pair of coordinate values by a defined minimum amount.

30 In yet another embodiment, a first portion of the micro-protrusions can be arranged in
a regular pattern and a second portion of the micro-protrusions can be arranged in an irregular
pattern. For example, micro-protrusions in an irregular patterned as shown in FIG. 7 can be

mterspersed between the arcs of the curved pattern shown in FIG. 4.
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25showi ng an array that has been restricted along the x and y axes to
nuneri cal sequences wherein each coordinate value on an axis differs from
t he next woandinstee val ue by a constant anount. The arr @¢Th®30100€T306
restricted further by decoupling coordinate value pairs, and randomy
reassenbling the pairs such that each randomy reassenbl ed pair of

coordi nate values is separated fromthe nearest pair of coordi nate val ues

by a defined m m@Mﬁb@muﬁ&hav%{glameagegp@tnﬁfohﬁsmem&hm%ﬁgtam@gea1nra§t portion
of the mcro- rotrusmns can arranged. in a re ular pattern and a second

portion of FREFHPLFY Cﬁﬂllﬁf’?%i%lﬁrsbe&%ﬁlﬁ OB%T ATy oRgjEen 1“59?3%\1?% ffllfrr"é’&ﬁm%?nspat tern.
For exanpl eyrratiged [nOl-rEJg’uM pditSinOdsh dsia r@mngunalf e@lyl Ak sgeAintFeG. n&edcm showmn in FIG 7

can belnters([l)te enthe arcs tt e curved Qat rn own in FIG 4.
10NCT avm arec I}gullar array o mlCI‘O {0 TUsS10ns 1_()aI]tl ave disS 1nct wear pa cIns 1n
A CMP conditioner ha eas Ion o cCro-protrusions

arranged i nhasrfageoége CMIP pphtvhereas a@éﬁ’ qqadzeonpratmm&m 1a¢gubewe¢mpém@mer CWVP

condi tione rp?ot%%hsﬂ:@n P16k le@;r Qﬁéab%é&ﬁ%tté}ﬁsr 1@%%&&'@@&%&@@#&@ TRAL&LEr n, such
as a rectangul ar array seen in CMP condi ti oner haV|ng a

rect angul arPAHFREEm %?F““rﬁl &P‘Bl Lﬁ‘ffﬁﬁﬁﬂ@?céﬁ%th%%ifsh“@é\%wﬂ‘%iwH‘égta“‘(% fedatterns in
5 the surf ageabilfty oheni&VPsipath anwien easceon@hiRvaabehd potisird. havi ng an irregul ar
pattern of mcro-protrusions can be less likely to | eave wear patterns in
the surface of th 1R T at s e b -uni form
surface of the |c§o§1 gf1¥lé)rllgé‘l|%aél‘ Q}Esil\gﬁg%%% n;;ege;lc{a Ve y%vge@?%éte ta%eag%?ﬁni ty to
achi evel®a swelurs Ry avig capn! et dgeesition Phyrcalvapa deiggiipigorpgiel shed. | n an

enbodi ment deg&n@meamq\aes qqa@ablra@ge EmMnngn Q@&@@ltécﬂea@x«eﬁageythﬂgle;sfaeatrrBJ or

surface 105uc usi or deposjtio si cal vapor

deposi ti on, %7 OBTt H@éw]ﬁ?ﬁ% g%ﬁtg?o HBERAT JUELT ﬂ‘ﬁ?BfaE{b Qe Ecoat i ng can
be deposi teldvémaaﬁa@wleﬂag;eoﬂﬂm ghane s@an gfoutats nliasds, @b}msﬁqotjgrdatenﬂqmabms such as
at | east ab 1 n r i n.have an

aver age thi @Eltrlllgé%s ggé a?wg‘?"élg ectrdublt%i[‘lhéc}le agjgam%s& %éﬁ a‘?%nsn ¢ hgeu%o%t &5 not greater
t han abbut cbic hprer whkle cophee. elemasimpamatadhdee 1o anarfievdsr erdleodianedi, tirond coat i ng,

a di amond- | jpkgivCQatilHhy bRa diRGsHAI GO HPRsitRd §sie A6t 18R RPositBh 0@NY combi nati on
thereof. In a particular enbodi nent, the abrasive coating may be a di anond

coating depBSioray g Hutditioralxrfpsiarpa erafing Cﬁﬁbed?"lyﬁi'yétf‘lli%’\?éluﬁ%%)05| tion.
Addi t i onal | papochRellidé amnﬁ rﬁl@r@brblsnghﬂéalﬁmbﬂl pnhe)/mysltcab isiaf€lectionc| udi ng
nanocryst alrlmlc{(])eraql s%0w1 - {a%%ﬁ ISt aile! E)srlltgd on B su{}ace OP nexen:? 121 | 5 FIG 91is
an el ectron m%% Hg ﬁo (Y DR () cﬁa er °de 03|pté¥i onthe surface
of an e%bnmoa¢1190n@l\/P ZOCondi t| oner Turnl ng to the process for making
the CVWP conditioner, in an enbodi nent, a green body having a plurality of

M Cr 0- prot r usi ongmedAo mep%&@mﬂnmg@ﬁem &ﬁdﬁorﬁﬁﬁrﬁdﬁieﬁnbm&f h@feed NtO a nol d.
For m ng the supstrate

?ndthe m cro- F ns as. a sin | e conponent
reduces t he’ Y RBI8 ﬁBB‘H PR FHEOFSOP Ca]b fi# 6W§SSW?F|°“%I%65W§]E‘%D fromthe
body of thensubsid abenigithé sugst2b asethe lhleﬁ)tprdmylones s sipgM doeortent rtdueescer ami ¢
materi al dutLé gﬂgh}paog ﬁl%t t?ethﬁll: Lfo%n%? Sﬂs wﬁll ge?ir?t?%?m %%%g'&y 0%¥ sul%gtra %eg_l to the

mol d before a am c ma : ramc na can
i ncl udeZAl 268, H@} @y pr@dame C%Ffmzma@fl@mmg@fessﬂﬂ@emﬁhl@@a refches aé@ﬁ ami ¢

mat eri al Catﬂaybi% aﬁph@@tro@mn%l(p&mgiddlt@n SQhe G@hic RferiAt ABE ce@a@fl%ﬁgﬁpéaﬁbl e for
filling the nold an he sintered to forma ceramc

substrat e hlgﬁ}]iqui gMZéBpﬁlgr \é(pr 153/Néber02 Cr2N3 or the like. The ceramic material can be a

ceramic powder, a sol gel, or other form adaptable for filling the mold.

The green body can be sintered to form a ceramic substrate having a plurality of
30  micro-protrusions. In an embodiment, the green body can be machined prior to sintering to
add additional surface features. For example, molding the micro-protrusions onto the surface
and then machining the surface to create the islands can form large islands having micro-
protrusions. In an alternate embodiment, the ceramic substrate can be formed by heating the
ceramic material to a sintering temperature during pressing, eliminating the need for sintering

35  in a subsequent step.



30m cro-protrusions. In an enbodi ment, the green body can be machi ned prior
to sintering to add additional surface features. For exanple, nolding the
m cr o- pr ovousilang7oont o t he surface and then nachi ni ng treTAISR61Q0E730© Creat e
the islands can formlarge islands having mcro-protrusions. In an

al ternate enbodi nent, the ceram c substrate can be forned by heating the
ceramc material to a sintering tenperature during pressing, elimnating

the need for si ritﬁ{énttgdlgq%mrtnabﬁym6aﬁgmnbstﬁ)medtothe surfacd ¥ tRe@AROMI MEnt,  an
abr asi ve coatl n can plied to the surface of the ceramc substrate

For exanpl e"C¢RENT ‘Eﬁt‘ant}’laep mtﬁ@ﬁ&%‘t HPEHIC AR BresWdetpres Pappr2lape
pol ycryst al dlzlnﬁ’[ﬁd dtbaajigll thecwatd (Bfghetceraﬁlheulﬁln:ﬁef da en @fbollirentcte¢ dimm@dsubstrate. I n
an enbodi mept

ceranic subs cO tin§ caneoe aEqugg %hhec‘{f\y ({a\?tﬁl ort])Qh 8ra1tmc subsp Be suc?n thalt tﬁlgg(%ldlylon%}/ 1es I:frte op the

e con ioner 1’'s free nter nedi at e
| ayers, sucH aebsmta@rtté@iedmer@ﬁu@@mnhpﬁgonloakxélﬂ@g lajpess, \héwwntthv@er@@mamS@at@ ubstrate

and the abr &g k¢ @brh QW eyer. TE it HIRHAnE QARG GR LRI O%RIah@r HOT I OSI ON
resi stance of the CMP conditioner as well as providing additional abrasive

properti es. CMP conditigygaasgligs BréﬁdIB%adldtﬁlP??é&brtSHe@t"é%{tleé a pattern of recesses
within the nold corresponding to the pattern of m cro-protrusions on the
desired CVP condiht imold@an beFameénarnpl e patteheof moéseks Z@biarheheatrtseomded, such as

by el ectri @S0 e I rochem cal
machi ni ng (%&Vﬁhﬁtﬂ@ﬁg& gﬁﬁmogénﬁ&h{tem cao?}fit C Ong? i 5&\{1& e}tﬁngﬁ% ting, |aser
cuttinglV orca@b%@tterkt?@owﬂl tSétz ﬁmta%b@scharge machinggg @QWCWWW EDM§ t he

activities deashbhied mabove (EOMt) h@nogeRsTaad ce@RBlicPhE, QRtePlet dultBg @xa@NpPl €S are
required, that a gtg?rﬁfpon of a specific activity nay not be required, and

that one 158F"#dF PHEFMHEYTvi ties may be performed in addition to those
described. Still further, the order in which activities are listed are not
necessarily the Notedbat notpll whhedstitihe ylesanted pevé ortimednerd] destripgiof @rti@goi ng

speci fi catighy,the r&&t}g@etmsa&ﬁ%ﬁobﬁg&lﬂ%%wy%gnwbt ttqtn%t%@m%nto specific
enmbodi nent s. wever, one of ordinary skill“in the art g preci ates that

var i ous ! rodiioeatihshrsti s meen angrso e %‘émﬁlh‘éléh‘w teprabed: GEPAFET NS from t he
scope of t h@ddr mvedhiOfvitas ard Be&tard QF hddeskatilyl he€or@dr & viBchiRly @W.pedifar. di ngl y, the
specification and fi gures are to be regarded in an illustrative rather than
a restrictive S‘?”ﬁa}% forer%(;m% Epemﬁca‘f’ton thg%(gncgﬂt Ch%itlel RS %ed w1¥h fe er%rcljce S be incl uded
Wi thin the scope 0

specific embodiments. However, one of ordinary skill in the art appreciates that various

modifications and changes can be made without departing from the scope of the invention as

20 set forth in the claims below. Accordingly, the specification and figures are to be regarded in
an illustrative rather than a restrictive sense, and all such modifications are intended to be

included within the scope of invention.

LIS s LLINT3

As used herein, the terms “comprises,” “comprising,” “includes,

LLINT3

including,” “has,”
“having” or any other variation thereof, are intended to cover a non-exclusive inclusion. For

25  example, a process, method, article, or apparatus that comprises a list of features is not
necessarily limited only to those features but may include other features not expressly listed
or inherent to such process, method, article, or apparatus. Further, unless expressly stated to

“ aa

the contrary, “or” refers to an inclusive-or and not to an exclusive-or. For example, a
condition A or B is satisfied by any one of the following: A is true (or present) and B is false
30  (or not present), A is false (or not present) and B is true (or present), and both A and B are

true (or present).

Also, the use of “a” or “an” are employed to describe elements and components

described herein. This is done merely for convenience and to give a general sense of the
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As used herein, the terns "conprises,” "conprising,” "includes,"
"including," "has," "having" or any other variation thereof, are intended
to cover wonons/eswbusi ve i nclusion. For 25exanple, a pr@Ceds2010m0t1306,
article, or apparatus that conprises a list of features is not necessarily
limted only to those features but may include other features not expressly
| isted or inherent to such process, nethod, article, or apparatus. Further,

unl ess exprg&§sloyns tnddn@ih. tl@l1std9@n§t%ﬂfsﬁoﬁfd)6e rea@fo indhRE 8deSr htQea@dnd H@kHdS| Ve- Or and
not to an excl usive- a condition A or Bis satisfied by any

one of the *‘@F]Ia]b‘"ﬂ\ﬁoﬁ]&?w% tFesplltr?ll}léln%étrlS BV Rt IYRE B8V ¥%) se 30(or not
present), Ais false (or not present) and B is true (or present), and both
A and B are trudc(dis, ghasénttyges, Ahdolutibnyeo predenpfhavegeeratesctiagil'abaveevittnpl oyed to
describe el eRRNL SR FATRARENHSAESAE beh NEL sl . «Jibidhy bsydlae merel y for
conveni ence and give a general sense of scope O he 1 nventi on.

Thi s destriyf Pleyrfeaé%mt@t Bey eBEdnt Wn?fﬁéﬂm@ge@ﬂ@owon&@ OfCRES Pecelﬁ@maﬁd t he

si ngul ar algénolited MRS td HRRoRIrIAS 2 LS Squirtd, biSesQBiAl RbSrelohal ot 411 thé neANt

ot herw se. Benefits, other advantages, and solutions to problens have
been descri B8 above with regard to specific embodi nents. However, the
benefits, advantages, solutions to problens, 5 and any feature(s) that my
cause any benef iAfter ailinribeagesificaronsillad 4rovang voll epreagratedhat preteio ieatumsr e
pronounced o %r@ﬁﬁty%@sc‘ﬂ%d%%&tlﬁ HeebnB (ﬁts&%ﬁﬂa 'eﬁ@ddamgn%%iyra?sg be OF €ssenti al
feature of any or all the clains. ter readi the specification,

ski | | ed!%r tl?r%vaf%?é iR gompinafign freesingtee MRt o CAFTHF I é"’élf’ﬁsr%?’é“f%?rﬂéat aedpr clarity,
descri bed hg&ei, Mescﬂbddhlﬁhélaﬂte@ﬁfa@lﬁgISﬁﬁlﬁﬂﬂ{eﬁt ﬁmmydlbermhaed semyatedl &0 be 10
provi ded | By SRTROR AR Al REhE, FTRRE TR RIS it B,
enbodlnentnmmawﬁahﬁmhbexprOV|ded separately or in any subconbi nati on.
Further, references to values stated in ranges include each and every val ue
within that range. WHAT IS CLAIMED IS: 1. A chem cal nechanical polishing
(CVMP) conditioner conprising: a ceram c substrate having a major surface,
the major surface including mcro-protrusions arranged in a curved pattern
or an irregular pattern; and



an abrasive coating overlying the major surface. 52. A chem cal nechani cal
polishing (CMP) conditioner conprising: a ceram c substrate having a major
surface, wbeormj2grosur f ace i ncl udi ng non-pol ygonal m cr @Cpruskensi3ns
arranged in a pattern; and an abrasive coating overlying the major surface.
3. The CWP conditioner of claiml or 2, wherein the CMP conditioner is free
of an 10adhesive | ayer or bonding | ayer between the ceram c substrate and
the abrasive coating. 4. The CVWP conditioner of claim1 or 2, wherein the
m cr o- pr ot rwEAONS CBARMEMISA Star pattern, swirl pattern, or a spiral
pattern. 5. The CWP conditioner of claim?2, wherein the curved

pattern includes an,Lrreqular. 1opatt P oSiditid e qgandi tioner of claim
5, wherein the i frggg ar ggt tlérﬁcﬁﬁ.ésge@m)ﬁ%ﬁﬁlﬁ&sﬁ(%ﬁggbet ween adj acent

m cro- prot r usi ofgeramip subFivde l@vPs & g Lenselhe Bfioreidcpingugpe Ricronher ei n t he
abrasi ve coat i NGrduNGbdd@smee A Momnehd peitcAN® AL bl peRfbeRy, cubi c boron
nitride, or any conbination there fp 208. The CWP conditioner of claima1,

wherei n the mi crBPrbErEPHNE HER/ 8 BYIHADE ncl udi ng cones, cylinders,
par al | el epi peds, or any conbi nation thereof 9. The CWP conditioner of

claim 1,5 wherein the. m.65 QR LUSLQ Y& 4RO BsRekygonal shape that is
free of 5edges. ' e ‘ 101, Ef‘ﬁe. 1(%%1\@?@1' 1tqflloonern%.()lfSl %I aim9, wherein the
m cr o- pr ot r usi ofSRAPEU B fayBE 2 PBIEDHNT e thahgigyeurface including non-

polygonal micro-protrusions arranged in a pattern; and

an abrasive coating overlying the major surface.

3. The CMP conditioner of claim 1 or 2, wherein the CMP conditioner is free of an
10 adhesive layer or bonding layer between the ceramic substrate and the abrasive

coating.

4. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions are in a star

pattern, swirl pattern, or a spiral pattern.

5. The CMP conditioner of claim 2, wherein the curved pattern includes an irregular

15 pattern.

6. The CMP conditioner of claim 5, wherein the irregular pattern has a minimum

spacing between adjacent micro-protrusions.

7. The CMP conditioner of claim 1 or 2, wherein the abrasive coating includes

diamond, diamond-like carbon, cubic boron nitride, or any combination thereof.

20 8. The CMP conditioner of claim 1, wherein the micro-protrusions have a shape

including cones, cylinders, parallelepipeds, or any combination thereof.

9. The CMP conditioner of claim 1, wherein the micro-protrusions have a non-

polygonal shape that is free of edges.

10. The CMP conditioner of claim 9, wherein the micro-protrusions have a curved

25 conical shape.



11. The CWP conditioner of claiml or 2, wherein the mcro-protrusions are
randomy oriented. 12. The CMP conditioner of claim1l or 2, wherein the
ceram c SWDbWT1ARE700S a corrosi on resi stant ceran ¢ subsPCcatus201908730dhe CVP
conditioner of claiml1l or 2, wherein the ceram c substrate includes an
oxide, a carbide, a nitride, an oxynitride, a silicide, a boride, or any
conbi nation thereof. 14. The CVP conditioner of claiml1l or 2, wherein the

ceram c substratg 'THQbNﬁfc%n&iln&Qe%fé‘{h& 1 Y6, wibdNihe %ﬁc@@pro%ﬁl}l%,ar@r any

conbi nati on thereof. 1015. The CMP conditioner of claim 7, wherein the
abrasi ve coati ngaidegiueriestedi crocrystal | i ne di anond. 16. The CWP
conditioner of claim?7, wherein the abrasive coating includes
nanocrystalline diamon 7, nditioner of claiml or 2,
wherein the abrdéi V¥ %fﬁ“ﬁaoﬁe@f&@%%%%%@% ef?’iﬁmﬁé‘ﬁgﬁfeds%ubst rate by
chem cal vapor depe®htdstnnt cphysisaatateyapor deposition, or any conbination
thereof 18. The CMP conditioner of claim1 or 2, wherein the

m cro-protrusions have the sane height. 19. The CWP conditioner of
claim1 r 2, wHér Eherpl\tﬂh@nﬁafl@wwfﬁ}ammrs% Bhgeln fe Feithac sbspfyipdydessdt  of

M cro- prot rusi oRgidNahBde,a nfuideSdn R@IGIM, & siBOE, RoSFRE ONFhy $EhbiRbioM Cr O-
protrusi ons havi second height. 20. The CWMP conditioner of claim1l or

2, wherein the ﬁ%”?g protrusions have the sane size. 21. The CwP
conditioner of claiml1l or 2, wherein the mcro-protrusions include a

14. The CMP conditioner of claim 1 or 2, wherein the ceramic substrate includes

AlLOs, SIC, WC, Si3Ny, Z10,, Cr;N3, or any combination thereof.

10 15. The CMP conditioner of claim 7, wherein the abrasive coating includes

microcrystalline diamond.

16. The CMP conditioner of claim 7, wherein the abrasive coating includes

nanocrystalline diamond.

17. The CMP conditioner of claim 1 or 2, wherein the abrasive coating is deposited
15 on the ceramic substrate by chemical vapor deposition, physical vapor deposition, or

any combination thereof.

18. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same height.

19. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
20 first set of micro-protrusions having a first height, and a second set of micro-

protrusions having a second height.

20. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have the

same size.

21. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a
25 first set of micro-protrusions having a first size, and a second set of micro-protrusions

having a second size.
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25first set of mcro-protrusions having a first size, and a second set of
m cr o- protrusi ons having a second si ze. 22. The CMP conditioner of claim
1 or 2, whereiwn2stee m cro-protrusi ons have the sane shapeT/us2010/04B86 The
CWP conditioner of claiml or 2, wherein the mcro-protrusions include a
first set of mcro-protrusions having a first shape, and a second set of

m cro- 5Sprotrusions having a second shape. 24. The CMP conditioner of

claim1l or 2, whereidtMPenditisd-PoRlah [ S, RRGRAY GiddifoSANEs Ak @0t at i on.
25. The CwP condltlﬁner of claim1l1l or 2, wherein the mcro-protrusions

include a first 88t%Y¥ mi cro-protrusions having a first orientation, and a
second set of mcro- 10protrusions having a second orientation. 26. The

CVP condi ti oner 29f T el Ct’iiﬂf‘%o:rlldiﬁgnegof CW{ 81] ﬂwﬁg(glé%ﬁﬁrrc?%%%s%ﬂ?l%g% ahave a

hei ght of between about 1 mcrons to about ns. The CWP
condi tioner of dIrAPHPRBCOMEHETS hivis aHEst gltpe. pad dretopdishofabeiat 5 microns to

about 500 m cr oRgorud&R BavinkhQeMshgndi ti oner of claim 27, wherein the
hei ght is between about 10 microns to about 250 microns. 29. The CMWP
conditioner of claiml or 2, wherein the abrasive coating has an average
t hi ckness of at Hed@stCNboutitigiebofirlagn bor.2, wherein the micro-pi8@usioflevOM® condi ti oner
of claim29, wherelnith&,abrasive coating has an average 20t hi ckness of at
| east about 1.0 mcron. 31. The CMP conditioner of claim 30, wherein the
abrasive coating has an average thickness of at |east about 2.0 mcron.

25. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions include a

first set of micro-protrusions having a first orientation, and a second set of micro-

10 protrusions having a second orientation.

26. The CMP conditioner of claim 1 or 2, wherein the micro-protrusions have a

height of between about 1 microns to about 2000 microns.

27. The CMP conditioner of claim 26, wherein the height is between about 5 microns

to about 500 microns.

15 28. The CMP conditioner of claim 27, wherein the height is between about 10

microns to about 250 microns.

29. The CMP conditioner of claim 1 or 2, wherein the abrasive coating has an

average thickness of at least about 0.5 micron.

30. The CMP conditioner of claim 29, wherein the abrasive coating has an average

20 thickness of at least about 1.0 micron.

31. The CMP conditioner of claim 30, wherein the abrasive coating has an average

thickness of at least about 2.0 micron.

32. The CMP conditioner of claim 1 or 2, wherein the abrasive coating has an

average thickness of not greater than about 15 microns.

25 33. The CMP conditioner of claim 32, wherein the abrasive coating has an average

thickness of not greater than about 10 microns.

S11 -



32. The CWMP conditioner of claim1 or 2, wherein the abrasive coating has
an average thickness of not greater than about 15 m crons. 2533. The CW
condi t i orwo 20f1/BWOM 32, wherein the abrasive coating hasTas2aversge

t hi ckness of not greater than about 10 m crons. 34. A nethod of formng
chem cal nechani cal polishing (CVWP) conditioner, conprising: pressing a
ceramc particulate within a nold to forma green body having a major

surface includi ng BRIkl bt B MERIED mREHRLIEN 5I1QNSs (CRH) KnGiiibikg t he green body
to forma ceram c substrate; c?epoa ting an abrasive coating overlying the
ceranm c substrat®™"88. The met hod of claim 34, further conprising

patterni ng a perpteding dcerafm@rpattianlat®vidhin a mold to fodBa grddneodyetabioga ofjoc! ai m 35,

wherei n patterning include |l ectr.ical di.scharge nmachi ning (EDV,
el ectrochem cal ST“n%éﬁP%P%? I%E%M ?ttrr\}\lgf)gfonfsel(fns’cut ting, laser cutting, 10or any
conbi nati on t hersasfing thggreenPhdy tmitringdererhic glbalirate; 36, wher ei n EDM i ncl udes

m cr 0- EDM  38. dIﬁ?)@itiﬁ@a{nagﬂsim coﬁ:tln@io{;@r@Qg th%@ﬁrﬁb E\Jbgtﬁ?e. preformincludes a
ceramic, a nmetal, a metal alloy, or any conbination thereof 39.

The nethod of claim 34, further conprising heating the ceram c particul ate
15duri ng pressi 13g. Thedfkthod heclamtBhdathof coglpading pddemifig i felferm 0 dmprinidig appl yi ng
a release agent to the nold prior to pressing the ceramc particulate. 41.

The net hod of claim 34, wherein the ceramc particulate is a powder.
36. The method of claim 35, wherein patterning includes electrical discharge

machining (EDM), electrochemical machining (ECM), water jet cutting, laser cutting,

10 or any combination thereof.
37. The method of claim 36, wherein EDM includes micro-EDM.

38. The method of claim 35, wherein the preform includes a ceramic, a metal, a

metal alloy, or any combination thereof.

39. The method of claim 34, further comprising heating the ceramic particulate

15 during pressing.

40. The method of claim 34, further comprising applying a release agent to the mold

prior to pressing the ceramic particulate.
41. The method of claim 34, wherein the ceramic particulate is a powder.

42. The method of claim 34, wherein the CMP conditioner is free of an intermediate

20 layer between the ceramic substrate and the diamond layer.

43, The method of claim 34, wherein the ceramic substrate is a corrosion resistant

ceramic substrate.

44, The method of claim 34, wherein the ceramic substrate includes an oxide, a

carbide, a nitride, an oxynitride, a silicide, a boride, or any combination thereof.

25 45. The method of claim 34, wherein the ceramic substrate includes Al,Os, SiC, WC,

Si3Ny, ZrO,, CroNs, or any combination thereof,

S12-



42. The nethod of claim 34, wherein the CW conditioner is free of an
i nternedi ate 20l ayer between the cerami c substrate and the dianond | ayer.
43. The mwOhod/8700l ai m 34, wherein the ceram c substraPeTIUS2&000T300S| ON
resistant ceram c substrate. 44. The nethod of claim 34, wherein the
ceram c substrate includes an oxide, a carbide, a nitride, an oxynitride, a
silicide, a boride, or any conbination thereof. 2545. The nethod of claim
?(;12 Ng/her ein the 4ﬁte)mrﬁ{1&hoau{3§atlmn svﬂel@%ltm;%rﬁsﬁé e%%gén%luf@es d}/a\@xon@g 2N4Wh2r 02, .
or any copnbi i on ereoQ . e od of claim erein e
abrasi ve coating wFﬁ@fUﬁé§781ﬁﬂﬁﬂﬁﬁmGWﬁﬁdﬁdnﬂ%?%mﬂﬁ?ﬁﬁﬁo cubi ¢ boron
nitride, or any conbination thereof 47. The nethod of claim 34, wherein
the abrasive coabi éﬁﬁoh%‘&ﬁm@h Gl YR aﬁalklb&%atﬁ{ g mléé%mm% met hod  of
claim 34, wherein t abrasi ve coating includes anocrysta I ne di anond.
49. The net hod &ﬁﬂ@mh|n134 wherei n depositing includes chem cal vapor
deposi tion, physical vapor deposition, or any conbination thereof

5 48. The method of claim 34, wherein the abrasive coating includes nanocrystalline

diamond.

49. The method of claim 34, wherein depositing includes chemical vapor deposition,

physical vapor deposition, or any combination thereof.

-13 -



