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SUPERHARD CUTTERS AND ASSOCI ATED METHODS FI ELD OF THE
I NVENTI ON The present invention relates generally to

W@ aiobiingozievi ces used to pl ane wor kpi eces f or nedr/v52006/018761
various materials. Accordingly, the present invention
involves the fields of chem_stry, physics, and
materials sci ence. BACKGROUND OF THE INVENTION It is

estima Iﬁ@g@ NENpt i DYVIEHF y
spendstS%n{'?rﬂe an gne |$?i on éggd)gg#grs eaclgéyc?ar
manufacturing silicon wafers that exhibit very flat

and snmoot h surfaces. Typically, chem cal nechani cal
IN used in the manufacturing process

of ' ' t aj -

LTSRN Bon AN Bt PV BB o BT ptpins
fornted qiehiisimtatesalgeAecatlinglyh) ehedbrbyentinvaitiondnvgloss the diskiE of

on a polishing pad_ attached above a rotating platen.
cherpistry) Rhygigs.jagd MaRriadascidicehe pad and pressure is

applied to the carrier, the wafer is polished by

relati ve novenent of the platen and the carrier. Wile
BACKIGROUEND QFOMTHEANVENTIIOAS been used successfully for

many years, 1t suffers froma nunber of problens. For

exdisicgtimatpd that tgvemiqopdegtonindeercurgnilysnepflgyaiope than one
GRS R A0l Bl SRR b0 o o0
smobth sufatésC iT8pichity, shomidal mathmicat potishiie (COME’) id@ed in the

process. In addition to becom ng overly "wavy" when
mangfacHEREYoesssoff spargonduefar defigasde obipin wroadh prdeyensarfages

y C y . S e .

vl pPECOMERGRLPRRg Y, LA it ot b 35
posifiea&] & apslibhing padhitested aAbbvahtatiipqlatei.i Xb Ehirryti gprdietto the

si ze used on the polishing pad nust be increased,
pad ped prepsupe)isiapphedciothe et thegvalseis@abshed bytrplative Bioverpent of the
plat C£§ﬁﬁgkgg3$r gougi ng expensive wafers. Furthernore,

ecause surface chi pping can be di scontinuous, the

Pr OV RisSthis WL BRGME pfodtssiifs Bedryude® $ucceRIBIMe fahy yedrhl gt

waf er surface preparation of current state-of-the-art
suffeys dioas 8 avmbey of erehlems.yFengremple, dhigeanvenigwal processds ralaively

t Q. these considerati.ons he.line wde (e.g. , npdes
expgipinga sy SRS B Ebnae bR hiebB et int foth BN
thickrSs, o Hay dasyieBuffRidhtly shiboltf) @ftedompl&tichdiithé HdceIDNLE

layers of circuitry are now being |aid down to neet
addifipn t¢ henosurg epriyeiveve’s when aighethbrea saleeit.che swifape of thersilicon

Waf?%égfaé/rbtgg?hqg Oﬁf)citdal Zi?(l {V%dufa?erlbrgsaibé D3 N80 irrﬁfxee Ir)ro%é:szs.e E{/Ioreover, if

the removal rate is to be accelerated to achieve a higher productivity, the grit size used on

FIE

the polishing pad must be increased, resulting in a corresponding increase in the risk of
scratching or gouging expensive wafers. Furthermore, because surface chipping can be
discontinuous, the process throughput can be very low. Consequently, the wafer surface
preparation of current state-of-the-art processes is generally expensive and slow.

In addition to these considerations, the line wide (e.g., nodes) of the circuitry on
semiconductors is now approaching the virus domain (e.g., 10-100 nm). In addition, more
layers of circuitry are now being laid down to meet the increasing demands of advanced
logic designs. In order to deposit layers for making nanometer sized features, each layer
must be extremely flat and smooth during the semiconductor fabrication. While diamond

grid pad conditioners have been effectively used in dressing CMP pads for polishing
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nmust be extrenely flat and snooth during the

sem conduct or fabrication. Wile dianond grid pad
wa@omditz47ener s have been effectively used in dreGEUS06/018761

CWP pads for polishingprevi ous designs of integrated

circuitry, they have not bee&found sui table for

meki ng cutting-edge devices th nodes smaller than 65

previdils dEBighs b indQEANS Gircuify, hhémwe B6f KRR fHchdSdutien18 for Afking
copper W res, non- uni f orm thi ckness due to rough- or

cuttmgengp devised \mjh nodds smlalslclghan 6enml. ltis isdatausenticthe ietrgasing
fgl? i cal l Mor eov.er e to t e us of corah l.i ke
size g QieeqapPPICw [Ty B iniippad iickerctlets sl 8F R polghing will
cha |th§@1%éitri\é§lrd()ngwfvht¥ dkneany MopddVer Qlﬁ@%d @e us Fal-like
e pressure used i n CVMP processes mist be reduce
dlelmtgmlabfmtsaﬂmelfgagﬂt siructgp omsebe prdwh@n/ﬁelyrgantéﬁmmchdmht@mtlon

ek ARl i B i
SIHRBYohsd heWad¥p p(‘(?cegses TSQLKH Qs e ﬁt'f’lﬁ)illlﬁ élé&r&?fs?}@@e g. Applied

pursued to reduce the polishing pressute on
Matewals EEMPoofivoppdret tiesa utikitieg aafdmpadhioklewwortrof vasfera(e.g. Tokyo
sequence of gentl er Ii i.ng action, the polishing
Sersi G S tecoiaEio gadire e oBuBE pRosss i discion ot ppimispgtween
11098 pafl. PIoRRYEL by Edn @Rﬁ'nbé
b si mul tanecc))usl y over tsﬁ nt?ﬂ;éekglgu a{lg'gﬁ%% Eu?}n ﬂ\llval?Ollshm‘("y rate
of therwafetwill derehse.s o cd)Ihperrsam&tfalcihe fhasis f prddettivagnpslishing must

waf er. and must b |ler in_area, but nore
occyr sipulianeow yayéa]eq ?%;ue S, aézeo thevalgh {n g@pr toglosgs thegpntact

pom%t@ééi?ﬁa'e%féﬁhnmh&ﬁhdt st HE ﬁ%ﬁﬂ af'éaeﬁ'lﬁ r@ numaerous in
rel atively |arge but ative ew I n nu us,
quantity.oTbisris frocomtrastsh cﬁmenj] iANEP pﬁ#cacmnrmhleh &md:ombed areas are

ent the CMP pad asperities nmust be reduced.
rela@%ﬁ?@é{?&eb‘{tc@ﬁ?\?\}g{%‘t Hﬁ’&rl shing rate from decli ning,
o8 st BTNy s RS ERUEI g L

musherednced-Hdheverer, to peevemirtke palishixat ratet fiem dod iy, Agbre contact
er the risk of scratching the

. pro beco t he

POI“E%J‘PP i’é Caffat?‘ize %é?fé%enﬁiégg%%d aspgriigsdied tbealjiesir dn pige But more

fihds, o PRERDre!
inn et edd%%cvllat]er T éree det at9 ftheg%dhsfﬁig E)Hc%hsel?e{cg?ﬂ%g, tk?c—i l?lgﬂer t¥e risk
of scastpling theesit facaof the mf&rl’mec@ﬁés dheadsrad evoid SHBMKRN K ghest tips

HE | NVEI\I'I'Itl%t Accor dj nglg)}é/},1 t he tEl)mesent i nvention
of a‘g%\?rlaé%mé}s fpflnlpveledi Sheryise) tha Prrjrusionafa frwykillsr a
A e oriented to face a workpiece

aspe@gér(ﬁ iﬁld[ﬁe?@?slthg @z:age?t o be renoved. A plurality of

|nd|V|duaI cutting elenents can be arranged on the
i 0o S|de of the base. Each cutting el ement can

L IRVENRONses at | east one cutting edge

tngt@xté:??lgl Jgfl’yr'?ﬁ Ifege%gr%]gﬁ?#ﬁéﬁ%V%%gg lcﬁtﬁgg AEREL r1]1%1c;r1ud1ng a base

having a working side that can be oriented to face a workplece from which material is to

beremoved. A plurality of individual cutting elements can be arranged on the working
side of the base. BEach cutting element can have a peak that comprises at least one cutting
edge that is formed from a polycrystalline superhard material. The peaks of the cutting
elements can be aligned in a common plane. The base and each of the cutting elements
can be formed from an integral piece of polycrystalline superhard material.

In accordance with another aspect of the invention, a cutting device is provided,

including a base having a working side that can be oriented to face a workpiece from



10

15

20

25

30

el ements can be aligned in a common pl ane. The base

and each of the cutting el enents can be forned from an
WO paoege4b2 pi ece of pol ycrystalline superhard nBCEUSZN06/018761

In accordance with another aspect of the invention, a

cutting device is provided, jncluding a base haV|ng a

wor ki ng side that can be orT3ent ed to face a workpi ece

[
il S0 TG R, A Baoh BRIk 00 ARl
pol}&m&ﬂlﬁr&rﬁp%hﬁ]rmaﬂenam A plurdlty vFindividuat cuttidg alentntstdan e
enents can be integrally fornmed_w.th t{he working

mtegliaaé foymed atinths avorking side ot therkpse | BabrRuttingFlpmew can b@éﬂ@ peak
f

o RTINS AR O Sy DR i

conmmﬁqﬂd&nce W t h anot her aspect of the invention,

nmet hod of form ng the cutting device above is
pr diperoadance BithAnater Awest psge igventigney methpg of forming the cutting
I
R R e L

matpdl eompadipdid lemositpanitarial froah e lWoa]kmg cidpach base éfcthasn t he
plurality of individual cuttlng el enent.s from

polw%m}ﬁs%uapnhamngﬁ%@r%mcmt e the Riwapeat mdlﬁldual cutting
t
el e e B A B ot e pr ogess

conmphtSirdghce SAGAGbIGr asp@wdfananoéntﬁmy\@ piqduecie pM\Ildedahat can
:plurallty of individual cutting elenments of ~a cutting
be fgagedly, the RroCESfiOMIIISHIZ: ER428INgg: Sélrféﬁ%ﬁ sWHEkpiRge with a plurality of

indlgl{atélglgcfugtiﬂgge%ﬁ%ﬁ? gl Fifihe dOREK vifiab %uetﬁff% Iefééﬁg{s o

crys ne suaper eac

integrallly if6tened | fRsie ﬁtwd’ﬂal‘ﬁg Rifledfpe &kegrbllqiledesofall podyvegstalin@superhard
common pl ane; and noving the workpi ece and the cutting

matgiaaljapd e@féll cttingeelergershavimg erneak thaplisialigaedin & eapemen plane; and
ol B PR R 8 4 BB S S5t

matb@diftohetheaiorkpiecd Witk Mlid QittiselbMaits.t he det al I ed
description thereof that follows may be better

undeest leps dhusdregn otlingds rathﬁébrga@lyewwb fraturpyef the lrtV@ntlon s0
that tﬂ Cadhied B cnp%lo%%{wr %f tﬁgﬁ%ﬁ%\gg m%d be %@er un]:i?er? ouﬁ]ﬁf aﬁlg so that the

present i1'nven earer

predei édﬁmmﬁiod% el ROMBEEE bétRk laﬂﬁeéiﬁteﬂ hethdr f&iblired Bf the pkbnt
wi th the acconpanyi ng exe lary clains, or may be

inv¢ngign el bbgpmm@lewaﬁfomdbe lloptieg dqw&;thdemﬂp@m@me invention,
takeg e oAbty Esr ol i, St b® [ AriEaS TR hidgrice of the

invoMtibh. an enbodi nent of the invention;

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, perspective view of a cutting device in accordance with an
embodiment of the invention;

FIG. 2 is a side, plan view of the cutting device of FIG. 1;

FIG. 3 is a schematic, partial side view of a cutting element cutting a workpiece in
accordance with an embodiment of the invention;

FIG. 4A is a perspective, more detailed view of a series of cutting elements in

accordance with an embodiment of the invention;
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FIG 2 is a side, plan view of the cutting device of
FIG 1; FIG 3 is a schematic, partial side view of a
W@ aiobiteg92l enent cutting a workpi ece i n accor deeES206/(18761
an enbodi rent of the invention; FIG 4Ais a
per spective, nore detailed v{gew of a series of cutting
el ements in accordance w th™an enbodi nent of the
' m@q@t e £ h&spe%gvé Vich JT RRERL de¥foeHably %fcu@teccl&gﬁﬂgkqements in
devi ce havihg ‘arcuate cutting el enments PR accor
accomdaﬂceamﬂeammﬂbaﬁmbntaff thévavemtioant i on; FIG 5 is a
popal view ir.,of cutti gelemsntso
cuﬁ{lﬁn 1§fetAchen 1" ey %a a Rair of Qytting agman@ eEthe&HEmg\ﬂe@we of FIG.
1. of a cathode and an anode of an electrical discharge
* machining process; FIG 7Ais a top view of a cutting
deHIGe6iisa sectiomal aieseofn tdthaie aadiandnodandf anfeldchdcal discharge
[ nvention; FIG 7B is a sectional view of a series of
macoiyes WgCePenent s of the cutting device of FIG 7A
Fl @IG87A3S iy '\H@\g?f Q%ufin glﬁtetfi'cgga Q&:X%d%ﬁce%fﬂbaf’i‘ bodiment of the
magni fie a cutting elene I'n accordance
inventibly an aspect of the invention; and FIG 9 is an

H@g& facuttlngdewcevmthama%glfled|maeofa
cut nZBéq LRSHPNA! Yicye el spaice of Giting lsmantsof thegruttingedevice of
FIG] ﬁxentl on. It wll be understood that the above

figures are nmerely for illustrative purposes in
f urRlGes | nsnagl iangenfigcsitiag devige @lthtahRadnifve@inibiage of Fotittingelement
the fig s may not be drawn to scale, thus

in a‘iﬁoﬁ%ﬁ‘%‘? 8’ an&él?el"]? ol the gpvepton;#9d ot her aspects may, and
ge
: hreFriGa? k% gg{r%ge Sf@%ﬂﬁﬁgg%cé ggﬁg‘rﬁﬁ Lg;neﬂiééisaﬂ‘hl{ LLe Qg ttipg element
in a¢doeda$1pewuthian ashaoeosthe isveatich.aspect s shown in the
ures in- order to produce the cutting devices of

h t mﬂi be ypdersioed thapihe aboystrgyreEme prserie i loprapee @n@oses n
furtﬁé? tg@ﬁ%?ﬁépst h&ﬁﬂg Bkt %q?#/e?ltlg S%‘{lﬁﬁ&dth? rt%mdeg %‘faﬁ/ &o%ge ﬁ{atWéndto

be un ers at t |S|nve

scalds ahms‘thnreamms; phmbleaizres,@tndrﬁﬁer app G885y, ah® Bénerdlly are,
materjals disclosed herein, but is extended to

exaggaraterbioanike illysiiations therepbeleareh eThaelotmm Hensetuts canthsguade from
oo SIS Rl b e e

devices of the present invention.

DETAILED DESCRIPTION

Before the present invention is disclosed and described, it is to be understood that this
invention is not limited to the particular structures, process steps, or materials disclosed
herein, but is extended to equivalents thereof as would be recognized by those ordinarily
skilled in the relevant arts. It should also be understood that terminology employed herein is
used for the puri)ose of describing particular. embodiments only and is not intended to be
limiting.

It must be noted that, as used in this specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents unless the context clearly dictates
otherwise. Thus, for example, reference to “a cutting element” includes one or more of such
elements and reference to “a brittle material” includes reference to one or more of such a

material.
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used for the purpose of describing particular
enbodi nents only and is not intended to be limting.

wo tooaust79be noted that, as used in this specifPCRUSING018761
and the appended clains, the singular forns "a," "an"
and "the" include plural referents unless the context
clearly dictates othermﬁsefSThus, for exanple,
re&ﬁ%ﬁﬂg {0 "a cutting elenent” includes one or nore
of "such elenents and reference to "a brittle material™
i ndh dekesibingfaad eldmirtgathe pesart inmméonSfths fidlowdng terminology will be
mat eri al DefInItIOPS I n de cribing and claimng the

dplFlé‘g%‘FFflaI}Cﬁ\)"élm thg detipitiang g5 Q?Wl?f‘éo erm nology will be
us %‘é ds@ us é rag"l”%ﬁch Tbg El'séd gfé?clﬁtﬁ%eai)%taﬁ%when used

in cmmechorm/ﬁh alcarbgaadzbys maﬁedalmkﬁer to saqmmdmlam formod fi such miatehial.
a carpbonaceous material, refer to parti CE:| @Ee form

Suclyparfiglep of,giis may] tak%w%?ﬁ shapess ingtuding joundrablong, square,
euhéﬂ?%ﬂ,' % ; éveﬁ QQQ G8mbk sﬂgélﬁgnfegﬁj ges 1%4, ﬁﬁ'&o G BleSrt, “mesh”
euhedra as we as a nu 0 spec I C nMes

refesita €s. nu@ﬁbelr S)f Kﬁlewperl umlttdﬂ@i afih the' d’iies of UrSe fessest QAlt imesh sizes
nunber of holes per unit area as_in the case of U S

refergl ReSTeTRTC Wk Ficeh sBlesy olhamnssdndisated r ENics et sies are
L.
eendE lLETR GREENL 3F ol QRN it el RS i Rics
s1n06 bafdh paitide glithéna patiteet fnasshaized arayiactuvaly sanymeleaaﬁﬂall
particle within a particular "mesh size" may actually
dls"%’rﬁynd\ffé’rze% smal | distribution of sizes. As used
herAeSI Ped 1&%91“ ks ﬁhal » e ub% Fﬁ%ﬁg%m ke%lj Xo therfﬁltuﬁfoﬁalt 0
§ a ae 5 rpose,

t he func I onal ﬁ]evéne sire

achioyeiieiit bOn desifedqmﬁfds@,LUpafaltleﬂ, orasnfifauidn, au tﬂbu@hl ERDSRISIse or
configuration had actually been attained. Therefore,

confégratigichadpgially psen affeincdy Jersfe quttngedegnidat s sabstantially
ahglgegimr&oﬂln?&F Ifaﬁ'é’]g.{n?@(g} i?sst %%I gpne ag?}qugﬁé tﬁgy %I%liﬁl@msely

wer e preci s n suc
ahgﬂr%dlrlhhﬁmpanev\hen used in an excl usi onary context,
such as a material "substantially |acking" or being
" s diEheHare) Whendised inergrxclusionprygontsit, aﬁﬁcleaSewmenak he
“sub% yﬁi I;ig’a?xt l!)e% “sﬁggj[ tfaﬁlglsdtegg Ei' ?lg Yee vﬂ?ﬁ %}]elel%el% the terms

unc I"Ona I Cl eIenenT t

“subsehgalenae “$Lﬂasﬁﬁtlﬁﬂgy”rfaﬁﬁto JRREL5RI BefidiéndyRy tiRCelQA&R tPwBich
that reference is made to a material in which an

referspesmis beinggnadey pihesafetiealt My bs dlessiele thaikefarenpe isanaderdo e material
i MR S BRGDRRY i G s g i

the thherifRbEY drdy in an amount that is insufficient to significantly affect the material,

or the purpose served by the material in the invention.

As used herein, “working side” refers to the side of a tool which contacts or is
configured to contact material of a workpiece during a planing or dressing procedure. In
some aspects, the working side may merely face a workpiece to be worked, but may not
actually contact the workpiece.

As used herein, a “common plane” refers to a profile, including planar or contoured
profiles, above a base surface with which the peaks of the cutting elements are to be
aligned. Examples of such profiles may include, without limitation, wavy profiles, convex
profiles, concave profiles, multi-tiered profiles, and the like.

As used herein, cutting “edge” refers to a portion of a cutting element that includes
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or the purpose served by the material in the
i nvention. As used herein, "working side" refers to
wo b@ear4fe2 of a tool which contacts or is confiPCr/Es20¢018761
contact material of a workpiece during a planing or
dressing procedure. In some aspects, the working side
may nerely face a workpi ece”™to be worked, but may not
son@%éé@ﬁxjabfle %H{haéafosfs Q?o&“ﬁﬁﬂ‘tﬁht%ﬁtacﬁ%nﬂ §§rﬂo¢b‘§ hdtBhial From a
‘common pl ane" refe to a profile, including planar
worlipieco nAoar @cbnmiar&u]lwl;atmlb;a\/tgplaalﬂmsﬁe b@sﬂleﬂlas e cuiting edgs ihht

exteEB% gch B‘ﬁ ysahgq?g ﬁlpgcﬂtn gga%il emcai f“! rgegbla% | iagg t%dtie oriented
tranlsxbe’ﬂ%etl)flto' aox%rlélﬁ%\ééf tPERid d%?)lan%%‘é‘f%l foRf fhe %rkﬁ@é@ﬁ\b?der é’or the

pr of i i-tiered profil and the |iKke. use
cutthgredgs” of thet kmfy Bladige’ Temeﬁaamatenal faorp ®lngt workpm‘cea
cutti n I ement ”}h"é ,j ncl des asurabl e wi dth
ac 4 5ierty | pcHiad BenPeRted 1aHior Aoy Eilgy P
e AERY r
P°1>¥°§>%F9é1§w”*§%ﬁ%$§ i e f?%%“‘e (R0 RY Winoss of
abolitdhayi greedém dh syme laspegtst the Moin‘fsehdncﬂrmdsamay bd abdmst Knoif greater.

| ade. woul d have to be or vers

Suc{i,a} Bolpge Etraéﬁé%lﬂmﬁ?‘la‘iﬁ’é{lﬁﬁ? palers hcﬁamond (PCD),
°“b*§?’§5@ iRte E 0 teherialiRfalit L BRnIBHOFCHRD & SR e
sup¢rhardinmteriadsoervihatocthoseeskilbee it sheechrt. oSupteﬂmrd tmatedials may be
) stalli olycrystalline material, or mxture
incqgporafed Hltﬁélteew%qng PR Wy B ENH ORI Bl B
ﬁmﬁ B&r ter. In sone aspects, the Ml ar's hardness

%e about 9.5 or greater. Such materials include

b utAsaIsed hetteni f¢ mp'oe depaititing mefors, to p@kyesysft depbsitig materials on a

dla El i c boron nitride (cBN)
Subsa@ny ang Y%P@re ¢ VEBPIoHrPAsifipn a@cessemn laglu%my pygeess
I ﬂ%&
Sudp %Sgtrlﬁ)lm {d&grtﬂ gsgaltl gé@;:&g{? drrlgg[1 cor ;[Jhb’at e nt 0
depd)dmeom(lPé/Qfe)ntA mbdeevdrietnof variativner ofeh&yh @efpof' depozitlonahéetlodiehn be
its, films,_ layers, etc. As used herein,

art I
perforBghy Tg@i?o%‘ﬂlthddﬁ the gt eE%a%e%ofp‘fa@e’é%@owoa aplgdsiipggude hot
fila t%f\l’ﬁlr% c‘%?‘DaiaE'éf*t?\hf)gtéVerﬁ&%o i B sputtermg,
apor deposition processes’tan In 8e an pr 0CES’s

thermathvapﬁx;atlbm PViytiotized tedl PUD EHMEVDDatleMmapObealEPYDI (EBPVD),

C\S,x and hyS| cal vapor deposition (PVD). A wde
reacyixg P ol apd t\?d’rkieatl ons of each vapor deposition nethod

ca + Ll

ConAES AL TRt 189 AL a0y Al AR

to forbr £3MatinhassesoliCWiast L C®proceslofbmedrigih ol 3éhé matmn of
utterin t hermal evaporation PVD, ionized nmetal PVD

- part{cﬁ)qubq/gj) leask patiafly glipinats Payds b@martwles Sintering may occur in

either metal or carbonaceous particles, such as diamond. Sintering of metal particles
occurs at various temperatures depending on the composition of the material. Sintering of
diamond particles generally requires ultrahigh pressures and the presence of a carbon
solvent as a diamond sintering aid, and is discussed in more detail below. Sintering aids
are often present to aid in the sintering process and a portion of such may remain in the
final product.

As used herein, the term “cutting element” refers to a protrusion or an indentation
formed in a cutting device that includes one or more cutting edges or tips that are

configured to cut or plane material from a surface of a workpiece. While not so limited,
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reactive PVD, and the |like. As used herein,
"sintering" refers to the joining of two or nore
WO p@oa2efonl particles to forma continuous sol PAT/DERV6/018761
The process of sintering involves the consolidation of
- particles to at | east pa[ijally el i m nate voi ds
bet ween particles. Sintering may occur in either netal
cuttiny clEREMS Beeabétbhdraintcas iedudesa ®bntalsucthegmmichn pipet enfacg that

of netal particles occurs at various_tenperatures

meet @b pentintigion99trmgledrpoan themitisie qdge. Fatamg gapcs, cutting elements
g e . 1ar _
or th g B AR R 505 BRI AERAER st

widils Aep@itind &sight. it ARQDing dimérttan Bicthdeand of Mot antisgedbes that

in nore detail below. Sintering aids are often present
havecuting width gpinciding afthnesf sheowrlthpradeptihel the spitige clement.

may renain.in t fud_naks Gt i

ks SR P DAL B B3R 91 Sl it
exterldd deNErehtb A it AicHBdni Absse@ftatcuithgdbsnae. Thad, wheglotidsted to

one or nore cutti ngf edges or tips that are configured
contacpa guerkmiecepthameakpeatspitilg dementaokaptirgdgicegvould contact the

wor kpi ece, .\Wile not sg.limf ' :
surfa o e efiniein: RS b Rop G o ik bile 8 PAE Ebcying the
work?ih@@.r surface that neet at substantially a 90 angle to

ormthe cutting edge. In sone cases, cutting elenents
of As heeddreesinrnt plivialishef itamsy sivecteral elpments comporidinasl elements,
rati

and/o%%ggtiﬁlgéia may%%g\é\%gg% 8‘5 {el’]ll % é(')r\éﬁ%lgﬁélﬁf E’)% Egl{]\;ehl%lflﬁe:’jm Iq&t}%veg,ﬁ%s!% lists

can 1 nc e on

shoulbeEcdibliddng tBsgaeatnAlenibay 6f the Gbtib indgvidhdlyidentified as a
coinciding with one of the width or depth of the

separate aridrmi@leanember. Ahuygedndizidsphmember afspeh igshguld be construed

efers to el ati portion.af a cyitin l e t...[-hat
os o SRS abRaBof LAV e BREDAR Bl SRS LSy B b2t
presé@RIBRNh a cdiifon SAbENwaho@ThEdations EPtheashtraynwor kpi ece,
the peaks of cutting elenents of a cutting device

woGbncentratienst ampunts pefidesiods, volamas rapg otwe npmeeal data may be

any, ot her rtion.of the.cutti devi ce contacting the
expregaik i Beaen AR i lf 5Tt S 0K, R Rh Ik S0 4 e
format & Weddihalelyelo BRiehien6OARPIS VPR thed SIFANE 5o infesveRid flexibly
materials may be presented in a common |ist for

to inclode veti cafycthe nHmgdod valueh expliditlsresiterdhasthel Lipndts ©f st rengsg but

s. thau each er of the list js individuall s
slso fjariiaF AL dPedge R ap SRt e Rt gk e o st wighn tha
rangt BOIFh AR ARAPIuOInSdibhahsests et PrebResonst rued as
a de facto equival ent of any other nenber of the sane
| i & ap dlwstgtitig sednenicaltenge @i ebeuttlaniconméter te abowion

micr B3R EE, P D ORI R B b ey SRRt asid velafo!
abou®ll RElrdM B th §8dut $ahRrdBMteRREbut also include individual values and sub-
ranges within the indicated range. Thus, included in this numerical range are individual
values such as 2, 3, and 4 and sub-ranges such as from 1-3, from 2-4, and from 3-5, etc.
This same principle applies to ranges reciting only one numerical value. Furthermore,
such an interpretation should apply regardless of the breadth of the range or the
characteristics being described.

The Invention

The present invention provides a cutting device and associated methods that can be

utilized in cutting or otherwise affecting a workpiece to remove material from the
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expressed or presented herein in a range format. It is
to be understood that such a range format is used
woreooel1y476Dr conveni ence and brevity and thus sPOUS200€018761
interpreted flexibly to include not only the nunerical
val ues explicitly recited ag the limts of the range,
but also to include all thé&individual nunerical
val ) s thbd fo th@orkpadege Castin,
o B B B D ey e
devide€ 6F fiRGresdat @Nentionuah batdvmtagaowlyreiniized) for g¥aeplefas planing
"about 1 mcroneter to _about 5 mcro ter@;' ﬁ?r%é’s%a%o £
deviqea that plase aepterinl fiom yaTkpiRce oS Gressiig YISt Bt S5 Wt ad

val ues of ' hivarisROWbIPideeEr onet er s,
workpf} cgséil%lslgalsﬁ@?%gl i %?Iéﬁgﬁisval ues anfj%;ub ranges

Wi it dodineited tiednvarntipe illiEmated ih FEGubdle ¢witingdeyice 10 can

nuneri cal range are indivi duall v Itues such .as .3 1G. 3) t
inclugn @ base that ey hawg @ svasliug side #sh 4cc8 2 Wt e%e_é? B RIG- 3) to

from3-5, T kit AP cHSbd SrdnEBPes th
be c‘fteoé ﬂﬁ%ﬁ‘g éﬁ#l?/ragﬁg%fﬁ%ﬁie@{aﬁglguﬁ% eEl}{eel.ﬁelFur t kr;gr rmlr e ,n%s uc r][t_ )

18R kit 6f hedasd. | Bavhoi the aittarppdlgmends eardinelide of least ene cutting
oL bjri]ge.aldt h of the range or, thi' char act eri St ﬁs hbei NG o maticall
edgecusior iS eerh ofrehiethGRaRe ignehin HPRIBAR P "‘H%g tYigHR sehematically

: vide nY ' A AEIDGSeddRaith th
n FIE&{&% bE dfcﬁslgezldég n|£]O(r%e gﬁgftl :Bﬁlé)ag?l ot hefgvm@fsggggf fect ?ﬁgg a )
worl4REdeRiog sl fhe wekpive amtine bwting edges threbomopedriatiando one
rovide a finished, snpoth and/or_ f|at SUf;.f agre ttﬁ the . R
anothery foptubosbice, @l of @theayIse sanefe Al RIPEES O FRIPR (AL th §yorkpiec
can be adv eQus isL
fo c16f gﬁisﬁﬁf& e@?%lggv (Ig%yeﬁﬁ%tﬁgébgntglsp gﬂfg '4 Fgﬁgja&v\%o?ﬁpi ece,
as 18l bRssipae oTend mesntiohatact o s onatirigoelements L6 carewelude one or a
and as polishing devices that polp'hsh Y)a | Ous bodiment
plurglify lopceitiag edges BHbiZBemBhFEARmER Piang 20n JbHEp e embodimen
oo Ll ust i - ¥ j hick
st RS s %% g BRI RIS R KR8, which oan
cacH RERStoR VY HRhEmBteliADfrdn akdBkpidge. t By heluding oplupllignetcutting
A plural i%% of individual cutti rg)? ilnfggg&[s 16 %@,{a‘ be i
elenzantsa reabiovish a phaaliiy ok PHEDS PSS GF tofal e . CUHIRG PASPS PHEUINE
cutti el enen ' u e ' f
ettt SAERR s Aol B i 3l QR il e
subPARREy b s 18 GRRERE foo@k orking Binace2f thiesbade, sitluad slagicutting
In nore detail below, the cutting edges can be ena%ag%d
edgen from eHef Hor qpirgdements gaybe #Higngd ik esame saymoplane:” By
. cutti es . .can.be. rel ative .t :
B e e R S e e
selflicR&d fof BBVS HighMQEKBhESRhE Foflipiedinst, then banttnuerutting until all
workpi ece that is both very flat and very smooth. In .
“highffpoasper theaporkhiscs harerepnFeduesss iragmeraeqoth pad,jat workpiece

| ements 16 can i nclude one or a
surface.

—

The cutting edges 18 of the cutting elements 16 can be formed from a variety of
materials including, in one embodiment, a polycrystalline superhard material. While not
so limited, the polycrystalline superhard material can be a polycrystalline diamond
compact (“PCD”) or a polycrystalline cubic boron nitride compact (“PcBN”). The PCD or
PcBN compact can be formed in a variety of manners, as discussed in more detail below.
In the aspect of the invention shown in FIG. 1, the base 12 and each of the cutting
elements 16 and cutting edges 18 are integrally formed from an integral piece of

polycrystalline superhard material.
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plurality of cutting edges 18 aligned in the common
pl ane 20. Thus, in the enbodinent illustrated in FIG
wa200ea2419Df the cutting el enents includes fourPCUUsi0g018761

edges, which can each serve to cut or plane materi al
froma workpiece. By including a plurality of cutting

el ements, each with a pluraﬁﬂty of cutting edges, a

t oty c'u&{agtdavﬁ& of el drBn P8R Sn B il 18l Mer 62"

be ‘advan geously 1ncrease 3?t|on, Since each

appliwtlbhfﬂ gné ireomNdmbalimbntss patianibilpivell adhged dorrisb @i lghﬁmg
el ative to the workjng surface of the base, all of

SUbfttﬁﬁlaHMPletl?gm%’fé’@é‘é e @t sifirorsyaierre slagt therls. wrialrentcd siligan

Cc
vl L AR} IS BRIR AT BLINE o e A 3Kl
wafelevsii@ni rﬁtrﬁlkﬂbﬁfo@ﬁtd alcl ¥n s@lventidriad siEidort wafeh gh@emrgh%hmques
regions of th morkflece first, then continue cutting

a W%fﬁ]t fobegojished; iy Bengsalispiedd byia pﬁf@ewq@mr@é enpppdiskiagpad attached
d
ol EEHEG e 8L 105 3TRIO 090 ) SFERLGES, A%

carrfed, rtHedrafet wpdlisked betefatbk nﬁweﬁrenalcﬁ‘ thermhﬂeﬁl lafi@ thel darr¥ne Thus, the

enbodlnent a _polycrystalline superhard material.
siliopy Waéerﬁ@@ssglalqllmr@  ormelistisd) e ¥sry fiae pbrasives e Keletively

can be a polycrystalllne di anond conpact
mo?ﬁb%ga?é or a polycrystalline cubic boron nitride
Ccorphitd grindieBH silicoth®aRfsDas bedfCBM Gofliddale d¢tsh)8he process of

formed 1n a variety of manners, as discussed in nore
grinding anateniads $igh as silics wasise eftenotesylisanipissenes e nutieriehbeing torn

or 462 gl HEhoRT S8 s 2u R CRENARY il T W PSR S i

due A1 1€2Gr 1ﬁ|paﬂj ®ahe ﬁafct pot yedied et Abrik‘?vesptﬁ@ésﬁk%ﬁﬁlhze very sharp points
material . The cutti ng device of the present invention

of abrapive maigrials (vdch are aftany Wel?v@ffel@w{ﬂ to ©ae poether) Ancplie pressure
to aﬁ{(’g g hodient retrnov%%etttl 4 X}?’\éﬁ@ﬂ?%??pt ed for use in

ning su St a aIIy such as
si Ith GQRra‘Aﬁﬁconoﬁverﬁio@ﬁlspoii@Elﬁg 9r ghBdifg Procbises (B ﬂ)ﬂe%ﬁ"ﬂ invention
waf ers to be reclai med by planarization, LCD | ass,
can m;]gegmggr are suttige edggsfod cutting @hamezlta/tgfcgt matega] fr@mm workplece

I
o 5k e £ S50 o g BTG, 3 R St
the @gmroa kHeyculd &4l efteral €t plR%ticRIBP oL WRNGELOR 2PbrRAL hihhdd If the
gad attached above a rotating platen. As slurry is
plasgip defornation is Mowsathaaribe g\a@lsmp@aatlsnabpi thednaterialfigknown as

gar t he . wafer . i i sh relativ ment s
britf FreGbvaric S 8 A R RN THiok S 8 i G PR P, the
rate 'o§ cIR8I6 idph@dtion 1Q§Lﬁilﬂ%§s&f TRGhik %ﬂ%da b@ﬁ(le‘fﬁité(n{/v(]@g silicon) may

abrasives, to a relatively smooth surface
exhiitinpade dgctde clsr,aracrt@@sﬂoma‘imrlgr thasft eetals.uBBen wishiwpsottmg edge of

ucce ce
the presen? mvéntlon 18 %resseds agamst the surface of brittle silicon, the area of the first

contact is extremely small (e.g. a few nanometers across). Consequently, the pressure can
be very high (e.g. several GPa). Because the cracks are suppressed, the sharp diamond
edge can penetrate silicon plastically. As a result, the external energy can be transferred to
the very small volume of silicon continually to sustain the ductile cutting. In other words,
the sharp cutting edges can shave or plane silicon in a manner not previously achieved.
The PCD or PcBN compacts of the present invention are generally superhard,
resulting in little yielding by the cutting elements when pressed against a wafer. As

hardness is generally a measure of energy concentration, e.g., energy per unit volume, the
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grinding materials such as silicon wafers often
results in pieces of the material being torn or gouged
wo e@are4182 body of the material, resulting in aPCEES2006/018761
than desirable finish. This is due, at least in part,
to the fact that grinding gr abr asi ve processes
utilize very sharp points P- abrasive material s (whi ch
PCD %'f %c tc%ﬁt Bak of ﬁl\éeﬂreé'eﬁt ﬁ%ﬁ’tﬁ)nta‘i’e %ﬁbl@%@%@t@d’e}mﬁtﬁlg energy to a
tg’ressure to allow the abrasives to renove
very Etﬁhlﬂa fld)lﬁhleWlﬂmuabma]ﬂhgt dbese thateias tarpalso b@)memm@@ﬂ wihalvery

sharrtiaiing 1458 48° ineB bty B ariang: edautyr Sty el "
el ﬁmtd%cﬁ %lfth & i8 tnaftﬁtﬁ’iﬁe@by\@ﬁﬂ‘{ﬁhg peshiffe ft?/vﬂ 'V§ﬂ9' s@fall

plane sur ace egb?l he wor kpi ece. I'n general,
voluethé peﬁmdeng ndiusingarerally, kqahmlatzeygly@mﬁf Theis csh@wwbyl

elther def o | ast in abrit
exar RONG. B et s dreih of i FOTRAE B isa Bap Hiath skl the
lette rda%pii PJ&%Q AbdePBr al 0. 116 "fﬁtaﬁﬂt'u@h th§s @\WR tiRScutting edge
e reverse is true for ductil ef ormati on.
mustltka:\lleptetrelatlualgteharp, i spmeprasesswitle a radines qnathe ond‘er of &@m In order to
propagation is pti%eessed hi_ .t hi

accomsiatedhese dugl traéts* %terltlaéyf theypu E eﬁge a %@{es[elét invention is
hard %H@%%%C&) %vrltéﬁ{ah& flefoﬁxhﬁ@ter?ﬁuﬁr% HOthinE B@f)lﬁmn%%beé’s shamie

resent” I nvention is pressed
mameg s t;hetrjitfess and Ménesﬁ obthietcitter is rdalicahto dnlawre dheductiity of the
the first contact is ex

tre small (e. a few, . .
workpienahe AUCIEPBEST of ol e B HTSIng atspibied A kg s
e e
shovlif{ckellb@ant %y PIG. SPURLR o odeBR8 B BRURIBIIACKS isthbwn
shavﬁigl dh§yo?4 fibasthé watipreceA9. a resul t t he external energy
can be transferred to the very

f
coReRTRIhS s SaTeRie 6rHE ERIAS T RORE A (5 s A can
deﬁn‘é&?a} V?é%{ﬁte?g oI BraU A LRBLRg@Rer e% Y& £ & a@l"tﬁ” the cuttmg

manner “not previously achieved. The
elem@hts B@Bbbrﬁpxmaﬁﬁdrﬁ befwechabputedenf a tdtla/leardal aftheabase to about 20% of
eneral | y superhard, resulti n jn ljtt] e ¥ | di n?n b
o otk rgeaalihd hejoolt Mo it SehaCI et Benlp HoP G sk he

dian‘!cege%%? ?cht h 60 gﬁﬁ] ee{nﬁlthé’ c&nﬁ'ﬁ@@ HoiRac? breBO6F t?lX cuttmg element will be

rati , energy per unit vo or
about'd B efahz a@ttats ttmfn thtt @tgliconrot areawiail subingaelemestp aturt bse dfout
concentrating energy to a very smal

| without . .
785(mank iAedsriergreatalieef ¢ach celiing g egbenbemmo ua%gt W@anoau&eitﬂtmg in
a totil de”fen?’h %%éd}oht@?zho%%& due to their ability to

| I%Fal an ge w

I'na few atonms. As the ductility
of Thbéifesfthe PAD & FeBNwtiing deviyesappbftembe fimétsd by ¢het Iedms of

very smal| vol ume, the penetratin adius is gener Iy
the quitig qd@BaWhﬁéIﬂ}C %Ciﬁmecomrﬁﬁ WOoRngsugly gwﬁthsya@%%ﬁﬁtl@et‘%? to about

10 nghgﬁq 061&3]\9{@?5? fn ?ncq?:ﬁg lﬁp % tlb('j] ﬁmggt ﬁng gsnfsf lr%fr{l%t@ h;e %)rﬁt et,S

pres@ire afp@ificaftiyl AF rdsﬁlt atldietigeowill idiebidians thé silicen but Wllhgther
edge nust be kept rel ativel harp; in sone cases wth
slideagaingt isswfice-hB thiscape, @ﬁatzwiﬁhe genergiedeandythe wafer surface might

become thermally damaged. Thus, in it can be important that a sharp edge be maintained
on the cutting edges, less than about 10 nm in radius for many applications.

The contact area of a cutting device in accordance with the present invention will
generally determine the pressure applied to the workpiece. Generally, the larger the area
ratio is between the cutting element contact area and the groove, the smaller the contact

pressure between the cutting element and the workpiece will be. The contact pressure (P)
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accommodat e these dual traits, the material of the
cutting edge of the present invention is hard enough

WO 00064124791 and def ormati on during the cutting oPCPUSINEQIS761
process. In this manner, both sharpness and hardness
of the cutter is realized tg ensure the ductility of
t he wor kpi ece. The ductil e‘lgfocess of cutting and

i ' i ' Epr&RRAN

witl (G e HRh B TP e KIORER, bEMEIRET 16 of

cuttingdelmment 16 is shown shaving chip 24 fromthe
wor kpi ece 19. Each of the cutting elenents 16 can
i ncl yde ot 5 WRshRRhdsa bl theRtB8taind Béathe bulkiwddubarofdes i ne
a wor, }kgﬁﬁicontact area. A conbi ned wor kpi ece cont act
area of of the cutting elenents can conprise from
bet ween about 5% of a total area of the base to about
20th el tllehoaileanehsurésthb aimempfissibility nf amataimpelts value

of the invention, if a PCD cutter Qis a diggfter o%n
genegaikyporrelitesiienheanessiredo compraea mabieh epmBletels(2gro thigkness) at
LCULL I '
the ngxﬁglt J{age[g%qe vo?xﬁg{] }aeg tkcln. tiful? %ﬂfﬂ\x’é Q¥ Pl gtfl{é}grz{é:?{saibou‘@ heny

con area o cutting nts can be

(megaBQy}; tHSBEK MtdulvAnfeidigen iswbanehMtat Timspdiliemck abartfourgimes
el ement can be about 4/ resulting jn a total edge d
morg emaprissidlp gnaReR comped. e RCP cpiimgrdeyice opplangis presse
.PcBN.cutt i V] WrWe - to the sink
oo EYE b0, AB R, S R L e Dty o e
of sifistihwhfeaturtdle rélatiais thesPCDGuFasSE A typicaluilidonh@afanis abog 1 mm
~contact area may increase up to 100 times. This wll
in thickdessesa the shonnsdentipmay baepproxamated B¥nt | y. As a
result, the edge will not "bite" into the silicon but
will rather slide against its surface. In this case,
heat= o4 P k8, WRREPaS Echresdbdlint the ovafierspheticipesurd ght
becone thernally damaged. Thus, in it can be inportant
that a sharp edge be nmintained on the cutting edges,

l e t han out, 10 nm |,n .radi. r n ' ' :
o5 o AR e R RS e TR R SR B
layetd tAY thi3§eRétesRAdepRyEMid Qttivg édgedesiaimid g/ ratithes tinne, then the
the pressure applied to the workpiece. Generally, the .
shaviig erequitingis aluetzle rgsyliing in Hinigkednplened sutace Hgt s Respooth, in

contact area,and t.he gropv e I .
somg RecS SaB B WARA i: BUBEY Ry bPSeRRE 4 RinlBe a0 Rak, qu o
plan®ialsi1idd8 wakew kR Vg Gharp @SS of the PEDMlahertl & e Bilgiebdchbmies overly
penetration depth (d) as the foILomnn% expression: d =
dullpthe Bpctiliig o€ silicos canths lpstiank teesreswiing hattigdrasturingmepypiesgoy the
ft hg{ﬁgul k nmodul us of the workpiece. In general, bulk
Walehs measures the inconpressibility of a materi al

| t STHéRluttfig devices of the present invention can be utilized in either a wet system

or a dry system. In a dry application, the cutting elements can be used to cut or plane chips
from a workpiece without the presence of a liquid slurry. In a typical application, the
cutting device can Be mounted to a holder cushion that can be coupled to a rotatable chuck.
The workpiece, for example, a silicon wafer, can be coupled to a vacuum chuck that
provides for rotation of the workpiece. Both the rotatable chuck and the vacuum chuck
can be rotated in either a clockwise or a counterclockwise direction to remove material
from the workpiece. By changing the rotation of one element relative to another, more or
less material can be removed in a single rotation of the workpiece. For example, if the
workpiece and planer are rotated in the same direction (but at different speeds), less

material will be removed than if they are rotated counter to one another.
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generally correlates to the pressure to conpress a
material conpletely (zero thickness) at the initial

wo ai06/12€7970l une reducti on. Bul k nodul us of a PEDI/US2006/018761
conpact is about 4Mo (megabars); the bul k nodul us of
silicon is about 1 Md. Thus, silicon is about four
ti mes more conpressibl e thad2a PCD conpact. Wien a PCD

CULLI vi . . et L
e e bt 0. 3 S pBich SRELAShe B g
worRpiet@durfage.t Thé Slarrgichk boEitisr bivedsr sWafyedr asdhehd® slurry. In the case
relative to the PCD surface. A typical silicon wafler
whare a ghespical iy 35 used. dhreiganical gan beselerisd tagrendge poqlimg oo react
. IO , = P [ i s expressed
witf B ST Biriee? o SofRo Sy WortieRTo bp bR Rl
cuttiiigaprbdrgs. t WhekbeaSoinsd ot whatidte offd Slidon vadretiéanfbe\damatically
. atomic layers, At this penetration depth, if the
incregped by golaenies itssufsep Fpiexgmple gichemieal siyy that perainhan
- shayi td i ' [ s t,] fn . . :
oxiFPRY st P i) By R 8P fofn oSy BB o ogigy hat vt
tend@SeBngnay0thb evaférisarfade. Mnthio Cade] e PTD bitting BéwEcds@FHM hresent
it is inpportant to shave, cut or plane a silicon wafer

invegitiop nged 3ot sreaspardy l@@t e Waks, h:z.@lg.itb@raqqf@ |sc_:r.a]|)e.p thetpxidgdybthe surface
of (REERREPCRRNA o b BF e hbtheite ey 168 8By 1o

additioe, thekawics K¢ afthe clitig@elict bgh BleyesBseatndel DyRIES®B: slurry.
invention can be utilized in either a wet systemor a

Forggxamaples o 8D saaner 4psd with pshstyinagy, 1astHOO0Q times depgst tapatPCD
gan be used to cut or plane chips froma workpi ece
Wt hout the presence of a liquid slurry. In a typical

ap protladr vy, to tRGedetdtthd RenoRIENI fGHIcoRA WG 188y BpSinkQ ISC current
hol der cushion that can be coupled to a rotatable

acrosh thervafarfaripes. kpltbeush dianonskiaap linsulators PCDds nftea fletrically

upl.ed to a vacuum c k,that provides for
conflta Byt AP e’ Ruf of G UMK 1 % B 1 ES0ut e can be
congddeedith @n UAGAHARLESHENh) GANHRP O Ea Bflcdnie@bd RS cathode (not
cl ockwi se or a countercl ockwi se direction to renove

shovr) et electfolpisallycondidtipe ey rBy shesad imbridgeshe tratledodes. In

. 0 lene rel.ative to another, re or, | ess .
his P st R Ll Ry PRoR0GeBY anPBiiG ) By, silicon o
its sWEldeiRGRry dafbeHBORLE by efect:fsiVHaK Rie 6B 1RP HodRl A8 the material
are rotated in the same direction (but at different

remeyd pEpsyss. | ess material will be renpved than if they
are.rotated counfer to o nother_In.this typical
2 el 1 cufiheegiory u o B A lan® i eSOy § rpay last for
a feRIpasie Bn & e iMEN WRle CHOWBVdr a0 Rmidhl Slusly Wi dinE@8seiBe scraped
either a water slurry or a chemcal Slurry. In the
surfecegeeaitycs honsand dimesahndsif glectyicalscunseais appléedcthessistahe material

be | ect.ed .ta provide cooling or. to react with the
rem%Yﬁl’ﬁ_E%gﬁth fiﬁ‘gc‘gﬁakgﬁsgﬁ%e‘fegl B he wor kpi ece to
Pr eYG AeA ANERGERs Givalisly@ T utting elements 16a, 16b, 16¢ in accordance with

an embodiment of the invention. In this aspect of the invention, the cutting elements can

cutt

be sized and shaped with rectangular cross sections, oval cross sections, circular cross
sections, triangular, polygonal, pyramidal cross sections, etc. The various sized and
shaped cutting elements can be formed by varying locations, and widths, of grooves cut on
the surface of the PCD or PcBN compacts. While not shown in the figures, the cutting
elements can also be formed below the surface of a PCD or a PcBN compact, such that the

cutting elements comprise inset cavities that include, for example, circular or polygonal



10

15

20

25

30

cutting process. It has been found that the wear rate
of a silicon wafer can be dramatically increased by
wa@odtbani7ay its surface. For exanple, a chem caPCHUSI00§018761

that contains an oxidizing agent (e.g. H2O2) may be

used to forma relatively hjghly viscous oxide that

will tend to "cling"” on t heldwaf er surface hi this
Shap%éase the PCD cutting devices of the present invention

need not necessarily cut the wafer, but rather can

SCAgRRo¥hén BIG. dB, dief cuttivegg embme e6dtart Breforaé@in elongate, arcuate

Consequent |l vy, t he sharpness of the cutting edge
fashipae Witk ereayes cutor foragd Befwesadhe peHng R

depr%{]slgfl ?ézétlé]ﬂgsq’q tlgeiep’u('r:]rs ;‘?)r %EﬁNb&ngfagﬁtclaX s&g%:%nﬁixc ?%sg}e'vrous for dslurry used

to cidividierfaswell by forayt dedsis. Tﬁ@@aﬁdrﬁﬁﬁtﬂe@ﬁ@ﬁfrkhh@the&leﬁﬁﬂlfthe
cutter. Another way to expedite the renpval of silicon

grooygs e repassigys empntiachihedlomcios bethethimpgidgiebris nBagpf Ep cutting
e 48581 o SHOBHPR ARG D A0 8t Bl BB S pgcn

worligiead. | i ¢ cobalt hi this case, the silicon wafer can be
connected to an anode (not shown) and the PCD can he

comfeciAilusatgs b adbonah smbedigigays of ﬁ]ﬁe invention in which cutting
el t LI I
ele en? % of‘){h% chﬁ% dXYlgg ?? gggg@% oy Eldésy a ase Q?% %81? s g%tgn
elerrtdﬁ% 4&’)a| ain@ d0b MEhed @naxivgpaeairBye anfadasf the cutfing eleaiair B, this
silicon or its surface circuitry can be dissolved by .
aspegt efcthe mvygﬁl@, thessecondary guitinselemspls sppacenfigyeeda medintain a
shar{a Ségeacﬁro%?ﬁe Sc%‘ttu el{i%es g ﬁé}&se o%ﬁe %ﬁ?tm%a&/elvfc%s tAs sﬂgx%g the

ve of ane g st em for

secoﬁ@éﬁfy@@ﬁﬁ@%le%bn@s ded Vabeiﬂ s\h@ﬁé‘;‘ fand ti@vevkde p?ﬂaﬁﬁiﬂaﬁ%haped cutting
sl urgl)éwnay i ncrease the scraped surface area by

elements sigdeedndery, cugting qlements eary slegbe oumedpta trgn@mﬂ RYézamdal

sharkJuf iR by o fedh S%GOﬂéem’V%ngf Reffil hRPulil) Sl

eleméats, eeltof ciitibd edpe ﬂth‘é cﬁﬁﬁl,g el&@ent ¢&Chd &xtended by as much
accordance wt an e d| ment of the invention, hi

as 1@90@tiw§}ect of the invention, the cutting el enents can

e SR B0 IRBR e S IBHA By

plur&lﬁtbf@ﬂ‘gwﬂuﬁg eleRR1AGBAhd 1Y sr3Tbishadd i hFED 5aRt12aNAs cah Be
The various sized and shaped cutting el ements can be

appreoiateddramy FiGriA, tee Pressat nmmtloram mpidngor the ingeasefesnation

rf f h
fronf 8 bt By RO EfFe Fnetete of Bl elerient TRTRE T erin i ana
conf@¥idiB. fFef %ﬂ?@'lﬁ’%@téﬁﬁooﬂ%&ﬁ%ﬁo@ﬁ the BekreuttimgRidANnts 16¢

conpact, such that the cutti ng el enments conprise inset
can bau$etdi agsuttingt pleming otidressing elexanisivdhileghe grudliar cofting elements 16f

e%opr}la}rllasn y as ‘sstoppmg elements. In other words, the larger cutting elements

can 8
can extend further from the base 12a of the PCD to cut further, or deeper, into the
workpiece (not shown in this figure) on which the PCD is being used.

When the larger cutting elements 16e extend sufficiently far, or deep, into the
workpiece, the smaller cutting elements can “bottom out” on the surface of the workpiece
to limit further traveling of the larger elements 16e into the workpiece. To facilitate this
concept, the larger cutting elements can be made sharper than the smaller cutting elements:
for example, they can terminate in an apex point, while the smaller cutting elements can

terminate in a flat, planar face. In this manner, the larger cutting elements can more easily
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As shown in FIG 4B, the cutting elenents 16d can be

fornmed in elongate, arcuate fashion, with grooves cut
wo@rooboe4tezl bet ween the cutting el ements. The gPODVER0E018761

depressed regi ons of the PCD or PcBN conpacts can

serve as the reservoirs for _slurry used to cut wafer,

as well as for cut debris. "ffie pattern of the network

a .
ou BRSSP R 8 WPl RS QR RSB beBB e o
servelag depth “stoppigp” clamehis. Gpthisamctrfthe ptvent imeintion tal provide very
process of planarization of a particular workpiece.
acourpig;control; qfjth depit that thaSUkEgiclSneTAl Cu Me divvRERRISCE®- &t CD
[ J: ' ich cutting element 16 of the cutting
padlg{éxségeé@%dfggbeﬁ?G 1 includes a series of secondary
CUtRIGR® sldorprbat dfages naked O clittingettnmatsalbgupd e bh, respectively,
surface or face of the cutti n%yel ement. I n this aspect

formgd frorm anptegiel pigce i1 e A8 THHDS 2ppiceialey, B drespRidnyaion

ont | g . ;
pro A SR U0 Y 080 B Dl W con e
fornsdipwiith sohe caaimpratkansntciviied th @ wright Smest coafiguration, and others
shape, and, can include pyram dal - shaped cutting
formgqddppygamigpkcapdgpistiai-y cutting el ements can al so be
f or s kdal
it 1 OO e A PO PUAEEE B pr SRR iR A B from an
integridl pietopty@pdtalling fipethatdnateuitl, itge gelgeallyat@hins @fuséfibexcess
cuttin? el enent can be extended by as nmuch as 10, 000

portiqnypipolycrysiallingsuparhardanaterigihelow diemgingsicrapriven fsrhase of the

L venti . . _ ; e

cuifs 0 (MR GA 4R Sl BLILY, ThE bl e g

inveRielon, @ica e ettt deédtohavel Yecomddull be dahgfed Murih 8 visd) theXdutting
can provide for the integral formation froma

devige; it prashirpssed by yasneHing »Ehindayer oidhe sypeshard matpriel aavessitbe

ol L 8 S 4 et e
of tied devire! Culilgy dviveb 6f the@eesant iBiMitioNGan EHud Bk ReatVely easily

dressing elenments while the smaller cutting el enents
sharpegedof gensiredswdops pnuatiigigntpolyceystadinargatesplammaing benggth the

S [ ttin | enent s, _can,_ext end
cuttfis Sl E5mobi 6 BEERP ot i ETREG BicfBhs e e
or The T or PERN cbMmPact®iiIicdGeR tHo R bsenh M b fﬁrﬁléﬁhﬁ a variety of

figure) on which the PCD is being used. \Wen the
manpgisgdp opgempedjmenterfihe Bivemione thedieD sompac icam ednjain gricron (e.g.

o R e EE ST G
graifOEH A5 (Og! 50"}3&2 Sl thBehrfideuR Ibbl_ %ﬂ%ugigi ivfiﬁl%ujc ﬁd'lﬁﬁ{ng. In one

(¥
el enents 16e 1 nto the workpi ece. Itate t

aspect of the invention, SiC grains can be mixed with diamond grains as the feed stock for

a PCD compact. The PCD can include a diamond content of about 80% to about 98% by
volume.

The cutting elements of the present invention can be formed on or in the
polycrystalline superhard material in a variety of manners. In one aspect, the grooves
between the individual cutting elements can be formed on a PCD surface with electro-
chemical machining, by laser ablation, by plasma etching, by oxidation (to form carbon
dioxide or monoxide gas), hydrogenation (to form methane gas), etc. Laser beams with
relatively longer wavelengths (e.g. ND:YAG) have been shown to form grooves on PCD

effectively. Laser beams with relatively short wavelengths (e.g. excimers) may be used to
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concept, the larger cutting elenments can be nade

sharper than the smaller cutting elenments: for
wex@apke92 t hey can ternminate in an apex point, P@hiUb®06/018761

the smaller cutting elenments can termnate in a flat,

pl anar face. In this manner , the larger cutting

el enents can nore easilycut ?he wor kpi ece than can the
carv@ Bt thelse€dld} 12l LETBRE RS of ﬁi}bsdffiﬁe hi@as Bkt e18h &I s Shown

to serve as epth stoppi ng" "el enents. "I n this manner,
in FlGreb)p Meiterthe lattee maydre stoaver pr otiiniespeed.,yit igeueratly more precise

v Rl Vel A%, Sh MBS S it or

conébn@ a8 eher [g§ ifBich8 RetfheRci®y. eBRMhas YR EfunlddERM10For shaving or
cutting el'ement's 16g and 16h, respectively, forned

plammg)mlhﬁpn weksy l‘l’aillCCpl‘CEOQG with Fl’(élj)res&st wértiome ap preci at ed,

ent _inv i.0 rovi des .a great

£ 1 da PhfiRerasmoch of e SFeabo dhtteSn Salbe Mimd R rih agolvorystaltne
sup&h8ARH: &ridl B8p&@o Bﬁeér@l‘l}r%gm M4 fli AT otk leehents from the

el ements fornmed in an upright "nesa" configuration,
polysrigtadlineesugerhardsateiial @Wctarhl dtbler worﬁs; thercattingrelerhents can be

cut ts of prese

forof b PG inR Ipe BRI pRFRL o eegidindiba e puttng
clenilsy faySiahd J;lﬁﬁng BRRIhA LS RISy feﬁ{almﬁ%%‘ ﬁ{a?erﬁ? tﬁé’ base of the

remai ns a useful excess portion of ycryst
cuttigggleviber d materi al bel ow the cutting el enents on t he

B S RS S o L o
combﬁ’df %S}tele@fi*lcapﬂ‘l%&laﬁr@zemﬁé}ﬁ&hg G IR nﬁljhllg %‘s‘fecg an@%ﬁl\ﬁb’llolcess can

or damaged during use, thé cutting device
utlhsqucm meaete l@!ﬁctre dmﬁhatgndudmdlmnbad( eF oma‘xatﬂpk shepatode dsed in the

t | f th tt d
DT e anre o Ao e b PEErieh oy Sndis abcbngie B
procfe%%n ok thBCOW B cast! ttﬁé p@Ddﬁ?ﬂl& géne&’ ll)};ﬁ%%d kS & ﬁggast partially
vely 8asl ed or

i nvention can thus be relati shar pen
elecirisply ceducte)l dsguasntsisbpplEdenbougiothedoyat @dﬁed igamond material,

terial, r i ns_beneat e cutting elenments to all ow
the qglprigh o 111%]?8@??&? b8 ﬁﬁlif?gﬂg(fana H@nf&li ablgmaVedrisiosm vrgus patterns
on tiGrPr PcBN conpacts utilized in the present can be
formed in a variety of manners. In one enbodi nent of
t hésishwmfdntﬂx,anmltteinﬁm édmoae tspeatofahaindientidn, ﬂ‘[eﬂimlode 30 of the
and can be pal i shed befo

EDB& ?é&e?WaHﬁBFWEFC 3?8’@@9 OI}PW@TQEPI dopsh élagmﬁr(gBEQn) @@tenal through
whldhaJugl%m( i€ E]Iohe'ﬁo THQB]@DdanB@@cﬁHﬁélﬂ&ee Q%Lée s P« gh %ﬁl ed prcgrllélons

hout polishing. In one aspect i nven
31 tlgatt a:iumg tlznEDM piocess, foirtia sénasmﬁnd»n@ﬁ;ﬁinﬂﬁlga&aﬁﬁt&s 3ERche PCD
r a. PCD coppact.. The PCD. can include a di anond

comash ot v ish. 855 A8V 4 BSOS VHiRasjemetyethe PR compact).
Whlfé%h%%fb@u@ﬂoﬁmtsﬁoﬁﬁ ak B&ng LEReily V@Kg&d' 8% PP contemplated

on or in
that they can be formed in a variety of shapes that can be selected to form channels having

desired shapes in the PCD compact. As is known to those having ordinary skill in the art,
the EDM process will generally utilize an insulating liquid such as oil ‘or deionized water,
the details of which are not illustrated in the drawings.

It has been found that, while the configuration illustrated in FIG. 6 (in which the
PCD compact serves as the cathode of the EDM process and the BDD material serves as
the anode) performs well, the reverse configuration can also be used. For example, in this

aspect of the invention, the BDD material is used as the anode and the PCD is used as the
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pol ycrystal line superhard material in a variety of
manners. I n one aspect, the grooves between the

w0 pabouz4foml cutting el ements can be formed on BCPUE2006/018761
surface with el ectrochem cal machining, by |aser
abl ation, by plasma etching, by oxidation (to form
carbon di oxi de or rmnoxi de-Has), hydrogenation (to

cathcifxge;geép t h anﬁgﬁgﬁ% ina enal rwgﬁﬁa%%%@ew ﬁct h&%lﬂé{a‘c both the

BDD Riafbridl #MBSPCD ﬂﬁ@@n@lf \fzﬂplﬁd dkdmed, a8 Raryinganss, Vﬂuhhg the EDM
relatively short wavel engths (e.g. exciners

processd dHowc‘mry@ wsuersingshe pelanyde:g. by using @%BBE%@W@G %h?‘%&?nd
the \fé.P |ag &Zt %g ?)%fﬁa L{eegne n% rag a\g | s\ggwérr{ggdﬁ th? }irst

confgg%@a&foalﬂuytmmawﬁﬁs@sf%@amwnhsetﬁehort er wavel ength
used. Moreover, the surface 86 can be less with

nolitds c@naenhatedtﬂeaj thaesepf anwqut@ﬁ Y cm@q@wéna@@nd Phpigining

bl h
R, Rl R RS i

conthﬁiﬁfgr}hﬁt@l’ial (hdthe Beich 8lecRS®RY ¢hn B e)tt&ﬁietimél @l%hélp of applications in
material can be renoved from a pol ycrﬁst all'ine

addlsqpmtﬂnamlexmhclélb’ldaﬂcuwd]ba@nn tRoriexempledhs ¢iamopthdizraond EDM

i ndi vi du t tin fro ol
procgi e Hlrgt B PAP CRRRER, Fomaiaussaical s Hu kg ahbfa
maté%}étl tHaD 8 REEIE Bbsi¢d ﬁpﬁlﬁ:aﬁ@ﬁﬂ%d%aﬁ@? Applliogtidn Eprotective

pol ycrystal line materi al from around and about t he
covaruﬂgtapp@ca@bwbmtssprdaémgl apglieations matering mellding applicasions acoustic

1b°€b¥ remai ni Jf%t elé ?. ab ve the base of the cutting

app e SCHCOUHE A EBRETAUPS e i nvention, the materi al

| s 1 gemRMRHcd %ﬁﬁ‘aﬁ@tﬁelp Q! thEpRNe:RaARAGDN Broved R Gtprb&@a formed

di schar ge nmachi ni ng DM In this aspect, the EDM
by aprowesenuAising: lehga«gmmmrtiace abe wo&mmﬂe@pwﬂﬁy of individual

de di h d
b R R e R
fonﬁelaefr(ﬁﬂ Q %rk'iﬁg dide %f bh ?nthM PEQLSTSSpobiityPalihd \&p E@Qrc( mAterial and

his case CD woul'd general I'y need to be at | east
eaclpartmm@élbmemﬂmmgumhk yhat caadigoed ined contwore plangyrandirgoving the

e hr ough ,t he bor.on, dope a teri
worfifes i LT RREOfSEES TEIVEL Bk LRUIT P RO GHET O halig fom
the&vSfEBYe%Qwﬁtﬂtﬁ@EJﬁﬂ El'eﬁféﬁtspatter ns on the PCD. As shown
for exanple in 6, 1 n one aspect of the invention,

theE)antpies 30 of the EDM process can conprise a portion

f d d d BDD
oni % Tl ek e apls Bont vErithd Tl o otieking e ine togls of
the %%Eén@ thvehtion?" Su%ﬁ%ﬂ gEE Qt 1H§ét%§e 3nfy, idWBilo 1ifihidi0ord PRsent

DM process, forma Series of correspondl ng channel's
inve&ﬁohismbmtﬂfé&bgfonpact 34 (which, in turn, define a
plurality of cutting el enents in the PCD conpact).

Example 1:
A boron doped diamond film (“BDD”) having a resistivity of about 0.001 ohm-cm

and a thickness of about 500 um has a “zigzag” pattern formed on one edge via a wire
EDM process. The resulting blade is mounted on an EDM machine as a cathode. The
anode is a flat PCD about 100 mm in diameter and about 2 mm in thickness. The diamond
table used is about 500 pm in thickness. An electrically conducting fluid is used to carry
the electricity between the two electrodes. During the EDM process, the PCD is gradually
traversed across the stationary BDD blade. This process is repeated while the BDD is
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Wil e the protrusions are shown as being generally
V-shaped, it is of course contenplated that they can

wheooboe4tezl in a variety of shapes that can be B&l/861006018761
to form channel s having desired shapes in the PCD
conpact. As is known to those having ordinary skill in
the art, the EDM process w7 generally utilize an

s AL S L, Pt e B E b
closd %)rohﬁﬁlt@ﬁﬁﬂhe @y sf théBDD Mbleetlxtdmﬁel@)déﬂ agasr &t éledirical

lustrated in FIG 6 (| n whi ch the PCD conpact serves
dlSC]@a?éngsed@Cét%ﬁ@eaM nswéumw process and the BDD materi al

{’:fl?s 1%’%1&5 Ly C LI % ¢ z?% fﬁ\@tt._elm of H&E ers Qﬁﬁﬁallly formed on

| gur

the m rpem topf Whén the \gﬁmvb@féacﬁ SJpreBa@nﬁﬁtlte@ helght (e mﬁnﬁme

the anode and the PCD is used as thecathode, resulting
serrted tidges PChbmedars dbmmérf@wmba&umreewfrggomtrm Sv‘eﬂeguﬁfr&b/t the
notet t.both t BDD nmateri a rlal
3P Gisk Dl aedied i PR STH S oo S0eh b infor

fomféﬁoq%%h gleIPIRMSFamidy fcﬂﬁ@é@g@eramen@aieamet ang(eeofghe zip¥ag
usi ng the BDD as the cat hode and the PCD as th

patternoddhe BDima Pedipsef dhesapynesds also d@:héatmthq pa@@n’smxﬁeqsses of
h t.han | r\l\}x ﬁipconflguratlon but the surface finish
e%gzalgrpé f etter is contenplated that the

us ghe PN pRh&GHL A has &8 Pﬂ%a diBerRioAToRnE & origikdito PCD
material as an electrode to renove material from

plananydotmesd fl lestathccréwuydwmdd & amBDM aresess. doaddition, rﬂge

o Robhs BT Regh Pt BSREHED PR PR b e

(30@&91112641 He%n@dlﬁl%%ﬁ@ﬂn RREALHS ele&%de%%‘&f@ie@ (. geuo V and 80A).
i anond- di anond EDM process can be utilized to renove

Durinrg ttlas pmbesrs o6 BEDAM, the p@ltsatumaidnpdcfmrﬁla@t(m auictosaenmds on by 20

micrggtgsq gféhat ‘B%f 9 ﬁﬁ]gg lo:ggst't (g'l'?t \Sgil Veca‘@ieq? WX atgon%{]t%ermﬁ sgablhty,

thenﬁ@loédn@lé&ti\ﬁ{iis and @RiSHLRAAERI 18R és@lﬁia'tééﬂﬁat AR Rk indlm
mol di ng applications, acoustic applications,

elecigeds teopdiatiro (atwppaﬂ@(l?e& icomparedtte oxidatlattbmsualuddanmmmre of 750°

anot her t he resent t o rovjd a }
) ARt B DA myoss Beo dadt 208G Truriintt Gitaldin fopic
procesy. e & rite WOIHE IO €0 W’/J) Rvad al%loli’fa"élubﬁa\f cQIfn hiadhy ﬂfél'b@éar rate
cutting elenments of a cutting device, 'the |nd| vi d

of cappet tumgsteh €386}, STHea P spnt:ds@oahicyorfsqmenmmtftm wiag tvvlce as fast.
wor ki ng side of an integral piece of a polycrystalline
Ex hard material and each cutting el enment having a

hor e et S e B e vl BT (8 g e
positindy beased. olnt thisrcessy thediidMepedse wiaaktill viabietdxecpton piiewear rate
of thvc\a/i éSDtVDe% n%grtett angdoulbﬁsﬁE ?-{owev %gap slu(refsace finish of the ADD improved
due to a slower erosion rate on the surface.
Example 3

The process of Example 1 was repeated except that the cathode was replaced by a
PCD blank of 1.6 mm in thickness (PCD table 0.5 mm thick, cemented tungsten carbide
1.5 mm thick). The PCD used had a 25 um diamond grain size, it contained 10 wt% of

cobalt and had an electrical resistivity of 0.001 ohm-cm.



10

15

20

25

The foll ow ng exanpl es present various nethods for

maki ng the cutting tools of the present invention.
weewh/1swanpl es are illustrative only, and no |POT/USI00€©0MS761

on present invention is nmeant thereby. Exanple 1: A

boron doped dianmond firm ("BDD') having a resistivity

of about 0.001 ohmcm and al&hi ckness of about 500 mm
Ex E@E A "zigzag" pattern fornmed on one edge via a wire
rocess. The resulting blade is nounted on an EDM

mMa@DID grifsSofal 00A0GEEGH WhEusd a6 énaks adrézall bbddalinding wheel.
100 mmin dianeter and about 2 mmin thickness. The

The guisifisriametst was shaged By a B EBDO pracessio derng k Aigzas patien

N NN .

PCIPbREESBurihf eheRed etsin s fABYRCDYsut faed) EieSBD D0k ¢S Svab Blewly turned
stationary BDD bl ade. This process is repeated while

to unifirnRDEXHasg tlaederaitdoy edpseasm wihirg dleptical Rerratiyas gmpérd: After the

e

seri@WEy yRimighlesittidgCabmetits Geay fofmel oethe®am! ysi s, and
di ssolution. In this manner, a correspondi ng "zi gzag"

Exampla®rn of ridges is gradually forned on the flat PCD
t op, n_the greoves,se r er.m |
Oy S 908" L B ESPETURTE B roces.

PCIS baapat whe FotiRd 286 @MTRNT A~ pdinUe piRivally fSrubs ¥ieRdt inythe PCD
the PCD is rotated 90 degrees and the process is

compaedihed Befeh viap dermedrahsavarad raliissositions by erder toiseduce
con(ge% lc:ritggfes tpﬂghé;?{%‘@;%%%%%) r’ﬁ%ﬁgsglgth etgg al l@’e.llﬁgé gsP%ECgppelaner for

ter
truitdWe&kphiteam ds al so duplicate the pattern of recesses
of the zigzag pattern on the BDD. The PCD pl aner so
Example®ed has i nproved di mensi on tol erances conpared to

PCL, pl aner s r e metal | i | ect.rodes used i.n an,,

e egstof R e SNl reteiel BnEE PSR Be o el
patt&hedBDIPin e dq@iIBf spabdddrectibies. VIletr@tin O@iaNguldramid

current (30A) utilized are nuch |lower than netallic _
forngddenoneangiac slavdebeims. The rpsulting topl aredud®d Axcelldnt fadipl slhgy/debris

2r ocessngf E t he tEul satj@on period for EDD (20 mcro
PaSSEBTATE® %WL}&IW% B8 B¥EGnds of f) can be 10 tines

| ongg ko SR derst SHARRARE MHofXa8R b aneBRERE hreShBRIMsbNve of the

thermal conductivity, and chem cal inertness. I't was

appkestionaf éd priheiplesioétheprdsentmvehiéert. Nouecrowsmedificajions and alternative

MR B
scopd B ithe? @Pesend AWRhtidaRd tthétappéndelec1aBisabdel fatended to cover such

modifications and arrangements. Thus, while the present invention has been described above

with particularity and detail in connection with what is presently deemed to be the most
practical and preferred embodiments of the invention, it will be apparent to those of ordinary
skill in the art that numerous modifications, including, but not limited to, variations in size,
materials, shape, form, function and manner of operation, assembly and use may be made

without departing from the principles and concepts set forth herein.
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process. The wear rate of the BDD (0.3% was al so
fractional conpared to the wear rate of copper

wo aovgaeem (30% . The EDM speed (20 microns perPOT/Ns1066918761
was twi ce as fast. Exanple 2 The above exanpl e was
repeated with the reverse polarity: e.g., the BDD was
positively biased. In thi s-Pase, the EDM process was
st el  (Xk@bl e except that the wear rate of the BDD was
noplé'% doubl ed. However, the surface finish of the

WhatBRldinpd @&ved due to a slower erosion rate on the
surface. Exanple 3, The process of Exanple 1 was

Ly epeatting doXicEpeOPiEtng he cat hode was repl aced by a PCD

bl ank 6 . i PG _ ' .
oSl TP SRR 6 BB, 5, BN Sl i,

matdiatlisao Boremdvdidesmnd grain size, it contained 10 wt % of
cobalt and had an electrical resistivity of

0. 00,
ohAPEIRIEX gfprdividuammting dlemets aneed on e WondRe Sé@ gfthe base,
t k I i, ndi i
cc TR Al 901G AR RS RPEAP BBl oty SRS o
frond [@Rgyspalihesupettacd @arrial] the pBilS oftteeiittings] doxais bderhligaed ina
a cathode for an EDM process performed on a PCD bl ank.
comm@RiPHEet he traversing of the PCD surface, the BDD
wheel was slowy turned to uniformy expose the
contact edge from which electrical current was
2. enirht @ekicdbft @dint hewlidrelg €ise bues and @chedthetdhaing@meass are formed
rotated to traverse in a perpendicular direction until
frompansigeigead pisice B§P@1HPW&‘13H@Q§W%€“@FT@M-S were fornmed on
the PCD. Exanple 5 A BDD was fornmed to an "A" point
and used as an anode in an EDM process. A PCD conpact
3. wag st @dichesthplidigg." A" point to gradually forma V
notch in the PCD conpact. The V notch was forned at )
seedrst havirg u3yvopling tsidsribatican be geiented to fasgicworkpiece from which

concentric ridges.on ih ace. 2 [ .
mat G bk R 18 b Rpet o Py 8 8 bBferystatine
supeiRti& Ria@ERE anExanpl e 6 The process of Exanple 5 was

repeated foll owed by traversing the "zigzag'-

e prlity OBDIA Y Hualioutingeimants intsgellydoaRebwith Siesworking side of

the Rgicneh Ot BB FivgB¥ B 2P ettt €5 BERRra it AR of e
cuttifil UlembhfiaRingSaligned in a common plane.

)
clol

4. The device of either of claim 2 or claim 3, wherein the polycrystalline superhard

material comprises a polycrystalline diamond compact.

5. The device of claim 4, wherein the polycrystalline diamond compact has a diamond

grain size of about 50 um or smaller.

6. The device of claim 5, wherein the polycrystalline diamond compact has a diamond

grain size of about 1 um to about 10 um.

7. The device of claim 4, wherein the polycrystalline diamond compact has a diamond

content of about 80% to about 98% by volume.
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passages as well as very sharp cutting points. It is
to be understood that the above-descri bed arrangenents
wae@eaom7y2 i | |l ustrative of the application of tPEI/US2006/018761
principles of the present invention. Nunerous
nodi fi cati ons and alternatlve arrangenents may be
devi sed by those skilled in 20he art wi t hout departing
fr t r
t n e agic e HcIEE B Vathl PEASE e POKERl M Aerbard
matéfxdichbingfitds@imlwngktaAlinangeaborva nitfitie sompdet.l e t he
present invention has been descri bed above with
particularity and detail in connection with what is
o B SR lie UERURT 1 Qs BE pRSL B BrkirifhieeP P aping dovice
apparent to those of ordinary skill in the art that
nuner ous, nodi fications, including, but not limted to,
10. y arlihgidewis of plain 3 eWhergingthe sptéing éﬁ\aﬁ%commﬁ% aflrseing ggvice.
and manner of operation, assenbly and use nmay be nade
W t hout departing fromthe principles and concepts set
11. f orltte db@fo%idf- il NSruhat corpiédiag aBEriésSof secoldlagyittiiting elements

devi ce, gEr|S|:£ a base having a working side that
fornaeghome’ fé‘Fq gasd afothe gpHing dlenrps.clbe seeapdpphewting elements being

conﬁ%ﬁgg cghnéa]hﬁmh%t stfl%aﬂn%lgg)gpgz‘ch%}(%hgctﬂ gé @#etsydu%fn e r(])g the cutting

S arrange the W
devigede of the base, each cutting el ement having a peak
that conprises at |east one cutting edge that is
formed froma polycrystalline superhard material, the

12. p € aﬁ% d%rnlcg Qﬁel&g} ct)ﬁquﬁmgl SRS % {égh tﬂl‘b&\{}ﬁ gf I!hg c@t{iﬂ% element are

evice of c erern

opeﬁaseeto@ﬁdamtan@ilbtthﬁtlemalwm el errents are formed from
an integral piece of polycrystalline superhard

mat er i aI 3. A cutting device, corrpri sing: a base

havlt(pl eeglce forf § r%lr%hﬁlc ﬁv%e}etu? hectﬁlr%tle a eng?ﬂt el%eltngnatr &?(ﬁcte% from the

erra e renove

grolfR86nsieinp Gff armedl, fa gitan wakiregnakd RilRes WifeAto be reclalmed by
pol ycrystalline superhard material; and a plurali

planaﬁaatmnd L&D elass ian T etrbsirate, ian¥iEgvaler.ya qerirevais, t;hly qomenitride,
b h hayv
ool G TR SR 0, T B B e

indiGptditribe, @dr@ﬂ?ﬂé@h@t@l A8malund AREdd dhdb sSR! ane.
The devi ce either of claim2 or claim 3, wherei n

t he polycrystalline superhard

14.  The device of either of claim 1 or claim 3, wherein the peak of each of the cutting

elements includes a plurality of cutting edges aligned in the common plane.

15.  The device of either of claim 1 or claim 3, wherein the peak of each of the cutting
elements includes a shape selected from the group consisting of: a square, a rectangle, a

triangle, a hexagon, a circle and an oval.

16.  The device of either of claim 1 or claim 3, further comprising a series of secondary
cutting elements having at least a tip aligned in a second common plane, the second common
plane being disposed closer to an opposing side of the base than is the common plane, the
secondary cutting elements being configured to limit a depth to which the cuiting elements can

cut into the workpiece.
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mat eri al conprises a polycrystalline di anond conpact.
5. The device of claim4, wherein the polycrystalline
walr@sondIronpact has a dianond grain size of abOIUSH06/018761
mmor smaller. 6. The device of claim5, wherein the
pol ycrystal | i ne di anond cquact has a di anond grain
size of about 1 mmto about?lt0 nm 7. The device of
claim4, wherein the polycrystalline dianond conpact
has a di anond content of about 80%to about 98% by
17. VOTH&Bedce dihitnuifheNs, #Rcrefn thé deanday cuttiag slethents terhdnate B a planar
wherein the polycrystalllne superhard nmateri al
face.conpri ses a pol ycrystalline cubic boron nitride
conpact. 9. The device of claim11l, wherein the cutting
devi ce conprises a planing device. 10. The device of
18. cl FheuSvica\bRdiBieRoft dMinCLb1 dlsich 3leticdin Gayppakseihacuiting elements
dressing device. 11. The device of claim1l1, further
are lowinrickiting tathespinawnaflansagitiio abgutdli 1y 2bp@rdrie.
formed on a face of each of the cutting elenents, the
secondary cutting el enments being configured to
19. MRTAL AéRcdo AP HheRin tReEkO b thBGukink kichtnBd@eRveled relative
during use of the cutting device. 12. The device of
to theicotnaronqflarcd withm Bbout@Sgiom 3, wherei n the peaks of the
cutting element are operable to cut a substantially
brittle material. 13. The device of claim 12, wherein
20. t henPh&ViLd & FHRELSH c?ilm' 150r@1a'i'1’ﬁ @b%flel%ﬁl tRE E@rﬁ‘mt)ﬁ BlEnk ﬁ‘%}ltched from
group consisting o a netal, a silicon wafer, a used
abous 200 pantovbbat 2000 (be acresd the me;dklhg sidk affi érei cnsttngah:vwleCD
gl ass, an LED substrate, a SiC wafer, a quartz wafer,

silicon nitride, zirconia, sapphire, |ithium niobate,
I it h P ' .qaal hi .
1 I SRR pE RS I LT o ctim

cmnpmﬁﬁgd&smﬁﬁb$oron nitride. 14. The device of either of
claiml or claim3, wherein the peak of each of the
cuPrIvidng peRBishStal el syprrard %tmadwpwa@f adit ti ng edges
aI| n
o ARGk I8 FRATRA RIS TS KL P9l gt
mateial édrigaceloiBn tife plinalityde sndividind petting leRaicats ffonm thetpodycrystalline
group consisting of: a square, a rectangle, a
superlpgrd mptesial gomps@dgon, a circle and an oval . 16. The
device of either of claim1l or claim3, further
conprising a series of secondary cutting el ements
22. hadhBgnéthod 8askaid A1, fhatei ﬂﬁdpdlgcrgstﬁmﬁ@ Répctdfiaaterial compact
pl.ane, the second conmon pl ane bel ng di sposed cl oser
compgsasrt repysoxitHine ligeopd C‘Plﬁéa%as e than is the common
pl ane, the

23. The method of claim 22, wherein the polycrystalline diamond compact has a diamond

grain size of about 50 um or smaller.

24, The method of claim 23, wherein the polycrystalline diamond compact has a diamond

grain size of about 1 um to about 10 ym.

25.  Themethod of claim 22, wherein the polycrystalline diamond compact has a diamond

content of about 80% to about 98% by volume.
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secondary cutting el enents being configured to limt a
depth to which the cutting elenents can cut into the
wowrkpeer. 17. The device of claim 16, wherei nPCT®S2006/018761
secondary cutting elenents ternminate in aplanar face.
18. The device of either of _.claim1 or claim 3,
wherei n the peaks of the cut ing elements are |evel ed
r elgt.i
26. b(;[g{e ﬁégth%%&fl 11910%:3 ! q’gie\?%nggﬁeo Igf}gﬁaﬁﬁ’l@ léhaﬁh?rg:lﬁhtieﬁal compact
compeiads pilydrigaltine tulig betoamitnils campadtevel ed rel ative to
the common plane within about 25 nm 20. The device of
either of claiml1l or claimS3, mherein t he conmon pl ane
is t
27. ¢ e ARt LB 28 Ry oo Rt 0 D TRy cutting
elem)a‘nts‘mrzm et hafacaof each oﬁ&mwumngslenmts; td sbcbrﬂmtyfmttmg elements
cl ai r claim3, conprisj the step of: providing
being %F] g@ﬁa 4o mamtas atgengssef fﬁ%i et ihswuﬁsxﬁfé@mnt%lﬂwng use of the
cuﬂﬁ%QEVng material froma working side of a base of the
ycrystalline superhard material conpact to formthe
plurallty of individual cutting elenents fron1the
pol ycrystalline superhard nmater.i al conpact

28. et drodotalaiml, wherspeauHingrd g fflaq peting ql@ﬁ@nts fre s operablo to
onpact conprises a polycrystalline
cut%%aﬁﬁﬁl&%l&rﬁﬁ%ﬁ The nethod of claim 22, wherein
the polycrystalline dianond conpact has a di anond

grain size of about or. smaller, 24. The net hod
29. of Theansthedof glpiss 8$,nwlaq#@n;§hﬂ lgretﬂy SRl freh BrembeRgplocied from the

gro g%}%fs&lBEﬁcffﬂ Qig!eﬂgne[e]gﬂl%rﬁ\ng sgxfl sﬁggﬁtw gfrrgg £ rﬁclalmed by

planatibativhy $1CD klass i Ia]ErDrsdbsmr@acsldmsfen dgaaroneafennfiléddn nitride,
of, about, 80%.to about 98% by vol une. 26., The net hod_of
zircempig; sgphire, {HWR niohates Ly &wy&t@mﬂn &aliypearpaayide, gallium nitride,

t I e cubic
i o O BRG R R b fRR SeE Al 20
further conprising formng a serl es of secondary
cutting elenments on an upper surface of each of the

30. cutlhergetbedpbplein 2 nehasadptaing the thmg clemenisrinelupes gligning a
hQf th
o0 U8 T B SHREIERS ORIl B2 o
The net hod of cI aim 21, wherein cutting edges of the

cutting elenents are operable to
31.  The method of claim 21, wherein the peak of each of the cutting elements includes a

shape selected from the group consisting of: a square, a rectangle, a triangle, a circle and an

oval.

32.  Themethod of claim 21, wherein removing material from the working side of the base
includes removing material by a process selected from the group consisting of: laser ablation,

electro-chemical machining, plasma etching, oxidation and hydrogenation.

33. The method of claim 21, wherein removing material from the working side of the base

includes removing material by electrical discharge machining.

34.  Themethod of claim 33, wherein the electrical discharge machining process utilizes an

electrode that includes diamond.
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cut a substantially brittle material. 29. The net hod
of claim 28, wherein the brittle material is a nenber
w@edoeat4ad2 from t he group consisting of: a nmetaPCT/aS2006/018761
silicon wafer, a used silicon wafer to be reclained by
pl anarization, LCD glass, ap, LED substrate, a SiC
wafer, a quartz wafer, silittn nitride, zirconia,
sapphire, lithiumniobate, lithiumtitantate, PZT,
gallium arsenide, galliumnitride, indiumnitride,
35. borThe npttiasipifataém 34| whemrimtheelkctiadle inadartode drat micludesieoron doped
. 30.. The nethod of claim 21, wherein formng the
diangqnds j ng el ements includes aligning a plurality of
cutti ng edges of each cutting elenment in the conmmon
pl ane. 31. The nethod of claim 21, wherein the peak of
36. eadhe afethidiefcliimi36gwhéreimin isoromddped esanzorsivapde sweludes sbries of
s e P s e A i Rt BN R
[ I n@f&a. rd fromthe working
matétjliage 0 te %&g)ggﬁe@?c{] ugiélgﬂg %rgﬁ\toe\?iﬂr?glerrrrlﬁt erial by a
process selected fromthe group consisting of: |aser
abl ation, el ectro-chem cal machining, plasma.etchipg,
37 oxildammesipdpf gl drtowhersin thnelecirpde 1 acathads dept &Gﬁ%{éég%ﬁon doped
diarfond, Wherein renoving material fromthe working side of
e base includes renoving material by electrical
di scharge machi ning. 34. The nethod of claim 33,

wherein the el ectrical discharge machi ni ng process )
38. |t 11l eeghoskpflamn oo HBeHHRe Poreh G AR piheste ineludes a series

ot SRR L TR IS S5 Ri Fgierom
matedidAifiondthe fidearfehaicdoygacbir a)g’rodmlqdlﬁdha mond anode

i ncl udes a series of shaped protrusions extending
therefrom the shaped protrusions being configured to

re Fal - . f f . '
39. G o g TBAE bL Bairh 357 Sinl Bl shAlE ARG T il B the compact
furthdteombdsdsfotieing 8 sericsaif badaddrh aiitting eletidas Havingnat Bagedip aligned

~ dianmond. 38. The nethod of claim 35, wherein the boron
in a gegead camaepiiancathesgeondronueisplansheingdispased gloserdo an opposing

eGP LR L EICH %0556 TAAE, SRR VB0 v

conﬁ%l&e@ paitta depthaogriaely #@ cpaing @lemen&Scan theint@tHeodorpiece.
claim 21, wherein renoving material fromthe face of
the conpact further conprises formng a series of

40. :ﬂe iclgl%gngerﬂ)(ocf: ol‘ftcia{h'ﬁ% 9,elVﬁgl%Hlt ese‘lcllpgfvthg &cgﬁdgﬁ aﬁ[ingelg&ents terminates in

a planar face.

41.  Themethod of claim 21, wherein the peaks of the cutting elements are leveled relative

to the common plane within about 0.5 um to about 50 um.

42.  Themethod of claim 41, wherein the peaks of the cutting elements are leveled relative

to the common plane within about 25 um.

43.  Themethod of claim 21, wherein the common plane is pitched from about 200 pm to

about 2000 pm across the face of the cutting device.
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in a second comon pl ane, the second common pl ane

bei ng di sposed cl oser to an opposing side of the
w@ompaet79t han i s the common pl ane, the secondarP@T/Us2006/018761

cutting elements being configured to limt a depth to

whi ch the cutting el enents n cut into the workpiece.

40. The net hod of cl ai m 39,™#herein each of the

sec ' E%”s%ﬁﬁa ilnates in a planar
44“faégﬁg%%¥t%ﬁ%&%g?ﬁggﬁb C 3#%?%%, wherei n the peaks of

t heengagihg agurddce f atwrlgriecd venited plraligy af indwidual ¢uténg elements of a

co n plape.within about 0.5 pm.to ahout 50 nm 42, |
cuttglerise HBEISVIda RS glemgh i@}nﬁ intRgra )éﬁa@wgfromworhng sideof

o PSSP b PR g
peaktieat & alighbdincocommnopphne; angl pi t ched from about 200 mm

to abaut 2000, mm across the face of .the cutting

devipewng e worlpiger A theguiing dyios rppibeeds encastofher & thgreby remove
maBAGARA Ay SHHLBC il indoiBhg Dbl Lh @ plural ity of

I ndi vidual cutting elenents” of a cutting device, the

i ndi vidual cutting elenents being integrally forned

froma working side of an integral piece of

1 ) a . .
45. pol TheBredugt pf dlainy ¢ avheaein thespodvorytal ipgsupsiard materighcomprises a
:&{'ﬁ% [ k that is aligned in a comon
p01p ane?ﬁ%%g%ﬁggf%s ‘e wor kpi ece and the cutting device
relative to one another to therebyrenove material from
t he workpiece with the cutting elenents. 45.

\ ;i The .
46. pr othsarro@iet ef Aaim 44 Wheres e RobyrrystaHing diapaqng coppact has a diamond
. r teri rises a polycrystalline dianond
gra@%%gg{%gﬂg_% P%%gla%)mglgeg'gt of claim45, wherein the

ro

pol ycrystal Il i ne di anond conpact has a di anond grain

size of about 50 nmor smaller. 47. The product of )
47. c| altapreduchpicalam e, waerssl fie polyeastalling difimgndrrempeetbasa diamond

has a dLaqgnd rq%n ﬁ'ze of about 1 mmto about 10 mMm
graifgtze it gb@ild ditntd o Fhi-45, “wherei n the

pol ycrystal li ne di anond conpact has a di anond cont ent

of about 80%to about 98% by volune. 49. The product
43. of Thegiraduttiof aldivr4s, whetesn the bylycnystaHinkeidrensudmenipactdias a diamond

confi 71 g SRRR ISR ARG MRuct of cl ai m 44, wher ei n

each of the plurality of cutting elenents includes a
cutting edge aligned in the comon pl ane.
49.  The product of claim 44, wherein the polycrystalline superhard material comprises a

polycrystalline cubic boron nitride compact.

50. The product of claim 44, wherein each of the plurality of cutting elements includes a

cutting edge aligned in the common plane.

51.  The product of claim 44, wherein the process further comprises engaging the surface
of the workpiece with a series of secondary cutting elements having at least a tip aligned in a
second common plane, the second common plane being disposed closer to an opposing side of
the polycrystalline superhard material than is the common plane, to thereby limit a depth to

which the cutting elements cut into the workpiece.



51. The product of claim44, wherein the process
further conprises engagi ng the surface of the
wowrkp4aee wWith a series of secondary cutti ng PCEDBIWE018761
having at least a tip aligned in a second conmon
pl ane, the second conmon pLagp bei ng di sposed cl oser
to an opposing side of the polycrystalline superhard

52. matBEreippdduchefitldim S heheimes@badey cﬁtﬁn% Bigh RN tdrifhdic @ a planar
depth to which the cutting elenents cut into the

facepor kpi ece. 52. The product of claim51, wherein the
secondary cutting elenents termnate in a planar face.
53. The product of claim44, wherein the peaks of the

53. cutThepgodekesteliig 4a) Rhéreitrhepeakk 81 thy Suttifs bR IFI S eled relative
pl ane wi thin about 0.5 mmto about 50 mm 54. The

to therqoguren plpnecyithim abaut G eueioraboheSemks of the cutting

elenents are leveled within about 15 mm

54.  Theproduct of claim 44, wherein the peaks of the cutting elements are leveled within

about 15 pm.



