[ Name of Docunment] Specification [Title of Invention]
TOOL W TH SI NTERED BODY POLI SHI NG SURFACE AND METHOD OF

MANUFACTURI NG THE SAME [ Techni cal Field] [0001] The
present invention relates to a tool having an abrasive

[Naparof Dotusemt] er ed superabrasi ve and a nethod for the
manuf acture of the sane. Mrre particularly, the

invention relates to an AgiMen t ool for the
condi tioning of chem cal -nechani cal polishing (CW)

. Igh are commonly conposed of hard urethane. The
[Tngggﬁhgﬁggﬁcan be effectively used for processing
materials to _achieve an efficient
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relates to an effective nmethod for the manufacture of
such tool [TechniMANBxKHYBINMG]THE 002 | n recent
years as technol ogy advances in nulti-layer wiring for
[Techhiealgfielduict i on of super LSI devices, CMP has been used
as an effective technique for planarizing interlayer
[oooipsul ation films and wafers of netal such as silicon.
For the CMP technique polishing pads are enpl oyed,
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order to secure i gh degree of planarity and wafer
supepbasaigiang aragted @egﬁgﬂwxﬂgﬂt@s ﬁgF}{eisé??anM%%P%é‘éWaﬂ% the
~conventionally practiced with a tool in which di anond
invergtion relates to an abrasive tool for the conditioning of chemical-mechanical polishing
(CMP) pads, which are commonly composed of hard urethane. The tool also can be

effectively used for processing various semiconductor materials to achieve an efficient and

high planarity performance. This invention further relates to an effective method for the

manufacture of such tool.
[Technical Background]

[0002]

In recent years as technology advances in multi-layer wiring for the production of
super LSI devices, CMP has been used as an effective technique for planarizing interlayer
insulation films and wafers of metal such as silicon. For the CMP technique polishing pads
are employed, which is commonly made of hard urethane foam and which needs to be
frequently conditioned on the surface in order to secure a high degree of planarity and wafer
polishing rate.

[0003]

Pad conditioning has been conventionally practiced with a tool in which diamond



particles are fixed to a base plate by

el ectrodeposition. Electrodeposition conditioning tools
are known, that conprise such a rotating abrasive tool
for exanple, that the circular surface of tool has a

parthudsl confie@itoradase gleedy ddctBdgRsaRhas Elé%tr@@ép%hﬁbﬁ@ondmomno tools
thereon. There are further “outer circular regions: in

t e g
are %%b%g{; E}L?%%rlngﬁgé sugl? ¥(ﬁ§tln(\g a;%a[esﬂjfe t)g(@(ﬁ ?%Xa nig,[ tlp%:;ﬂel% 81&01{1&1 surface
sev d rows of ections that are in the

of g Eﬁl%%%@fre eeispafa W%palwgess%ers% et rther
super abrasive particles are el ectrodeposited with netal

oute gircgregians: ip Hg-frefy paxd tpthejcenstal sgeson, Papkertsupoepsime particles
1). Since the superabrasive particles are fixed to the

are fragdyplatedgrkitioniohBevird kphceiRbab of gtejposors thdtake in the shape of
physically rests over, their retention is not always

parti@NépueRe. 401 1Q'tH@se@8n@‘§§;§‘a%@?§1 4rQks érbfe%ctr%e&;@s&@%th metal on
partlcfes becom ng | oosened during a process,. [0004]

ose abraS|ve naterlm
eV a&égq@ﬁ% e(\’[t?onts??&m#z)solég% di‘anonds or the I|ike,
e resjin-bonded to the rota C|rc lar to

1 SPC%ﬁ’FfSHBeéaWSWBadeSWB P 9 gg?ibﬁ e oali Wit Biokpetal
radi al and concentric slits (Patent Docunment 2)

deposgs ey By sicil eestssemeh theisietenbion i ey abive's enatehdp waigsn acceptable
produce an adequate retention of the abrasive

tool iy withlsesg ptdtieles bedcsnicgvoasteid elveing atphsessan i nsuf fi ci ent
life in sone applications. Electrodeposition bonding

[000techni que cannot al ways achieve a sufficient tool life,
either. [0005] Further a dresser is known that

Coﬁp(gthéea%regnleh{;]e rlng %A(iurp\gh@s%l EIsHRL A4 ?&}ﬁ% Egm&%es particles of

dep03|ted by c por ep03|t|on 0
diam%gc%l ﬂqu w%f %re?faeglg g?ltg%% o%é if(clft? Scfl{{cfuﬁaﬁg Fat &?Cé: of the
forn1a dlanDnd thin filmby this technique follomnng
tool; Rderatetegtieneg Wity iggi and SR B (Pt Bosemeical wit h

patterned small indentations and projections, in order
t dproducecs gidhi resie honding dogsiron ab¥ays hwdiuct m atequge retention of

obtain a 7
the abrasive particles, the tools can achieve rather an insufficient life in some applications.

Electrodeposition bonding technique cannot always achieve a sufficient tool life, either.
[0005]

Further a dresser is known that comprises a thin film of polycrystalline diamond
deposited by chemical vapor deposition on the projections of a base metal working surface
(Patent Document 3).

It i1s apparently difficult, however, to form a diamond thin film by this technique
following adequately the irregular surface of the base metal with patterned small

indentations and projections, in order to produce sufficient retention of the film or to obtain a



tool wth a precision high enough to neet the needs,

whi ch are nore and nore denmanding. [0006] As descri bed
above, conventional abrasive tools, or pad
conditioners, can only have a deposit of abrasive

toolpaiftt & ple€iSiomiHigh dridegl QPBed theiRes, veilelSard lort Bnd@mdfd de@iaiding.
but varying | evel because of the fluctuating particle

wo%jzes that those individual particles enployed on the
Ase pl ate (base netal) have. Such feature causes a

roblemthat, a part al.one of .partjcles that.is nost
b St Gt pEiet ey RuGEl et B Pplsoe TeednyitpBee i onehave o
used in the conditioning process, and the partial
depesitcd biagie peraigicn §ivrle an seuRpes eydsmet HumarEo Iyt Farying level
particles, eventually even leading to a premature
becaues of thatlicmatofe panticl¢ siets thatftRose [10d0id]all tartivdgs dmeplolesl angtle base
for elimnation of the downtime and costs for pad

plat€@ash hb@Nihage. thRh fehabakmiseadh h%le@ﬁ that 3}%&@ BloRE of pdiBcles that is
metal wafers be practiced with a tool erein particles

mosfs) nggaiﬂgﬁ?&aﬁé stterbg te ?%Q%%@Bﬁ)acﬁ) ergré?g ?ge:dﬁgghete&ngﬁlggiélg

ace o ase a rigl

of th ol i.shi n ad of urethane foam and | oose .
procSis, BT ERal e adineth® EERE antyeonarTsEeIaae miges
assunes that a high precision uniformty be provided
evenfiadly el seding kva pismatie tesiger obthetegldife.of abr asi ve
particles, which are deposited on the base netal plate
[000fb provide cutting edges. Such tasks have not been
fully solved heretofore, however. Patent Docunent 1:

JPit iy B2QR&Irsd3 TddalimiRaioa nf tHaalowARiie add cdBs fé) pad conditioning, the
2004- 291184 Patent Docunent 3: JP, A 10-071559

plan{rlr?gﬁfr}q gﬁl{ici%gn]r li‘k[Q glggdgrv%g@ré 80} rakd@sksint 81 RE whele¥PFhri¥les of
diamond or other superabrasive are fixed to the surface of a base plate of rigid metal, in the
place of the polishing pad of urethane foam and loose abrasive particles that are
conventionally used. That assumes that a high precision uniformity be provided and
maintained for the surface of layer of abrasive particles, which are deposited on the base
metal plate to provide cutting edges. Such tasks have not been fully solved heretofore,
however.

Patent Document 1: JP, A, 2002-337050

Patent Document 2:  JP, A, 2004-291184

Patent Document 3: JP, A, 10-071559

[Disclosure of the Invention]

[Tasks to be solved by the Invention]

[0008]
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One of the objects of the present invention is to

provi de an abrasive tool capable of efficient

processi ng and an effective nmethod for the manufacture

of such tool, wherein the above described problens
haGmehgete 6Hjedi othedrebdintinabford BltapRAidetnt dbeashRttBol capable of
retention o abraS|ve particles to the base plate and

- f
efﬁ&g}ﬁ lp%c%fs’u‘?d ﬁlﬂll A eﬂ%e 1vesrggtﬂo§ Wr tﬁecﬁﬁ?uflah%e }ﬁ?x{e]{é)lt hlefyeqh the

icu provi de such too

d conditij t ha :
eofERRL TR %ﬁ%@@%@ 3t fihingled et e CaTRaEd Rgpion of
sem conduct or wafers or the | i ke, [Means for Sol ving
abragiye pmitislss énd bascaggo pnd He Hrenigen of Pigbed Bufges. ag hés invention, in
result of devoted and concentrated efforts for a
partisolay iis wrprotide tivd tadlav de difsaivielyedapiablelas BBVIP phdtorditeyer that
coul d be solved by conposing the abrasive part of a

enabMsWhafiidi¥nt ProdRfi8s bV gl i i @ subfadds@ned mSdREH @b WsfeMedr the
particles that are in specific arrangenent, and further

ike€fforts have lead to this invention. According to the
|nvent|on is provided an abrasive tool conprising an

at . conprises a |layer of sintered
[Nk@ﬁ %%ﬁ?@§q$%hﬁg£ skl es, wherein said abrasive part
conprises a plurality of abrasive units that have upper
[000@hds arranged on an equal level. Al so provided is such
tool, wherein the abrasive part is conposed of a |ayer

of Th@imtt&mehi%iﬂtp&h abz esilN ef gaotddand Sonteatragdeffos fred solution
integrally to a backing of cenented carbide, and said

to thabscasideseribil beobldrs, eHak aRgeultbe Salved B tambygn Pk abak@s gart of
groups of linear grooves. Further provided is such

a plu¥a@i‘?§L of M@sﬁ@é thifs t@)@ stARIPE] s@@gﬁragfve gglrﬂ%ﬁa's\fﬁat léﬂsl 1‘1’1%p9’5i‘ﬂ@

shar pened edges. Further "provid I's such tool, wherein

anan%gr%ex?? gn%lsiiu tgca; erf'ltor’[ss Wy elefigwatBSha eentlgg LU ed or

unca ram

According to the invention is provided an abrasive tool comprising an abrasive part
that comprises a layer of sintered superabrasive particles, wherein said abrasive part
comprises a plurality of abrasive units that have upper ends arranged on an equal level.

Also provided is such tool, wherein the abrasive part is composed of a layer of
sintered superabrasive particles that are joined integrally to a backing of cemented carbide,
and said abrasive units are arranged in said abrasive part along groups of linear grooves.

Further provided is such tool, wherein the upper ends of abrasive units have
sharpened edges.

Further provided is such tool, wherein the abrasive units are in a shape of truncated
or non-truncated pyramid.

[0010]



According to the invention also provided is such an
abrasive tool, wherein the abrasive units are in a
shape of truncated rectangul ar pyram d that have at

| east one of the top edges sharpened. Further provided
I S Adechiimbivakd Meeritealalsoievigedistsieh abstasdivetou) ivthsrend e
in a shape of truncated or non-truncated triangul ar

abra\@j\%'é:%ﬁjtgare FiE CRBE oP AN MG L SnSHS LA S(.hélt%a?@&)tl least one of dthe top

rein the abrasive units are in-a shape of truncate

d tr'angu r pyramd that have at | east one of the top
© g%ﬁ%@? g arpened. Further provided is such abrasive

tool, wherein the abrasive units conprise a |inear

ri dgBhegprevided is puahrdrassye toply hprsin {he g0iagive upds &g éna shape of

abrasive tool, wherein the abrasive units are in a
trunstieher mof-truneattdngmialar pyratid.angul ar pyrami d arranged at

a pitch of 200 pmor nore but not exceeding 1,500 m

Furthker pps@¥ddde dudhsabsdstht tabIl dsikédh the@brasib @hi@d dte i@ shape of
abrasive units are in a shape of non-truncated

s i | f
tmn%agé‘cft?iggémﬁr rpg?a{)rrll}%i%ﬁ@lg% QtrlengB%fqa%{b% rg\ag%u%taﬂ)gir}@t 0

m or- no not” exceeding 2

pravided is.such abrasive t.ool, wherejin the . . o
DA e R rBF S BRA o bR berp iR e ritscoptpefye  Hinea
.. abrasive tool, wherein the dianond particles have a
ridgg s 40P theiePti cl e size of 40 to 60 pmor less. Further
provided is such abrasive tool, wherein the | ayer of
si hughes grovigedriapichsibiesivepenlt Whereis thasbrasivingkrees 51 o$hage of
1 mmor nore. Further provided is such abrasive tool,
rectanbeledririseduthr ppraast werat gl at b it oP2@) irg W Afor®@but rn Bxdeading
shape. [0011] Further provided is such abrasive tool,
1,500grein the abrasive part is in acircular or 5

Further provided is such abrasive tool, wherein the abrasive units are in a shape of
non-truncated rectangular or triangular pyramid and has a height of 30 pm or more but not
exceeding 200 pm.

Further provided is such abrasive tool, wherein the superabrasive is diamond.

Further provided is such abrasive tool, wherein the diamond particles have a nominal
particle size of 40 to 60 pum or less.

Further provided is such abrasive tool, wherein the layer of sintered superabrasive
particles has a thickness of 0.1 mm or more.

Further provided is such abrasive tool, wherein said abrasive tool is in a circular or

annular shape.

[0011]

Further provided is such abrasive tool, wherein the abrasive part is in a circular or

W




annul ar shape. Further provided is such abrasive tool,
wherein the abrasive part has an outer dianeter of 90
nm or nore. Further provided is such abrasive tool,
wherein the abrasive part has a height of I mmor |ess

ann@M€khapebot t om of the grooves. Further provided is such
abrasive tool, wherein the abrasive part consists of 2
or s heOMaldda g! sgblg%aé@@%ﬂ%ef&ﬂﬁhe%’b?&sh% At $AORE QAL
sect or th an identical cenitral angle. rther

dmﬁaongﬁd I S _such abrasive tool, wherein said segnents

AR o €& Yo groups of grooves, a first group is
parallel to a radial border of the segnent and a second
gr dupthpisprayidedhigsuch ebrasiusioohahgwinihe @g@ﬁw peig hage Beight of 1
first group. Further provided is such abrasive tool,

mmwh égse orertaiettatr shevgropesst consi sts of 3 or 6 equally
di vi ded segnents that are in a shape of sector with an

| dgnttheddroGiaed isalicipnghve oI, tMhefeidihe Mb@eRe ipdrt SHidkts of 2 or 4
abrasive tool, wherein said segnents each conpri se

. f ’ fi ] f ; .
equ%ii}:cﬁ%dg& o gﬁl t}éz?ra%)ﬁlleassha@éqgfl s%%tglr g@h ag?@%ﬁﬁgﬁ ce%l%g%l'e.s

anged to aTradia r segnen

and. second .and. t hi.r o are arranged to cr.oss sa

e IR o R R R R

Further provided is such abrasjve tool, wherein the
grougs 959198 Varr @ {iFs eravg 1pparalleldo 2 gadial bprdeap! de segmgnyend a second

machining (WEDM .. Further provided is such abrasive
groupopirranghe te¢msss@ipkndisubkslyve sdid Girstigeoup. CMP pad

condi tioner. [0012] According to the invention there is

pr ouithie Gravidert id oethf dfastveaosTawhératitthe ebrafivapart adrsRSd ofeS or 6
tool having an abrasive part that conprises a | ayer of

AN ARG B0 B oy T bt e
t h%rﬂji]e?\fﬁovli'@e%elg suGch abrasive tool, wherein said segments each comprise three

groups of grooves, and a first group of which is arranged parallel to a radial border of the
segment and second and third groups are arranged to cross said first group at an angle of 60°
and 120°, respectively.

Further provided is such abrasive tool, wherein the grooves are formed by wire
electrical discharge machining (W-EDM).

Further provided is such abrasive tool, wherein said abrasive tool is a CMP pad
conditioner.
[0012]

According to the invention there is provided a method for the manufacture of an

abrasive tool having an abrasive part that comprises a layer of sintered superabrasive

particles, wherein said abrasive part comprises a plurality of abrasive units that have upper



ends arranged on an equal |evel, conprising: 1)
providing a sintered conposite that conprises sintered
superabrasive particles that are as a whole joined to
a backing material of cemented carbide, 2) leveling
endsamrghgedbpas ef@al $aief, @a6@prigiagl 3) cutting in said
conposite surface to forn1groups of linear grooves and

1 pﬁﬁ/l(ﬁﬁg a¥in®re POSASIUE that! 9615%{1@3 gﬂgzréﬂu%ﬂﬁﬁg"(fggaﬁfac‘le‘g Phat are as a

rovided 1s such nethod risi

I nter osite .c osed qf a.|ayer of sintered
‘“ﬂﬁaggFgﬁ?g@ﬁ@@m%g?FPeﬁﬁﬁanﬁgacgﬁglfo.ned integrally to
a backing of cenmented carbide, 2) cutting said

2) 166’8%%%1‘%%‘31{112939?é¢@°§:?§@gnent in a shape of sector, 3)
collecting a plurality of segnents, which are |dentica

3) cithng eovmet composite hefanéo Givmagirogd df tined? )gravviel amharespusl of abrasive
central angle, 4) arranging said segnments closely to

united6he elidigfoov&0 as to forma conposite surface in entire
circular or annular shape, fixing said segnents to a

ba?—‘x@sopﬂ Hi8e PR sch fdthod W fn?)gﬁa hereof, and 5) cutting

In Sal segrrents to pro array of abrasive units

wher eb f.gropves are.forne
1 RGBT BER o BB o RS e
4). Further provided is such nethod as descri bed
that %fsweed Rirgradyiorrhaciipg b eemeenirqarbids  worn wit h
abrasive units having decreased heights, is cut in
2) cugfingnggiseningbogito vdsldmysegmicnten ERMpe] Eist@at s of t he
I nvention] [0013] Wth an abrasive part conprising
3) collectirgraslusiipesfalapasnty exiial kicGli@sicallih ge@hétdsiotBe baObbRed in
the present invention is advantageous to those

2) wiBtORY &tai Q@h! 48501 ques, in that a substantially
i ncreased retention of superabra3|ve particles is

4) ansclﬁgﬂg @Qd %an&n?&ogeh}v B éalgﬁ 0 hle 80P I%IITQ% c%lrgposne surface in entire

circular or annular shape, fixing said segments to a base plate on a flat surface thereof, and

5) cutting in said segments to produce an array of abrasive units on said composite, whereby
group of grooves are formed parallel to a radial border of each segment as obtained in 4).
Further provided is such method as described above, wherein the abrasive part, as
worn with abrasive units having decreased heights, is cut in along said grooves by
wire-EDM.
[Effects of the Invention]
[0013]
With an abrasive part comprising sintered superabrasive particles, the abrasive tool of
the present invention is advantageous to those conventional techniques, in that a substantially

increased retention of superabrasive particles is secured and that thus the risky popping out



of superabrasive particles is mnimzed due to the
sintering process, which is conducted in a condition
of conbi ned ul trahi gh pressure and hi gh tenperature
where dianond is the thernodynam cally stable phase of

of seerdiansivertirli€ed Renibpmded@icab thessifeliti@procdshivBidRls conducted in a
retention can be achieved especially 1n the case where

com@h@ﬁ@f‘&rﬁﬁn&ﬁﬂ IQBA@H' Pfc@ higH PERARLAR Where S .a E;dti;‘t‘ﬁe

di anond partlc es-a y foin w th eac er as
a resul.t art | S8 qu n
ther BBl iR e bk PO Wogémﬁmtsn i (ARigher
often difficult to obtain an entire |arge dianeter
retenfiom£an e aphipYed espesiablven éhevﬁaﬁ%wéﬁeélméig 18 epplqygg for the
soundness, this can be realized by the present
supdrahvesitd, oinge thetii o relgrar ol evvdrel Brrslyghinad Mathgeclapthar @fa result of
abrasive part without a significant deformation at a

artlfidgRollegs 8¢ tHf m@aes e ikfacshe el dadosuiper abr asi ve
particle sintered body is manufactured from a

[joogturality of partial abrasive parts, because abrasive
parts of a Iarge dlaneter are made by cutting

f ap: sha si.ve a,lar di anet er
fr §4r%f%0V§upe s SreR AR B BB Fn P B e B b BB o
%laneter mhlch unevenness _ of S|nter|qg does not )
com sf&}tlﬂh%a quate 8RR perdBeSH thisarn Py refized by theiresen] invention,
abr asi ve parts [0015] Wth the abrasive part of the
whichgge provate, suaihe ferghareabf dsisie pami wghdid wesigniiqant defommaion at a
di m nished in the work operation, abrasive units and
high degrow eSpreaisiohewh@eiprisduperabrasivs pueic Rl sintbicd®sdy Isaaghivfactbyd
wi re-EDM for exanple, (along each of the grooves),

from%l ﬂﬁ&%hiyhﬁ pRRAb Y Eve Pt §ec§ﬁ§ JPA RG22 otfg@argpﬂﬁﬁtet’e‘? are made
part that conprises an adequately thick surface |ayer

by cﬁneg tl%h—%x%{cgg)aﬁw SEI%? (f?ﬁérsgs (bf%qgtt%e gt 1£ 19 grgt 21]5856# 1%191? le F{t}tlcle

un|

. . a.conpact or Jock of ntered super abr asj ve or

sinteged %P&Pf%/sm%l g kT yb‘é‘fvt‘ I“&%"Weﬁé’gﬁ?t%fn OFEnESgFgrand by
l.ike electric

combining a plurality of sald partial abrasive parts.

[0015]

With the abrasive part of the invention, when the abrasive units have worn out and
diminished in the work operation, abrasive units and grooves can be reconstructed several
times, readily by wire-EDM, for example, (along each of the grooves), since the abrasive
units are formed on the abrasive part that comprises an adequately thick surface layer of
sintered superabrasive particles

[0016]

Further in the invention, since the abrasive units are cut out of a compact or block of

sintered superabrasive or, typically, diamond particles by means of wire EDM or like electric



di scharge machi ni ng process, they can be fornmed freely

and as desired and thus a higher degree of too

preci sion can be readily achieved in the formati on of

triangular or rectangular pyramds, with the technique
discifargen@adhivignpioosks! thay cau B foGRaVREHY aitbds @kired 4l thB€a higher

| evel of upper ends and groove bottons of the abrasive

[ I j | : : : b E .
oS e 5 SR MR B A P L Pt
reci rfa

for. an.efficient productiaon aof a .high i on su e
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Drawi ngs] [0017] Fig, 1 shows an explanatory view
WHFb@ggfnégnﬁﬁeﬁ%Wﬁgﬁ he glypsiyEsaiepl e 1) according to one

enbodi nent of the present invention.. Fig.. 2 is an

ex phaaticohy, wheaws¢phsa@l)Psiadwondjtiamer athe alsiasiee ta@bbf the invention is

(Exanmpl e 2) according to another enbodi nent of the

very effeive @t,an efi@ent PrddhicBoh 65eHhiaN pieelsYonvsueied ¢ @iconductor
showi ng an abrasive tool according to still another

met§l@bodi mrent of the invention. Fig. 4 is an explanatory
vi ew (plan) show ng an abrasive tool according to stil

P [, e diyyent of the invention. Fig. 5is a
[Bnggﬁégﬁg%m%ggﬁfg?gﬁmﬁ rt in Fig. 4.. Fig. 6is a
tailed view of a part in Fig. 1. Fig. 7 shows an

[00 iplanatory view (plan) of a construction exanple for

_ the abrasive units of the abrasive tool according to

Fig.tlsbowhee ptplantorFivigw @lahofien aimagxploah@iemple/] Jencording to one
section as taken along A-Ain Fig. 7. Fig. 9 shows an

embedipleanaf the yrevér@wvepti@n) of anot her constructi on exanpl e

for the abrasive wunits of the abrasive tool according
Fig. DOs &h&pldheny LR (ptin) showing an abrasive tool (Example 2) according to
another embodiment of the invention.
Fig. 3 is an explanatory view (plan) showing an abrasive tool according to still another
embodiment of the invention.
Fig. 4 is an explanatory view (plan) showing an abrasive tool according to still another
embodiment of the invention.
Fig. 5 is a detailed view of a part in Fig. 4.
Fig. 6 is a detailed view of a part in Fig. 1.
Fig. 7 shows an explanatory view (plan) of a construction example for the abrasive units of
the abrasive tool according to the invention.
Fig. 8 shows an explanatory view in section as taken along A-A in Fig. 7.

Fig. 9 shows an explanatory view (plan) of another construction example for the abrasive

units of the abrasive tool according to the invention.




Fig. 10 shows an explanatory view in section as taken
B-Bin Fig 9. Fig. 11 shows a schematic illustration of
a wre electric discharge machi ning process applicable
to the nethod for the manufacture of the abrasive too
Figatitgrodisnag ckplamatoryeridodi seetidbn of takdreBiBhwdngi%n. Fig. 12
shows an expl anatory view (plan) of an abrasive too

Flgaplcg{od&sragcﬁ&n@mnﬁh%ratm@abmh%r&t&fdﬁdﬁ@r gk YRRt prokdsy .-
13 shows an explanatory view (plan) of an abrasive too

appggaﬁo‘?{]g)' A9rb8o875 fe %nangﬂpt‘agé Jﬁﬂ% alﬁ%s&{'ﬁ)o &\6 5%01'66 {:Iogl

ows an explanatory view (plan an a
accor di t.o anot her enbodi ment of the |nvent|on Fi g.
“Eﬂgﬁggﬁﬁngwﬂp%natory view (plan) of an abrasive too
accordlng to another enbodi ment of the invention Fig.
Fig11¢ shthvwsn axplengiranzvotpjan) oéan thyksing toot acearding wsinget ool
according to another enbodi ment of the invention. Fig.

embbdirsdrnws thainexpbanat ory vi ew (plan) of an abrasive too
according to another enbodi nent of the invention.

Fig [1BXRb @884 baflakorl I'\‘/?C\AN‘fJH%‘) 3k &d abrh Q0481 éccéﬁﬁ%sﬂoVa%oih@fﬂ

2 Abrasive unit Groove 4 Abrasive tool Abr asi ve

embléﬁ n]ient gf ﬁ:f'é %%%1319

Fig. 14 shows an explanatory view (plan) of an abrasive tool according to another
embodiment of the invention.

Fig. 15 shows an explanatory view (plan) of an abrasive tool according to another
embodiment of the invention.

Fig. 16 shows an explanatory view (plan) of an abrasive tool according to another
embodiment of the invention.

Fig. 17 shows an explanatory view (plan) of an abrasive tool according to another
embodiment of the invention.

[Explanation of the Numerals]

[0018]

1 Abrasive tool

2 Abrasive unit

3  Groove

4  Abrasive tool

S Abrasive unit

6 Groove

10



7 Abrasive tool 8 Abrasive unit 9 Groove 10 Abrasive
part 12 G oup of parallel grooves in a first direction
13, 14 Side face of a (truncated) pyramid 16 G oup of
paral l el grooves in a second direction 17, 18 Sloping

7 <itdesifedoel of a pyramid 19 (Truncated) rectangul ar
pyram d- shaped abrasive unit 22 Goup of paralle

8 avbeBwesmith a first direction 23, 24 Sloping side face
of a triangular pyramd 25 Abrasive part 27 G oup of

9 PRERl €l grooves in a second direction 28, 29 Sl oping
side face 31 G oup of parallel grooves in a third

10 diLec%ion 32, 33 Sloping side face 34 Triangul ar
Py PR 8P aped abrasive unit 41 Wre for electric
di scharge machining 42 Abrasive part 43, 44 Abrasive

12 yfrqup of paraPelgpepes phr firss Juggtiogy| ar base plate 53
Li near groove group 55 Second group of grooves 11

13, 14 Side face of a (truncated) pyramid

16  Group of parallel grooves in a second direction

17, 18 Sloping side face of a pyramid

19 (Truncated) rectangular pyramid-shaped abrasive unit

22 Group of parallel grooves in a first direction

23,24 Sloping side face of a triangular pyramid

25 Abrasive part

27 Group of parallel grooves in a second direction

28,29 Sloping side face

31 Group of parallel grooves in a third direction

32,33 Sloping side face

34 Triangular pyramid-shaped abrasive unit

41 Wire for electric discharge machining

42 Abrasive part

43, 44  Abrasive unit

51 Abrasive part

52 Circular base plate

53 Linear groove group

55 Second group of grooves

11



58 Sl opi ng peripheral part 61 Abrasive part 62
Crcul ar base plate 63 Linear groove group 65 Second
group of grooves 66 Third group of grooves 68 Sl oping
peri pheral part 69 Sloping peripheral part 71

S8 Atlashy perpdietal &t Ci rcul ar base plate 73 Linear groove
group 74 Border 75 Second group of grooves 81

61 A msdivenpart 82 Circul ar base plate 83 Linear groove
gr oup 4 Border 85 Second group of grooves 91

-aSt. v 92 CGircul ar base plate 93 Linear groove
623%%3133[@%5%%%%%& 95 Second group of grooves 96 Third

63 974 Bloofl QRNES 12

65 Second group of grooves
66 Third group of grooves
68 Sloping peripheral part
69 Sloping peripheral part
71  Abrasive part

72  Circular base plate

73 Linear groove group

74 Border

75 Second group of grooves
81 Abrasive part

82 Circular base plate

83 Linear groove group

84 Border

85 Second group of grooves
91 Abrasive part

92 Circular base plate

93 Linear groove group

94 Border

95 Second group of grooves

96 Third group of grooves




101 Abrasive part 102 Crcul ar base plate 103 Linear
groove group 104 Border 105 Second group of grooves
106 Third group of grooves [Best Mdde for Carrying out
the I nvention] [0019] The present invention uses as a

1oma¢@ﬁgakFﬁgnpacts of sintered particles of
super abrasi ve, such as dianond and c-BN (cubi c boron

1aﬁ'kﬁk9ﬁ9bm¥@L h can be prepared by an established
i ni que, ereby super abrasi ve particles are

1&? gcessed in a conbined condition of ultra-high

LS BOANPLATYh t enperature. Since products as
recovered from the process may suffer a significant

104deBeidant i on, which has to be prelimnarily renmoved to
produce a roughly flat surface by nold electric

105di Sehad geoupwe gioalverg, for exanple. Then created are
abrasive units, which are to cone into direct contact

10@M1ﬁhd§ﬁ%§0f§%0§&epmﬁSe form ng the grooves and side
faces of projections, follow ng the node of the

BehﬁM?&;ﬁyﬁhn ?ﬁ%ﬁ{ﬂ@qﬁ%%ng scri bed herein. Such

preli mnar ening may be saved with sone

Oogﬁnnercially avai l abl e conpacts as having a ready fl at
[ rface. For the formation of such grooves various

techni ques are avail able, including wre-EDV
nollde® mspnfdtlﬁeémowéqsu@aemﬁtem@@em efLregergA dpattigbesiof
nachlnlng, wire EDMis preferred, though, especially
supdrabrapy® dudh asglianehiamd cpBNrtwdc bopnaftriddy akichean bk beepared by an
Wre EDM processes are usually program operated,
estabiBE€ RYh@RuE vaetdb9dBp M Bsil SparflEley 88 pad REGd 9Y 8 oRbMed K

surface of sintered superabrasive particles to cause
condli&ELF ﬁlﬁa—%%h pressure and high temperature.  Since products as recovered from
the process may suffer a significant deformation, which has to be preliminarily removed to
produce a roughly flat surface by mold electric discharge machining, for example. Then
created are abrasive units, which are to come into direct contact with works, by stepwise
forming the grooves and side faces of projections, following the mode of the invention
specifically described herein.

Such preliminary flattening may be saved with some commercially available
compacts as having a ready flat surface.

For the formation of such grooves various techniques are available, including
wire-EDM, mold-EDM, other precision EDM techniques and laser machining; wire EDM is
preferred, though, especially for producing a sharp pointed top of abrasive units.

Wire EDM processes are usually program operated, whereby an electrode wire is

driven along over a work surface of sintered superabrasive particles to cause electric



di scharge between the wire and certain ingredi ent of

the work, thus renoving the material. [0020] In the

abrasive tool of the present invention, such units can

be created, for exanple, by cutting in severa
disCHaO&SHh AP tA R3re hd 9600 BSredl 8F MRk, BhsSembeingiheshaterial.

as "groups of separation /sectioning grooves", on a

[m% face, either circular or annular with a centra
e, of a conpact of sintered superabrasive
particles, to provide a sectiqoned abrasive surface
Al t@rtﬁ%ebr%mtwh%@ﬁhe BSHE [FYSRTiY SB@ HPIVICER PR @I‘eateﬁaofpaexamplea
el ectrode that has a correspondingly patterned nold
by suitifigioeseva@aloupsingfgrdipied grayr oo hesirattier demieéniedrs|“groups of
avai |l able to be fornmed either on the surface of
sepStiafib1erseslicnitipesrabredsiovna spahdd, elies cotulbhe ahelat wirde central hole, of
surface. [0021] Such groups of separation sectioning
a c@hRRVESsiGRRIREp M ARESh i dley &Y #@Uﬁie%}é&ionea heYsic@BurbRe.
formed on a circular conpact, for exanple, in two (Fig.
Alt%‘ré?tgvgzl teti]]r }? ?zhng Fel %frgegas b}é g@ﬁygﬁﬁé% rrgot% @%Ltg(!rdegfe)ﬁ%gg a correspondingly
resgeg%ivehy; and extend froma peripheral point in
patigied G SBfathe circle on the outer circunference to a
correspondi ng point on the opposite side at regul ar
i nt@ovny &f linear rRoYs acaepayerietityartgurle tabriformed aifiparathe
abrasive units are created, respectively. The abrasive
surfacd dfsimerygd alsoathavne mrisfieaype thd ¢lbctendeisndare. ri dge or the
like on the top (Fig. 3 shows an abrasive unit with
[00f1]dges running fromone end to the other of the
abrasive part; in Figs. 4 and 5, the base part of each

ab rs%%fa %ﬁ)ugg g{ ?cg%séxtl@n Ee%'a{yzl"ﬁgg %l'&%@igﬁ]p&) arraﬁE@d inr\jaﬁ_gﬁssw%;s‘?

forned~es y para to t onger “sides i n the
case, of rectanqul ar based _abrasive.unit,.as the E
Theg R bT BBSor 8 ST FORR s E ar gn e e G 1 e
each groove and adjacent sloping sides. Further, it is
groyss of pripbel lnear e Ve dhai grogs @9\95 Skt P8 onel, > irReravehbtand
necessary for other 14
extend from a peripheral point in one side of the circle on the outer circumference to a
corresponding point on the opposite side at regular intervals. In those cases rectangular and
triangular abrasive units are created, respectively.
The abrasive units may also have a shape with a linear ridge or the like on the top
(Fig. 3 shows an abrasive unit with ridges running from one end to the other of the abrasive
part; in Figs. 4 and 5, the base part of each abrasive unit has a rectangular shape). The
ridges are formed essentially parallel to the longer sides in the case of rectangular based
abrasive unit, as the EDM electrode wire is driven straight and creates in a pass each groove

and adjacent sloping sides.

Further, it is preferred for the use as a CMP conditioner, while not necessary for other

14



uses, that an identical pitch be set for the both |lines

and rows in the arrangenent of rectangular pyramd

abrasive units. [0022] In the exanpl es descri bed above,

it is necessary that each abrasive unit should have _an
uses) phpe an &tedticad pciabedey femipd both Whid andadjvadethe aaongeshane of

units be sufficiently spaced from each other, so that
Iedﬁ@ﬁmm%@ﬁmﬁ@@&ﬁgkéggﬁgveIy in the abrasive processes.

whi ch shows schenmatically, as an exanple, a
Oogﬁta'led view of a part of the abrasive tool 1 shown in
reveal s sone area at the top of abrasive

uni.ts. The praoporti of such area {Y) to .the bas
o 4 oy PSR uE et T B e g St HTRRHE Ry should have
subtracting the total sectional area of all the
an Upgdpraedntieqpatsby emald Whilsdierent ehdisiar vade bs %iifﬁi:leailbé%lvaé?d from
the whol e | ayer of sintered superabrasive particles;
eaclpsthpod thanseptarb@odbadfectied g irathe abiasivp ardcessas.arkig 2, hicEshows
% have been found to yield good results, Further the

sch@li)a&%iéw s BkLansOWl Rteeherabf é’pd%ﬁé’ﬁh@aiﬁr@ﬁvaﬂ@ﬂ e sefwiBh Fig. 1,
to and in particular 60 to 90, and, to be nore

revet%ﬁesginfe afea o tt8p ?ﬁabr?&Z\I% \%%Hs natl‘ﬁ%l grog[)g%?b]f s{iéiﬁaréa? th’ )no ®ffe base

rooves brasi ve units over

e PN UL OO P 0L L0,k B e

depth no less than 0.15 nm but not in _excess. of
adjagent 2@ayeveEomabe sl sekioarlen et tas delelewr of spter Wesupefabfaswe
elimnation of debris fromthe work, frequently causing
partatesepropesibnedfis 0 Hhor éas edtl, ippiriisting te 88 7s bavedisen Quagdvegield
formed too deep causes, on the contrary, can lead to
goo@R¥salsd ve units with insufficient strength in addition
to a necessary increased depth of layer of sintered

SURGHANT RS bt 519@&{1{ Qioﬁﬁi IE@%‘N haMid 8p 'aﬁg 18BY 3010 120° and in

convenient that the ab raS|ve units be formed in a prism
particultar 66’e to 96§ nd, to%e more specific, 70° to 80°, approximately.

[0023]

The depth of the grooves (or the height of the abrasive units over the groove bottom)
should be no less than 0.1 mm but not in excess of 1 mm,; particularly appropriate is a depth
no less than 0.15 mm but not in excess of 0.3 mm. Grooves too shallow are not effective
for the elimination of debris from the work, frequently causing an excessively increased
polishing resistance. ~Grooves formed too deep causes, on the contrary, can lead to abrasive

units with insufficient strength in addition to a necessary increased depth of layer of sintered

superabrasive particles

[0024]

While it may be convenient that the abrasive units be formed in a prism with a linear

15



or a triangular, rectangular or nore angular top, the
| ateral faces be vertical to the base plate, and the
hori zontal cross-sections be uniformthroughout the
hei ght, the free cutting quality of the tool can be
or d tRER QN drebynpilavirdhag aagulieas tthoherhldbersdle veael @ribk base plate,
especially the one on the |eading side of the

and'tRd ﬁ?riﬁz%lﬂtal Errdg%@&ﬁgn@&c\%s%grg thrBugtRhufiteaRidh® tRe REAABLing quality of

paral el to the axis. or the shape of the abrasive
nyts,, truncated pyr.amd , :
e B9}t ERSRAEY YOOl B0 L B gD e oneon i

faces around, _and pointed top, qon-trun ated ram ds.

leadipgsidg eiihe iptetings ITchpeR baskwargp relAkohiod ?nf‘claﬁlflf%o the axis.
ability. Further better performance can be achieved in
f r e Dutheishgpepfahé ehyrasive nisntrunpated myeaneids, soeh abiegignguar and
units in the shape of prismor pyram d, by grinding

triafduld} oes, aReRV@hbl €6k J@ahg Rgal Ficearcandf @dtfnged &ip, nun-truncated
triangular, side faces in different directions, in

pyr'egﬁiqg hreleQers hﬁ{h&eﬁwgﬁgleefggﬁle‘%rétt&"%iumngaa.tbiﬁtp..e top. In
particul ar, such sharpening process is practiced for

ide of the pol L (t-ypicaldy, i ,
o PR LA R 5 &
BB S EL LR 9 BT S, .85 Vg

with abrasive wunits in rectangular or triangular )
speqislizaditab] ong ohoote. suthedhnegamaidar fidoigesTndgidpenis{ifpstions, in
part of the present invention is prepared with an outer

ordddit@steien thé e@@ orpoint wi thhitdphe | ayer of sintered
super abrasi ve particles having a thickness no | ess than

In pRrtibuAMsuditéhafRhinkbrEoes£8 praticdd MALEOLIdE BLthe YBIzoddl (typically,
sintered superabrasive particles, conpacts of

i ' Ly . i ' L I
iSSP G PIAS B AL ARG SUS Al Aok
PRI LDt ChBTED T o CoRoeTi B kit Bighed wip ghrosive

_carbide, of the periodical table, based conposite. The
unite Brypefergyla o dranNZE T BTG YWEWLKT HighraxEchBEt he base

plate of a tool; the opposite face is to . be
[00251 ovi ded with the grooves for the used as an abrasive

part
The abrasive part of the present invention is prepared with an outer diameter of 90

mm, with the layer of sintered superabrasive particles having a thickness no less than 0.1 mm
but not in excess of I mm. For the layer of sintered superabrasive particles, compacts of
polycrystalline diamond (PCD) and polycrystalline cubic boron nitride (PCBN) are

available, which have on one side a backing block of carbide alloy, that is a tungsten carbide
based composite, or another V1a metal carbide, of the periodical table, based composite.

The compact is adhered on the backing face to the base plate of a tool; the opposite face is to

be provided with the grooves for the used as an abrasive part.

16



16 [0026] Such conpacts are available typically in disk
shape, as a product of a process on a uniaxi al
hydrostatic press under ultrahi gh pressure and high
tenperature conditions. In case a conpact of intended
diameter is not available, if the flatness requirenent
is not very close, the tool of the invention may be
[o0r&al i zed by preparing the abrasive part in several
segnents, which are then assenbled into one.. [0027]
For i rasi W V.
SeguEnFaRBRRt EGhABRI Ay AR PRIAN K0T b Rkl S s gn 2
.boyndary |.ines, for achieving an rangenent of .
i Aol st v Shuaieh Pr e and BehRpo i Seonditions.  In
possi bl e over the whol e surface of the abrasive part.
casqep@npachelodiended dingeiseistnohrtarleble, idtheoatesss sfquaBmar] iy got very
units can be obtai ned, except for sone part close to
closthtee et bpthe inventivd mapibe adatias] eppparingtthw bldesive paroirt swwoeral
or four segnents, by formng two groups of parall el

segrBEROV@Ech & ARBIRGnBAIn HiRr at 90 and thus abrasive
units in the shape of rectangular pyram d, either

uncated or non-truncated. In the case of the abrasive

[ part conposed of three or six segnents, on the other
a sim| be obt ai.ned

ha?d, .ar good arrangenent can . b

cut o} g CPRETRH o ROl 6o St S P STRRale: TjapapRdfate to
grooves that cross each other at 120 and also three

forn} ygwpse alpag te hogndare lines, 41 aghiewips 61 arrapgearny ef Ynpgise Wyts ina
t he shape of truncated or non-truncated triangul ar

distryatiamiaslunif@62:8]poksibls loweit the wholehserfease thé abregivapgtl adere a good
pyram d, |inear grooves are first fornmed on the

arrarpiéffeBC®itBdut UerRbb BgiryEy Paiils chy bebbeined CexdbmThiagode paddyclose to
feeding an EDM el ectrode wire along the surface of the

e PR o ORI S8 o Sl U ot o
grougg gﬁ%ié}ilpel gf%%%s?lcr%ggng Qe‘xjchco%ertap &O"aa%rd%ﬁlilsva%r'ﬁzi"\/returltitg i {h%asggpe of
rectangular pyramid, either truncated or non-truncated.

In the case of the abrasive part composed of three or six segments, on the other hand,
a similar good arrangement can be obtained, by cutting in three groups of regularly spaced
parallel grooves that cross each other at 120° and also three lateral faces to create an array of
abrasive units in the shape of truncated or non-truncated triangular pyramid.
[0028]

In short, in the case of rectangular pyramid, linear grooves are first formed on the
surface of the abrasive part by electric discharge, by feeding an EDM electrode wire along

the surface of the abrasive part. Next, the wire is driven in the Z-axis direction relative to

the surface of abrasive part, in order to pass along and cut the abrasive part to create a side

17



face of the (truncated) rectangular pyram d adjacent to
the groove. The operation is repeated to conplete the
groups of grooves. [0029] In the invention, the top
part of the pyram d conprises one or nore di anond
particles. So any pyramd in geonetrical sense cannot
I C . .
face %"‘tﬁ"ﬁ*‘@w@ EGERRE Ry BR L ATR e e, P cBBRPa s
t-tru ted when .the ram d in question has a to
Km€%ﬁ éﬂﬁ@@?ﬁgﬂﬁﬁﬁrr@sﬂnyogﬁ% inrelation to the basep
di aneter. Qobviously a truncated pyram d has a top
[0029]ar ger in each direction than a corresponding pyrand
[0030] For the production of (truncated) rectangul ar
pyin dei idventionsthe eopupart &f, the pyrmad carpiggs ohhoRnges, digmend
8, for exanple, first forned on the surface of an
particB3r 8siave ppantid iDgamestdcal sensp cafnot pavlkbthinetl begansy fises( dramond
of which is representatively designated as 12, |ikew se

partlc?eqt%!s aGRAhRe V@lﬁfn%' 'Tﬁtﬂe‘?lﬁx)enﬁbn ghdvRI, e r8fRAGE AG-thihcatefl wdlen
|rect|on 11 and two side faces (representatlve y

the p}%efle 2 %a%g t(gp?iaﬁléte Igh?\%r‘?[% sgﬁ)eﬁ ﬁ?crglg ?}ﬁto the base

angur
dmma@ |gePaH 10|s;ot aatf apm th&he ﬁf
¢ra By'¥gd Ryfan §ady UHAHGR dgectand!

thereafter anot her group of parallel grooves (one of
COHE%hh@hgpﬁﬁmé@resentat|ver designated as 16, |ikew se
appl i cable hereinafter) are forned in a second
[0030¢li rection 15 simlarly to the above, as well as the
two other side faces (representatively designated as 17

amdr 4, gréddéﬁ% §ﬁ(tﬁﬂ@itb<§@@&t@né‘!ﬁdﬁr§iyl‘h’1\ﬁlﬂQibiasﬁ/% unft§ such as shown
pyr am Thus provided are two groups of paralla

in Fig? IPQVES foxﬁfgy ﬁgﬂé: P I%%fbn%é‘ %fé% oftan h&gglVQPQJt 0 at%ncfjgroup of

truncdte fangu ar pyram abrasive un

eI
herema(f)tgr:); %1% a re]gglar spacing in a fist direction 11 and two side faces (representatively
designated as 13 and 14, likewise applicable hereinafter) of rectangular pyramids. Then the
abrasive part 10 is rotated, together with the base plate, by 90° about the axis of the annulus
and, thereafter, another group of parallel grooves (one of which is representatively
designated as 16, likewise applicable hereinafter) are formed in a second direction 15
similarly to the above, as well as the two other side faces (representatively designated as 17
and 18, likewise applicable hereinafter) of the pyramids. Thus provided are two groups of
parallel grooves, which cross each other at a right angle, and (truncated) rectangular pyramid
abrasive units 19, which are arranged along said grooves. The sectional view taken along

A-A in Fig. 7 is shown in Fig. 5.

[0031],
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For the production of triangular pyram d abrasive units
such as shown in Figs. 9 and 10, fornmed are a group of
parall el grooves 22 in a first direction 21 and sl opi ng
faces 23, 24 of the pyram ds adjacent to the grooves.
Thelrpr thehmrodimtias io? e1apgulbr 2@amsd stobatedhibpud?e shboutin Fidied and
central axis of abrasive part 25, and, in the sane way,
10, 8dieh@re HERUP op;lf»ar_a@en aldoeks B POVEST dideltiah €1 hAd BBfingtiacks 23, 24
regular interval in a second direction 26 and adj acent
] ' . 2 e faLr hEe. o
o L AL B A8 il ZnRh L ARTRA B ER by 20 o
SS, ghe abr asi.ve rt is rotated ain by 120 .and

roc
the il Sdn@l PrEEESET %S Uk IS SEEC Y i RHET REYPEL a3 g erooves
paral l el grooves 31 in a third direction 30 to cross
27 qpborpedh ata regalapinterpd in ageapefl (dirgesion; 2feanflgdimserg 3lopgg side faces
adj acent thereto of triangular pyranm d abrasive units
28, Baretitwuse daycwoingEDS{ et triddi scrar gengeshiihg)of  pyr am ds
along the grooves. [0032] For the abrasive units
desgioh ReshpRBON 8 thelprd@ s BRI ARAsi Rl Rt b &ltate@ hEAI® by 120° and the
triangular or rectangular pyramd abrasive un|¥s have
r:usi i 0. ! byt P O
sam e R B 90t s Bk bRE S dbont T3 1a 130 drBorion 30
Prot rusi ons t low mgy tend to se.a direct contact
o ciges P BTEE00 Hr10n AR s SRRt fib by Rk G g
CVWP pad, resulting in inadequate conditioning .
pyragad peypstEa Beits 39ppws peponamishing shaargmgpmyntod pyemifnalong the
contrast, to reduce the relative strength of the
groogby.asi ve units, while an excessively thick |ayer
becones necessary for the sintered superabrasive
[oo3particles On the other hand, the intervals, or a pitch,
bet ween adj acent grooves should not exceedl 500 m
whi . P _ | o oeon .t i
e L R s R
rectaElrg hl Q&r’gxgid aegras‘?’v%rrlﬁﬁtlg Ihgge g E)r% rElSi%IOI %el%]it c];fo nro lgsxs%HPrl ?O pm but not in

excess of 200 um above the level of groove bottom.

Protrusions too low may tend to cause a direct contact of the base of abrasive part

with the work, such as CMP pad, resulting in inadequate conditioning performance.

Protrusions too high may cause, in contrast, to reduce the relative strength of the
abrasive units, while an excessively thick layer becomes necessary for the sintered

superabrasive particles.

On the other hand, the intervals, or a pitch, between adjacent grooves should not
exceed1500 um, while the lower limit can be set, depending on the wire diameter to be

employed for wire electric discharge machining, at something about 200 um, for example.

[0033]
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The performance of the abrasive units depends on the
particle size of the superabrasive particles contained
in the top part of the (truncated) pyram d of abrasion
unit,. For the superabrasive of dianond particles, or
t hdhabpedsimancpaf the bbiasige coihpdrpendsafn the patickedizedif Amond
(PCD), either 40 to 60 mor less, 8 to 16 mor |less or,

supddabrsive pArGass RitdisRdn &% B pard BPIHRAtrLAded) BYtabhd 6f Shrdfon unit.
for sintered dianond; anong such sizes nom nal sizes of

For gl%tsgﬁ%éﬂd%rive S8 Snd %rﬂge@op{helaﬁ%i‘gggﬁ?eﬁf ?E)ﬁﬁ%?ed Fihtered

In particul ar, has been

. __appr iate. [0034] A co t .of sintered, di.anond
ainrfBRPEDPL Ry R0 Hht pERT RE 4B hatiJbSieth i MRfiEn be vsed as an
present invention can be prepared by subjecting | oose
appraprise AU tiplg size dpresntersd diagymgi sraang Mémeﬁ aempil sizes of or smaller
ultra-hi gh pressure and hi gh tenperature where di anond
thani8go tl hgm ¢essrapelymématdalahyg 0g6 abing ippasieylat, bgebérarfownd most
bl ock of cenented carbide for the backing material,
apprégifhte.as necessary, bonding netal such as cobalt. The
abrasive part of the invention can be realized by
[003&Utting out a portion, which then is surface processed
"~ to create abrasive units, by precision EDM such as,

typically, .wire electric discharge chining.. In t

i DS Bpatior ol G EURRP B SarteRr B TSl Bfibh pgf iy ot i

el ectrode wire is struck against the surface of .
preseg vty @ndrorPArErty; subirstinglopss dipmerd Bartigletor 3 ¢qmbined

di scharge. The wire then is held close to naintain the
condiios ot aligehigh drespveandiogh teonteadting whaadiatiosd sutht ace of

sintered dianond particles so as to carve a groove

thermvddiyharaicaliég staisld phasd] togahet Wit & BRick 9if deméraek&rbitie for the backing
abrasive units. The groove can be also fornmed, as shown

matefid], slddas dekesshdy, bhdihNGetahgucEV8hAET rmeabra\édlv%g)aﬂ%f the

after striking the work 42 of sintered dianond, not

inverli@h £ 00 I%Ialti%eélthg}rcu%{h I‘%&? g %hé{%ﬁéj}w&&r}% étﬁjeglsila g\grg%cg %é%%%&td ﬁ% {:reate

arrows I n a
b fSghensentisl, BLtes, Lo the wre sorrespand, o then,
the wtirlg 2lrécttrilgedisc%gr'ge machining, commonly, the electrode wire is struck against the
surface of sintered diamond particles to initiate an electric discharge. The wire then is held
close to maintain the discharge and moved horizontally along the surface of sintered
diamond particles so as to carve a groove with a desired width and further side faces of
abrasive units.

The groove can be also formed, as shown in Fig. 11, by driving the EDM electrode

wire 41, after striking the work 42 of sintered diamond, not horizontally but in the direction

designated with arrows in the drawing, thus forming a groove such that the tangential planes

to the wire correspond to the sloping faces of opposed abrasive units 43, 44, and, then the
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side faces of the pyram ds on each side of the groove,
with the groove |l evel taken as the reference plane. A
thus constricted groove has a round bottom shomﬁng an

agErOX|nately arced cross_section. Such desig
sidpfppexqies pRrRidson cagssidgelcBpErasve Wigh Ehﬁ&%ﬂvﬁé%‘@l faken as the

concentration problemand has a higher strength (or
refdremvg lans.er Aitlres donfte)ctddngradpreasis weoprdore®se showingan approximately
abrasive units with grooves having a flat bottom or
arc@Ngbgde@dhNeBach ddsH3d hbrikiee Lii0ls 16ds sib@pblesethe stress
i nvention can be realized in various shapes as

conbért ﬁBI‘I gttogﬁird thd s Q%%ﬁela? zsﬂt%éhgﬁ? ol?Yon sePFicERRIM SR asivdRbcesses

rat tool's, rt can be’ prepare

an entlre conti nuous ci r or ann lar _form as
thar '%Iefé‘fe O PR DN T el b
however, as shown in Figs. 14 to 17the abrasi ve part of
[003¥e |nvent|on can be conposed of several divided
segnents w thout any problem so |arge annul ar abrasive
parkhs toaliof thegmeseut iaverdioaren be reafiz@binvarions shepes asalusilated in
be easily obtained [0036] For an annul ar construction,
Figd 12 ts1Pbehey abbanigiatl  Fberartad kahll o, thdubrasivd @siscahbaprepared
15 mm The abrasive part can be also realized as a
in a® @xlltirg cgrlltﬁl‘ﬁoﬁél‘éﬁdﬁ%”or Qﬁﬁﬁaﬁ qgm‘i‘ 0d Blist-8d 8849712 288 13 by way of

annul ar shape, espeC|a y when the deS|gn does not
examﬂlgug@%e%rcgsns r al fll’é ?%ggdlé{\%) 1 Veearbaaswe P og"‘ﬂnegm?r%r%':ﬁo% anjb‘g‘
his 1 nor e e as ured in the ra
Comap%eéaf sieral gy lé)qﬁieseéra?@ﬁ vl awewrpr%ﬁera olfieg anvletiy ?swe parts
abrasion part, and both on the inner and outer
withdingovistr dfanesterad 96 nan oabroas fanrelgsabet easitppbteined pr event i on
of any danage by accidental contact with the work of

[0036hose margins with abrasive units. [0037] For the
construction of abrasive part with several divided

SegheMH SminuRs cordstrush dnate s pR¥erati@¥haPfhe@XARPN R bdind-ie@$than 15
14 to 17, the disturbance or irregularity in abrasive

mim Uk oIS ANRTERGE ARE LS L] 01RI 80K 100 LAGaV R instead of

i vi de- and-asse

an annular shape, especially when the design does not require a central hole. Moreover, as
shown in Figs. 12 and 13, it is preferred to provide a sloping margin which is 1 mm or more
wide as measured in the radial direction, on the outer diameter of a solid circular abrasion
part, and both on the inner and outer diameter of annular abrasion part, for the prevention of
any damage by accidental contact with the work of those margins with abrasive units.
[0037]

For the construction of abrasive part with several divided segments, as illustrated by
way of examples in Figs. 14 to 17, the disturbance or irregularity in abrasive unit

arrangement and resulting effects on the work (CMP pad) caused by divide-and-assembled
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construction can be effectively either avoided or
reduced to a mninmum by providing a groove on and

al ong each border. Here the nunber of division and
shape of abrasive units available are related to each

con&M&ﬁBn c3 f?&%l@ag Wi APYiah O 8898 a bffhafim b4 f)ﬂﬁf@dﬂl@)i

aval | ab or the two (centra angl e of 180) and

grquF:l gﬁ&*ﬁ :n[g%%: lggdgi-{ebe %ger éhxﬁgl %% gﬂagg of mjaélge units

avallable for the three segnent conpesi ti centr
availahlg @e atlated ty) cach @6@8]&@@?@9&18&%@%&?%?@&%8 Oglr%g 2l 2 5)is
di anet er abrasive tool, segnents of abrasive part are
avaifEbésptar €1 thy (centa] anglouft 1 80P rddowniepatal argle ef 9’8 segment
particles of superabrasive (or dianond, preferably)
corlpd$ifién, eMEMaNart @ ipyentifl 8edi frt @geds ahd &7) iandhimblefontad three
t he desi gned shape and dinensions. A plurality of such

Segrfs?%}t?g,&]g?gﬁ&l(gg{tﬂapgﬁgofa@@ fi xed with adhesive on a

ann W th a concentric circular hole at

Ooéﬁe center, circular surface of a rigid base plate of
[ eel, in order to make such a large, solid circular or
annul ar abrasi ve art Siox, ur, three or tvw%

BB SoTHBRS o G i B BH T HIRIOpa T BTGP S0 part are

90, 120 and 180 central angle, respectively, are placed
prepgieddylppttisigchert rmt denpmdi efsiterad priicles P& FUCHyyasIv& (snzd)lamond
sector can be substituted for two 60 sectors. In this
prefeable) lahe dnongh 2zivs e timesded s shdamachinedngéa designed shape and
poi nt-symetrically relating to the center. [0039] The

nt [RShME ML ard dollRied ahd fix8d witB hdhéslveddiea solid
dlmj’%%?ﬁgd A PliaBH A She P e e e e T ar e solidor

annugI r ngar Surn(r? c?rc% ar 21| Vef{heccléh%f cgéﬁ% Qﬁﬁ[:@opgngﬁ% \M%g ﬁlate of

Cf&f respec provi de as

a.circul ar _or nular braS|ve art The conpact
steelyin fiFia AR Stk GBasy \9‘&1‘5313{ noglay 59 a%”%ﬁ@ dto the

base plate, then subjected to mnre electrlc dlsch%rge .
ma S, Faunghraeer oveleactar shanselmegnenthel dnferedciarpgnd prgticlesof 60°,

90°, 120° and 180° central angle, respectively, are placed side by side on the radius (lateral

joining). A 120° sector can be substituted for two 60° sectors. In this case the two 120
sectors should be arranged point-symmetrically relating to the center.

[0039]

The segments of abrasive part 51, 61, 71, 81, 91,101 are joined on the carbide
backing side to the flat circular surface of the circular base plate 52, 62,72, 82,92, 102,
respectively, so as to provide as a whole a circular or annular abrasive part.

[0040]
The compact of sintered superabrasive particles is joined to the base plate, then

subjected to wire electric discharge machining, in order to form on the surface of the
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conpact one group 53, 63, 73, 83, 93, 103 of parallel

i near grooves at regular intervals, whereby an the

el ectric discharge is taken place between the el ectrode
wire and the conpact of sintered superabrasive

com%gértgihg lgro%% S@EBE 73883 foh € & cﬁ%?é?l@?liﬂ@af §rob$esdeft ird@ilariiftervals,

th t'he’ tTop or bottomface, to enter, via
the prelimnarily flattened surf I
wheehy b g 1o e R B PR RE sl Pyt 1R e comeact
di anond (PCD)) and or,_in case m_athinkgerof_ll.mm
of sigienedeyuperabispee aBTISSS v etlereyss e FIeaERMs Wit HEVER FopRrale! with the
carbi de layer. [0041] Then, the electrode wire is '
top etrboriem fare, thenteli, vadhé preliminarie fletine# sergace ofndy gy in the layer of
sintered superabrasive (Z-axis direction) and thus to
sintéred s%ﬂéiabﬁfsﬁv@\(@@icaw t kinger&bfiagont (MCDY and surifl aze,of eithihdayer of
solid circular or annular, the first groove of a group,

sintdr 04 %@ie}a%%rsivre,e ARG t0Qhe cdrfidrAiAtRle RYEaM d abrasive
units, may be begun to format any position. Wth a

Om@mrface conposed of several segnents, however, each of
[ e abrasive part segnment borders 54, 64, 74, 84, 94,

104 _has,  to be first provide ith a groaqyve, for al on

i t Theg.ithe cle¢irpde Wirsds g{'lﬁ@r in tg? %glsg:élgn gggle]glalfzmeas gﬁ%e At

paral l el on both sides thereof at a regular pitch over
supeadtirasivee(Zsani§ dicestion) 042ys tosohoutigeodves naVithi B0° SO HHaps

of parallel grooves in one direction on the surface of
surfidaecigenpat ciehlas bnireinke, tae fiext ghroas bfe gpap} foc kidlssr redi@ngular or

conpact is rotated about the central axis of the base

trian%h%léﬁyraﬁﬂg £4rh8Te WitshmbP6e Bass tblfeheatahy pokieon t hefigtasubfice

ng the angle of Tgroove crossing. Then forned
shaplarly b the, 8 - o sOAh @ b8lders 54, 64
comPpia gf ek SepblRg ROYEer B L JBFOE p L BRI cers 3. 64
i nterval s, and_sl| opi si.de faces,. adj acent. to,eac :
74, iy BAD1 DB AL G OG0T St B0 AEEE B e other
with the abrasive unit being in the shape, of truncatﬁd
grooges are fiermednie aeredelpyrbath Hdesthereal af age@argnich Q¥eiAll BR Syrhgee-
ot her hand, the conpact of sintered superabrasive is
[0o4ept ated by 60 (or 120), a second group of parallel
i near grooves are forned at the intervals simlarly,
as Upsh theadrmsitda JracesupastipaggmR! gloovads bn@lirection on the surface of
the compact of sintered superabrasive particles, the compact is rotated about the central axis
of the base plate, together with the base plate attached thereto by being the angle of
groove crossing.  Then formed similarly to the above, a second group of parallel linear
grooves 55, 65, 75, 85, 95, 105 at regular intervals, and sloping side faces adjacent to each
groove. Here a is equal to 90° for 180° and 90° sectors, with the abrasive unit being in the
shape of truncated or non-truncated pyramid. ~ For a 120° or 60° sector on the other hand,

the compact of sintered superabrasive is rotated by 60° (or 120°), a second group of parallel

linear grooves are formed at the intervals similarly, as well as side faces adjacent to each




groove; then rotating the conpact by another 60 (or
120) (by 240 relating to the first group of grooves) a
third group of parallel |inear grooves 56, 66, 76, 86,
96, 106 and adjacent side faces are further and

i kewi se formed. For a continuous solid circle or

groox%nﬂ]l\% e '0941) a ofter G0t B2 P 2480 1 QAR hd Brst
A JE i d

erati o ed above, grooves an

i.ther trian recta a ry ed or
erongl 0 ks Pt b SRR Rl ek SA0RE G0l S5r 4 DY
close to a level that is in parallel with the work
adjacgiystdsrirgey prgiine AT keBiisdareth Jeor 8foonuRHaUs sOlidClEdle O3 ng
the electrode wire while holding a distance in the
annuldi mefetiplon nady hedidbkn@E<orf600m t he conpact bottom [ 0044]
In the present invention, it is not necessary that the
[0043]ri angul ar or rectangul ar pyram ds of abrasive units
be conpl etely conposed of sintered superabrasive

P tHe 1881 oﬁefb?foﬁfl‘féscrﬂ)\éﬂ B S theQIrb RS ahd PRGAT R e@er triangular,
non-truncated, are also effective that are conposed o

recta:%:uﬂ& e[ ﬁl)gateg 4P %@B@ﬁl%gvae c&%fo{n‘xﬁgﬂ tllﬂi%etugger e?ld?lﬁr?ég{:lgse toa

aro n
0 osed I de the jnventio
tevel GRER P BolTehoN © Buer oL G Bg st 0ee O leSenaby eftjne the
[0045] An abrasive tool 1, having a structure
clectredshuivapvhaa hpldingrimiptangs imithy, directiopef thickpess dpm th compaghbottom.
di ameter PCD bl ock was used as a tool material, which
[0044had a 0.6 mmthick layer of sintered di anond joined
with cenmented carbide by simultaneous sintering. The

PGDHelR&knivaseriion] ©6d @A nbeessity elae tHelthign gl &G 2@ gular pﬁramids
machining (EDM in order to flatten the surface of

of abradi{d lgsldoedﬁ' ﬁﬁ@é}gl | B¥fposdngt sﬁHér?é(i) ?urﬁ%a%ﬁ%‘g‘fb Vé)a é@@ 1ﬂgté@dde

para ear grooves e units Wwth
pyraquss,’ glltll?err%rutngﬁe(? ](C)r r%c?nqtrgﬁc%}e% grgsélso '_el%rectlve WRalirE gor(r)lposegi of sintered

superabrasive down from the top to a depth (length) of around 60um, with the lower portion
composed of carbide alloy.

Now, the invention will be described more specifically with examples.
[EXAMPLE 1]

[0045]

An abrasive tool 1, having a structure schematically shown in Fig. 1, was prepared.
A 90 mm diameter PCD block was used as a tool material, which had a 0.6 mm thick layer
of sintered diamond joined with cemented carbide by simultaneous sintering.

The PCD block was subjected to an electric discharge machining (EDM) in order to
flatten the surface of the sintered diamond layer and cut in a group of 560 um wide parallel

linear grooves 3 to form abrasive units with a square top of 260 um sides. Here the area of
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the top part (not shown) of the abrasive units 2
corresponds to about 10 % the cross-section of the of
sintered superabrasive |ayer, excluding the
circunference (groove 3). The edges of the top square
wer e sharpened and the tool was used as a CWP

the to{f)gﬂﬁ (ﬁ(l)t%'ﬂg t fie gﬁagvgkgﬁ P ?ﬁ@éﬁp&ms"’lg Qﬂv\éﬂ@ n 8?)2 Elge:dééf% -section
of the &gaefﬁ%si%ﬁgb%ssﬁ%ﬁr Picifte cgauﬁﬁrer%g #ir%to%ﬁ%)r o “Zy
EDM out of a PcBN bl ock, which had a O.
| hheredags ofithy wpesguare sigre fhgrnragd g ﬁhecteﬁlemse%ﬁeé 35 by

simul taneous sintering, to be used as tool materia
condifieersect ors were stuck together to a base plate nade of
SUS stainless steel, so as to formas a whole a
[EXAMPPER}e circle. The surface of the sintered c-BN | ayer
was polished and flattened, and subjected to wire EDM
[0046] O forma group of 560 mw de parallel linear grooves 6
and abrasive units 5 having a square top with 350 m

S 'Aqlea?hnuia? aﬁlla%ﬁ/e f14: scthgl%aﬁ%i?l? OSHI}W% /oﬂg]f: %og \9%3 oqrégpa?ed F our 90°

abra I've units corré&spon

R e N N .

as in Exanple 1, and used for@&ollshlng the surface of
cut oug by iFEY, Mfoélﬁé’CBﬂ\@iAﬁlPD@l@] hadj 2 pym Alpicls by asefainteisd c; BN

having a structure such that schematically shown in
joinedFwigh cdrBentedisarbiderbyfsantltmedus shstedangymd be iiseid af ¢wol tnfeaerial.
abrasive part a 100 mm di ameter PCD conpact was used,

WTihe Bedt®S§ vepaRasieeeiheto Bk plateGliaded)fIUDtainild3t %@Qso as to
di anond particles with a nomnal particle size of 40

form %MSQ% ﬁg%lg D oRpletdeide] TheEQPEDr BY sieéfel LA BHr RhOpShBBand

flattened, and subjected to wire EDM to form a group of 560 um wide parallel linear grooves 6
and abrasive units 5 having a square top with 350 um sides. In this case, the area of the top of
the abrasive units corresponded to 7 % of the total cross section of the sintered superabrasive
particle layer.

The obtained tool was sharpened by the same technique as in Example 1, and used
for polishing the surface of silicon wafers.
[EXAMPLE 3]
[0047]

An abrasive tool, having a structure such that schematically shown in Fig. 12, was
manufactured. As a material for the abrasive part a 100 mm diameter PCD compact was
used, which was composed of 0.5 mm thick layer of sintered diamond particles with a

nominal particle size of 40 to 60 um that were integrated by simultaneous sintering with
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cenmented carbide (WC - 8 % Co); the conpact was fixed
W th an epoxy adhesive to a 108 nmmdianeter circul ar
base plate of SUS 316 stainless steel, Next, the

surface of the PCD | ayer was flattened by die-sinking

cenﬁagh FC’%JDB?[#a@Q@ ~ 4 Ofh-ARe LARGRT Wik RRMBSItNER Bpdx§TaaBesi @to a 108

er to pass through the centre of the
terial. cutting.i N lectric discharge
mmﬁ%rﬂ?tﬁﬁ ﬂﬁ.up%g?steﬁiartﬁgf %GS kgy%\é\e\éluengeS\%gr%gl‘ formed to the
required width, while the side faces of ramn wer
cutNexGithe gifage pihad Glhisye va fﬁ\ﬁs sﬁﬁﬁﬁgx%'rarj‘i‘eg%ﬁeﬁ&o Hm
in a direction (Z-axis direction) parting fromthe base .
widpliata giiveeapordomper et tho RChalsyerdp patsabronsh fhercanianot the material
whol e material face a group of parallel grooves at an
by @bl i dléthriadiscHaoef medhaped Prwihenhdrongovrdsiweae faomed to
angle of 90. Then the whole was rotated by 90 about
the Feﬁ&ir&?\%d’ﬂﬁlwﬂ%'tﬁe si@Ehcés ﬁgﬁ%@dg R R budBY alil Bl the wire

grooves were forned to cross the first group of grooves
at ri angl e, .by .0 at i t xS I rJ
rowfis B Bdeesdnirt AEteiRRE Hisdealelf ollnR R iR the pais
sane time, the side faces of the g§;agids wer e cut _out.
i n MR @DRYCARSTABPE XS dFReAEH 1O Py R EC RELGHRTPLHI Y 3 [P ©
formati on of a group of 200 pm hi gh rectangul ar .
paraiyk g ks at ars8(§h;@mntiewalz¢rgismogsf@n Brojeciengawi g top angle of 90°.
[0048] The operations set forth in Exanple 3 were
I eThat 6@ Winlpwepatacdby abfr Asivibe tedtal akiaydndg second group of
rectangul ar pyram d abrasive units. A conpact of PCD

paral8VErBGyed whPOf AL O &bss tHE AR ERfup 3N drotled@na k@ tngle, by operating
i aneter was used for an abrasive part, which was

d
f ‘acthy . HitR) | e side
the \%12??[?%{?19 d?sc?ﬁée ?xgaamélﬁ]mﬁ&l&hé d cd?ldltl%'ng,t ehefhedbRABRAR, the sid

es o nom nal particle size,

in rated.with cenented carbide.. Firs ' a
facep PR GROMVI S TRt RO Firsatbanoe BEbriblihe e

surface to pass via the centre of the natetigl by w§§e
formstiar of # eroyp 9€ ARG e Meh IeHnayar BN EBMSHIgYRLR Figss and 8,

further operated to extend the groove to a desi gned
[EXAMRIE 4hd to cut 26

[0048]

The operations set forth in Example 3 were repeated to prepare an abrasive tool
having rectangular pyramid abrasive units. A compact of PCD having a 100 mm outer
diameter and 70 mm inner diameter was used for an abrasive part, which was composed of a
0.5 mm thick layer of sintered diamond particles of 0 to 2 um nominal particle size,

integrated with cemented carbide.

First, 140 um wide a linear groove was formed on the flattened PCD layer surface to

pass via the centre of the material by wire electric discharge machining.

The EDM process was further operated to extend the groove to a designed width and to cut
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out side faces of the pyram ds. The process was
repeated to forma group of parallel grooves at 200 pm
i nterval s and roof -shaped protrusions of top angle of
60 on and over the whole material face. Next, the

out g@g Ea’%eyvﬁﬁh\aﬁfgéhﬁ&s byr@QrocRaMs ke b d a @¥up ciparallel

e electric dlscharge machi ni ng process

erofEs gl fliaf o8 phe LR OB B EFERES oB P B RiqRRL Bhafl over the
time, to cut out another side faces to acconplish 200
thﬁﬂmﬂqyﬁfﬁéétangular pyram ds. [ EXAMPLE 5] F8049]
Vari ous segnents given bel ow of abrasive part were used
t 0 Neamuhawhole avas hetated by S0dabout geentrahagisdsthemdhs e electric
The di anond particles of the sintered dianond particles
disch#rg@ atlihiaperiiads aaneperatad agapato foohe sséand gouP@ ftacalBOgrooves
pm The wire EDM processes were substantially

undérqﬁggérﬁ@&onﬁﬁ?&?@ Rid, af halamt RRiel RQt Bt LbiMal sidesactOtoaicesnplish
fwce in the case of triangular abrasive units, by 60

Iy once by 90 in the case of

200Pgbgﬁhéﬁ¥%$u%thﬁmﬂyabraS|ve units. The process
conditions and results are shown in the table bel ow
?lTabIe 1] Abrasive body (part) abrasive unit
outer inner groove interval height No. shape radius
[004%di us (top interval *) shape pm mm nm p. mrectangul ar

Various segments given below of abrasive part were used to manufacture the tools of
respective construction.

The diamond particles of the sintered diamond particles in each case had a nominal
particle size of 20 to 30 um.  The wire EDM processes were substantially 1dentical, except
that, the tool material was rotated twice in the case of triangular abrasive units, by 60° each
time, while only once by 90° in the case of rectangular pyramid abrasive units.

The process conditions and results are shown in the table below.

[0050]
[Table 1]
Abrasive body (part) abrasive unit
outer inner | groove interval )
height
No. shape radius | radius | (top interval*) shape
um
mm mm pm
. rectangular
1 180" sector 120 60 600 ) 80
pyramid
. triangular
2 120" sector 120 60 400 ) 68
pyramid
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1 180 sector 120 60 600 80 pyramd triangular 2 120
sector 120 60 400 68 pyramd 27 rectangular 3 90
sector 120 60 1200 160 pyram d triangular 4 60 sector
120 30 1000 138 pyramid * The top interval is
appllicable toJtriangylar pyramds at ruppdaRgas 2 and
7. |[0@5%dctach pfo t He émolls obtiadhed was used as al@MP
d |condi tioner and achieved a good r e upytramid
A A “! eabi--ty] . (66521—Fhe a?i’.aSi W t-oot—of
on c e us or d t
abrasive ﬁd omg(glver, itqlggépart Cplrahldy dec
preflerred as |sk type rotating abrasive tool. \hile
* The Inep inteved] is @pphieatie outiangulargyaphide af mn mundersdeardst. a CVP
pad conditioner, but it is also suitable for directly
OOSIPE' i shing the wafer surfaces of sem conductor netal and
e like. Additionally the tool can be applied for

?:: g?crrhgcfﬁﬁé SbRVLIRGU DiNBePhs ¥ APPSR MRl B £1dl RhRvedBgood

ot ri |

O
Mmoot 1 U.

Pa
1he present,)

result.
[Industrial Applicability]

[0052]

The abrasive tool of the present invention can be used for different types of abrasive
tools; however, it is particularly preferred as disk-type rotating abrasive tool. While the
tool is particularly adapted for the use as a CMP pad conditioner, but it is also suitable for
directly polishing the wafer surfaces of semiconductor metal and the like. ~Additionally the

tool can be applied for high precision machining of various work materials.
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1. An abrasive tool conprising an abrasive part that
conprises a layer of sintered superabrasive particles,
wherei n said abrasive part conprises a plurality of
abrasive units that have upper ends arranged on an
equal level, wherein said abrasive part is conposed of
a |layer of sintered superag%%%ive particles that are
joined integrally and to a backi ng of cenented car bi de,
and said abrasive units are arranged in said abrasive
part . ..l ine rej id.
Ctd AL ARyl MEREas R Bt AR c MR 3P e,
suppgabgasivi@hwsiclgh,t h sai d cenmented carbide, as a result of
| ‘ eloll [
Vﬂ%ﬁg%%#%%g??%ﬁ??ggﬁﬁg%gﬁ%ﬁ?ggO?%?%%%gﬂﬁﬁggﬁgg%%ﬁfﬁ?gﬁigh
arppged o peedyiablavel.enper at ure condi tion such that said

wheHBEL ARLASHY Eazjt B c&ﬁpés%& oftah%remm %Lﬂa}{ra%@}k’c{ﬁd&'ﬁ% &re
wherein said grooves are fornmed by wire electrica

joigidditpeinlyeandde hbasking of (amemry carbide, Thesaidhrbaasivipanitorsp aganged in

sm&k@%ﬂﬁ%mh&k%g%h%biaﬂ%@%@ﬁ&ﬂe§Qid upper ends have
sharpened eddges. 3 The abrasive tool as clainmed in

wherely spid pupsipapsayerpattisleg agtitingdi with caelt ¢ther apdas giwhele witheridf
cethdntAGAHRE, Rl rBARoF SiBGRE 150nda8ESFANBHIIRY mdNEAR BT MetatbuppiRE from
abrasive tool as clained in claim3, wherein said

said prmeated carbigie uadeyag uftiahigh pressyze-igh temngratige eonditiop sughghat s3d

supRydbaddive istil & thBasodgnshiadllpensld peglge on an upper end
thereof. 5. The abrasive tool as. clained.in Igin11,

wWhi iSO PR el e] Ve intltdicaeschisgme %’?E M.
truncated or non-truncated triangular pyramd. 6. The
abrasive tool as clained in claimb5,. wherei a
b Sehravlie wEmELmen shily & e ig e Rr et Pk Mgoread

edgayram d that has a sharpened edge on an upper end
thereof. 7. The abrasive tool as clained in claiml,
wherein said abrasive units conprise a linear ridge on
t he3.t e ablweive @bl asBlainidaian albinal whereinzeld aasisigt anityrek in @ skaapy of

rulB8a % nGL A Bed 1B EGy N Sa1 d abrasive units

4. The abrasive tool as claimed in claim 3, wherein said abrasive units are in a shape of

truncated rectangular pyramid that has a sharpened edge on an upper end thereof.

5, The abrasive tool as claimed in claim 1, wherein said abrasive units are in a shape of

truncated or non-truncated triangular pyramid.

6. The abrasive tool as claimed in claim 5, wherein said abrasive units are in a shape of

truncated triangular pyramid that has a sharpened edge on an upper end thereof.

7. The abrasive tool as claimed in claim 1, wherein said abrasive units comprise a linear

ridge on the top thereof.

8. The abrasive tool as claimed in any one of claims 1 to 6, wherein said abrasive units
are in a shape of non-truncated, rectangular or triangular pyramid arranged at a pitch of 200 pm

or more but not exceeding 1,500 pm.
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are in a shape of non-truncated, rectangular or
triangular pyramd arranged at a pitch of 200 pm or

nore but not exceeding 1,500 pm 29 9. The abrasive too
as claimed in claim8, wherein said abrasive units are
in a shape of non-truncated, rectangular or triangular
pyram d and has a height of 30 pmor nore but not
exceeding 200 pm 10 The abrasive tool as clainmed in

any 90Hee abfasigk toohas clpimegl i claight whiereinshid abiapise nibfsagd ip e shqpg of

nofl L, GRBRM, lﬂe&andguﬂ;kl 6r @%@Arwmh@@énms ghakieehd in 61 @bbdthot

wherel n sal d superabrasive belng dianbnd has a nom na
exqgerting P emsj ze of 40 to 60 pmor |ess. 12. The abrasive
tool as clainmed in any one of clainms 1 to 11, wherein
said sintered superabrasive has a |layer thickness of
0. 11¢whhg pbragiyegtool ag daimpH én agpyoge phrlimpblo Sagheeia theggpqraprasive
is BdWorAne of clainms 1 to 12, wherein said tool is in a
circular or annular shape. 14. The abrasive tool as
claimed in claim13, wherein said abrasive part is in a

Ci I CUITRE abrRdiveABANWh ahin®h &Paim 18 heldiesadDdupsiab@sit O¥ingaBamond
claimed in claim14, wherein said abrasive part has an

has rogyinal garbipfp s of 4P oY W0 nore.  16. The abrasi ve t ool
as clainmed in any one of clainms | to 15, wherein said
abr asi ye par.t as .a height of 1 mm.or |ess over,K a
Dot Eorhhopieiie taildngawsd yoeny sReorsiPib hal pabTe e Lt

supefhbRiye Bide [Dfer Blidkhd¥s oflBl i o oranher ei n sai d abrasi ve
part consists of 2 or 4 equally divided segnents that
are in a shape of sector with an identical centra
angle Thd &rasifeaod bs dsimeé irt @@ lonas ctaknad T d2, iwheddiradain tdal is in a

.m@ereln Paid segnents each conprise two groups of
circuiar or annular s Pe. . .

grooves, a first group is parallel to a radial border
of the segnent and a second group

14. The abrasive tool as claimed in claim 13, wherein said abrasive part is in a circular

or annular shape.

15. The abrasive tool as claimed in claim 14, wherein said abrasive part has an outer

diameter of 90 mm or more.

16. The abrasive tool as claimed in any one of claims 1 to 15, wherein said abrasive part

has a height of 1 mm or less over a bottom of the grooves.

17. The abrasive tool as claimed in any one of claims 13 to 16, wherein said abrasive
part consists of 2 or 4 equally divided segments that are in a shape of sector with an identical

central angle.

18. The abrasive tool as claimed in claim 17, wherein said segments each comprise two
groups of grooves, a first group is parallel to a radial border of the segment and a second group

is arranged to cross perpendicular to said first group.
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is arranged to cross perpendicular to said first group.
30 19. The abrasive tool as clainmed in any one of
claims 13 to 16 wherein said abrasive part consists of
3 or 6 equally divided segnents that are in a shape of
sector wth an identical central angle. 20. The

abr 35 I & a{ngg {351 agl M A 09113 Qil (591131913 w&&fﬁér&néﬁh Qbraswe part

segnents each conprise t groups of grooves,
corfsistsof 3 grrfmsupaliysdi*driﬂhwg@dntp&waﬁrdf /2 shaveaf seaigl with Bvidgaticaksentral
an%ge segnent and second and third groups are arranged
0 cross said first group at an angle of 60 degrees and
120 degrees, respectively 21. The abrasive tool as
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superabra5|ve parti cl es, wherein said abrasive part

degrefypiPsedel plurality of abrasive units that have
upper ends arranged on an equal |evel, conprising: 1)
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supér dff Lare APt FiRired g erarfelaies Hogharhsrely Bitabersts ool

is a8CNIR P dagdifedeer i al of cemented carbide, by sintering by
means of a binding nediumof netal supplied fromsaid
cement ed carbi de under an ul trahi gh pressure-high
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3) cutting in said composite surface by means of wire electric discharge machining (wire EDM)

to form groups of linear grooves and an array of abrasive units along said grooves.

23. A method for the manufacture of an abrasive tool having an abrasive part that
comprises a layer of sintered superabrasive particles, comprising:
1) providing a sintered composite composed of a layer of sintered superabrasive particles that
are joined integrally to a backing of cemented carbide, by sintering by means of binding
medium of metal supplied from said cemented carbide under an ultrahigh pressure-high
temperature condition such that said superabrasive is in its thermodynamically stable phase,
whereby the superabrasive particles are joined with each other and as a whole with said
cemented carbide,
2) cutting said composite to yield a segment in a shape of sector,
3) collecting a plurality of segments, which are identical in geometry to the one obtained in 2)

with an equal central angle,
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are joined integrally to a backing of cenmented car bide,
by sintering by neans of binding nediumof netal
supplied fromsaid cenented carbi de under an ultrahigh
pressure-high tenperature condition such that said
superabrasive is in its thernodynam cally stable phase,

4) arran{;]uelg%/ esne%m%rgtg glés%gfrt\?\%!ic%%ﬂgg (%]éscch ?ogm% ggltn glg'fa\% gw.l@atére

eac rean hted car )
cu@)ar ocutrnithgsteas, dixiog ppd sigrents ¢» a/haed platg og e @n@ntfaqemh%eq@ha@ e
[ r ch

5 GBS el LERL PO AREALLLY. AospaTy Loy

progiueepnarrap of rdkasive panitsain said gpwposiy, M\)ereav g@ngﬁ quf@&?SoPre formed
paraftdd FBeAlfaélaFdoﬁ’&e‘? b¥eatPscBRER aObKtE ed 1%@{ as to forma
conposite surface in“entire circular or annul ar shape,
fixing said segnents to a base plate on a flat surface

t hes£of med@hiflof r%en@r‘dﬁﬁg eﬁ‘\gab}a@w@ %bﬁas%ﬁgﬁ@% §n er&?@cﬂﬁw 9fo 21,
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radi al border of each segnent as obtained in 4). 24. A
nmet hod of regenerating an abrasive tool as clained in
any one of clainms 1 to 21, wherein said abrasive part,
as worn to have a decreased abrasive unit height, is
cut in along said grooves by wire-EDMto regenerate
the grooves and the upper ends of abrasive units. 32
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