[ Name of Docunent] Specification [Title of Invention] TOOL W TH SI NTERED
BODY PCOLI SHI NG SURFACE AND METHOD OF MANUFACTURI NG THE SAME [ Techni cal
Field] [0001] The present invention relates to a tool having an abrasive
part of sintered superabrasive and a nethod for the manufacture of the
sane. MiNaparf Dogimenty, the invention relates to an abrasive tool for the
condi ti oning of chem cal - nmechani cal polishing (CWP) pads, which are

comonly conposed of hard urethane. sghefidatioh al so can be effectively used
for processing various sem conductor materials to achieve an efficient and

hi gh pl arpiikty¥ Rerfigmance. . This invention further relates to an effective
nmet hod fgﬁ t he naﬁu acture of such tool. [Technical Background] [0002] In

pr oduct L on of 0% SE1 PSRRI B Rt R s RER M ANMET R
techni que for planarizing interlaﬁera insulation filns and wafers of netal

such as silicon.. For the CNgA UBINGI THRSAdBads are enpl oyed, which
is conmonly made of hard urethane foam and which needs to be frequently

condi t i ofledhwnalttheldsurface in order to secure a high degree of planarity
and wafer polishing rate.. [0003] Pad conditioning has been conventionally
practicemooifh a tool in which dianond 1
The present invention relates to a tool having an abrasive part of sintered
superabrasive and a method for the manufacture of the same. More particularly, the
invention 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 hollow central region
with no abrasive particles thereon. There are further outer circular

regi ons: partidldsearé tiksd to diext plate bheeasiep@itisre 9iRIestrodBpdsitin dugicivapassly e
particles are fixed by el ectrodeposition on several spaced rows of

proj ecti opskARAL, it %?Iinprigﬁ%cﬁ :aqgﬁﬁﬁ% abrB@{d iogi, Vﬁéﬁ&ﬁ@tﬂe, and e il it &ﬁ%@d,

superabrasive particles are el ectrodeposite al on severa

ring-for | i ans_(Pat ent ument .1). Since the superabrasjve

b £ ot e p it EHONRD Eorle 530 REBERBF( prhltE k. IR MRLBREET . ¢ e
physically rests over, their_retention is not always enough to give an
accept abloter cigilay regions:ip hy gheeyde theqeatalyagigns spllcndwsrbmsaismarles
process. [0004] Another abrasive tool is known whose abrasive material

| ayer conpivsddypdedtiodepasitain ondieserahypecast romisef prdiectionhthahararie theebape tfonded
to the rotating circular top flat surface of the tool; the layer is

sect i one@anial $pheagbrd inahel s@ond snpérabrasive bartic Ratedledbodepositd Rith nideemer ,
since such resin bondi ng does not always produce an adequate retention of

t he abragwéga]pﬁ?tmﬁﬁéﬁpro{gﬁﬁoﬁmhén%&ﬁ%ﬁk gye rather an insufficient life
in sone applicaftions..” Electrodeposition bonding technique cannot al ways

achi eve a suf gin%'e tﬁﬂ% srlllbgr?ilnralsljv{e %%réll%ie% ereer uéeid][tg ngesllqalsg [a%eggr{lﬁ %vit%rnei Ze 4 an%/a? known

that conprises a n“rirmo ycrystalline eposi !
chemcal oSBT ISRESLAL IS0 B PLSLSEL 20, 18 2555 PSR SLEL s (v
a dianond thin film by this_techni?ue follpmjng adequately the irregular
surface ®p!lifsewithsemgwediclagibepopmetlersaessl dirinlzla praersat at i ons and
projections, in order to produce sufficient retention of the filmor to
obt ai n a[0024]
Another abrasive tool is known whose abrasive material layer comprises particles of
diamonds or the like, which are resin-bonded to the rotating circular top flat surface of the
tool; the layer is sectioned with radial and concentric slits (Patent Document 2).
However, since such resin bonding does not always produce an adequate retention of
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 is 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 with a precision high enough to neet the needs, which are nore and
nore demandi ng. [0006] As descri bed above, conventional abrasive tools, or
pad conditioners, can only have a deposit of abrasive particles with the
tops or upper ends not in a uniformbut varying | evel because of the

fl uct uat itog il & pekeBimi lgsendugh té hestehé netidgj whiah apanbdiecind sne@apboyetingn t he
base plate (base netal) have. Such feature causes a problemthat a part

al one of [pggdii cles that is nost protruding fromthe base plate (base
nmetal) conesto be used in the conditioning process, and the parti al

cxcessi ve | oad g I A0S RN AATRO 0 | iy PRS2 US|

even | eadi ng to a erm nat i on o may be
desired, for natlon e_downti ne and cost.s for condi t i onj ng
the pl aﬁléP?si%ﬁ agl St pagiof qsef&ﬂi b 19nsi08 URRYT ZNASRATtdR & uBéO%?ge&Ya&@ag VL

tool wherein particles of dianond or other superabrasive are fixed to the
surface oFcaspasdepluatuating partigle dizaethat thosmingdiyéduappartielep emplogedon thethaggy pad
of urethane foam and | oose abrasive particles that are conventionally
used. Thalata@asmstal)ltavea Mudfegtueciagsesn pushlémtiattaypabienl reafipdedtleasmnbat is
mai nt ai ned for the surface of |ayer of abrasive particles, which are

deposi t edh APploftadReTRom MRiake ﬂb@t(sasreqna@alﬂwﬂ@s ®WelusEDireHle 86ndifbtihg t asks
have not been fully sol ved heretofore owever. Patent Docunent 1. JP, A

2002- 337050, PRALH: RREVIRAL.Z 1odne o 20082241 B 0 208 S BRENITENE 32 2P,

A, 10-07 osure on asks to e S0 y the
| nventi OQ‘]lenhLa?ly ean Feadmg to a premature termination of the tool life.

[0007]

It may be desired, for elimination of the downtime and costs for pad conditioning, the
planarization of silicon or like metal wafers be practiced with a tool wherein particles 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]



One of the objects of the present invention is to provide an abrasive tool
capabl e of efficient processing and an effective nethod for the

manuf acture of such tool, wherein the above described problens have been
elimnated that are related to the both retention of abrasive particles to
the base pl at ©mnd thdebjpete ot thi Preseort ipaIntish éoto pusfide &5 abradivstoohvapablead, 1 n
particular, is to provide such tool to be effectively adaptable as CW pad

condi t i OQ%Ciéﬁ%ocew&ﬁﬁarﬁéffe%fzé ﬁlle%a f&rtﬁsl Hfahhfaeuﬁ)é omugﬂ tdl ev%e?éﬁrihe

surfaces on sem conductor wafers or, [1ke. [Means for Solving t e

Pr obl ens The .i.nve L or f oun S ey

concent r AP GHT TS YRS TE ?ﬁepghml%%[ Rt o he VRN 8

they coul d be solved by conposing the abrasi part of urallt of

abr asi ve 2Pi#Five PRRICIS é}"’é’és%ﬁlﬁ@ranéBﬁ‘%@??f%‘%&%??@hgg S‘t“l‘?%f’tes -ar JQ”? VSR %‘} R c
arrangenent, and further efforts have lead to this invention.. According to
t he i nvepeitionlar,ss Prioovide duchrtoalindsielfectively adaptable asi %Pmd&bnégbw thedr t

that conprises a | ayer of sintered superabrasive particles, wherein said
abr asi veefiblds anGEfigEntSR6ditiph Bf Bightpyeoifiordfilrfagés/en sumitendub@it whadreonper ends
arranged on an equal level.. Al so provided is such tool, wherein the

abrasi vejjpart is conposed of a |layer of sintered superabrasive particles
that are joined integrally to a backing of cenented carbide, and said

abr asi veuni t n sai d abrasive part al ong groups of linear
gr ooves. S?Fﬁ8$§§¥o |§%gmgkmﬁﬂch tool, wherein the upper ends of abrasive

units haﬁ@ fharpened edges. Further provided is such tool, wherein the
abrasi veld¥8Pts are in a shape of truncated or non-truncated pyram d"

0010] 4
[ ] The inventor has found, as a result of devoted and concentrated efforts for a solution

to the above described problems, that they could be solved by composing the abrasive part of
a plurality of abrasive units of sintered superabrasive particles that are in specific
arrangement, and further efforts have lead to this invention.

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 rectangular pyramd that
have at | east one of the top edges sharpened. Further provided is such
abrasive tool, wherein the abrasive units are in a shape of truncated or
non-truncat ed A¢doadifgtothe mveatiditlalso providedrs prehvandéchsive tealciwhabmabé ve t ool
wherein the abrasive units are in a shape of truncated triangular pyramd

that hav eab?zislixleetﬁfftrs aRg a%ilaﬁenﬁ“ thRRa SR sk PERARHA tHak }ié\f&@ft 1EQHeGEehd tBpsuch

abrasive tool, wherein the abrasive units conprise a |linear ridge on the

top ther%%fw;F%rthq{ provided is such abrasive tool, wherein the abrasive
uni ts ar €°FH %lgﬁﬁﬁe of rectangular or triangular pyramd arranged at a

pitch of 200 m or nore but not exceeding . 1,500 . .Furt.her proyided.is
such abrasi ve FUsrr Pigkidedissuehabagy %éqq]/’erEﬁﬁ?lPéhea&“aﬁlﬁe ‘gugsﬁé?)gl gfhape of
non-truncated rectangul ar or triangular pyram d and has a height of 30 mor
nmor e but tnorateérceedimeragdoriangulaumyramidpr ovi ded i s such abrasive tool
wherein the super-abrasive is dianond. Further provided is such abrasive

t ool , wherei n Rufethramdadispach hishese avevteeréiomhawrasi pantiisckeinsi sheapobdf 40 t o
60 mor l|less. Further provided is such abrasive tool, wherein the |ayer of

si nt er ed (SpPAEARAShMEPyrRALD thel BveBBRast dnBlo¢ KRASS e@es@hdrpiiBdor more.
Further provided IS such abrasive tool, wherein said abrasive tool is in a

circular or lar s .. [0 . r j | i; t ool ,
mhergin t he a§§§§9~éoﬁggfﬁfg&}%&%&nggﬁpg%xﬁﬁ%%%ﬂﬁgn%§mﬁ&%ﬁmﬁﬂ&ﬁ§hﬁéu
ridge on the top thereof.

Further provided is such abrasive tool, wherein the abrasive units are in a shape of
rectangular or triangular pyramid arranged at a pitch of 200 um or more but not exceeding
1,500 pum.

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 um 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 pm 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



annul ar shape. Further provided is such abrasive tool, wherein the abrasive
part has an outer dianeter of 90 nmor nore. Further provided is such
abrasive tool, wherein the abrasive part has a height of 1 nmor |ess over
a bottom of the grooves. Further provided is such abrasive tool, wherein

t he abr asinn@lgpakdpeconsi sts of 2 or 4 equally divided segnents that are in
a shape of sector with an identical central angle. Further provided is

such abrasive f@fler pMRRIR! R IBra388 W ShEERRNE WYREVS Bart MR B RuRS of
grooves, a first grgup is parallel to a radial border of the segnent and a

second .oup, 1 s ranged to cross perpendicularly to said first group.
Furt her %%W?tﬁéaf??ds% h 36r asi ve tool, wherein the abrasive part consists

of 3 or 6 equally divided se nts that are i shape of sectqr, .with an
i dentical centiutlicnpigviled ‘ngglfas‘ﬁ?é‘?ﬂld%}&er?@ tg"’u ag %T]@Péat%bg toffer ei n
sai d segnents each conprise three groups of grooves, and a first group of
whi ch i s mmrarepsdvpaa bdtiost of ihe graods.al border of the segnent and second
and third groups are arranged to cross said first group at an angle of 60
and 120, respeairihéeprypvidedid dueh apradive eed, wisersitche slrased pet domsists off2endi n t he
grooves are fornmed by wire electrical discharge machining (WEDV..

Further pooyidgdided Bté)glh%}xts’iﬁﬁtaérie Yi€a SRk of WREE St SRIdEnRRY 8stLakdO!l 1s a CWP

pad conditioner. | According to the invention there is provided a

rethod o SRR A R By 30aPDIAE 5 AR RO AR R O

abrasive g?c?urpts o(f‘“%g)%rviess, %Sﬁrsat g%&ﬁ i%lpia;[a){lelo tfo a%géi%ﬁi)cyrgeruorytﬁes setgpn%%t artln VaeselégxPcF r 6
group is arranged to cross perpendicularly to said first group.

Further provided is such abrasive tool, wherein the abrasive part consists of 3 or 6
equally divided segments that are in a shape of sector with an identical central angle.

Further provided is such 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 level, conprising: 1) providing a sintered
conposite that conprises sintered superabrasive particles that are as a
whol e joined to a backing naterial of cenmented carbide, 2) leveling said
conposite surface, and 3) cutting in said conposite surface to form groups
of | i nearengs anwegedantnaiqualrleey, @npaBingsi ve units al ong said grooves. Also
provided is such method, conprising: 1) providing a sintered conposite

conposed gfp r@vﬁﬁ%%%uﬁ&e& cbtpb8e tﬁé’c%fnpﬁ?ésas%t&%d Ba¥drAth & p atrhates b €ark Q4 pEd
integrally to a backing of Cenented carbide, 2) cutting sal conposite to

yield a S\z@lﬁ{?&}néd}o%b hﬁ’iﬁg er%a?g%gemer%gd ca?b IdectI ng a plurality of 2) with

segnents, are | I'n"geo ¥he one obtained in
an equalzﬁg | e, ang|$g sald segnents closely to each other,
so as to "‘3gé% @@P?% n entire circular or annul ar shape,

fixing said segnents to a base plate on a flat surface thereof, and 5)
cutting i3ncuting issdreemposits spriachiodomm gmupagf lfeanpoastseaduniasy ofiakrasive
conposite, whereby group of grooves are formed parallel to a radial border
of each segselohgasidghicdesned in 4). Further provided is such nmethod as
descri bed above, wherein the abrasive part, as worn with abrasive units

havi ng decreaggggﬁ@bg@gggmkﬁngy&xggmﬁ Q§Fg-sai d grooves by w re-EDM
[Effects of the Invention] [00 13] Wth an abrasive part conprising

sintered 1y ng)%g@?\éggﬂé?e@@orr{xﬁo%ltg §0mf>g's%d %? 5%}6}[ ﬁ §1r?t9reﬁl%];1 rgbr?m?e 8? ﬁc]{es

|nvent|on nt ageous ose”conventi‘ona ues
substantlal t eas ? retention of sup g (FSIVG particles is secured
)b carot

and thatﬂF$ J?ﬁ@ e e pas q@&FC?ﬁaﬁe

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,
4) arranging said segments closely to each other, so as to form a composite 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 conbined ultrahigh pressure and high
tenperature where dianond is the thernodynam cally stable phase of carbon
while the bond netal is nolten. A higher retention can be achieved

especi al lof superdbresicapativke isandiiaireddué ® thapheyed ptaresy, nhiclsispendistedsn ae,
since the dianond particles are firmy joined wwth each other as a result

of part Ic)zsnalm@ﬁ@ku&m&ﬁe@mtﬁah% rﬁ%és@hre%dthtg% tembéraife QhetfeBadbaimmgh [ 0014]
|

Moreover, while it is often fficult to obtain an entire Iarge di anet er

abr asi ve g&ﬁ{oﬁgnpres {t%l%h&e%@cé&%‘éﬂ%ﬁlﬁ BYBOR] IneBONHDESS Bfggeca” be

real i zed ention can provi de suc area of
abr asi ve art W t a ni f.i cant . def or nat.a hi ee of
bRl SRR LR iy o R Y mquffe if act ur ed
froma pIurallty of partial abrasive parts, because abrasive parts of a

| arge di anperehragive singaéhe digmend parfigles ars Ty dnadawith sachatiheseh eeessliofs of a
| arge di aneter from a superabrasive particle sintered body of a snall

di anet er panlywdissohitiondyehnestl ofi tiei sutfecd sfghedmmondt occur and by conbi ni ng
a plurality of said partial abrasive parts. [0015] Wth the abrasive part

of the i i on, when the abrasive units have worn out and dimnished in
t he work operation, abrasive units and grooves can be reconstructed several

times, readi |y, renifiM, Jfga‘ilon tER bt&%‘aﬂ%ﬂtl?@ﬁf’geocﬂarhﬁgr A rt, si nce

t he abra5|ve units ‘are for ra5|ve part that conprise

adequat el ck. urf erabr i |cles

100167 REVEREI VIR thalipeirBH Soudes fecumiuer Fedtn PerBee ¢ietiit of a
conmpact or block of sintered superabrasive or, typically, dianpnd
particle¥ Wl 9B PRYVidF sugh adangprreaof pprasive paid quh@ut gsignificant deformation at a

high degree of precision, wherein a superabrasive particle sintered body is manufactured
from a plurality of partial abrasive parts, because abrasive parts of a large diameter are made
by cutting fan-shaped partial abrasive parts of a large diameter from a superabrasive particle
sintered body of a small diameter in which unevenness of sintering does not occur and by
combining a plurality of said 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 ning process, they can be fornmed freely and as desired and
thus a higher degree of tool precision can be readily achieved in the
formation of triangular or rectangular pyramds, with the technique of the
invention than with conventional art, in the |level of upper ends and
groove bodikehasgeahadhivein@proasdsytbey bart Be folmed &etly abd as desibe andiged a dipgheMP pad
conditioner, the abrasive tool of the invention is very effective for an

ef fici entdd@&&c&%a%&é‘m@cﬂ memlﬁy%ﬁie@@d ﬁl%é ?&ﬁlaﬁif)n §Pmaﬁgﬁlgxu&tr96tan ral s.
[Brief Description o t he Draw ngs] 1 shows an expl anatory

view (pl argfdsa\g a%g%\ﬂlqueg)?khe(mven%n?h n)vw ngr{vgflt?(g’ka fm qg?h%lg‘gg%%“ ment  of

the pres |nvenF|on explanat

abr asi ve tooI (Exanpl e 2% accor to another enbodi ment of the

i nvent i ortPPEFSTY Saédggx%ﬁ gy BPVﬂWW%MP%%Ian) showi ng an abr asi ve too
according to still another enbodi nent of the invention. 4 is an

expl anat ory vilawagtisulen)whenowgdas @MPamda@nd@on@otheabm@wdmd thesnydntionstot her
enbodi ment of the invention. Fig. 5is a detailed view of a part in Fig. 4.
Fig. 6 i sesy efdcaive & aviiegficiait ppoduatibn bfa high .prekisidt gufade shasnsicamuepl anat ory
view (plan) of a construction exanple for the abrasive units of the
abrasi ve QgL according to the invention. Fig. 8 shows an explanatory view
in section as taken along AA-Ain Fig. 7. Fig. 9 shows an explanatory vi ew

(pl an) of Qﬁbgghgﬁﬁpﬁgﬁggﬁ%%&ggxanpIe for the abrasive wunits of the
00 [

abra5|ve accor nvention. 9
[0017]

Fig. 1 shows an explanatory view (plan) of an abrasive tool (Example 1) according to one
embodiment of the present invention.

Fig. 2 is an explanatory view (plan) 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 wire electric discharge nachini ng
process applicable to the nethod for the nmanufacture of the abrasive tool
according to an enbodi nent of the invention. Fig. 12 shows an expl anatory
vi ew (pl afip. Of shawvsabreasiaugotyodéw ae seeridh agtaken BrdihEp. 9.enbodi ment of the
invention.. Fig. 13 shows an explanatory view (plan) of an abrasive tool

accor di n%g o1 1mm%rsch§ﬂ§m;m§ﬁtno%fa el SCBTY diS¢hardel Bachifin® PRIEssan

expl anatory view (plan) an abrasive tool according to another
enbodi me I f
an abr asipReLl ®EKER) 'd the e O e B ML . i

16 shows a gaﬁlan torx V|em1(plan) of an abrasive tool according to
anot her 8#@ sy nyvention. Fig. 17 shows an expl anatory view

(plan) of an abrasive tool accordln% to another enbodi nent of the
i nvent i oig-[12xsbb @A an explamsgtony éev(mepaif $ ablagive §]o! acompdiag fo/enotlegs) 2
Abrasive unit 3 G oove 4 Abrasive tool 5 Abrasive unit 6 G oove 10

embodiment of the invention.

Fig. 13 shows an explanatory view (plan) of an abrasive tool according to another
embodiment of the invention.

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

5 Abrasive unit

6 Groove

10




7 Abrasive tool 8 Abrasive unit 9 G oove 10 Abrasive part 12 G oup of
parallel grooves in a first direction 13, 14 Side face of a (truncated)
pyram d 16 Group of parallel grooves in a second direction 17, 18 Sl oping
side face of a pyramid 19 (Truncated) rectangul ar pyram d-shaped abrasive
unit 22 & d\passfetpak al | el grooves in a first direction 23, 24 Sloping side
face of a triangular pyramd 25 Abrasive part 27 Goup of parallel grooves

in a secohd Abiraseetindn 28, 29 Sl oping side face 31 G oup of parallel
grooves in a third direction 32, 33 Sloping side face 34 Triangul ar
pyr am d- shapgg,wbrasi ve unit 41 Wre for electric discharge machining 42
Abr asive part 43, 44 Abrasive unit 51 Abrasive part 52 Crcular base plate

53 Li nearl(prgg}/agvgrp%{p 55 Second group of grooves 11

12 Group of parallel grooves in a first direction
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 oping peripheral part 61 Abrasive part 62 Circular base plate 63

Li near groove group 65 Second group of grooves 66 Third group of grooves
68 Sl opi ng peripheral part 69 Sloping peripheral part 71 Abrasive part 72
Circul ar base plate 73 Linear groove group 74 Border 75 Second group of

grooves 88 Aopiagpeigierdl p82 Circul ar base plate 83 Linear groove group
84 Border 85 Second group of grooves 91 Abrasive part 92 Crcul ar base
plate 93¢ki NERksit pRve group 94 Border 95 Second group of grooves 96

Third group of grooves 12
62 Circular base plate

63 Linear groove group

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

12




101 Abrasive part 102 Circular base plate 103 Linear groove group 104
Border 105 Second group of grooves 106 Third group of grooves [Best Mde
for Carrying out the Invention] [0019] The present invention uses as a
mat eri al conpacts of sintered particles of superabrasive, such as di anond

and c- BN (@ubiabrefegithi tride), which can be prepared by an established
t echni que, whereby superabrasive particles are processed in a conbi ned

condi tion - hi essure and high tenperature. Since products as
recovered1 roﬁk%§ﬁﬁg%§g%£és may suffer a significant deformation, which has

to be preh%niﬂari[ renoved to produce a roughly flat surface by nold

el ectric HPPschIFfeSARYH#TAPRG, for exanple., Then created are abrasive
units, which are to cone into direct contact with works, by stepw se
form ng tH¥ gPew¢es and side faces of projections, follow ng the node of
the invention specifically described herein. Such prelimnary flattening

may be salMdd S¢cohd gamp of groveeci al | y avail abl e conpacts as having a ready
flat surface. For the formation of such grooves various techniques are

avai | abl e,o6i NThikepep oMbfo8v&PM  nol d- EDM ot her preci si on EDM t echni ques
and |l aser machining; wire EDMis preferred, though, especially for

producingB@ﬁ§g&&9mp@%Fg§g(%ﬁgmq<W%nggive units. Wre EDM processes are

usual | y program opera ereby an electrode wire is driven along over a
wor k sur&aﬁﬁﬂof sintered superabrasive particles to cause electric 13

The present invention uses as a material compacts of sintered particles of
superabrasive, such as diamond and c-BN (cubic boron nitride), which can be prepared by an
established technique, whereby superabrasive particles are processed in a combined
condition of ultra-high 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

13




di scharge between the wire and certain ingredient of the work, thus

renmoving the material.. [0020] In the abrasive tool of the present

i nvention, such units can be created, for exanple, by cutting in several

crossing groups of grooves, hereinafter also referred as "groups of

separ at i oBistigRed bAWLEDthg MWARVET certd iderédibhiaTehe ®bikNeius ednicuh@the@fiatafuiul ar

with a central hole, of a conpact of sintered superabrasive particles, to

provi de aree i oned abrasive surface.. Alternatively they can be formed by

EDM usi ng™ a | d el ectrode that has a correspondingly patterned nold

surface.. (}ouPs of li.near, grooves are convenjentl vail? I? to be, fornmed
oot & 3} Fo

either on the SHFARREVE 18 PLCRI B YTLB P-oieh B £an, b CEd {fample,

el ectrode surface.. [0021] Such groups of separation sectioning grqoves can
be ar r angedcutiing Hy jeserg! assing gronesofeapevss Feagipalier glso seferred el @owdbact , for
exanmple, in tw (Fig. 1) or three (Fig.. 2) groups of parallel |inear

[ gr ooves] sephation FsestsongaC rootdseronat su@licereitder; circabip ec annnddryyithemekntrekbh@adff r om
a peripheral point in one side of the circle on the outer circunference to

a correspgdifipdedoPaheted@ipéieraspPpstities,3b Peovide 4 @QHbRI dbdsBie\satface | n t hose
cases rectangul ar and triangul ar abrasive units are created, respectively.

The abr asj I i i i -.ike on
g%&w:ftly:ﬂlg%axghé g)tr)llﬁ@f By DV %Qﬁé}@fﬂ(fﬁ&ﬁl%léc{@@@{ha{ R AR oA soRBirghK

the top rasive unit i dges running fromone end to
t he ot her_of tﬁe qgra_ive part; in Figs. 4 and 5, the base part of each
abr asi ve RN HAY' SV & angul ar shape).. The ridges are forned essentially
parallel to the |Ionger sides in the case of rectangul ar hased %ﬂrasive
unit, as the EPIQUBt lkincgraroqyssers sonyepigaily é‘(arﬂéic’E?HP & fAMef SO e a pass
each groove and adjacent sloping sides.. Further, it is preferred for the
use as a sGMeceofsditeied seperalwhiivepardtleheichs skeyodeoturigeher, 14

[0021]

Such groups of separation sectioning grooves can be arranged in various ways.
They can be formed on a circular compact, for example, in two (Fig. 1) or three (Fig. 2)
groups of parallel linear [grooves] that cross each other at 90° or 60°; respectively; and
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 pyram d abrasive units. [0022] In the exanples
descri bed above, it is necessary that each abrasive unit should have an
upper end adequately small, while adjacent abrasive units be sufficiently
spaced f ruses, tesi@h idantierl pitsh be heitfort the pothdinenendk rasfsiadhq yreangeinantte abr asi ve
processes. Fig. 6, which shows schematically, as an exanple, a detailed

view of aepangul@fpyrdigidabrasieumitt.ool 1 shown in Fig. 1, reveals sone area
at the top of abrasive units. The proportion of such area (Y) to the base
area (Y) [@52 brasive unit 2, can be determ ned by subtracting the total
sectional - area of all the adjacent grooves 3 fromthe radial sectional

area of the ole | ayer of sintered superabrasiv articles: i ons
o “50 % or 1 698 Bt Hes s sr A e B 1 Brasens b B ARk P SR PP RAY
good results. Further the abrasive unit should pr fer&gly have a top angle
of 30 t o anxppanendiadeqynsly s@allayhibradiasenirbraghys uncl‘é?’Séu F‘éﬂlgﬁ%@éﬁeaiﬁ@ 70 to
80, approximately. [002.3] The depth of the grooves (or the height of the
abr asi ve each dthenvethat ey ganvesk Hictively in Sleablasivseproeessess sFighnwlich shaws but
not in excess of 1 mm particularly appropriate is a depth no |ess than

0,. 1.5 ngchithatially,iad afxLasple of ddaiRdviaw o pav estheabrashaltbaw shoennintig. 1,
effective for the elimnation of debris fromthe work, frequently causing

an exces %‘EV@%LSVSO%%‘% &k tog%k %&Qéi@eg uhi®S JHRMESHorBPONRSh heh Teltd 188 bakrep

causes, on the contrary, c ead to abrasive wunits with insufficient

t th i di-t . i - S d
S enat e S0 B S RS ST Ay ket piese

abrasive units be forned in a pris fth a.linear 15 . . .
adjacent grooves 3 from the radigl sectmn\gl area of the w olie layer of sintered superabrasive

particles; proportions of 50 % or less and, in particular, 2 to 25 % have been found to yield
good results.

Further the abrasive unit should preferably have a top angle of 30° to 120° and in
particular 60° to 90°, and, to be 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
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or a triangular, rectangular or nore angular top, the |lateral faces be
vertical to the base plate, and the horizontal cross-sections be uniform

t hroughout the height, the free cutting quality of the tool can be

i nproved by providing at | east one |ateral face and, especially the one on
the | eadimgriahgdarpfectanguinodambemngilactopnid lack feaesbe vertfiedl & iherpaseoplatepl ane
parallel to the axis. As for the shape of the abrasive units, truncated
pyram ds, 4 SUadh&$zonee tRARGY @bn@PeunitdrinaR b RsutORERei gl Bieffi eniaink ublaty of
sloping |l ateral faces around, and pointed top, non-truncated pyramds are

even furt tﬁg I{oofl %Xlgge@gﬁ&??%%l Ia; Qﬁv@gg £eaStide 18Qraf Ak ah - esﬁéﬁélﬁﬁhe Bt &€ the

;
per f or mance can e -cutting quality with an” arrangenent of

abrasive units .in the shape .of. prism or ramd, b rindj ith.a

pec al | AeHiTBEHe Bhbespadhdrelnbd Paryar Al s PUpp tap Bl elfTe teid |
different directions, in order to sharpen the edge or point at theciop..
I'n particul ar ,As{eethesthappeftha gbippive eniss, frangatecbpyramilss gich gpecctingalappng pe
pol ygonal (typically, triangular or rectangular) top of an abrasive unit
in the sheapeguddr gnes, wgofaabraple fonsloping taserebfaecs arpyrdamdipeintet tep, pohygoeried t op
face; a good free cutting quality can be achieved with abrasive wunits in

rect angul Ahafids hfd ARE WrtHer PAORIBISHor Wil heaut catisdalsiigr peni ng. [ 0025] The
abrasive ‘part of the present invention is prepared with an outer dianeter

of 90 mm w tﬂh&hgﬁéaﬁgyggri&i%ﬁ%ag{b%dacﬁgp@a ﬁ%@é&é@n%&@%&f&ﬁﬁ ahaving a

t hi ckness no l'ess not 1 n excess of " For, the | ayer of
sintered superabrasiyve .part.cl Co cts of polycrystalli i anmond
( PCD) an&"&gg";}‘aw Qf a‘PrP?‘Eﬁ)%“‘&IEPo‘Pgﬁéb%PB?qB YR 8@%‘5@%@%%‘8% éﬁﬁ‘a | e, which
have on one side a backing bl ock of carbide al]oy, t haé. '%s a.t un].gst en
carbi de spegdlired () 68F PEMOE: resisehldr ovArgngpm pide £aq5s dudifisrent kehiRRs-dRi cal
tabl e, based conposite. The conpact is adhered on the backing face to the
base pl atoedayfto sharpmwl the tdee @ppogiat theftegge is to be provided with the grooves
for the used as an abrasive part. 16

In particular, such sharpening process is practiced for one side of the polygonal (typically,

triangular or rectangular) top of an abrasive unit in the shape of polygonal prism or truncated

pyramid with a polygonal top face; a good free cutting quality can be achieved with abrasive

units in rectangular or triangular pyramid, without such sharpening.

[0025]

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 | 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 VIa 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.
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[ 0026] Such conpacts are available typically in disk shape, as a product of
a process on a uniaxial hydrostatic press under ultrahigh pressure and

hi gh tenperature conditions. In case a conpact of intended dianmeter is not
avai lable, if the flatness requirenent is not very close, the tool of the
invention may be realized by preparing the abrasive part in several
segnents, which are then assenbled into one.. [0027] For the construction
of an abrp®ige part with several segnments, it is appropriate to forma
groove al ong the boundary lines, for achieving an arrangenent of abrasive

units in a di §idh BHPaAS aRSHNABIOYPIASy RRERK Bh&eO¥E] plobfct et fipge Of
the abrasive part. Hére a good arrangéenent w thout disorder of abrasive

units can_ bhe .oht ai exce far .sqgnme part. cl,ose to h er.i-pher with
an abr aot VLo IbRGRs S fRer B R B R b RS BRHBES e oups
of parallel grooves, .crossing each other, 90 and thus abrasive units in

t he shapecaé‘?ac?‘ée%%ﬁﬁiﬂt%de‘ﬂ)g%{ﬁf‘d}s Rt aia %&fg@aﬂéﬂleweﬂwﬁﬁr{l%wtaaw In
the case of the abrasive part conposed of three or six segnents, on the

ot her harddgse, thesatiof the igomtionmayrigeradived bampréperiop thei abeasivelparticosevanry i n
three groups of regularly spaced parallel grooves that cross each other at
120 and akgm@eithreldch ateahal askankisd imooheate an array of abrasive units in

t he shape of truncated or non-truncated triangular pyramd.. [0028] In
short, ingd case of rectangular pyramd, |inear, grooves are first forned
on the surface of the abrasive part by electric discharge, by feeding an

EDM el d i I . th f s b ' : ; i
s ariven i n ths 5 AprERob aFel MirREF Rl plM PRGN R AL b agPRRbeePl " T

part, in _order to pass along.,and. cut. the. abrasive part t reate a side 17
face of {#& ¢EFUNEALBEG lé%%ﬁaﬂwaf»a it ek vanect astaekemen) o BRGS0l e
operat| Orc]lisltrsibution as uniform as possible over the whole surface of the abrasive part. Here a good
arrangement without disorder of abrasive units can be obtained, except for some part close to
the periphery, with an abrasive part divided into two or four segments, by forming two
groups of parallel grooves, crossing each other at 90° and thus abrasive units in the shape 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



repeated to conplete the groups of grooves.. [0029] In the invention, the
top part of the pyram d conprises one or nore dianond particles. So any
pyram d in geonetrical sense cannot be obtained because finest dianond
particle has a definite volune.. In the invention, however, we refer as

not - t r uncfateeef thi &runchied) Eyragilar pynargidestidcont thale groovp dibgrmpertion is
significantly small in relation to the base dianeter. Cbviously a truncated

pyram d h@ﬁea@edttgQoh@[eg@ﬂ]eigm@@@hgﬂjow@gti on than a correspondi ng pyram d.
[ 0030] For the production of (truncated) rectangular pyram d abrasive

units, sgﬁbz s showmmn in Figs. 7 and 8, for exanple, first formed on the
surface an abrasive part 10 are a group of parallel grooves (one of

"which is representatively design d as 12, |likew se applicable
hereinafter) db Bf PEGHIo8 X@ﬁ%{%?iﬂbgfittﬁe RYFMEY COPPREET 28R ° %gé?ncga?\%d si de faces
(representatively designated as 13 and 14, |ikew se applicaple .

her ei naf trerticlest SeenanyENEe ipgroaatidenl sose ganngebe Qpfaingi B%Cat}%f‘r imephdiagiond
rotated, together with the base plate, by 90 about the axis of the annul us
and, t hempasafdelas aafefiniievolgpmeup lofhepaveakibel hoyreyoy @s réfsnes mit-twiicathd mdien
representatively designated as 16, |ikew se applicable hereinafter) are

formed i@h@?}i}%%ﬁ qestRetHa0n tdpbdialert kighlficahily §hall abeldon asthedhie as the two
ot her side flaces (representatively designated as 17 and 18, |ikew se

appl i cablse, nerel paj, | (s;lh/ aotfm&cgﬁd%ha%%%ﬁs a 108t QVda8R dirddtnltish gr oups of

paral | el grooves, Cross e other at a Tright angle, and (truncated)
rect angul ar ram d abrasive units 19, which are arranged al ong said

gr ooves. C‘fﬂﬁ%@%?%’ﬁ‘%ml iew taken along A-Ain Fig. 7 is shown in Fig. 5.
[0031 ] in the above description, 18 For the production of triangular
pyram d &¥1383i ve units such as shown in Figs.. 9 and

For the production of (truncated) rectangular pyramid abrasive units, such as shown
in Figs. 7 and 8, for example, first formed on the surface of an abrasive part 10 are a group of
parallel grooves (one of which is representatively designated as 12, likewise applicable
hereinafter) at a regular 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] in the above description,
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10, forned are a group of parallel grooves 22 in a first direction 21 and
sl oping faces 23, 24 of the pyram ds adjacent to the grooves. Then, the
abrasive part 20 is rotated by 120 about the central axis of abrasive part
25, and, in the same way, another group of parallel grooves 27 are fornmed
at a regul ar i Rerethg atoduetien efgdammilatipyeoid ghrasge ands shas ehews inopend asdde
faces 28, 29 are fornmed by wire EDM (el ectric di scharge machi ning). Upon
conpl et i oro,@brntdiearph gERHSHI phfatlcladro@sds\2e ipairstidirettidra? leshdadiaping Biged 2Y) 24nd
the sanme process is resuned to form another group of parallel grooves 31

ina thirgdgi gﬁ‘émi@sﬂadjo’&entttg thd @o8vdshe TRENGRe AnMki®d pak2fh isastaiRlty B9° abélf

faces 32, 33 adjacent "thereto of triangular pyramd abrasive units 34,

t hus acconplishing the ar.ran nt .of ramd I | , 32
For the. abF Se ML Al oGl EPREZS “hoba 1 82y, Jp0 4o o PR AR Brodds >
triangul ar_or _ rectangul ar pyramd abrasive units haye a protrusjqn hei ght
of no | es& ¥R&HMEY altnalﬁ‘i&u(?%é"t“e’i"ﬁm“%é ‘B’f'ecﬁ‘%zﬁﬁ%‘g%‘yécet“ﬁgol"é‘%éﬁ g?ceérogve
bottom Protrusions too |low may tend to cause a direct contact of the base
of abr asi3fe2paraformed by wire BIYIK¢lestue Wissbar@imaghigingd.esul ti ng i n i nadequat e
conditioning performance.. Protrusions too high may cause, in contrast, to
reduce the rel@pivengilétngifhhoprotdse, thbamabive parid diatathigam lanl X aadshevel y
thick | ayer becomes necessary for the sintered superabrasive particles. On

the ot hergRangocckd® riddhREYA sim Motier Biduphdt pheliveaboRdizaGs Athied @iexeisnshoul d
not exceedl500 m while the lower |Imt can be set, depending on the wire

O a1 R0 SOB RS, R0, 1 OLE) 96 s 1SS 0B R D,
abrasive plil/?a{r}lid aggagievgql%itg 94,tt£|l?s ch%crnEllpﬁslh?ng tih% eal‘r?lf]gél’r?@%t of pyramids along the
grooves.
[0032]

For the abrasive units described above, it is appropriate that, either triangular or
rectangular pyramid abrasive units have a protrusion height of no less than 30 pm but not in
excess of 200 pm 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 per‘formarice‘.

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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super abrasi ve particles contained in the top part of the (truncated)
pyram d of abrasion unit. For the superabrasive of dianond particles, or

t he abrasive part being conposed of sintered dianond (PCD), either 40 to
60 gmor less, 8 to 16 gmor less or, O to 2 gmcan be used as an

appropri at e pdreipstfermsince of the abrastvenads depamdndn thermuticle sighosihges nomi nal
sizes of or smaller than 8 to 16 gmor less are preferable, and 0 to 2 gm
i n parti Gup@hbra$iaspiraeles tontaidedsthe topartathattfinchtOd3racdi dosdrpasionafnit.
sintered dianond particles to be used for the abrasive part of the present

i nventi Oyq¢ a2 s?aﬁerasﬁme 8fdihopd Bheeleh NG thOLREsih APRInPBshp &L Sf biftefed
conbined <condition of ultra-high pressure and hi gh tenperature where

dianond is th r mpd ically sta e i I f
cenent ed SRR TR P R Ao Rl B Ry S8 R IRt b B et
metal such as cobalt, The_abrasive part of the invention can Ee reglized
by cut ti ABPreBtiats PRgicls B fopainisred Hamond agiong sueh ﬁ?%@gg%%] S{25S gF Yirealler
abrasive units, by precision EDM such as, typically, wire electric

di schar géhamefctioi 1gi g or less are pecfoniable, @idebtord wmdlinsprntaeudar, hasdisemifovgd reestmonl vy,
the electrode wire is struck against the surface of sintered di anond
particl esppropdiaiet i ate an el ectric discharge. The wire then is held close
to maintain the discharge and noved horizontally al ong the surface of

si nteredrgdypnond particles so as to carve a groove with a desired width
and furt%er Sside faces of abrasive units. The groove can be al so forned,

as shown in Fi % ct&y i éxjea id%o%ﬁgvtaﬁﬁgés.etl) %(é\tugfc{j@r Bﬁl%arbl?aﬁﬁgewgﬁf e Striking

the work 42 pﬁ'3| tered drano ( rizontall) I'rection
Cangent i BIEsS AEGHo B it Bor HBLYBRAT6 BTG TRl 1 488 PGFopposed
abrasive units 43, 44, and, then the 20 side faces of the pyram ds on each
si de of enmditipngdwdira-hightpresseregne bigh tpaperature Rbpregiampend is the

thermodynamically stable phase, together with a block of cemented carbide for the backing

material, and, as necessary, bonding metal such as cobalt. The abrasive part of the

invention can be realized by cutting out a portion, which then is surface processed to create

abrasive units, by precision EDM such as, typically, wire electric discharge machining. In

the wire electric discharge 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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reference plane. A thus constructed groove has a round bottom show ng an
approximately arced cross section. Such designed abrasive unit is |ess
susceptible to the stress concentration problem and has a higher strength

(or longer, service life) .in abrasjve _processes an abr S|ve units with
grooves h3f %@eﬁotﬁhapyrs Savui @Fﬁéﬂﬁ P& thecBPiey ¥ith JF 88Y° feke N BsdFe ( he
present invention can be realized in various shapes as illustrated in
Figs. 12 teferametpjangay Aohuesensisheed gove hashronng heftoms howing areppabvimgiohe
part can be prepared in an entire continuous circular or annular form as
i1l ustrata&ded ¢rofs gstionl 2 Smiohl dds3grieyd abveagivefunitéx kepsusseptibbameribe stredas shown i n
Figs. 14 to 17 the abrasive part of the invention can be conposed of

several dioacelfhtisg grovMms aMd hmlgﬁé}xétr&ﬁgqi@ (EMon&P st@f@aif@nnubakivePrasiee
parts with an outer diameter of 95 mmor nore can also be easily

obt ai ned. tgfukgt%aﬁ% xF%rw1 I%B()éikg%n%%{%%‘dﬁ ﬂn%’}’an%ﬁ:d L§mlfef erabl e that the

radi al €ss rasive part can be also realized
as a solwﬁ gﬁSk (wi thout central hole) instead of an annul ar, shape,

especi al | 0%Hen ¢ he desi gn does not require a central hole. Nbreover, as
shown in Figs. 12 and 13, it is preferred to provide a sloplnP mar gi n whi ch
is 1 mmor norkhe toplgd thesprrseas Urertiancanths realigeain whriows shanss avik Uts%egm er
dianeter of a solid circular abrasion part, and both on the inner and

out er didﬁg$é2t@ﬂ7hﬂﬁm&@feﬁbnﬁsiod%m&ﬂhxshmﬂtbthbeeMaﬁWbpmtomnb@p@pdﬁdﬁge
by accidental contact with the work of those margins with abrasive units.

[0037] Fah ah Berie @bstiMusas tROUIAToraRA@a foemP8iluswaited i8 BURI Bl ali V3 Bhewapegnment s,
as illustrated by way of exanples in Figs.. 14 to 17, the disturbance or

rr eg“'d'i‘/%kﬁlﬁ‘l &eEl }%We@%‘ g&% It in P?%sr g@%ﬂﬁ%?@ggﬁé bt fh@gnd%‘h 617 Eh lSla“ the

cause asse 1" construction can
ef fectl V%'oXl géetdho severaﬂ ddV18€cP56g¥neeg S w1ghou9any progfem SO Pa\égé)gIgl\{l ar an%swe parts

with an outer diameter of 95 mm or more can also be easily obtained.

[0036]

For an annular construction, it is preferable that the radial width be no less than 15
mm. The abrasive part can be also realized as a solid disk (without central hole) instead of
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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groove on and al ong each border. Here the nunber of division and shape of
abrasive units available are related to each other: the rectangul ar
pyram d design (Figs. 14 and 15) is available for the two (central angle
of 180) and four (central angle of 90) segment conposition, while

tri angul alonRYi@Bh @akles bi@‘ébnﬁlgl'ygﬁther HBiRAGr tehucéBtoamalniabmebyf movidhe 4 hr ee
segnent conposition (central angle of 120).. [0038] For the manufacture of

a large %?gx%%to%ran%%&?pe\é@l% 58121 Iﬁm%cer gfgﬁlgﬁio\ﬁeang%ﬁﬁpea(ff%brdgfv%R}'ﬁi’t@d by

cutting roma co partlc es of superabraS|ve (or

dlanDnd pref er abl | ar ou h ye the .l tend machi ned
to the dé%? %mgﬁﬁéédéﬁagﬁﬁﬁﬂﬁn@? gﬂ%ﬂ Pﬁ?ﬁ???%“%} ch 0 jegﬁs are

collected and fixed with adhesive on SO|Id or annul% W th a concentric
ci rcul ar aveilableforthretwolgeniral apgle @ﬁﬂ@f’) ang foxe Eeepiralangley C?Ob)agegmﬁp te of

steel, in order to make such a large, solid circular or annular abrasive
part. Sixompositipn,twiikariangitlanpyseuidatesigh &pigs 1Segdd) & avilahilafoasthathiicanond
particles of 60, 90, 120 and 180 central angle, respectively, are placed

si de by sigfeRoip8sitiaslictstra hagleoal20°).0i ning). A 120 sector can be
substituted for two 60 sectors. In this case the two 120 sectors shoul d be

arranged 8 2ﬁt symmetrically relating to the center. [0039] The segnents of
abra5|ve part 51, 61, 71, 81, 91,101 are jOIned on the carbide backing
side to the fI t circul.ar surf r.eul an 72,

82, 92, 102, é%*ﬁé’&%fi‘\%ﬁt‘ife S5 o Taige 18“6{]6 ’ééwaé‘%a S\%%% %@8@%&?335‘? B?gg%rre
annular abraS|ve part. [0040] The conpact of slnt ed su eraE(g |ve

particl e@ﬁ%ﬁ@ﬁ@éﬂﬁ&ﬁ‘%‘ ﬁ@rrb%lg(@ancépgsmqepﬁéirpar%?ﬁ SPRYabrasiyy (o Jqnad: i ¢
di scharge machining, in order to formon the surface of the 22 conpact one
group 53 préfdably3 larg3encdgh td Gise dfe ipenddd te, phdmaghigediovibe degigned ghangrand
i nterval s,
dimensions. A plurality of such objects are collected and fixed with adhesive on a solid or

annular, with a concentric circular hole at the center, circular surface of a rigid base plate of
steel, in order to make such a large, solid circular or annular abrasive part.

Six, four, three or two sector shaped segments of sintered diamond particles of 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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whereby an the electric discharge is taken place between the electrode wre
and the conpact of sintered superabrasive particles. Here, as the

el ectrode wire is driven in parallel with the top or bottomface, to
enter, via the prelimnarily flattened surface, and cut in the | ayer of

si ntered &%%E@é}{e%?w@smym@@lzj 93,208 bhpatied lidbarmosc et BOBE)lanidereals, i n case
of "a thin l'ayer o sintered superabrasive, further down to the cenented
carbi de | ayer i (LQA8 Wit 8lebdkaRiré Bnd the cOinpatt i on
of the tﬁ%%rﬁj§§h%€é%%%lgﬁ% g%ggyﬁgﬁg%rabrasive (Z-axis direction) and thus
to cut out grooyes. Wth a 360 continuous  surf -eht:her: solind; ith il ar
or annul &t SFE F‘i‘preéat\grﬁfvc?o‘(?énc - a " Grodp, A ré)fi?ﬁ@’re 1?@%?62{1183%51 or
triangul ar pyram d abrasive units, my be begun to.format, .a posi t.i on.
Wth a suppackotiasnfsesiegniss Vs%\hérpafrllr%@@%ﬁfaé&gnﬁrﬁ’oi}eéﬁ?&% ,anéaﬁﬂngl}/e PHE dbr asi ve
part segnent borders 54, 64, 74, 84, 94, 104 has to be first g&ovided W th
a groove smerddupdrangsive (typMallyra difiteted didreorst (RED)) girdoryy Bscage af 4 Bimsyer ¢f
parall el on both sides thereof at a regular pitch over all the surface.

[ 0042]  Uneiereh Sufic@atiii 0 urfifer d0@h @iihe @Empatedkardldeda@oves in one direction
on the surface of the conpact of sintered superabrasive particles, the
conpact H@ i tated about the central axis of the base plate, together with
t he base p?a e attached thereto by a being the angle of groove crossing.

Th f d sijlarl .. ab : f: ihief
en tormne SI’I[Hel?,gt, eé]lg:[ct?%(%, ‘%f%§o&é$"e? Zlbﬁll%gi?ﬂagtl&r &L{Hﬁ: fs?l,wld?l%sa(!f{ltﬁé sihfeR@ar

grooves 55, 65, Interva and sl oping side
faces adj acent to each groove. re ais equal to, 90 f o180..and 90
sectors,EWP@Hm?ﬁéeQ%P&éﬂV@ﬁHﬁ??m£§Wﬁ5’@HOPB Oogﬁapggghagﬁ H%nggggr
non-truncated pyramd.. For a 120 or 60 sector on the other hand, = the
conpact chrfatentithee dolsdigierddsron enndar herfisigraeref agmowR o BT regABBYUAHY gr oup
of parallel [Ilinear grooves are forned at the intervals simlarly, as well
as side haspslagdyneddabiasiveanits, ddydredeygen td foem at ansapdstiepn: héVislapardaceby
anot her 60 (or 120) (by 240 relating to the first
composed of several segments, however, each of the abrasive part segment borders 54, 64,
74, 84, 94, 104 has to be first provided with a groove formed along it.  After that, the other
grooves are formed in parallel on both sides thereof at a regular pitch over all the surface.
[0042]
Upon the formation of a group of parallel grooves in one direction 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 a 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. Fora 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



group of grooves) a third group of parallel linear grooves 56, 66, 76, 86,
96, 106 and adjacent side faces are further and |ikew se forned. For a
continuous solid circle or annular naterial, a may be either 90 or 60
[0043] In the EDM operation descri bed above, the grooves and pyram ds,

either tr :g?dzﬂdé! REn rothtRiE B 0sthdet by hHABAL 6 (6F 1700N¢Hyra40¢ adlethg toalte fist f or med
to have upper ends lying close to a level that is in parallel wth the

o oL SR R IR PSR i, ponan st e

hi ckness e conpact bottom In the

present invention, it is nof negessary .that, the triangqul ar.,ar.rectangul ar
pyram ds 2@iRce s faess At gﬁﬁémg$§5W5¥é?@m%b 8%%8m§F§@P%%g@éﬁC%(“ °

super abrasive particles; instead pyramds, either truncated or

non- t r uncanwdar materiall ¢ magfeeith¢nB° &P .are conposed of sintered

super abrasi ve down fromthe top to a depth (length) of around 60m wth the
| ower pono®4sp conposed of' carbide alloy. Now, the invention will be
described nore specifically with exanples. [EXAMPLE 1] [0045] An abrasive

tool 1, having, g eSHMCIHFRion CRENMBEA GBO ey theh@usves Bndpgramlds, et prisgared. A
90 mm di aneter PCD bl ock was used as a tool material, which had a 0.6 mMm

U ck | ayer. . ol ShOSER: b AIBAGd £LFEL Wby SERILERCAEBIAS, Bk 0o

si mul t anedus ®si nteri ng. was su 0 an électric

di scharg hi ni.n .in order to .flatten.the surf f sintered
di anond f"é’gﬁ a‘a‘ﬁdng%fgﬁwlg‘ B ep é‘?é%‘%éy A Vb%ﬁ’%’faleechg‘l?? ‘g’g%w}glre ooves 3
to formabrasive units with a square top._of 260 msides. Here the area of
24 the t bpldmra disianee arbsdiyecsipn oh Bidpessirom thheqepast k¥ esponds to about 10
% t he cross-section

[0044]

In the present invention, it is not necessary that the triangular or rectangular pyramids
of abrasive units be completely composed of sintered superabrasive particles; instead
pyramids, either truncated or non-truncated, are also effective that are composed of sintered
superabrasive down from the top to a depth (length) of around 60pm, 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 pm wide parallel

linear grooves 3 to form abrasive units with a square top of 260 pm sides. Here the area of
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of the of sintered superabrasive |layer, excluding the circunference (groove
3). The edges of the top square were sharpened, and the tool was used as a
CVP conditioner. [EXAMPLE 2] [0046] An annul ar abrasive tool 4,

schematically shown in Fig. 2, was prepared.. Four 90 sectors of sintered

PcBN Wi t hitRo@pire(not seiwi o@ihe%riﬁﬂeaﬂﬂsal’tohﬂf@lhdf adiboat bf Y2he oToss-wetien cut
out by EDM out of a PcBN bl ock, which had a 0.6 mmthick |ayer of sintered

c- BN ] of pefh b i &%Qragl%mgféfe RS AREAIEALNRIIR0). Lo be used as

tool materi al e se tors wer ¢ stuck ether to a base pl ate made of SUS

stai nl ess stee as form as avx/noeac | e surface
of the si nterehh%?‘%ﬁﬁ E%Fégpe%q%’ W‘ESFk.‘aerend”d &ﬁ?%oﬁlﬁgggg%ﬁ dCl\s/I%bj ected to
wire EDMto forma group of 560 m wi de paraIIeI | i near grooves 6 and
abrasi ve $Miditionsr.having a square top with 350 pmsides. In this case, the
area of the top of the abrasive units corresponded to 7 % of the total
cross secti’oAMPLEHe sintered superabrasive particle |ayer. The obtained
tool was sharpened by the sane technique as in Exanple 1, and used for

pol i shi ngjophe] surface of silicon wafers. [EXAMPLE 3] [0047] An abrasive
tool, having a structure such that schematically shown in Fig. 12, was

manuf act ur ed. &ﬁgnﬁm&r%ﬂﬁ velt881 4 B&eﬁﬁ'ﬁ@ﬁly"s@xo%rlh Fog. DOQaoPreghaiet | Féur%@

conpact was use was conposed .5 mmthick layer of sintered

1000 TR PO PS8y 1 B o

Co): the c%(t) ggt CtESf\i/IS ofltl gf% c\%l& EIO%E, \s]%(cjl)l%a(? g Be | Vethltc% layer 0§ sintered c-BN
joined with cemented carbide by simultaneous sintering, to be used as tool material.

The sectors were stuck together to a base plate made of SUS stainless steel, so as to
form as a whole a complete circle. The surface of the sintered diamond layer was polished
and 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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nm di ameter circul ar base plate of SUS 316 stainless steel,. Next, the
surface of the PCD | ayer was flattened by die-sinking EDM then 200 m w de
| i near grooves were fornmed on the PCD | ayer to pass through the centre of
the material by cutting in by wire electric di scharge machi ni ng.

Fur t her myeghenfHiQamisde WeCe sfaramdiht @ombh@ wasdiked @dthwindipbxy udtickswetdie 168 de
faces of pyramds were cut out, by driving the wire towards the side faces

Or N a dhreghign, (7 f s LTSI ARG 448 Lhe base plate.. The

above operation was repea ormon the whole material face a group of

paral | el grooves at an _.800 i rval and roaof,;sha DI -RGT | 1.Lh a
top angle of 9OXb ﬁé‘ﬁff?cﬁé’f%ﬁ\}@?r 76t ﬂ?%edle%;‘?ygb&gg‘é‘ﬁ%%%ﬁ‘g’ %lgﬁ?(r)(\g}l&axi s,
and a second group of parallel grooves were forned to, cross tkf first
group of widedinesr gseovgs meghiorapd e theRCIY hayerta Regs HE% \vihe gendiegd th paterial

di scharge machi ni ng under the sane conditions.. At the sane tine, the side
faces of Hyhmttingiarydsiravdearic discioarge inachihmgt r Endheamosd, grfloves wesromuet i
acconplishing the formation of a group of 200 m hi gh rectangul ar pyrani ds,

as shown thordgudsd widtRNehifd the bid&Aidel bf giraintifi4ddre Towoigrdahvinthesate forth in
Exanple 3 were repeated to prepare an abrasive tool having rectangul ar

pyrani d aRLA% Vife 4l fuSes o iff @ BREGIonYY REDURRYbAG A R0 MThOblEplardll amet er

and 70 nmm' | nner rwas use an abrasive part, which was conposed
of a 0.5 mmthick layer of sinter di.anond [ , nom nal
particle si ze,ﬂeiaﬁf"éeggprﬁraéﬁ’wefsﬁe%e@ P g%n?:grrl b}%%?é}?(ﬂ%n?gett IQJ %gﬁg%r(%\np L a

| i near groove was forned on the flattened P | ayer surface to ., pass, Vi a
the cent maradiel greavess an FAP Lpinigryad ﬂ'éfﬁ B%’?‘PP%P%&%‘H d1ogé Wﬁ%&nﬁoﬂ Apge O%i'%@ "EDM
process was further operated to extend the groove to a designed width and
to cut 26 outThente Wadewasfotated bpPpaabais themsatrplasise 3rd daacopd rdPéd to form

a group of parallel _
parallel grooves were formed to cross the first group of grooves at a right angle, by operating

the wire electric discharge machining under the same conditions. At the same time, the side
faces of the pyramids were cut out in the transversal direction, thus accomplishing the
formation of a group of 200 um high rectangular pyramids, as shown in Figs. 7 and 8,
[EXAMPLE 4]

[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 pm 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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grooves at 200 mintervals and roof-shaped protrusions of top angle of 60
on and over the whole material face. Next, the whole was rotated by 90
about the central axis and, then, the wire electric discharge machining
process was operated again to forma second group of parallel grooves

under th%@@ﬂ%fg&agmie%gﬁanﬂag, Bile pri€esS aaerdpeared td forautgrout ofpwdlivr si de
faces to acconplish 2 m hi gh rectangul ar pyramds,. [ EXAMPLE 5] [0049]

Vari ous Seg&%g%?%&j ]Yrgr?ntgrqjagvymgfro 5t h%é.edvpgof?ﬁsri&gv}g;tr dot QoBUAiaRtLhe t he

;ools of B'Yespéctivie constructi on. I anon icles of the sintered
ianond particles. p each case had a nomnal particle size of 20 to 30 m.
The w rfa‘%WB}aEﬁE’éLg’ég were substantially identical, except that, the tool
material was rotated twice in the case of triangular aprasiye units, .by 60
each tinme, wii$w bawpolsis Bipteddyi ) tah‘éutélé%%ené‘?f]ﬁ”%% dianathe Ursaedric
abrasive units" The process conditions and results are shown in the table
bel ow. . di@A5@} niathivires frodesAbrasparetedogain (péarm)a seoprdioup ghparalle greaves nner
groove interval height No. shape radius radius (top interval*) shape m mm
mm m r ectapgtthdkamd coRione ah@rat #2QabR tHtk) td6ut out another side faces to accomplish

200 um high rectangular pyramids.
[EXAMPLE 5]
[0049]

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 identical, 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
pm
mm mm pum
. rectangular
1 180" sector 120 60 600 ) 80
pyramid
. triangular
2 120" sector 120 60 400 ] 68
pyramid
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pyramd triangular 2 120 sector 120 60 400 68 pyramd 27 3 900 sector
120 60 1200 rectangular 160 pyramd triangular 4 60 sector 120 30 1000
138 pyramid * The top interval is applicable to triangular pyram ds at
run nunbers 2 and 4. [0051] Each of the tools obtained was used as
pad conditioner| and achi egved a gpod result. [Indugtredtadgubspplicability]

[ 0052] The abrasi90e seoot |of 120e prédent i nvEHI on dan be ysed fI&0 different
types of| abrasijve tools;| however, it is particularl PYf"¥fenred as
di sk-typge—rotatingabrastve tool—Wiirte thetool 1S RaLrhcul ar’y adapt ed
for the|usejas [aggVR pad [condhtipnep, but ifogos al so surtablle figg djrectly
polishing the fer surfgces of sem copductor metall agthniiie like.
AddlthF:’-lllVT t ool _can he anllr:\d or hlnh nrnrlclnnnn hin:uuo

vari ous VoFte tﬁmréfpl‘Vall i§ appigaltle 40 friangular pyraEpisA ryENBRES 3(‘3‘%& sing an
abrasive part that conprises a |layer of sintered superabrasive particles,
wherei n $@xd]abrasive part conprises a plurality of abrasive units that

7))

Each of the tools obtained was used as a CMP pad conditioner and achieved a good
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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have upper ends arranged on an equal |evel. 2. The abrasive tool as clained
inclaiml, wherein said abrasive part is conposed of a layer of sintered
superabrasive particles that are joined integrally and to a backi ng of
cenented carbide, and said abrasive units are arranged in said abrasive
part along groups of [|inear grooves. 3,. The abrasive tool as clained in
claim1l or 2, wherein said upper ends é%? shar pened edges. 4. The
abrasive tool as claimed in claim1l or wherein said abrasive units are
in a shape of truncated or non-truncated rectangular pyramd. 5. The
abrasive tool as clainmed in claim4, wherein said abrasive units are in a
shape of truncated rectangul ar pyram d that has a sharpened edge on an
upper end t her bofAn abrasivhEoohpemasiisieg ebehirasive parhthebePprises ailayier obintpred
wherein said abrasive units are in a shape of truncated or non-truncated

t ri angul asuppybessive paiticleEhehabinaaidabrasdel pasgcoaipriseealpiumlcy af abrésivermetsehat
said abrasive units are in a shape of truncated triangular pyram d that

has a shagRengprefddeaPihged ol RRSGuAL N et .hereof . 8. The abrasive tool as
claimed in claiml or 2, wherein said abrasive units conprise a |inear

ridge on the tpp fﬁz;edrbﬁa% ve. té’ol %@MQ& Fhsdléﬁ‘?n { Qfler@s sglh%f%ﬁ«eip@ 130¥or RO

clains 1 to 7, mhere sai d rasive units are In

200 m or Sen&/a HBeCpeeRy e LR0r Ao 36 A0S e A AR Bl FuBieil

clainmed in cIa|n19 mhereln said abrasive units are in a pe of

non- t r unc&meated cabidenans sid ghrasivs WHipArRATHZEd iR SpidAbrapixg part H&“@ BEOUBF °80 m
or nore but not exceeding 200 m 11. The abrasive tool as clained in any
one of cllmieasgrdoves. 10, wherein the

3. The abrasive tool as claimed in claim 1 or 2, wherein said upper ends have

sharpened edges.

4. The abrasive tool as claimed in claim 1 or 2, wherein said abrasive units are in a
shape of truncated or non-truncated rectangular pyramid.

5. The abrasive tool as claimed in claim 4, wherein said abrasive units are in a
shape of truncated rectangular pyramid that has a sharpened edge on an upper end thereof.

6. The abrasive tool as claimed in claim 1 or 2, wherein said abrasive units are in a
shape of truncated or non-truncated triangular pyramid.

7.  The abrasive tool as claimed in claim 6, wherein said abrasive units are in a
shape of truncated triangular pyramid that has a sharpened edge on an upper end thereof.

8. The abrasive tool as claimed in claim 1 or 2, wherein said abrasive units
comprise a linear ridge on the top thereof.

9. The abrasive tool as claimed in any one of claims 1 to 7, 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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superabrasive is dianond. 12. The abrasive tool as clainmed in claim11,
wherei n sai d superabrasive being dianmond has a nom nal particle size of 40
to 60 pmor less. 13. The abrasive tool as clainmed in any one of clains 1
to 12, wherein said sintered superabrasive has a |ayer thickness of 0.1 mm

or nore. 14. The aﬂ{eaa%?éés?va 89l as@ 119%@ nncﬁgni @ v@{&‘elﬁ @ﬁd%ﬁra@iv@'uﬁﬁs dretiRal3,

wherein said tool circu annular sh ape 15. The abrasive too
as clainme sald ab asi ve .par

annul ar | snaptol i Puitategh RElafelad Gufla e A 3l nig %h?rﬁﬁ‘sof% oo
abrasive part has an outer diameter of 90 nmor nore.. 17. The abrasive
tool as crungeerceediandObw@ of clains 2 to 16, wherein said abrasive part
has a height of 1 mmor |ess over a bottom of the grooves. 18. The abrasive
tool as cl ai nedl.i Themprasive todl askhimsd ivknyond 3f clames bionl & avhdreimtheasi ve part
consists of 2 or 4 equally divided segnents that are in a shape of sector
wth an i@@@bﬁ@g&l§@3&bﬁd angle. 19. The abrasive tool as clained in claim
18, wherein said segnents each conprise two groups of grooves, a first

group is paraljel 14 agrarsigg't@({l a0 hflEEd @l a%lﬁllel 1S R@ERM sa?d"gldﬁra%%%doelr%r oup is

arranged to cross perpendi ar to sal irsft group The abrasive tool
as cl aine one .of, clains 14 wher |n said 30 abrasive part
consi sts (gffm%mgl?%é‘ NOTBH RIS %fééo tﬁ??érﬂngof at are in a shape of sector
with an identical central angle. 21. The abrasive tool a clalq¥d in claim
20, wherein sdid §@§ﬁbﬁ¥@e§ééﬁsE%Hﬁ¥h§énYPﬂ?@%C@Wﬁhb%’%ﬁ“’F@Hb sigtefgdr st
group is arranged parallel to a radial border of the segnent

superabrasive has a layer thickness of 0.1 mm or more.

14. The abrasive tool as claimed in any one of claims 1 to 13, wherein said tool is
in a circular or annular shape.

15. The abrasive tool as claimed in claim 14, wherein said abrasive part is in a
circular or annular shape.

16. The abrasive tool as claimed in claim 15, wherein said abrasive part has an
outer diameter of 90 mm or more.

17. The abrasive tool as claimed in any one of claims 2 to 16, wherein said abrasive
part has a height of 1 mm or less over a bottom of the grooves.

18. The abrasive tool as claimed in any one of claims 14 to 17, wherein said
abrasive part consists of 2 or 4 equally divided segments that are in a shape of sector with an
identical central angle.

19. The abrasive tool as claimed in claim 18, 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.

20. The abrasive tool as claimed in any one of claims 14 to 17 wherein said
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and second and third groups are arranged to cross said first group at an
angl e of 60 degrees and 120 degrees, respectively, 22. The abrasive tool
as clainmed in any one of clains 2 to 21, wherein said grooves are forned
by wire electrical discharge nachining (WEDM . 23. The abrasive tool as

clai med i e PReHRbisElo?BM 6LqhfllyPdivide 8EShdhtShhchrd i ashape of b vish & CMP
pad conditioner. 24. A nethod f'or 't he manut acture of an abrasive tool

havi ng an .a rafi%ev > P2 that conprises a |layer of 'sintered superabrasive
S

;
parti cl eslfje%cél 1t abr asi ve part conprises a plurality of abrasive

units that have upper, ends arranged, on_an equal leve conprising: 1

provi ding a cobposite@brase t‘é‘ﬁﬁ*ﬁF aped iy Gy Wg‘ﬁf?érf %ﬁﬁ‘%’ gesgin?feg’%pe:ff% F@ngge‘[ hat
are as a whole joined to a backing material of cenented carbide, 2)

| evel i ng theegrapspdgidores arffrsteequpain drradgedutatadlleto aradigl Hordengfdse segment f ace
to formgroups of linear grooves and an array of abrasive wunits along said

grooves. 23.sedndehbedrd @oupdwe armmbedad ufoss adid first ghnpsit we angle bf badégregesan
abrasive part that conprises a |ayer of sintered superabrasive particles,

conpri si ngy 13y dgglggé' disBetRef! Ntered conposite conposed of a layer of
sintered superabrasi’ve particles that are joined integrally to a backing

f ted bi cutt] i d 4 ' j g M of
chape of sect gl dpeaBlrSEiigs BB GATIRE pPanad P ABERTER sl |

shape of sector; ting aprurali
in geonetry to the one obtained in 31 .2) w equal central angle, 4)
arr angi ng"r%&”&egle]l’f‘é’??t%ecéfllﬁé&sghqr%e’é’ﬁ n@m@@@ as to forma conposite
surface in entire circular or annular shape, fixing said segnents to a
base pl ate on 23.f The abusivete! ehelpmesd inany ongdf aims hig 32 WhgicH SEYRREATY t o
produce an array of abrasive units on said conposite, whereby

tool is a CMP pad conditioner.

24. 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 level, comprising:

1) providing a composite that comprises sintered superabrasive particles that are as a whole
joined to a backing material of cemented carbide,

2) leveling said composite surface, and

3) cutting in said composite surface to form groups of linear grooves and an array of abrasive

units along said grooves.

25. 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,
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
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group of grooves are fornmed parallel to a radial border of each segnent as
obtained in 4).. 26. A nethod of regenerating an abrasive tool as clained
in any one of clains 1 to 23, wherein said abrasive part, as worn to have
a decreased abrasive unit height, is cut in along said grooves by w re-EDM
t 0 r egened)atith arhequgl omirekargied t he upper, ends of abrasive wunits.. 32

4) arranging said segments closely to each other, so as to form a composite 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).
26. A method of regenerating an abrasive tool as claimed in any one of claims 1 to
23, wherein said abrasive part, as worn to have a decreased abrasive unit height, is cut in
along said grooves by wire-EDM to regenerate the grooves and the upper ends of abrasive

units.
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