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Patent Application Serial np. 5 10/259,168, filed on

Sept ember 27, 2002, which is incorporated herein by
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baghsiicasuch as the round bl ade of a saw, to formthe

final product. Despite their prevailing use, dianond

t ool s delvpical Jupershfasioe tdalonck evediaminond saw blade is manufactured by

mixing diamond particles (e.g., 40/50 U.S. mesh saw grit) with a suitable metal

support matrix powder (e.g., cobalt powder of 1.5 micrometer in size). The mixture is
then compressed in a mold to form the right shape (e.g., a saw segment). This
“green” form of the tool is then consolidated by sintering at a temperature between
700-1200 °C to form a single body with a plurality of abrasive particles disposed
therein. Finally, the consolidated body is attached (e.g., by traditional brazing or
soldering) to a tool body; such as the round blade of a saw, to form the final product.

Despite their prevailing use, diamond tools generally suffer from several
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cubic boron nitride (CBN) partpcles are not

distributed uniformy in the matrix that holds themin
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Often the tool may include a matrix support material, such as a metal powder,
which holds or supports the diamond particles. However, because diamond or cubic
boron nitride is much larger than the matrix powder (300 times in the above example

for making saw segments), and it is much lighter than the latter (about 1/3 in density
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30  attachment and inadequate support. Most of these diamond losses could be avoided if
the diamond particles can be properly positioned in and firmly attached to the
surrounding matrix.

In order to maximize the mechanical hold on the diamond grits, they are

generally buried deep in the substrate matrix. As a result, the protrusion of the
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operation. Moreover, aluminum tends to form the carbide Al4Cs at the interface with

diamond. This carbide is easily hydrolyzed so it may be disintegrated when exposed
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di anond. This carbide is easiky hydrolyzed so it may

be di si ntegrated when exposed WO 2004/ 028746
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Hence, the infiltrant often contains a low meltmo point constituent, such as zinc (Zn).
In addition to lowering the melting point of the infiltrant, the low melting point
constituent also reduces the viscosity so the infiltrant can flow with ease. However,
as most carbide formers tend to increase the melting point of the infiltrant, they are
excluded from most infiltrants. As a result, these infiltrants cannot improve the

bonding of diamond.
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the infiltrant,. they are exckuded from nost
infiltrants. As a result, these infiltrants cannot
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avai | ald} problem with nveentaimingabe topi ofehepad is chesd b aprobinartation

wi_th maintaining the.top of the pad is caused . .
LR R SR rbo & Lnv P Errme s g sk
piTadeaccaBliREbY Casbii F3lazidgiCortabden g tBE &-of tlYad, and
accunul ation causes a "glazing" or hardening of the

t Significanthedesaepsesihe Pad's ox¢rgh ppligurg perfatmeneea SBerefhee, attempts
pad. || .1 Shi formance. . Ther ef.or vy te s .
LR Ll ROANL 08RG PR SO Sl iy vains
byevicamiihigproosss hagiédnd @ bel knowintal “WekdifgSor ‘46NdiE6Sing” the

Thj prcfcess has conme to be known as "dressing" or .

" gﬁ%?ﬁ -ohigpvicereost eigelp aepd foppadydiossing igpslislyiden plurality of
J Lo N : N . ' v, of

L3857 HR8 RIRCERIO Lo Bl L RLLAURLLYRL et
pthetdtel es or cBN particles attached 20 thereto.

Dr essi di sks. .made, by conventi onal t hods share )
sever af[']ﬁ?)glsgl@l @ﬁlﬁs Wiaikh%y c?f’ﬂ‘é‘?m@ﬂi’}emﬁ%‘f)ng% shage sgyral preplgans with

bytheP RS M todR! HAASHy EWRYBEnal HHsab b S BUGRvEYuch issues may
have a much greatef i|npact on the CMP process. For

ekatiepd swuch aneaterupwadbmatiev@V Pgrbtess.etfen ekanplapyodresagerabrasive

to.scratchin nd .r ui ni of the wor i ece. Unev
WS REABR B b il Bihschnd BT ot o FE% aiif gven work
f foafinglof $heuPerabrasive ?Yi@sﬂr'eyulﬁﬁ’gl 68 Aadtble be unQAYPRD MR Yparticle
cause overdressing of certain pad areas and undeéer

dBO8BY HYYoFause leEerdressipgof rertaisupadsaters emd undabdressing kf others,

pi i shi . reover, wh t he.super abrasi ye .
DAER AL IR el e DR MRS, U cpppreie
hedrgéies alf aleessingediskiogd mat extesdrtd ac eni@mt Reighi Skowen@¥eiiibstrate

dressi ng of the CW gad is further pr opatgat ed, because
surface of the disk uneven dressing of the CMP pad 1s further propagated, because

many particles from the dresser may not touch the pad. ‘

In addition to the above-recited issues with particle retention and distribution,
the CMP pad dressing process itself creates additional issues that make uncontrolled
superabrasive particle placement unacceptable. For example, the downward pressing

force of a dressing disk on a CMP may depress the pad upon contact with the leading



30 many particles fromthe dresser may not touch the
pad. In addition to the above-recited issues with

w@aooioed7ae r et enti on and distribution, the CMPPEBEUS2003/031463

10

15

20

25

30

dressing process itself creates additional issues that
make uncontrol |l ed superabrasive particle placenen%
Leiize of ftealvbsser, Fod prexeniieremaidngioweveRrad! s meEl¢rgpn the pad

force of a €ssin isk on_a s he pad

e PR T FRE-Taa g R RISbDs OgRu e e e
PCT/ USRRA3AO3AHE Bad dregsta @ oditing be fabeaiasiag thedmarzipg proends also
the remai ni hg superabrasive particles on . the

, ! . pad )
dofmsansdsrabrasiyariticies e Fipladspt Retipg gherazipgprocess the pad dresser
achi eve even .dressi i
B R 4L S itk RLRI0Y ERbodiPORRR MBS bat can cause

CRUSREkiabraghosafpiar fadctresertto wihirs, thagembumisigg thhemoothness
brazi ng process the pad dresse

5 t b d t
VErbpIIAGRY PEip ERALTEFES S YBEpBRIER 0 AT ES Uk PomE T Bgton of
cqd V&&i{é’%‘g shﬁgce%ﬁlﬂquu%ﬂ 'héﬁﬁg hh Fnl§oWaFotelr S8&potstre
warp, S comnp t he

romsin nmoot hness ~ and planarity
ofindebiealg dis ticgas®yr damsanhe biazg to begdindlekingo i apemaking npige-

braze portjon of _the workin urface will be rough,
h%vﬂﬁﬁﬁﬁméheHﬂ&hﬁé%ﬂgﬁBPiﬁm§%§ Pi6ts are

undesi r RS uk ey meBYy ds s exihhifink Hazghitiondye gdtul life, and
fl aki ngjﬂggf’f%,su aingl1 makrinng mcro 10 sc?atches on the

pothesprefbrsundeaheraoferisties afgiamgiddeels apscoatipealy keing sought.
sui tabl e nmet hods of maxim zing the efficiency, useful
life, and other performance characteristics of

d5BIPRAA R P OB THISICPRNTION | y bei ng sought.  SUMVARY
OF THE TNVENITON 15 It has been recpgnlzedégé t

he
i nvent Brhas hean fecogningt @yt Mycript Babibiroulddbe axgeipggpuy to
t hod for N | [ -
B e R e
prgsent invention resolves the problens set forth

above by providing a nethod for formin tal bonded

di anonif ee peeds the Dsep pRESF0R rqSB]JP%g;ei’gob:EW " l%%ﬁ% above by
cust oni tit ' ; brasive tool
CHRADILE OBt P AELYBHEb RSl At o
camtingh kedomiee pditanofthdgviite gdaplabendits Boswde the distribution of

detail ed patterns i ch cause,a.specifi,c patter
615 it SRR et AT e SR WL R Pt HGPO R et patterns
SURGHARLES] ¥R cBld datthS TR viddh, liXctidihb biA@shm #egt. tHieher, each

[
C :
is no need for redundant superabrasive grits as a

bawgeralpasifehgita$ omoes fullertitioet, and theedis mg nepb forsedmdpEng

25 di anond or, ot her .su abrasi ye tqo ]

TSP %%vebgnt's éﬂﬁg?%g”}f ﬁlrehe v‘g ea?{ g co% n(%fﬁ%&?{%% t}ﬂg metal bond
SURSH AR A DINER sRE At £ RS 0B RE Be nlifinfgaidyydedeengiicloverall
anot her aspect ‘of the present invention, the process

i nwohwesf sppovhdsingpartisigbsesdstle, and then brazing a
plurality of.superabrasiyV kel es o divent LV ite0rditss
expose&néﬂ??%@@ggpﬁﬁﬂg%gugggré%gﬁ?ﬁ'%%cor%ané% bﬁ%h a
PLeRARIR b NEEAS a substrate, and then brazing a plurality of superabrasive particles
directly to an exposed surface of the substrate in accordance with a predetermined
pattern, thus chemically bonding the diamond particles in place on the substrate with a
brazing alloy.
Tn one aspect of the invention, the brazing alloy may be provided as a layer of
amorphous braze alloy, a powder, or rolled continuous film. The brazing alloy is

chosen to contain an element which will chemically bond with the superabrasive



30 pattern, thus chem cally bonding the di anond
particles in place on the substrate with a brazing

wa@bkdoaw287ker one aspect of the invention, the brpei/mg2003/031463
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alloy may be provided as a | aygr of anorphous braze
all oy, a powder, or rolled continuous film The
briaziigies adths/supgort aaderéat, suoh evtiteaium, aanasliensriromhing fzirconium,

W Lcall i.th the superabrasi ve WO

5 d%(lﬁlyg% WF%%B%l 11&%1}3 sﬁggg, ‘EW’@]“E_&%IWSS or alloys of
S Uhge elentemtse ITh @lmors defailad adpeé@Tithi HredeAb AeMiBY, the brazing alloy
chromium zirconium nolybdenum tungsten, nmanganese,

i B3, Desanpiied pithes Peior s omaliek dherupetabuasive paricleoyse affixed to the

. (ol i C f th .
B STl B L L SHRRS) ol vipne

eiptrdsent ibedndioe toboraf the dianfedpapeiahs s vbstas.t Thé BRzidkQlloy
afLi g% to the 5 substrate. A wide variety of brazing
%)

al® H§ tsesingrabrasiye patislss o B swpsirata i@ terppersawie which avoids

| BYGnEIRArsidh b o AFRN L Gli:

subst r.a{t el.rs The tlJr azli ng(g) g I oy%gﬁ%&uf gétg‘l?egtz%p{;ﬁz)fthe present
s Upesnadn, dbd wezipais dacti@bottat & hensubisterod ias dianabout 1,100° C.
t enper back- conversi on of di anpnd

whi 0i . d
to car a%lﬁ E’reqcﬁssgo(%hmﬁégla g]_?sea‘ihﬁlgan%gﬁgﬁks Brthe gebsatesising the
| Bieiig Oy nidyecicodhpished b9%rvfaﬁ€1§ oPWletids a1 @E%&ﬁg&%@
1 ondi hg

of | ess than about 1,100 C. 10 The process o
t ReaziiZabon angydetdppliedtotthe exmsslibsfacabbthesilparatd efter the

b ' b G I,.shed vari .of
nCRpISHE BBl TP ok BRRB UPE0 heBralig il Bthen heated to
apepigceduteaufivtene kR ed (i SUEHeAG B bonbpihe Wpsh bl Surti@bd ©fthe
the dianpnd partjcles have been distributed thereon.

THOSBRSZ (Lht same pyinrple pphenwhernthe dgnondirenpdesara used in

S e Eil ; i nen.cal bond) . t he di anmpnd
U R by S MR BN damide o
appithessydes thd brezidg allonthap ae firg péeed b thesfobdd surface of the
connection with a matri x support, material rather than,

of PSS QB M Bns P8Ot Mt ragd dhe dinmondiparkigles arspben distrivgted on
b&3i ' it St

DA YSPUIR, Rer sl G ORI, RO Mg
alsthperaeurdiseiioiedt paattaincthesienl botdirg ofiihs didntindadrifdles ©fthe

in.the b ' | | i n, d ith
P R e N
suf fi cTIRMrrdn@ebltdr ‘f‘h&(ﬂ@ﬂbﬁ@barﬁel@gidwpﬁﬁetgﬁﬁng%gm on the

particles to the substrate or matrix support teri
t ReliXsHpp@tmatehel mey hegeomplislodd byhevaicgnoidethadd. i Bbwsver, in

1 hed . . h i [ .
SR UL RS B0 LM s B SEPRRY e

Hodesited pattdin. DRsicaBR ﬁfé&em?}d&éﬁs BlREPELER sulGIBS YR BYmond
a terIpI ate having a plurality of fglfﬁgrtures In 25 a

RIEHGleRPrp ir bertfxcdrypd dhe apgrivten aret fdind) vitlediamop(l pertidlesn As the

t.he: ' . rticles are.to be .
RIS AR SRS 08, L TPl Gy
[Aadei ool ths deshed bingacepainigial c@garfid bihdédie aaR@itel Nest, the B¥nplate

maybe subjected to pressure or otherw se held in
ghdche li‘?ﬂmjt" ﬁ‘g aaggFl?eé]él@ﬂnr the eequipmgnts of Begeaeli heing foomed, the

QiarBSESINQes MEY¥ be filrier 5&3%!3@51? the surface of the substrate. Because of
the template, the particles are each positively planted or positioned, at specific
locations and held according to a predetermined pattern on the substrate or matrix
support material. In a more detailed aspect, a plurality of substrate or matrix support

material layers with diamond particles thereon or therein, may then be bonded



may be renoved, and dependi ng on the requirenents of
the tool being forned, the 30 dianond particles may be
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Because of the tenplate, the particles are each
positively planted or positioned, at specific
| degathairie Iande teel hlam@tmqim@mwsmnq:} raHdlegemment nédiamond or other

p ubstrat rt mat eri al .
ashgeq%}ﬁ ge)lo%lé%l%c’lSe 24" ASPE @Pce \?:{QEFQF%]I pgﬁﬂ“é‘t rate or

mat ri X I8 up@et asp R b€ tHeddredeAYiRN Sntitint t'he ‘3{1 s19@%£r’c1€1|e§§1ay also
g?r eon or therein, may then be bonded 2004/

POF/ALSRI0S Adtslenp aty etnégl@w@ansfe@reﬂm thesubsitsite. hrawnngsmt of this

t @hﬁ;%dgllrléﬁ‘? N&d 9&1‘?5] ?r%l{t@g%gg%tad Of d' fmrvaq%sﬁ i ancfj may be flexible or

supera asive n accor nce

prresiket ”Elnemfﬁ!emgmﬂsﬁlmwbradﬂ?e paratlbeto tas ﬁ@@tfelqj‘latb lR&n be facilitated by
present inve he superabrasjve particles my

DS Taghe Hre gt i iy o gieess carkedreplte I hen usd to

t 1

LRSS I bE LRSS DU MRCH P gLl 0

p Ipa@ﬂemlilﬁd @atiey. B“he tﬂa&sfmtplate baving gupi&.rab?hlﬁvéilﬁzfru&le@ @dk@fed
eQa r asi ? cl.es .tq the transfer plate can be
K BB g T G AR AN SkRErE P BREPRseTA. dThehi

YRalR4 ¢ 1ML
d| st rgl1 busilm S uzgg?gﬁsrfglgf%%qggﬁaﬁg{ !@Bgﬁ? hg adhering to an
t pélrpsfvercopiedpe thersurfaee ofthe neittix plp@dﬂhlmtmail eHmp%é ef processing,

The t fer I v sive particles

e D0yl B SRS e BEb P Bies Bl e prgites
supsd stadn@lyothaiVBieradKesiPd @atedlon thEGansFaRALADT asi ve
particles are transferred to the matri x support |ayer

by adhbekh aletbyazamg alawé@etuepbg@d eutopref theesubsirftabeving abrasive
t Q’HE% Eﬁ%rM&%E dﬂﬁ %’ch\% yS a%?{qlgg(aéoe c%é]ugary es?;rsmlnl%d on the

esli ve coa ubs

asih&tce sf theeulsatiper mﬁ@ssu‘perabﬁtﬁivwhiﬁ%ed tHeféto. S ki ;ﬁﬂ&l{e)‘natwe aspect
}\%&5 t he adhe3| ve coated on the transfer plate.

© PESSEtBR ERAR dlisy obbraang pewgsrdeatboivrned ami thteh epplied
S
A Bt B e R s R B T g e et or
t trampde) by apeyorfg, pztsﬂng;ﬁi;st rate havi ng superabrasives
affi xe](t‘j’1 t her et 0. fn an alternative aspect _of the
pr esent* 45V éﬂiﬂl‘%ho the wpRferyplae msthod; R tisaafseplatedy alsheet of
f o s Ho R Ha ARl cRBRN 18Ebm e at i (RUBRA k@18 #O}?m%‘ﬁtyr b
support material having superabrasives adhe
tﬂ’ﬂ@@@b@swﬁbﬁla}’ be aBxemdpd &ie shyetofnmpiphgys pase iisigg aetdhesive, or

atlon of the trans t had, the
g 56\11%% BRRLAGt ip deprge %Bba@w%g?@féwws braze
tﬁh&mgtb@p&ﬁm%?@d 4ffiRed tReohiiflen bR orfa QI!IB&I%{GI Y aQhore
super abrasives may be affixed to the sheet of

SetailsA gerechelabis euﬁioﬁgn%m ohtisasesent 1nmntloot hmm/plae iseded to

Bl iR GLSLOS, B SR, TS RESL Sl

tslltarlaunanrm bsheherpAffig g thfsipetlbbRtvedtea sibRtrateMIhe apertures of
ﬁt ai | d asp ecé of this enbodi nent of the present

%ﬁ%ﬂ Bh arcgoplaprd {eadmit gaespnembrashieareice spweh ppeture:
R?ﬂcteea'ﬂﬁh@ﬁpe?tﬂpe% APE BV RdW et Hﬁeﬁa@%@l‘ve% artFTRY Qlll]}p Keess

braze in a
particles are removed, and the abrasive particles are pressed into the sheet of

amorphous braze to embed them therein, by using a generally flat surface such as a
steel plate. Alternatively, rather than pressing the particles into the brazing alloy

sheet, they may be held in place by a tacky substance, or adhesive, such as a glue, or



simlar manner as when affixing the superabrasives to
a substrate. The apertures of the tenplate are
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aperture: 30 Once all the aperjigures have been filled
wi th superabrasive particles, any excess particles
araghere ic resiol The teaiplats isvibepmntavell esd stieet pf imsziag alloy
into, the rphous raze Lo enbe
+ RaPairie B S6iaris palfTar Bror o1 G bt AR BHEE ith g
Sta@Résiw, Br@xamibletichaicl J1ed, YFmilﬁI E}%rwﬁchélﬁsseﬁl%%'s ‘%Qazte@@n a
particles into the brazing all’'oy sheet, theéy may
h éflaélmmm fighagedo sgmaleteaibk \,bra@umrameancbﬁmaldrfesﬂw @braswc particles
0 2004/ 028746. / US2003 4
o S el M S SRRl g erE A AE Pty the Rexible

arsﬁees bébﬁazm% allb A ziaY Gl HeMfix &0Btad fibB@att BEnRART:AKIPYErt material
particles is placed on or affixed to a substrate with

alﬁ’“"é%@EP%tloﬂ@f thexekrgsive nagticldsi ¢ gl ue. Finally, the
whol ;
Compl et tha iy B ARt R B IR doRrigured in.

abwidsvareetypaf }tattefIS$ 1r151Ltdmg thesesd¢hsinirgtdeo araximize ool performance
In one aspect_ of the invention,

ort eri

%55% PRECLIG 7R C%Fmﬁrr Ly onssasat-ge RatlerapEepaparess m@aéas the
t t I 0
e ?%E“ffﬁﬁ‘%d R BRI R KR g urtfobflerkd®
arnethgfeaspert thef suppmbtagive patiBed niay Heltiisposerpinatagiedayndeatration
conf i ed in a de variety, of patierns udi ng
¢ Recatlsirintndie [ et ge” T Mo Fbraasabuin I e
defitting c8REEH f dat ﬁ@?hh\feaé gr@ﬁ&f dibtb R é'iscﬁ%?&md f)Bﬁcles on the lead
pattern of apertures, and thus the resulting
p pégmr@rsrdeﬁ éldmpmt the nnctfi@f: pdlrt@myﬂdt d?ﬁ rgenarhiy subjenfedie less wear,

orn1 anot her .as e su era
pareWI n§§s g*ﬁﬁ&%%@@ﬁﬁvﬁ Wﬁ?e%am%%% Bg?ﬁUHOWdea
paittiag, I’g:‘ﬂnﬁﬁlgC OleR eMgRieOyHioH isUMEHENtoWRE hartitiMS usdsRBd wear
di amond_di stribution for the cutti ng edge of a saw
nBjtiasasfer thegp@at er di stribution of di anond particles
on the h
por t1/of gt B0 AR LT IB Bk o fpfpriat may ve

Lidedvthsteonditte s@IEEIESr @Eeﬂtiaﬁy,sdﬂaeslhaél oS EpHRAE biglgSllean As
be controlled to provide a cuttlng grinding, etc.
ot

sEHPathe spRTelyasize Paé‘FlP]S? 631 hegdistrButsd of plapiedsdn cefrfd brazing
ey, TR g&@ﬁra&% efn%@d&eﬁ%heet o@bﬁgﬁgtﬁ@g}/%ﬁrﬁﬁﬁh b@fboﬁgk‘glodlrectly

present invention a matri x support
ukeaitobhatsitan si stagisgppby mabenadasA&artnaa‘ifdly, the éumrz&:lﬁ@\te

f h Il oy. h, the . .
St EFRE PSS alisdie ol su i et Plor Gaeisralyping qpiable
i Bmtd&e TReehe deetratig alﬁJyI rﬁéfy thihBe 51?:@%6%’ ﬂﬁséuﬁgcrate or matrix

enbedded sheet of brazing all oy can then be bonded
déuppertimateriad, aadtthohssemblytis h@aéecbabonaﬂm melsiugpoint of the braze

O S B AR A D e
nafbetratdlor HRirDOsuppstd iniaddA BbarldtiRd @Ftemaﬁ\%rbrﬁﬁlﬂlrﬁ&ﬁ%e et of

bra2|ng all oy may then be applied.to the substrate or
negaging al @wb@@mg supgrabrasae pagirdestib iyared evith § this layenefashmelted
above the nelting point of the braze.

In accordance with still yet another aspect of the present invention, the matrix
support material may contain ingredients designed to enhance certain properties. For

example, hard materials such as tungsten, tungsten carbide and silicon carbide may be



Thus the nolten braze can chemically bond wth the
super abrasive particles and the substrate or matrix

waappoes74erat eri al . I n another alternative enboRPCTVERL003/031463
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the sheet of brazing alloy having superabrasive
particles is layered with a thin [ayer of unnelted 30
naddall to inereascweatanggamet r$o§tm¢ttna,letsudn@ﬁ nelybdepae sulbge,

the res i nventi o ort materi al
livqr’nta?% Hi’ gé(g’gﬁ g dﬁ‘ané h ance certain

pr oper Irﬂ £5et nite det@ﬂ@d'ﬁﬁg@e‘t Jfa rH@hﬁfnlvaﬂlt&nﬁ» dftdr leating the

tungsten, tungsten carbide and silicon carbi de may

WBs200ly/ G 2ewie $oT/ws2busive padisss, alpysrfayetiay WE?F@ gy be
V\%?if(e%g tléfgvagl(égg SUT, ?&c o'f?i e\e/rger?ﬁhg,%llwlkr %é@%%ﬁing

s@lriade.| Bo¢dusaot the nidlteﬁ swﬁ arﬂ&[lﬁacbeﬂeﬁslblemaaﬂménamm altdyesheet
present invention, after heating.the

bersiarasgluaing alye hesinaprogsisy bepaplly fraed “éorf%ékl%écfe thereof may be

o I &l r
188 5, B o 8 B Dk e T

V\Qrdf ipagicslar tanern Betpuse miishihg andiiteenng spptleatons where the

rface tension that the b sh
33@ g oe MRS b POL ST Of 185 FRHT GESF of Weer Y B gl b
giea&%nhﬁ%a %H&ﬁg?é/ sB8s nét4h hiferi@ ghﬁh 6O Pbl@dhﬁhg& dFeRing

ged points t are easily fl aked during use.
Thapabﬂutlss of thpabtakive lpartictes rﬂ@eﬂddltx@ur thagv Clila}empfeﬂﬁlsgﬂnﬁlglly

and dressing applicatio re the .10 workp

g e R R P DR EHE
oMb @Y NSt cBhivRpSickd alb R IEESEVErAG tndt L Im@sfe, apBhiedlsy
not to interfere with the polishing or dressin

c aqyaml hietliods, tuft m m*raabasagcptv,en%bq anplied by Pﬂhwéfictrpﬁhtmg or

rla conpri ses any one of
Cﬁg}'?ﬂ dgp a(lg\@@ga%suc as nickel, tungsten,
Cobal t In arfofie? mspaat oiOthe Breabilt Giveiution, i thisedoatihg ogloptﬂshlel anti-
overlay materi al be applied by 15 seﬂ%rm

beerr @wecl@atﬁaalrm@sﬁé@ be apnhig§ iy e sigmonsidonl QPWHerﬁw Biiing
electro 8 (
PRSI % ISl Hapel SR8SIL 0 Wl

asﬁrhzlce of ¢hizttbsig Eferab@tmaeaingahé tbragioe pmﬂch&a thabmeinglalloy, and/or

alsobeaplledtotg rmndto follo%%f] found
the?quﬁ@aY PsELGomAIIGbR1K OY ey Seaty L EIdRL boolifs foun
'Tﬁ'f &Ha"}‘ luseeériatﬁg Ect)‘f elrke afiE8brPosiveRatdRilkdeAsra B iikWided & Sustr-

ere protecting the abrasive particles,
t hBamamattglahlshdyas dmmibnxt lik¢ trrbary @r alalyrpmu@djamonﬂr Smﬂlar to
i ous hem s.and/ or. cooQ

b
reln bR TR o e e AR cieB AR gness s

'T% @I’féc%lvelg'%eﬁrtﬁé W¥ritiRg bt ERSs oBthe UM FvitRIDE ASdrfeing w1th the
material, "such as di anond-1i ke carbon, or anorphous

dpa“mm@pmhbabmﬁﬂe petislesver | ay material, the
e nJekan Ol YR i Bec e gre‘gérﬁ%% REi0h Bele ability to

t hi ckn i'vely sea
S H}Befcﬂﬁml?fcoﬁtﬁﬁ thOplacethdrd 00V arious @ﬁ}f@d&brﬁ}ng\patrhclbhen the surface of

p(tel{ef tgglnalqﬁg f%i eiargplg bsresgrlalvs%eeptasgérlrl%ts may be assembled to form a tool
precursor (see FIGS. 6A through 9 and 12C) for heat and pressure processing. Each
segment is assembled by providing a thin layer of unmelted metal and disposing
superabrasive grits on the layer in a predetermined pattern. After the diamond
particles are placed onto the thin layer of metal according to a predetermined pattern,

a sheet of amorphous brazing alloy is placed on the superabrasive particles to form a



Yet anot her inportant aspect of the present invention
is the ability to specifically control the placenent

wobkonaes7aus super abrasi ve particles on the surpPereSmo3/031463
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the tool. Thus, for exanple, several sheet segnents
may be assenbled to forma tool 30 precursor (see
FISEReT2BASIVR A9y Phogt sagehent Ghefrapcdsemiay A degeated smtiba desired

pr [ i-s. assenbl ed, by proyjding a
RGP F PRSI e RSASER LR Rt %

s ujesirabihzes-dienegsibhsl body.t Biebsk@watly ik daRbRIRIeIsoneidated (e.g.,
pattern. After_the di anond articles are placed onto.

t ﬁ’é’ YHPRRG Q8 Bfiltstiopbiodprma thedingl prpdiet. Biprseeiablarguhetantially

Pathefifensi > | ng,.ald oy i | aced
e TR RS e P
2 Qlath@RBIH6n RETH 32 0O Bd H3vetp Sontdles U Pang dfasinde:ohést®iation in

shegt segmen The praqcess nmay be repeated until a
el TS M the Belagn bt b Bed oA sk ). Such a
 ee aubognupspenl R4S S IE Sl o phgpeeii

i of grigol ihatesample, e sidebyf sdiamend sayy brade afd dftehatdramister then
to. formthe, final product., By assenbljng supstantjall

5 PG L < e 1 0ot Gt i 98 68 HATFeBIC OB).
bauhy laylehecaili tetdtivaifbing Bis@fbutioh ARRE a8d bdnckRtr@idn08! of%fffering

be positively controlled. Thus, dianond concentration
i distghiormaternpaoneendrtionsand mmpattiold sizmy be adj ust ed

(see F r h .. Such. control . of. di anond.

di stri but |S(S)eg€t|)ﬁsr%11|g§%f gig%gtgﬁlg{gllxgmtv@gi HRrgbEsy Fethigkegp in a

C beddaetr@inied tpatiaém 20l chit@ntran. infod! theseaiipksioddl 808y, ‘@J?egpresent
of a di anobnd_saw bl ade are often worn faster then 1

t HEYcBei B9t ondpproyides thedesirpbigydiemend distréhirtinn patteth amthedool

(o] ¥ | - wahe . ayers n _be. of
e REp P AR HERRITG, P Bl AT of 0By
deddceniraigpn didsiferedtpaitobf hakirgs il b6 CEMLs! ffrle@Sple, diamond
and/.o paréi l e size. By assenbling |ayers of netal
nBERLIeS fay %ésg%ﬁé L5 GpaeeiRpRsIi spAledayers than others, and the

p[a%gﬁtvﬁfmllg%geaﬁétﬁﬁﬁ&d%qc&%ﬁg% LA, !ogé(f){vﬂlgiﬁll'ﬁe Aree-

di nensi onal "body, the present 5l nvention not onl y
pAigndngiosal dhricties ereatbdl & gichammohnei &t toipbautehDthe pastedrwear Patterns
t he, t ool .bqd but .al s rovides the flexibility for
pg’sag?rﬁl(% lﬁ‘ﬁﬁgmgﬂl%afg?ﬁa?l‘é?ﬁ?ﬁg& concentration at

differ ﬁﬁbth@ﬁéiaﬁgﬂé ol 18 jiBFRntO8f inﬁﬁgyin%gl?‘e%erfbfrﬁ nce of abrasive

exanpl e, dianond particles can be dis I n denser
clontsént smaplpping aj sneaBerpatieay er designanf abtdseepartavha i$ edressing

I rs.W.th t:he greater dianond concentrations can .be
LR Ao PRI R S B nERBTR AN PRdetfenine or
Cppleednesht bR alssie partiBlRE)Rhactpgt shEcifE BCBMSNsNBciHI@MRB WSS
patterns that are typical in many prior art abrasive

tiySEernpned patfere x Hrggleasesct, sheh patisorstrasicles designep topicsant

t per, . j t.opl . O¥]

oSl P SRR Bl ARl oo BB TR Y MR £

deespile the wppingcatfaonst thASMPgadalessdr algbe cohfi@irbs® Btilitate
he positioning or 25 placenent of

Z“BtF géén{l)‘i%g’tf %&%&%@fﬂ@% 1pteTieR QF Peiteal poianiod e drpsser, rather
aGaPbRIFNER Mnt it dde or “leading edge” thereof. Such additional rising allows
the dresser to more effectively cut into and groom the pad.

Use of the template also provides the ability to uniformly space the abrasive

particles on the substrate. Uniform spacing and uniform size of each abrasive particle

is ensured through the use of a template as described above. Further, the use of a



predeterm ned pattern. In one aspect, such patterns
may be designed to present specific gaps or

wa@ oovitioggsTa@t i ons t hat enhance the groom ng of apCVBSPasi031463
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For exanple, the working surface of the CWP pad
dresser may be configured to facilitate the rising of
t reziGyRlppih aisiter oramt puitveitl @ ¢vepsufaes iregonpegtiongritppniformly

the dresser, rather 30.than,on 0 n [
et et e Bt iR gRk e D et etk oL fnm
tRgsinRESRN thOatiRiee grfiged i vel y cut into and groomthe
pad. Use of the tenplate also provides. the abili

. [y to .
uni f or Fhere bpuibss bera cablingdi spther pratlive vatousdeaiwes o the isvention
substrate,.. Uniform ' ' [

- B! B et ARE DR A BR DN BT R eRaingpRER, and so
t@ﬁﬁh@gﬁasaﬁ deshiutibech thban enayfberichter gpprduated eOtier feaitiles of the
2004/ 028746 PCT/ US2003/ 031463 13 brazi Ql%a@l I aé&i.n 8 e
shreant Brverign wilt bespps clsdrea e hgdphewing datalad ARctpagn of the
' i pl tice of
et [REF s B FREBRIRS: UAHBEDL LR BS 1 e practice o
hik gitenbieb.ween t he abrasive particles. There has thus
been oyt | jned, . rather_ broadly, various.features of e
i nvent 8fitionaldgatiyes eng fRya @Bgﬁ 9fdR° B’é@&tﬁqr’pﬁl ¥ ?W@?eé]ég om the
t E@ﬁiléd%e@&’ﬁﬁioﬁ%ig?fo@l_%%,%kéiﬁﬂ%bﬁﬁlﬁ@t%n "I 1%0ccéigdnying
the present” contribution to the art may be better )
appewetdsatvbith (@i ifwsteier Bsway of eeemple.dsantes ohthenryegHon.
wi || beconme clearer fromthe follow ng detail ed
description of the invention, taken with the

apRIFPPWSORIPTRONTOF THIBR AWINGE ned by the practice
of the tnventiton. 10 Additional features and

advant Bad isf sideevi¢wivbnfinglioqli seempet Papiseed it aqepEsianegwith an
det ai l.ed [iption J: foll ows, taken in

c%)lﬂ? lg&e?g%%&\?%’%g%rgém%@é%ﬂpanyi ng draw ngs, which

t oget herG.id ks usideati@y oby semyenoshaewiagplaeemémalf vugsatofsive
the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS 15

.F]JGiCIFSP@n&aé@f@léat@i ew of a final tool segment produced
In accpf@ %‘HgﬁéMetJ?eﬁBf a g@%‘ﬁe&'t mingfa Iﬁe!i‘l?ocp&fﬁﬁ&%g superabrasive

i nvent1on; 2'1s a si view of a segnment show ng
phateseoh achibsuparsily asinséer ppée;t i cl es using a

tenplate; FIG .3 is a_side view af a seqnment showing.a .
met hodFBF- 48 éé?q%’g‘”%"& BER SHFOF g‘é"“ﬁ% a gﬁ‘?rp%tﬂv&m%tﬁg\%ogfonmng a
s#gﬁh{?f&pgﬁibp&@ﬂaﬁmfer plate; FIG 4 is a side

view of a segnent showi ng an alternative nethod of

f or ni nGIG 5 patsidernewdf 8 prrenibr segingst PRing ¢ pessitiy placgnent of
ia %Si de view of a precursor segnment showi ng a

po§sFité fVacement of the braze alloy; 25 FIG 6A

shows G eaABRSwS & 96BnTent BRET a AcRSbMSIvE 0681 foenatElly bylaality of
pllilliera?,l lloilgiu?c{inal layers disposed adjacent one another to form a three-dimensional
super abrasive member;

FIG. 6B shows a cross-sectional view of one typical configuration of the tool
segment shown in FIG. 6A, wherein a layer formed by a matrix support material and a
relatively large superabrasive is sandwiched between two layers of matrix support
materials, which have smaller grit, and higher concentration of the abrasive;

FIG. 7A shows a segment from a superabrasive tool formed by a plurality of

arcuate, longitudinal layers, which are attached to one another to form a three-

dimensional super abrasive member;



linear, longitudinal |ayers disposed adjacent one
another to forma three-di nensi onal super abrasive

worembers746-l G 6B shows a cross-sectional vi ew PET/ORE03/031463
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typical configuration of the tol segment shown in
FIG 6A, wherein a layer fornmed by a matrix support
mat er i AGAB showd® cmkmdcﬁmha} view gé ammahazbmfalayem miarix support

san hed bet we ers pport

P18 maediien s b oneh n i iﬁgher
concentpiat igobh s aﬁb@he@bmﬁb}eelaygﬁt%f 4 Re eﬂtsofaa %%aﬂrgnfool with
froma superabrasive tool forned by a prurality of

arteanayeese laperg conftguped withg desser aricehtration aftabeasivednaterial disposed

0 her to form re dlmanlonal

ooF 830 enthe R B ol Sam s ey BeR B namer 1.4

FI G 7TEIShOwshowvsCyedothec layoiabf ¥ iseyn@ft dhdpbidr Aktrbd d@hensional
| ayers matrix support material as may be used with

t BEPLeftrarive shrsuleriin frmmd with mrogresgvelodenseinameive distribution
POSwhA e {éﬂ%’ Q%rfa%e o?a?&cg &o?fztoﬁtafﬂg Ling tool with

transvers ayers con enSer

concentHIGBi d)ﬁAOthroth aQD\/Shomibﬁdf badsitdé sipdsRdfor Fodhing layers with
cuttjng end of the three-di nensional super

f or war

al5PaEs! &éi %%@ﬁaglvﬁﬂ@“@ugﬁ B @ laisst her | ayout of a
segnment e WEN |

menber Fllég’ﬁf glreA ﬂﬁ&véﬂml%gs;l%g r es%%eve ‘Z%Esi ggr;r %E{‘ﬂ% QY or more
dilayters Wwih r:mtrolledmﬂpeaialirhnévmqﬁpﬂeibuﬁm f ace of a tool w t h

hor i FI.GS.. 10A th h 10D sh i
possi bR L b dsist oy hohignelie rbd e meboL st arnggne or
S uRiE %@ﬁ%fﬂ?c&it@qléd g&ﬂeké?)?asWet(ﬁétﬁbﬁt'i@l hsBYePS shebl $Bmorphous

A through C show an al ternate nethod for formng
oREAZaNS e | ayers with controlled super abr asi ve

oL B ey P A R 308% B o

Winfultis1e Meylef Ha® theSBR%E Al asdi vl PhtsdA bPsijeRBriificsg a
sheet of anorphous 15 brazing alloy. FIG 13 shows a

side view of a consolidated tool segnment forned from

mul ti ple |ayers having a three-di nensi onal pattern of
super abr asi ves. 20 DETAI LED DESCRI PTI ON Reference w ||
NDETRILIEDNOESCRIETEXENP! ary enbodi nents illustrated

in the gaWI ngs, and specific |anguage wi |l be used

her ei nREETeReE N lﬁeWthﬁfén%déﬁ@ the gxepgpiary embv@tmeﬁ@ iHggraped in the

UHQ@&H j% er a uh@i %lf}fe‘#léc)ile gﬁfhﬁ Lto cprﬁ)eoc he bAMSe. It will

|nvent on | OnS an
f nevtenibelesolot dridestdodribataih Iinhieation\oé e s¢epff ehei®gntion is thereby

D ROk e e o e
| (RN bh@RRtARI il hitRitdddeRdn Bt Gk WY a1 RIBh S0 PRE YinkiBles of

one skilled in the rel evant
the inventions as illustrated herein, which would occur to one skilled in the relevant

art and having possession of this disclosure, are to be considered within the scope of
the invention. It should also be understood that terminology employed herein is used
for the purpose of describing particular embodiments only and is not intended to be
limiting.

A. Definitions

In describing and claiming the present invention, the following terminology

will be used.



art and havi ng possession of this disclosure, are to
be considered within the scope of the invention. It

W@ bagloes7ad so be understood that term nol ogy enptDYs8m03/031463
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herein is used for the purposg of describing
particul ar enmbodi ments only and is not intended to be
30 | i mihersgngubar f@mtsﬁhl”t lapfisint A'the8 sl udsi pigrahmﬂerclhtamﬁesfgthe

R e T e B R

simgeliar ifcd¥s ref@fence 't8ne off@re d@ich hidedratie al #f@knce to “an
referents unless the context clearly dict at es

otdHley winsbidegralerendede opk anpPEs, ofiseelenléaise to "a matri x
mat er i fe C ,Q
mat er i g%s L,lgea%S’}é ref Sel}bgtr?géﬁry ?% %TS tﬁmlﬁ%T ?Jff]aél lﬁeﬁhﬁed

r &ﬂ@lﬁ@m eLagedt BIecAiipd¥Rio. (Pfartﬁbufahlyaélle@)éﬁts tint A& id&RLied as being
rein, substantlallyfree of refers'to the |lack of

S‘tﬂ&mlﬁl‘ Y &8e o&| aspraiffier gpmplgishy absenipiren r%@qn@msﬁlon or are
I

B Bl o RO Wi o PR b o B BB effec
frcmr‘rhd: bmnp@upnsl tion, or are incl uded onI y in anounts
whi ch eA epough sa a(f to have no neasurabl e :
ef fect %16870 @Sg?t?rﬁ%ﬁe n#teny’ rﬁgeé%jtor?e‘?‘c@i rﬁmdom pattern that is

9&&1@1@1@@ 'bePt%QoHﬁMcﬁBH of & &Jo® ad bthich AARAEAN ?%’[ﬁc@?&f fotdtes each

that 1s "identif prior to construction o
amupaxklitedive mi’uvhedmakib@nqdl relagenship Wb dicegtheatdmond pal‘tlcles and

> %&g‘tﬁg rg?l% ?i‘,goﬁlg)tf Iﬁ]gelrtl%Pic Aoy exgrgalge\%o:sﬁfvl_g&@?ammg partlctles ina
?Péde%hﬂieﬂ%ttéﬁl” hgldeRk 1o Eéb’itl&fh@é‘rﬁhﬁmduaﬂ’?ﬁ‘tlﬁley & ébemﬁc non-
planting particles in a predeterm ned ern

r edrghont gdgusiseleead pepiiionsi Vvdber Stwémaittcﬁne greatot élpemdfto amform
By SRR R A EALE BOR PE ohESEe o

pappiesaisnbut may include any nunber of configurations
based on the intended application. As used herein,
" anor pHeUsehhersies “yagrahalisthazs” iriRis|e AGQE0BERYS braze composition
it Y
a?%ﬁg atélgﬁtrér slilﬁl\fﬁ%&&u%u? 1]?0'11 Eltg%e L(irﬁlﬁ{x %ﬁlgsgagltc%ggg% gHt%Qtlc

t bhﬁsem&ia’t niettdnoogptenty Wh\m Eéatd?ti% aAElﬂaugAlptéE@agimlop kefb6&tion is
y conposition is _ difficult to ensure,

ZL;J'(;? IBHb RIS Hig 105 gmorphoys Frazingeadlop af Beed herginy Flapl%& RiEbit a
asuiHRSh AP LS A dht ﬁﬁ[’cﬁf %Hﬁwgp&te‘r g%ﬁ@@qgﬁﬁéraﬁY fan%

narr ow tenper ature ram used herein, "uni
grid pétstuscchherclaf emsfotm mdppattemf’ mefers tdiagaterd gfdidnaldgsrticles

that are even aced fr not her in all

d??a & B ysﬁ%yﬁ\}pﬁfé%li‘f’ ’H@ﬁ@r L firecligit-ar | y shaped"
refers AlsQiséd ﬁé}é‘iﬁe“ﬂ‘r@ Hailp sHh%Ed’are%r@ij@ﬂﬁpe P10k b Gtandard
shape, e.g. shapes that are not round, oval, square,

egeometric shape, e.g. shapes that are not round, oval, square, ete.

27 ¢¢

As used herein, “matrix,” “matrix support material,” “matrix support layer,”
and “matrix material,” may be used interchangeably, and refer to a non-sintered
particulate material to which superabrasive particles may be bonded. Notably,
sintering or consolidation of the particulate material may occur during a process of
chemically bonding superabrasive particles thereto. In one aspect, the superabrasive
particles may be bonded or fixed to a surface of the matrix. In another aspect, the

superabrasive particles may be fixed or planted into the matrix. In yet another aspect,



As used herein, "matrix," "matrix support material,
"matrix support layer," and "matrix material," may be

was@d/oesTeer changeably, and refer to a non-si nt B€EUS2003/031463

10

15

20

25

30

particulate material to which mguperabrasive particles
maY be bonded. Notably, 30 sintering or consolidation
ofthe Rsirpamaicsal mextakathershape ofstookleady. durifnghea agmeot dlssmatrix

e e Bl SRR R TRER AFABR bR | 1 e

may be Aomdeteein, fiubettattOrete:s 46 & 86181 @btal A@tcBBE M'While hidny solid
anotg1 r aspect t he super abrasive particles may be

f Dl iR elﬁqllaﬁ}aé((y)ela,ﬁr@dqch@ Wt pacticylptegiteringorrteensolidation, it is
6,1 he
R R A

a patrculés maspmeteriatshbatate ho yeﬂ’aéeﬁrshrﬁéreﬂ’ﬁy cdr3kBddt&Linto a solid
sha%e og a sheet having a specified thickness. As used
h&tEP AL 18 ybstrate” refers to a solid netal material .

Wi | e mened A, “egl?)tnyalref@i%tﬁ%'sg i®o llﬁ)ﬁ‘{ll ure urﬁlgtgf)\];vgh a

metal particul até tering or conso
t @eQ@@dLlilmil@fraé,tS@mkﬁec@ﬁuhﬁa@sahmadbhﬂanm—metal Ssubls tg 6dch'5n, a metal, or

t wder ed t I t al
R e S R T

C onsol iAdalsedhdrBin0“BetiDbrafing ” O%szfzﬁ{grﬁllo@é’ YA alloy,” “braze
herein, "all oy" referstoaso d m xture’of

a Izl whd Fbraze, smep he uﬁ%ﬂt @ter@ang@abd amdamﬁﬂdo uanmu eﬂ]oy which

Coa? gb\/\E ¢ g& ﬁglﬁJcbeosn Gl %ﬁﬁ*%@%%ﬁi’%%? &b @P@ F%% m&fm% *ﬂ’é’POH
mata&lnal A sulsedicher &6 ,squffﬁti@lly Bfrfﬂtzthé‘ BNcﬂio!g@ﬁﬁer Tﬁ@'ﬁaﬁlaﬂar
braze” materi al braze,

ﬁg " "braze allo
1Az allops e aneits @ﬁ% AojaRerionsaliglased bfr:remranwehraited to the
C ond

o o AR P o MR R BEL s PE used in ny of
ntcenitaldimonts siths prease ;n\e@uas diselosddlast@nt i al |y bind
the t ther. The particular 15 braze all oy
corrpo\rqg‘ﬁ 6%2‘??661’&6 BEICEISoH s Dzl ssiatenpledt i rafes tathgereation of
| édntied bbhRdd %@weéﬁ%@ E&Uhﬁ‘ 'étoﬁﬁtb‘?%éﬂrﬁlggrggfaﬁﬁe %ﬁﬁl%}ésgpﬁ the braze

conjunction therewt
embsdrhrdntthent Cl’udmecapir’o@aé’hmeaxm/aecrdvarent bbrﬁlc klmheﬂ ahefieddor

ﬁi eDd Her the pr oc ss of "brazing" is intended
orfdeiond; 88%@&13 PIESRETEFAL 6F WeRkss et OB AR e dviges, Thus,
t WRert &irbARg ik A5&1 1ﬁfcofu|ﬂ%t1§ﬁ' W&%ﬁﬁ@lﬁﬁféﬁv@ @5&1%% gm@ I%ﬂemlcal

the braze 20 nateri al Further, "chem
abaghiabeing fayored, Howehemswhan (‘:bmabmg’e 1sorsedbm¢aﬂmect1mmdmth metal to

r hani ¢ er..inter-atom att actl
rHaERod AN PRAT S B 52 Pl Bl B etifacal Bona.
V\TltdﬂefStEp Bfa@bfg&ﬁ la\s@p@abrasios Ssntent fdLrob 1680y Res n@%&uﬁesthe
bei ng forned.. However, when "brazing" is used

JSRIFBES PloncaibidnToraieal to netal bondi ng the term is

pond, 35 TELERAS LIRS0 dul coliefe el iy e
twed itterohanigeatyy,dad sefonto paeiplés &f elith@r na@ir8SaN§ethefic @iamond,
Cs%{ogrl hda:(red Er(})/stnﬁme, or polycrystalline substance, or mixture of substances and
include but are not limited to diamond, polycrystalline diamond (PCD), cubic boron
nitride (CBN), and polycrystalline cubic boron nitride (PCBN). Further, the terms
“abrasive particle,” “grit,” “diamond,” “PCD,” “CBN,” and “PCBN,” may be used

interchangeably.



As used herein, "superabrasive particles" and
"superabrasive grits" nmay be wused interchangeably,

wana4nes7as to particles of either natural or sSpOT/NS108/031463
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di anond, super hard crystallipe, or polycrystalline
subst ance, or mxture of substances and 30 include but
ar e notA$ nyedtherein, gn d(inar’rm’mn with the byegi prbms didaacihd is intended

( Ptgﬁ)&nb@f@fe% boru%n of (1'9 Ll del t&%ﬁ{ﬁe@y %ﬂ% pé{:af% Ssgvaelpartlc?es and

" athe a&mrﬁecpmten@l L%mg & ghgle brazi Iﬁgﬂaﬁ& alloy agt_-?re bor€B medium.
and "PCBN," may be used _interchangeably.

2004/ 02857964 herFinSprsomsad 19868 topn aﬁ@HﬂDéEdf mperbmsmerpamcles

CORRAL ALk AL DR P5538 e £k s o

bemvmmmliljn pr16m1pehabﬂaa1$1g\aﬁd/@a§1hteﬁhg%ro’t@ﬂs i.&.nRch as a “green body”.
identifjed rr%terl al using a single brazing netal or
al | oy 168 DpiSHb PRyTIE]  Taters tashepering dietgh a template surface

Q)\Hﬁé’ﬁ‘ﬁassoar d r
particl es, pr% egirﬁ{sl?er&aét?ze@%d%nﬁfé@ fg n(ﬂﬁ%gfrf{&% it nﬁg‘d ?pphcatlon For
af@dﬂmPleathb ramzrauabﬂzemay/bepieaguecsmracd@ﬁmbddaes p$u1ﬁhty odin

and/or sintering

n‘qu .pri r[ ﬂlg he. brazi n%
prSBI%eé styc paTtiglgs of 4. given meshySize. Ay ever. ihis Qf?@cﬂeﬁ]é%‘%‘i’ tp, design
' ARCAJRRS shi@f tﬁﬁt%ﬂl?oﬁ@s@@?a@rdggfeyaﬁ&?@ﬁ a a}'rxgrﬁg%%e&by each

surface which has a predeterm ned size an
dépefidfeng on the intended application. For exanple,

the aperture,size. b desr ed t acc mmpdate a

pl ural i ty" (?heierS u%ﬁ%gﬁ?a@e% {'QP%Q OrgavIgAn Fjltered natural
ﬁeﬁipefcbﬁﬁmuh'@ﬂﬁr‘:ﬂﬂ crylsthlld)ﬁa}?}ﬁé efdeglesir abI e to design

t he apertures such that only one superabrasive

part i cis yssd derdmshiarpeRPrion emshns @rpemrmve apﬁs tesetich a crystal

| Dyme. qﬁ'cﬁ?c‘ﬂﬁglbut rﬁ‘é?ﬁﬁnfeglto ﬁrf)eEsl Cr}]d%e&r% ges (goe?igks and other

unaal tered nat con

cpystualohegr aphi ¢ faces. 15 As used herein, "sharp

porti olgﬁ rrea(gns any narrow apex to which a crystal may
cone, PHCEEHNRGhuMeHBEC | Meitseanyt ype of mwtal, mefad glalgy, or mixture

egﬂ:?e%'f ﬁgﬁgégﬁﬁllgﬁﬂau@ésrb% is o} ﬂhﬁtléﬁ o&é(%lafé r%l? Sjainless steel.

herei n nmeans any ty
al | oy, Asmser hﬂreinevﬂhﬂeqreeotfo dlamd:es E)lﬁtmies?ahﬂﬁbnmﬂ@é%ﬁQS

byt is. no dto ste i ron, and stainless
#léleqnsmn%é‘ gg Eﬁ% E}ﬂ lgsthang 9\31“t7I§ tPl@bHEEPmEISi st ances
and si z88eentritdsOnAburlt€ 88 %t&?nﬁh%? a&yg ?nelyht%tprgéemea 'herein in

by | ess than about 75 total mcroneters:.
C@)rﬂ?@ﬁ toratai. dhis to Aevudrrsipoditidt sitch eange fommt cmhsed atiexelyeyr
her.ei n

te f
PR AT AT 6B PG = e S St it Gy e
C@Lﬁﬁ@dﬁaﬁﬁﬂ@esadigh@ﬂ?\fédlﬁéd aBehea R SF t(heranBL &P 51%5 ?c?mclude all the
flexi bla{pt o include not only the 25 nunerical val ues

eghiidyal pymeriqal velgesey swheangdesinepnyfassedovithin ffeyt range as if each
aﬁlﬁﬁergcgl R eépl?cqtltl%{'e% ?CL nurmeri cal val ues

ranges enconpasse range as if each
For example a concentration range of about 1% w/w to about 4.5% w/w

should be interpreted to include not only the explicitly recited concentration limits of
1% w/w to about 4.5% w/w, but also to include individual concentrations such as 2%
w/w, 3% wiw, 4% wiw, and sub-ranges such as 1% w/w to 3% w/w, 2% w/w to

4%w/w, etc. The same principle applies to ranges reciting only one numerical value,

such as “less than about 4.5% w/w,” which should be interpreted to include all of the



numeri cal value and sub-range is explicitly recited.

For exanple, a concentration range of about 1 %wwto
WwWabau28v46% W w shoul d be interpreted to incl BdEURZIN3/031463

only the explicitly recited corcentration limts of

30 1% wWwto about 4.5%w w, but also to include

i redove-thedkd gdnesemdrangesnSugbarhsuab a dhtenptatati @Pshatid, appPp

S8 SR ARG SR oy %%ﬁr%%siew 4659?"5%@W

recitirg onlmgﬁ@eﬂﬁmri cal vaI ue, such as "less than
about 4.5% ww," which should be interpreted to
i ncl udé‘%@?n@f\fvlﬂh@w&w 204 Ic0Re drpevimgSTh UdgdoBk G3tdEGlements of
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ofwﬂlhxe disengred Oft if tneba:mreﬁmoelrthatth@fomewmg @ﬁﬁﬁ%’c&cﬁﬁ@ onk-
The Inventtjnt?n Reference will now be made to t
dreéﬁnﬂ & otfhgaTiRsipken ef thepresgat lay@wen: andgshould nopbe viewed as

1%&@&}{ tﬁyﬁwelﬁgghwanll be gi ven nuneral designations

e invention wll be discussed. It is

t o be Wederisg ood to FEG. T fa@lﬁr@hﬂy@lﬂlsm@rdﬁsﬁw partiolds D6 are brazed to
ary .of the pri.ncipl of .t he present

| |
10 RpERRISH IS oL AR DR 1B acePrGes il 2 e siow gl Rem. A
appeB ekt a5 MPuseRed Bfa% BEb ML QufeldBrasive p@artﬁ)(!]%sr Blthd Yubstrate.

of superabrasive particles 20 are brazed

ei@b@@m&\mﬁh éhﬁeprﬁensmmtrcmt e vaidy bfimathods dagbe vaéd tkn abtain the
predet.er A. braz rial 25 is used to
Idgszreda?s t8ﬁlad élt %CBBSSP%F%? @%%"ﬁ?‘fvu es to the

substr ahe subsh’ﬁte'iﬁ%pinfiﬂld%tvﬁnétp%f ﬁfa?e?z%[kt shdRVRVati By mBtals.

varleté of methods may be used to o btarn the esweg

15y Exgmples ahspegifie rastels inadedt withaw Himitdtomidobalg Indakel, Tiva, copper,

S nc ude .a v t f mate

SURBLE S8 IO L DAL BLL SRl b SRS e Sinds et
V\Ibtdme{tetd)l Mht ptdsert. inediah tis usefit k&l a varle8of GRRO& tools such as for
carbon, and their alloys or m xtures (e.g. tungsten or

| gun a&moaéhln&t%l&trng, deeating esanydelatsed ireavre meéwyl from a
dl a%ﬁéf @{)f éﬂa\‘xﬁ:ﬁ%{ SQ&}S I% I'H)? g{}l:ll{e ﬁg)u?m\ﬁ?rﬂc{iﬁ@/e 01rcular sSaws,

20 cstra:lghtgb,ladds eEaE BGVY mec@psmczttmglsaws efehni OsaneNwire SR ,8hinakalled
fro i ec For exanpl e, saws are not i mited

¢ BIOH eV e i ehaels, 2ngiche PaYS s Bothep aspset theghgmond tool may

bhagdesp ganhrei@iRer.r €Ci procating saws, frane saws,
wire saws, thin-walled cutoff saws, di ci ng wheels,

and ¢ h&ym@h»v@e substeatehdseam eagpmdtsurfhctaalpbmavﬂnnldtHeQ;Oj)erabraswe

may,. be a d.conditioner

hue R e e 50 Bay R r s B B! ile Erbend may have
25 SHPRIPADRAS, Yigth A3k kbt 851181 of Qrd&rabii Xadwand. fBvhebe

substantlallé%flat or contoured and may have 25

néinbedimentofdesspresant nvastiom theomperdbiasivedingy be bordaddalaanatrix

L R A MR ——

neithet ¥e sufficiently configured to act as a tool body, or may be further coupled to a
substrate to form a complete tool.

30 In another alternative embodiment, the abrasive particles may be temporarily
affixed to a substrate with an acrylic glue, or other adhesive using the template as
described below in order to prevent movement during the brazing process. Most
common adhesives will vaporize at temperatures above about 400° C and do not

chemically react with the braze alloy or superabrasive particles.



support material rather than directly to a substrate.
The matrix support material nmay either be

wa ndoftioes7@nt | y configured to act as a tool bodyPCDUSI08Y031463
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be further coupled to a subsfgate to forn1a conplete
tool. 30 In another alternative enbodi nent,
abr asiTie tpazing ellesofthy ptﬁeelttelmmlﬂam may be@m\ngt@hastaothal sheet,

e %r ,?c{g 20{1 Lh ug{s]]éeeggy anacggg?lfs%é%zebal Vﬁﬁlﬁx%gapggfra}{f ways that the

Ph MRS QII?UﬁMro%@éd Roackh@afdeatitithe pr@eiSiavenviont For example
common adhesives wi || vaporize at tenperatures a

abbuaging @ﬂo‘,CpaWdlerd?@n st beaised with pypuitenie pinget (yri 1y organic)

et isdisn S orcti oG R Bk, DR oS P SRAALPETEAR
| Shviepbi &thﬂ&ﬁt}b@pfb?@ﬁ/w@@ﬁltﬁﬂrﬁorﬁbu io psdveat the ppordeieiromor
contl nuous sheet o

anor phous, braze alloy. There
nmﬂfomﬁwgon thatngthe pm@f:%smgn@ Swifablsy W elHAS BESH (S8 8’88]??4??“ oil,
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oner at | durin pr 0CESSI N a suitable
V\atntry ngn begenst inf@a glafe wish Heediesiresi thic mpsﬁo g@nm cggttrgmethod 1sa

| so be added. The u y ot he [
CRREAP SR i omake N T PO L R RAr e A el Forks well
a@ ﬁ% ﬁeﬁ@a%bﬂ@%é@%nﬁmﬂt@hes I n anot her 10
odi nent, the slurry can then be poured onto a

pI ast i the laa;@emgraﬂop olayatsolhedeevided 35 ashep) efgeqgphous brazing alloy.

R RS Sy Dl AL HRY] 8, D Be58 oP SAERR hikPhe shaped

pbe%%@ oM icked s bdr@@hrt hTT kil BBS:S of E&Iaang afley alas taidagn the even
method is a well-known nethod for makin thlg sheetnsOy

odistridntipoatibe dtzewyer basulas @ lsriRe! weieShegtiof Rz 2
ne%}ltgaggssgg $ 08 R %gn%gf Pl AR Eeet %ﬂ&ﬁo%ﬁ@ﬁé Wdz@tdiPosition.

pr oVvi as a s anor phous brazi ng

houﬂbﬁazﬁ{gezeloy@ha\&rhﬂep s 16 bazdmt@ebm/fonage indhe present
erX| le or rigid and may bas

QESPRED. CoBrY COREBRESY UQW@E?PU%PWF%%E‘H&GH|”1‘°8§}8menﬂy
al, 50, LS, 'Qlﬂ#&{éﬁg\‘ a‘#l'o?'bf)ﬂn St Qs QfifrichR th brddee, eieer

the surtace o heet of bra2|ng aIIo%
cambaphnss trazipgwatiey umd ibithedeesenbimyentamnrdpulidexgi gtantially

honogenous_ braz osi tion. .20 Am)r hou
apq>wgenﬁg};glrtggée§a3f18ggﬁerlaae EV YOI é é%eggtpgerr%ﬁ%g] gThus during
U Rh rtioh BY 8RS g @ScdsH e dIl@S}td@bﬁncﬁLfBﬁlﬁ gfhlinsadrlay

no eutectic phases that nelt incongruently

h eazts‘eﬂme,@lhastmug;hbqjmémi g\@anapps;y ec‘ﬁﬁrgﬁ@iﬁpﬁtﬁl F§1rthe1 the melting

21{3{\/&%' &gi‘egaﬁ% nriso rﬁr%zhe%ﬂlgﬁ hn%? ﬁrl %}r stql%t'eﬁxgg c%yreé[iﬁf‘eg the

S P&ﬁ&@éﬁ bradlinYinaté e umtbemeéehlpagldmmuoy noveeial svhich does not
rel atively narrow tenperature_range.

u r
t kishiadhe Fgompbees formof tharpdlopy avisgesp s o b If%ﬂngﬁ‘iPS braze
doea§, f{)rrr? 5011‘1 %mog&%bpssp@arsesadurmg crystallization via the slower cooling

process. Generally, amorphous alloys are formed by quickly quenching the liquid
into a solid to avoid localized crystallization and variations in composition. Notably,

in each of the processes recited herein, the brazing alloy may be presented as either a



crystalline phase in substantial quantities, i.e. via
vitrefication. Further, the nelting behavior of the

wanwrpbsiue braze alloy is distinct from sinterPomustniosbzi463
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requires the reduction or eldgmi nation of voids
between particles of alloy material which does not
eshis filmn, drivgheapongied ost kperthadfcotrhwpoatls wythe Besiwsd éol segraent

originally anorphous braze 30 may form non-honopgeneous
ﬁ%ﬁg%s during crystallization via the slower cooling

Pr 0CesgterfRiNl R lal powdarsare alRlyl ) Be aiRed @itaduliyble binder

qui ckl'y quenching the Iiqui into a solid to avoi d
| andatsispbygnicioyforrakidefoamplla calird Wherdakie pariden e extruded through a
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film or other punched out |ayer that corresponds E]o
tasustrbds gandotfomn skestsuith thegighphickaesse p é%l?tg%"l gppec, the braze

0 Cazing. ald . . .

BRAHEE Gy 536 QOB b SRl BTt Bt st s Tygre fully
OaMﬁxﬂambé?am be extruded through a 5 die with a slit
openi ng, The gap in the eni_ng, deternmnes th

i ckr ISR AL BRET Gshm BIGIS Y FURAR By mepiée -
n%ﬁlﬁfn'(g%vepﬂl% 164138 R0 PR IBRL WeGIm N ghidik h@fkScivéildan also be
adj ustable gap to formsheets with the right

t ide& memeviderthadosirhé chaspestics.t he braze powder may be

showered directly.onto, di anon artjcles and -
as nmor €25 15° or@%%egtls g%r K9y (%ﬁfmitﬁf’ Plas 1% ale%e?%%é%%)lﬁ%gessmg
NRKEcth& tsBEh Sk BBbIes dnafit 1§ Wesiaauamtbytthe@tskaISn the art.
(e.g., bending over the tool substrate). Therefore, a

sTymtied bindersgaelude polainyaloahol (RAhpelyvEw! baiyerd ¢PY B),

L ASeh 08, 5T 5 SORERSHRR G BB s

CREIAET THPicHMAE®RSs SoRents irglude eauiiinbE @dthanolactyortee kichimkthylene,
and it 1's well known by those skilled in_ the a

Wb}e@@ etgi haded plagtrigeie amo}xﬁ%@neaglﬁqﬂ%&ietbﬁ\/ﬂ;agdte, %rslethylene
Séi&é#ﬁﬂﬁﬁdr%ﬁéfﬁtﬁ! %&&%ﬁ) octyIHYELEY TR Srsg%ﬂg(nhggntg EE@roduced

: pheno resin, X emul st ons, acrylic
r @8 kficiliiympitloafablicnidarof setal énes. iThel ndet betdnenvefl before the

TP eatin 2LEICEN Pardctar dhp O URTOH T b L o Biige n e
{ﬁ%&a%& Sith dtinbt %ﬁ{&ﬁrgfc% YCR vy RARIBSRRilled in the art.

0
gl'ycerin, oct e. The organic agents so
i nt r odincen aBfecartbe bazingeilby tray detshiestdrdiatly dise obnineflead, and tin.

tal |ayer Th nmust be. renoved befagre th .
CORSBrTRATT Al DIRRIE BP(BRABRES e TS Sl (pgese with the
P@@&% saveBtich, is BOWIER} B Grallénane NUCROBR AR LV (7 wt% chromium,
at nospheric control) is also well known to those
skil Wtegbaranthd wate siliqon, dAevtHsines @ mPRRUE A Hywhi cgipon, and

be subst anti Ig% of zin I . 40\ QX
cBtser areteD M By WL aaRhy EaPfpny SAirdobhS hei e
soteabhitibiodl10ys oMdeld chpiser, Admpues end nickvlestivyooontaiging
known by the trade name N CROBRAZ LM (7 wt % chr.om Pm
chromium, manganese, titanium, and silicon. In one aspect, the brazing alloy may
include chromium. In another aspect, the brazing alloy may include a mixture of
copper and manganese. In an additional aspect, the amount of chromium, manganese,
and silicon may be at least about 5 percent by weight. In another aspect, the alloy
may include a mixture of copper and silicon. In yet another aspect, the alloy may

include a mixture of aluminum and silicon. In a further aspect, the alloy may include



3.1 mt% boron, 4.5 wt%silicon, 3.0 ww%iron, a
maxi mum of 0. 06 wt % carbon, and bal ance nickel), made

whgoohbd74€Col nonoy Conpany, Madi son Hei ghts, M B&i/garn3/031463
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O her suitable alloys includeg; copper, alum num and

ni ckel alloys containing chrom um nanganese,

t & trxturenof rAcickl sid siiom. Thangher asppucthe alloyemipy alyfdg a mixture of
al | oy 30. i nclude chromium |In another aspect, the
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braze s ave a lrquid-Lis tenperature of less
t han 1[d6f: Gped, the biatinggmagpes maybh eam@d@nbmoa ehmtioHed

ggt%&%éﬁ%}qn s ragﬁ Sﬁd%fupﬁ? I]gw% ‘%’ }(? t?{rl gl’ll) in%rtsa%%%phere
F{{% 8{9@&} Jr QS RAPRDR I b @ediR iRt AR iTy@zdgeg (H)).

(MBF) manuf actured by Honegwel | having the
Nsmmzpldeslr@asc owerresd the orfiltaiansel thobrazisadoy infp éhe matrix

Pz gt GORRE AR SRl Rk o) B HEE

bpaZdiRg process may be carri ed out in a controlled

at nosphere, such as under a vacuum typical]y about .
10-5 t &efemgg]nq)\ﬁé@ Fl(atzqg§blp§éqa@ 10(2és gelectg} Yeﬂp?at%} 10 is laid

ni tr.o : .

PobBER 1) ol LR WIS Bl 1 o o s

| eainl dnlé atpbradivé patiblepmit sgafidr thzyn vt abrédivee peaticles; thereby
Eport material, and theref or

i 20 BES e DA i 9 SDTY Y D ag%gat e%@%’??ﬁﬁé"%&ﬁ? The
%5&&%5? t&@téfﬁﬁ% @}% e}é%% v b&weeh 821169/ PHha htieARd fAh&average

the substrate. The tenplate
13PBracivapaiticte. dpevtver, eﬂ;hei tHclideates arae' Hearsgérf app®PEiAtEn
one superabra3|ve

t .
R R S ke éﬁsﬁ‘&ﬂ“e dred lopations.
O, Lo Qstye@é' the tﬁlélaﬁ@s & tﬁ@%ﬁﬁat@tna?%ﬁp&@ @eb {2)Qimes the height of

| ocat 1 on. hi ckness of t eterg) ate is preferably
b étienbersive m@esz/zsn ofhestve 1k h}rﬂppb«p torike awréacg@é the substrate to

R UM e
seat i N\ fidiehARMPSItY E1 PRkt Pobifiohdtk ade& babrasive particles 20
| (1)SC tialterll ggrsead over the template so that each aperture 114 receives an abrasive
particle. Those particles not falling into the apertures in the template are removed by
tilting the substrate, sweeping the template with a broom, or some other similar
method. Optionally, a generally flat surface, such as a steel plate, may then be laid
over the superabrasive particles, which rest in the apertures in the template. The flat

surface presses the superabrasive particles to seat the particles. The pressed particles



25 I'n sone aspects, the thickness of the tenplate may
be up to two (2) tines the height of the abrasive

w@arotiozd7eés. An adhesi ve nay be applied to the Bor/ismes/031463
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of the substrate to hold thexsuperabrasive particles
in place during the brazing process. After the .
t aeadforelfitnliy sttpahedér thy splossiatd lonather slighaynsehagical impression

br asi ticl 0 jst d t
? létrﬁPS’tﬁlgggbsgrgtret hgp?oz%éqz%kz?rt (E‘S{;Shi’%} ,?cg @@k\{%ré\ge 1a er (not shown)
f\gﬁi%ﬁ ly)ee aé@iéa%%&é@oseﬁmﬁfﬁw@ﬁthé slREaRkict & placigg it 0

e apertures in the tenplate are renoved by tiItin?h
t fupeshizstveaksiclesweapim gliteiemplaig] s thingama V¢t Bighhas fhe

sone ot her siml et hod i,0Nn :
Rl R oRr el bt plast Shi Bl FRENRE e ith the
OMEletéMensIPLIcADE BiBE Wnl@et | cl es, which rest in the
apertures in the tenplate. The flat surface
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) : ye & ShOW?é% or .. b
autest (annlatp di0 therhi R SRy ICUHRIPERCTRES ST S pprtiglgs may be
CrRA%E ffgé{.rpfaﬂf&: a}?l%c t.S LRtE phitt 006 Be@vhﬁ’% apkRBrdshe

p p icles ther | at e

superabrasive eon. The tenp 110 is
t heticlkee pO ufitked tichedrhiathentpeesSedagarsa b sebsivats 19ar (Thegsfer plate

20 remain i | ace on.the substrate 102 i ] :
wPel D s 5t 8l GF AR RYE VA H o ot i &F GnAAREE plastic
A{rﬁx‘fsrfé}?pﬂéﬁésﬂc)feas e300 elald Flitas niddRosnbst thapeode®y Affixing
be a transfer plate 106 onto which the superabrasive

paf thi pherled@o dredramffer pletk may bheccomgdishpsi qsgqgaanywﬂhering means,

adhesi ve i L m(not. shown). tional :

oon gt RoBod PR PR R paricies o the
t el 0219 iR 1hRY Endt sReWh) whikRadipatd e pavicles 20 more
super abrasive particles m e used to effect

b
pairarighy o thi actsireiet 02 thaa tothmiamsfer plate exnlprensidy i g transfer plate

super abr asi ye arti f ' ! d
RELER S Faq BRAblsAL R Foa i X5t PR b1 AR Rsor an
MRYatRe tepeRiues thEimal petughestbegperfoomed eThirtfoa shdxbeasive
found that a transparent plastjc transfer @&t at

i patticles ete ternsteristl tuths sHbaog thy pafiens digkieG b § ﬁge%ﬁ ate.

the prog %ﬁﬁ?‘th ﬂl(ér?faltférg elmboRimdii SR ardnb @t 8Beck Q06 May be a sheet of
transfer p at'e may be acconpli'shed using any adherln%
memdgphous UsBziag alvyadhias iaveimilan wodess too thagcidscribade above, the
transfer _of the superabrasi rtic{es to the

s gererabipgive partigles weaf qu\ég%eg astﬂﬁsarta eshg%s]t) a V\‘ﬁg}ng%ate 110 having
agperess H@m@ﬁé&h%@ﬁ 2 30edRF Erazﬁigfélla)?| 106} & Hllngtrated in FIG. 4. In

substrate 10Z than'to the transfer plate can be used. .
Thee tasges be thepprasent tiventiorerihe shasy xryarrda sheshOrdkn &f goptinuous

as adding a hraze to forma togl pre 2

P R R e T v o
ThekeSiRey 1addi@nfbr aithV@rasharjartediest asgect ficalsitenr erdesigning the
the substrate in the pattern dictated by the tenplate.

| eraplotehweith aperiwrasan pylesieedtngtit®ent , the transfer sheet

106 may, be he fo 1800 [BHNAIA Y, theafrtures 114

siml alAf%irot@ee egn@%t_e%lﬁg?@%gé’%?lﬁggg aéogCe,o%]t he ~ &
are filled with abrasive particles 20. The apertures have a predetermined size, so that
only one abrasive particle will fit in each. Any size of abrasive particle, or grit is
acceptable, however in one aspect of the invention, the particle sizes may be from

about 100 to about 350 micrometers in diameter. Although various aperture sizes and



superabrasive particles 20 are affixed to a substrate.
First, a tenplate 110 having 25 apertures 114 is

w@b@ameB7wpon a sheet of brazing alloy 106, as PCT/US2003/031463
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illustrated in FIG 4. In onesaspect of the present

i nvention, the sheet may be a sheet or film of

c shepasubedd restetaeass oy pa'rgclal peoytperase ckbs (apﬂ:IbHds of the present
u of t C

o Yo 5ot BE oo Tol Y <BleRitsedtip: P B elparirasive partictes

placerent of

| oK) fof aARyrade ph@idiengzdshg 100aARkGh&edithd aﬁ&ﬁfréé»‘é&ﬁd bB designed
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While the method described above to press the superabrasive particles into the
brazing alloy is preferred for many applications, there are instances where it is
desirable to have the abrasive particles extend outwardly from the sheet of brazing

alloy. For example, some tools may only have one layer of abrasive. This can be



After renoving the tenplate, the flat surface may be
used again to press the abrasive particles firmy
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is 25 preferable, those skilled in the art wll

appreci ate that there may be occasions when it is
despemaplished sintpdy by kewing dife @h}@leaéait H‘o‘lm/;daqﬂ:amhanqummg the

e he f nor et han ot her
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M SeeBP ¥ under st ood that in certa| n appl i cations,
grit hehgBkernative embodiment, rather than pressing the abrasive particles into

the sheet of brazing alloy, they may be fixed in the templated position by disposing an
adhesive on the surface of the sheet of brazing alloy. In this manner, the particles

remain fixed in place when the template is removed, and during heat processing,



may not be desired to be uniform As such, those of
ordinary skill in the art will recognize that grit
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configuring the tenplate, angsthe surface used to
press the particles to provide such a design. 25
Ab r asi Wailp dlret ise lo€ the2Deatf smovphoum biEpiBS.alloy 190€begrediscussed
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using the tenplate procedure descri bed, herein.
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superabrasive particles affixed thereto
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90% of each abrasive particle to protrude above the outer, or working, surface of
brazing material. In another aspect, when an overlay material is used, the abrasive

particles may be selected or placed, so that at least about 10% to about 90% of each



woul d be optional. Because the abrasive particles are
firmy held in, or on the sheet of brazing alloy, the
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insufficient to cause particlg 25 clustering during

the brazing process. Additionally, braze thickening
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mat eri g altt@ulfapfrﬁ@)cﬁ‘ta%@%%hfo@’ﬁumeniaﬁgdne@df, glticvsor a]ﬂd}e or
precur sor is heated to braze the superabrasives i E

16 G, tﬁle
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T ot oo EAAAY 3 i
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have proven effective in the present ‘invention, The
c a7 @eCu-Si alloy near the eutectic composition (about 30 wt% Si) w1th a melting

point of about 810° C; Al-Si alloy near the eutectic composition (about 15 wt% Si)
with a melting point of about 600° C.

The above-recited examples of diamond brazes cover a wide range of
mechanical properties and infiltration or sintering temperatures (generally about 50° C

above the liquidus temperature). Various alloys of these brazes may also be used for



former may be present in the brazing alloy between
about 2% and about 50% by weight of the brazing
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(Ni-Cr- B-Si-Fe), manufacturegh by Wall Col nonoy
Company (U.S.A ), with a nelting range 25 of 970-1000
GurthachdpiktBént§ ElbivhinNitgmperztnrefaad muechanipyl phepsudesa The selection
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amounts as to not provide any meaningful impediment to infiltration and brazing.
Tt is important that the brazing temperature be kept lower than the melting
point of the substrate so the tool body can maintain the shape during the brazing of the
superabrasive particles. Moreover, the brazing temperature must also be low enough

to not cause diamond to degrade, typically less than about 1,100° C. For

embodiments involving infiltration, a temperature typically 50° C above the liquidus



facilitate flow of the braze material, such as zinc,
lead and tin, it has been found in accordance with
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impair the brazing process. Jfe prior art materials
are generally nore volatile, and have a tendency to
cempariurabéthctveascatloy i nequlremie rlh additios pfhmnéroﬂ,n gedrazng
infiltrati Wi | e ver

GPRErT et e S CAG e Feph L e Bk S ot aeect

bL,32ds0@iy H1R WnSond W Bhe @BOWte. 1lihe ZorBRE 684! diddhone hiiftalso be
can I nhi'bit proper infiltration. As used her ei n,

sddgsddant fathieyater epse,dhe glbdyang wih ﬂmsalrfgce efrthe substrate may raise the

sub tantl zinc,_ etc d

R %Eglpg}q gt%gﬁé%n%{l k?r?%eatAsoanresult %%[OHE&%{%F may, s solidify
NBh@lallyanBee&@RA1L flo BbWingl etd, v o‘éﬁi&é brazapowdéswalsret dire

not provi de any neani ngful i rrpedl ment to infiltration
al@dg@ﬁl&éﬁlrrggﬁm%aﬂdl/ oitempeip®¥ant t hat the brazing

t er‘rpe {1(? %1 fal cggﬁdér?\{\ﬁ{ n SQ%&I&IP&E epﬁjah'nggllofﬁ s 1P§h0111d also

the s € S0 can mal nt

ditd tRE sfeeabRisavd prgticls atﬂale:hemumﬁy abn@smmehqomptetabms/es
Mor eover, the brazing tenper at%J\re nmust al so be

ehleigiare, £ hedrazing 30 Yo aPRITE W ta%gf%eé’rasewae%qwhe alloy
l cer?éqs L{F[Ee SROYLS the %@%reﬁ;rasﬁ%@ 28 ERPEl {E@H LSFIE V1°|’I°H1§‘9/ﬁttmg action

a tenperature typically 50 C above t
I 1s<1>unﬁu$a1\fﬁ 20041 B8BTS Gn RGN BANOB¢DBEABBicaPBipport for the

enper ature_of the bra II . .
B%F i¢lesy ﬁg sl as he gyong HZ oﬁ@ Tc' ﬁaggrr Eﬁoéc{e%ﬂger contained
\?\{rﬁzéuﬁ‘tgblte'sgﬁleﬁmwy%c%ltsstﬁlsngdiﬁﬁienﬁ hQbkeR?, $RMRUPEABRIe formers

react excessively wth dianond or the
smbg be adersdnimpestdddryrtbe brawg, atrdomwd may al so be

degr ad In the. later ca .
surf acgg%? MosRheigiFoY y%erﬁg?} 1:‘:3 8 a]ts VX]IOP {l}%%gheto Prgvide
Oiup'éfi& (S AR AR D N @xanfiSle Af R D e, mitblealdﬂoﬁtmmdt dofoag ettractor of
may solidify gradually and event ual | y stop fl.ow ng.

AbXYEEn ar BibEEs Sbelaz%htp@me p highy degre@qli |Va@1unll Eiflgdprr maximum),

heat
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rasi vés as can be seen in FIG 1. This wetting
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hi gh dédierbragingythe praducabpa! tec r2 FRaKIOSIIPY Mmay bedrigangd (o2,
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cess
brazing) onto a tool body (e.g., a round steel blade) to make a finished product.

As discussed above, this invention uses a diamond braze that wets the matrix
support material of a diamond tool. Most diamond brazes can wet easily common

matrix support materials with major constituents of cobalt, nickel, iron, copper or
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former and prevent the formatg on of carbi de bonds
with the dianond. On the other hand, if the braze
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ani cal  brazi and

par tiaf h@hbﬁWlﬂ@yWsédlnEthQ rowkist forheakip2diambad am%tb (Eigaraw
to brazing using the nmethods described above, the
trsemieRis) 5icobHEPOWIsindhe sipadard eizesok obalh govrder fox making

ROt G hnd tb%lsg;{rg@sp@lagb'rﬁ%rme@emg U |1t 06 dne
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pdisvel e ot ﬁraﬁmfaétufms hdve dentaedddafiner aidh ﬁnmrrgdmmmolwdame The

istheni he matri port terlal and

LRORFNFHGLahPYRBYICTE g St G YR T e, Mgy Medguprdgaking
Qﬁ‘&&ﬁxﬁé)ﬁ gﬁg%ﬁﬁtep} AP BEnRAE L8R @fht%nhﬂ%ﬁ) powders. With such
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The sheet nm e s es nt 0. desi

(P RapBE Sy Bredre BTl Phe B BU A truCEho Escof
S bedu rdt @i, thrQQ&preh@le%an@@h tii 8o MdReover, the

mat ri x support materi al  usi ng the brazing alloy, as

vedidatios loss ofigrapbite meddistidso mpenizedal 15 particles of

;2 gomﬁg\ééw% Soljgeheﬁrb 0 1rn?ec ?%th%z)pgsteﬁt!rlggeﬂ\;ﬁﬁcﬁgs fdia d1amond braze to

| fIC U tH Yeﬁf th@ﬁla&fx%cﬁvd&ﬁr Hefibel tethse- §1@edt1hﬁvdefsol1 ¢. ghbater than
nost W used matri x povvder f or maki ng, di anond

£ 4581 &.S¢ Enegh or hpyicrarsg peprelpIred MoRRAver: Bt &pnvepiignal methods
Sttealﬁgca‘&g d%hs%@soeo%‘s h?ﬁpﬁlﬂosﬁgl‘éqg mfté?fngr@h P& eed rapidly, it is

preferred in the present invention to use a precursor with a lower packing density to
allow the easy flow of the diamond braze. In fact, sometimes, the porosity of the

precursor body may be intentionally increased by using irregularly shaped matrix
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powders. The commercial suppl{gers (e.g., Eurotungsten
Co.) are therefore, noving toward making ultrafine

( qragticiese r"k“jmapmf@rencamgaﬁu ercoulrturyato Whd dfoa;fvbﬂi’tﬁ)n(aISWh;ﬁblGlrtﬁzﬁ’t)reqmres
the sinterin erature
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C@&tthrmagh be Swetducediolldf dhﬁncbrfmﬁﬁhﬁﬁﬁoﬂ i9 hf%ﬂ}edéslﬂﬁfﬂett@ iRprove
invention utilizes the matrix nerely as the 10 netwo
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bodi es urt uper raS|ve cont ai ni ng
seg nen}t{g Bg@a@% tgelgésr AVt HPARES YD YAY 0 A toelsegmgnt,
O%en%ﬁéﬁ@l%tu‘i(ﬁ&ﬁed SNRP &t mBA 'g? £} tp%e %Ikﬁgrs 12 1 angt I'Eeach of the

ternati ve enbodi nent rnvention,
tlayes é14 dllfiﬁndsh 8am &rnted ﬂoly magrif supped rhavmz[igm@regnated w1th diamond

et PR PSR Brdh oy o D e bbcsat g s Heve
fs@femed té B]i@ﬁmﬁjlﬂ}"@d}ﬁi‘ t@'ﬁ?ﬁ! diaRBAY partib@s gr',ldstthE T gm]'ihp%& material,

dianond grit in a tool can be positively contr

FHek bonding firmly holds the particles in the matrix support material. Preferably, the
diamond particles 20 constitute less than 50 percent of the matrix support material-
diamond mixture, and more preferably less than 40 percent. Keeping the amount of
diamond particles to the minimum helps to minimize cost while optimizing the useful
life of the product: Although FIGS. 6A through 9 show discrete layers of matrix

support material, the final sintered tool segment is essentially a continuous metal
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tool maybe adjusted (see FIGS. 20 6A through 9). Such
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to inprove the wear characterq;stics of the tool. For
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S br asi articles therein. This continyouys
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Pat ent No. 15 6, which is incorporated herein,
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t RPtBelt & TREHRISS Siblsie mnakedn sprdvfigh femnongd segmeh” t reinforce
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Y
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particles wthin the segment nmore preci §e contr
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rkin oni ons For ex | e, when. using a )
o Rl S LHER i e dl RSt iRt Bikaliepined
t Paxterh AR &)hcérﬂﬁugﬁs'ﬂtﬂg&ﬂeﬁt@%ﬁ% B&%ﬂkﬁc@a%egﬁéﬁtl ng nore
materials than the center. As a result of uneven

wear , Thepssedsnsaten buthef imprevesdhe symeetiniype byesfilirating the
CS&Yr%%su'pBort material with a braze which is selected to chemically bond to the

diamond particles and to the matrix support material. Thus, while the placement of
the diamond particles shown in FIG. 6A is a marked improvement over the prior art,

an additional increase in the useful life of segment 10 is obtained by utilizing a braze
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shape with the center bul ging above both sides. This
configuration typically slows the cutting rate of the

waaw4bbsrde. Moreover, the protruding profile nBgT/abm03/031463

cause the 20 saw bl ade to defdzect sideways in the cut

slot. In order to maintain a straight cutting at h,
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Another advantage to the use of multiple layers of matrix with diamond or
some other super abrasive particle disposed therein is that the layers are easily formed
into other desirable shapes for the cufting, drilling, grinding, etc., segment. For

example, FIG. 7A shows a perspective view of a segment, generally indicate at 30, of



cutting segnment is able to naintain a straight cutting
path so it can cut nore efficiently with a | onger
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flank of 20 the saw, the fimsh of the cut surface is
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oE FBRS Ea6 bR PhEeregant ps R an AT o g o of the
p!ﬁh‘dﬁl%h& E)Xrtlefes g&égl%re&lgé@%tﬁ ehPREeR @Owndh FIGYPA eatHay shown in

di anond  or cu boron nitride. Because each |ayer is
aFiel7at. i Velile thihembodiaest ofciTIGvréBathe rraterd ate egeh rovidedavith the

metal .matrix w wore t

Tt sireaitatang SEins St G ol HlRRe 1

SHRLMIzQE sulRRhfifly @MRmPIRESHRO tindér sphdng StPET apaofmsg ve@ween

particles in the metal matrix |ayer can be easily

athsisepeabragive pargelgs sad the segment 30 wears more evenly than the segments
of the prior art with randomly spaced particles. The more even wear prevents
premature failure of the segment 30, and thus extends the life of the tool while
keeping the amount.of superabrasive used to a minimum. Furthermore, the braze
which bonds to the diamond particles and the matrix further strengthens each layer

and prevents loss of the diamond particles.



above, the random pl acenent of superabrasives in
abrasive tools in the current art often lead to

WO p@fifoesTté ve use of superabrasive particles. BRCT/US2003/031463
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controlling distribution of syperabrasives the
present invention enables either even distribution
whi ch gilev8shev2anating @ossible embodiapatofgsegatent Shinadt ired

dia%grj but i ogﬂz‘o t hﬁut di ét]fler ent porti.ons }gf t he )
s EGREftIRAVE BP FERERt Oy pEseidnvegHerRnT halavered sipters in a
argaBidCdRethehOnyy S¥EBE %slés%ﬁlﬁléﬁttfaﬁ%se}lf@r hd?Bbh&I19Smd the braze

Referring nowto FIG there is shown a

¢ reashesanplipd inagveny keetobr t spleatlayérs gs shofwit indFlGag e Thugdhe

3 . . e 30. . OF..coyrse, th

o St 38 k1t iR B ot R S Rt Tayers, ccnwaly
wiitidicdtétbatSag refitst §heau bﬁ’gh’é'l@erﬁ@.e%etfﬁﬁtfoﬁﬂlﬁyé}s)i, thdicated at
FIG 7A. Unlike the enbodinent of FIG 6B, the layers

ar8: Y8V ded liyit cAncenBationeafelianond pavdcles 20 which are brazed

C ' f ' d rti.cles,.20...However .
ool St o el b e B B G 6 SRS R g remainin

i 9 lawry)ndicatfacbfigroprovided wipacicogndednoegratiohRss than the first
eraprasive particles, and the segnent 30 wears nore

:\l‘; Pt IdifEe deg Ferediodpngtio theandpix shpRart majerinl
rando Wa@%ﬁ&ﬁ%rtgﬁg %feﬁ?glﬁgur-gﬁ @uc{fpcggt tﬁ% g@tiﬁg S(—Eégngé)’(nt? ¥eid Provided

premature-failu egmnen ends
t hethld lbad efgetwiech patormisialmeajokiyeritingeut tiey arowhich eéceives most of

syper abrasi ve .used to.a ni num Furthernore, the
o B RBR T iek WA denpg e S i bp ait HoF Sxerhpl § Fesular saw

nBtadk il UsdaN@hadd & : ,
TRl Yl Mg ERLNEOS ERCH LAYSH, AINRIANAAS tcading

PeigeUsheh3nies thsRrcedf th Gittige. sBenasseaheldadingpdgs phlferms a

err i nent __of e nt .50 made in accqrdance wjth
RO Ror o R RIRRR OB R TR v RO oI & ey apre
Stdtatindll @ rdafvard pditasie vd (1Raesm N W RBYofth &PinRe o A88 SR8 the prior
transversely or horizontally, and the braze may be

apipIthetpetohewyavey. qfispdiad relptivedy ewisistant plrysive disposst dhareon.

[ . : S t .50 i.n Fl 8 i.s forped.

‘ r@g% tgh% ﬁlgrlg | ecfg? %e%gsnsgg‘gﬁgaélﬂp/g?}g Irflge otggr ?qvoa{éﬁ with

| idmond pattiales ark. subjeticd 36 mphitadlviedry BlenfullBy,|tBY 86:18silé is8vorn off
the first four |ayers), indicated at 56, are provided

wibP heaging; 4dge, Wy tceeripeant smonnts srregin AE thraethprarasBorper cach

N@b&h_ﬁ{u@, DERERErHR %?x?&gxlt B?SQﬁJgfangs;{;é 8 wd l‘ieﬁ ethe blade is

material. A second plurall ers (1.e.
r &pgairdeidn dhe @nibaytiena) of FIG i Sciabpetifadall Bon Agiged toookice@ehe such
W th a second cancentration,. less than the first 10
SR S5 BReTa A Sf o8 A BEuEad PB Bisbsan Al even wear
Mk dss ¥ ' Lt ! i

s XheSHIREY %ﬁﬁit%hg{ d %gla%%?lé_lﬁé&?e?&n&a%@ gg tllf’e;cﬁamond particles

configured suc tin egnen
prvdag g leagingedgelS@athar dyeotativreHy déstd] portiona S8ajThns, ty the time

. cutti an ich receiv tost of  the inpact
i AL AR SR PR kRS o e
etainy egmantcI0rleivk also b whhpsle. MchlcoHes®dd UstiB¥Borfof the
plurality of teeth or segnents, each tooth having a

| SREPGSITS Peidistes 2Qidremasea fisgise Réthesrpensofe materidunt ilowers the
%%Q@Mﬁﬁlakfﬂg tﬂ@agéiﬂggse%%gt 13 &gtg&r{ﬁm%ng performance. Additionally,
by providing more ever wear, the cutting segment 50 will often be able to maintain
most of its cutting speed until shortly before the end of its useful life. Additionally,
brazing the diamond particles 20 in layers 56 and 58 further extends tool life.



significant portion of the cutting, it is nmuch nore
susceptible to wear than are rotationally rearward

w@oeootiozs16 of t he tooth. When formed in accor darCEUS200$1031463
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the prior art, the teeth, howgver, often had
rel atively consistent abrasive disposed thereon. Over
time tHeGl @abwgye dgetherlay@ut oF gsednma@mthleyein Bitred-BBnensional

ot her portions coated with 20 diapond particles are

s éHP%@B@&WF&l?W‘?ﬁTﬁ% orgied with pyegrpsshcty densereabsasi vestigtabption

wgQ fif [ ' g0l fi -
e g S Re Sy Pt bRl Gt A AR Siment of
cdfiei Sehapindrodlsd distritoftion wfdre dibmasd veticlss Masired antveproved

the bl ade, i di scarded. The enbodi ment of FIL.G 8 iIs

o BB E ST a8 MRS e Sererstleciic ceBaEabsive tools by
Thigcreayes the 5§né13%§’sa15}80&fs§mgﬁ’6}f bEHEREd ParBERY! A8ditionally, brazing
substantially even wear 25 across the cutting segrrer?,t’
SEuaybegised pingorae pathgdayepe mbdnbaige oofittechEouti atheralyers, to thereby
p ' ar_the adi ng edge 56, than on

r %P%E{"?‘%Z%?i‘? %"q?ﬁ}g %ﬁg%egF J(qe'ons 58. Thus, by the tine

the | eaditingueidg exprasndneaphedd teaeMehg@fof kleSmbt$i6d B the present
life, the remaining portions of the cutting segnent
5ePVFRUL drass skidled e ariovill beshiero casioméel atting, drilling, grinding,

dist: & ' f rasive particl e

apE R e SHRYE SRRV R Pl fomes b

t hex3flize dedr dbeasiverdbiilitg (L) euttingt driiing egifEiiie, &0Q.)\WvbM@idxtended
hur t | per{ ormance. Additionally, by providing nore
evafllﬂ/&&rwhl TRMERRGOHY Y SegREIRS O aornt offsHRer abeasiis which is

) . . . Bl . 5

aT o b e (PEh atorddnBe Fith it AREEL AL LlGuRAEh prescor
bmyveintngp. t he di anond particles 20 in layers 56 and 58

furth t end iife. WO 4/ 028746
e e P L8 s T8 o
oformifeaPEin YMeef@hee Rith El{e‘ﬁﬁfn@ipq‘&@t ‘eser HR%ﬁtion. Many of

abrasive nenber is formed with progressively denser
abeaging prigeigles npytieappliedwih desp b taifpdbrsatidhadédayefedosegments

t 00 ith horizontal |ayers. As with.the e i.ment of

el (i EoaRl 0P ents MREBed Bhtisn WHGE B ariolitbueh 5

palidve C ITRS fi2fd sfep oMeheAfethHPIsQY E6tnda A E0(/ 6 BEGHRAbpAPmaterial
e at the sane tine decreasing the cost of abrasive

whi |
t b(lzﬂ whiglh will be berdqdrig thhaipangheesseseariiclen® uipt sheat 10 of matrix

di . T Ll . .
R L L )
| myte rcsppetr Corbhey, 6byny ethiatsafthie bblﬁtﬁn%bge@ﬁd. VR]EEGHEIR! fof Peasons,
With routine experinmentation and the teachings of the
ASKS &“‘o#l_sqllﬁ%?dﬁp g&igbelor 1t in ekl astyanterense (e kid qoagseipawders,
t8h a5 tho¥d hidovRS43RRork gﬁ%&ﬂ?ﬁf&aﬁﬁ{&.' ()\ﬂgledtflé [dd Moarse

ot he y a Ive

grinding, polishing a pes of ras

- spyrdent is indoneiktent with feciufienttbdchirfaatime dt it desirsbid wivaethe finest

thei r abr.asjve abjli i .e. cutting, drilling,

R ﬁ&lﬁﬁiec?3n36i?éarbﬁ%‘?16(ﬂéﬁf~°»éwelae ey PPPEMIRFhFquEse
ShWlck BREDIUSE 1 LeGEeRThatd JahR1&TRWc.Of Super abrasive
which is wused to formthe tool in accordance with the

pr i nci Phasshe sheeh &0tk haidxsiippdrempiedslel(i is f&niedy® tenipdate 110 is
laid on the top of the sheet as shown in FIG. 10A. The template 110 contains
apertures 114 that are larger than one abrasive particle 20, but smaller than two
abrasive particles, thereby allowing a single particle of the abrasive to be disposed at
each specific location. The thickness of the template is preferably between 1/3 to 2/3

of the height of the average abrasive particle 20. However, other thicknesses may be



Referring nowto FIGS. 1 QA through 1 OD, there is
shown one nethod for formng layers in accordance

wowaoh/oesT1es pri nci pl es of the present invention. POBEDN$2003/031463
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the same principles may be applg ed with respect to the
formation of |ayered segments as to the formation of

s difAe Hiapprdesieiei dseeminedatoms ect hade for tdatif @ ablasihr@uigies in the
5 Q@g The first step of the method is to forma
sh(%gltr fvf)ﬁioofls'nat rix support material 104 which wll

be bondeferttle teh1 £8P0 isaRE MR sRBAE, &l 185 2P ab i
Shefbtg 100 of rrah?ri X suggo}ﬁ?y\r@tseri al’ 1?)}4%rcaﬁ rgg%pamdes 20

f df HE8 sPieadP s il iempdHare hetwrshepetioh 1 44 recelvab b abrasive

ni ' ran or _an t.her. suitabl
pSaELe, HideBarCRRABE e g Pk TS niirbfire g are
dirsnossidt tilting eteaiubstiad, @w,ee}iiﬁ%]tmr: tahﬁiateywm@lx @mo%%%? YSme other
to. use coarse powders, 25 such as those above 3
mse?’iﬁﬁén@(ﬂa%‘g mesh) in dianeter. Wile the use of

coar se ESHES 1 LS i t current .

t eachi rﬁ;sgﬁ ?ﬁ]gtlﬁ ﬂé'i 150%32%% %e;%@gh?tgut%%e {@é SYl} e steel plate, is
pohadridavar thalphsiclas@0s viliehakst én fhe Rpéridres MBYinkBe template 110.

[ d i ni ng cqurse- powder and braze to
Sadurat i te 180 Bt ey Gaies 19v8dershEmgnieinia e pliabl
Okhd¥Rl 00 ¥f BHRPRMbpSREGfe-A] 10404 sﬁag tﬁ%{elﬁﬁgles,a tenpl ate

110 is 30 laid on the top of t S as shown in
FI G 104ter Teoviegfhledtreplata 10otht diahsirfaap @20 tresd ddan to press the

s 2% BohEls ¥ Ton R AR08 4| I EoBRbiaupey akre s

aslsivaging 1o 0C cvaile thd MR saEiasiYg i i
each specific | ocgti on. 'Is'he t hi ck%%lggég?lg’ttﬁ%ﬁg%ﬁg? tehe art

| WilhariTreqiat that Hesrouaieni be pecasiong fvden dfis témirahlei tghhvefontdhef the

a [ icle.20. ver ther . o
PR BRI ShE7 on BESb oRBSivsmae micera
3fiotesthalt dtherappasdipaaticesd 06 oMIMGALE HASa 85RolRE8r h®Erwise shaped
seageggﬂég% abrasive particles in the desired

| B& Afpest torsaut spwgeif Hreeabiaptyei partimespd) degper into the sheet
POS & , .of . ab [ partjcles 20 is then
O PE s PRt | A LR oK BRLEIS per ur e 314

recei VElse seetatinasiayebeTirpiadstdntiled tooas hdPgretirsdrast thdlbol
falli n@ai Lo thg apertlfl_r,es 114 in the tenplate 110 are
r EFBVE “6‘3 1 Parfengdend figished pengthednglistion apdygntering techniques

t RERIra oV, 080 indi 8 d
e Tt e
s&ﬁéﬁnldfd andeaabingd ’ﬁlbrm itlee tobhﬁgmleﬂﬂ at tbe/a{tirgz- !‘.Ltijf)l body \r?]vhere
part i s 20, [ rest.in apertuyres . in the
PRRPERE ey’ R et bt Qe BBl hiesssdshniery ¢ known
ahEmnsd wehpBcblddodshadfortlvith 89sdss PRAE Gbly ddd l%o%"{z}%etd san then

pliable sheet 100 of matrix support™ materi
skezponsidajsdrie farmes fingftedprodausbly sigteting ot arfiitraticn ds1Bscribed
t%gvél at surface 120 is used again to press the
abrasive particles 120 firmy into the sheet 100 of

mat ri Xf Sexpea/ the fRicess shbw Q4 FASS. 19RO 100@an b8 Gepeated on
VEH the flat surface 120 is preferable, those
IR§ ptpersifde 0% the shget 100 of matrix support material 104 (as shown in FIG. 10D),

to form an impregnated layer having diamond particles 20 distributed throughout the
layer in some predetermined, desired pattern. The process is typically repeated
several times to obtain multiple thin layers or sheets 100, which are impregnated with

the diamond particles 20. Of course, each sheet 100 need not have the same



15 will appreciate that there may be occasions when it
is desirable to have sone of the abrasive particles

wQ@0onoentsamel outwardly fromthe sheet 100 of matPECRUS2003/031463
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support material nore that otfier abrasive particles.
In such situations, a contoured or otherw se shaped
s listrbetianopatigribfor &E&ﬂalnmlcbmmclemim nof néddehabsmsntyaion of the

ticles 2 eeper into th eet 100 of matrix
pa%raswte pr%tlci‘?‘s glecﬁibadne i each %{eﬁgr particles. 20 The
sheet s Whle Ym&Bod Hdsstibaasa gmakethA f-hr& h:?adr]% r%%ferred for many

precursor of the tool segnent and then
f 2P ResEgns shevg arcHasthnees Whewstit isesirmblsioritase tireabrasive particles 20

f t he an be hardened
e R Thon letalafiDY Srmect el Bt Bec@Hpuy some
am@blsﬁﬂploﬂl%dhatve oh@ 1a4¥et SeabtR0le. SRHEMbCcoFliSRE | bl‘hﬁ)ly by
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sq I The "are

OB, ARG B RRAShE B Ao R 4Gy Ao oA bnce the
tmhplpnedxﬂmbéerhwmlveﬁ.erl ng or infiltration as descri bed
above. ocess shown in FIGS. 10A

I f des t he
t hr ough? #5E@ ?t@‘éﬁtlﬁ% El@p egltAeﬁlfQ#gh keshomhepide W@é/ foanta];r@mate to
S erq{qetiligt)@ df%Eus‘é@& fnl GRUPER il oﬁ'@ F(Slb gg' &A&eg Dx'sUpport
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disberiad 1 phint lFIé}Se $120hmbugl 1 (b st @dnédltodwgi’f@l.lésséhﬁldkﬁyﬁ lthan the

t DR DL Bh OF QR £ sbecet5eiise BRCREP; Bl the
Eaﬂﬁcleam%nﬁ efitd 516 ﬁfesshéé;lq 30 Wﬁé Hcidess Mfﬁﬁ Q%?fo?geft%é h

e di anond particles course, each sheet
n@MTWSIWIQIW%@mOWGMIl&%Mﬁ support material 134. The

031 3, B37.di.stribution pattern for the
d| a '(% Bardh 1gf§gat€‘élovv1tl}]glla1nﬁgggrat2ﬁgl ﬁ]&aé]ll?ﬂ' [pgussEdgbove.
the alakithespRing Fhpsnbes B kB t
Wi | e the net shljglg | esggl bLed in eiﬁagb@atl Eﬁ%ﬁ’r%gg% HA(%rough

i 5l prosepiedy vniprrmensgordag e p@mﬂp@ﬁsnf thehiawventamesuch spacing need

'pgorgt:blgg n@hﬁfd‘;cah% ag‘c q(%ﬁ% 'an& des%rc? Pﬁtfeﬁlt% hgﬁ ngclrhaiﬁ\é%gps n

maiac]lng csuppprdvidedtte Ifaciﬂhtate E(iﬁferem&ﬂﬁb@,traﬁ@ﬂ@oﬂ P@lo%s PBitions to
o)g haﬁe one | ayer of abrasive. This can be
eiliar

et sPRgsRyatifns ongauPHParhens aithe sheet h%bof.matnx
pllnﬁféﬁal"\pﬁln JIIS %Vt’l@é &rbgnﬁg'lﬁng hﬁps?% SJ}QH\@ e ufés%g B c%rger \d which

0B, and not further press e part
tﬂhe dtmtcmd)pastmb@mrt plmd¢deinitid apeniness manglfeedﬂm abed fﬂ)@@l ovided

g O In the alternative, FIGS. 11A through
1‘?(@[‘18?'}%\[5{?@ OSfiflereAt kEDF an alternate to the method
di scuspegt hﬂbtﬁél(ﬁemlatl@o‘ﬁd?g o0kl %11 §§1dé‘§%\fpd‘éa

matri x support material 134 in Fl hr ough
iethed pEprnmgrupofabresive sewpinity lekere ssing h]&m:tst dfemorphous braze
CHRSS 8% t| opal £h| ckness or .di

SUper & éﬂs RGN L AdRaR S aﬁ@revwléﬁ'n‘ﬁﬁcéms%aﬁ(g di?ésshgyvs a template
Plgl;é)gzgﬂltglha"ﬁlﬁrahﬁeofdib@ﬁﬁreﬂ- 3 arkdiell M £ kRASRAMCY PRtShSShich is
placed on a thin substrate or sheet of matrix support material 107. The superabrasive
particles 20 are then placed in the apertures and fixed in position with an adhesive or
the like. As before, the flat surface may be contoured to accommodate various tool
configurations. The template 114 may then be removed. A sheet of amorphous
brazing alloy 106 is then placed over the superabrasive particles 20 as shown in FIG.

12B to form a single layer segment 15. In an alternative embodiment, the sheet of



15 superabrasive particles 20 to protrude fromthe
matri x support material 134. The sheet 130 is then

wO pfolors7ad ed with di anond braze in the manner POHUSEO®W1463
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above. Wile the spacing of apertures of the tenplate

shown in Figure | 1A through 11C is generally uniform

acepnphog raziendlasiPeanaydie ilheedionvke bitatrateu alatspagipdg

n .nNQt. be .unj for and, can be _according to any
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as %%gviousLX I cusse?, FIG 12A shows a tenplate

1 PO AT B eyt e layas pligrosd ahsipaapeasiys dattisles
PhREEHIE: MFN APt ot AtSrialAl |

e oA PRl s I el 07580, 10 By an

s Upsnigtadasétekp@alepas désclies! POvar Ehd tesulting et degniertt h@uld have
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- i ve,. i cl 2 h in FLG 12 .
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I i : erabr asi.ve .
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rr]wlul ti-l.ayered precursor 18, or &Ig‘jgen body, as shown in

F

ayers ps pletatignd TaE F80Ys '§SRGEI elye grhsriiodted Bnepeaye i illustrative
< : ) > : : ;
o546 8 8 800015 40 LU Bt o
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' iLons in i.ch S0 of..the layers are void_of
S B R P R B S v
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rh%ﬂf
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1S C
shown in FIG. 12A or either may be thicker than the diameter of the superabrasive

| particles used.

During the heating process the precursor assembly is heated to just over the

liquidus temperature to allow the braze alloy to flow somewhat. Maintaining the



The precursor 18 is then placed in a vacuum furnace
and heated to a sufficient 15 tenperature to cause

wo b@4sbsged of anor phous braze all oy 106 to mel PCENS2003/031463
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bond to the superabrasive pardgcles 20 and to the
| ayer of netal 107 to forma nelded nmulti- |ayered
t duhzetrdlpynandt the ndesi oradetphblnyar mea@fheslh.tpﬁh&hd&rﬁﬁd:rgiﬁg hellpés to
article t.ri but ed rou ut. as_shown |n
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eyﬁ%ﬂFéggectlvely The dotted lines are for
| IEmsﬁlﬂag ive purposes only and those skilled in the
art will recognize that the actual final tool segment
a r. For exanple, if the sheet of braze algoy
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s Fehiactared agd theywene temintedrto das,lraibha tbhrakes. Theaa ségmﬁants were
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braze allo%toflowsorre Mai nt ai ni ng t

2bladesn 2sddigorpdly/ thsPoesd o1 hisges 18@ dlonges uacbfhb})vf,e tharda t he
”@tfl{v‘effn&{al Hf*ﬂn%hd %La, near the |iquidus tenperature
substant i

sto reven fanti al novenent of the_
p Kztmgllees from their i nt ended positions. Typically, a

t enper e of about 5 C above the liquid-Lis
te % er (5/ g{) gegly diamend gt QD 4ey e by QsdpecstiCompanayere mixed

| fi
?QgH téneét% g()?lélgp@géla% E%(glﬁt% 2 edzarﬁ%g doil «S{t]x;ftlé]e) ng(t) ﬁi@ of total
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biifge Pt ot B i S0 Cure Bpie St st 2o ot corylic
tl‘ﬁh@ér waladadd (8-%‘ By Weighth NORiGHeGnl E&S&Q&F'%s%leﬂd%g ko form a
to formthe shape of a saw segnent

p‘?&l‘é ulBe ealigasasphercetied hetavegn am] stamlaso btdelanters v foriasheets with
s heat ed

V\A éork%\e/é;scouue[ﬂrq nghl(\ellseCsrh%gt% %vzere cut in qu sﬁope otwgw segments with a
length of 40 mm and width of 15 mm. Three each of such segments were assembled
and placed into a typical graphite mold for making conventional diamond saw
segments. The assembled segments were pressed and heated by passing electric
current through the graphite mold. After sintering for three minutes, the segments
were consolidated to a height of 9 mm with less then 1% porosity. Twenty-four
segments for each composition were fabricated. They were brazed onto a circular saw

of 14 inches in diameter. These five blades were used for cutting granites and found



about 1,050 C for 20 mnutes. The infiltrated braze
had bonded di anond and matri x powder together for
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manuf actured and they were triggred to desirable
tol erances. These segnments were brazed onto a 14-inch
r dopekfeteeduat or et aithas dwsb Indithehi ghthn diaplond @ oneesitidt et @, 23)

cut ranite at a f er cutting rate than
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t @ik bodkod LTV entioh¥&sepinbhigr ent proportions of cobalt
(about 1.5 microneter in size) and bronze (about 20

rs in size) were used for the matri x powder.
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saw 30 se nts. The assenbl sg segnents were pressed
amfﬂ}?éléfwég“r[ﬁ?}nﬁ&is@nﬁ@t@t@ﬁtof current through the
OEaphbicer nol d. After sintering for three mnutes, the
segnents were consolidated to a height of 9 mMmwth
I ess t lren powéens of algautt y 00 Tlhm]mtwysref oixed us'ﬂlgmaﬁ}bmdénmaéahjn Wall

oSi ti n wer abric e br ont
PR o R 4GRS T T b SRR P et or 0.4
bhﬁhﬁi B5thWRhHEssUI880idsh SWA 109" @hABAd 88t RichdspHRE, MQlted into
2004/ 028746 PCT/ US2003/ 031463 40 to perform edqual or

béhepeshepts e atﬁmgéowemramﬁrgmlﬁ dilesodidmond centeinity schnsts were

( 3 ven n ods.

et A ot B e R B Ry ST AP ER and EHERE ST mighcor
ahichaughents armdsqasled 64 £8r008Rhed PRtedindndraphitdtheldt Meventy-

| ayered matrix, they were distributed nore evenly

t PR SERgPrsistesP Lpged erigentaly. iRe anotheri thicaivalouhgionpewers placed

T 0 0 g ) 088 v
cO nhm?m:yl(ﬁmﬂlpdaﬁgpwgztcﬁled Bx almligﬁ t03 th}hﬁs@ﬁ{éﬁ’fsg Eglre&fjsaahgﬂes were
(BFakedingg egpure @Ha@zél(nﬁ'é b o s pigHice Farhervepially
V‘,I@lﬁcerdes‘égﬁl%&s tabp Iﬁfi‘ﬁ:{te% 'S daﬁbl gﬁc)é\@ § | 1ie8h¥ited LM

anted according to the illustfation a shown in
Falblyr(éh -CreSi Whlthcaldgjmldusmnt 'ﬁth(lﬂ)f’ ﬁ))rmfdtmtied; imto khesé segments and

I he
Weted e poronRy O¥Fe €xcess ].a,l\/["bergz% gn these segments were ground by electrode

discharge (EDG). Each of the 24 segments so fabricated were brazed onto a 14 inch
(diameter) circular saw blade. These blades were used to cut granite and showed
marked improvement over conventional saw blades.
Example 5

Nicrobraz LM powder was mixed with an acrylic binder and rolled to form
layers of about 0.25 mm. 40/50 mesh MBS-960 diamond grit manufactured by

General Electric Company was positively planted into these metal layers according to



performance of these bl ades were equal or better than
t hose made by conventional nethods w th di anond
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about 100 mesh were m xed w thy; an S-binder made by
Val I Col nonoy Conpany to forma cake. The cake was
t Hbomethiored iltustriiod m Bigest K)AothrGugh 10@m Thest Hiaglome 8anted metal
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S ts, so fabricated were brazed onto a 14 jinch .
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conventional saw bl ades. Exanple 5 Nicrobraz LM

pB#giBplevias i xed with an acrylic binder and rolled to

form s «Qf .about. 0. 25 .40/ 5 sh MBS- 960
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vasadedsi Wal €oymeiantUes]),isnt 9, bhRse oMb 8mdsRYRISs wtvs Olf; copper of
ﬁ%@or ding to WD 2004/028746 PCT/ US2003/ 031463 41 the

HBhaers pyixpsh widl 8 avtyaofminggrdic bipder by fougre dough. The dough is
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sad. covateé swthtreaohplatd 03010 inesld{0e4pette10. 398 i) TR R %Yits of SDA-
di vi de 'nbo? t wo %tﬁgupsgone contai ns 280 .
ﬁf@gt%f“ge @%gs lﬁ?ﬁ’  Beegn Sapih Africalwersenaisivakymdariedinguithiemetal
Aa Y& W%Feﬂét@ﬁﬁ%gﬁg&t%m@vﬂtﬁ%ﬁrﬂ& £-8hmdnd gll(gtag\clté rglé abdut 2 mm.

m nut es.” These S were nounted on severa
sHwse hperswerestaded togetleutndsripped assnpantdehsdeardo form a

.anite. Th erf ornmance of hese peads was found to
Aot Bt 3% el and sbe n e A badaere heated
ViR a6 achuf iiGA4detto IBAR 11BN Bhd B8] ARt al:‘é’é ‘rg-géé 3¢ d¥mond in ip}]ace and

el ectropl ating. These conventi onal may conta
1N sifehHesveadvlfftof shchidiamondibdadp weee flttaboat § nparsteel cable

qg?t%bmjaﬂleg)%(% \?/irgs, and they are spaced by plastic coating formed by injection
molding. The wire was 25 meters long and it was joined end-to-end to form a loop.
This wire saw was used to cut granite blocks (3.5 meter long by 1.8 meter high) of all
grades. The life achieved was 0.5 square meter cut surface per diamond bead
consumed (0.5 carat). This area cut is twice of that cut by conventional diamond
beads made by a powder metallurgical method.

Example 8

This is the same as example 7, except many diamond impregnated layers were
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to other products, e.g., circular saws, thin-wall
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products shows superior perforggance over conventi onal
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bﬁ}wl%ﬁﬁlué%?aﬁ%e%%l ding. The wire was 25 neters |ong and
| Ex¥@plei10i ned end-to-end to forma loop. This wire
saw was used to cut granite blocks (3.5 nmeter |ong by
1. 8 neilbis ihihglspmefas axdmde Igradeshe Sape bf fegnaanks ie Yackircular
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nmet al | urgi cal nmethod. Exanple 8 This is the sane as

eXarndyZ-8 Bxpeprd Hthynt(veoHdseemenis o éﬁ@@m:bagei mn\;/\)e}f 3.2 mm)
2 031463. 42 to f .
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Thesemahacks were consolidated in a vacuum furnace to
faorm di anond segnents. Each segnent contai ned about 8

% €sercent dianmond. 30 of such segments were

br azedrQRiOH8 sarfte FEELImMAIRRI fﬁ%%‘

was nount ed or$1a aerec?p?rl%cgt ?’%&?gﬁ%@t@nﬁgﬁ%%ﬁs e for
seondvamingsgthding wheelsrar bl e bl ocks with a life nore

tﬁan t;vvi ge | onger than conventional dianond segnents

OatH by powder metallurgical nethods. Exanple 9
Thi s i & shl@ BMErAY/195A8R! (€ 48nma% G & 6{5%%9 grits
planted | ayers were assenbled to formsegnents o
alpetiral 2ipnpand BYIB-Hmade by Mm BderQ lpositvels ptamitael dhiettsis ofvered over
a pellet of 20 mm diameter by 8 mm thickness. Many of these pallets were brazed in
a vacuum furnace. More than 3000 of such pallets were mounted on floor grinding
machines to grind stone and wood floors. The results indicate that the grinding speed

could be three times faster than conventional diamond grinders.
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life of these core bits wereggch higher than
conventional di anond segnments made by powder
cal nethods. Exanple 10 15 This is the sane
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sErghgleligyer that contained positively planted di anond
grits of 40/50 mesh (0.420-0.297 nm size) |SD 1700
grade (hedetheyamejes axapipledRobxoépt Koy danond gritsavete 864166 mesh,

O L LR R BB S R RS
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t{?cg formthe edges of granite and marbl e sl abs. These
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f t ' ' e by,.either
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plLanted_ |l ayer is wapped around a steel sleeve to
fgﬁﬂfg%gngl e |l ayered di anond beads. Mre than
100, 00@ranfcsitehoPe aESobaY, mw&&% HERrs 6Nz & mixed with

used to cut granite or ma
either iron powder (Fe), copper powder (Cu), or both in various proportions (the

following refer to the weight percentage of the overall mixture): 90LM/10SiC;
90LM/10WC; 100LM; 92LM/8Fe; 90LM/10Cu; 82LM/8Fe/10Cu; 80LM/20Cu;
72LM/8Fe/20Cu; 70LM/30Cu; and 60LM/40Cu. The mixture also contains 4 weight
percent of an acrylic binder that is used to glue all powder together. The mixture is
cold pressed to form a sheet and heated to 400°C for 30 minutes in air to burn out
most of the organic binder. The preform is then placed in a vacuum oven maintained
at a pressure of 107 torr. Heating is applied to a temperature of 1010°C for 12
minutes. After the LM was completely melted and it infiltrated (or metal sintered by
the aid of molten LM) the solid metal powder the consolidated mass is cooled. After

cooling the consolidated mass is taken out of the oven and tested for hardness and
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to cover the surface of a flatydi sk of 4 inches in
di ameter. 4 such di sks were produced and used as
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9OPMCHINE SO HRAINK 1IN Brae 096 PRty ASRIeMIg Ky AtDRive

8QLM, : rod LM 30CY- .. and .60LM 40Cu.
SO0 1 5l T A MM O B B e o
atifeyl i c binder that is used to glue all powder

togeth The m xture is cold pressed to forma sheet
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MOt VPPt AR YRR CuRLNE &S ¢ t§%1%ar?5tglfi%lg @Mhsastcjaggre%lo & gge, and

in a vacuum oven mal nt al ne ressure
t eandstorp afi §0§ M/20@p platrizdistnoora stiesbetoatut &t inat@ Gk as

1 inutes. After the LM was conpletely nelted and it
iﬁ?’le%?f)?ea?@n?%’ﬁe'net al sintered by the aid of nolten

LM t hpis@ddddbebedo ] | i :
cooled.lAf€e§¥ coo[/ﬂ@ﬁgﬁg@ggﬁéggfggFggﬂﬁgggﬂﬁéﬁ?gag%HHMEd
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2 / 4 RCT/,US2003/ 031463 44 abrasji on _resi st ance.
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camesist goSawakemédkl, andIre shdlbeadd FhichWbore 1k braR8 to circular
100, 100, and 70, respectively. The abrasion

r ¥ Rladgscecinsoqgbively gy eingizang srev blades, endisieel cTbles respectively.

h i i,st.ance is. inmportant, as i .
PAUANEASoRn Bl ARAAN 58 SHEIER g PRV L 0B s it one
t Imees gnd highaonithe rexposed to the proper height for.

ﬁgttiqg ? wor k piece efficiently. When an abrasive

such as dianond particles, is bonded to a
sof t NG il dxaffBle ARAREE: QU8 |
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BT PR s ) BOaeeorm oo 1971 freBreh ke doueh i
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iad 4958 (S icortshiratian) dinmadfgriey oD Ar li0Al svesei pbsitisely planted into
these sheets using a template that contained holes of proper size in fixed positions.
These sheets were cut to a size of 40 mm long by 8 mm wide. Five of these cut sheets
were stacked to gethef with three center layers that contained 30/40 mesh diamond.
The assembly was hot pressed in a graphite mold at 400 atm and 900°C. After

cooling, the segments were brazed onto circular steel blades. The blades with matrices

containing 80LM/20Cu and 80LM/10Fe/10Cu performed satisfactorily.
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concentration dianonds (abouty$8 vol une percent) were
produced. Tools included circular saw segnents, gang
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c oh¢raicalethd30échanivBigartkiaamd CVEP) JHelicds SRIRL Y THE Sesi®indicates
presse |n a(graﬁglte mol d at 400 atm and 900C. After

c Bt Pirly, dipmend digkesn doupks the Bfea‘fb@l Qﬂmﬁr@d iocutoar erftomel diamond

b r taining 8
ld{r\%yq%&f é}géw{éﬂé}s?% dl&rﬁ " satisfactorily.
V‘Eﬁxﬁﬁ%/l@ZSMG PCT/ US2003/ 031463 45 Exanpl e 18 In

this exanple single_|ayer dianond forns are brazed
direct| slsdﬁﬁlﬁ Wg as Expapledtecncspt thaRYiergbez fad powder is 140

copgitioner. LM powder is mxed with 4 weight percent .
of acrylic binder to forma nall eabl e dough. The
dBxghple20r ol | ed between two steel rolls 5 to forma

| ayer ck. .80/ mesh. di anpnd rjt of MD- H
as nangrf%{gfi;mtz E‘B}I p?)‘(}’d‘?r of 825 5}65191{)9&6‘1@ E’éi‘d?roto form
phahtryl mhe stubs is Aeats reﬂ]&?oﬁ’cbq{’b I S\eh MRSn QLY scti@éii alds 8 20 mm in
tenpl ate that fixed Fhe di anond to di anond di gt ance as

Odf'rmwfﬁr arph 8 meth Amekaeess {9l far edhinohtayge rThessprayimg HIIDC%‘HMS

t
e L SR R ER S
t f&:ﬁfplzhe atitcholdy dridled thTolr® 21486 oHA Witk a agtdﬁb@ Hf ©S§ mnl Between
hﬁ@t ing caused the LMto nelt and bond t

&3 s placcd o dhe subpirain e 4 Hpesh caalgkndsw@th@u pée@e@op te
g‘ﬂrﬁt% N tp@ﬁé&@t@ﬁﬁﬁ&% %{g %t%;jlﬂl Pe%a ll&g is { e %gélﬁ:oavled

n nmechani ca anaril za I con

Tkeving the diamond patielss adHesdd ts ml&fwﬂfaaém"mb biingds i€ &en removed by
doubl e the life when conpared to a conventi onal

cahpa i an oven in air at 200° C for 2 hours. The assembly is then heated in a
vacuum to 1,005° C for 10 minutes. During this process, the molten braze has wetted
the diamond and capillary force has pulled down the diamond particles to touch the
substrate. The results are diamond pallets with diamond firmly brazed to form a

wetting slope and these diamond crystals form a predetermined pattern of grid. The

resulting tool is well suited for use in CMP applications.



di sk that contains randomy distributed dianond grits.
15 Exanple 19 This is the sane as Exanple 18, except

WO b@4msTnobr az LM powder is 140 nesh. Exanpl eP@QDUS2003/031463
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Ni crobraz LM powder of 325 nesfg is mxed with _

Ni crobraz S binder to form 20 a slurry. The slurry is

t Hxamphy 2bed onto 100 round stainless steel pallets of

20 mmip. dianmeter and 8 t hi ckness to forma thin

coat | ndt T AIE TR SR ABP 5 e XSRS A B TS & ery mipde product
ttsh%mas'osj Whil CokRokBY asicaehiserad: After the coating

is dried, a tenplate with holes drilled to forma

S 1 d with a distance of 0.5 nm between hol es

is pla the substrat 100/,120 nmesh di anonds are .
th eﬁ p Iclglgselg rtl%ensam’?eas 2 éalgﬁ]‘ﬁ ?P‘ r %ficgptt]tﬁe FlYFhlt ngared gy suspending
PINIARICBRAREN Fow der Pk histitnoTh@z0RNaIR dofitati8ONanbay resin
removed | eaving the dianond particles adhered to the
snpagfactureddn faivefd). i s then renoved by heating in an

0 [ ir at 200 C for 2 hours. The assenbly is then
h‘éﬁ%gl_gg&i—% a vacuumto 1,005 C for 10 mnutes. During

this pflheésse it frovided benshweafar@phansib e allohen s ARG by
a capillary force has pulled down the dianond
p%%f‘?ﬂe‘éLaSt B otlt ot db08 i Bickadarionhuzasasupenshed eut of the
i - A . LA
SEATRRCR LSSkt SRR CHEPER LU e
pB&/ae teashidrerbrndgiatteles inh pgedetbrmiited gridgmttbinl Mheta@@mbil is then

DN G874 Gt sy U TAGR1 Tl e g RB bandrhe disond o
t B SEBERASTIRXAMR] kse@%XCEPAd &ﬂﬁftotn%gfo? AP Xg%l?caﬁons. The
d by Wa f nonoy

ready made product supplied by _
\J SiRAdempraragas¢ha Zhaspolishingirate iche bs sustniasi raxenjohger than

1 - | S _pre ed by suspendin .
R pad Gt e REREE oB i AR whter i
comrhidy ridogedNanbau resin (manufactured in Tai wan).

Exanpl e 23 The braze is provided as a sheet of
braze all oy manufactured by 10 Honeywell as

- [ 0 y igk. Variods sizes ar
Ip\)/gl Eec%géé I(OngJ t 0@?&#%1851 Shg %[i]qf a%“%&f’%g "B E@/@z? H‘%’(ﬁ'ﬁ]&“@?t&% eﬁl %ss
sHewdyvslibs IMBF -0 il tlewfigat ®idkseds RE0.0032d ALy IaF §e3HES 100 mm
80/ 90 nmesh di appnd particles in a predetermned grid

pardiEpRser hayingkaphgles af thaenter geapiaebedeit ofihetfod. intemplate
. ; i nd

ASRSDATE LS 1 00 DNDATR RO

clowidéled onepriflded GMP tiappinpisd sunfase. Theexcess diamonds are removed

and then the template is removed leaving the diamonds particles set in a

predetermined pattern. An additional annular ring is glued on the top of these
diamond particles. Six of such amorphous alloy-diamond amorphous alloy
sandwiches are assembled with a stainless ring of the same size but with a thickness
of 0.1 mm between every two of such layers. An acrylic adhesive is used to glue the
assembly together. The final assembly is then heated to 200° C for 2 hours to drive
off the adhesive. The assembly is then heated in a vacuum furnace at 1,005° C for 15
minutes. The resulting tool is a three dimensional structure that contains a diamond
array not just on surface but also in volume. This three dimensional structure is then
mounted to a chuck with a shaft for use as a grinding wheel. Such a grinding wheel

has the unique feature of containing connected pores around diamond. These pores



15 resulting tool denonstrates that the polishing rate
can be sustai ned nuch | onger than conventional pad

waeondiog7ahers. Further, defects on the sen conPCYUSI03/031463
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wafers is greatly reduced. Exgnple 24 The braze is

provi ded as a sheet of anorphous braze all oy

rrmanlfsaat: as Buiwys RO rédooaygetting deiviBE-122 dpentess bﬁt\hhsﬂguﬁimg
nul ar secti.ons 100 nm

IR GRS i 5076 (o P ling Eeeds BB A o nyepligRalgrinding
ouheRfs. [ddevERIohal AiddBIPN Al uéu% Qgp%%g%§%oﬁﬁlﬁé% such

annul ar ring of anorphous braz i anond
paliitﬁc@h@@t@r@rwr i nkl ed over the tenplate surface. The
excess are re then the tenplate is ‘
Foroved: 1B oy e Grames Bhe o ey iBgtp havogver the prior
PagdettRIsTb 616 e PRl the AnndNin %‘i’dhtth@ ﬂﬁh '?)'é'tl@éd r]!)ﬁﬁqo'nﬁ saws are
glued on the top of these dianond parficles. Six of

s tigticahopykedn éheaﬁorf@y)f dicaipiaubladmihphousthamaglpiece by rotation in
Sa%ﬁ?&gﬁ‘{ﬁ?wﬁﬁ %gdﬁoljo alglg néﬂ;l%s%n%?dlrscr:} nﬁfﬁr%lg?nragﬁﬁauses a “tail”

eveby fdrimed ofheeia thd myt@ﬁiinatéiﬂalaﬁtraﬂblhaﬁl FIRRGH Ve theHiMa6eH particle
to gl ue t he assenbly together. The final assenb

t hSeWOW@éiYaéfdb‘itéh?@l@U@ meerial hebimdshe diamond pargigleds pr%md by the
PABE ooy JRBREARl e \REC D0 SN By ol

|saﬂyﬁhmaeddﬂdkmsﬁdﬁathkructure t hat contains a
di anpn ust on. surface but also in vol une

This t E% ﬁ?%%HQW% WaQPPhﬁﬁhﬂ@‘W§k$W§ﬁt°ﬁﬁﬁm@éﬁkﬁéﬂ@n0ﬂ@
chut€ theidetdr c§ﬂ’tﬁé fawd. ofn dtd& t82ufk M{bf‘\%ﬁg e%’seglfran%&%aﬁg saw

gri ndi ng wheel has the unique ea ure containin
C@ﬁﬁl@l@ﬂ 1390r Bscausotinsk sivamnont. redipesellpdhediaBnd particles must

04/0 PCT/ US2003/ 03146 47 ru S
£ B S0 CEaeT e ders el o BHREL Lot bo
Ofnla BRI toMdeEIhe TBESdiJar il @8n Hct] R &R tﬁl@ e

a‘év\ﬁﬂa g
speed is twi ce that of conventional grinding
CSRPERA DS é}alr@pd ﬁ@i\ﬁﬁlgawm@@bsemmgn ¢rétha1‘d rask HluﬂlraS)gramte

n nn A di stinct
%@%%bgg |ndn# ﬁ o#n% %?%géﬁpmﬂﬂeentlon have
over tTkis I:M\Ieﬁflon ﬂldwﬂﬁﬁlbﬁlgtdm{e‘ﬁd tHeficdlly ByhEbiaBé NBEnce,
in which the tool pay be used. D anond saws are

t PR EAMIS A EgEngeded Wesupperhihsrdiamend: oAs areswlt.deels ntsde according
%ttﬁe % SenMARIGE St <04 8L ké?:gbrb&t qgw %m{lt glﬁl‘él%{qgtlegéls This

rotati on. hi's one dir eC Ona
da‘ﬂﬁﬁhroagh tai éXpand diabentl appitdiionde medrkets fbehlﬁfﬁt?vfefé(prewously

nater rotati anal | rward of the dianond particle
meW§1£@ﬁ?P ?m“WBFg?%geﬁﬁ9%@& mat eri al behind the

di anong) daafifoh b Beihs aPle S ﬁﬁﬂSI%QG e rpté: %{c@%‘?% t00 dand tp reduce

particle. If the saw rotatlon we reverse
dhaﬁ@ﬁ@fpanu%QWBn&Uhkdnwmaemh&obﬂﬂhﬁﬂ@hedmﬁneahodﬁnhEMQng

lélc éac%eg ggg?ﬁe\ly\%@pr eﬁ@e eﬁcf‘?g?%%ﬁgggslu%l r(e::cljﬁuets ngln grléer and
larger silicon wafers (now 12 inches in diameter). Hence, thinner saw blades for
slicing silicon crystals, and thinner dicing wheels for grooving silicon chips with
tighter partitions have been in great demand.
Prior to the present invention, it has been extremely difficult to make very thin
tools that contain evenly distributed diamond particles. The present invention
provides an alternative method for making such tools. For example, it has been

discovered that by mixing micron powders of diamond, a blend of metal powders



hal f the dianeter of the saw. In order to cut thicker
wor kpi eces, a franme or gang saw 15 is typically used.

w@ewanssg4¢ hese saws nove reciprocally, the di ar@nus2003/031463
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particles nust be securely hejgd on each side. As a

result, tails of dianond matri x cannot be nmi ntai ned

t deigo beorizh endicehaith dnpasuiiabledsindan, fhk atterial tar e fodled thi S
at _r.eciprocati di ano e not been

d h
8320t e 5 PGB ML STDAS SRR 0L B2

arBy fisedthinthiidhe@itnd ns@fnlin PR B d BbBhale&tNa Bgn BRE \@hee% Qan be
This invention allows dianbond to be held chemcally by

apdsze. Hence, matrix tails are not needed to

' . I | s. mad di
ot ho bRl BAITRE 6B el o bere B Gea

s avssetidnedittion difad soraé ef ihalavantdlies of Pie@BkEHIQUARriB RN,
expand di anond applications to nmarkets, which were

PSR USRS SURFFANAH YA E seigtonsolaspifadabpemeandse achisved without
P rtlﬁc?ﬁse L 'tergﬁr'l?tje.tn Ilwvg&tg '(g%%c?igcag@t tglg Irae 50 lpc%itilt%ges Ig%@ frﬂ%\ége e in

perh ormance o n uce
manlif the matrixngywden iasd inade ad arongrddsat pf v ilfletedahe@agh &is case,

t hod .f or ing. thin bladed tools. For exanple, the
g}?}éeccggtk}h}‘téoqn%ﬁ?%%i"’f Beglgs g §“lg SRRV hah Fagdpmg ey en|sgy eir
Silshr p i 2 -

o] el BrGR LA, A0 Bl B o T
t Begnegstiod o€ prgsiwhpatisles and grvviovgless disaneseddh itpsbask gdound

f’ ecﬁihg Ii]t I?ésseggﬁc{ntsiv%blg Hgy n ?{1%? }?ﬁ’ggid{g}% ; ieogxalt S‘%g%gﬂ%l inF;r tih?ere-
difnhdngiehhl Body mMakes 1y ﬁﬁlﬁcﬁl_aﬂ? trub @Y shedthAadE BPL AR RN Yr¥cess

di stributed dianond particles. The present”inventi
pkeo%i Bewlling) aln Giveese. brasyepediclesrarafikihagspserthott oths matrix

F s been discovered that by m xing
8§ ‘Fh%)%ﬁg%%r\%earc]tsls% ?la%le SR

m cron anond, a blend of netal powders WO

2004/ OZBi8 46 eRfidi 1422 B3/ ApARAb1AB oftfer Bpplidati Ozt d8ked to
cobﬁlt) and a suitable binder, the material can be

r Bekiag apsiye taalks. ckasexample giaphite orametal shepimplanged with diamond

t hj [ ' [ n | Gl. wheel s.
e HEDED 8oL 0Bl A By B8 SR
hteingperafura. Irdustridi dibmgndiee bypi@iylpeodudedBy cdmpiesdii@alternative

[ tern tIVE. to the 1above, it has_been_found in
2457 GhRSER G 476 el A B 4 F e OF O alletio digheprefsure and
tiRetiA X@d’%@ﬂ@ﬁw@fmgiﬂﬁﬁ %?ﬁ%ercg{alrlfsg Bl dnldRh B nucleat randomly
mul tiT ayered superabrasive configurations o‘escrlqbeofe

abothe igaradsen f dirdse bayeds. Viilelyoality of e diseond crgstaEfopmad 6ften

Mor, eci ficall t he ahr asi ve rticles._can al so be

o BREE ki Rernbin o e St e B e aevenly. Hence,
i g yRM it cosf ot iembay 8madsshe ' 1}@& i

di s? ri but icon %f . abrlas}g\l%(le, rsjart_liﬂé? S%Hgitaglhglﬁ g‘éer%%]%ltg King the
rTsHS HRiiEdp distributese] This diventidobuanipoovidslaysmpiof aither gnaythéte or

SRS BP0 SR 5 S e
dhsedigseduting the€atlirakes 6fMese layers, they can be removed by heating in a
furnace before loading into the press.

Thus, there is disclosed an improved method for making superabrasive tools
with improved performance. The above description and examples are intended only
to illustrate certain potential uses of this invention. It will be readily understood by
those skilled in the art that the present invention is susceptible of a broad utility and

applications. Many embodiments and adaptations of the present invention other than



section is less extensive in a substantially
t wo- di mensi onal sheet than in a three- di mensi ona

whomn/028Té s is particularly true for sheets naPET/D§2083/031463
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deform ng process 15 (e.g., bygrolling). In this case,
abrasive particles are further spread out in the
mehoseherey déshmbah eawiel gs athy oariafont hrodifitdtemns and Binivalent
i nvention naﬁbalso be gpplicable to ot her applications

nStrARSTRTETVH b0 HRRRTCRY A $ParRnabby FugEeTEt DX Jhsrppsent tnvention
9.3 ind Blsak b B

b ans celt %gg&nl%ay bglllﬂtgdeﬁgfﬁgrs%og\ggfékgﬁ S&rgﬁgﬁgﬁgﬂg ?L(l)bvs\;ttaﬁlce for scope of
ulakepreseing mvpntegs ukeoatiolgl@Owhidnthe padsemtanydntidn dibs been described

o B R ac B Bl ol F BH EavaNim bR ur fohr dpdretiood that ths
( @i@losutels ol ill@ratile &ld é%(\é)np‘lé?¥ R ?JE RELESHIEtRRDnd is made
(0]

heatlng above the neLtlng oi n ~ the catalyst.
Dinzgrelsidor Rurpesetof erpviding e drléandaembling disdnsurh ef thetieventioe. The

ARG ERAEIS LRS! Lt bGP lpcoion o

Clojitwiss td dludaragy Sidt th&ngddunet edilaatibied) ¢ Briatdast he
yi el d_and cost of dianond synthesis can b

e
s Uslifigatipey angd qapiyielspbaTagemaRSnge prrsent engipn bping dinritegd only

di ' i Lnyventq ' | ayers of

Rl T R

pr e- deftes m tedhdeastdoelrthatahe abhdensfireheedisradgemengand Blustrative of
bi.nders are Hgtroduced uring the faprication of ,

t fspriicafiopdor thp gynegles géthe dresgaidnpsntne afNURFIoYs modifications
f U AESn ARE A 8nt 2RGNG ) BE eexmeg BIESS: SEﬁf%dTH W arf WRAGut

is disclosed an i nproved net ho or maki ng

s dgrertaty Gehke $pool sd sebpchofi thppeved ipenfiar amhibe apgdided claims
above dg%FriEtLon and gxa | es .are i ntend only. to

i FPUREPddo sRYE SHAP PofHireias d swapgematiss Tipelhilohe present
| tnvehtidn 1@ beQRAMsENbANGRYS LR aRYcul AP SR §dehil hﬁ&frzhgctfolﬂl%ith
art that the present invention is susceptible of a

brdalds gaseittydegmgd tappihieamast prasticaliand prefdyodi emrtdsmearisi of the

a [ f the present i.nvention.other than WO

S B8R Bl I0R e O RS PES, bRl PR TR A ulrous
desdifichishs, aSludelgl b@soiBiRlited 86, ivatih@s in BRdihitedils, Qspe, form
and equi val ent  arrangenents will be apparent from or

r BRSBITR BINS R PRstEaN RSy pod gish may e eradeorithoahderariing
Iﬁ&&%g&vgﬁ%%re*s%%ﬂ fapthgll?ﬁ{e?c%i{n}%”hom departing from

e substance tor scope o e present invention.
Accordingly, while the present invention has been

b

described 5 herein in detail in relation to its
preferred enbodinent, it is to be understood that this
di sclosure is only illustrative and exenplary of the

present invention and is nade nerely for purpose of
providing a full and enabling disclosure of the

i nvention. The forgoing disclosure is not intended or
to be construed to limt the present invention or

ot herwi se to exclude any such ot her enbodi nent,
adaptations, variations, 10 nodifications and

equi val ent arrangenents, the present invention being
limted only by the clains appended hereto and the
equi val ents thereof.



It is to be understood that the above-referenced
arrangenents are illustrative of the application for

wo b@4pes7a€i pl es of the present invention. NUNEPOLIES2003/031463
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nodi fications and alternativesgrrangenents nmay be
devi sed by those skilled in the art w thout 15
deebAIMSy fromthe spirit and scope of the present

[ t.ion.and. the appended clains are intended to
cgwggngﬁgﬁnﬁgﬁifications and arrangenents. Thus, while
the pr eseRimethdVethil@Rs HasHRaeRiRassr LORGHAROUE LR+
particul ari 2% and de?ggll ?pn connecti on \Aﬁrtlh Qvﬁast pltslgf'
present|y dednavidggresubbieateipst practical and

preferred e ' of..th i nyention, .i.t will be
apparent to rg? ﬁ%@%gg?%%‘%%lﬁ’m ?f‘/upseﬁar FSIYGP allﬂ‘é‘?sa‘g\ffecflﬁé? an exposed
numer ouarfadk ofthié fubeaite @M sccotdd@bditAE pr&iteriPied Jabibined

to, variations in size, materials, shape, form

function, manner of operation, assenbly, and use may

be mad ' 1 . t .l ovention,.as .set

forth T tReraral SPakG R sy T A b BT 5es -
5brazgighig tittanclidescl matoral selscted frof Mietghah @hsiBRid Stit@nium,
u eaﬁbraﬁive.tool, conprifing the steps of: a) B

pr 8V S g B E S S U FRg D Ay urp, T g SR, apBaneas.iitoy, gticon,
S URRHIARNLARH WEx PRt Iraligss @Lfkeet | Y to an exposed

surface of the substrate I n accordance with a
predeterm ned pattern. 2. The nmethod of claiml1,

wher ei e brazj I.s ,acconpl i.shed .using a brazing

al | oy ? h;[?‘e Fheélfiﬁu‘ggflaélﬁét“&ﬁfn%‘ t@&r%@e@l%’r %ﬁ%uﬁ?ﬁeb gy eprbout
C oWsaritabo gt 5% bg bR BY a niberiaR Badtidi oG hh gllo!d?]consisting of

zi rconium nol ybdenum tungsten, nmanganese, iton,

s PIPEGHD, manganeseu Hiaahan, siliconeed alumimithoys t her eof . 3.

The nmethod of claim2, wherein the brazing alloy
i ncl udes between about 2% and about 50% by wei ght of

a mat edi he setledtd@dfnIwhbRithe Wikt $d §rbRgmef 15
chrom um manganese, titanium silicon and al um num
4. The nmethod of claim3, wherein the material is

chrom ymp : pm 2. . wherei.n_t he
br azi ng aP?gl)?ngag Og‘ré%\li}? %ég&g%kngﬂlg Edéfngoﬁfoyif)pré)%jreﬂﬁﬁ6§heet of
btagmpho. brate nmet hod of claim5, wherein prior to the

step of brazing, the- method further conprises the
steps of. a) '"affixing a plurality of superabrasive

parti cs.eshd MethoRloteRLRSMvAELin 7 r@@{htees'ﬁé;mr 6#31?% t]%er‘rg%tgod

substrate; and b) placing the sheet of
afurtbgr eomprises heptepabfasi ve particles, such that the

super abrasi ve particl.es.are. positioned be en the
s hg ot 2}5 ai%xmg a plurah?y of s%pera{)raswe partlc}e\é\?n a predetermined

pattern on the substrate; and
b) placing the sheet of amorphous braze alloy on the superabrasive
particles, such that the superabrasive particles are positioned between the sheet

of amorphous braze and the exposed surface.

7. The method of claim 5, wherein prior to the step of brazing, the method
further comprises the steps of:
a) affixing a plurality of superabrasive particles in a predetermined

pattern on the sheet of amorphous braze alloy; and



of anorphous braze and the exposed surface. 30 7. The
nmet hod of claimb5, wherein prior to the step of

whe@ziozsyse t he met hod further conprises the ste@EEUS{003/031463
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a) affixing a plurality of supgrabrasive particles in

a predetermned pattern on the sheet of anorphous

braze al | oy;b)apldci@tiROM4£10F 8i6pGT btd32 ANGY RBAddSipetbrasive
b) pl acing.the.sheet of anorphous braze_all oy havin
superaﬁ?ggﬂﬁﬁﬁﬁﬁgf eg%ggngF§§@gf$ﬁ %P%&@ﬁu%ﬁmgaﬂégéaﬂthe
sur f aceupérablagive PReiclAtbe dispdebl bdtdked 8 shadiRELABLASLY Sraze and
particles are disposed between the sheet of anorphous
braze dhelexndsed aypesed surface. 5 8. The nethod of
claimb5, wherein prior to the step of brazing, the

method further conprises the steps of: a) placing the
sheet of. BEOnpodsT Heiaz 6, WREn PRoL KOS @fép%%f-a%ﬁg, ffe method
the substrate; and 10 b) affixing a plurality o
sd%%@ﬁﬁpﬁ§ﬂ§@”bﬁﬁﬁp%9%s in a predeternined pattern on

t he sheet of - uch that the

sheet of am ﬁgﬁ%’%ﬁ%r%%%@%fgmglfp@%%%r 2R PXpREed surface of
super abhasibgeatpaaridi cl es and the exposed surface. 15

9. The neth of. claiml1, wherein the step of brazing

i ncl udes hed?i HY¥ P8 Plwplity;of suparalygs snprrE ciss o apredetermzined
t enper f t [ '
R

di r ect laynorghouk brazehbsdis@tsed bd@eethe sopdrhindsiof patiyleoagd the

of clains 6, 7 .or 8 wherein prior to the step of 20

af fi xi AGPCEHEH&Enod further conprises: a) providing a
tenpl ate having a predeternined pattern of apertures
therein; b) placing the tenplate on the sheet of

anmor ph8ushismagtkodet daitnst, meteeein fheistap afdradifig sichges heating the

S bhrasi v articles thereto:.,25 filli fhe . .
SR A e St et 3 Bl noet L T Ginicn s
r enffi¢iengtot bigzd thEPhH frassrGiiridad ditlRgy $3 PR sabiAsd. ve
particles remain affixed in place on the sheet of

anor phous braze or substrate in accordance wth the

det i t . te. .30.11.. T
e rou o TIF el She AR 048y b e s o
paffixigy, s methodfifrtheedorhprisekhe sheet of anor phous braze

or substrate using an adhesi ve. )
a) providing a template having a predetermined pattern of apertures

therein;

b) placing the template on the sheet of amorphous braze or substrate
prior to affixing the superabrasive particles thereto;

¢) filling the apertures with the superabrasive particles; and

d) removing the template, such that the superabrasive particles remain
affixed in place on the sheet of amorphous braze or substrate in accordance

with the predetermined pattern of the template.

11. The method of claim 10, wherein the superabrasive particles are affixed to

the sheet of amorphous braze or substrate using an adhesive.

12. The method of claim 10, wherein each aperture is configured to hold one

superabrasive particle.



12. The nethod of claim 10, wherein each aperture is
configured to hold one superabrasive particle. WO

wQo4N2287 46 PCT/ US2003/ 031463 52 13. The net oOUS$003/031463
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claim 12, wherein sone of the ertures are | arger
than other apertures. 5 14. The nethod of claim 2,
wherein the brazing alloy is provided as a powder.

15. The hod of clagim 14, wherein prior to the step
of brazl %:Sf hetfﬁ%tﬁ%ﬁ@alm il?u MISEFN 8P P e gpeThyes g jarger than

af(ftjlegia@grt@ep_l urality of superabrasive particles in a
predeterm ned pattern on the exposed surface of
substrate. 10 16. The net hod of claim 15, wherein

rior to the st of ,af fixing, the method further
g oln'pr i ses ﬂ;ﬁgﬁ@%gg ggim %;(Vlfl}p?égp hbeel?rﬁ@n% Bﬂ%lrsé’ao‘ﬁg%@z?sr?gpo‘”der-
alloy wwth a carrier agent to forma slurry; 15 b)

appl yi ng5 the slurry to the exposed surface of the
subst r atde; Theymethed, plklaign &, mdwpdimprohtadhsgiemof brazing, the method

' f t ur. th Sod) .
P SRS B o s R Rh g RGeSy Phrtctap e
t heedepemingdamttatt dh e pEFRbd agtace opaibsirslees; and 20 d)

renmoving the tenplate, such that the superabrasive
particles remain in place on the brazing alloy in

g : _ e o
oo A Al 5 JH R SRR Dl oy gt
c Ifaitimar 2pniphieeseheistppd @f to the step of brazing, the

method 25 further conprjses the steps of: a) affixing

t he super abrPa81¥88 %quﬁieg‘él brazigg alsHwith A pritiss agp fiogm a
on an g sed surface of the substrate; and b)

applying a braze alloy to the substrate and the

super abr asi V¢ appaingitied derry 80the 8xpdkhé sméided thaf subbtadten

17, wherein prior..to the. st .of affixing, .,the nethod
further conpl 5) PR, édl?%%%eéqpéﬁg ﬁg‘fl?lg a})reﬁﬂe&mg}eﬂ@a’gem of apertures
tenpl atigrbiavi ng a plurality of apertures correspondi ng
to the predeterm ned pattern; W 2004/028746

PCT/ US2003/ @3 plasmg the template on the brazing alloy;

c) filling the apertures with superabrasive particles; and
d) removing the template, such that the superabrasive particles remain
in place on the brazing alloy in accordance with the predetermined pattern of

the template during the step of brazing.

17. The method of claim 2, wherein prior to the step of brazing, the method
further comprises the steps of:
a) affixing the superabrasive particles in a predetermined pattern on an
exposed surface of the substrate; and
b) applying a braze alloy to the substrate and the superabrasive

particles.

18. The method of claim 17, wherein prior to the step of affixing, the method
further comprises the steps of:
a) providing a template having a plurality of apertures corresponding to

the predetermined pattern;



53 b) placing the tenplate on the exposed surface of
the substrate; b) filling the apertures with the

wGexpen2tTi@si ve particles; and c) renoving the PEPEED®)31463
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such that the superabrasive pajticles remain in place
on the exposed surface in accordance with the
pr edet er m néy pheittgshe tentplat o tiee ¢xpopddatuefackiof thg stverate;

ol ) T D S
conprises thg réﬁ@@ﬁ% o aterﬁﬁlaﬁ[ gié'hqheﬁQhé‘suﬁ)gfmaa%‘fvt%#ém@l&gremain

a plurality of apertures corresponding

pr edet éR flagedn s xppsed sbifags inecenydartve withipk atedermmed pattern
transf ey, o b)Y filli t apertures wth the
superagﬁg%g%§$g%ﬁ]Fgﬁéé?aggofgﬁﬁggng the tenpl ate,

such that the superabrasive particles remain in place

on the transfer sheet in accordance with the

pr edet dPnilheanghad dotpinrl7, vherehepiar tpilz ssep efndfising, the method
t@@ﬂ§§§5%%ggmqﬂgﬂ%&?ﬁgabraS|ve particles to the

expose ace o substrate using the transfer

sheet, such a) hatvidifiea suptitabavdsg ¥ @Lpalitiof bestReC@sponding to
affixed to the exposed surface of the substrate in
accor daMtE CHT e PHEPaFEY et er i ned pattern. 20 20. The

net hod of Clb?bﬂbi%%’thé"ﬂatﬁ%ﬂtég%ﬁQ?ra%éf&i%@@cr asi ve

particles are affixed e expos surface of the
substrat e by) applgythngpeanreadhidstihe supcatirhdvepptsed

surface prior to.pressing the trangfer of the _ _
super abr asi ggreggr\qrrgctﬁgierq}ﬂ%tpaush {fet HesHRerpbras¥e particles remain

sheet , inplesedithe hanFeN@SEME a0brifiRe SHRSHE gfbeﬁetieﬁnined pattern of
stronger than forces hol ding the 25 superabrasive

parti cthedemplas; aeé on the transfer sheet. , 21. The
nmet hod of eh 18 or, 1 rei he brazin
alloy is pr

er ~cl.ai 9, wh n
b0 hadtiR M indho G BBHE b roRBd oo of he
22. ThentzehteegingftheirdResr shdeli st thabthe kperdt1edifd PartiBRs become
brazing_alloy is provided as a Bowder. 23. A net hod

y .
of makihed il sxpesed siniase v Bie, subgrate insicagrduine witlethe

cur  acB B 80 PuBa5 46" peT) Us2003/ 031465 54 b)

provi ding a sheet of anorphous braze all oy having
betvveeg a,gout 2% ?nd, about. 50 % by wei ght of a
mat er i al- S&F Bethad of ¢lgin { heviprenpheBmsrabiasivg particles are affixed to

the exposed surface of the substrate by applying an adhesive to the exposed surface
prior to pressing the transfer of the superabrasive particles thereto with the transfer
sheet, wherein the adhesive on the substrate is stronger than forces holding the

superabrasive particles in place on the transfer sheet.

21. The method of either claim 18 or 19, wherein the brazing alloy is

provided as a sheet of amorphous braze.

22. The method of either claim 18 or 19, wherein the brazing alloy is

provided as a powder.

23. A method of making a superabrasive tool, comprising the steps of:

a) providing a substrate having an exposed surface;



of chrom um manganese, titanium silicon and
alumnum c¢) affixing a plurality of superabrasive

w@aootiozd7es on t he exposed 5 surface of the subST/I81083/031463
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in accordance with a predetermpned pattern; d)
appl yi ng the sheet of anorphous braze alloy on the
super abr asi vig) pipaidingd gecabfdnxeghde trive allvpaseidg between about

aimor photid By 50 APy o6 e PEaBlreeLrUDel Bim tap g consisting
1, 100C gfhatorhians H‘faﬁ%éi‘le@@ ttltélﬁurﬁeélhcén%d%hﬁﬁﬁmﬁlp d braze
the superabra3|ve O particles directly to the

exposed sur fQic%fﬁﬁﬁlgtﬂhém@hbmfrsap@ablaﬂve partieleh oul thof exposed

maki ng ve .t ool S|n he . ste

a) pr ovsi%dfaﬁeggfratﬁs ubs Jfr 180% a?f’g%}‘il ng'ht %dfi m ' b)
affixing a pi)uz[p@ll}hﬁgth@fsh@é!I@@ﬁﬁbf}ﬁ%ﬁé’@laﬁ@ﬁﬂd}%rﬁﬁe's[ﬂperabraswe
accordance with a predeterm ned pattern on the

expos ed’aﬁ&ﬁl?sa?éﬁx%iftotth%eww usfaes ofthe aphstipiengnd o t he
substrate a']a‘ji e ﬁl\ﬁﬂﬁ@%’é@&@ %%‘ﬁﬁaxgaggﬁﬁ Erﬁg/% glf’oafe}g@gmqp%rég e below

brazing al | oy et ween

by wei gibutof, l(ﬁ)"Crthzitef netticiend te clhedrkht sldet hitEb1@FOthR superabrasive
consi st i n f chrom m manganese, titanium silicon

and al PRl disRYY o %I?XIP%S‘% Plﬁéaoﬁﬁéthﬁrs&%tﬁée alloy to a

t enper ature bel ow about 1,100C that 1is sufficient to

nelt the alloy and braze the superabrasive particles

di r ect 12¢. tomethod ofxplizgt Spekhcsive todl fwnguisatyrtat stegSof:

A met hod of Ki ng. a su er abrasi ve t ool con'prl si ng:

25 a) provi di %4 WﬁtarsP St?LFp]Efd'P%g P BT SUTRRY b)

brazing a plyyralikihy a%ﬂuﬁl‘i‘b?%rf @ﬁ}f@@dryﬁv@ﬁrﬁélgé ﬁlsaccordance with a

directly to an exposed surface of the matrix suppor
mat er i Aredgiaimiied peteratondhe exposphouichobihe sgbstratd; oy. 30

acconpl i shed depy e i SBrwIC BB shageoreaicy fugftas powdered
mat er i dtazig Aol elthvingBBy B MotP/GAASHSHIS09/, B weight of a
titanium _ vanadium chrom um zirconium nolybdenum

t ungst BHerifhpRiefiekBomithegrous cpisitimg of aliroalium Mmangand@,

2004/ Oéggﬁ%r JoH%ﬁQQf’t{nS%ﬁGg’nd 55 27. The nethod of

claim her conprising: a) affixing the

super abr asi dp hpatirtgi thé Bz dllog tex m%@btﬁﬂérﬁeﬁﬁﬁawutqh%% that
matri x.suE) ort materjial; and_b) plying the sheet of

anor phSUS ey éo Brltt IPFeaILQYF?@Fi%%Zéé w/8ipeRmbingiveinerticdes directly to

the exposed surface of the substrate

25. A method of making a superabrasive tool, comprising:
a) providing a matrix support material; and
b) brazing a plurality of superabrasive particles directly to an exposed

surface of the matrix support material using a sheet of amorphous brazing

alloy.

26. The method of claim 25, wherein the brazing is accomplished using a
brazing alloy that includes a material selected from the group consisting of titanium,
vanadium, chromium, zirconium, molybdenum, tungsten, manganese, iron, silicon

and aluminum.



28. The nethod of claim 27, wherein the superabrasive
particles are affixed to the matrix support nateri al

waigiong2sme adhesi ve. 10 29. The net hod of cl ai MPCIUS2003/031463
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further conprises: a) providing a plurality of sheets
of anorphous braze; b) providing a plurality of matrix
suppor t27dktemethohat/dlaig 2&Fosied cosprifiages; c¢) af fi xi ng

t he superabrasiye particles on the plurality of matrix
support 15 "\?}a‘iféﬁnﬁl%ge %})pe@%fﬁswem@ﬁ%% 951 the gknasgd gface of the
sheet s paikReppoPRERRLRS Ye particles to forma
plurality of individual superabrasive segments; e)

pl aci ng t he H)rapiplyicgtie sbegief abpehovebsegor titesupdinasing
to one a}@}pc?t her to forma three-di nensi onal tool
or,

precursp %nd 20 e) consolidating the tool precursor

to forma three-di nensi onal abrasive tool segnent.
30. The nethod of claim 29, wherein the step of
af fi xi g flemoprdhodeefralaimsls whetedie thegupdiabresipe paticks aneerffixed to

g?ﬁ%}g’%rﬁﬁsugﬁ r@nﬁ[e%%?ﬁs%%rp aglg 1§5‘ter n. 25 31. A nethod

Osupera I asi conprising: a)
providing a plurality of sheets of anorphous braze; b)

provi di_ng plurality of matrix support materi al
IayerszﬁaJ”ﬁ§WH¥@¢3§%ﬂﬁ§%@ﬁﬁﬁ@é?mgmﬂ%§iaffixing t he
super abr asi ¢, Ra/ il [ § npr phous
braze sheets?Fn é&%$%g§¥%€%?ﬂgﬁg%gﬁ?%?h%mg b%%%lying
the plural i bypoividnpa phealiy bf matixstugpd:s ntatetiahgaving exposed
superabr?siye particles thereon to the exposed

surf ac8¥ St he matri x support material to forma

plurality o) imding HsldlpestpRas ' : . ,
5004/ 028746 PCT] U 2003/p531463‘%q%%§dé%/se°é§@gﬁgﬁ%ﬂﬁt& of flatrix support

i ndi vi thagdriaguper abr asi ve segnments into a tool

precursor having .a t.hree-dj i gnal _arrangenent of,
super abr asi }sapéngp{lg %:] G uraﬁh’%@%&%%ﬂ’@ SpgTRIgsIve particles to
pr edet @rim Ngldradiaf dEihBivid@RAAsdpkrabPRRRIsEdati8g the tool

precursor by heati nﬁ it to a tenperature 5 sufficient
to nelt thetbphs®gdhe myivadienl sinerabrasiteesegeentisedpoppde bne

mat er i Qljlothﬁr%ég x@;te?gx?ege_r-cﬁg{e%gi%ﬁ/ﬁ tct)oq%lrec%l(r)so ;rainai ng: a) a

solid neta
¢) consolidating the tool precursor to form a three-dimensional

abrasive tool segment.

30. The method of claim 29, wherein the step of affixing further comprises

placing the superabrasive particles in a predetermined pattern.

31. A method of making a superabrasive tool, comprising;

a) providing a plurality of sheets of amorphous braze;

b) providing a plurality of matrix support material layers having
exposed surfaces;

¢) affixing the superabrasive particles on the plurality of amorphous -
braze sheets in a predetermined pattern;

d) applying the plurality of amorphous braze sheets having
superabrasive particles thereon to the exposed surfaces of the matrix support

material to form a plurality of individual superabrasive segments;



b) a plurality of superabrasive particles; and 10 c) a
sheet of anorphous braze alloy chem cally bonding the

w@bamabs7iey of superabrasive particles to the BOI/US2003/031463
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metal substrate. 33. The supergprasive tool of claim

32, wherein the brazing alloy includes a materi al

sel ect ed fr can dshemigliryihe awivdded] isigeraradivd Sgidets into a tool
vanadi um chrom.um 15 zijrconi um nol ybdenum ) _

t ungst SRCCUREOR JAVEE @ Tep-ginensiqnakgrangpenl Qf rpeiAbragye particles
The supgh ' ; Al . rein the

br azi ngﬁ;ﬁﬁcﬁﬁlﬁlﬁre g%r?{\/l\géed;?ag%%nlﬁm % and 50% by

wei ght of a hreemspliddtingehembepreturson iyHesatingitpo a temperature

consi st .of . chrom um anese, titanium silicon,
and al dH iR (SBeRahe e Llgomd iR rist uppor Fiferal
32, wherein the predetermned pattern is a grid. 36.
The suggr ?q?r as%é(; é\%?tl 1of claim 32, }/\,her ein Lhe _

r edet erFnivn8PCpRtaseeiooXBmpogigst s of super abr asi ve
Sarti cl es p%iatgo‘ﬁﬁ ete%l%gﬁst?net'i all'y along an exterior
edge of the’superabrasi V&% %o01 . 37. The superabrasive
Conpr i ses. an et e, ot Dort oe Bobsear oo bf o1
conpri ses an_ex [ _ ‘ _
su |toer abr asi \?é_ap%ﬁlﬁ?ti o jagorhiess brage Eﬂ@j}h‘éﬁmlf%f?gtstil%fl@ﬁhe plurality
interi : 2%1& -
parti clggglﬁ%%%#%e sucgg%%gfrl%gﬁl\gg ?t%fcj)ﬁ%%ét? €l ai m 32, _
wherein the predeterm ned pattern is a uniformagrid.

2003/ 031463 57 39. A

SUper gkt S ReGEHeBrEa Bt reryihe baying devnciudes o
S UPRRATA sdT&déd Homfthe Broltb WbAidting ozfcit%ﬂﬁﬁ,r%lé@ﬁhﬁ/ €hromium,
e ym amlybopins ek, mhngmophons brazadakiny
MELredneum am ung , mhngamos 1,551 um.
pl aced in contact with the plural : ty of superabrasive
particles. 40. A superabrasive tool precursor
c ]? npri Sﬂ.ﬂ The SL?erzﬁ)ri@xfelQbo lsdrfli?:%? 2?%’@1%1261&% %% 9r%)rﬁ:al%%ﬁgﬁéludes
of anorphous braze alloy placed in
mbetaieen s ¥t andeXA% Ry weight of a Hlatﬂrua sdledtgd fmbmfthe group
S i.ve particles placed on.the sheet .0
BB 87t S iR BGEGRE SulPE af By

precursor of either claim39 or 40, wherein the

35. The superabrasive tool of claim 32, wherein the predetermined pattern is a

grid.

36. The superabrasive tool of claim 32, wherein the predetermined pattern
consists of superabrasive particles positioned substantially along an exterior edge of

the superabrasive tool.

37. The superabrasive tool of claim 32, wherein the predetermined pattern
comprises an exterior portion concentration of superabrasive particles that is higher

than an interior portion concentration of superabrasive particles.

38. The superabrasive tool of claim 32, wherein the predetermined pattern is a

uniform grid.



plurality of superabrasive particles are arranged in
accordance with a predeterm ned pattern. 42. The

WG xpen28Tr@si ve t ool precursor of either clai mBOr/0s2048031463
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wherein the 20 sheet of anorphous braze alloy has a
predeterm ned thickness. 43. The superabrasive tool

pr ecur st Afupdrgtresivetoal pne@@sarcodprisidger ei n t he t ool
precursor is conf%ﬂ?ured for .use as a CVWP pad dresser.

25 44. The sUpeF% 5%31:\95@%87(5 precursor of either
claim39 or ¥0, phhaltebhsit ?abra%%?aﬁﬁﬂc%%lé’c%d@ﬁ%ﬂt&ét%@ﬁ the
0 to 35 5. e

have a size from about 1 mcroneters. 4
super abreis} srepedotatyyt,eodr sor of either claim 39 or 40,

pr ediet or m ncd hATGR. LbbYE B REGEEY PEiFBrcoPest wig e

30 plurality of superabrasive particles.

40. A superabrasive tool precursor comprising:

a) ametal support matrix;

b) asheet of amorphous braze alloy placed in contact with the metal
support matrix; and

c) aplurality of superabrasive particles placed on the sheet of

amorphous braze.

41. The superabrasive tool precursor of either claim 39 or 40, wherein the
plurality of superabrasive particles are arranged in accordance with a predetermined

pattern.

42. The superabrasive tool precursor of either claim 39 or 40, wherein the

sheet of amorphous braze alloy has a predetermined thickness.

43. The superabrasive tool precursor of either claim 39 or 40, wherein the tool

precursor is configured for use as a CMP pad dresser.

44, The superabrasive tool precursor of either claim 39 or 40, wherein the

superabrasive particles have a size from about 100 to 350 micrometers.

45. The superabrasive tool precursor of either claim 39 or 40, wherein the

superabrasive particles extend a predetermined height above the metal support matrix.



