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Pearls for use in cutting construction material such as marble, serpentine, granite and concrete.

Diamond-containing metal matrix segments have been brazed into slots cut into heavy weight
wire (e.g. 4.4mm diameter) to make stone cutting saws for the construction industry. See U.S.-A-
3,886,925.

A wire saw made with a relatively coarse grit (45-150 micron) abrasive grain bonded to tungsten
or molybdenum wire is disclosed in JP-A-3-104553. The patent directs the user to avoid a chemical
reaction between the brazing composition and the wire and the abrasive grain. A silver-copper braze is
used for this purpose.

A method and an apparatus for making “armored” rod saw disclosed in US-A-3,854,898 uses
temperatures of about 1010-1180 °C to braze abrasive grains, such as tungsten carbide, to steel rods or

. wires of 0.5 to 6.35 mm (0.02 to 0.25 inch) in diameter. These saws are used to cut refractory materials,
steel tubing, asbestos cement, brick and the like.

The slicing of ceramic, especially blocks of single crystal silicon, occasionally referred to herein
as a boule of silicon, to make thin wafers is very important for the microelectronics, optics and
photovoltaic industries. The precision of cut is important to produce wafers that are flat to high
dimensional tolerance. Traditionally, ceramic wafers have been made by sawing the boule with an
unusual grinding wheel having abrasive bound to the inner diameter of a central bore. Such “inner
diameter sawing” allows for extremely precise cutting but is limited to slicing only one wafer at a time.

Recently wire sawing has been applied to ceramic wafer production. Increased productivity can
be obtained by using a long wire saw strung in such a way as to make many passes across the length of

the boule thereby slicing many wafers simultaneously.
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US-A-3854898 discloses fully automated and semi-automated methods and apparatus for
producing armored rod saws by progressively coating a rod or wire substrate with a slurry of a flux paste
adhesive and brazing metal powders, overcoating the latter with abrasive particles, followed by fusion of
the brazing metal coating thence cooling same to solidify the brazing metal into a thin layer bonded to
said substrate and partially embedding said abrasive particles therein to provide a myriad of sharp cutting
edges.



JP- A- 03/ 104553 describes a cutting wire which is conposed of a wre |ike
core having a high tensile strength and hi gh hardness abrasive graih$ JUL 2001
brazed to the outer peripheral face of the core wire by a brazing filler
metal. A preferred core wire material is tungsten or nolybdenum when _
di amond abr gsjva B Al BORAES NS0 iSR! RECALCH SBEFEIAY Ldbh SmdfBloR! 1
gol d, silver, copper and al ofs Ot 0se€,  silvercopper ar oy Dbei ng

parti cespaeiblly for efitting dlgin stiSions 38548 IBradiic vhitses\ bupetaprasiv¢ enmtsee thatchas long
sem - a‘éér%?fé‘lnmmﬂ gsssirgﬁig aﬁﬂ%ﬁh@&%ﬁwﬁ %{1%19({ tg%?é Fﬁ%ls%rnrJ?Jeﬁ.dlt fs rtl?e???sirgg to
progressively coating a rod or Wr SubStrate wih a's urry of a rlrux paste
adhesi haveangrdoesa Apmmaking alichpowder w theteprovidesi prgcischand sensitive vantrial abrlbrasdivee
particles, f 0 Py fusion of razi t N . Ng
o ¢ QR OB bl Bing o Al PCeTh el Bl RATERR of
subst rahee«vimnd_ partially enbedding said abrasive particles therein to
provide a ”Wc%cﬂ@in 3 rﬁév‘f{e&nﬁ':{%n'uﬁrggr%ﬁﬁ@s%iw?sawﬁﬁccﬁ}dh%%i‘ndL enlisht AERs 130k §6. ©
have a superabrasftve re saw that has a small cross section di nension,
especi al |y fToere g fuxthen grovideda process fommaking b vars sewe cemprisingdhicsteps of\

super abr asi e V] J. T eq an I I I e and
relatively ;(aﬁe%‘égig?\%\ga%tg%%% e |és£)§1gt§%)§ﬁ@edgg@9élﬁlén tlhgtnl S\r,\?ﬁgltbr esci%‘r'r%gilt?%]
have a pr ocesssefeoted tatuareyatHI01956f Cmprr emetalisolden tonypasition edhichr flxowssa tampratures
sensitive contbreg(; %@br asive distribution on the wire, while mnim zing
t her mal danmage nd Mt ai ning the nechanical strength of the wre.
Accor di ngl y (b)t doetiny theanfacd of\aewite with layer ofithe paste: € saws according to

igadependent ¢lains.1 a 16. .There is rther provided a process for

Wi ng a w ﬂ‘é %39\?“8’(%%‘3 SIRYRg of paste q@'ﬁ‘s(’%ﬁs?’ﬁﬁag‘?’ovi ding a paste conprising
a netal bondd)cleatgsthé wira i frednert Stnespheteath alieragepatare apd or tai duratios effetivet fuse
braze at 850- 9@0@: gr a _net atl sol.der conposition which flows at tenperatures
bel ow 400C; (b © 2%: f“igr‘fﬁmf’?fé'oé‘u ace of a wire with a |ayer of the paste;

(c) deposi t (e)gecooling the wirayherebp borpdiriptthe grainatpahe wite.abr asi ve grains; (d)
heating the,wire in an.inert atnpsphere to a tenpergture and.for. a duration
ef fective 1 & Tiraerest 1 viiSiay abroRuR s Tie hressne oyeiceiinctudes F o of el g ant

t her ebyinplorayen @f tahmsige granss 4f6ixddhdiracily eherdto byre bmsqkot solddnal wietab bemdy which
accordi h [ nt .0 iL.on includes a core of netal wre, and. a
gl e Pty bR aBRERERh obRY L fean BE yHEESH ol EHopRhusE oty G RRnly

sol der ¢¢ wir¢ shoubbbel ablevte efithstardethe naisioy, hent amd batdingetometiict susbrsdws Tleeussaly can

abi ot 8o PREE | A e ek oRREY Bl BB bl2 kot e i 2" °°

ensi on, heat an

usual | yemmerabjre gtat it cakieeree satisfactonilyrie cutingr Thel wisd owetall aka skouldifuke ef ©miperature
streng ; i DIl | I f usi 0] er at . i r .
et of Supseul l hbaek BN liBlPRmpb RHRCRE L Sk 1 hor dhesk b 3F Ol
suf f i ciadverdely dffectedibp benzingeor welteringthe drains dhereio Repessprtative wies métals inchwleviione i s

we e aT-TaN BT . i ol ] he
mi ns%?: Eg’r %tb g‘?’ c%tgpr es’erﬁ(?}él% ve W eérﬁgé({aﬁfsa&:éﬁog %n&‘gé ?&oog%lemnge?ké , 5%:13%511% 1t ,
chr omi ahey)nises) ksckserpiablet fangpldesing nredessds| kppeeveroit maly dosa denail steshgth Iduero expesure

| nconel, 'Higfl ktr@rﬁ‘lagler?rl) e Odskin %}e%ﬂg. mgha%ﬁo%;% 8s Lﬁfall? g E&'ﬁie{f%h E? gﬁg%ts %ﬁ%erature

however, | ose tensile strengt ue to exposure tenperature
dur i ng bisegi Segngthi of lsteelay o panshearetoversd (e @ darge dagess dyaingleding-¢ qpsnching .e. rapid

t enper abdimg) stP;fJ &7 1 %rocekd. %:Eléégegoifip?éfﬁ%d Wc%tﬁe GAR éaﬁst§1ﬁg1§>9ef gﬁaggct{eﬁ b9 th@de

degree by Including a quenc . €. rapi cool I ng '  the’process.
Tungst &ratmsntonedleedria dhepmennfacture of ths vtshsswaheweyer, ynyimefal #de daving thenpesified
treat Meplne bl SHyMEH phopetiBEwsBRbE AEABIE for Bl ih s WdnfiosaW, however, any netal
wire having the specified shape and physical properties would be suitable
for use in this invention. 3



2 3 JU 2002 As used herein, "brazing" or braze" refers to a process

wher eby a bonding netal ,i. having a |lower nelting point than the mat &4 dllk 2002
being joined, is heated to an elevated tenperature of gqO0OC or above where
the netal flows, and then is cooled to a tenperature where the netal
solidifies to forma joint. The term"soldering”" or "solder" s refers to a
braze-1ike nmeAgalsdddizeding bradf"ioabrase? t Loy 400C
(e.g., 200-399C). Preferabl yrfy‘t he wi r?ﬁgg&g\@gﬁhsn‘g}ﬁgﬁ ggelgﬁn%éj'r%?gw

‘char act er i 22Y"B9 levergneiting apinhthan thesmatgrials eingjcinkdyis beasd tosacdlévared

di I tabl | d, for. lalized
i1t es. capepileRtrontah ByE o e R oI iy S 68 in@BiUR owi res. For to
le, t ' : | at - {1 aty t , h -
exampl . i EaS U ANBBARNR forkl Aot 90 [l s GRRITL A oh

as square, trapezoidal ow order polygonal | 3-
"bat is nesders ta hhtazedike nvdtalebonding imderidh wASHESIwS AttERperact ahoo 0ss
section, like a ribbon, i.e.,.having a chtir~acteris¥ic | ong di nensi on and

a charact e¥5&t00-39BE)di mension with th'e wide dinension bei ng | ess than
about 10% of F;?f Ibrngl&c:i rregsi on.,, Qne can aggr eciate that |S ribbons nade
accor di ng t o ‘TREEL, hewirg havacylindngel geamelyy charpeterizad by mlvegitudinalauidi ng 20
t hose havi PO @dr lebdvioR! 0 face or onl art of the
surface of&fmhe bl aﬁ?glsﬁaggc[%fp%g%@gm\%mn}_%ﬁ&g rhrgiimﬁ)lﬂ%yjﬂé@?‘fv?/@gwé/dté)é wire saw
to cut t hispecialiasd wtilitie e be obtgined b9pse@ﬂrm'noam@z;ﬂrtc}dw"sccﬁoh%%s?f@%ef of the
wire _should be as small as practicabllo to mnimze Icerf |loss. Tension on
the'hi re doeieMRe.dbaErass seetieneanhe aval, flat, mentflas rectamgter suchBsaquire,e di amet er
its lar ' | su ill.be.in the range of about 140 1000 m
’d pr ef er‘g@%&?ﬂar@@tﬁ b%&éh‘g pgy(gxmvrl'leh}grfb‘{"ﬁé’rm%%’ﬁéc Yotlat'Hs meppfthatthon t he
W re saw Cgite & §hi fddi o | i : teuct .o material or rock,
such as in mni ng ‘_éa}gf)#ié?adtﬂll%r{g{m@:&g#c%ﬁ s&égiég'r@% %h?&f'ﬁé{c"-- IR i ties. To
obt ai n an ehefasteristie longatimensiomanden ehistdvtaitea widedintdkiohiviig fhekyigsich :
utilities,, the d%}arre er' of aS)he wi re_shoul d be increased significantly to

the range HPeaHoY °‘535°35"Pﬁ?| oyl (5% of the leng dimegsiappOne san opeciatsiting| e
trgnd metgdbop : i ds. . qf ire.can b
br & ded ”fg?ebfﬁ’é fdE BBechint 36 (i o o Se 3B haof sa Bllen. A0 SeibE arret o1

Abr asi ve dhess haingrabrasivet gritphezed bn dieewlslewhirfice i bARhaFIShE Alrface 3Pthe '
Consi stent,, wth the stated primary purpose of the novel wire sewto slice
ceramc \ﬁé‘? rs, and especially, silicon wafers, the abrasive grit

comprises a | SaReFRREASING md | ¢.boron nitride and m xtures of
Oy p'r-(.)por(tﬁpon it g rréﬂ a55R0ve GFIRY GirB 09 %o Bt ihindS 2nd wafers, Le.,
“precision cutting", the diameter of the wire should be as small as practicable to
20 -  minimize kerf .loss. Tension on the wire during sawing cffcctivcly limits the diameter.
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In another aspect of this invention the wire saw can also be useful for cutting

cons@ction material or rock, such as in mining applications, i.e., in "coarse cutting"

25 utilities. To obtain an effectively strong wire with adequate tool life for such utilities,

- the diameter of .thc wire should be increased signiﬁcantiy to the range of about 1 - 5 mm.

In coarse cutting applications a single strand metal wire can be used or multiple strands
of metal wire can be braided together to obtain cable or rope of the desired overall
diameter. Abrasive car be brazed to the single or multi-strand substrate.

30 Consistent with the stated primary purpose of the novel wire saw to slice ceramic
wafers, and especially, silicon wafers, the abrasive grit comprises a

superabrasive. Diamond, cubic boron nitride and mixtures of them in any proportion are
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wafers preferably should be about 180 - 300 um. For coarse grinding, large particle:

size abrasive grit, .e., about 600 pm is preferred and thus the overall cross section

dimension of the saw will be about 2.2 - 6.2 mm.

As mentioned, the grains are affixed directly to the metal wire by a brazed

25 or soldered meétal bond, and more preferably an active metal bond. Compositions for
brazed or sol'dc{ed metal bonds to affix abrasive gmins.to a metal tool preform are well
known. Ill'ust{a'tivc metal Bond compositions include gold, silver, nickel, zinc, lead,
copper, tin, alloys of these metals and alloys of these metals with other metals, such as
phosphorous, cadmium, vanadium and the like. Generally minor amounts of additional

30 components can be included in the composition to modify the properties of the bond,

such as to modify melting temperature, melt viscosity, abrasive surface weftting and



| ie bond strength. Copper/tin bronze-based alloys or nickel based alloys
are preferred for bonding abrasives, especially superabrasives to netal. JuBy0?
"active nmetal bond" is meant a bond created froma netal conposition as
descri bed above into which certain so-called "active netals" or "reactive
metal s" ar it onal i i
characteri g%ﬁﬁ%%g% ﬂag#’i’ %H&ﬁf%ﬁ?%ﬁ%a?gdwalﬁ}@ ?g PE%%I B(?‘rgedgiﬁ%@](% ggﬂﬁrt@ %mfc g rf %
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are cheni cal | \BYCGiive mplabbayd’ is Bgpnd adiond sregied feamn a meta) comppsgitian ehe wet ti ng

f th . 2 ' .t & i i o i b dt
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active met adddiSnalfiddosptrated.y ThesgActival étals@Fe dHarsdterited b aR BBiliky ) a8

titanium tantalum chromum and zirconium GCenerally, the active nmetals
shoul d be pwishearbonser nitregemto form ceibides of nittidesvdtilel they methl bombewnpasition iand

can be as | pw as about, 0.5 wt % thereof. A partigul ar.l. referred active
reral bond BOHbENAGH EoRpPeed 1 Bt e Sttt yif Ao ude by onze
alloy is preigedhlechafially t0mpminik WithisOperaitasifay R Ri&{RprB0E dhealQithg 8- 25
Ww%tin, the conplenentary anount to to?_al 100 wt % bei ng copper. ‘I%tanl um

is present the saprrahrasiveparticles bythd meliehdigalsl hondirontpositiod and 8 prBenots cul ar
reference is gjVv tq active netal. bond,co sitions, conprisin bout

D0 2300t 56 1 HiFrEi A e EBers DS BieR A Hoabo R sseRTiE SN RHAGA 20 The

titanium Sh}%ﬂi&hlgxzy gi%gélgﬁle,m, nAERRRhSACRclule ﬁ@%@%ﬁﬁ@ﬁ;‘%& Cancfu“ ng

hazi ng. It can either 1nm elenmental or conpoun efhent al
‘WMani um raaohiim Ghnesell w theadctive metabnyhenkl herjeedent 450 mirtor fantiomofthexi de and

t hus coul d bec navai | able to react with di n uri ‘brazi ng.
Ther ef ore, %?a@fggmg‘f%?%ﬂté’% ‘fr}dtcéﬁibﬁﬁf”oé”ii ub&gg’gl/? g’ﬂre\ﬂggn wat ergi s
present. Water L : bhdiSnt : I Op i
descri bed bel S‘m?é}ﬁﬁl?ﬁfgﬁe?%dﬁgng%@g?w conppggﬁﬁhpg?%ﬁsﬁﬂwggﬁég%&?“ghou| d
be capabl e wfanilirs SHid bhzerallbyris pgfardtdy bbar il 04 0stt®ptin,andaendre préfbrably dbant um
to react with the superabrasive. Preferably ti tanioum Is added to the bond
material as?i?? MATAHR. MRF0TaRRiemantary amgunte thial LiChwi% beipsrcoppmoutitadgTis Above
about 500C piLidrf Bt HBLLY.95106, dheBREGANE IR st BV BhAREPYARRERA 5 30 I N

c , t tal pon

still another nu preferred e I men e active ne conposi tion
can cont ai ngiveonzastive ntegalibond cangbsitions comhprsihg ebsut dD-20t vt tincdboue69-73

ingredients, such as zirconium and elenental carbon. The zirconiumis added

primarily tWtzﬁepﬁéégﬁwtg'l@@ﬁltﬂﬂl%oz viscosity of the bond material in

the nplten stag 1fHibMInbNIA®BE Hthe BoRd @cgrapésvtio&ih% f%frﬁ%ﬁ‘éﬂ%&n'réac@qgﬁ in
I'de, is

el enmental form Zirconiumin conpound form such as zirconium hydr

usual | y unshriatiapl & dae daadded ditherinrgbanental o esmpainddiosn o Elamentd] ditali@ment al
zirconium at or bel ow br?zi n tegﬁérta ures. The_ carbon_ reacts w th excess

e 5 i tafdivs WaleR atigw { Sray biapivgicrge Brd s govld beseme
LRYani um cagbl, 4516 lefdi it ARRRFORHG blind | TRALPL GaERE dfenlehrad RS o
bel ow. Carbon can also react wth zirconiuntto torm’ hard®zirconi um car bi de.

Such conposistléssprefengt whaswaiePispaesest. By areeioghdtintgaah bbk @BERitwdnt 6F the
consi sting gssentially of about 18}-,30, w%tin and the bal ance copper, about
10- 283 pbw t HYUAPEET dtsibed balgwy dhlitpnivabisiaddsdinorpowed form, thexopipaune

el emental  Cgiifihe capable of dissociation during the brazing step to permit the titanium to react

with the superabrasive. Preferably titanium is added to the bond material as titanium

hydride, TiH,, which is stable up to about 500°C. Above about 500°C, titanium hydride

dissociates to titanium and hydrogen.
1
30 In still another much preferred embodiment, the active metal bond composition can
contain bronze, titanium, and minor fractions of other active ingredients, such as

zirconium and elemental carbon. The zirconium is added primarily to increase the



In. yet another preferred enbodi ment, fine particles of a hard mat eriag,JuL 2002
especially of titanium carbide, can be added to the bond conposition, as
di'sclosed in U'S. -A5, 846, 269. Al so useful are other hard materials, such
as titaniumdi boride, tool steel and carbonyl iron, as well as m xtures of
hard fillers. Titani umcarbide can be produced in 5 sitar as previously

nent i oned.V1$q03%§?§§‘égﬁ“‘§F§%\?§Wége{‘W g0 $tal during brazinge drpieerdlp e i cl es can

boost the j. tr ; a 3 eby .provi des a
bond of 1 AR G Gherkdlforth A6 rTE B eotPibu R0 AHE R A RORE " o
of parti cliydsideds haiang ensabe betase it @amisund Qoél notiRBocatL @élementdsed, a
netal coated dianond (e.g., copper, titanium nickel or 20 chrom um coali ng

at 1 to 1Czirgpnium atexdeldw brazing tarepezatengsial be oasbarn mepctsfwitlhexadssfimend and to
nd,to the, wir Sui t abl e ‘coat ed are

effectively hond the, di : i.anond

ovai T abl o SRR B e b mmCy e it oo dliny g saEie DEtcs,
| RM CPS di-ppnslfit JhRari8AGhibige Bl0RIBAES b8 Catbd\@nhid%8ag WiROS! tions for
this purpose do not react at soldering tenperatures and thus are not useful

in the solzeoninonpdsim hewszifconivmgrizde. nuczoatposision eomprises 108tperts bpn. A
sui t abl e sol.der, copposition for. naking the wire IS, a near eutectic  of
T o’ s gk AR Reprs oy donsising essshtallg of i T8 qude B Rb e hlsnee

conpri ses ghi i bl - %S j . g with
o552 4008 LSO, 0k Bt S 90

conposi t i cedemerayl dartwinude silver, tin, copper, zinc, cadm um and 30 | ead,
and preferred corrpo%:eti ops i.ncl ug,e hard tin: tPas d aledj'%y so] ders, such as a
ectic of {1 ¥etdnatheenrglerred epoginent, die Priclasad piatd waisriak SsReriRlY Phe
Tasive Sfalilh AiaL chi? b hAKINE i BRaRBrEliliNe aRiloseFAURE. APPI T ed 1O
the present 1 nvention. In the case of nickel-based alloy brazes, a |ayer

of pref er ah846,268, bAlde vbefuldre gthenbard waaterial 9 suchsasahardsmtdibaxivie ool stesigaden and
zirconium can_ be used. The netal hgg*nfbe pl.aced on the abrasive by well
1

known met HeeReny} Bpn.ms svellAs maxtuses af; Nets, o Fitandwn sarbidnran g psodiised il vapor

r P8 ence iR pre IR EN dhag aliieg Bt i Ebd el Mleabilie PERREPHRLEE, o7
result fr ;%%,mosan&@ﬁﬁmt SHRAGTHESRS bk Se dIhata Sondl atnE tﬁercgye(;éalaamw@bm/ &eund

| ayer of irst acti've conponent in concert with use a copper/tin
al | oy br azeprovedoséar resistanoat Biefdralyy shesleed pattiakes shanld berplhpeeticle sivbr e

specifically, the ~ total .amount of active conponent present in the
s OB B8 10O S

resul ting h | ess than necessary for bonds made by

only | ncor PORGGIRE iaﬁk&,va%&gm&%rma%he&%, BpAECGAMR Mdkps Thi s

creates a strong bond to the superabrasi zes the anount of

act pve comheoraivim evaingabl ¢ t ®um) isndedtdiomphat hdequate eitiig ofchs diatendr al | vy,

t he conponents of the bond material are supplied in powder form

. and to effectively bond the diamond to the wire. Suitable coated diamonds are available

. from Tomei Dia (e.g., a 50 wt% (about 2 pm) copper coated, IRM-CPS diamond). The
reactive elements used in the braze compositions for this purpose do not react at
soldering temperatures and thus are not useful in the solder compositions for improving

25 abrasive grain retention.

A suitable solder composition for makiﬁg the wire saws is a near eutectic of tin and
silver which flows at 221°C. A preferred solder composition comprises this tin-silver
alloy (4 wt % silver in the alloy), along with 1-2 wt % copper and 10 wt% TiB; as a hard
filler. Suitable solder cpmioositions may include silver, tin, copper, zinc, cadmium and

30 lead, and preferred compositions include hard tin-based alloy solders, such as a eutectic

of tin and lead.



| s Particle size of the powder is not critical, however, powder smaller
t han '‘about 325 nmesh (44 mparticle size) is preferred. The bond mat®T il 200
is prepared by mxing the ingredients until the conponents are dispersed
to a uniformconcentration. The dry powder bond material can be m xed with

component o 1 n ere Pl 6 et e B Biainrarionts Wrion auth ey pa ek i
paste form cdndte 4pplied hthe hreabntGAvEnlBn AGLME ARl of nfikeR ' | ive
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Chewiro - Ancinicafly ¥bi 1gb B et heRREL AR IR 61t B3 R RBPEATH oom
t enper at ur ealldyi irateccobipositio csntbiniily £sdcond®@ive thRporkicfl UMoBIRRLiTically lihe novel

bond material are commercially available. Representative paste-form ng
bi ndéPs sui PR PEOPRYOLFEEVS ¢praRaRCpRIesent injthe tasulting brazed cerepiticaTisiiuchder a

2 3 JUL-20 9. binder. from!'.-,~Vall Col npnoy
. @& por at | Ogl%:ssfﬁé? é%c%ggaﬁefoé%{) s,swl?yg%{ﬁ}: INEQEPOFNg| an ANV @m%ﬁﬁg}lﬁ%nd
cusi | - ABfmastaspdstiiom WsOeatesBdtroaBbon&ad ihk ah a%ras%&li &ég?niﬁﬁﬁi%s figaze

T

conposi tion pastes including binder premxed wth neta raze conposition
conponent s #BeM AT apivaicarpoRend ayailableso Komm intemetalliongeenppsitiGnslahy, W sconsi n
under the Luc WA~ L ,SUch as Lucanex 721. ~ The binder can be
bl ended with {@}}g’é‘p‘j‘g%ﬁgé S&ﬂ&%&nﬁfﬁﬂé{%"d@@ gl amﬁ?drf“tﬂ?é" Ffomsych as
hi ghishear Irariélegize BheheQodeler BinolErkiddl NBWANE! Sovddtd shiafl tflaxpéﬂlﬁx‘?ﬁz& Hhelft
critical. The paste is coated onto the wire by any ofa the techniques wel |
known i n t Hé4 1 partiglgsieehis iaefemed. nhe mdayitens] isiprepaed by ndkingdithei ng t he
wire tool i ltcgeengas if to The novel wre saw ¢gan be produced quite

y ¥ed H\S

m SQUPRPIRIUE dispersed;fq gouny REEYNaEAR| v be supplied

effectively
on a spool. Thae IBPRbwdes bURRIRA D3N eaNixBE wh i&oli iZgne where
t he abrasive and bondwpr.ecursor grendgposi?%th%&%%%g%l%wpﬁeghwl e can be
pr et r eat ed,biBdrrh The bindenisnidded toyhopowdes compbieptsihedfecting frbporioh i@femtH

renoyge oxi [ roughen the.surface for better adhesion of the grains
and %‘gnd 13‘?%%) %rt%“g(lysp at“g‘ glg pﬁ%ﬁé‘?ﬂn’ F}W’Cliﬂ‘i‘g W@é?%hﬁ accprptely disgensediend sor
and abr asi g agKeRivaSo 86 tRORIFRE oFRPWRR 4! IS P U pt.inuously
drawi ng the wire through ther degosi tion Zgh%?br?s;[%%ragﬁbl;%éfgq ‘ch‘)%‘g%é?‘b
c’posi t i orvarswithin eewidsrengetdependingumurthapmcesieed wypplyahe pagt & fhewik. a bed
t

receiv e.araj . ;Jhereafter,, the abrasive grains are deposited in
the bed of ePﬁgféfaé)?y,Qhenﬁond material paste should have t e consistency of tooth pasteF.)

The term "fugitive" means that the binder should be sufficiently volatile to
25 substantially completely evaporate and/or pyrolyze during brazing without leaving a
residue that might interfere with the functien of the bond. Preferably the binder will
vaporize bélow about 400°C, However, the binder volatility should be low enough that
the paste remains fluid and tacky at room temperature for a reasonable time ("drying
time") to apply the bonfi material and abrasive to the wire. Preferably the drying time
30 should be about 1-2 hours a{ room temperature. Liquid binders suitable to meet the
requirements of the novel bond material are commercially available. Representative

paste-forming binders suitable for use in the present invention include Braz™-Binder



20 The t hi ckness of brazing paste layer generally should be about 10§€3 “JUL-2007-
200%of the average grain size. This thickness is .governed by such
factors as the abrasive concentration and the fraction of binder used to
make a paste of desired pr operties The abrasive grains can be deposited
by any et ng frohpy; Sny; D% bfley il

ronPVi h i o 'bpﬁil O %’al‘?b’i‘)ﬁﬁ Cor g’tégl&}ﬂfr}aﬁ‘ﬁ)lﬁ%d on the

sprinkling. Such tec ni nab e abrasiv arhe

25 subst r atHeights, eMmh@ﬁj Al @ebilsABAaCasidi SBA| dm&tlm&m AB@ puldfel &t Wesgo,
di strlbutlgi of the ral ns can be continuous or intermttent.

| nterm t t ertelraont Qélé ogniat AicHYe metal praze ﬁ@nmtm pastes byluding bisderspremied

regi ons al lops. An.intermttent
surface di (squgll %gﬁ é\%&f %é%g&r%?@%géﬁ gmgégg’[neg &}Hk’“ﬁn re and
pront es Qlfd‘mpbmnCué?dh@rW1§c‘éﬁ§iﬁ@hderTHl@Lﬁé%ﬂE>t“U@A&n§:HE fsaep de§é hﬁ Pyaj on can
be uniform or 3D optionally, non-unifonn along the engtﬁ e Wwre saw.
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th | t hod.
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tures the ability to Control the s ace strl |on
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vol une or ggﬂght of, abrasi nit of wire surface sari be

adj usted e ¢ 63 E%afﬁtj?%‘yﬂvg’r qsdgéchggxrcal Q1 WW‘%W#@N“@MS@@&P i onto
t'he movi ng ek QR SN Jr%o ?&gﬁ&hfh%‘éﬁrf@&*ofj@eﬂef ﬂgﬁfé'ﬁf Og]r%ng 5{?@1 t ' on.

Addi tionally, the anplitude of sprinkling can or o
peri Bdi cal materals edetaddadthi eve a periodic | ongi tud| naI variation i n surface
deposi tion. ternatively, re can be passed through a fluidized bed

of grains in & &emoodime, th Q'E‘é“ds%rﬁ%?ﬂrlaﬁf’ ah@ﬁ‘ﬂ(ﬁér%ﬂs arp epplisdisequentielhysi t i on

Subotant] al Ty 5 opi FRORIRAa i b wiRTRRLA BYBRNG HR B b Bt

t enpor ar i | pahiekbampaositireis @oged ontotthe Wira sinfigreb Tht |1u§ret 8fjdsiteofmPh béd'® paste
which is in al ontact with the wre, i S not gosmblefor

mul tiple | 5FEMS tgﬂfvgr@% foeregtieryhejahrasive gpraingare ésmqsaﬁ‘bm the bpd of pasteni re can
be shaken genmevthmnegs%kgmﬁ.ggﬁat@Ea;yepgenéragﬁs%mdm%'a%ogtrﬁio“%owf%pgfe’ the

wire can be drawn again throu positiion zone tT0 "I ncrease
overal | sunvexege ghagi sizeb fhiothidmedsds poesiedibysudh fictdrbud the abiagivepar sel y

po.pul ated coznocegtratlon and the fraction of binder used to make a paste of desired properties. The

abrasive grains can be deposited by any method, for example, by individual placement,
dusting or sprinkling. Such techniques enable the abrasive grains to be placed on the

25 substrate at a preselected surface distribution. The surface distribution of the grains can
be continuous or intermittent. Intermittent surface distribution is characterized by
abrasive-free regions along the wire between abrasive occupied regions. An intermittent
surface distribution tends to reduce the forces exerted on the wire and promotes
efficient swarf removal. The continuous surface distribution can be uniform, or

30 optionally, non—unifon;x alohg the length of the wire saw. A non-uniform continuous

distribution of grains can approximate the performance of an intermittent surface

distribution. Optionally, any filler components well known for use in abrasive tools also



Grains deposited vertically onto a horizontal wre are not expected to
contact the wunder side.of the wire. To coat the wire surface unifoywy 700
is reconmended to rotate the wire about its |ongitudinal axis through a
presel ected angle of rotation. Subsequently, the rotated wire can be drawn

through t hecad@ieepplitdio dRELhaOfieR cérRpsteh@W GeRBratly uh filler &ﬁ:lxr#ongﬂltsgré he
freshly up turned portion of the wire surface. Another technique is
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shape and di nmensions are selected to be 30 s LTy arger
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et
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thick | : asi i ns. t he. wi r.e. | t : ||
ooy et ared | Bhe ol ke (ORRLA B b OFioN &ie lher fatiRs Bie by 56 ovi de
ext ended aliepssivabrabivedrains fyy soMsiagiliallysa SAERRARE litkh&ssIARP! BaGuse 5t ended

durability is especially desirable in coarSe cutting utilities V\%ere wi der
ker f 1f t her#¥ ereferaperarily; heldin Macekmion & biarzisg bythectadlshess of iterpasewhich

tol erat ed. ;Accor.di nal t he. prem.xed .grai n/h i ng paste enbodi nent of this
i nvention al 5o f(’?g%lqgéxﬁtgtétdw?}g{hﬁr‘wﬁ’ égﬁﬁﬂ?sﬂéﬁ?f’b‘?‘éﬁﬁ@&@y?ﬁéfglﬁ‘ﬂltsléﬁess .
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| ayer of prem xed grain/brazing paste in a single pass or ding up a
t hi ck | ayerdoasglyr el urtherothetwirgcaarid doavaz bgegn throughl thy deposttionohé k! e

passes. Th i e S hod. | referred because i.t reduces the exposure
o the wi r o esR G R P Eel e e PeedRE sk ulioy Fespazsiyrpapulaie
af ormnent | arag. met hods of applying the brazing paste and abrasive particles

are not intended to be limting. Qher variations for preparing the
conposi te of $aies deppsidyertinally operrchasizapiekivire are nob dxpestedsd eentharthdr azi ng

that are app : o] rdi ki | in.the art are cont | ated to
fg@h! within ?‘ffgsmﬁu&rt&?éég’vﬁ& o8 e Biice aftpipl, b sRehuieen 4 g
osi t i ofheawite absiasis Yengdtdinabaxdy BrdughR ;ﬂ@s%le@fédtaﬂgle%?r%{i@n. the bond
conposition is sub{ ected to thernmal treatment to ultimately braze the
Subsequently, the rotated wire can be drawn through the deposition zone again to allow
25 grains to fall onto the freshly up turned portion of the wire surface.
Another’-technique is contemplated for depositing grains over the surface of the wire
in a single pass.. This involves coating the circumference of the wire with brazing paste.
Then the coated wire can be drawn upward through an orifice at the base of a conical bin
containing loose abrasive grains. The orifice shapé and dimensions are selected to be
30 slightly larger those of the wire. Preferably, the gap between the orifice and wire is less
than the average grain size to prevent grains from falling through the arifice. As the

wire is drawn through the orifice, grains adhere to the tacky surface and are pulled away
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grains firmy to the wire. The wi re/bond conposition/abrasive conposi ‘?NJUL 2007
shoul'd be maintained at an internediate tenperature, usually much bel
brazing tenperature for a duration sufficient to volatilize the fugitive
conponent of the liquid binder. Thereafter, the tenperature can be raised
to fuse thewittothd wicergtmgngrains Bt motivadexklsysth8 @oniasl shepecafithe bt toithpinge
continuously by passing the_noving wre through process zones maintai ned at
appropri at ot nheEWHP SN SRRk hefodiho Thesgorish b\ e o8 Vehrated er phspwise, t he
wire can b : : &) L 2002 Brazing is
per f or med :dtg“gﬁlég\?%P @ﬁ@ﬁ%@@?ﬁ%ﬂ?@?@%ﬁé@?@gﬁi]a%ouéxgrt]lzel éfg#éaet'i on of numerous
syst em par aneliedsotisdt embadinseal,i theipastd apdi giaias mrﬁpgnat ¢oneurréiiBe Tat ishhebr aze
met al bond conposition, geonmetry and material of construction of the wire
and the priyaing are psemixsd tvidithe brazing pasiea dhe erairrbgariag passe és then applied tean

graphitize S un above 1000C i r_and abovge about 1200C
under vacm}ﬁ% B?r.ei%ﬁg’)ﬁ{ rg}ﬁf%‘?@i gheegrgx'ns g)&ﬁ)h? g‘éperf?fie}nﬁi%%@%atﬁfr‘@“ Mahi ch
di anond gr aphkdnitraton JERSPAife @R thélFbe 4pplidd iodRe WireDyRAAVERiondY wie 88atin
menti oned, exposure to clevated tengeratures can adversely affect tﬁe
t

st rengt h ofmethedsiilt is pr¢femedethat excess thickeess dégiairabdadng pasie szemaved tocashweest
possi bl e tq terrﬁgrat res.. Ih‘?’ net al, bragi n% .conposi ti on should be sel ected
to braze pr # $ngle Parficly ihickpess jawes eI abipsiv 5 Q¢ Wifey  at  about

850- gp0C. Thentdagba®lelltapprciaviatthaiaHhtipReaPRilé HidKREssUbHRTveaBydrigh t

at nosphere to protect against undesirable oxidation of the braze
conponent s.pravide pxtendedabrasiyghiurabilits whieh is semetimesiquitetimportantt [Extendedert gas,

" h as nityogen aor argo r.a, full vacu that 1§, ~ bel qw.about 0. 13
W (oour hadittt eedaRy Brsidnle i noReia Ofies e wideeKert A 86 oven
QO her sui t ahhi6pERIaRARIS HdknBAAIrdSaw Eilsti@ion®aB &b tdl&aled ‘?ﬁcéﬁﬁ%@?, heat i ng,
and | ocalized area heating nethods, such as induction heating,”1aser
heati ng, i rfreraied ghembiazipggnsteeinbotinmnt bEtis ineattionglsoaad be asd 1@girowids a of
[ educe potential for weakening the

any of these. .Localized.heating nethods .
wirelue td“‘i‘ﬁpg\}@m‘i‘?( £3s 8b Smcd?‘yef'eﬁé’ér‘%&‘ifﬁ’g’é’ﬁlﬂl_“ééé’lHlé‘é’ég&1?ts heati ng

ot ing | nePERPRa R ichday SRPplekiRed grairEiiFE b, I CE BB or BRI AR

coating inc ecl se patterns o ta i NS Of the
wire. In suph thickdayenbiprepeettdlyadepositing emhbriazing ¢hin Veyers ih amultiplepamses Die
brushi ng. shaking or air. jetti the wire. The renoved_ naterials can be
recover ed fSB’rgI‘nggéi“tﬂﬂé)dr‘éb{Fé?"f .CC%veé&“Clﬁg}?gixﬁo%? pithe peredgibigh he wire,
the metal sghfghne@nRRlcal edRR thedi th an aqueous binder system because
t he hydrocarbon flux needed for effective soldering is inconpatible with
t he 2iqueous bTheleforaysittiontd matibdaof apphangriie drazifg paste adlabieasivequniaddstaron i s

applied as a ste.in a.hydro bon base.. A sui table hydrqcarban is
et of eum [t Fyendes Lobg Ui e SREAaraR T fr PEDHIE WEBEposte of wire, brazed

metal bond composition and abrasive for brazing that are apparent to one of ordinary

. skill in the art are contemplated to fall within the purview of this invention.
After the brazed metal bond composition and abrasive grains are in place on the

25 wire, the bond composition is subjected to thermal treatment to ultimately braze the
grains firmly to the wire. The wire/bond composition/abrasive composite should be
maintained at an intermediate temperature, usually much below brazing temperature for
a duration sufficient to volatilize the fugitive component of the liquid binder.
Thereafter, the temperature can be raised to fuse the bond components. This process

30 " can be carried out cont{nuously by passing the moving wire through process zones
maintained at appropriately preselected conditions. At conclusion of the process, the

wire can be wound onto a spool for storage.
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30 In a particularly preferred process for naking the novel wire saw) 33y 200
circular cross section, nmetal wire is drawmn from.a supply spool and
directed dowmmward along the central axis of a vertical, cylindrical paste
chanber. The wire enters through a sealed 12 2 3 JU 1001 orifice in the
lid of the chanber. The chanber is packed with a uniform m xture of

super abr asi ve pgdAhdR: pefoRAST & cﬁvaféd?&ﬁﬁ@rat@l‘cs%ﬁllcgﬁﬂ iﬂ@&r\%ldc?ﬂ?i%g ofonposition
and a fugitive |Iliquid binder or hydrocarbon base, respectively. The wire

i s wi t hdr aviunferews sysembprrsroetersahich fsesotidasriquidtudempghutare cirpe Wi ae Kraid | ce

having an in ef dianeter. | a;g%;r t han, t he wgr s dianmeter. Optionally,
pressure i SNUglhand Fogpositian, gtomstry and galesia ﬁﬁ?@swﬂmﬁfﬁh@wrsemmc

abr asi ve/ br@zk; : ] ¥ compr essing the

i xtur e i Cpae G Re b bEtali. ddriaf R BBl oY pBBREE R ol e it
.abrasi ve gnemperabmisebtiecabout § 060°Orintairl andabbdee abbe 1 2002CRInGEr Wicutf%r fdrd | Ce
is selected to assure that the |ayer of grains on the wire is either of a
singl e par tfePPhers Qiroysseothe semparatprst at whish digmend prapkitizssdeptodsTorethe oat ed

W re next ] Lo a multiple tenperature zone, vertical oven. The
upper nost Eaggaﬁ%ﬂ%gfc@isgr%ven to which the wire first becones exposed is

control | ed at Alsordsendmidhéd, @xFdsaratb @EvhRENGhAErLES chR ali¥iFse] about
250-500C. As the terrperaturgd of the wire i’l??creasecs ian t%ily’slgggcéiﬂg)cn, t he

fugitive | isHengthedthsomient Hence, itds ofiemdesirabloitabraze sethe ldwest pbssibly reacti ve
nmetal, co nent ., such as fitanium hydr,i,de, i resent, it also reacts to
depoLolt gf:) ?'U%crﬂté‘f?fr %mﬁf?ﬁmé"_{%ﬂﬁae‘i‘ F}F%ﬁip g‘l‘_ cdr'@d?f@ﬂ@feﬁﬂﬂbhet}toven
.remcont rolabgst sdonﬂfsﬁe@,dﬁ,a%arc%Permgnﬂgthaﬁe)ﬁgﬁgogs;&bfgs up to the brazing

erature In one or nore zones. e oven .ZOI’IES, t he zone

t enper at ur es FhelthehRall tisagient ¥edudd bé erﬁnﬁch‘%nd&i‘iJn%&@ﬁt?ﬁd}nghérgli(?‘;%&c& he oven
2a te es.

determ ne the duration of exposure to the various eratu The oven
can be sealegtinstomdesimable 9xidation@fthertirazeongonesphTheineAmtmospbiere cah behe base

and an out | at the t.ma of the ov%n are provided to sweep the interior
with an ir‘i'g'tﬁ‘f'“%;& icr withi an Inert gas, such aguirpgen or greop .y a full vacuum, that is,
Wi r ejseaves belw abaue .18 Pa (abotit 0:00¢ &rith Ha) abeslistei ce in the base. It is pulled by
a turning pulley which redirects the wire to a horizontally oscillating

wind up 2s sPwoheatingean wkeplage indnl evgnc Othdrsuitdtiemethdds of Reaiag lnchidd oW -
t enper at ur Wl oolant. to quench the wre prior, to wnd up. The pulle
al gg pl apegkf ‘Jﬁ#gg%c?’é&ﬁrﬁcdlgﬁnhf‘%ﬁgaE‘ffagﬁc‘jt”ﬁ%& hcapfg &fé}é‘@é sugh eﬁgw_ugm@ cgnlto er 01}/
the orificheating, lebér He¥®Rp, iffarSERdatiAR 8Ad clefiforbdath ﬁe’%wng,[(mfg.*}bfnbkx&ﬁg} éﬁ” 'S

wel | suited to cutting thin.ceramc wafers froma wo i ece. ape of
the cerami 8n¥@kthessi densalizedheating inethodd redG@ pbygitiabfdr weiakening thelvirddicoa!

boul,e of u a t, 20 about I nche di aneter. The wire saw can
inc Izﬁde a §Y%%FEQS\?\JII¥?’ g)z’ﬂggggé'_gpc? Y ﬁ"%‘ifﬁgﬁcﬁ%'%l}‘??‘“g 6“%“95gﬂ&§°§§9§°9bﬂleut a
si ngl e waf gpporfunitité cisfelntehkitent dbrﬂ%fboﬂﬁﬁgsinefudfr% ﬁ?%ism&hﬂl STokg s 1N
' pass, for exanple as 13 .
metal bond and grains on the wire. In such case, unbrazed material can be removed, for
example by brushing, shaking or air-jetting the wire. The removed materials can be
recovered for possible recycling.

25 When using a solder to make the wire, the metal solder cannot be applied with an
aqueous binder system because the hydrocarbon flux needed for effective soldering is
incompatible with the aqueous binder system. Instead, the metal of the solder
composition is applicd s a paste in a hydrocarbon base. A suitable hydrocarbon is
petroleum jelly. Also useful are parafin oils and waxes.

30 In a particularly preferréd process for making the novel wire saw, a circular cross

section, metal wire is drawn from a supply spool and directed downward along the

ccngral axis of a vertical, cylindrical paste chamber. The wire enters through a sealed
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2 3" .~u~ 2002 disclosed in US. Patent No. 5,616,065.t0 Eggl huber, WZBCHHZUUZ
i ~s i'ncorporated-herein by reference. A series of single blades als0"c

be configured in tandemto sinultaneously cut nultiple wafers froma work

pi ece as shown in Fig. 4 of aforementioned U. S. Patent No. 5,438,973. Due

to the attag; - fi: | ngl el ay f small . unjformy.sized s abrasive
particl es g’?llrhggﬁ ‘}]%(%'r?a Oaﬁiéeha aﬁ‘bc??ogéc @Eg}solc(r)h ﬁ&c'ﬁ@n‘g%ﬁ ‘%fg'é“ mixigreRivel ~saw
can cut tRuperubrbsive ghains, £ past@6f 4 brape aﬁsoﬂ’m%mﬁ%nﬂlo%&ﬁti&?MJltuighl\% wast e
of work piece naterial. Mpni mum wast e and high cutting efficiency were

observed whigHid biadegior bydrgeerben bess. feapectively EThamizsis iwdthdrawefrem usebbtiom
ceram c cutti kS l.nventi.on is.illustrat.ed by the fol]|ow ng
ol os. - ohulHERPnyoling SYRTDHAC: biite kiRt SliFoas et tiehoyie: ght
unl ess ot hafamdie. iOpliopall L GresSlide i4Bidred @ bl LG nal 1y
obtained in SI uniatsrg hav§q>l;%encéof\uvcg%edf‘tl%el\%lw%i ?gqu@ﬁf@%&"éﬂ&A dry
m xt ur e wagbrsivpihrezingyastel reixdira intd theStambeporatn) domymessaiy he Hiikilre Ve -

powder (< 44 m rti.cIF Sl zg})], 1.467 g titaniuym hydride powder (< 44 m
particle 1BISIQn ehhe wireleqving dheorifineds thins ¢patae withgibeasive grains emheddediirethe
resulted i 0 : | i1l OR. fugi tive,liquid .

bi nder - viassesRra o THE Branfh 680le SRR LRG3 hic? ot (o ofping od

Braze- Gel (Hdiwir@isGithposfat simgly puvticte thioknés 0k midMiple padict thidkRgsswat er . The
l'iquid binder_was added to the dry m xture and nmanua]ly stirred wth a
spatil a i n a Gierosted varenexy descends intei f wrliplaiomperatisre Zoneywertic@iovehoThe 2 m of

hi gh carbo rrab t n d ented wwre of 0.178 nm (0. 008
mch) di o er%g#%ﬁf*f g’% ‘{Lﬁﬁ3§g‘ﬂn§*h‘é‘e§ﬁéﬁn‘térsg‘?°°8%a?xﬁﬁs Sisfoatrolledaa| t he
'_ !gte ontmerifediand slevaidd@nipeainass i therat@s ofhbout n56:308¢ren Ajrgzed under
vacuum < 0.13 Pa (< ImHg) in . an oven at 880C for 30 m nutes. A brazed

net al bondtegpgratwmsred thehwixs incecasesrie thiasegio) tise faphiiedirdid nfordMRIfME A dry
m xture wag, Brep?r Eid by bl ending 90.9 g prealloyed 23 % Sn/ 73 % Cu powder
(< 44 m), 998" YOIRQNZE-ani um hydri de powder (< 44m particle size). Natural

vor U por Hahy "eaeyPRield pBpShehf ot b RMIRRR, TRidtny EebeFeactiuea b nder

vol ume percent neta pc~ce mon
~was separ adagoyit peteganedl indhe biize comparitith. T W reibnsuTths oNntdrdc Bt EPGel
e

(N L2 CoRaRabion), Ml it Rl S ol bl e ST e P
a gl ass beafgs, v hdight dfthd Ve8RS ﬂw‘%_ﬁc tc%ﬂg?ﬂux%]; and th\éqgngprt vc}élcity of the
wire passing through the oven determine the duration of exposure to the various
20 temperatures. The oven can be sealed for isolation from ambient atmosphere. An inlet
at the base and an outlet at the top of the oven are provided to sweep the interior with an
. inert gas. -

. .______Thehot, brazed W'lr,cic.akcs,.thc_ovcn,through,a,cemra]_opiﬁcc in the base. Itis

pulled by a turning pulley which redirects the wire to a horizontally oscillating wind up
25 spool. The turning pulley can be situatcd in a bath of low temperature, liquid coolant to
quench the \yine prior to wind up. The pulléy also places the wire undc.r tension so that
it passes through the center of the orifice and the oven.
As mentioned, the wire saw of this invention is well suited to cutting thin ceramic
wafers from a work piece. The shape of the ceramic work piece is not critical.
30 Typically it is cylindrical boule of up to about 20 cm (about 8 inches) diameter. The wire saw
can include a single wire blade configured similarly 1o a band saw to cut a single wafer

from a work piece in each pass or to cut multiple wafers in one pass, for example as
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Z 3 J Ul 2002 percent binder mixture. A 250 mdianeter Irtconel718, wir
wads then drawn through this paste into a tube furnace (flow ng argorz\%\,i]lﬁhﬂ]&2
1 ppm oxygen) where the high heat section was set at 915C at the rate of 1
meter per mnute. A brazed dianond coated wire having sufficient

nmechani cal g; f d fi.cl brasive grain . coatin 5 to cut
cer am 1: waf g:%élﬁé\%lsxﬁo Sa‘l’“ﬁ%@%‘tw@ go g&‘:“yb?ﬁgﬁ’ﬁlﬁﬂés Wﬁ@‘lpﬁl%éﬁhh@dntb;

bl endi ng 99referpiozal AQ¥ees HBsif 9 folele article siu), and
1 g copper ISO\;der (< 44 m pgr l?yagicg?lﬁgc Nat‘SJrngIg(légﬁﬁrtfionrqgmﬁfPH“@“’PH?‘HJY

copper coat f"igutiplaweferg fropar wiodk piess asshatniin Bis 4tdfedforadadohd IU[P‘ Hﬁgn[ atio
of 7S vol urﬁgogsei@ew nBt al to 25 vol urrg percent coated di anond. The dry

mi xture was  Xddett & aDHFsQ Hieenigehment php sngle; layarpf small ainiformglysized

wei ghs . per cabpdsivd i Al fl | L.y st.irred with spatula in a
gl ass beaker uSFItiIlgﬁédﬁgr}‘ih11?%:?'21%855%1Pﬂmgsgm?%%%e%x’fgﬂ?%iwllﬁcn@‘ncﬁQVa/éF‘yH’tﬂn|§lé'r cent

sol i d mi xt uhis. wefe@H0e.ragiihimest aboul I00008) with S eii litlle WaSteldt b LR gh
this paste . into a tube furnace where the high heat is sectri anmniam;n(e%# at

350C at t hd"iiimumowase aad high guitingiefficiency vesmbbiened whoanhe ireoasseelbediy ©

havi ng suf fij cEg ical strength.and.a sufficient abrasive grain
coating to cut %%lr@gﬁgg@wg r‘é}’gc v s“gfaﬂm‘&F‘HBas WH3AMPL-E 4 The wires of

Bxanpl es 2 anthd inesntioh AShlaslrbd By LRTSNGIAE X XMnbfes SONLERCH fie, made 20 by
i ug R Subes

Laser Technol ogy West, Inc., and used to s

pol ytr yst alPFoppstiens and maercetagesnire by veigtit anlessistherwigsindRal8 WA sitsiJpe aver age
W re speed utting | oad used was 440 grans. Both wres

2-3 nms and the L
d a i nitiwézl\f\gqﬁlﬂ’d mepaye "8&0%9#)3«39{“81'951 @rd upits havy been cosvergd 9o SEohit@s a
ol ant dr%@tﬂ‘g? the cut. After 10 cuts, the wire of Exanple 2 had an
undi m ni shed cut rate, while the cut rate of the wire 2s of Exanple 3 had

sl owed to | es& drnarixturawas prepattd BPbRAdREI2IELE & ﬂr@tg]@?ﬁﬁ)ﬁ:; Wg%}g?\r%@ui on have

been selected for illustration in the exanpl€ ‘an e prec
descripti o Howgcrod%% Hpnpestidle size); 11467 edtitannmt Hyerige ppwder (o 4439m§9&$ﬁ61£ bi ng
scond of tREEk AhLRBEK WA S st felas: Phiooxtrerenslicd s a 33 votume
percent diamond composition. A fugitive liquid binder was separately 'prcparcd by
combining 20 weight parts Vitta Braze-Gel (Vitta Corporation) with 50 weight parts
distilled water. The liquid binder was added to the dry mixture and manually stirred
with a spatula in a glass beaker until a uniform paste was formed.
20 About 2 m of high carbon steel, lead bath quenched patented wire of 0.178 mm (0.008 inch)
diameter was.pulled through the paste at about 0.25 m/s to coat the paste
. onto the wire. The coated wire was air dried then brazed under vacuum <0.13 Pa (<1 um Hg) in
an oven at 880°C for 30 minutes. A brazed metal bonded diamond abrasive wire was

thus produced.,
25 EXAMPLE 2
A dry r.nixu_'xrc was prepared by blcnding_90.9 g prealloyed 23 % ST3 % Cu powder
(<44 pm)), 9.1 g titanium hydride powder ( <44 um particle size). Natural diamond
of average particle size of 20 um was then added in the ratio of 75 volume percent
metal to 25 volume percent .diamond. A fugitive liquid binder was separately prepared
30 by combining 85 weight parts Vitta Braze-Gel (Vitta Corporation) with 15 weight parts
polypropylene glycol. The liquid binder was added to the dry mixture and manually

stirred with a spatula in a glass beaker until a uniform paste was formed of 40 weight
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2 3 JU 1001 CLAIMS 5 1. ~ Awire saw conprising a core netal wre aﬂg ﬁ\?
abrasive layer, characterized in that the abrasive:layer has abrasi JUL 2002
gains affixed directly to the wire by a soldered netal bond, wherein the
abrasive grains conprise a superabrasive. 2. The wire saw of claim 1,

wherein the abr asi ve ll.)glé IS present as a single particle -~o thi ckness
| ayer. .. 3PCTSPRRPIeF mixture, 4)2503im digmeter Inpeneb718 witeowaslthensirasen gr ai ns ar e

present on thRRioWikis f cted.surface distribution. 15 4. The wire
saw of claim 3° vvhletp'a&:‘?m gng%r i CES HHAYIPB BlEOP Yt € 1%ﬁthugm)svhe& th&he wire

saw of cl aihighthcasseniminrwdstver a@ns‘rmmuémwaf ﬁﬁfglgég tpﬁ b d{% b gngﬁ%penf

The wire saw of claim3, wherein the surface

20 7. The \GOPtEd avive l@ﬁvu;g sufficient mévhrmical strengthand hwuﬁfcxénhﬁbxﬁﬁbé‘ﬁhﬁ%&'ix%ns
0 I anond,

are sypera s, Se ected fromthe group consisting
cubi ¢ borogagléllt \ré?ad’ég yyalers yes 0 }a@cﬁ of them 25 8. The wire saw-of claim 1,

wherein th EP a netal selected fromthe group consisting of iron,
ni ckel , cobalt, chrom um tungsten, nolybdenum and al |l oys * contai ni ng any

of them 30 9Admaumurcewsapvcpm@bﬁblmamgmegﬁemms 9Bio% SnY AU g hSwbainost en-
ee

10. The WII’ aw of wherein the wire netal is st e wre

saw of clat ”%@?'8 °rf”trl}rénwlrge°°@%%%°\’$@€( K(M W peitictedizs), Mataral
rect angul aﬂlamorﬁﬂk'lﬂ{ @bhmtcroﬁﬁ‘? E&'txggl)f a%rage gartlc\{ 51ze 6}%'1 »Q' s then ad?itladdes

10 in the ratio of 75 volume percent metal to 25 volumc pcrccnt coated diamond. The dry
. mixture was added to a mixture of petroleum jelly containing 2 weight percent zinc
chloride flux and manually stirred with a spatula in a glass beaker until & uniform paste
was formed containing 75 weight percent solid mixture. A 250 pm diameter Inconel
718 wire was then drawn through this paste into a tube furnace where the high heat
15 section was set at 350°C at the rate of 1 meter per minute. A soldered diamond Coalcd .

wire having sufficient mechanical strength and a sufficient abrasive grain coatifig to cut

ccrgmic wafers was obtained,
EXAMPLE 4
The wires of Examples 2 and 3 were tested on a laboratory wire saw machine made
20 by Laser Technology West, Inc., and used to slice through 25 mm cubes of
polycrystalline silicon. The wire tension used was 10 Ncwtons, thc average wire speed

. was 2-3 m/s and the cuttmg load used was 440 grams. Both wires had a initial cut rates
of between 1.5 and 2.1 mm/min using glycol as a coolant dripped into the cut, Aﬁcr 10
cuts, the wire of Example 2 had an undiminished cut rate, while the cut rate of the wire

25 of Example 3 had slowed to less than Imm/min.

Although specific forms of the invention have been selected for illustration in the
-example and the preceding description is drawn in specific terms for the purpose of
30 describing these forms'of the invention, this description is not intended to limit the
scope of the invention which is defined in the claims,
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section is flat. 13. The wire saw of claim1, wherein the abrasive Paygn 70 -
further conprises a filler conponent. 5 14. The wire saw of claim1,
wherein the nmetal bond conprises a soldered netal selected fromthe group
consisting of silver, tin, copper, zinc, cadm umand | ead, and all oys of
these netals, and conbi nations of these netals and alloys wth at |east one
filler _ conmponent. 10 15. The wire saw of claim 14, wherein the sol dered
metal comgr.smisan alloy of silver and tin. 16. A wire saw conprising a
core netal wre bonded by a netal bond to an abrasive |ayer, ~5
characterized in that the abrasive | ayer has abrasive grains affixed
directly to the wire. by a brazed netal bond conprising a mnor fraction of
an act’i veA vetedawsaingistg afmmrtem»uj:rc?nﬁ aﬁ@Bﬁ:isB/Eili}@r,(l'{haﬁabteﬁﬂédalmm&taht alum
chrom um , and zirconium .the -wre_di ter at its largest dinension is in
the rangethtRoragiye Sayer has a&Fﬁi“‘tet%a‘%?%Fsg‘E’ l:é'ltﬂéhea‘ﬂie?kﬁﬁép]élﬁﬁéﬂ@ﬁ@ grai ns

present ighnd, WhSnthPabihakioh Braiddl GKIPFSS a bietibraste.

2. The wire saw of claim 1, wherein the abrasive layer is present as a single particle
10 ' thickness layer.
. 3. The wire saw of claim 2, wherein the abrasive grains are present on the wire in a

preselected surface distribution.

15 4. The wire saw of claim 3, wherein the surface distribution is continuous.
5. The wire saw of claim 4, wherein the continuous surface distribution is uniform.
6. The wire saw of claim 3, wherein the surface distribution is intermittent.
20
7. The wire saw of claim 1, wherein a majority of the abrasive grains are superabrasive

grains, selected from the group consisting of diamond, cubic boron nitride or a mixture

. of them.

25 8. The wire saw of claim 1, wherein the wire is a metal selected from the group

consisting of iron, nickel, cobalt, chromium, tungsten, molybdenum and alloys

containing any of them.

9, The wire saw of claim 8, wherein the wire metal is tungsten.
30
10. The wire saw of claim 8, wherein the wire metal is steel.
11. The wire saw of claim 1, wherein the wire cross section is circular, oval, rectangular,
square, trapezoidal or a polygon having 3-6 sides.
35
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17. The wire saw of claim.16, wherein the metal bond, conprises a bggzm 200
nmet al' sel ected fromthe group consisting of gold, si Iver, nickel, zin
| ead, copper, tin, alloys of these. metals, and al | oys of these metal s W th
phosphor ous, cadrri um or vanadi um 25 18. The wire saw of claim 17, wherein
t he taI aond. co [ essentially of 10-30 wt %
tin -@}fﬁﬁ'lr%f‘ﬁan? a?ﬁ ﬁ'o ‘?%? h%%k,%&@%édu%%gﬂ% re saw of claim 17,
wher ei n the wire is a rretal sel ected fromthe group consisting of iron,
ni ckel, cobalt, chrom um tungsten, denurp and_al | oys 3a containi ng any
of tHam Jhe winsr saves elaim niWhgeia Wicr é’@%{W’f? & cwpgsesnﬁtti Thondi ng
conpositiaq ol %rilg lﬂbram ve grain, characterized in that the process conprises
t he steps of" 2 3 JIJI 1C-?~ (a) providing a paste conprising a netal
bgndi ng conposition that is a netal braze conposition selected to braze at
850-950C or a netal sol der conmpositio | ows at te t,ur el ow
400C:14( b) Beaviresaw RE claimslabersin theanetal m@"\m“ﬂ‘%‘s%@é‘?‘d‘é@{‘h" “’pség"ﬁé’g 5 (c)
deposi tin beasdiv® dhiddedss and dlloyesft i ng
the wire ?‘f]&grﬁﬁ“'{]ﬁgpﬁxgﬁsrlrgis§%§g€%€tlgaab§gper&g?ure and for a dur atl}kosn
ef fecti ve thesef memls; lnad ombinagioon wfdbései metalsasnd dgyscwishi atgeashong filker
t hereby bonding the grains to the wire. . to 21. The process of claim 20,
wher ei n tlf@"%?ﬁg ¢ ve grains are deposited in a substantially single
pgrticle thickness layer. 22. The process of claimZ0, wherein steps (b) -
(e) are carried out continuously by drawing the wire throu h coatin
deposlist i nglherweiae saw ofipldim d ) whgcmd}:esoldgsd el coMpEsgSAnd! °d|°ef| iveanduher ei n
bgvvl ng includes disposing the wire horizontally in the deposition zone and

ositi n '\ ncl udes sprinkling the grains dowward onto the horizontally

di sposed w re.

16. A wire saw comprising a core metal wire bonded by a metal bond to an abrasive layer,
15 characterized in that the abrasive layer has abrasive grains affixed directly to the wire -
by a brazed metal bond comprising a minor fraction of an active metal selected from
the group consisting of titanium, tantalum, chromium, and zirconium; the wire
diameter at its largest dimension is in the range of 150-250 um; and the abrasive

grains are superabrasive grains present in a single particle thickness layer.

20
17.  The wire saw of claim 16, wherein the metal bond comprises a brazed metal selected
from the group consisting of gold, silver, nickel, zinc, lead, copper, tin, alloys of these
. metals, and alloys of these metals with phosphorous, cadmium or vanadium.

25 18.  The wire saw of claim 17, wherein the metal bond comprises a bronze alloy consisting
essentially of 10-30 wt% tin and a complementary amount of copper.

19. The wire saw of claim 17, wherein the wire is a metal selected from the group

consisting of iron, nickel, cobalt, chromium, tungsten, molybdenum and alloys

30 containing any of them.

20. A process for making a wire saw from metal wire, metal bonding composition and

abrasive grain, characterized in that the process comprises the steps of:

17



' 20 24. The process of claim 23, further including the steps of (cl) 23 jy a0y
rotati-ng the wire about the wire longitudinal axis after initially ;
dépositing grains and before heating; and (c2) repeating steps (c) and (cl)
until a preselected portion of the wire surface is deposited with grains.

25 25. The S)rocess, of claim 20, wherein the,degosi tin @t eg [ ngl L{)des

passi ng t he®)wi r Brovising g Rasie gamprisingRmpiad bepding, "@.{EPQFB“’SW ptis ajmetal brazge, ; o

gas. 26. The prgg&goégg;n ngcw (0 bratB & Hs0-9s0eC Y AThetR Sl SorRitionX ed

with the paste uniformconcentration prior to coating the wire with
paste, and f urtwhichflosvseit tentpeeatgpreabelowdt®08CNi ng paste is applied to the

wre there acconpl i.shing the coating apd d siting steps concurrently.
18, 2 3 JL@)fZOO"fagg.g “‘ﬁfé‘”ﬁ?fo%@é%w&i“@ﬁh? [%V?@?fqaﬁg?séﬁln the grains are
deposi ted () a gpasitifgBAtd 18V& driphstk RESRr bPAREsivegrainihe process of claim

26, wherein the grains are deposited in a multiple particle 5 thickness
| ayer. 29.(dYhe heativgdke vfirecinamings, atmosphices tc artpmpenapyge @hé fer agusttioaddi ng

to the netal .brazi.ng, c sitian a fill.er cogponent. 10 30. The process of
cl ai m 26, wher e‘f'fF“’i’ﬁg“’aﬁ'an \5’ “@P&Fﬁ@pﬁ?téoﬁéﬂ sited on the wire in a
presel ect e@) surdqfing Hesiré Mékdb9bonding the grains to the wire. L

10 21.  The process of claim 20, wherein the abrasive grains are deposited in a substantially

single particle thickness layer.

22.  The process of claim 20, wherein steps (b) — (e) are carried out continuously by
drawing the wire through coating, depositing, heating and cooling zones.
15 .
23.  The process of claim 22, wherein drawing includes disposing the wire horizontally in
the deposition zone and depositing includes sprinkling the grains downward .onto the

horizontally disposed wire.

20 24. The 'procws of claim 23, further including the steps of
(cl) rotating the wire about the wire longitudinal axis after initially depositing
grains and before heating; and -
. (c2) repeating steps (c) and (c1) until a preselected portion of the wire surface is
deposited with grains.
25
25.  The process of claim 20, wherein the depositing step includes passing the wire through

a fluidized bed of abrasive grains in a carrier gas.

26.  The process of claim 20, wherein the abrasive grains are mixed with the paste to a
30 uniform concentration prior to coating the wire with paste, and further wherein the
grain containing paste is applied to the wire thereby accomplishing the coating and

depositing steps concurrently.
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31. The process of claim.30, wherein the presel ected surface di strig ti(?n
s continuous. ~s 32. The process of claim31,-wherein the continuo lsj L 2002
surface distribution is uniform 33. The process of claim 30, wherein the

presel ected surface distribution is intermttent. 34. The process of claim

20, wh th h | .ud I L] d
<ol odtioa MHGRRGSS B B Lbmnecdi s BRI ATACPROIF o e PSR

infi aced ljeﬁﬁtl ng and el ectron beam heating. 35. The process of claim 20,
wherein the grains are of dianond, cubic boron nitride or a m xture of
them 25 36. The process of claim33, wherein the netal of the wire is a

Cont & ng ParaoRies QicHAR 20, et dhdRen hes BRedlfE WL AR Bde s bona

conpri ses yRcR¢RYesTet al sel ect ed 30 fromthe group consisting of gold,
st lver, nickel, zinc, |lead, copper, tin, alloys of these netals, and aIons
of these nmetals with phosphorous cadm um or vanadi um 38 The process of

csconPl ol IS aFous 30 ARG A PRnpE At fehre) ik e AT ARG

further 19omgositidn Uﬁhlc,l&ﬁgpd;@mprl ses a mnor fraction of an active netal
sel ected Gomthe group consisting of titanium tantalum chrom um and

zi rconi um 39. The process of claim37, wherein the metal bond conprises

3& hl um ﬁﬁ P‘%‘%%f%&%ﬁo%@ﬁ #%%é’jras%(y el n ?ﬁr&ggﬁtg?; “?%é?\’/g;‘/'?au ns are

coated w b&salcbt%&@ﬁrfﬁﬁedlaﬂblhldi@ formng active netal prior to brazing.
. :
31.  The process of claim 30, whcrein the preselected surface distribution is continuous.
1S 32.  The process of claim 31, wherein the continuous surface distribution is uniform.
33. The pfocess of claim 30, wherein the preselected surface distribution is intermittent.
34.  The process of claim 20, wherein the heating step includes localized area heating
20 methods selected from the group consisting of induction heating, laser heating,

infrared heating and electron beam heating. -

‘ 35.  The process of claim 20, wherein the grains are of diamond, cubic boron nitride or a

mixture of them.
25
36.  The process of claim 33, wherein the metal of the wire is a metal selected from group
of iron, tungsten, molybdenum and alloys containing any of them.
37.  The process of claim 34, wherein the metal bond comprises a brazed metal selected
30 from the group consisting of gold, silver, nickel, zinc, lead, copper, tin, alloys of these

metals, and alloys of these metals with phosphorous, cadmium or vanadium.

38.  The process of claim 37, wherein the metal bond comprises a bronze alloy consisting

essentially of 10-30 wt% tin and a complementary amount of copper, and further
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10 4;\_ The process of claim Z-ei n the netal bqnd conposition i§3aJUL 2002

met al - sol der. conposition. 20

39.

40.

41.

comprises a minor fraction of an active metal selected from the group consisting of

titanium, tantalum, chromium, and zirconium.

The process of claim 37, wherein the metal bond comprises about 69-73 wt% copper,

about 19-21 wt% tin, and about 8-10 wt% titanium.

The process of claim 37, wherein the sﬁperabrasive grains are coated with a layer of

carbide forming active metal prior to brazing.

The process of claim 20, wherein the metal bond composition is a metal solder

composition.
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