PATENT SPECI FI CATI ON W RE SAW AND METHOD FOR MANUFACTURI NGTHE SAME Fi el d of

the Invention The present invention relates principally to a wire saw for

use in working of electronic materials such as -sl.i.cing a | arge-di anet er

~Si licon i ngot into wafers thereof and working of optlcal materials such as
glass lens cutting and to a nmethod for manufacturing such a wire saw. Prior
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and a dressing |layer applied to the external surface of the core wire
havi ng t hepgy@ags abrasives |ayer, while Japanese Prelimnarily Laid-open
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A wire saw of the above-mentioned type has been discloéed' for example, in Japanese
Preliminarily Laid-open Publication No. Sho 50-102993, whlch compnses a core wire with
superabrasives bonded thereto and a dressing layer applied to the external surface of the core
wire having the superabrasives layer, while Japanese Prehmmanly Laid-open Publication No.
Hei 8126953 has discussed in detail the characteristic features of wire saws when used for
silicon wafer slicing operation, suggesting an advantage of the use of polyethylene nylon or the
like as a material of core wires for such wire saws.

Further, Japanese Preliminarily Laid-open Pubhcauon, No Hei 9-155631 suggests

use of electroplating process or a synthetic resin binder solution to ﬁx dlamond abrasiveson to a
core wire.

The aforementioned solutions certainly have lmprovements over the art preceding
thereto, respectively. However, for permitting commercial- scalé production of such wire saws
to reach a level ofpracucal appheatlons, it is necessary to discl and provide a structure of a
wire saw having fixed hard abrasives ranging from oonventlonal braswes such as SiC and
Al203 to so-called superabrasives such as diamond and CBN (cubm boron nitride) together with

advantages resulting from that structure and also to provide'a method of manufacturing such a
wire saw.




advant ages resulting fromthat structure and also to provide a nethod of
manuf acturing such a wire saw. 1 SUMWARY OF THE | NVENTI ON Accordi ngly,

it is an object of the present invention to solve the. foregoing problens of
the” prlor art by providing-awre saw-and a netho manuf acturing the
same, in which in a first aspect thereof there areprovided a high-strength
core wire having abrasives fixed onto the outer peripheral surface thereof
and a resin bond layer, the grain size of said abrasives being not smaller
than two-thirds the thickness:of said resin bond 1ayer but not exceeding a
hal f the diameter of said coSEMMARY OFHEHE BSVENTIONI of said resin bond

| ayer conprising a resin havi.ng a nodul us of elast|C|ty of 100 kg/ mierr]
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place, resulting in reduced cuthngz" " b111ty Further, to secure a

h1gh cutting precision for a long period, the abrasive grain sme sho dtpreferably be up to about
me-third the core wire d1am 'ter R

The filler, which’ "embedded in the resin bond layer stfor reinforcing the resin
bond, may have a grain size'sialler than two-thirds the resin bon ayer thickness.

As the high- slrrength dore wire, a string of metal, mebal oinde, metal carbide, metal
nitride, organic material or: carbon material may be used. Amongsb of all, it is most preferable
touseapmnomrebecausel :canbereadﬂyworked and finishe '_mto a super fine wire and
because it has a high homogenelty and strength. Piano mreé'may % used without any special
treatment, but it is preferabl to use wires after being subjecﬁ_é 0 a surface treatment for
improving adhesion to a re : I;brid and abrasive grain retention.

The surface m'eaUnent'fmcludes plating a piano wire w1 brass or copper beforehand
or applying a primary coat of resm onto the piano wire.

According to a- seeond aspect of the present mventlo the contents of the abrasive
grain and filler used are speclﬁcally defined. Thatis to say, | e oon‘oent of the abrasive grain in
resin bond ranges from 1 % by..-volume to 30 % by volume, w1th ' ﬁller content in resin bond
ranging from 1% byvolumé 5:50 % by volume.

With an abrasive :grain content below 1 vol.
remarkably due to an exoe i '

to retain the abrasive grains i

: %_"' the cutting speed decreases




I nprovi ng adhesion to a resin bond and abrasive grain retention. The
surface treatrent .includes plating a piano wire with brass or copper

bef orehand or appl'ying a prinmary coat of resin onto the piano wre.
According to a second aspect of the present inventi.on, the contents of the
abrasive grain and filler used are specifically" deflned That is to say,
the content of the abrasive grain in resin bond ranges froml @6by vol une
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descri be el na si nce accor I nVen a res n bond
layer is Wﬁn@éwdmwlgﬁ‘atyn and a filler each of a specified grain

size which are Q@b ikkhrdifatidve, since according to the present mvenuon a resin bond layer is
formed of an abrasive grain and a filler each of a specified grain sme which are contained in a
resin having a high modulus of elasticity and a high softening temperature the resultant wire
saw is permltted to be used for cutting or other operations in a conhnuous process.

Further, aoeordmg to the present invention, since the abraswes comprise grains
having partlcular sizes Iarger than the filler grains, the abrasive grams serve the cutting action
with their ends brought 11__11_70 contact with a workpiece under cuﬂmg ___even if the abrasive grains
are placed substantially flush with the resin bond layer surface without protruding significantly
above the latter surface. As the wire saw is used subsequenﬂy r cutting operation, the
surface of the resin bond layer recedes inward due to wear by ttmg and abrasive grains
become relauvely protuberant above that surface, which eﬁ'ects an miprovement in cutting
quality. Of course, it goes without saying that it is preferable to arrange so that a portion of
the abrasive grains protrude above the resin bond layer surface in ually at the manufacture of
the wire saw, smcemsuchanarrangementtheprotmdmgendsoffhe abrasive grains act as
cutting edges mmally when the wire saw is first put into- ttmg operation, with such
protruding ends acting also as chip pockets. o '

As t0 a method for manufacturing a wire for the: aforemenhoned wire saw, if is
advantageous 11) use so-to-say an enamelling process in which. i_aforesald core wire is first
coated with a coating matenal comprising a mixture of the aﬁ)remeﬁﬁoned abrasive grain and
filler with a solution contammg the aforementioned resin dlssolved"therem and then the coating




resi n having a high nodulus of elasticity and a high softening tenperature,
the resultant wire sawis permtted to be used for cutting or other
operations in a continuous process. Further, according to the present

i nvéntion, since the abrasives conprise grains havi‘ng particul ar sizes
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workability and formation of protrusion of the abrasive grains.
For the resin bond, any resins satisfying the aforemenﬁoi;_gd conditions for modulus of
elasticity and softening temperature may be used. Preferably, alkyd resins, phenolic resin,
formalin resin, polyurethane resin, polyester resin, polyimide resin, epoxy resin, melamine

resin, urea resin, unsaturated polyester resin, allyl resin, polyester-imide resin, polyamide-
imide resin, polyester-urethane resin, bismaleimide resin, bismalei_mide-txiazine resin, cyanate
ester resin, polyether-imide resin, polyparabanate resin, aromatic i)clyamide resin, etc. may be
used from the viewpoint of easiness in coating and pysical properties.

According to the present invention, any solvents perm1thng dissolution of the
aforementioned resins may be used, including alkylbenzenes such .xylene', toluene, benzene,
ethylbenzene, etc., phenols such as phenol, cresol, xylenol, etc., alco such as ethanol, butanol,
etc., ketones such as acetone, methyl ethyl ketone, cyclohe:ia_xzx_'_ane, etc.,, ethers such as
tetrahydrofuran, dioxane, etc., and aprotic solvents such as NMzP,DMF, DMAC, DMSO, ete.
subject to selection depending on the specific resin used. _

It is also necessary to improve the strength and wear- resu;tance of the resin bond
layer by adding to the aforementioned resin solution a filler mcludmg fine grain diamond, Al20s3,
SiC, SiOz, CrOz, BN, mica, talc, calcium carbonate, kaolm, dlay, tltamum oxide, barium sulfate,
zinc oxide, magnesium hydroxide, potassium titanate, magnesmm sulfate, or metal powder
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Proportion of the solvent in the coating conposition ranges preferably from
25 % by volunme to 75 % by volune of the total coating conposition. For
coating properties and protrusion of the adhesive grains to be effected
wheh the grains are fixed by drying, it is necessary for the coating
conposition to contain not less than 25 vol. % of the solvent; while its
proportion in excess of 75 vol. %is problematical, in that the drying rate
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speci fic peepaped pethihe precadingspaimgmethodsary to i nprove the strength and wear
resi stance of the resin bond | ayer by adding to the aforenentioned resin

S qerr] Bn, mica, tal o e PRSCRIEGNTIRRDRAMNGY 5 S P B bxi e,
barium sul fate, zinc oxide, magnesi um hydroxi de, potassiumtitanate,
magnesi um sul f ai“%ﬁ 19 a2 HleatiP WS Sctbnal view illustrating a structure of a wire saw 1
according to the present invention, having a core wire 2, abrasive grain 3, filler 4, and a resin
bond layer 5, with said abrasive grains fixed in the resin bond layer 5 so as to protrude and
project at least a portion thereof above the external surface of said layer.

Fig. 2 is a schematic cross-sectional view of a wire saw according to another
embodiment of the present invention, in which the abrasive grains 3 protrude only a small
height above the external surface of the resin bond layer 5 and in its extreme case the outer
ends of the abrasive grains lie substantially flush with the surface of the latter layer, as shown.

Fig. 3 is a photomicrograph showing an outer peripheral surface of the wire saw of Fig.
1 as observed at 200 x magnification, with diamond grains used as the abrasive grains
protruding in particulate shapes on said outer peripheral surface. |

-

THE BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention wxll be .described S greaher detail based on 4
preferred experimental examples accomplished to expenmenta]ly "-determme the structure of

the wire saw according to the present invention and 29 preferred examples accomplished to
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such as Cu or Fe. Anpbng others, fine grain dianond is nost preferred
because it is-highly effective in inproving such a strength and wear

resi stance of the resin bond |ayer as well as thermal conductivity of the
latter and also in view of the useful life and cutting precision of the
resultant wire saw. Next to the fine grain dianond, hard materials such as
Si C, and A1203 are also preferable. The filler should have a grain size

smal ler th t wo-thirds of .t he thi.ckness of the.resin bond and
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resin bon ayer and in its extreme case the outer ends of the abrasive
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shown. Fi gondlal proRElaa1160RW ng an outer peripheral surface of
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Her ei nafter, the resent vent nwll.be described i r.eat.er det
based on 4 preferr sggr(rpeafs {ﬁ exasrrpmilzeus acgoﬁf)lmgh tgregmngebné%e %tlal |y
det er m ne Edampletk; mmmat@fooahng composition used was prepared by adding fine grain dlamond

of 25 um in average grain size and SiO2 of 5 ym in average grain size to a phenolic resin

solution (phenolic resin content: 50 wt. %) comprising a phenolic resin (produced by Sumitomo
Bakelite Co., Litd.) dissolved in cresol, so that the resultant coating. compomtmn contained 2.2 ct/
cn® of fine diamond grain and 1.1 ct/cn® of SiO2, respectively.

The resultant wire saw had a wire diameter of 0.22 um and a resin film thickness of

approximately 15 pm.

Preferred Experimental Example 3

A coating composition was prepared by adding fine grain diamond of 25 pm in
average grain size and a Cu powder of 5 pm in ayerage grain. sme to a bismaleimide resin
solution, which was prepared in a similar manner as m ‘the foregomg Experimental Example 2
except that a bismaleimide resin (produced by Mltsm Toatsu Chemlcals, Inc., present Mitsui
Chemicals, Inc) was used in place of the phenohc resin, so that the resultant coating
composition contained 3.3 ct/em® of fine diamond grain and 6.3 vol. % of Cu, respectively. A
wire saw was fabricated in a similar manner as in the foregoing Experimental Example 2.
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the wire saw according to the present invention and 29 preferred exanples
acconplished to 5 determ ne structural requirenents of the wire saw
according to the present invention, as conpared with 5 conparative

exanpl es. Preferred Experinmental Exanple 1 A coating conposition was
prepared by: adding fine grain dianmond of 25 [err]min average grain size
and SiQ2 of: 10 [err]min average grain size to a pol yurethane resin

Luti | |
solution (pol yuigl Rafad: Siledads B4 & Wire ditndt'of 0. yureagﬁane re&%%ﬁsgofal 0

Co., Ltd. sald resm sol ution corrprlsmgapo ved in
a mxtureammamafeba&mme phenol and at |east one al kyl benzene, so that the
resul tant coating conposition contained 2.2 ct/cnferr], respectively, of
fine graln di anpnd of 25 !err]mm average grain size and Sigerr] of 10
[err]mi n efhen, the resultant coatl ng conposition was

applied onto a Wp’h‘éﬁoii@ mau@a@ysummﬁéB&eﬁﬁ vehsmnerd,ma@sblwe

i aneter Sitat phenof pret PR oty A3 1ol %a?zfathed EX AR SR S
1(‘) or2 rzrerr?ra |n gmgex?lémsdlﬂ?ﬁ,ame ar?lhbd aﬁﬁukmﬂfmam\oﬂd@f%mlilgibe{mﬁlgrﬂ d?aemﬂtsm oftH

appr oxi mat'el y a%fgfeeérl{]pr#zeé%r r e'%&@ng ﬁ%gncpmﬁé(s&on témiﬁ}g l%/hiﬁeﬁoftlamgeas’v{} was

f abri cat e@oluhonaﬁmmdﬂﬂhamdmdsdhtlmamGﬂol%@@MOMr Them thel re@ltanpl e 1,
except thatatg B&%ﬂé‘ﬁ@ﬁé&dn%‘abﬁ@s% 1%&9@&&@ 1@Mnma}ﬁdiaﬂﬂhe§r'a‘ikﬁtﬂer ain

G ol 151 5 EootR AR bbb croueh e %ﬁéﬁé’#n?” S
conpri si nmmh%gmmegaammﬁm%mﬁ&gm&uw&m Bakel ite Co., Ltd. )
ct] onforr] of fipeeaaliil P deh Sty GhbetRR P TR o t@?”@%ﬁ%‘éé Vel y
The resul apmoxiwately Bam.had a wire diameter of 0.22nmand a resin film
t hi ckness of approximtely 15 [err]m Preferred Experinental Exanple 3
Cuttmg Tests with the Wire Saws of Preferred Experimental Examples
_ The wire saw obtained in Experimental Example 3 above was subjected to a test for
cuthngamnglecrystalmhconblock ThesmglecrysbalmhconblockusedwaslﬂOmmsquarex
30mm thick in size which permitted a cut area of 100 mm x 30 mm,
. The wire saw used was 30m long . As to working conditions, the wire saw was
reciprocated at 400 mymin. under wire tension of 2.5 kgf usingtap_Wéter as a working fluid.
- Thecutdlithad a width of 0.25mmand cutting feed rate wasstable at 3.7um/min. over a
cut cross-sectional area of 1500 cm :
" The wire saw obtained in Experimental Example 4 above ‘was subjected to a test for
cutting a single crystal silicon block. The single m'ystal silicon block used was 100 mn square x
3Ommth1(:kmsmewhlchperm1tbedacutareaof100mm x80mm, - -
The wire saw used was 30m long As to working oondﬂzons the wire saw was
reclprocaﬁed at 500 m/min. under wire tension of 2.5 kef using tap waterasaworhngﬂmd.
~ The cut elit had a width of 0.29 mm andcumngfeedratewasstableaMGmmImm over
acutcmss-sechonalareaof 1500 cm 2

Preferred Example 1 -

A coating composition was prepared by mixing a pheno resin coating material
(BRP-5980 produced by Showa Highpolymer Co, Ltd. as dissolved in creso), a diamond filler
(IRM2-4 produced by Tomei Diamond Co., Ltd.) of 2.6 pm in average gram size and a diamond
abrasive grain ((RM30-40 produced by Tomei Daiamond Co., Ltd.)- of 30 pm in average grain

7



A-:coating conposition was prepared by adding fine grain dianond of 25
[err]min average grain size and a Cu powder of 6 [err]min average grain
size to a bismaleimde resin solution, which was prepared in a simlar
manner as in the foregoing Experinmental Exanple 2 except that a

bi smal ei m de resin (produced by Mtsui Toatsu Chem cals] Inc., present
Mtsui Chemcals, Inc.) was used in place of the phenolic resin, so that

L ey BB R RIL 0058 U S AR ool 2700

respectively W Tre saw wa in a
si milar neolvent sogbatithe xendtanbwegm wglpmmméﬁoml%ﬂs the splverg. Themjfde
resul t ant pdiltt & p@mﬁl&nﬁﬁsq B bifth aafasslpﬁ%dﬁﬁhawﬂe Gf(lfmmﬁh&lhh&er

phenol i o TR DT te'éw%a%e%%‘ R Bpred O B arior SPPa | 0

: CLESO: thm&zﬂdﬁnav&Eeaneﬁmﬂe;aﬁigmv@wtam lﬂllmrﬁrmeﬁim@a'&ﬁewdg‘l{(ejﬁsum _
enolic res the.,.result | C {10 wer e.adde e graln
(FZ)II anond o%?ﬁ@‘fﬁ%%%?g&%ﬁhﬁo%ﬁe%w &h %ﬁ ergge

grain si zm_aﬂahehgtbakéthnmulmmmtofﬂgmhmyﬂesaw1@mhemamaﬂ3téhewmhenol ic
resin sol yldgn 105 SUBP B0l efip a1 B i Y

vol une) . en e re Ita coating co I'on was a
br ass- pl apmph\?fﬁg 8 at 2W0xgnagnificationi amet er, and the coated wire after
bei ng passed t hpayoh ﬁmfvéﬁ@ta&%l &%@sﬁﬁxﬂﬁﬂe%ﬁﬂeﬁﬁoﬂﬂaﬁﬁoﬁ&ﬁms dri ed

to cure in a baking furnace 00 [err]Cto Db rmed ipto a wire saw. The
resul t ant WRFRa graip Hiee %mr‘theo@amz’sa s A%} YeFAge

t hi ckneSngej‘n i3 00>FONRME lay ridhsied My Iebtk t diffGetbRshs phicfide she diikutdaws of

Exampl ¢ SPEUBTPRLS A AN P Sb R RIS Singl 6 crystal

Exanpl e 3™§
silicon block. The single crystal silicon block used was 100mm square x 30
100 mMm x 30 nm The wire saw

mmthick in size which permtted a cut area of

used was 30mlong . As to working conditions, the wire saw was reci procated
at 400 mm mn. under wire tension of T8l kgf using tap water as a worKking
fluid. The cut slit had a wwdth of 0.25mmand cutting feed rate was stable

at 3. 7mifiT."OYEh\A 4 IRM30—40 IRM20—30
Nominal average grain " Nominal average grain size] Nominal average grain
|size " 30um . ize
26pum 21lum
Grain size Content Grain size Content Grain size Content
(g m) (%) (g m) (%) (xm) (%)
Below 1.1 2 Below 125 0 below 10.0 2
11~21 17 12.5~15.3 4 10.0~14.0 10
21~81 55 15.3~18.7 9 14.0~16.0
3.1~46 20 18.7~229 4 16.0~180
46~69 3 | 22.9~28.0 18 18.0~20.0 11
6.9~103 1 [ 280~343 32 20.0~22.0 15
103~15.3 1 84.3~419 24 22.0~25.0 21
above 15.3 1 419~512 8 - 25.0~300 - 18
Above 51.2 1 30.0~40.0 9
' above 40.0 1

Assuming that the wire saw according to the present invention has a resin bond layer
thickness (resin film thickness) of 20 um, the abrasive gain should have a 20 um x 28 =13 ym
8



cut cross-sectional area of 1500 cnierr] The wire saw obtained in
Experinment al -Exanpl e 4 above was subjected to a test for cutting a single
crystal sildicon block. The single crystal silicon block used was 100mMm
square x 30mt hick in size which permtted a cut area of 100 mm x 30 nm
The wire saw used was 30mlong . As to working conditions, the wire saw was
reciprocated at 500 nmm min. under wire tension of" 12.5 kgf using tap water

as a work T thda £ and cutting feed
rate was %?%E%JM%%%%%‘EH&H%%%%%&%M% Sectl onal area of 1500
cnierr]. PreferPhg Bsedroh ¢he resulie shawmgincBablo 4 IRMAv mighthecysed @d aoflleni xi ng a
phenol i ¢ &Rfiding Qi 9% B %rhﬁ&e aﬁ@&ﬁM@b-%’ (P‘I'RMO %‘%%1 produ&”a\émer

Co., Ltd. .as dissolved in cresol di am)nd | T er (1. RVR ced by
Tonei Di aWSIEPfaW@Xé élia#mmﬁql?aé ér‘?jP%’PP’Plél ze and a di anond

?Er :3;;’: gr ai n THeRIYRALlS Qedid Qﬁ ﬂlaﬁli‘lngg?ﬂg%p?g?f@ Ole{II ﬁwaﬁph&i o8 [ er/r L‘;n
ol e ool alkmdmi 5] 553 Bt B o o giro R b sheptafiatic i 4520 YOL L ¢
coating comm&eﬂﬂymhemﬁmfeanlﬁhﬂaﬁﬂoxvsﬂ it itdk vids el ordhd sucfideefithe alinies ul t ant

D BEP Yeh R o DA R0 G210 3 A Bl: KMo, B iy 17T 1 1

di aneter, qirEe el'ng passed

0.28mMmi WMM@W&%@M&# ed in a vertical enanelling oven at 300

[err]C to be T OopREmbatiiedsn debrBarke With TREratifSibthét or dMafie] Wi siEjEkt o JIST €
diameter of 0.239 nmmand a resin_bond | ayer thickness: of aggrom mately 19

[err]m af@@@%@ﬂmmﬁb°%mmowwm Exaonle & had a seftepioge” saw
I s schenefeinpatabute 6f830/C.i N cross-section in Flg 1, and a state of its outer

peri pheral surf ce IS sho d ot of Fi 3 at
200 x magnifica oﬁ%e%quﬂ@e& @‘P “3’3“%105?‘? fﬂgn

t he afor emmmmlmmwmmmﬁamw@cmmmwmmlmmma
[err]ma [ lg*@ﬁ [ c0f 30
[err]m ggagrréi;tsagr eg Eg“‘g ract o%t&{r]gdgg?ﬁg; e Sl ze dlrkggl‘l ut i on
nmeasur enepresengef spnngApgling e cutipe warkpnereededscerssinlly ¥ cutting|speed

of 6.8 mw/min. nnmedlatelyaﬂerthestartofcumng and 4.6 mmlmm 1h0urthereaﬂler

Preferred Examples 2 through 6 and Comparative Examples 1 f.hrough 3

In place of the phenolic resin coating used in the Preferred Example above, a polyester
coating material (Delacoat E-220 produced by Nitto Denko Corporahqn, Preferred Example 2),
a polyester-imide coating material (somid 40 produced by Nippon-‘_-s_ll__f;okubai Kagaku Kogyo
Co., Ltd; Preforred Example 3), a polyamide-imide coating material (HI-406 produced by
Hitachi Chemical Co., Litd.; Preferred Example 4), a polyurethane coahng material (TPU-6155
produced by Totoku Paint Co., Lid.; Preferred Example 5), a b1sma1e1m1de resin coating (BMI-S
produced by Mitsui Toatsu Chemicals, Inc. (present Mmsm ChechaIs, Inc.) as dissolved in
cresol; Preferred Example 6), a polyamide resin coatmg maﬁenal (CM3001 produced by Toray
Industries, Inc, as dissolved in cresol; Comparauve Example 1)' f'a phenoxy resin coating
material (YP-50 produced by Toto Chemical - Industry Co. Ltd: as dissolved in cresol:
Comparative Example 2), a silicone resin coating matenal H- 19 r uced by Toray Silicone,
Ltd. as dissolved in cresol: Coraparative Example 3): were used, res ively. Wire saws were
fabricated and subjected to cutting tests on single crystal s1heon blocks in otherwise similar
manner as in the preceding Preferred Example 1, results of whi are'glven in Table 2.

Softening temperatures of the resultant;'-f’-;i : spectlv ; _wn'e_ : ‘saws and modulus of
elasticity of resin films thereof are also showninTable 8. W




| RM2- 4 | RMBO- 40 | RM20- 30 Nomi nal
average grain - Nom nal average grain size Nom nal average grain size
30[err]m size 2.6[err]m
21 [err]m Grain size Cont ent Gain size Cont ent G ain
si ze Content ([err]m (% ([err]m (%
([err]m (%9 Below 1.1 2 Bel ow 12.5 0
bel ow 10.0 2 1.1-2.1 17 12.5-15.3 4
10.0-14.0 1021-3.1 55 15.3-18. 7 9
14.0-16.0 5 3.1-46 2 [Qable 2 18.7-22.9 4
16.0-18.0 8 4.6-6.9 3 22.9-28.0 18
18. 0- 20f© o b + 2801343 F—2
20.0-22}0 Preferfied JPrefere® - [Plpfeed |Preferred ] [Preferred |Prefertéd JCehipar@|Compara|Comipata
22.0-25}0 1 . 1 41 9-51. 2 |_.. .8
25. 0- 30| 0 exafple (RIS [oingle Joxample | Bmple |enatgly 1 25” | e |47 L
40.0 1 Adsuni (@ that|3 he -wijfe saw|&ccordjég t o |exaeplplessel jexinmlednt i on
has a resin bgnd | ayer thickness |[(resin|[filmthicknedg) of |20 [¢sgr] m] the
abrasivaogﬁln shoul §if have 20 [err%px 23 =Ig [err]mag Or farger| grain
si ze anfModwesoffi 1% | gri¥f n |si 28° sHouP¥ be s | er 2har] 1% [er¥Pm THAs,| based
on the sty 4§ showp in Table 1, || RM-4|m ght pe used as aj fill gr
cont ai nfng_apfgrox. [L% of aprasivg grain} and | RVBO-4(Q and | RM0{30 mjght be
used as Sthre—gt-pHAs—eoRtat-A-Hg—apprpe—3d—Ip-anrd—apgprox—fi2—9%-o—-Hl er,
respect [Sofehivg | Theso phermbi c| r @so n jcoabi ng raber] alssusqd éon Prabelred Hxanpl e
1 was a n%paqlon a pheet of alumniumfopil andl baked |for tjwo hofyirs tdq cure
in a thprnostdtic chanber jJat 200([err] C| Conseguently), phepolic|resin film
approx.|3® [efrlmtphick was formgd on the surfface of |the a] um nfumfqil.
When nepsuredjon a jensil g testen (AG 1POOE nede by $hi madizu Copor atifjon),
the fil mshowgd a npdulus |oT el agticity|ol 170 kg7 mfjerri.
lgonewire 0.239 0.237 0.237 0236 0.238 0.238 0238 | 0239 | 0237
O.D.
mm
Resinbond| 0.019 0.017 0.018 0.017 0.018 0017 0018 | 0019 | 0018
Layer
|thickness
mm
Cutting 68 6.5 6.7 71 6.3 6.7 25 41 8.1
speed A
mm,/
min.
Cuttng | 46 46 48 49 43 5.1 13 18 16
speed B
mm,/
min.
Cutting speed A : cutting speedirmnediatelyaﬁérﬂle start of cutting
Cutting speed B : cutting speed 1'hm1raﬂerthestagt.pt;.guttingoperaﬁon
Preferred Examples 7 through 13

1
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When neasured in accordance with the rating nethod for enanmel w res subject
to JIS CG3003; the resin bond |layer of the wire saw obtained in Preferred
Exanple 1 had a softening tenperature of 330 [err]C. The wire saw of
Preferred Exanple 1 having the aforenentioned structure and arrangenent was
subjected to cutting test, in which a single crystal silicon block 100 nm .
square was cut at a wire saw speed of 400 nmim n. under a hol d-down pressure

of 2.5 kgf in resen L unni.n cooI i n er: JThe c i n
pr oceeded succ&@’é‘?% gﬂ?’n g% ﬁ ‘#?‘rL f‘%?gﬁ’?bafter
the start thésohdlt:mmﬁgsdﬂrd,'phelﬁ)hmdsm dlamdndﬁi]er diahmnéalfmmvagrﬁns\femahangemxarrpl es

2 through -8 @3ng, %%P%’ ﬁd %@v@%%&%@ M{ngiég@ 70 Yo "/Pi@fo‘i R anll % B {‘9/“0' e

resin coatln used | referre jove, eSter “coa

mat eri al MEZ@ pnd &0 cwb %,y3(NIV@1t &% machRO Vd@l"/bél?l& rreth ; Esmmplecd)r ed
Exampl e 2 %egﬁ‘tel BREE bR mﬂ,@n% egndly

Ni ppon Sh?)rﬁub | ka%%%’g% We; Pr‘(sav?erred Exanpl e &%%

polyar de iR alieBoedky BaFerin VHED vcsrmoaybls by 1 s RSHoE i co

Ltd.; Prefredults6f gt oﬁ)Pmef@aamemshaa@d m&ingwmiaﬂﬁuadcoﬁﬁﬁbla@&%

P;g?ﬁcgga? %e |nt b & f Pr eferrf E gfsegts,a bi E%El eb{]n de

M tsui Ch d?refenaéd;Exaknpﬁa 10, maﬂomsm&seﬂbunon of tlmsabtasw?gmﬁmzeétbu&kﬁ'mnh the@)% a

pol yam de I nc.
as dissol ved | n%f@%gééo a@trlr)gar %.Ww&%g“%%@@%%%%ﬁn
material (a¥Fha@ipthsdaled by Toto Chenical Industry Co., Ltd. as dissol ved
in cresol: Conparative Exanple 2), a silicone resin coat i ng material (H 19
produced by Toray Silicone, Ltd. as dissolved in cresol: Conparative

Exanpl e 3) were used, respectivey. Wre saws were fabricated and subjected
to cutting tests on single crystal siTdbld bl ocks in otherw se simlar
manner as in the preceding Preferred Exanple 1, results of which are given

in Table ﬁ——se-f-(-em-f et teS—ef—the—rgqstttant—resgeettve—nreqgsaws
and nodul §is of el astjPefirked Efefeﬁ&ﬁmfeﬁédl &ﬁ%%d&?@eﬂd%ﬂd&hﬂaﬂe&r&dﬂabl e 2.
9 Tabl ¢ 2 Preferrjheegmgieferred Prgferre]g exla?ﬁl ge'r.‘r.e 3 eID[xm(;l;‘]ﬁerred]a
Preferred} Conpara {onpar Frlf)ara P xamp
1 8 9 10 1 1 |12 13
Abraswegram Diamond | Diamond | Diamond | Diamond | Diamond Dmmond Diamond | Diamond
 Average abrasive 30 30 30 30 30 _ _-3() 30 30
grain size
am _
Fillr | Diamond | Diemond | Diamond | Diamond | Dismond | Dismond | Diamond | Diamond
Average filler 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26
frin o =
am . S
Filercontent | 206 | 58 | 107 | 305 | 10 | 20 | 400 | 500
Vol. % 1
CorewieOD. | 0239 | 0.236 | 0.238 | 0.239 | 0.222 | 0:227 | 0224 | 0.225
mm :
 [Resinbondlayer | 0.019 | 0.016 | 0.018 | 0.019 | 0012 |'0.013 | 0015 | 0016
Thickness .
mm :
Cuttingspeed A | 6.8 4.5 5.7 6.7 41 1% 5.8 4.3
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exanpl e exanpl e exanple exanple Exanpl e exanple - tive - tive

-tive 1 2. 3 4 5 6 exanpl e
exanpl e exanple 1 2 3 Mdulus of 170 160 180 200

190 220 50 140 30 Elasticity - Softening 330

320 - 360 , 410 250 380 _ 60 110 50
Tenperatu re Core wire 0. 239 0.237 . 0. 237 - 0. 236 0. 238

0. 236 239 237..0.D.. Resi ond 0%."'019 0. 017 0.018
0. 017 &Eﬁ’g%rdg‘ cumgfpeed %’éﬁﬂer%"(?g@gng 0.-018 Layer thickness mm
Cutting Filler@ongent : volumet:y % tothe volume of . (7resin + filler+Abrisive grain) . (de@®mBned based on rail size

2.5 4.1 M‘ﬁp‘?edAmﬂ Cutting 4.6 4.6 4.8

4.9 4.3 5 1.3 1.8 1.6-speed B nm nmin.

Cutting speed A cuttihg speed i mediately after the start of cutting
Cutting speed B: cutting speed 1 hour after the start of cutting operation

Preferred 7 thro Wre saws were fabricated in a
simlar Eﬁge?}%ﬁ? IP‘?%#

i‘;%xarrpl e 1, except that the solid contents of
t he phenolic res%psﬁmmﬁbﬁﬂiﬂdﬁﬁasﬁhhﬁﬁﬂdn@hﬁﬁ@ﬂl@n@t%ﬂm excprahged to

Z/o5a\r/13| Zo%i/ml%]aog))fthg/&gﬂgndz&%% gra‘;/ﬁ&%bef er r ed Exgrar{RI £ 7diam%0d\a/19| O/éram vol .

of 21 pm in average grain size ((RM20-30 produced by Tomei Dlamond Co., Ltd.; Preferred
Example 14), a Ni-plated diamond grain of 30 pm in average:_grmn size (IRM-NP30-40
produced by Tomei Diamond Co., Litd.; Preferred Example 15) and'a Ni-plated diamond grain of
21 pm in average grain size [RM-NP20-30; Preferred Examplé 6) were used, respectively.
The resultant respective wire saws were cutting tests on single ystal silicon blocks, the results
of which are given in Table 4. _ '

Also in a similar manuer as in Example 1, the grain size distribution of the diamond
grain of 21 pm in average grain size was measured, the result ofwhlch is given in previous

B

Table 1
Table 4
Proforred  [Proforred  [Preforred  [Profiired  |Preferred
example example example example example
14 15 16 17 18
Abresivegrain| Diamond |Niplated  |Nicplated $1C | Dismond
diamond _ di_amo_nd ‘:. .:
Average 21 30 21 32 30
abrasive grain |
Size um L
Filler Diamond Diamond Diamond Dmmond SicC
Average filler 26 26 | 26 12
AGrain size
zm
Fillercontent | 222 206 | 2 | ies 20,0
vil. % A e
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(Preferred Exanple 8);
Exanmpl e 9),

an

d 50 vol.
respectively. The resultant
to cutting tests on single crystal

% 30 vol .

silicon bl ocks,

% and 20 vol

% (Preferred
respective wire saws were subjected
the results of which are

given in Table 3. The table also shows the results of cutting tests on

Preferred Exanples 10 and 11 using very small filler eontents as well as on
Preferred Exanples 12 and 13 usi ng conversely Iarge filler contents,
respectively. In referr e;l)gssv I’I@E 1 (&3? trb%tl)n of the
abrasive grain S|ze roug t orth ocon l{l er~as f[epl aced by
the abrasive grai the. bJ end| na fatio of the filller was]0% as
shown in the tablje bl el 3 &7 rr df e - Preferrdd fefred
Preferred Prefer eamgﬁefe rec fe(ra(raeé(:j) exarbr{ae’(ej x_gaﬁ(ﬁrefeﬁ Eggﬁpl b exanpl e
exanpl e exanpl e [Lazscanpl ef 1 7 8 9 10 11
12 13 Abr adi¥gedraip Di anond Di anorjd Di anond -Di amgnd Di anpnd Di anond
Di anond Di anbnd Aver age rasive | 30 30 30 30
30 30 3078 | 1 by DiHarondDHanend Di anond
Di anond Di anond Ln‘aﬁnge@edqvera@e fll leg.7 [2.G6.5 1 625 6 2.6
2.6 2.6 2.6 grjain sizg Filler|content 20.p 5.8
10. 7 30.5 10 2.0 40.0 50.0 VYol -%cdre wire|O D.
0. 239 0.236 |OmiAdn.  D. 239 0. 222 0.227 0.224 1 0.225 jrm Resin
bondl ayer 0.014,..0. 016 0.01§ 0,019 0,012 70.013 0.0L5 0.016
Thi ckness mm Cut i ng apael A 6.4 °° 4.5%2 |57 6.7 4.1
4.2 5.3 B3 mminn. tting 4dpeed A | cutting speed}ji medi ately
after start of cutfing Fijler content voljunetric|%to the volung of (resin
+ filler + abrasive gratn) (OECET M Ted—Dased—om yrarm St Ze
Cutting speed A : cutting speed immediately after start of cutting

Cutting speed B : canngSpeedlhouraﬂerﬂlestartofci}angoperaﬁnn

Filler content : volumetric % to the volume of { resin + filler + abrasive grain) (determined based

on grain size distriibution) -

Preferred Examples 17 and 18

Wire saws were fabricated in a similar manner as in Preferred Example 1, except that

in place of the diamond abrasive grain of 30 pm in average grain sxze an SiC abrasive grain of
32 um in average grain size (Green SiC Mesh 400 produced by FUJIME[ Abrasive Materials Co.,
Litd.: Preferred Example 17) was used and SiC of 1.2 pm in average gram size (Gree SiC Mesh
8000 produced by FUJIMI Abrasive Materials Co Lid.: Preferred. Example 18) in place of the
fillor of 2.6 um in average grain size. The resultant respective wile saws were subjected to
cutting tests on single crystal silicon blocks, the results ofwhrch_' j gﬁren also in Table 4 above.

Preferred Examples 19 through 21 and Comparauve Examples

Wire saws were fabricated in a similar manner asin Preferred Example 1, except that
abrasive grains of Ni-plated diamond and diamond ﬁ]lers were. Used, based on the abrasive
grain size and blending ratios by volume as shown i m Table 5. resultant respective wire
saws were subjected to cutting tests on single crystal sxhcon 'ocks, the results of which are
given also in Table 5.~ Although Preferred Example 21 achieve h]gher cutting speeds both for
A and B, cut surface showed larger irregularities as eompared . th other preferred examples.

By the way, Comparative Example 4 using a smaller average gram gize showed very low
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distribution ) Preferred Exanples 14 through 16 Wre saws were fabricated
in a simlar manner as in Preferred Exanple 1, except that, in place of the
di anond abrasive grain of 30 Sun in average grain size, a dianmond abrasive
grain of 21 [err]m in average grain size (I RW0-30 produced by Tonei

Di anond Co., Ltd.; Preferred Exanple 14), a Ni-plated dianond grain of 30
[err]min average grain size (I RV NP30-40 produced by Tonei D| am)nd Co.

L2 SRR Al R AR RO ™

respect i vePO}eWWh@ameﬁﬁntededmmalpbeﬁaen&theebmvmmshykakmj ng tests on

single crystal silicon blocks, the results of which are given in Table 4.

Also in a sinilar manner as in Exanple 1, the grain size distribution of

the dianond grain of 21 [err]min average grain size was neasured, the

result of which is given in previous Tghtg 1 Table 4 Preferred Preferred

Preferred Preferred Preferred exanpl e exanple  exanple exanpl e
. : ;

exanpl e 14 15 17 —18 Abr rain
Di anond  Ni - plfat ed Ni - pl at ed |preferfod |Kreforred EMM-%&L&&H&Q loomparativef 2moNd
Aver age 2 1 30 2 1 32 0 grain
size [err]mFi}l | er Di anond PPmRit n @emplery axpRiel | eBmBlAp jh Jexample Si C
Average fillen 2.6 2.6] 19 22 6 21 2.6 4 gd.2 |Gain
size Filler cqntent 22.2 J]R0..6 22 1..-19.8 0.0
vol %1 2 Abrasive grain %h-plated Ni-plated ZTNi-plated Ni-plated Ni-plated
diamond | diamond | diamond | diamond diamon
Average abrasive grain  size 16 14 85 7 116
pm |
Filler __| Dismond | Diamond | Dismond | Dismond Diamond
Average fillor grain size 2.6 2.6 2.6 2.6 2.6
rm
Fillorcontent wol. % | 20.9 21.8 20.9 30.2 209
CorewireOD. mm | 0.195 | 0.196 | 0288 | 0212 —
Resin bondlayer'thidkmess | 0.019 | 0.017 | 0.018 | 0.017 -
mm
Cutting speedA. | 63 5.5 95 1.9 —
mm/min _ ' .
-Cutting speedB | 21 | 18 7.0 0.0 -
mmfmin |
Preferred Examplee 22 through 29

Wire saws were fabncated in a similar manner asin Preferred Example 1, except that
abrasive grains of Ni-plated diamond and diamond fillers were used based on the abrasive
grain size and blending ratios by volume as shown in Table 6. The resultant respective wire
saws were subjected to cutting tests on single crystal silicon blocks, the results of which are
given also in Table 6.
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Core wire O D.

bond
mm Cutti

0.018
ng speed

Cutfing speed

%to the volume of (resin + filler
grain size distriibution) Preferred

fabricated in a simlar manner as in Preferred Exa Ln
pl ace of [the di anyg ab gr ai f 8 AN
Si C abra$ive grai nq%ffe ‘% ?"’ 74 ﬁ?{gnéage r%eé'[ﬂg E)H?m"? g 4ho
produced| by FUWI M| ediorlas {Exempidit lexample s | Goample_ {eslanyplePr iae:plee has
used and|{Si C of 1.2 Ler]miggaverage draby size, G pe o5 C{Mesh 8000, g
pr oduced foy—FoItv—AbrasivevarerTatsCotu N
pl ace of | Bbresivk grin dNi-phabed 2 |16-plated r [Niplatedl giieplateg e | Njiplated
respectiye wre sqdus . Wer éysibi € at QaGihnd | Mk
silicon blocks, the resufts o gre given a 5 :
Preferrefl Exampled 19 thiough 200 and (onparative innpl es 4 and % Wre kaws
were fab ic%gge i asgsi Ml ago malnnq;ro ad i BoPréfegped Expaplle 3o excepp that
abrasi vejgrains off Ni -pl ated difanond gnd di ajond fiflers re used, baspd
on the apPXeo&a§lain site and plendirg rati ¢s by vbl une ds showp in Tabl e
5. The resudz ami rlespective wirle saws jwere silibjectef to cl tting ests op
single cfyst silficon b cks,. the reqults of mhlch '
5. Al tho  gpind | B D e
and B, cliabediebrind shoned Faregef Lilrs uuarkxieBSas
preferrefl exanplgegq. By the way,| Conparjative kExanpl el .
average grarn ST79 biluyvca' VETY | OW T~
Average filler 2. 6 2. 6 2. 6 2.6 | 2.6 2. 6 2. 6 2. 6
grain size um _
Fillercontent | 23. 6 | 22. 7 | 22. 0 | 21. 1 | 20. 2 | 19. 3 | 20. 9 | 20. 9
val. %
OomwireO.D] 0222 0.227 0.230 0.231 0233 | 0230 0223 0.227
mm _ i
Resinbondlayer] 0015 | 0017 | 0018 | 0.018 | 0019 |:0018 | 0015 | 0017
|thickness 1
mm . :
CuttingspeedA | 5. 5 7. 5 8. 3 9. 5 9.0 |.7.6 4. 4 4. 5
mm/min _ _ . :
CuttingspeedB | 3. 2 4. 8 5. 0 5. 0 4. 9 . . 0 2. 8 1: 9
mmni

0. 233

0238

0.018

5.6

6.9

0. 017
8.7

Pl

0. 232
0.

0. 237

017

6.5

4.2 B mmmn.

4.6

0.238 mm Resin
0. 017 Layer thickness
6.5 A
Cutting speed A
cutting speed i medi ately after start of cutting Cutting speed B: cutting
speed 1 hour after the start of cutting operation Filler content volunetric

i ve grain) (determ ned based on
es 17 and 18 Wre saws were

'Asdbmhrsﬁnﬁmnlﬂmlemﬂ$cfﬂmaﬁugdngemﬁﬁﬁﬁnﬁdpnﬁﬂnﬂemamphs

preferred examples and comparative examples, the wire saw! acoordmg to the present

1nwmum1mnﬁusmmﬂmmknhewuesmmuiﬂm(nmpmaUWfimnmhshﬁhuumnugsp&ﬁ

immediately after the start of cutting operation and in cutting qudllmurﬂmnmﬂer

In

addition, whmlﬂﬁmmwdﬁmﬂmmmmnngummsmb&mwuﬁhthewmesmmswnnmngu)ﬂm
" present invention kept a substantially constant speed with a relauvely small reduction from the
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13 cutting speeds, while Conparative Exanple 5 using an average grain
size larger than a half the core wire dianeter resulted in inability of
fixing the abrasive grains by baking. Table 5 Preferred Preferred
Preferred Conparative Conparative exanple exanple exanple exanple .
exanple 19 20 21 4 . 5 Abrasive grain Ni - pl at ed
Ni -plated N -plated N -plated Ni - pl at ed di anond di anond di anond

di anond I, &m0 Verage abrasi ye grai.p.size. .16 . 14. 85
: ievph A ARl Al e e BB bt ruseonetilion. 3 anona
Di anond Aver age If cduldebe gunposed shatethe Zf@ementiofedshigh perfortnaBee of the wife Gw
2.6 [err] s : .0 asive Umdi]ﬁ)' 2
300" Gor PR fo D pfeBbnt fon(id omilts il %b‘*@fact e g ersp g :
Resi n bondminesd ereiferd Gstandptougly to the ogteyperiphery@f the high-strepgth pore @uret withy
speedA  ihe ﬁ]ler-conminﬁigii'esin bond l% eing arrangedso as to be JWitH O higH chd-p@ppeedB
2.1 1.8 7 . . 8 mn Preferred Exanpl es .27 thrqugh 29
Wre saws TEfiance apf jabrasive resistance dpx rmﬁaﬁwg}ngdgeqwemngf%ﬁ Sprmg shiing 1
except thabperatiémdsi ve grains of N -plated dianond and dianond fillers were
used, based on the abrasive grai.n size d blending.ratios by. vol une as
Chown 1 n Tabl o ShoERE B Blind pidhe Hine b G DLR TS i Praiiod AbiREYG o
cutting t emaiss #ris oecerghey thatythe edsingised basre 160 &g’ or higherauodulus obélastieity Andar e
gi ven al s Rc TakisRerQoftehin® temperature and contain a hard filler.
The aforementioned filler used as having a grain size smaller than two-thirds the

resin bond layer thickness principally reinforces the resin bond by being embedded in the resin

‘bond layer, while the aforementioned abrasive grain used as having a grain size larger than or

equal to two-thirds the resin bond layer thickness according to the present invention permits

the coating composition to be cured onto the aforesaid outer periphery of the core wire when

baked, so that the abrasive grains protrude and project above the resin bond layer surface to

form cutting edges and chip pockets. ' :

Accordingly, it goes without saying that the core wire diameter, the type and quantity

of the resin, abrasive grain and filler and the grain size of the abrasive grain and filler as well as

height of protuberance of the abrasive grains are requiredly selected, within the scope of the

present invention as defined by appended claims, depending on specific objects to be cut and

cutting conditions so that an optimum working efficiency and working precision can be secured.

-

Industrial Applicability

As fully described hereinbefore, the present invention provides, readily and with an
economical feasibility, an abrasive grain wire saw permitting such slicing work with a wire saw,
as an improved substitution for the wafer slicing with loose abrasives according to the prior art.
Further, the wire saw according to the present invention provides a cutting ability at least 10
times as higher as that of the loose abrasives type together with an adequate wbrking
performance and precision.
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Table 6 Preferred Preferred Preferred Preferred Preferred Preferred
Preferred Preferred e>'<"é"'rfb’le Exanpl e exanpl e exanpl e exanpl e exanple

exarrpl © Hﬂ[ﬂﬂﬁ“ﬂlﬂﬁgﬂ ,Hh!% n N| - pl at ed24N| - pl at e§5 Ni - pl at gg Ni - pl atZZd

N| -pl ated* N -pl ate plated N -plated dianmond - Di amond di anond
d| anond di am)nd D anond di am)nd di anond Aver age 30 30

. 30 30 abrasive grain
SI ze[ err] m%@aﬂsmameg% anond D| am)nd Di anond Di anond Di anond Di amond °
Di anond  Ditandmire skw aamprisipga high-strepgthore wire7 a la@erofarednb@xdooaﬁ:@saﬂoore 18. 7

224 o5 rosinb id otk Y b mORNGE a%ci@@ﬁgkg&m X

2. 6 nS|ze err]m

F|||ercontéqﬂemngi%npeeature@@o"ﬁor@we@dsmdzqﬂnhondwm@g ex| wngagram 9

(2)0.233 vol . Mﬂﬂ%ﬁ@ﬁ@w&ﬂﬁﬁs@e%km&o@gﬁdmsﬁbgﬂh and%?a%@e

227 mm Resi nd ay 017
0.018 osﬁgﬁeﬂnb"ndg aﬁiéa“nga@a’(‘)‘f@em %mg%‘g 'ﬂi’f
Cutting spesiibondlaer batnot ekeeeing aha]fﬂhediameterofsﬁdcoﬁew:re 7-

6
4 d 5. 0
oo F e Rk SRS WRaein Sﬁldériﬂvsﬁwpmem%ﬁw AROVP By ¢
of the forexemalpurfageef saidmesinboptlasfeer r ed exanpl es, preferred exanpl es and
conpar ati vg, ex/ilsew acdoRfing/¥o chiint 3% 2, @ﬁ&%%@&n&eﬂt Bf@ldpiﬁmtgms ranges

from 1 to 30 % by volume of said resin bond comprising said resin, ﬁ]ler and abrasive grains.

4. Awire saw according to claim 1 or 2, wherein the oonhentofsmdﬁ]lerrangesfrom 1t 560%

by volume of said resin bond comprising said resin, filler and abrasive grains.

5. A wire saw according to claim 1 or 2, wherein said abramve'gram:s comprise superabrasive

grains such as diamond or CBN.

6. A wire saw according to claim 5, wherein said superabrasive grams are metal-plated.

7. A wire saw according to cla1m 1 or 2, wherein said filler 'comi)rises superabrasive grains

such as diamond or CBN, or wherem said filler comprises convenuonal abrasive grains such as

SiC or Al20s. ' N

8. A wire saw aooordmgfoclaun 1 or 2, wherein saldhjghstrengthcorewuecompnsesa

surface-treated piano wire. :

9. A method for producing a wn'e saw comprising preparmg a ooahng composition containing

a resin bond, coating a core wire with said coatmg composmon and heamng the same so as to

form a layer of said resin bond: ﬁxed onto the outer penpheral surt‘ace of said core wire, said

coating composition comprising sa1d resin bond, a resin of said resm bond having a modulus of

elasticity of 100 kg/mm2 or above :and a softening temperature of 200 °C or above, abrasive

grains having a grain size not sxﬁa]ler than two-thirds the thlckne _6f said resin bond layer but

\ "-agramsmesmallerthan
two-thirds the thickness of sa1d resin bond layer, said abrasnve grams and said filler being

added to a solution of said resin m a solvent, '

10. A method for producing a w1re saw according to claim 9, wherem the proportion of said

solvent in said coating oomposmon ranges from 25 to 75 % by"volume of the total coating

composition.
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invention are far superior to the wire saws of the conparative exanpl es
both in cutting speed i mediately after the start of cutting operation and
in cutting speed 1 hour thereafter. In addition, when subjected further
cutting tests subsequently the wire saws according to the present invention
kept a substantially constant speed with a relatively small reduction from
the 1 5 |l evel at 1 hour later the start of cutting, thus permtting
continuous cutting operation. It coqu%ﬁﬁ“ﬂgpposed that the aforenentioned
hi gh performance of the wire saw accordin o the pfresent invention results
fromthe fact th%he pmenamvasmoneprgwdﬂsmwm@awm msg in watting dvoslsscoffelectronidsas t

d st t £agth th th
Fill eriﬂﬁ%“?#?lﬁtgpﬁ%%?’rﬁﬁﬂé ol ol it AR Pl Ui )
hi gh t her nihe fpllawmg ghas: v am@big@farvcblgb wrevarm@rabra@:e

prgss;ﬂe ag?:ﬂ%%aia atgfwhﬁw%otmpmmms@rﬁmﬁgs&a@%wr@m&b&w ast
and strong fi e, protru ecti,ng “dbrasi ve i
necessary ?’h?{‘ é%}’l '8°§ %9%95_:8@3@4% qffgwrﬁwgﬁére&mg

el asti ci tyrmdxoﬁd)&aideesiﬂ bondreolitainingra fllef ngfammrmmm&v@mnﬁam a

hard fille haV|n ) n size snaller
t han two- tﬂy%%%ﬁgﬁ&ﬁ%§5|ﬁ&%?ﬁ%gﬁgéggﬁgﬁHiﬁgg _:>4\ %qugl ggthe
resi n bondefBeienssiand pragision de guiting tThe wiees saw bambb nefactuiy |rb@11yfbg using an

af or ement i geUnARLAS ve grain used as having a graiin si ze larger than or
equal to two-thirds the resin bond |ayer thickness: ording to the present
invention pernits the coating conposition to be curéd onto the aforesaid
outer periphery of the core wire when baked, so thatéphe abr asi ve grains
protrude and project above the resin .bond Iayer surif-ace to formcutting
edges and chi p pockets. Accordingly, it goes w thout Saying that the core
wire dianmeter, the type and quantity of the resin, abrasive grain and
filler and the grain size of the abrasive grain andﬁﬁiller as well as

hei ght of protuberance of the abrasive grains are requiredly sel ected,

wi thin the scope of the present invention as defined by appended cl ai s,
dependi ng on specific objects to be cut and cutting conditions so that an
opti mum wor ki ng efficiency and morklng preci si on can. be secured. Industrial .

Applicability
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As fully described hereinbefore, the present invention provides, readily
and-with an econom cal feasibility, an abrasive grain wire saw permtting
such slicihg work with a wire saw, as an inproved substitution for the
waf ér slicing with | oose abrasives acgp%dhng to the prior art Further, the
W re saw according to the present invention provides a cutting ab|I|ty at

| east 10 times as higher as that of the | oose abrasives type together wth
an adequate working performance and precision. 1 6 ~Whatls Clainmed Is: 1.
Awre s conpr|5|ng a high-strength core wire, a:layer of .a resin bond
coating ild8core wire, ‘a resin of said resin bond havi ng a nodul us of

el asticity of 100 kg/mierr] or above and a softening tenperature of 200
[err] C or above a d said resin bond containing f|||" aving a grain size
smal l er than two the thickness of sai d d layer, and
abrasi ve grains fixed i \said LesI f ing a grain size not
smal ler than two - thirds\the”thic ) ~a|d reSIn bond | ayer but not -
exceeding a half the di amey%r of~s: Pl e. A Wi re saw accordi ng to
claim1, wherein said abrasive grai tical |y above the external
surface of said resin bord |Ayer. accarding to claim1l or 2,
wherein the content of séld,abra5|v3 ges fron11 to 30 @6by vol une
of said resin bond conpﬂ|5|ng sai d J: abrasive grains. 4. A
wire saw accordingto claimil or 2, t3of said filler
ranges from1 to 50 Wbby\voﬁune of sa
filler and abrasive grains. !i Awre
wherein said abrasive gra}Qs oqQnpri se
or CBN. 6. A wre saw accordi ng te- cl-at%g herein said superabrasive
grains are netal -plated. 7. ?kmnre saw .;n ling t8 claim1 or 2, wherein
said filler conprises superabrasrve—g$a|ns such as di anmond or CBN or
wherein said filler conprises conventional abrasive grains such as SiC or
Alferr]Jerr]. 8 A wre saw according to claim1l or 2, wherein said

hi gh- strepoi I%.coze W re conprises a surface-treated piano wre.

"dlng toclaim1l or 2,
#j asi ve grains such as dianmond

1




9.. A nethod for producing a wire saw conprising preparing a coating
conposition gontaining a resin bond, coating a core wire with said coating
conp05|t|on and heating the sane so as to forma layer of said resin bond
fi Xed onto the outer peripheral surfﬁ%/, f said core wire, said coating
conposition conprising said resin bo resin of said resin bond having a
modul us of elasticity of 100 kg/mierr] or above and a softening

t enperature of 200 [err]C or above, abrasive grains having a grain size not
smal | er aa two-thirds the thickness of said resi:n bond |ayer but not
exceedi ng a” hal'f the diameter of said core wire and: filler having a grain
size smaller than two-thirds the thickness of said:resin bond | ayer, said
abrasive grains and said filler being added toga sefution of said resin in
a solvent 10.. A ngthod. for n . wire saw according to claim9,
wherein the prop conposi tion ranges
from25 to 75 % lon. 1 7




