
PATENT SPECIFICATION 

WIRE SAW AND METHOD FOR MANUFACTURING THE SAME 

' Field of the Invention 

The present invention relates principally to a wire saw f()~ ~in working of electronic 
materials such as slicing a large-diam.et.er silicon ingot into :W:afuis thereof and working of 
optical materials such as glass lens cutting and to a method for :rh#ufa.cturing such a wire saw. 

Prior Art 

Heretofore, inner saws or inside diam.et.er blades of di~ond have been used for 
slicing a silicon ingot into wafers, but recently as silicon i.ngQtS. have increasingly larger 
diameters it has become prevalent to use loose abrasives and wll:e. Saws for such works due to 
yield, productivity, affected layers, dimensional constraints and the iike factors. 

However, since working with loose abrasives involvei:; not only a problem of 
environmental health but a cleaning operation requisite theret.o leading to an elongated process 
line or working time in addition to its insufficient working e:ffi.ciehcy and precision, it is n0w 

·.:·; 

highly needed in the industry to use for such working operation$ ;Wire saws comprising wires 
with fixed superabrasives. 

A wire saw ofthe above-mentioned type has been di~~d, for example, in Japanese 
Preliminarily Laid-open Publication No. Sho 50-102993, which . OOinprises a core wire with 

.· :-i 

superabrasives bonded thereto and a dressing layer applied t.o the external surface of the core 
wire having the superabrasives layer, while Japanese Preliminarily Laid-open Publication No. 
Hei 8-126953 has discussed in detail the characteristic featureEfOf wire saws when used for 
silicon wafer slicing operation, suggesting an advantage of the use. of polyethylene, nylon or the . ,._:..:. 

like as a mat.erial Of core wires for such wire saws. 

Further, Japanese Preliminarily Laid-open Publicatior(No. Hei 9-155631 suggests 
use of electroplating process or a synthetic resin binder solution to fix diamond abrasives on t.o a 
core wire. 

The aforementioned solutions certainly have improve.~e1'.lts over the art preceding 
theret.o, respectively. However, for permitting commercial-ScaI~:·prajuction Of such wire saws 
t.o reach a level Of practical applications, it is necessaey t.o di~~,:~4 provide a structure of a 
wire saw having fixed hard abrasives ranging froDJ. conven,ti.driat. ~brasives such as SiC and 
Al2Q3 t.o so-called superabrasives such as diamond and CBN:(cti.~fu'.bo~n ni1ride) 1Dgether with 
advantages resulting from that structure and also t.o proVide',a ~etllpd;Of manufacturing such a 
wire saw. 
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: SJ]MMARY OF THE INVENTION . 

Accordingly, it is atr·qbject of the present invention to solVEi •the furegoing problems of .. ,__ :··-: . 

the prior art by providing-a ~ saw and a method of manufactU:ring•th.e same, in which in a 

first aspect thereof there~ provided a high-strength core~ ha~ abrasives fixed onto the 
out.er peripheral surface theieof and a resin- bond layer, the grairi.;~ .of said abrasives being 

not smaller than two-third~~·thickness of said resin bond Iayer bht•·· not exceeding a half the 

diamet.er of said core wire,.· th~. ~sin bond of said resin bond layer ~mprising a resin having a 
·/ .. ·. 

modulus of elasticity of loQ kg/l!im 2 or above and a a>ftening t.emwr'awre of 200 · °C or above, 

said resin containing a fillel'baving a grain size smaller than.tw~itJ:rirds the thickness of said , .. ,: .. .· ·.· ...... 

resin bond layer. . . 

The aforementiol1.ed. .. abrasives grain size m"Q.st be J.a:rge~j:b~n or equal to two-thirds 

the resin bond layer tbiclm.esk_because if it is smaller than sfild'~el¥! it will be difficult for 
the abrasives to exist for at apart thereof on the surface of the re~ fund layer and at the same 
time to protrude outward frorir~ surface. . .. ·.. .. 

Also, if the ab~~}gI'ain size exceeds a half the core wD;e, ~rer, it will be difficult 
to retain the abrasive grains in·~lace, resulting in reduced cutting'ability. Furth.er, to secure a 
high cutting precision for a lo~period, the abrasive grain si.7£. sh.oilld.:preferably be up to about 

. one-third the core wire ~~~~~ . ·:: 

The filler, ·which:~·Emibedded.in the resin bond layerjµst'for reinforcing the resin 

bond, may have a grain aim ·Siri.al1er th.an two-thirds the resin bo11tf layer thickness. 

As the high-~·~ wire, a string of metal, metal ri:id_de, metal carbide, metal 
nitride, organic mat.erial or:~lxm mat.erial may be used Among~of all, it is most preferable 

· ... ,·: .· . ._, . 

to use a piano wire beca~ it Can. be readily worked and finished"iritn a super fine wire and 
because it has a high honioge~ity and strength. Piano ~anfuy ~~d without any special .. .. . . . . ... _;·.·· 

treatment, but it is preferab~ • tp use wires after being subjectBci ~· a surface treatment for . . :.·.:. : . . : . . .. ~ 

improving adhesion to a resili!~ond and abrasive grain ret.enti.oilJ. 

The surface treatrri~t'includes plating a piano wire with brass or copper beforehand 
or applying a primary coato{reSin onto the piano wire. . O" :.. 

According to a -~d ·asi>ect of the present inveritiori; the. cont.ent.s of the abrasive 
. : .. -:.--·· .. :-: .... 

grain and filler used are sl>~Y defined. That is t.o say, th~ oont.entof the abrasive grain in 

resin bond ranges from 1 % bY Yt>lume to 30 % by volume, with·the filter cont.ent in resin bond 
ranging from 1 % by volumitt,;50 % by volume. 

With an abraSive>grain cont.ent below 1 vol.•:%• the. cutting speed decreases . . : ,; . ·.. , : . . . . . . . '. · .. ~ 

remarkably ~ue to an exoo~~~~r .high cutting' resistanoo per llb~~.Je. grain, while an abrasive 
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grain oont.ent above 30 vol. % will also results in a reduced ·cutti~~~d because removal of the 

chip produced by cutting-becomes inadequat.e. 
·: .. .::._)-:_: 

vol.%. . :-·:'. .· . 

With a filler cont.ent of the resin bond not less than Lvol. % it is possible to improve 

the ret.ention, wear resist.ance and thermal conductivity of the._:abrasive grain, while a filler 

cont.ent e~ 60 v0l % will lower the flexibility of the -~Elln. bond layer and result 

convereely in reduced retention and wear reBi:stance. . 

Acco?dingJ.y, the ·fi,ller content ranges more preferably from.& yol. % to 40 vol. %. 

~ to a iliird aspect of the present inventioll, i{is most preferred to use a 

diamond or the like superabrasi.ve grain in view of cutting qu~lity and useful life of the 

resultant wire saw. Fot improving the bonding ability between.,;~, superabrasi.ve grain and 

the resin bond, it is preferable to plate the superabrasive grain ~sin advance with a metal 

such as Ni ~r Cu. As a filler, it is also preferable to use ·• ~ ·hard material such as a 
·.:··. 

superabrasive grain or oonwntional abrasive grain considering th(:}· aforementioned retention, 

wear resist,ance and thernial conductivity. 

As describe bereinabove, .since according to the present iii\l'ention a resin bond layer is 

formed of an abrasive grain· and a filler each of a specified grain.~ which are contained in a 

resin having a high modulus of elasticity and a high softening temp~rature, the resultant wire 

saw is permitted to be used for cutting or other operations in a con#iill.Ous process. 

Further, according to the present invention, since th~ ~brasives comprise grains 

having particular sires larger th.an the filler grains, the abrasive ~$a serve the cutting action 
. . .. 

with their ends brought intn contact with a workpieoo under cuttii:ig even if the abrasive grains 

are placed subSt.antially flUsb. with the resin bond layer surface with~~t protruding significantly 
. . . ·~ 

above the latter surface. As the wire saw is used subsequen#,~ fi,r cutting operation, the 

surface of the resin bond.layer recedes inward due to wear l>i:CU.tti.ng and abrasive grains 

become relatively protu.berartt above that surface, which e:ffect.s~an:'fuiprovement in cutting 
.· ... , 

quality. Of coUl'se, it goes \yi.thout saying that it is preferable to:~ so that a portion of 

the abrasive grains pro1rud.~ above the resin bond layer surface µUti.iill.y at the manufacture of 

the wire saw, since in such an arrangement the protruding ends ·';n tlle abrasive grains act as 

cutting edges initially when the wire saw is first put intn ~·~~ttfu,.g operation, with such 
pro1ruding ends acting alS> as chip pockets. . .... \ , .• 

As to a method· fo1 manufacturing a wire for the' ~xllenti.oned wire saw, it is 

advantageous to use so-1D·saY an enamelling process in which fue/afbresaid core wire is first 

coated with a coating mat.erial comprising a mixture of the aforehlentwned abrasive grain and 

filler with a EK>lution contaipi:ng the aforementioned resin dissolved, therein and then the coating 
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is-dried and cured, because such a process t.ends tD cause ttJ.e•;i~ye-grains protrude and 
_ ... ,<'.:"],: 

project without difficulty. 

The enamelling may be easily accomplished by p~ the ~ wire immersedly 

through the coating bath and then feeding it in a drying and~'~. Both the lead-in 

section tD the drying and curing stage and the drying and ~:-stage are preferably of a 

vertical type,so that homogeneous dispersion of the abrasive gr~ ~d un_ifurm. thickness of the 

resin bond layer are secured. 

It is also preferred that a floating die is employed in the lead-in section tD control the 

st.at.a of adhesion of the coating fluid on the core wire. 

Proportion of the solvent in the coating composition ranges preferably from 25 % by 

volume tD 75 % by volume of the tDtal coating composition. For coating properties and 

protrusion of the adhesive grains tD be effected when the grains are fixed by drying, it is 

neressary for the coating composition tD contain not less than 25 wi.' % of the solvent, while it.s 

proportion in excess of 75 vol. % is problematical, in that the dryµig rat.e will decrease and the 

solvent will undergo during the drying process a sudden volatili.zat;ion tD cause foaming in the 

resin bond layer, which results in loss of ret.ention strength and we~ resistance of the abrasive 

grain. Thus, the proportion of the solvent in the coating composit;ion ranges most preferably 

from 40 vol. % tD 60 vol. % in view of visoosity of the coating. ·composition affecting the 

workability and formation of protrusion of the abrasive grains. 

For the resin bond, atty resins satisfying the aforementiong<l conditions for modulus of 

elasticity and softening temperature may be used. Preferably, ~yd resins, phenolic resin, 

formalin resin, polyurethane resin, polyest.er resin, polyim.ide resiil, epoxy resin, melamine 

resin, urea resin, unsaturat.ed polyester resin, allyl resin, polye$r-imide resin, polyamide­

imide resin, polyest.er-urethane resin, bismaleimide resin, bismalei.iri:ide-triazine resin, cyanat.e 

est.er resin, polyether-imide resin, polyparabanat.e resin, aromatic p<>lyamide resin, et.c. may be 

used from the viewpoint of easiness in coating and pysical properties. 

Areording tD the present invention, any solvent.s perinitting dissolution of the 

aforementioned resins may be used, including alkylbenzenes sucll':~s xylene, tDluene, benzene, 

ethylbenmne, et.c., phenols such as phenol, cresol, xylenol, et.c., alc<>fujs such as ethanol, but.anol, ... · .. • ... , 

et.c., ketDnes such as acetone, methyl ethyl ketDne, cyclohe~tine, et.c., ethers such as 

tetl'ahydrofuran, dioxane, et.c., and aprotic solvents such as NMaj:('nMF, DMAC, DMSO, et.c. 

subject to selection depending on the specific resin used. 

It is also necessary tD improve the strength and wear re~ce of the resin bond 

layer by adding tD the aforementioned resin solution a filler iilcludirig'nne grain diamond, Al20a, 

SiC, Si02, Cr02, BN, mica, t.alc, calcium carbonat.e, kaolin, clay,:ti~um oxide, barium sulfat.e, 

zinc oxide, magnesium hydroxide, potassium tit.anat.e, magnesiµlii; suJfat.e, or metal powder 
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such as Cu or Fe. Among others, fine grain diamond is most preferred. because it is highly 

effective in improving such a strength and wear resist.ance of the resin bond layer as well as 

thermal conductivity of the latter and also in view of the useful life and cutting precision of the 

result.ant wire saw. Next to the fine grain diamond, hard mawrials such as SiC, and A1203 

are also preferable. The filler should have a grain sim smaller than two-thirds of the thickness 

of the resin bond layer, and fillers having flat-shaped or needle-like grains may also be used as 

falling within the range of the present invention, so Jong as they have thickness or diameters 

smaller than two-thirds the resin bond layer thickness. 

The coating process may also be accomplished by first heat-melting a resin used as 

the bond, then adding the abrasive grain and filler to the molten resin, subsequently charging 

the resultant mixture solution into a melting extruder, through which the core wire is passed so 

that the outer peripheral surface thereof is extrusion-coated with a composition of said mixture 

solution. 

In the latter case, the resultant coated wire will have a strucµire as shown in cross­

section in Fig. 2, with lower protrusions and projections of the abrasive grains resulting as 

compared with the preceding coating method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic cross-sectional view illustrating a structure of a wire saw 1 

according to the present invention, having a core w.ire 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 ()f 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 uE;ed 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 ~·be, .described ~::greater detail based on 4 

preferred experiment.al examples accomplished to experiment.ally: de~rmine the structure of 

the wire saw according to the present invention and 29 preferred examples accomplished to 
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det.ermine structural requirements of the wire saw acrording to the present invention, as 

compared with 5 comparative examples. 

Preferred Experiment.al Example 1 

A coating composition was prepared by adding fine grain diamond of 25 µm in 

average grain size and Si02 of 10 µm in average grain size to a polyurethane resin solution 

(polyurethane resin cont.ant: 45 vol. %) produced by Totoku Paint CO., Ltd., said resin solution 

comprising a polyurethane resin dissolved in a mixture of at least one phenol and at least one 

alkylbenzene, so that the result.ant coating composition cont.ained 2.2 ct/ems, respectively, of 

fine grain diamond of 25 µm in average grain size and Si02 of 10 µm in average 

grain~. 

Th.en, the resultant coating composition was applied onto a brass-plat.ed piano wire of 

0.18 mm in di,amet.er, and the coat.ed wire after being passed through a float.ed die of 0.24 mm in 

bearing diameter was dried to cure in a vertical baking furnace at 300 "C tD be formed intx> a 

wire saw. 

The resultant wire saw had a wire diameter of 0.22mmand a resin film thickness (resin 

bond layer thickness) of approximately 14 µm. 

Preferred Experiment.al Example 2 

A wire saw was fabricated in a similar manner as in tb.e foregoing Experimental 

Example 1, except that a coating composition used was prepared by adding fine grain diamond 

of 25 µm. in average grain size and Si02 of 5 µm in average grain size tD a phenolic resin 

solution (phenolic resin cont.ent: 50 wt. %) comprising a phenolic resin (produced by Sumitx>mo 

Bakelite Co., Lt.d.) dissolved in cresol, so that the resultant coating composition contained 2.2 ctJ 

ems of fine diamond grain and 1.1 ctlcms ofSi02, respectively. 

The resultant wire saw had a wire diam.et.er of 0.22 mm and a resin film thickness of 

approximately 15 µm. 

Preferred Experiment.al Example 3 

A coating composition was prepared by adding fine gi,-ain diamond of 25 µm in 

average grain size and a Cu powder of 5 µm in average gi,-ain size to a bism.aleimide resin 
.. · . . 

solution, which was prepared in a similar manner a8 in ·the foregoing Experiment.al Example 2 

except that a bismaleimide resin (produced by Mit.suf Toatsu C~:inicals, Inc., present Mitsui 
Chemicals, Inc.) was used in place of the phendlfu resin, so : that the resultant coating 

··:.. .. : 

composition contained 3.3 ctlcms of fine diamond· gi,-am and. 6.3 vol. % of Cu, respectively. A 

wire saw was fabricated in a similar manner as in the foregoing Experiment.al Example 2. 
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The resultant wire saw had a wire diameter of 0.22 mm and a resin film thickness of 

approximately 15 µm. 

Prefel'l'.0d EX}>erimental Example 4 

A phenolic resin (produced by Sumit.omo Bakelite Co., L1xi.) was dissolved in cresol t.o 

obtain a phenol resin solution containing 45 vol. % of the phett91ic resin. To the resultant 

phenolic solution, were added a fine grain diamond of 35 µmin average grain si7.0 and SiC of 5 

µm in average grain size, so that the result.ant coating composition:contains the phenolic resin 

solution, :6ne:grade diamond and SiC at a ratio of 60 : 10 : 30 (by vol~e). Then, the resultant 

coating comwsi.tion was applied ont.o a brass-plated piano wire of Oils mm in diameter, and the 

coated wire aJter being passed through a floated die of 0.28 mm in belµing diameter was dried to 

cure in a baking furnace at 300 °C t.o be formed int.o a wire saw. 

The result.ant wire saw had a wire diameter of 0.25 mm $d a resin film thickness of 

approximately 18 µm. 

Cutting Tests with the Wll'e Saws of Preferred Experimental Examples 

The wire saw obtained in Experimental Example 3 abOve was subjecred t.o a test for 

cutting a single crystal silicon blook. The single crystal silicon blOG][_used was 100 mm square x 

30 mm 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 mm'nrin. under wire tension of 2.5 kgf using tap m:iter as a working fluid. 

The cut slit had a Width of 0.25mmand cutting feed rate w~.stable at 3. 7mm'nrin. over a 

cut cross-sectional area of 1500 cm 2· 

The wire saw obtained in Experimental Example 4 abo~ .was subjected t.o a test fur 

cutting a single crystal silicon blook. The single crystal silicon bloc}{ used was 100 mm square x 
,.· .. ·. 

30 mm thick in si7.0 which permitted a cut area of 100 mm x 30 mm. 

The wire saw used was 30m long . As t.o working oonditions, the wire saw was 

reciprocated at 500 mm/m:in. under wire tenSion of 2.5 kgf using tap w4ter as a working fluid 

The cut slit had a width of 0.29 mm and cutting feed rate wile: stable at 4.6 mm/min. over 

a cut cross-sectional area of 1500 cm 2• 
. ..... · 

,::··. 

Preferred Example 1 

A coating composition was prepared by mixing a ph.0no~ resin coating material 

(BRP-5980 produced by Showa Highpolymer Co., Ltil. as dissol~<J.jii cresol), a diamond filler 

(IRM2-4 produced by Tomei Diamond Co., Ltil.) of 2.6 µmin aver~ gram si7.e and a diamond 

abrasive grain (IRM30-40 produced by Tomei Daiamond Co., Ltil.):of 30 µmin average grain 
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sire at a ratio of 60 vol. % : 20 vol. % : 20 vol. % as solid content,s and adding thereto cresol as a 

s0lvent so that the resultant coating composition cont.ained 50 vol.% of the solvent Then, the 

resultant coating composition was applied onto a brass-plated piano wire of 0.18mm in diameter, 

and the coated wire after being passed through a floated die of 0.28 mm in diameter w:as dried 

and cured in ·a vertical enamelling oven at 300 °C to be formed into a wire saw. The resultant 

wire saw had a wire diameter of0.239 mm and a resin bond layer thickness of approximately 19 

µm ~r being baked to cure. The structure of the resultant wire saw is s:hematically shown 

in cross-section in Fig. ·1, and a st.ate of itB outer peripheral surface is shown as enlarged in a 

phot.omicrograph of Fig. 3 at 200 x magnification.. 

Table 1 shows the actllal grain size distribution of the aforementioned diamond filler 

having an average grain size of 2.6 µm. and the diamond abrasive grains having an average 

grain size of 30 µm, as measured by a laser diffractnmetry particle size distribution. 

measurement system (SALD-2000A made by Shimadzu Corporation) 

Table 1 

IRM2-4 IRM30-40 IRM20-30 

Nominal average grain Nominal average grain size Nominal average grain 

size 30µm size 

2.6µm 2lµm 

Grain sire Conte:pt Grain sire Content Grain sire Content 

(µm) {%) (µm) (%) (µm) {%) 

Below 1.1 2 Below 12.5 0 below 10.0 2 

1.1""2.1 17 12.5-15.3 4 10.0-14.0 10 

2.1"'3.l 55 15.3-18.7 9 14.0-16.0 5 

3.1""4.6 20 18.7-22.9 4 16.0-18.0 8 

4.Er-6.9 3 · 22.9~.o 18 18.0-20.0 1 1 

6.9--10.3 1 . 28.0-34.3 32 20.0-22.0 15 

10.3-15.3 1 34.3-41.9 24 22.0-25.0 21 

above 15.3 1 41.9-51.2 8 25.0-30.0 18 

Above51.2 1 30.0-40.0 9 

above40.0 1 

Assuming th.at the wire sa"1' according to the present invention has a resin bond layer 

thickness (resin:film thickness) of 29 µm, the abrasive gain should have a 20 µm x 213 =13 µm 

8 



.. ·' 

or larger grain aim and the filler grain aim should be smaller than).$ µm. 

Th.us, based on the results sho\Vn in Table l, IRM2-4 inight be used as a filler 

conmining approx. 1 % of abrasive grain, and IRM30-40 and iitMw-30 inight be used as 

abrasive grains conmining approx. 4 % and approx. 12 % of filler, ~~vely . 
. . ... ~ .; :·· . 

The phenolic resin coating material used in Preferred ~xam.ple 1 was applied on a 

sheet of aluminium foil and baked for two hours to cure in a therfuostatic chamber at 200 "C. 

Consequently; phenolic resin film approx. 30 µm thick was formed· 01f ·th~ surface of the aluminium 

foil. When measured on a t.ensile test.er (AG-lOOOE made by Shlriiadzu Qnporation), the film 

showed a modUlus of elasticity of 170 kg/mm2
• 

When measured in accordance with the rating method fa),-~~el wires subject to JIS 

C-3003, the resin bond layer of the wire saw obt.ained in Preferrec:t•EXail1ple 1 had a softening 

temperature of 330 "C. 

The wire saw of Preferred Example 1 having the aforementioned structure and 

arrangement was subjected to cutting test, in which a single crystai'silicon block 100 mm square 
: ... 

was cut at a wire saw speed of 400 m/min. under a hold-down<pressure of 2.5 kgf in the 

presence of running cooling water. The cutting work proooeded ~~y at a cutting speed 

of 6.8 mmlmin. immediately after the start of cutting and 4.6 lll1lllnrin'.. lhour thereafter. 

Preferred Examples 2 through 6 and Comparative Examples 1 through 3 

In place of the phenolic resin coating used in·the Preferie4 Example above, a polyester 

coating material (Delacoat E-220 produced by Nitto, Denko Corpof$.tion; Preferred Example 2), 

a polyester-imide coating material (I9lmid 40 produced by Nippon·$~kubai Kagaku Kogyo 

Co., Ltrl.; Preferred Example 3), a polyam.ide-imide coating m.at.erial (H[-406 produced by 

Hit.a.chi Chemical Co., Ud.; Preferred Example 4), a :polyurethane C()ating material (I'PU-6155 

produced by TotDku Paint Co., Ltd.; Preferred Example 5), a bismal0iriri.de resin coating (BMI-S 

produced by Mitsui Toatsu Chemicals, Inc. (present Mitsui dhemfuals, Inc.) as dissolved in 

cre9ll; Preferred Example 6), a polyamide resin ooating mateJ& (CMBOOI produced by Toray 

Industries, Inc. as dis9llved in creecl; Comparative Example 1); :~ •· phenoxy resin coating 

material (YP-50 produced by Toto Chemical InduStry ~.;: · LMf':as dis9llved in cre9ll: 
. . . . . :;, .. 

Comparative Example 2), a silicone resin coating :ntat.erial (.H-i9 p~11ced by Toray Silicone, 

Lt.<l. as dis9llved in cre9ll: Comparative Example 3) :~ere use<l, re~y. Wire saws were 

fabricated and subjected t.o cutting tests on single ctystal silicon blOCks in otherwise similar 

manner as in the preceding Preferred Example 1, result.s ofwhlclt $ gfyen in Table 2. 

Softening temperatures of the resultant(·rtispectiv~\ Wire ,~ws and modulus of 

elasticity of resin films thereof are also shown in Tabl; 2. c:· ,. 

9 

: '.: 
. :· 



Table2 

Preferred Preferred Preferred Preferred Preferred Preferred Cooipara 

example example· example example Example example -tive 

1 2 3 4 5 6 example 

1 

Modulus of 170 160 180 200 190 220 50 

Elasticity 

ImJmm2 

Softening 330 320 360 410 250 380 60 

n:'emperatu 

- re 

°C 

Core wire 0.239 0.237 0.237 0.236 0.238 0.236 0.238 

O.D. 

mm 

Resin bond 0.019 0.017 0.018 0.017 O.Q18 0.017 O.Q18 

Layer 

~ess 

mm 

Cutting 6.8 6.5 6.7 7.1 6.3 6.7 2.5 

speed A 

mm/ 
min. 

Cutting 4.6 4.6 4:8 4.9 4.3 5.1 1.3 

speed B 

mm/ 
min. 

Cutting speed A : cutting speed immediat.ely after the start of cutting 

Cutting speed B : cutting speed l hour after the start of ~tting operation 

Preferred Examples 7 through 13 

1 0 

Cooipara Com para 

-tive - tive 

example example 

2 3 

140 30 

110 50 

0.239 0.237 

0.019 O.Q18 

4.1 3.1 

1.8 1.6 



Wire saws were fabricat.ed in a similar manner as in Pre~d Example 1, except that 

the solid cont.ents oftbe phenolic resin, diamond filler, diamond abl'8Sive grain were changed to 

75 vol%, 5ivol. % and 20 vol.% (Preferred Example 7); 70 VciJ.%,10 vol % and 20 vol.% 

(Preferred E{xample 8); and 50 vol. %, 30 vol % and 20 voL ,% (Preferred Example 9), 

respectively.: The result.ant respective wire saws were subjected. to cutting t.ests on single 

crystal silicon blocks, the results of which are given in Table 3. The table al8l shows the 
. ..· 

results of cutting t.ests on Preferred Examples 10 and 11 using very.small filler contents as well 

as on Preferred Examples 12 and 13 using conversely large fillet. contents, respectively. In 
. . . ·:.·. 

Preferred Ex~ple 10, variations in distribution of the abrasive gi'ajn size brought forth the 1 % 

cont.ent of ~r as replaced by the abrasive grain, though the blendillg ratio of the filler was 0 %, 

as shown in the table. 

Table3 

Preferred Preferred Preferred Preferred Preferred ~ferred Preferred Preferred 

example example Example example example e:iaimple example example 

1 7 8 9 10 11 12 13 

Abrasive 1n'8in Diamond Diamond Diamond ·Diamond Diamond 'Di8mond Diamond Diamond 

Average abrasive 30 30 30 30 30 .30 30 30 

grain size 

µm 

Filler Diamond Diamond Diamond Diamond Diamond Diamond .Diamond Diamond 
;-

Average filler 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 

grain size ,;· ~ . :· 

.· _,· 

µm .. 

Filler cont.ant 20.6 5.8 10.7 30.5 1.0 · .. 2.o 40.0 50.0 

Vol.% 
·.,· .. 

Core wire O.D. 0.239 0.236 0.238 0.239 0.222 . 0.227 0.224 0.225 

mm 
. . ·.,:··: 

Resin bond layer 0.019 0.016 0.018 0.019 0.012 . '0;.013 0.015 0.016 

Thiclmess . :.: 

mm 
; .. :.··:.-

Cutting speed A 6.8 4.5 5.7 6.7 4.t · .. 4.2 5.3 4.3 

mm/min. 
.• 
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Cutting speed A : cutting speed immediately after start of cutting 

Filler content : wlumetr.i.c % to the volwne of ( resin + filler+ abrasive ~) . (determined based on grain size 

distr.iibuti.on) 

Preferred Examples 14 through 16 

Wll'0 saws were fabricated in a similar manner as in Preferred Example 1, except that, 
·i'. 

in place of the diamond abrasive grain of 30 µmin average grain ~. a diamond abrasive grain 

of 21 µm in average grain size (IRM20-30 produced by Tomei :Qiamond Co., Ltd.; Preferred 

Example 14), a Ni-plated diamond grain of 30 µm in aver~ .. grain size (IRM-NPS0-40 

produced by Tomei Diamond Co., Ltd.; Preferred Example 15) an~ ~.Ni-plated diamond grain of 

21 µmin average grain size ([RM-NP20-30; Preferred Example)6) were used, respectively. 

The resultant respective wire saws were cutting tests on single - silicon blocks, the results 

of which are given in Table 4. 

Also in a similar manner as in Example l, the grain size <listributi.on of the diamond 

grain of 21 µm in average grain size was measured, the result qf which is given in previous 

Table 1 

Table4 

Preferred Preferred Preferred Pre(eh'ed Preferred 

example examp1e example ex8Jnple examp1e 

14 15 16 17 18 

Abrasive grain Diamond Ni-plated Ni-plated SiC Diamond 

diamond diamond 

Average 21 30 21 32 30 

abrasive grain 

S:i7.e µm 

Filler Diamond Diamond Diamond ~nd SiC 

.. •.' 
·;-· 

Average filler 2.6 2.6 2.6 .; 2.6 1.2 
·;·.:··.· 

Grain size 

µm 

Filler content 22.2 20.6 22.2 <19.s 20.0 

vol.% 
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·-·,: .. ·. 

CorewireO.D. 0.233 0.238 0.232 · .. 0.237 0.238 
'., 

mm 
·. ':• 

Resin bond O:oi8 0.018 0.017 0.017 0.017 

Layer 

thickness 

mm 

Cutting speed 5.6 8.7 6.5 4.6 6.5 

A 

mm/min. 

Cutting speed 6.9 4.2 

B 

mm/min. .. 

Cutting speed A : cutting speed immediat.ely after start of cuttixlg . 

Cutting speed B : cutting speed 1 hour after the start of Ctltt.ing operation 
·'".·· .. · 

Fill.er oont.ent : volumetric % t.o the volume of ( resin + filler+ ~ grain) (det.ermined based 

on grain si7.e distriibuti.on) 

Preferred Examples 17 and 18 

Wll'e saws were fabricated in a similar manner as in P~~rred Example 1, except that 

in place of the diamond abrasive grain of30 µmin average grain ~·an SiC abrasive grain of 

32 µmin avetage grain size (Green SiC Mesh 400 produced by FUJI~ Abrasive Materials Co., 

Ltd.: Preferred Example 17) was u~d and SiC of 1.2 µmin average..grain size (Gree SiC Mesh 

8000 produced by FUJIMI Abra~ve Materials Co., Ltd.: Preferred::fumple 18) in place of the 

filler of 2.6 µm in average grain size. The. resultant respective wire saws were subjected to 

cutting tests on single crystal silicon blocks, the resul~ of wbicP artf~~n also in Table 4 above. 

Preferred Examples 19 through 21 and ComparativeEJxample~ 1.and."5 
Wll'0 saws were fabricated in a similar m~r:as in'~fu~4 Example 1, except that 

abrasive grains of Ni-plated diamond and diamond ·fillers ~. ij~ ba~d on the abrasive 

grain size and blending ratios by volume as shown Ip. Table 5. Th~·result.ant respective wire 

saws were subjected t.o cutting tests on single cryatiii ~ibiOck:s,:'the results of which are 

given also in Table 5. Although Preferred Example 21 achi~d.'bigher cutting speeds both for 

A and B, cut surface showed larger irregularities ~ e{,mpare~· ~~ .. ()1her preferred examples. 
. ·.· 

By the way, Comparative Example 4 using a smaller average griim size showed very low .. ·. > .=-~. :·· 
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cutting speeds, while O>mparative Example 5 using an average grain sim larger than a half the 
oore wire diam.et.er resulted in inability of fixing the abrasive grains by baking. 

Table5 

Preferred Preferred Preferred · .. Comparative Comparative 

example example example example example 

19 20 21 4 5 

Abrasive grain Ni-plat.eel Ni-plat.ad Ni-plat.ad Ni-plat.ed Ni-plated 

diamond diamond diamond diamond diamon 

Average abrasive grain size 16 14 85 7 115 
µm 

Filler Diamond Diamond Diamond Diamond Diamond 

Average filler grain size 2.6 2.6 2.6 2.6 2.6 
µm 

Filler cont.ant vol.% 20.9 21.8 20.9 30.2 20.9 
Core wire O.D. mm 0.195 0.196 0.288 0.212 -

Resin bond layer.thickness 0.019 0.017 0.018. 0.017 -
mm 

Cutting speedA 6.3 5.5 9.5 1.9 -
mmhnin 

·Cutting speedB 2.1 1.8 7.0 0.0 -

mmhnin 

Preferred Examples 22 through 29 

Wire saws were fabricataj in a similar manner as in Pre~rred Example 1, except that 
abrasive grains of Ni-plated dimD.ond and diamond fillers were,.• used, based on the abrasive 
grain si7.e and blending ratios by volume as shown in Table 6. The resultant respective wire 
saws were subjected to cutting t.est.s on single crystal silicon blocks, the results of which are 
given also in Table 6. 
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Table6 

Preferred Preferred Preferred Preferred Preferred,'· Preferred Preferred Preferred 

example Example example example exa.Iilple .· example example example 

22 23 24 25 26 27 28 29 

Abrasive grain Ni-plat.ed Ni-plat.ad Ni-plat.ad Ni-plat.ad Ni-plat.ad' Ni-plated Ni-plat.ad Ni-plat.ad 

diamond Diamond diamond diamond diamond Diamond diamond diamond 

Average 30 30 30 30 30 30 30 30 

abrasive grain 

size µm 

Filler Diamond Diamond Diamond Diamond Diamond Diamond Diamond Diamond 

Abrasive grain 4. 2 7. 9 11. 3 15. 0 18. 7 22. 4 1. 5 3 0. 0 

cont.ant vol. % 

Average filler 2. 6 2. 6 2. 6 2. 6 . 2. 6 2 . 6 2. 6 2. 6 

grain size µm 

Filler cont.ant 23. 6 22. 7 2 2. 0 21. 1 20. 2 19. 3 20. 9 20. 9 

vol.% 

Core wire O.D. I 0.222 0.227 0.230 0.231 0.233 . 0.230 0.223 0.227 

mm 
' 

!Resin bond layer 0.015 0.017 0.018 0.018 0.019 ·:0.018 0.015 0.017 

thi.clmess 

mm 

Cutting speed.A 5. 5 7. 5 8. 3 9. 5 9. 0 ·. 7. 6 4. 4 4. 5 

mm/min . ' 

Cutting speedB 3. 2 4. 8 5. 0 5. 0 4. 9 : 2. 0 2. 8 L 9 

mm/min 
. ,':' 

As clearly seen from the results of the foregoing e~frihent.al preferred examples; 

preferred examples and comparative examples, the wire saV/~:. according 1X> the present 

invention are far superior 1X> the Wire saws of the comparati~ e~ples both in cutting speed 

immediately after the start of cutting operation and in cutting . :~d 1 hour thereafter. In 

addition, when subjected further cutting tests subsequently~.··~ saws according 1X> the 

· present invention kept a substantially constant speed with a relati~ly small reduction from the 
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level at 1 hour later the start of cutting, thus permitting continuou8 cutting operation. 

It oould be supposed that the aforementioned high performance of the wire saw 

acoording tn ·the present invention result.a from the fact that the abrasive grains protruding 

outward are ~fixed fast and strongly tn the out.er periphery of the high-strength oore wire with 

the :filler-containing resin bond by being arranged so as tn be provided with a high thermal 

resistance and abrasive resistance durable to a working pressure and heat during cutting 

operations. 

In order tn secure such fast and strong fixing of the pro1ruding and projecting abrasive 

grains, it is neoossary that the resin used have 100 kg/mm2 or higher modulus of elasticity and 

200 °C or higher softening temperature and oontain 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 afurementioned abrasive grain used as having a grain size larger than or 

equal tn two-thirds the resin bond layer thickness acoording tn the present invention permits 

the ooating oomposition tn be cured ontn the aforesaid outer periphery of the core wire when 

baked, so th.at the abrasive grains protrude and project above the resin bond layer surface tn 

form cutting edges and chip pockets. 

Accordingly, it goes without saying that the oore 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 tn be cut and 

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

Industrial Applicability 

As fully descn"bed hereinbefore, the present invention provides, readily and with an 

eoonom.ical 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 tn the prior art. 

Further, the wire saw according tn the present invention provides a cutting ability at least 10 

times as higher as that of the loose abrasives type t.ogether with an adequat:e working 

performance and precision. 
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· 11111111111111 11111 I 1111111111 
* C L M S * 

Whatls Claimed Is: 

1. A wire saw comprising a high-strength core wire, a layer of a'1;'0sin bond coating said core 

wire, a resin of said resin bond having a modulus of elasticity of lOO kg/mm.2 or above and a 

softening temperature of 200 °C or above and said resin bond containing filler having a grain 

s:i7.0 smaller than two-thirds the' thickness of said resin bond layer; ·and abrasive grains fixed in 

said resin bQnd l~yer and having a grain s:i7.0 not smaller than two·-·thirds the thickness of said 

resin bond layer but not exceeding a half the diameter of said core .Wire. 
2. A wire.saw according to claim. l, wherein said abrasive gramsprotrude partially above the 

ext.ernaI surface of said resin bond layer. 

3. A wire saw according to claim 1 or 2, wherein the content of 131Ud abrasive grains ranges 

from 1 to 30 % by volume of said resin bond comprising said resin, :61ler and abrasive grains. 

4. A wire saw according to claim 1 or 2, wherein the content of saidfiner ranges from 1 ro 50 % 

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

5. A wire saw according to cialln 1 or 2, wherein said abrasivtfgfalhs comprise superabrasive 

grains such as diamond or CBN, 

6. A wire saw according to chilln 5, wherein said superabrasi.ve grains are metal-plated. 

7. A wire saw according to claim 1 or 2, wherein said filler comprises superabrasive grains 

such as diamond or CBN, or w~rein said filler comprises eonventi<)D,aI abrasive grains such as 

SiC or Al20s. 

8. A wire saw according to claiin 1 or 2, wherein said high-:strength core wire comprises a 
. ~· . . 

surface-treated piano wire. 

9. A method for producing a wire saw comprising prep~.~:~~ composition containing 

a resin bond, coating a core wire with said coating composition $d•heating the same so as to 

form a layer of.said resin bond fixed onro the out.er peripheral sui-mce of said core~. said 
·.' . ;:: 

coating composition comprising said resin bond, a resin of said resi.IJ. bond having a modulus of 
elasticity of 100 kg/mm2 or a~ and a soft.ening temperature Of.200 "C or above, abrasive 

grains having a grain s:i7.0 not sm~ller than two-thirds the thickp.0$s Of said resin bond layer but 

not exceeding a half the diamethl-of said core wire and filler ha~ a grain s:i7.0 smaller than 

two-thirds the thickness of sai4 resin bond layer, said ahrasive :~ains and said filler being 

added to a solution of said resin hi a solvent. 

10. A method for producing a wire saw according to claim 9, wherein the proportion of said 
. : ~ ; .· .. 

solvent in said coating composition ranges from 25 1x> 75 %:;by>volume of the total coating 

composition. 
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