Method for cutting workpiece with wire saw Technical Field The present invention relates to a method
for cutting a 5 workpiece with a wire saw, in which a slurry containing abrasive grains (hereinafter
called "abrasive grain slurry") is supplied to a saw wire and the workpiece then is cut, and, in
particular, relates to a method for cutting a workpiece with a wire saw, in which a silicon ingot is 10 cut
as the workpiece. Background Art Conventionally, when cutting hard and brittle workpieces such as
silicon ingots, wire saws are used. As a method for 15 cutting a workpiece with a wire saw, e.g., a

method is disclosed whereia @htasivegrait siigy inpepiesbiom Razdesarsanged on both sides of
the workpiece in lateral direction, onto a saw wire that is wound around a pair of wire guide rollers and

moves left and right, while the 20 workpiece is pushed against the saw wire and thus, the workpiece is
cut (see, e.g., Patent Document_1). Furthermore, a method for cutting a workpiece with a saw wire is
disclosed wher&irihth&3orota8s Of cutting the workpiece with the saw wire, the workpiece is

immersed into 2§ abrasive.grain; shicry:ing tankise that the whale area Where thecworkpiece meshs

with the saw wire is immersed (see, e.g., Patent Document 2). Moreover, conventionally, a 2 plurality

of saw wire§ alignedrinparallel tre aseditoscut dlve workpigtecand:to $orm &y plarality of wafers. Prior Art

Documents , _ _ , _
abrasive grains {hereinafter cailed “abrasive grain

slurry”) is supplied to a saw wire and the workpiece then
is cut, and, in particular, relates to a method for cutting
a workpiece with a wire saw, in which a silicon ingot 1is

) cut as the workpiece.

Background Art
Conventionally, when cutting hard and brittle workpieces
such as silicon ingots, wire saws are used. As a method for
15 cutting a workpiece with a wire saw, e.g., a method is
disclosed wherein abrasive grain slurry 1is poured from
nozzles arranged on both sides of the workpiece in lateral
direction, onte a saw wire that is wound arcund a pair of
wire guide rollers and moves left and right, while the
20 workpiece is pushed against the saw wire and thus, the
workpiece is cut {see, e.g., Patent Document 1y.
Furthermore, a method for cutting a workpiece with a saw
wire 1is disclcesed wherein in the process c¢f cutting the
workpiece with the saw wire, the workpiece is immersed into
25 abrasive grain slurry in a tank so that +the whole area
where the workpiece meshs with tThe saw wire 1is immersed

(see, e.g., Patent Document 2). Moreover, conventicnally, a



5[Patent Document 1] JP Patent Application Publication (Kokai) No. 7-1442 [Patent Document 2] JP
Patent Application Publication (Kokai) No. 2008-160124 10 Summary of Invention Problem to be
Solved by the Invention In recent years, silicon ingots have become larger in diameter, so that precise
cutting techniques for large- diameter silicon ingots are required. In the cutting method 15 of above
Patent Document 1, during the cutting run of the saw wire from the entry side to the exit side of the
workpiece, i.e. in the meshing area of the saw wire, the abrasive grain slurry adhering to the saw wire

and being supplied-fsontpozzies is;subjessta:attttien and 2hseparation:and:éus decreases.
Therefore, in the case where a silicon ingot with a large diameter of 450 mm is cut,
the workpiece and to form a plurality of wafers.

Prior Art Documents

5 [Patent Decument 1] JF Patent Application Publication
(Kokail) No. 7-1442
[Patent Document 2] JP Patent Application Publication

{Kokal) Neo. 2008-160124

10 Summary of Invention
Probliem to be Solved by the Invention
In recent years, silicon ingots have become larger in
diameter, so that precise cutting techniques for large-
diameter silicon ingots are required. In the cutting method
15 of above Patent Document 1, during the cutting run of the
saw wire from the entry side to the exit side of the
workpiece, i.e. in the meshing area of the saw wire, the
abrasive grain slurry adhering to the saw wire and being
supplied from nozzles 1s subject to attrition and
20 separation and thus decreases. Therefore, in the case where
a silicon ingot with a large diameter of 450 mm is cut,
abrasive grain slurry sufficient for the cutting run of the
saw wire from the entry side to the exit side of the
workpiece cannot be provided only by supplying abrasive
25 grain slurry to the saw wire from nozzles on both sides of
the silicon ingot in lateral direction. Thus, decline,
fluctuations, etc. in the cutting performance develop, and

in the wafers formed by the cutting, undesired wafer



abrasive grain slurry sufficient for the cutting run of the saw wire from the entry side to the exit side of
the workpiece cannot be provided only by supplying abrasive 25 grain slurry to the saw wire from
nozzles on both sides of the silicon ingot in lateral direction. Thus, decline, fluctuations, etc. in the
cutting performance develop, and in the wafers fornged by the cutting, undesired wafer 3 properties
such as undulation and bending occur, so that problems such as breakage of the saw wire emerge. As
shown, e.g., in Fig. 8, in conventional cutting methods, the cutting margin (incision depth) of the saw
wire on the exitszsisleris:meck soralles thandbe-cutting maiginoidhe gawawite ondbe entry side.
Incidentally, Fig. 8 is a drawing showing the enlarged cut surface of the left hand side part of the
workpiece in thexdikeaion 6fafe entingTanasiihesdt yvife2 10" ERhERAGRE inAke THRY method of
above Patent Document 2, anurpIu of a{orasg:vgngrea}il@ félfll%)ﬁfjs guegli%d to Htlh%ggéténg art of the
workpiece, the SaW wireVibrated'in the cuﬁing groove, and the s iced pgrt w%rates, so that the 15

problem of waferst¢racking.0e6uW's ecausa-neighberingwaters taich eaeb athexhe Thuscwith
conventional methods for cutting a workpiece with a wire saw it was impossible to cut silicon ingots 20
with a large® diafrieter éfse.gu450 ara WitHout Bay pidlslestting margin of the saw

wire on the entry side. Incidentally, ¥Fig. 8 is a drawing
showing the enliarged cuf surface of the left hand side part
of the workpiece in the direction of the cutting run of the
saw wire.
10
Furthermore, in the cutting method of above Patent Document
2, a surplus of abrasive grain slurry is supplied tc the
cutting part cof the workpiece, the saw wire vibrates in the
cutting groove, and the sliced part vibrates, sc¢ that the
15  proklem of wafers cracking occurs because neighboring

wafers touch each other.

Thus, with conventional methods for cutting a workpiece
with & wire saw it was impossible to cut silicen ingots

200 with a large diameter of e.g. 450 mm without any prcblems.,

Furthermore, since in the cutting method of above Patent
Document 2 the whole area where the saw wire and the
silicen ingot come into contact 1s immersed into an
25 abrasive grain slurry liquid, particularly in the case of
large diameter wafers, a surplus of abrasive grain slurry
is supplied. Therefore, because the saw wire causes the

slice ©parts to vibrate, or additionally because the



Furthermore, since in the cutting method of above Patent Document 2 the whole area where the saw
wire and the silicon ingot come into contact is immersed into an 25 abrasive grain slurry liquid,
particularly in the case of large diameter wafers, a surplus of abrasive grain slurry is supplied.
Therefore, because the saw wire causes the slice parts to vibrate, or additionally because the 4
abrasive grain slurry liquid inside the abrasive grain slurry bus is vibrated violently by the vibration due
to the to-and-fro movement of the saw wire, the sliced parts vibrate under the influence of the vibration
of the 5 abrasivgrgrain slurry figiid. Therefore 1the.qualinefthe cutrsurfase segarding:flatness, etc.,
decreases, and in some cases, problems such as the generation of cracks occur because neighboring
sliced parts tough &aeh dthéer. 19 Thibabjert ofthelsresent iRveritoh i 18 pbvite snfettdd for cutting

a workpiece with a W|re sa hich makes it pos, to cut a large-diameter work iece accurately and
efficiently wﬂhouP any de?ev%s\%éuch as grearﬂtageéoc%%rnng "?LS"WIgans fgr] Soﬁvmg the Pro‘b%em In order

to achieve the abgye:ehjectivgethe method fen cutting a workpiese with aaviresaws accerding to the
5 abrasive grain slurry liguid. Therefore, the quality of the
cut surface regarding flatness, etc., decreases, and in
some cases, problems such as the generation of cracks occur

because neighboring siiced parts touch sach other.

10 The object of the present invention is to provide a method
for cutting a workpiece with a wire saw, which makes it
possible to cut a large-diameter workpiece accurately and

efficiently without any defects such as breakage occurring.

15 Means for Solving the Problem
in order to achieve the above obiective, the method for
cutting a workpiece with a wire saw according to the
present invention is a method in which a workpiece is cut
by running at least one saw wire in a lateral direction and

20  bringing the workpiece into contact with the saw wire, and
the method comprises the steps of suppiying a first
abrasive grain slurry to the saw wire on two peints which
are separated by a predetermined distance in the lateral
direction, starting cutting of the workpiece by moving at

25 least either one of the saw wire or the workplece relative
to the other and bringing the workpiece into contact with
the saw wire from above at a location between the two

points on the saw wire where the first abrasive grain



present invention is a method in which a workpiece is cut by running at least one saw wire in a lateral
direction and 20 bringing the workpiece into contact with the saw wire, and the method comprises the
steps of supplying a first abrasive grain slurry to the saw wire on two points which are separated by a
predetermined distance in the lateral direction, startifig cutting of the workpiece by moving at 25 least
either one of the saw wire or the workpiece relative to the other and bringing the workpiece into
contact with the saw wire from above at a location between the two points on the saw wire where the
first abrasive grain 2 gluity issupplied, and supplyiig arsgcandsabrasive:giain sharryiaarpart of an
area where the saw wire meshs with the workpiece. 5 In the method for cutting a workpiece with a wire
saw according fo-tHe Bresent irkehtiof Sthesubiiying bt ke S8CoriPHbiasive BfIA BIUTHY Is performed
by immersing t %ga‘goq:f]{thle@%rga where the saw wire meshs with the workpiece into the second
abrasive grain slurry: =+ ’

5 In the method for cutting a workpiece with a wire saw
according to the present invention, the supplying of the
second abrasive grain slurry is performed by immersing the
part of the area where the saw wire meshs with the
workpiece into the second abrasive grain slurry.

10
In the method for cutting a workpiece with a wire saw
according to the present invention, the second abrasive
grain slurry is stored in a tank, and the part of the area
where the saw wire meshs with the workpiece is immersed

15 into an abrasive grain slurry surface of the second

abrasive grain slurry stored in the tank.

In the method for cutting a workpiece with a wire saw
according to the present invention, the two points on the
20 saw wire where the first abrasive grain slurry is supplied
are located above the abrasive grain slurry surface of the

second abrasive grain slurry stored in the tank.

In the method for cutting a workpiece with & wire saw
25 according to the present invention, the workpiece is cut by
disposing a plurality of the saw wires in parallel with
each other with a predetermined distance therebetween,

running the plurality of saw wilres in the lateral



10 In the method for cutting a workpiece with a wire saw according to the present invention, the
second abrasive grain slurry is stored in a tank, and the part of the area where the saw wire meshs
with the workpiece is immersed 15 into an abrasive grain slurry surface of the second abrasive grain
slurry stored in the tank. In the method for cutting a gvorkpiece with a wire saw according to the present
invention, the two points on the 20 saw wire where the first abrasive grain slurry is supplied are located
above the abrasive grain slurry surface of the second abrasive grain slurry stored in the tank. In the

method for cutting a workpiege with-ayyre saw25 Recepding do the presentipvention, theaworkpiece is
cut by disposing a plurality of the saw wires in parallel with each other with a predetermined distance
therebetween, runningithe pldrality of sasswires in the lateral 6 direction, and bringing the workpiece
into contact with the plurality of saw wires. In the method for cutting a workpiece with a wire saw

In the method for cutting a workpiece with a wire saw
5 according to the present invention, the first abrasive
grain slurry is supplied from one supply source tc one of
the two points on the plurality of saw wires, and the first
abrasive grain slurry 1is supplied from another supply
source to the other of the two points on the plurality of

10 saw wires.

In the method for cutting a workplece with a wire saw
according to the present invention, the first abrasive
grain slurry is supplied from one supply source to one of
15 the two points on each of the plurality of saw wires, and
the first abrasive grain slurry i1s supplied from another
supply source to the other of the two points on each of the

plurality of saw wires.

20 In the method for cutting a workpiece with a wire saw
according to the present invention, the supply of the first
abrasive grain slurry is performed by spraying £from a

nozzle.

25 In the method for cutting a workpiece with a wire saw
according to the present invention, the two peints on the
saw wire where the first abrasive grain slurry is supplied

are changed as the cutting of the workpiece progresses.



5 according to the present invention, the first abrasive grain slurry is supplied from one supply source
to one of the two points on the plurality of saw wires, and the first abrasive grain slurry is supplied from
another supply source to the other of the two points on the plurality of 10saw wires. In the method for
cutting a workpiece with a wire saw according to theypresent invention, the first abrasive grain slurry is
supplied from one supply source to one of 15 the two points on each of the plurality of saw wires, and
the first abrasive grain slurry is supplied from another supply source to the other of the two points on
each of the plurality of saw wires. 20 In the method for cutting a workpiece with a wire saw according
to the present invention, the supply of the first abrasive grain slurry is performed by spraying from a
nozzle. 25 In thenmethed fertduttingtaworksieéa with a wireksawrccordiiy & thielpreséitinvention,
the two points on the saw wire where the first abrasive grain slurrytis SUQPEQEQ are c?antgleed as the

cutting of the woTKEde FlodressEs. PR TRE nethiSq 1or Cltting' a Workpiece with & wire Saw

according to the preseniinyention, atempearaiure ofthefirstabrasive geaipsslury agel-atemperature of
the second 5 abrasive grain slurry are controlled. Effects of the Invention With the method for cutting a
workpiece fith gowireiseav aceordingitorthegresentivehtion, regardless of the

Effects of the Invention
With the method for cutting a workpiece with a wire saw
according to the present invention, regardless of the

10 length of the meshing area of the saw wire, abrasive grain
slurry can sufficiently be supplied evenly across the whole
neshing area of the saw wire, the development of
unnecessary stress and heat in the cutting part within the
workpiece during cutting can be prevented, and the

15 generation of vibrations during cutting can alsc be
prevented. Therefore, even workpleces with a large diameter
can be cut precisely, further, breakage of the cut portions
can be prevented, and a highly reliable processing
performance can be realized.

20

Brief Description of the Drawings

Fig. 1 is a drawing showing a cutting device implementing a

method for cutting a workpiece with a wire saw according to
25  an embodiment of the present invention.

Fig. 2 is a perspective view of the cutting device of Fig.

1.



10 length of the meshing area of the saw wire, abrasive grain slurry can sufficiently be supplied evenly
across the whole meshing area of the saw wire, the development of unnecessary stress and heat in
the cutting part within the workpiece during cutting can be prevented, and the 15 generation of
vibrations during cutting can also be prevented. Thegefore, even workpieces with a large diameter can
be cut precisely, further, breakage of the cut portions can be prevented, and a highly reliable
processing performance can be realized. 20 Brief Description of the Drawings Fig. 1 is a drawing

showing a cuttipg device implementing a methoddor cutting a-workpiege withy ajwire saw,according to
25 an embodiment of the present invention. Fig. 2 is a perspective view of the cutting device of Fig. 8
Fig. 3 is a partial enlarged view of the cutting device of Fig. 1. Fig. 4 is a drawing showing a cutting

device implementing a method for cutting a workFiece with a wire saw accorgign%g?to 5 Comparative

Example 1. FigE&9s a‘drivitg SHoWing & 20t dévicimpidmentinga M&thod Tor &ifling a
workpiece with g.wire sauy 9088@99%‘0ac9%%§@\6% Example 2,; Eigs fisa drawing,shewing a

cutting device implementing a 10 method for cutting a workpiece with a wire saw according to
Comparative Exampie 3t Fig:. Eisardrawing showing an appearance of a cut surface of a workpiece
cut with Example 1.  Fig. 8 is a drawing showing the appearance of the cut 15 surface of the

workpiece out it a Corverftichat firdthodP R Huttiy S{vorkpReds BErfibodheRiynting 2

method for cutting a workpisce with a wire saw according to

Comparative Example 2.

Fig. 6 is a drawing showing a cutting device implementing a
10 method for cutting a workpiece with a wire saw according to

Comparative Example 3.

Fig. 7 is a drawing showing an appearance of a cut surface

of a2 workpiece cut with Example 1.

Fig. 8 is a drawing showing the appearance of the cut
15 surface of the workpiece cut with a conventional methed for

cutting a workplece.

Embodiments
Hersinafter, an embodiment of the present invention is

20 described with reference to the drawings.

Fig. 1 shows a cutting device carrying out the method for
cutting a workpiece with a wire saw according to an
embodiment of the present invention.

25
As shown in Fig. 1, the cutting device 100 has three
rollers 2, a saw wire 1 wound around these three rollers 2,

and a workpiece holding device 3 that holds the workpiece W



Hereinafter, an embodiment of the present invention is 20 described with reference to the drawings.
Fig. 1 shows a cutting device carrying out the method for cutting a workpiece with a wire saw
according to an embodiment of the present invention. 25 As shown in Fig. 1, the cutting device 100
has three rollers 2, a saw wire 1 wound around these three rollers 2, and a workpiece holding device 3
that holds the workpiece W 9 and moves, thereby transporting the workpiece W to a predetermined
position in order to cut the workpiece W with the saw wire 1. Of the rollers 2, the two rollers 2a, 2b are

arranged on top whilgthe-single rallen?c is aganged:S hglowand the twedppernolless 2a, 2b are
arranged at the same height in vertical direction (direction of arrow a) and a predetermined distance

DR apart in horjzortakdirectiors (directiorrof arroarBE wihile thietlowWer reflekpé ssarfangeedbelow the

upper rollers 2a, 2b, e.g., at a 10 middle position between the upper rollers.2a, 2b. At least one of the
rollers 2 can betotat&a'hoth iy in faftright-dhactich %yza’drF\%ﬁg Hé’?/icéonlé[esﬂ%w%ih t % drawings.

Therefore, the saw wjte- 1 cansrun,betyyeen the.twe uppenpllers 2a; 2b both ways.indefiight-direction
as 15 shown by arrow b. The workpiece holding device 3 can be moved in vertical direction (direction

of arrow a) aboke the uppet rolierst?a, 2ppAs showreirsFigz 2, e rolfers - stratch fot abotit as far 20
as the workpiece W in the direction of the axis line la of the workpiece W. The Ieéwegth of the rollers 2 in
t

the direction of F&'axiBFih&1A mdy 86 DE dhorterGiohgBr thah'the 15RGthoF the Wotkpldce W in the

d"eCﬂon(ﬁtheand a predetermined distance Dy apart in horizontal
direction {direction of arrow b}, while the lower roller Zc

is arranged below the upper rollers 2a, 2Zb, e.g., at a

10 middle position between the upper rollers Z2a, Zb. At least

one of the rollers 2 c¢an be rotated both ways in left-
right-direction by a driving device not shown in the

drawings. Therefore, the saw wire 1 can run between the two

upper rollers 2a, 2b both ways in left-right-direction as

15 shown by arrow b. The workplece holding device 3 can be

moved 1n vertical directicn (direction of arrow a) above

the upper rollers 2a, Zb.

As shown in Fig. 2, the rollers 2 stretch for abeut as far
20 as the workpiece W in the direction of the axis line la of
the workpisce W. The length of the rellers 2 in the
direction of the axis line la may also be shorter or longer
than the length of the workpiece W in the direction of the
axis line la. Furthermore, the cutting device 100 possesses
25 a plurality of saw wires 1 that are arranged in the
direction of the axis line la with a predetermined distance
d from each other in the direction of the axis line la and

in parallel to each other. The predetermined distance d



axis line la. Furthermore, the cutting device 100 possesses 25 a plurality of saw wires 1 that are
arranged in the direction of the axis line la with a predetermined distance d from each other in the
direction of the axis line la and in parallel to each other. The predetermined distance d 10 between
neighboring saw wires 1 corresponds to the thicknegs of the wafers which are formed by the
workpiece W being cut. Furthermore, the number of saw wires 1 corresponds to the length of the
workpiece W, i.e. to the 5 number of wafers obtained from the workpiece W. The cutting device 100

further has a first ahrasive g@j@@gﬁﬁ@nk 2:and & seeend abrasive-gaiashary @hnk % Hde first
abrasive grain slurry tank 5 is provided in order 10 to accumulate or discharge the abrasive grain slurry
6, while the seddric-abessive §rainssiuaytank Pisghrovitediorbe dlled Witte thee abedsi¢e dgfain slurry 6.

The first abrasiv% rain sé%r{y taan ?tt}laésr%clgreqer sitzr(]eethap1 tpn% esecorou% abga%;ve %grigssluriy tank 7 and
is arranged so it 1% the'tollers 2 Are aceomrhodated inSide i, The Second abrasive grain slurry tank

7 is arranged inside-the. first abrasive graigrsiury dank abelaye the stietahjng pertiondaafdhe saw wire
1 that stretches between the two upper rollers 2a, 2b, and above the lower roller 2c, stretches in 20 the
direction ofthe axigokine & arafisrformiethwithch SizarealsiingctheowedgiBce W to be accommodated
inside it. An abrasive grain slurry discharge pipe 11 for discharging the abrasive grain slurry 6 that has
accumulated inside the first abrasive grain slurry tank 5 is connected to the 25 lower part of the first

abrasive grain siygry tark by I heabrasivegrainslugy.discharge pipestl ig.carneeted g ancirculation
pipeline which is not shown in the drawings. To this circulating pipeline, a cleaning device that cleans
slurry tank 5 and a second abrasive grain siurry tank 7.
The first abrasive grain slurry tank 5 is provided in order
10 to accumulate or discharge the abrasive grain slurry 6,
while the second abrasive grain slurry tank 7 is provided
te be filled with the abrasive grain slurry 6. The first
abrasive grain slurry tank 5 has a larger size than the
second abrasive grain slurry tank 7 and is arranged so that
15 the rollers 2 are accommodated inside 1t. The second
abrasive grain slurry tank 7 1is arranged inside the first
abrasive grain slurry tank 5 below the stretching portion
la of the saw wire 1 that stretches between the two upper
rollers Z2a, 2k, and above the lower roller 2c¢, stretches in
20 the direction of the axis line la, and is formed with a
size enabling the workpiece W To be accommodated inside it.
bn abrasive grain slurry discharge pipe 11 for discharging
the abrasive grain slurry 6 that has accumulated inside the
first abrasive grain slurry tank 5 1is connected to the
25 lower part of the first abrasive grain slurry tank 5. The
abrasive grain slurry discharge pipe 11 is connected to a

circulation pipeline which is not shown in the drawings. To

this circulating pipeline, a cleaning device that cleans



11 the abrasive grain slurry containing cutting dust from the workpiece may be attached. The abrasive
grain slurry discharge pipe 11 does not have to be connected to the circulating pipeline. In such a
case, the abrasive grain 5 slurry 6 may also be disposed via the abrasive grain slurry discharge pipe
11. Furthermore, an abrasive grain slurry supply pipg 10 is connected to the lower part of the second
abrasive grain slurry tank 7. The abrasive grain slurry supply pipe 10 is connected to an abrasive grain
slurry 10 supply device that is not shown in the drawings. As grains, the abrasive grain slurry 6

comprises, e.g.fipely.grained SiC, Fyrthermore the-cutting device-10Q has & plerality ©f 45 nozzle

pairs 4 that include right nozzles 4r and left nozzles 41 and supply the abrasive grain slurry 6 to the
stretching portien taof ¢he samawirelsel. Hértsy thedightBide okPiga sliiserightranid thes lefrside of Fig. 1 is
left. The plurality of pairs of nozzles 4 are arranged in 20 the direction of the axis line la corresponding

to the saw wireS ‘B BaHIeRVRA thedislahte %I AtA&FwIras, Xorre8pBRGTNT to the &% wire 1, one
pair of nozzles 4.are provided. andthe pair gfnazzles 4 areartangedkabgye.the, corgespanding saw
wire 1 with the openings 4a tacing the
5 slurry 6 may alsoc be disposed via the abrasive grain slurry
discharge pipe 11. Furthermore, an abrasive grain slurry
supply pipe 10 is connected to the lower part of the second
abrasive grain slurry tank 7. The abrasive grain slurry
supply pipe 10 1s connected to an abrasive grain slurry
10  supply device that i1s not shown in the drawings. As grains,

the abrasive grain slurry 6 comprises, e.g., finely grained

SicC.

Furthermore, the cutting device 100 has a plurality of
15 nozzle pairs 4 that include right nozzles 4r and left
nozzles 41 and supply the abrasive grain slurry & to the
stretching portion la of the saw wires 1. Here, the right
side of Fig. 1 is right and the left side of Fig. 1 1is
left. The plurality of pairs of nozzles 4 are arranged in
20 the direction of the axis line la corresponding to the saw
wires 1 in parallel with the distance d. In other words,
corresponding to cone saw wire 1, one pair of nozzles 4 are
provided, and the pair of nozzles 4 are arranged above the
corresponding saw wire 1 with the openings 4a facing the
25 saw wire 1. Each pair of nozzles 4 are connected to an
abrasive grain slurry supply pipe 8, and in each of the
pairs of nozzles 4, the nozzles 4r, 41 are arranged above

the stretching portion 1la of the saw wire 1 with a



25 saw wire 1. Each pair of nozzles 4 are connected to an abrasive grain slurry supply pipe 8, and in
each of the pairs of nozzles 4, the nozzles 4r, 41 are arranged above the stretching portion la of the
saw wire 1 with a 12 predetermined distance DN in horizontal direction. As described below, this
predetermined distance DN is the distance from which, in the cutting process, the abrasive grain slurry
6 is sprayed onto the two supply portions P 5 (two points with a predetermined distance) that are
portions of the saw wire 1 outside from the portions of the saw wire 1 where it meshs with the

workpiece W, agnelthat e postions aboyedbe afyrasive grain shune surface of Hae @ébrasine grain slurry
6 inside the second abrasive grain 10 slurry tank 7. The nozzles 4 can spray the abrasive grain slurry
6 that is supplietkviarthesgbrasive grairt-Slufry BUpPRISiHe 8 ohtodhe stretehirity pdriiontacof the saw

wire 1. 15 Furth _rmorebthefcuttln%rg%/rlﬁe Jigo Iegg actg{ntpiergature sensor 9 ttﬁaet |§§ttached inside the

second abrasivelgsra?irxl1 sﬁjrryrt%%k € temperature Sens6ro Hetects the Femperalfﬁrselg? the abrasive

grain slurry 6 ingide the-secand aprasivegraineslusy tank heandbasaggn the,20detested
temperature of the abrasive grain slurry 6, a temperature controller which is not shown in the drawings
adjusts thetempergture ot ie abrdsiVe grainzigidy Gtivat Iesuppsliceitnbe) secdmtabmisive grain

slurry tank 7 to aodesiredster?pgﬁatuge.wza y’llc thei cgttinsgig%vige 0100,}1 the vgog@?ge \évfag the saw
wires 1 are moved ré1alive 16 eath Sthbr At brought into contant in the anner deScribed below
during the cuttingy wire 1 where it meshs with the workpiece W, and that
are portions above the abrasive grain slurry surface of the
abrasive grain slurry € inside the second abrasive grain
10  slurry tank 7. The nozzles 4 can spray the abrasive grain
glurry 6 that is supplied via the abrasive grain slurry

supply pipe 8, onto the stretching portion la of the saw

wire 1.

15 Furthermore, the cutting device 100 has a temperature
sensor 9 that is attached inside the second abrasive grain
slurry tank 7. The fTemperature sensor 9 detects the
temperature o©of the abrasive grain slurry € inside the
second abrasive grain slurry tank 7, and based on the

20  detected temperature of the abrasive grain slurry 6, a
temperature ¢ontroller which is not shown in the drawings
adjusts the temperature of the abrasive grain slurry & that
is supplied to the second abrasive grain slurry tank 7 to a
cdesired temperature.

25
In the cutting device 100, the workpiece W and the saw
wires 1 are moved relative to each other and brought into

contact in the manner described below during the cutting



13 operation of the workpiece W. In the cutting operation of the workpiece according to the present
embodiment, the saw wires | move upward (to the workpiece side) in the direction of the arrow a in
Figs. 1 and 2, while the 5 workpiece holding device 3 moves the workpiece W downward (to the saw
wire side) in the direction of the arrow a, so that thejworkpiece W is brought into contact with the saw
wires 1. In order to make the saw wires 1 moveable, the rollers 2 around which the saw wires | are
wound are 10 configured so that they can be vertically (in the direction of the arrow a) moved by a

driving device t@g@ﬁg%ghg\@n g@m%@yﬂpggertthqmoggedlgmg the cutting-efithe warkpiece W,
the 15 workpiece holding device 3 moves in vertical direction and the rollers 2 move in vertical
direction so thatithe sankwiresd move inivedicad direetion Becduserobthisahe pdditorsaFthe

workpiece W in relation to the surface of the abrasive %rain slylgr ig ghat g%%gccuanryla%qgeinside the 20
second abrasivigiain sfurrf etk 718 %3hsted o that it batoniBs 2TollSHAT In the' presant

embodiment, all saw.wires 1.are wound, atound thesthregsrgliers 2a, 2y 2¢ as show in Fig. 2.
However, 25 the aspect of the rollers 2 is not limited to this. For example, a mode may be employed
wherein thrige reltergp2ac2b 1i2d disarrdegedforieantvetthé sawwires 1ed9 Burdvermeres while in the
present embodiment, each pair of the plurality of pairs of nozzles 4 is arranged above each of the saw

wires 1 so that é58h g4 6fthe"o2218¢ 4 ortdspdit fb-&&56H 38 Wire 1 thé aEREcFof the nozzles 4 5
is not limited to fhis. Foy example;a pairpf Nozgles 4 may;be arranged helow: diagenaly above or

below, or beside a saw wire 1. In other words, the openings 4a of the nozzles 4r, 41 may be arranged
below, diagonally absve or below:; @ besidewvth:respectstethersasswite fioFkedDecuttihg device 100
may further possess only one pair of nozzles 4. In such a case, the abrasive grain slurry 6 will be

sprayed onto theW& Eiipply poriighs P B Afaw Wire§ 2 roit 6R8 ndzzR A, 4L Yadpettively.
Furthermoyg, whilg fhe cutling, device. 10Q possesses apurality 9i pairs,ofne direction

of the arrow a)} moved by & driving device that is not shown

in the drawings.

Furthermore, during the cutting of the workpiece W, the
15 workpiece holding device 3 moves in vertical direction and
the rollers 2 move in vertical direction so that the saw
wires 1 move in wvertical direction. Because of this, the
position of the workpiece W in relation to the surface of
the abrasive grain slurry 6 that has accumulated inside the
20 second abrasive grain slurry tank 7 is adjusted so that it

becomes as follows.

In the present embodiment, all saw wires 1 are wound around
the three rollers 2Za, 2b, 2c as shown in Fig. 2. However,
25 the aspect of the rollers 2 1s not limited to this. For
example, a mode may be employed wherein three rollers Za,

2b, 2c are arranged for each of the saw wires 1.



15 nozzles 4, the number of pairs of nozzles 4 may also be smaller than the number of saw wires 1. In
such a case, the abrasive grain slurry 6 is supplied from each pair of nozzles 4 to a predetermined
group (number) of saw wires 1. In addition, in the pair of nozzles 4, the nozzles 4r, 41 20 may be
configured in a way that the distance DN between tiwe nozzles 4r, 41 is variable. In such a case, the
nozzles 4r, 41 are moved in a direction where the nozzles 4r, 41 approach each other or in a direction
where the nozzles 4r, 41 distance themselves from each other by, e.g., a driving 25 device that is not

shown in the drawings 5 pairgef Nezzles 4 Howewer multipleakiasive grain shyry-sugply pipes 8
may be provided. For example, there may be a plurality of abrasive grain slurry supply pipes 8 and

each abrasive gteén Blurrp $applyofipeBirmydie toaReed4o ohe?3 Prirdsion &S 428Fbne abrasive
grain slurry supply pipe 8 may be connected to_a plurality of pairs of nozzles 4. Furthermqgre, although
during the cuttifig oﬁgleati(?ﬁ%f the"RdrkpieC V\}%ﬂgﬁeepar}é%en? aé%nrboalf?netn]}fethél%gr %ISGC% 10 holding

device 3 and thesaw Wirgs: 1490xg sglative tq eachiother and the workpiegcpalVdis hroughtiinto contact
with the saw wires 1, the relative movement of the workpiece W and the saw wires 1 may also be
realized in & differenbmahiettRer examplésit iFpossibrrthat dudngthiercutfing: of the 35 vorkpiece W,
only either the saw wires 1 or the workpiece hoIdingﬁdevice 3 move. Fg[ettfermoref ig the?oresent

embodiment, tHE*$e&6nd AEPASIEE JraiH Siurfy ARRF ay BEWSvEd if Véftital dfreltisn Tin 20 the
direction of the arrw,a ip Figs. 1 and;2) by adrivipg.devicednet shgwhiipdbe drawings-ard the

position of the surface of the abrasive grain slurry 6 that has accumulated inside the second abrasive
grain slurry tankZznaydetadjudtediterbeconrastestribed pelowliagonally above or
belcocw, or Dbeside with respect to the saw wire 1. The
10 cutting device 100 may further possess only one pair of
nozzles 4. In such a case, the abrasive grain slurry 6 will
be sprayed onto the two supply portions P of all saw wires
1 from one nozzle 4r, 41, respectively. Furthermore, while
the cutting device 100 possesses a plurality of pairs of
15 nozzles 4, the number o¢f pairs of nozzies 4 may also be
smaller than the number of saw wires 1. In such a case, the
abrasive grain slurry & 1is supplied £from each pair of
nozzles 4 to & predetermined group (number) of saw wires 1.
In addition, in the pair of nozzles 4, the nozzles 4r, 41
20 may be configured in a way that the distance Dy between the
nozzles 4r, 41 is variable. In such a case, the nozzles 4r,
41 are moved in a direction where the nozzles 4r, 41
approach each other or in a direction where the nozzles 4r,
41 distance themselves from each other by, e.g., a driving

25 device that is not shown in the drawings.

Furthermore, in the present embodiment, only one abrasive

grain slurry supply pipe 8 is provided for the plurality of



25 Hereinafter, a method for cutting a workpiece with a wire 16 which is realized by the cutting device
100 possessing the above configuration, is described. First, the abrasive grain slurry 6 is supplied from
the 5 abrasive grain slurry supply device that is not shown in the drawings, via the abrasive grain slurry
supply pipe 10 to the second abrasive grain slurry tagk 7, and the second abrasive grain slurry tank 7
is filled with the abrasive grain slurry 6. Here, the abrasive grain slurry 6 is 10 supplied to the second
abrasive grain slurry tank 7 so that the abrasive grain slurry surface reaches a predetermined height

inside the secopd abyasive grain slurty, tank,£~Subseduenth, dhegellerss2 age grives: thergby setting
the saw wires 1 in motion, the abrasive grain slurry 6 is 15 provided from the abrasive grain slurry

supply device viartird abrdsive drairesiupsy supplygrge 8ttethe sl ef nd22Es Sandthelabrasive

grain slurry 6 is sprayed from all nozzles 4r, 41 onto the supply portions of the_stretching po tions la of
the saw wires PPtHat ¥&ﬂ«¥ft 2hd™5 fight fo drd Ho. Theré ftesr},fl ft%)é Wdtkpiage Wis he c? 5@ the

workpiece holding, device 3,apd-iransporiedsia.a predetarmined logationabeve the siretghing portions
la of the saw wires 1. The workpiece W is, e.g., a silicon ingot made of silicon single crystals. The
above sequenceaifthe 25 sapphsofithecabrastvexgrais Sharypéatie dhavingrofthenroliersiand the
transporting of the workpiece W is one possible examgle. Haowever, the geguen]cgg of these operations

17 is not limitecttd" e S5078LRG0ERe - Stiferkaylithced may B dsed asWal Sibsequently, the saw

wirer 1 and the workpiece holding

Furthermore, although during the cutting operation of the
workpiece W in the present embodiment, the workpiece
10  holding device 3 and the saw wires 1 move relative to each
other and the workpiece W is brought intc contact with the
saw wires 1, the relative movement of the workpiece W and
the saw wires 1 may also be realized in a different manner.
For example, it 1s possible that during the cutting of the
15 workpiece W, only either the saw wires 1 or the workpiece

holding device 3 move.

Furthermore, in the present embodiment, the second abrasive
grain slurry tank 7 may be moved in vertical direction (in
20 the direction ¢f the arrow a in Figs. 1 and 2} by a driving
device not shown in the drawings, and the positien of the
surface of the abrasive grain slurry 6 that has accumulated
inside the second abrasive grain slurry tank 7 may bDe
adjusted to bscome as described below.
25
Hereinafter, a method for cutting a workplece with a wire

saw according to an embodiment of the present inventiocn,



5 device 3 are moved relative to each other in vertical direction (direction of arrow a in Figs. 1 and 2)
so that they come closer to each other, and the workpiece W is pushed against the saw wires 1 from
above in the stretching portions la. The abrasive grain slurry 6 is supplied from 10 nozzles 4r, 41 to
each saw wire 1 in the supply portions P to the left agd to the right of the workpiece W, and the
abrasive grain slurry 6 is also supplied to the parts of the saw wires 1 that are in contact with the
workpiece W. Therefore, grinding due to the abrasive grains starts 15 between the saw wires 1 and
the workpiece \); and the cutting is stasted: i\ this{aqinty the sanewires lpberd sowiycenvexly as
shown in Fig. 1. Until a predetermined width of the wo kpiece W in 20 horizontal direction is cut, i.e.
until the length s the nieshiagwreas N (sée Fig s3Iy ébeté-workpiece W with the saw wires 1 reach a
predetermined length, the supply of the abrasive grain slurry 6 to the meshing areas M is carried out
only by the pairs of nozzles 4. Subsequently, when the 25 length of the meshing areas M reaches the

predetermined length, ong,part i of the meshing sreas M is immersgshinie therabrasiveegrain slurry 6
inside the second abrasive grain slurry tank 7 as shown in Fig. 3. In other words, the 18
5 abrasive grain slurry supply device that is not shown in
the drawings, via the abrasive grain slurry supply pipe 10
to the second abrasive grain slurry tank 7, and the second
abrasive grain slurry tank 7 1s filled with the abrasive
grain slurry 6. Here, the abrasive grain slurry 6 1is
10 supplied to the second abrasive grain slurry tank 7 so that
the abrasive grain slurry surface reaches a predetermined
height inside the second abrasive grain slurry tank 7.
Subseqguently, the rollers 2 are driven, thereby setting the
saw wires 1 in motion, the abrasive grain slurry 6 is
15 provided from the abrasive grain slurry supply device via
the abrasive grain slurry supply pipe 8 to the pairs of
nozzles 4, and the abrasive grain slurry € is sprayed from
all nozzles 4r, 41 onto the supply portions of the
stretching portions la of the saw wires 1 that run left and
200 right to and fro. Thereafter, the workpiece W 1s held by
the workpiece holding device 3 and transported to a
predetermined location above the stretching portions la of
the saw wires 1. The workpliece W is, e.g., a silicon ingot
made of silicon single crystals. The above sequence of the
25  supply of the abrasive grain slurry 6, the driving of the
rollers 2 and the transporting of the workpiece W is one

possible example. However, the seguence of these operations



part Mp of the meshing area is immersed below the surface of the abrasive grain slurry 6 inside the
second abrasive grain slurry tank 7. The supply portions P of the saw wires 1 onto which the abrasive
grain slurry 6 is supplied from 5 the nozzles 4r, 41, are located so that they lie on the outside from the
meshing areas M and above the abrasive grain slurfy surface. The following cutting operation is
performed until the 10 workpiece W is entirely cut, while maintaining the above-described positional
relationships. That is, the cutting is performed while the following positional relationships are
maintained. Dugiag the cytting.fhe warkpiegethe sawydres.1 age jacated aboyedhe siyface of the
abrasive grain 15 slurry 6 at the entry/exit points A that are the two ends of the meshing area M, and
the saw wires lrareusetdnamersdd into the abrasive grain slurry 6 at the entry/exit points A, as shown
in Fig. 3. Furthermore, the saw wires 1 and the workpiece W are immersed into the abrasive grain
slurry 6 20 so that the surface of the abrasive grain slurry 6 is located between the entry/exit points A
of the saw wires, apd the dpaximum hending points.B where the.saw wireg have.mayed most in the
direction in which the saw wirés 1 are pushed against the workpiece. Moreover, each nozzle 4r, 41 25
is positionefl sodbat tire sprayed-ongaints Petoewhich theabsasive graiesludiry 6 vesupphed, are
located outside from the entry/exit points A of the saw wires 1. 19 During the cutting of the workpiece

W, the saw wiresHt Sndithie workipiece fdlding 887Re Farkdrive?fin viertiéal direcfion Sbthat the
above-describegkpé))gitiggﬂgre@@ggpipéoar% Mntgm{e& ’Furgpl%rn@{g, tQSﬁ%?PQQé gprasive grain

slurry tank 7 may bé configured so that it also is driven in vertical direction at this time. Also, the mode
for enabling thattheseipasitionat relationshipsiaresmaimaimedatiirirg cattittgemsatyralsatbeng different
mode. For example, it is possible to only move either the saw 10 wire 1 or the workpiece holding
device 3 and toFR&\Ve fie sécond 46r graiR sHAfY Fank i verficaldirStiont fids Si<d"possible to

only move the workpiece holding, device 3.,In such.a cass, the sawewires 1, the driving tollers 2 and
the second abrasive grain slurry tank 7, etc. 15 are fixed at locations that make it possible to achieve
the above positionaliedationshipsadutthermere; ithanozzles 4, 4d-may:alse not berfikedHaut
configured to be moveable. It is also possible to configure

abrasgive grain slilurry 6 is also supplied to the parts of

the saw wires 1 that are in contact with the workpiece W.

Therefore, grinding due to the abrasive grains starts

15 betwsen the saw wires 1 and tThe workpiece W, and the

cutting 1is started. At this point, the saw wires 1 bend

down convexly as shown in Fig. 1.

Until &a predetermined width <f the workpiece W in
20  horizontal direction is cut, i.e. until the length o<f the
meshing areas M {see Fig. 3) of the workpiece W with the
saw wires 1 reach a predetermined length, the supply of the
abrasive grain slurry & to the meshing areas M i1s carried
out onity by the pairs of nozzles 4. Subseguently, when the
25 length of the meshing areas M reaches the predetermined
length, one part Mp of the meshing areas M is immersed into
the abrasive grain slurry 6 inside the second abrasive

grain slurry tank 7 as shown in Fig. 3. In other words, the



20 the predetermined distance DN between two nozzles 4r, 41 to be variable depending on the width
of the meshing areas M that changes along with the progress of the cutting. Concretely, the nozzles
4r, 41 may be moved in horizontal direction so that the locations between the points (supply 25
locations P) on the saw wires 1 to which the abrasiyg grain slurry 6 is supplied from the nozzles 4r, 41,
and the entry/exit points A are constant or lie within a predetermined range. 20 In the above cutting
operation, no great amount of the abrasive grain slurry 6 is supplied between the workpiece W and the

saw wire 1 at the begigning-ofthe cutting of the dvarkpiger Wsandihe approprialg ameunt of the
abrasive grain slurry 6 Is supplied, so that defects such as the saw wire 1 vibrating on the surface of

the workpiece W cah<beapreveinted andihe sutting cdn be staited-Wwell sEarthernadres even after the

beginning of the cutting, the appropriate 10 amount ?f the abr,asiveT%rain slagérry 6 can be supplied to
the meshing ar85& ¥, §4 ¥dtit [psdible i eidBR JoBF EitYS The®abrasT

fve’ a‘i”'ai"r‘{lsﬁrsry 6
discharged from the cut surface 15.0f fhe yarkpiege Wdribbles-as & is intg the firstabrasive grain
slurry tank 5 attached below the workpiece W, and is stored there. In the stored abrasive grain slurry
6, cutting diust (Sipfromzheamorkpiecé WV exisis besmlesttie abrasiv: grairts, Thisabrasivegrain slurry 6
is discharged 20 via the abrasive grain slurry discharge pipe 11, cleaned by the cuttigag dust being

d

separated by a &G dSTRR i e Efcliafin Bipefifie Hot FhAwATA The dPwifgs and Feturned to

the slurry supplé{lq_‘el\ﬁc%.llfllyp}eggg%ctgi_s abrasive grain slurry 6 may also be disposed of via the 25
abrasive grain slurry discharge pipe 11. 21

The following cutting operation is performed until the
10 workpiece W 1s entirely cut, while maintaining the above-
described positional relationships. That is, the cutting is
performed while the following positional relaticnships are
maintained. During the cutting of the workpiece, the saw
wires 1 are located above the surface of the abrasive grain
15 slurry 6 at the entry/exit points A that are the two ends
of the meshing area M, and the saw wires 1 are not immersed
into the abrasive grain slurry 6 at the entry/exit points
A, as shown in Fig. 3. Furthermore, the saw wires 1 and the
workpiece W are immersed intc the abrasive grain slurry 6
20 so that the surface of the abrasive grain slurry 6 1is
located between the entry/exit points A of the saw wires
and the maximum bending points B where the saw wires have
moved most in the direction in which the saw wires 1 are
pushed against the workpiece. Morecover, each nozzle 4r, 41
25 is positioned so that the sprayed-on points P to which the
abrasive grain slurry 6 is supplied, are located outside

from the entry/exit points A of the saw wires 1.



By repeatedly performing the above-described cutting operation, the silicon ingot can be sliced and
wafers can be formed. 5 In the above cutting operation, the temperature sensor 9 detects the
temperature of the abrasive grain slurry 6 inside the second abrasive grain slurry tank 7, and based on
the detected temperature of the abrasive grain slurqy 6, a temperature controller which is not shown in
the drawings 10 may adjust the temperature of the abrasive grain slurry 6 that is supplied to the
second abrasive grain slurry tank 7 to a desired temperature. In doing so, good cutting becomes

possible. 15 Exapples Hereinafter an example obthe-presentinventionds desetibed. Hae method for
cutting a workpiece with a wire saw 20 according to the embodiment of the present invention was

carried out usirg:the eutthrgi device©00iand thevsilicon Ingetriseirgrtheeworkpieces W wWasslcut and
wafers were produced under the following?1 condijtions (Exameple%é). 25 Cutting conditjons: Diameter of

silicon wafer: 4807RfT FRltkne&s of siticdh wafer<840 RUMGer of Siices®

_ : _ J slices: 280 QQ%&@@&% saw wire:
500 mm/min Saw wire tensiops 2.5:kgf Wire;diamefer of saw wire @:JAInm Abrasive graias: GC #1500

SiC
( : 5 abrasive grain slurry tank 7 may be configured so that it
also is driven in wvertical direction at this time. Also,
the mode for enabling that these positional relationships
are maintained during cutting may also be a different mode.
For example, it 1s possible to only move either the saw
10 wire 1 or the workpiece holding device 3 and to move the
second abrasive grain slurry tank 7 in vertical direction.
It is also possible to only move the workpiece holding
device 3. In such a case, the saw wires 1, the driving
rollers 2 and the second abrasive grain slurry tank 7, etc.

15 are fixed at locaticns that make it possible to achieve the

above positional relationships.

Furthermore, the nozzles 4r, 41 may also not be fixed but
configured to be moveable. It is also possible to configure
20 the predetermined distance Dy between two nozzles 4r, 41 to
be variable depending on the width of the meshing areas M
that <changes along with the progress of the cutting.
Concretely, the nozzles 4r, 41 may be moved in horizontal
direction so that the locations between the points (supply
2?5 locations P) on the saw wires 1 to which the abrasive grain
slurry 6 is supplied from the nozzles 4r, 41, and the
entry/exit points A are constant or lie within a

predetermined range.



5Slurry: water-soluble coolant Cutting duration: 8 hours Abrasive grain slurry supply amount (abrasive
grain slurry supply pipe 8): 80 liters/minute  Abrasive grain slurry supply amount (abrasive grain
slurry 10 supply pipe 10): 80 liters/minute Abrasive grain slurry temperature: controlledto 25 C + 0.5 C
Under these cutting conditions, the silicon ingot actiipg as 15 workpiece W was cut and wafers were
produced using the conventional cutting method shown in Fig. 4 (Comparative Example 1). Unlike in
Example 1, in Comparative Example 1, the abrasive 20 grain slurry 6 was supplied to the saw wires 1
only from the pairs of nozzles 4, and the meshing areas M were not immersed into the abrasive grain
slurry. Furthermore, under the above cutting conditions, the 25 silicon ingot acting as workpiece W
was cut and wéfersthere grodacedusingdheopetimglvrethotd shewaadin FRRo®Endd (Cdaparative

Examples 2, 3). 23 Comparative Example 2 differs from Eé(@er%!e lin E:q?t, %%ggowen i(Q ig. 5, the
saw wires 1 andthaudikpiace W et itnmersed B thE AbPasive Htain SR 620 that the entry/exit

points A of the saw wirgs 1. Goingided with the,d sudfaea of the gbrasive grain shyry. 6 insigde the
second abrasive grain slurry tank 7.

5 workpiece W, and the appropriate amount of the abrasive
grain slurry 6 is supplied, so that defects such as the saw
wire 1 vibrating on the surface of the workpiece W, can be
prevented and the cutting can be started well. Furthermore,
even after the beginning of the cutting, the appropriate

10 amount of the abrasive grain slurry & can be supplied to

the meshing areas M, so that it is possible to enable good

cutting.

The abrasive grain slurry 6 discharged from the cut surface
15 of the workpiece W dribbles as it 1is into the <first
abrasive grain slurry tank 5 attached below the workpiece
W, and is stored there. In the stored abrasive grain slurry
&, cutting dust {Si} from the workpiece W exists beside the
abrasive grains. This abrasive grain slurry 6 is discharged
20 wvia the abrasive grain slurry discharge pipe 11, cleaned by
the cutting dust being separated by a cleaning device in
the circulation pipeline not shown in the drawings, and
returned to the slurry supply device. Furthermore, this
abrasive grain slurry 6 may also be dispesed of via the

25 abrasive grain slurry discharge pipe 11.



Comparative Example 3 differs from Example 1 in that, as shown in Fig. 6, the workpiece W was
immersed into the 10 abrasive grain slurry 6 so that the entry/exit points A of the saw wires 1 also sank
below the surface of the abrasive grain slurry 6 inside the second abrasive grain slurry tank 7. In short,
the saw wires | touched the surface of the abrasivegrain slurry 6 in a point C that was located at a 15
predefined distance outside from the entry/exit points A and the saw wires 1 were not immersed into
the abrasive grain slurry 6 outside from this point C. The cut surfaces of the wafers cut in Example 1
and in 20 Compgarative fxarsples 1 93 werg ahservad withadaserseaiingdnickascopey In
Comparative Examples 1 to 3, the cutting margin on the saw wire exit side was much smaller than the
cutting margin eRefe sharwirtlentsisidechs shBdh ifidtig 8. IR EESApREE offfifF 8thefhand, the 25
cutting marginsbon e enéry side and on the exit side of the saw wire 1 were almost equal, as shown in
Fig. 7. Incidental?y, @rsﬂ.e and 8 are drawings showing enlarged cut surfaces of the left hand side part
of the workpiece in the direction of the cutting run of the saw wires. 24 Furthermore, the cutting speed
in Example 1 and in Comparative Examples 1 to 3 was measured, the cut surfaces of Example 1 and
of CompardativelExamiglestoroe3 were bhserved with & lasérscahAlMREMciosBoFe ERd the 5 "cracks”,
"warps", "TTV (total thicknggs vagiation " gnd "nar}o t olo%'rof s:[l:lee cut srléq@ceg ere evgluated. The
results of these feaStrements and these evaludtions Of the cut SUHaces are shown bélow in Table 1.

10 Table 1 CuttingispeedhdmiBtong abrasive grain slurry tank 7, and based

on the detected temperature of the abrasive grain slurry 6,
a temperature controller which is not shown in the drawings
10 may adjust the temperature of the abrasive grain slurry 6
rhat is supplied to the second abrasive grain slurry tank 7
to a desired temperature. In doing so, good cutting bescomes

possible.

15 Examples
Hereinafter, an example of the present dinventicon 1is

described.

The method for cutting a workpiece with a wire saw
20 according to the embodiment of the present invention was
carried out using the cutting device 106, and the silicon
ingot being the workpiece W was cut and wafers were

produced under the fellowing conditions (Example 1).

25 Cutting conditions:
Diameter of silicon wafer: 450 mm
Thickness of silicon wafer: 840 um

Number of slices: 280



Cut surface quality Cracks % Warps Jim con,eEmmoeir T T V1 Jim Nano topology n m 25

22

Speed cf saw wire: 500 mm/min
Saw wire tension: 2.5 kgf
Wire diameter of saw wire: 0.14 mm
Bbrasive grains: GC #1500 (S5iC)
5 Slurry: water-soluble coolant
Cutting duration: 8 hours
Abrasive grain slurry supply amount (abrasive grain slurry
supply pipe 8): 80 liters/minute
Abrasive grain slurry supply amcunt (abrasive grain slurry
10 supply pipe 10} : 80 liters/minute
Abrasive grain slurry temperature: controlled to 25 °C %

0.5 °C

Under these cutting conditions, the silicon ingot acting as
15 workpiece W was cut and wafers were produced using the
conventional cutting method shown in Fig. 4 ({Comparative

Example 1).

Unlike in Example 1, in Comparative Example 1, the abrasive
20 grain slurry % was supplied to the saw wires 1 only from
the pairs of nozzies 4, and the meshing areas M were not

immersed into the abrasive grain slurry.

Furthermore, under the above cutting conditions, the
25 silicon ingcet acting as workpiece W was cut and wafers were
produced using the cutting method shewn in Figs. 5 and 6

(Comparative Examples 2, 3).



0.1 20 15 30 Comparative Example 200 - - Cornpara*e 0 0

10

15

20

25

30

23

Comparative Example 2 differs from Example 1 in that, as
shown in Fig. 5, the saw wires 1 and the workpiece W were
immersed intc the abrasive grain slurry € so that the
entry/exit points A of the saw wires 1 coincided with the
surface of the abrasive grain slurry 6 inside the second

abrasive grain slurry tank 7.

Comparative Example 3 differs from Example 1 in that, as
shown in Fig. 6, the workpiece W was immersed into the
abrasive grain slurry 6 so that the entry/exit points A of
the saw wires 1 also sank below the surface of the abrasive
grain slurry 6 inside the second abrasive grain slurry tank
7. In short, the saw wires 1 touched the surface of the
abrasive grain slurry 6 in a point C that was located at a
predefined distance outside from the entry/exit points R
and the saw wires 1 were ncot immersed into the abrasive

grain slurry 6 outside from this point C.

The cut surfaces of the wafers cut in Example 1 and in
Comparative Examples 1 to 3 were observed with a laser
scanning microscope. In Comparative Examples 1 to 3, the
cutting margin on the saw wire exit side was much smaller
than the cutting margin on the saw wire entry side, as
shown in Fig. 8. In E=xample 1, on the other hand, the
cutting margins on the entry side and on the exit side of
the saw wire 1 were almost equal, as shown in Fig. 7.
Incidentally, Figs. 7 and 8 are drawings showing enlarged
cut surfaces of the left hand side part of the workpiece in

the direction of the cutting run of the saw wires.



- Exanwle 10000 0 In the evaluation of Table 1, 0 shows an improvement of 40% or more
compared to Comparative Example 1, 0 shows an improvement of 20% to 40% compared to
Comparative Example 15 1, and - shows a level similar to that of Comparative Example 1. As can be
understood based on Table 1, the cutting speed in fxample 1 is at least 40% higher compared to
Comparative 20 Example 1, and the processing efficiency has increased.

Furthermore, the cutting speed in Example 1 and in
Comparative Examples 1 to 3 was measured, the cut surfaces
of Example 1 and of Comparative Examples 1 to 3 were
observed with a laser scanning microscope, ang the
5  “eracks”, “warps”, “TTV (total thickness variation)” and
“nanc topology” of the cut surfaces were evaluated. The
results of these measurements and these evaluations of the

cut surfaces are shown below in Table 1.

10
Table 1
Cutting Cut surface quality
speed Cracks Warps TTV Nano topology
mm/hr % um dm nm
Comparative Exampie 2 5 o s T 2 O '] 5 3 O
Comparative Examyple 2 @ O e — —
Comparatve Example 3 @ G O —— —
Exampie § @ O @ O l O
In the evaluation of Table 1, @ shows an improvement of
40% or more compared to Comparative Example 1, © shows an
improvement of 20% to 40% compared to Comparative Example
15 1, and — shows a level similar to that of Comparative

Example 1.

As can be understood based on Table 1, the cutting spesd in
Example 1 is at least 40% higher compared to Comparative

20 Example 1, and the processing efficiency has increased.



25 Furthermore, the out surface in Example 1 has a better quality than the cut surfaces in Comparative
Examples 1 to 3. In other words, in Example 1, regardless of the length of the meshing area of the saw
wire 1, i.e. regardless of 5 the diameter size of the workpiece W, the abrasive grain slurry 6 can be
supplied sufficiently and evenly across the whole mgshing area of the saw wire 1, the development of
unnecessary stress and heat in the cutting part within the workpiece W during cutting can be
prevented, and the 10 generation of vibrations during cutting can also be prevented. Therefore,
obviously, even-workpiggesdV wita large dianreier cambemut-presisaly, fugher, hyeakage of the cut
portions can be prevented, and a highly reliable processing performance can be realized. 15 Thus,
with the presertimeritiont; the quditycofthecciftsstifacks of the et Warerdgarbesitpro¥éd and cutting
speed can be increased, even in cases whe&e aw rkplfce W vgit f\elsaggeogiaggl%teﬁgs cut,
Furthermore, w%rkpligcecst tan Y0'Be ctit prexc“’fgfl@y,ebre’z'alkar"éaé':j of the cut portions can e prevented,
and a highly reliable progessing pesformapee ©an harealized. Explanation-of Referanceddumerals 25

Saw wire 2Roller 3Workpiece holding device 26

5 the diameter size of the workpiece W, the abrasive grain
slurry 6 can be supplied sufficiently and evenly across the
whole meshing area of the saw wire 1, the development of
unnecessary stress and heat in the cutting part within the
workpiece W during cutting can be prevented, and the

10 generation of vibrations during cutting can also be
prevented. Therefore, obviously, even workpileces W with a
large diameter can be cut precisely, further, breakage of
the cut portions c¢an be prevented, and a highly reliable
processing performance can be realized.

15
Thus, with the present invention, the gquality of the cut
surfaces of the cut wafers can be improved and cutting
speed can be increased, even in cases where a workpiece W
with a large diameter is cut. Furthermore, workpieces W can

20 be cut precisely, breakage c¢f the cut portions can be
prevented, and a highly reliable processing performance can

be realized.

Explanation of Reference Numerals

25

(=]

Saw wire
2 Roller

3 Workplece holding device



4Nozzle 5First abrasive grain slurry tank 6Abrasive grain slurry 7Second abrasive grain slurry tank 5
8Abrasive grain slurry supply pipe 9Temperature sensor 10Abrasive grain slurry supply pipe
11Abrasive grain slurry discharge pipe Meshing area 10 WWorkpiece 27 CLAIMS 1. A method for
cutting a workpiece with a wire saw, in which a worRgiece is cut by running at least one saw wire

4 Nozzle
5 First abrasive grain slurry tank
& Abrasive grain slurry
7 Second abrasive grain slurry tank
5 B Abrasive grain slurry supply pipe
9 Temperature sensor
10 Abrasive grain slurry supply pipe
11 Abrasive grain slurry discharge pipe
M Meshing area

i0 w Workpiece



5 in a lateral direction and bringing the workpiece into contact with the saw wire, the method
comprising the steps of: supplying a first abrasive grain slurry to the saw wire on two points which are
separated by a predetermined distance 10 in the lateral direction; starting cutting of the workpiece by
moving at least either one of the saw wire or the warkpiece relative to the other and bringing the
workpiece into contact with the saw wire from above at a location between the two points on the saw
wire where the first 15 abrasive grain slurry is supplied; and supplying a second abrasive grain slurry
to a part of an area where the saw wire meshs wghzkhgavorkpiece. 2. A method for cutting a
workpiece with a wire saw 20 according to claim 1, wherein: the supplying of the second abrasive
grain slurry is performed by immersing the part of the area where the saw wire meshs with the
workpiece into the second abrasive grain slurry. 25 3. A method fqr, %utgngwa worlépigce with a wire

saw according fo cl&in"S “RR8reift” 28 1h& ‘S¥ofRd S8 Grain sltlnys Stored in & tank, and the part

of the area wheyg hg SQWw\é!Lf%ﬁTﬂ%éQS wdth the workpiecesis dmmersed intoanswiace;otthe second
abrasive grain slurry stored in the tank. 5 4. A method for cutting a workpiece with a wire saw

according td claim 3 whersima ltheltwe qigints omrthe bawrwite swhéresthe firdalsrasivé grain slurry is

supplied are located above the surface of 10 the second abrasive grain ,slurr%/ st%red in the tank.
contact with the saw wire, the method cdOmprising the steps

of:
supplying a first abrasive grain slurry to the saw wire on
two points which are separated by a predetermined distance
10 in the lateral direction; starting cutting of the workpiece
by moving at least either one of the saw wire or the
workpiece relative to the other and bringing the workpiece
into contact with the saw wire from above at a location
between the twe points on the saw wire where the first
15 abrasive grain slurry is supplied; and supplying a second
abrasive grain slurry to a part cof an area where the saw

wire meshs with the workpiece.

2. A method for cutting a workpiece with a wire saw
20 according to claim 1, wherein:

the supplying of the second abrasive grain slurry 1is

performed by immersing the part of the area where the saw

wire meshs with the workpiece into the second abrasive

grain slurry.

3. A method for cutting a workpiece with a wire saw

according to claim 2, wherein:



S. A method for cutting a workpiece with a wire saw according to any one of claims 1 to 4, wherein: the
workpiece is cut by disposing a plurality of the saw 15 wires in parallel with each other with a
predetermined distance therebetween, running the plurality of saw wires in the lateral direction, and
bringing the workpiece into contact with the pluralitp@f saw wires. 20 6. A method for cutting a
workpiece with a wire saw according to claim 5, wherein: the first abrasive grain slurry is supplied from
one supply source to one of the two points on the plurality of saw wires, and the first abrasive grain

slurry is supplied, frogl.25anothar-supply sedice o thergthesofdhertwo peints anihg plurality of saw
wires. 29 7. A method for cutting a workpiece with a wire saw according to claim 5, wherein: the first

abrasive grain sluery issapplied fiom enesupplyrsourdeto Dre of e tvike poits'dheath ®f the

plurality of 5 saw wires, and the first abrasive grain slurry is supplied from angther supply source to the
other of the twd'B&itRs BRceacts of & BiUT ARty Of Saw V\%FYES. Sug%?%eme%od for cut?i%p%g%g{ C\:?vorkpiece

with a wire saw, 10 acequligg £9.any one of slajms;1 49 7 mdergin:
5
4. A method for cutting a workpiece with a wire saw
according to c¢laim 3, wherein:
the two points on the saw wire where the first abrasive
grain slurry is supplied are located above the surface of

10 the seccond abrasive grain slurry stored in the tank.

5. A method for cutting a workpiece with a wire saw

according to any one of claims 1 to 4, wherein:

the workpiece 1s cut by disposing a plurality of the saw
15 wires in parallel with each other with a predetermined

distance therebetween, running the plurality of saw wires

in the lateral directicn, and bringing the workpiece into

contact with the plurality of saw wires.

200 6. A method for cutting a workpiece with a wire saw
according to claim 5, wherein:
the first abrasive grain slurry is supplied from one supply
source to one of the two points on the plurality of saw
wires, and the first abrasive grain slurry is supplied from
25 another supply source to the other of the two points on the

plurality of saw wires.



the supply of the first abrasive grain slurry is performed by spraying from a nozzle. 9. A method for
cutting a workpiece with a wire saw 15 according to any one of claims 1 to 8, wherein: the two points
on the saw wire where the first abrasive grain slurry is supplied are changed as the cutting of the
workpiece progresses. 20 10. A method for cutting Zworkpiece with a wire saw according to any one

of claims 1 to 9, wherein: a temperature of the first abrasive grain slurry and a temperature of the
second abrasive grain slurry are controlled. 25

7. A method feocr cutting a workpiece with a wire saw

according to claim 5, wherein:

the first abrasive grain slurry is supplied from one supply

source to one of the two points on each of the plurality of
5 saw wires, and the first abrasive grain slurry is supplied

from another supply source to the other of the two points

on each of the plurality of saw wires.

8. A method for cutting a workpiece with a wire saw
10 according to any one of claims 1 to 7, wherein:
the supply of the first abrasive grain slurry is performed

by spraying from a nozzle.

9. A method for cutting a workpiece with a wire saw
15  according to any one of claims 1 to 8, wherein:

the two points on the saw wire where the first abrasive

grain slurry is supplied are changed as the cutting of the

workpiece progresses.

20 10. A method for cutting a workpiece with a wire saw
according to any one of claims 1 to 9, wherein:
a temperature of the first abrasive grain slurry and a
temperature of the second abrasive grain slurry are
controlled.

25



