DESCRI PTI ON

W RE SAW APPARATUS

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a wire saw

appar at us.

BACKGROUND ART
[ 0002]

As means for slicing off a wafer from a
sem conductor ingot, a wire saw has been conventionally
known. In the wire saw apparatus, a slicing wire is
wound around a plurality of wire guides many tinmes to
forma wire row, the slicing wire is driven in an axi al
direction at a high speed, a workpiece is fed to the
wire row for cutting while appropriately supplying
slurry containing free abrasive grains of silicon
carbide or the like, and this workpiece is thereby
sliced to respective wire position at the same tinme.

[ 0003]

In nmore detail, a slice base extending over an
entire region along the axial direction is secured to a
part of the workpiece in a circunferential direction,
the entire workpiece is fed for slicing in a state where
this slice base is held in a workpiece holder, and it is
sliced by the cutting wire froma side opposite to the
slice base. At this time, as to a direction along which
t he workpiece is pressed against the wire row, a nethod
for pressing the workpiece against the wire row from
above and a nethod for pressing the same from bel ow are

known, but a nmethod for pressing the workpi ece against



the wire row from above is the nmainstreamin slicing of
a sem conductor silicon ingot.
[ 0004]

Further, there is also recently adopted a nethod
for perform ng slicing while supplying a coolant only
with the use of a wire having dianond abrasive grains
fixed on a wire surface thereof in place of supplying
slurry containing free abrasive grains. The nethod for
supplying the slurry containing free abrasive grains
will be referred to as a free abrasive grain system and
t he nethod using the wire having di anond abrasive grains
fixed on the wire surface thereof will be referred to as
a fixed abrasive grain system hereinafter.

[ 0005]

Here, FIG 3 shows an overview of a general wre
saw appar at us.

A wire saw apparatus 101 includes a wire 103 to
slice a workpiece 102, a plurality of wire guides 104
around which the wire 103 is wound, a wire tension
appl yi ng nechani sns 105 and 105a to apply tensile force
to the wire 103, a workpiece feed nmechani sm 106 which
hol ds the workpiece 102 to be sliced and feeds it
downward, and a nozzle 107 which supplies a cool ant or
slurry at the tinme of slicing.

[ 0006]

A working fluid supply mechanism 108 is
constituted of the nozzle 107, a tank 109, a chiller 110,
and others. The nozzle 107 is installed above a wre
row 103a to be orthogonal to the wire row 103a. The
nozzle 107 is connected to the tank 109, and the cool ant
or the slurry can be stirred in the tank 109, subjected
to tenperature control by the chiller 110, and then
supplied fromthe nozzle 107 to the wire 103,



[ 0007]

The coolant or the slurry is supplied in a
curtain-like manner through a slit with a fixed width
provided in a |lower surface of the nozzle 107 so that it
can be uniformy supplied to each wire 103 in the wire
row 103a. Further, the coolant or the slurry is fed to
a slicing portion of the workpiece 102 through the wire
row 103a. Then, the supplied coolant or slurry is
returned to the tank 109 and recycl ed.

[ 0008]

The wire 103 is reeled out fromone wire reel 111,
fed to the wire tension applying mechani sm 105 fornmed of
a torque nmotor 113 or the like via a traverser 112, and
reaches the wire guides 104. The wire 103 is wound
around the wire guides 104 for approximtely 300 to 400
times so that it travels in an axial direction to form
the wire row 103a, and is then taken up by a wire reel
111a through the other wire tension applying mechani sm
105a including a torque notor 113a and a traverser 1ll2a.
[ 0009]

When the workpiece 102 is sliced into a wafer
shape by using such a wire saw apparatus 101 and a shape
of the sliced wafer is checked, a large warp is produced
in sonme situations. The warp is one of inportant
qualities in slicing of the sem conductor wafer, and a
further reduction is demanded as a request for product
quality is increased.

[ 0010]

It has been reveal ed that, of warps produced due
to slicing of the workpiece 102, one which is produced
in a latter half part of slicing is greatly affected by
scattering of the supplied slurry. Thus, a neasure has

been taken to reduce an influence of spatter of the



scattered slurry by taking a | arge distance between a

| ower end surface of a workpiece holding section and an
upper surface of a workpiece as disclosed in Patent
Literature 1, or to reduce the influence by controlling
a scattering direction of the slurry as disclosed in
Patent Literature 2 and Patent Literature 3.

Cl TATI ON LI ST
PATENT LI TERATURES
[0011]

Patent Literature 1: Japanese Unexam ned Patent
Application No. 2010-23208

Patent Literature 2: Japanese Unexam ned Pat ent
Application No. 2009-113173

Patent Literature 3: Japanese Unexam ned Patent
Application No. 2012-179712

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[0012]

However, when the request for the product quality
is increased nore than ever, an inprovenent in warp is
not sufficient. |In particular, the inprovement in warp
shape is not sufficient just before end of slicing of a
wor kpi ece, i.e., in a portion close to an outer
peri phery of the wafer which becones a product.

[ 0013]

Since the warp produced in the latter half part of
slicing of the workpiece is greatly affected by a state
that the slurry supplied onto the wire inpacts a side
surface of the workpiece and scatters, decreasing an
ampunt of the slurry to be supplied enables reducing a

scattering anmount.



[ 0014]

At this tinme, since the workpiece has a
cylindrical shape and a slicing length (a length for
which the wire is in contact with the workpiece) in the
|l atter half part of slicing of the workpiece is shorter
than that in a central portion of the workpiece, an
ampunt of the slurry required for slicing is snmaller
than that in the workpiece central portion, and the
amount of the scattering slurry can be reduced w t hout
degrading a slicing ability even if a supply anount of
the slurry is decreased to be smaller than that in the
wor kpi ece central portion in the latter half part of
slicing of the workpiece.

[ 0015]

However, when the supply amount of the slurry is
deceased so that the amount of scattering slurry beconmes
smal |, there occurs a problem of degradati on of
| ongi tudinal uniformty of a slurry curtain which is
supplied in a curtain-like manner fromthe nozzle
install ed above the wire row to be substantially
orthogonal to the wire row through the slit with a fixed
wi dth provided in the |ower surface of the nozzle.

[ 0016]

That is, when the slurry is supplied at a given
constant flow rate or nore, the slurry curtain is stable,
but reducing the flow rate of the slurry to be supplied
| eads to a problem of occurrence of a phenonenon t hat
the slurry curtain swings in a direction vertical to the
| ongi tudinal direction or the slurry curtain is
di sconnected in a part along the | ongitudinal direction.
[0017]

That is because, when the wire row travels at a

hi gh speed or the wire guides rotate at a high speed due



to traveling of the wire row at a high speed, a w nd
pressure i s produced, and the slurry curtain is thereby
bl owmn of f. When a state of the slurry curtain becones
unstable and the uniformty of the supply amount of the
slurry to the wire row becones poor, a warp of the
sliced wafer is considerably degraded, which nust be
assuredly avoi ded.

[ 0018]

In view of the problem it is an object of the
present invention to provide a wire saw apparatus which
can uniformy supply a coolant or slurry to a wire row
even if a flow rate of the coolant or the slurry is

r educed.

SOLUTI ON TO PROBLEM
[ 0019]

To achieve the object, according to the present
i nvention, there is provided a wire saw appar at us
including: a wire row fornmed of a wire which is wound
around a plurality of wire guides and reciprocatively
travels in an axial direction; a nozzle fromwhich a
coolant or slurry is supplied to the wire; and a
wor kpi ece feed nechani sm whi ch presses a hel d workpi ece
against the wire row, the wire saw apparatus being
configured to slice the workpiece into a wafer shape by
pressing the workpi ece held by the workpi ece feed
mechani sm agai nst the wire row and feeding it for
slicing while supplying the coolant or the slurry from
the nozzle to the wre,

the wire saw apparatus being characterized in that
the nozzle is arranged above the wire row to be
orthogonal to the wire row, and w ndbreak plates are
arranged on both left and right sides of the arranged



nozzl e seen froman axial direction.
[ 0020]

Wth such a structure, since the wi nd pressure
produced by traveling of the wire row or rotation of the
Wi re gui des can be bl ocked by the w ndbreak plates, even
if aflowrate of the coolant or the slurry is reduced,
t he coolant or the slurry can be uniformy supplied to
the wire row. Consequently, the coolant or the slurry
can be prevented from bei ng swung or blown off by the
wi nd pressure, degradation of a warp can be avoi ded.
Additionally, since the flowrate of the coolant or the
slurry in a slicing end portion of the workpiece can be
reduced to be smaller than a flow rate of the cool ant or
the slurry in a central portion of the workpiece, the
warp in the slicing end portion of the workpiece can be
I nproved.

[ 0021]

Further, at this time, it is preferable for each
wi ndbreak plate to be arranged in such a manner that a
di stance froma center of a slit provided in a | ower
surface of the nozzle beconmes 5 mmor nore and 40 mm or
| ess.

[ 0022]

Wth such a structure, since the wind pressure
produced due to traveling of the wire row or rotation of
the wire guides can be further assuredly bl ocked by the
wi ndbreak plates while preventing the w ndbreak plate
fromcomng into contact with the curtain-Ilike cool ant
or slurry, even if the flow rate of the coolant or the
slurry is reduced, the coolant or the slurry can be
further securely uniformy suppled to the wire row
[ 0023]

Furthernmore, at this tinme, it is preferable for



each wi ndbreak plate to be arranged in such a manner
that a distance between a | ower surface of the w ndbreak
pl ate and the wire row becones 1 nmor nore and 10 mm or
| ess.

[ 0024]

Wth such a structure, since a filmof the cool ant
or the slurry on the wire row can be prevented from
bei ng scraped off by the |lower surface of the w ndbreak
pl ate, degradation of slicing quality of the workpiece
can be avoided. Mdreover, since the w nd pressure
produced due to traveling of the wire row or rotation of
the wire guides can be nore assuredly bl ocked by each
wi ndbreak plate, even if the flow rate of the cool ant or
the slurry is reduced, the coolant or the slurry can be
further securely uniformy supplied to the wire row.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0025]

According to the wire saw apparatus of the present
i nvention, since the wind pressure produced due to
traveling of the wire row or rotation of the wi re guides
can be bl ocked by the wi ndbreak plates, even if the fl ow
rate of the coolant or the slurry is reduced, the
cool ant or the slurry can be uniformy supplied to the
wire row. Consequently, the coolant or the slurry can
be prevented from being swung or bl own off due to the
wi nd pressure, and hence degradation of a warp can be
avoi ded. Additionally, the flow rate of the cool ant or
the slurry in the slicing end portion of the workpiece
can be reduced to be smaller than the flow rate of the
coolant or the slurry in the central portion of the
wor kpi ece, and hence a warp in the slicing end portion

of the workpiece can be inmproved.



BRI EF DESCRI PTI ON OF DRAW NGS
[ 0026]
FIG 1 is a schematic view showi ng an exanple of a
W re saw apparatus according to the present invention
FIG 2 is a schematic view show ng an exanpl e of
wi ndbreak plates arranged in the wire saw apparat us
according to the present invention; and
FIG 3 is a schematic view showi ng a general wre
saw apparatus according to a conventional exanple.

DESCRI PTI ON OF EMBODI MENTS
[ 0027]

Al t hough an enbodi nent of the present invention
wi ||l be now descri bed hereinafter, the present invention
is not restricted thereto.

As descri bed above, when a flowrate of slurry to
be supplied is reduced, there arises a probl em of
occurrence of a phenonmenon that a slurry curtain sw ngs
in a direction vertical to a |ongitudinal direction or
the slurry curtain is disconnected in a part of the
| ongi tudinal direction.

[ 0028]

Thus, the present inventors have repeatedly
conducted the earnest exam nations to solve such a
problem Consequently, they have found out that, when
wi ndbreak plates are arranged on both |eft and right
sides of a nozzle, fromwhich a coolant or slurry is
supplied, seen froma longitudinal direction, since a
wi nd pressure produced due to traveling of a wire row or
rotation of wire guides can be bl ocked by the w ndbreak
pl ates, even if a flowrate of the coolant or the slurry

I's reduced, the coolant or the slurry can be uniformy



supplied to the wire row. Further, they have carefully
exam ned the best node to carry out this structure,

t hereby bringing the present invention to conpletion.

[ 0029]

As shown in FIG 1, a wire saw apparatus 1
according to the present invention includes a wire 3 to
slice a workpiece 2, a plurality of wire guides 4 around
which the wire 3 is wound, wire tension applying
mechani sns 5 and 5a to apply tensile force to the wire 3,
a workpi ece feed mechani sm 6 which holds the workpiece 2
to be sliced and presses the held workpi ece 2 against a
wire row 3a to feed it for slicing so that the workpiece
2 can be sliced into a wafer shape, and nozzles 7 from
which a coolant or slurry is supplied at the tinme of
slicing the workpiece 2.

[ 0030]

A working fluid supply mechanism 8 is constituted
of the nozzles 7, a tank 9, a chiller 10, and the I|ike.
The nozzles 7 are installed above the wire row 3a to be
orthogonal to the wire row 3a. The nozzles 7 are
connected to the tank 9, the coolant or the slurry can
be stirred in the tank 9, subjected to tenperature
control by the chiller 10, and then supplied to the wre
3 fromthe nozzles 7.

[ 0031]

To uniformy supply the slurry or the coolant to
each wire 3 in the wire row 3a, as shown in FIG 2, the
slurry or the coolant is supplied in a curtain-Ilike
manner through a slit 15 with a fixed width provided in
a lower surface of each nozzle 7. Furthernore, the
coolant or the slurry is fed to a slicing portion of the
wor kpi ece 2 through the wire row 3a. Then, the supplied

coolant or slurry returns to the tank 9 and recycl ed.
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[ 0032]

The wire 3 is reeled out fromone wire reel 11,
fed to the wire tension applying mechanism5 forned of a
torque nmotor 13, a dancer roller (a deadweight) (not
shown), or the like via a traverser 12, and reaches the
wire guides 4. The wire 3 is wound around the wire
gui des 4 for approximtely 300 to 400 tines so that it
travels in an axial direction to formthe wire row 3a,
and is then taken up by a wire reel 11a through the
other wire tension applying mechani sm 5a including a
torque notor 13a and a traverser 12a.

[ 0033]

It is to be noted that the present invention can
be preferably applied to both the free abrasive grain
system and the fixed abrasive grain system
[ 0034]

Furthernore, as shown in FIG 1 and FIG 2, the
wi ndbreak plates 14 are arranged on both left and right
sides of each of the nozzles 7, which are arranged above
the wire row 3a to be orthogonal to the wire row 3a,
seen froman axial direction in the wire saw apparatus 1
according to the present invention.

[ 0035]

According to such a structure, since a wnd
pressure produced due to traveling of the wire row 3a or
rotation of the wire guides 4 can be bl ocked by the
wi ndbreak plates 14, even if a flow rate of the cool ant
or the slurry is reduced, the coolant or the slurry can
be uniformy supplied to the wire row 3a. Consequently,
since the coolant or the slurry can be prevented from
bei ng swung or bl own off by the w nd pressure,
degradati on of a warp can be avoi ded. Moreover, since a

flow rate of the coolant or the slurry in a slicing end

11



portion of the workpiece 2 can be decreased to fall
below a flow rate of the coolant or the slurry in a
central portion of the workpiece 2, a warp in the
slicing end portion of the workpiece 2 can be inproved.
[ 0036]

A shape of the w ndbreak plate 14 can be any shape
as long as it can separate the curtain-Ilike coolant or
slurry and a peripheral space from each ot her and
prevent the coolant or the slurry from bei ng swing or
bl owmn of f by the w nd pressure. For exanple, tabular
menbers each having such a cross-sectional shape as
shown in FIG 2 can be arranged on both the left and
ri ght sides of each nozzle 7 seen fromthe axi al
direction, respectively. It is to be noted that the
t abul ar nmenber of the w ndbreak plate 14 is preferably
made of stainless steel.

[ 0037]

In FIG 2, the two nozzles 7 are arranged on each
of the left and right sides seen froma slicing surface
direction of the workpiece 2. Further, the w ndbreak
pl ates 14 are arranged relative to all the four nozzles
7. As regards all the nozzles 7, the w ndbreak plates
14 can block the wi nd pressure produced due to traveling
of the wire row 3a or rotation of the wire guides 4,
which is preferable.

[ 0038]

However, the present invention is not restricted
thereto, and the w ndbreak plates 14 may be arranged to
each single nozzle 7 close to the workpiece 7 on each of
the left and right sides seen fromthe slicing surface
direction of the workpiece 2. Wth such an arrangenent,
as regards at | east each single nozzle 7 close to the

wor kpi ece 2 on each of the left and right sides seen

12



fromthe slicing surface direction of the workpiece 2,

t he coolant or the slurry can be uniformy supplied to
the wire row 3a, and hence degradation of a warp can be
sufficiently avoided. Furthernore, the nunmber of the
nozzle 7 may be one on each of the left and right sides
seen fromthe slicing surface direction of the workpiece
2, or nore nozzles 7 may be install ed.

[ 0039]

Moreover, at this tine, it is preferable for each
wi ndbreak plate 14 to be arranged in such a manner that
a distance fromthe center of a slit 15 provided in a
| omer surface of the nozzle 7 beconmes 5 nm or nore and
40 mm or | ess.

[ 0040]

Wth such a configuration, since the w ndbreak
pl ates 14 can assuredly block the w nd pressure produced
due to traveling of the wire row 3a or rotation of the
wire guides 4 while avoiding contact with the curtain-

i ke coolant or slurry by the w ndbreak plate 14, even
if aflowrate of the coolant or the slurry is reduced,

t he coolant or the slurry can be nore securely uniforny
supplied to the wire row 3a.

[ 0041]

Additionally, at this tinme, it is preferable for
each wi ndbreak plate 14 to be arranged in such a manner
that a distance between a | ower surface of the w ndbreak
plate 14 and the wire row 3a becones 1 nm or nore and 10
nm or | ess.

[ 0042]

Wth such an arrangenent, since a filmof the
coolant or the slurry on the wire row 3a can be
prevented from bei ng scraped off by the | ower surface of

each wi ndbreak plate 14, degradation of slicing quality

13



of the workpiece 2 can be avoided. Further, since the
wi ndbreak plates 14 can assuredly block the w nd
pressure produced due to traveling of the wire row 3a or
rotation of the wire guides 4, even if the flow rate of
the coolant or the slurry is reduced, the cool ant or the
slurry can be nore securely uniformy supplied to the
wire row 3a.

[ 0043]

It is to be noted that, in the present invention,
the wi ndbreak plates 14 are particularly effective when
the flow rate of the coolant or the slurry is small, but
t hey can be al so applied when the flow rate of the
coolant or the slurry is not reduced as a matter of

cour se.

EXAMPLES
[ 0044]

The present invention will now be nore
specifically described hereinafter with reference to an
exanpl e and a conparative exanple of the present
i nvention, but the present invention is not restricted
t her et o.

[ 0045]
( Exanpl e)

A workpiece 2 was sliced by using such a wire saw
apparatus 1 of the present invention as shown in FIG 1
i n which wi ndbreak plates 14 each having such a cross-
sectional shape as shown in FIG 2 were arranged. As
t he wi ndbreak plates 14, stainless steel plates were
used.

[ 0046]

As shown in FIG 1, the wire saw apparatus 1

having two nozzles 7 arranged on each of left and right

14



sides seen froma slicing surface direction of the

wor kpi ece 2 was used. Further, as shown in FIG 2, the
wi ndbreak plates 14 were arranged on both left and right
sides of each of the four arranged nozzles 7 seen from

an axial direction of the nozzles 7.

[ 0047]

A slit 15 was provided in a |ower surface of each
nozzle 7, and a width of the slit 15 was set to 2 nm
Furt hernore, each tabular w ndbreak plate 14 having a
board thickness of 1 mm was arranged in such a manner
that a distance froma center of the slit 15 of the
nozzle 7 was 20 nm and a di stance between a | ower
surface of the w ndbreak plate 14 and a wire row 3a was
5 M
[ 0048]

The workpiece 2 to be sliced was a silicon ingot
having a dianeter of 300 mmand a | ength of 150 mm As
awre 3, a wire having a dianeter of 0.14 mm was used,
and tensile force to be given to the wire 3 by wre
tension applying nechanisns 5 and 5a was set to 25N. A
traveling speed of the wire 3 was set to 700 mmn
[ 0049]

Slurry was made of abrasive grains of silicon
car bi de (GC#1500) and a gl ycol based cool ant, abrasive
grain density was set to 50% and a tenperature was set
to 23°C.

[ 0050]

Moreover, as flow rate conditions of the slurry, a
flow rate of the slurry fromstart of slicing to the
center of the workpiece 2 was set to 25 L/mn for each
nozzle. Additionally, the flowrate of the slurry was
l'inearly decreased like formng a straight line fromthe

center of the workpiece 2 to a slicing end portion of
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the same so that the flowrate in the slicing end
portion could have each of anpunts shown in the
following Table 1. As shown in Table 1, the flow rate
of the slurry in the slicing end portion of the

wor kpi ece 2 was changed in the range of 10 to 20 L/ m n.
Further, a state of a slurry curtain at that nonment was
exam ned, and shown in Table 1. It is to be noted that
Table 1 al so shows results of |ater-described

conpar ative exanpl e.

[ 0051]
[ Tabl e 1]
Slurry flowrate in slicing end portion (per
nozzl e)
20 17.5 15 12.5 10
L/mn L/ mn L/mn L/ mn L/ mn
Example o o o o o
Conparative |o A X X X
exampl e

O0: a state where the curtain is stable without swinging
A: a state where the curtain is swinging

x: a state where the curtain is partially disconnected
in a longitudinal direction.

[ 0052]

In Table 1, the state of the slurry curtain is
evaluated in three levels, i.e., a state where the
curtain is stable w thout swinging, a state where it is
swi nging, and a state where it is partially disconnected
in the |ongitudinal direction.

[ 0053]

Consequently, as shown in Table 1, in Exanple,
even if the flowrate of the slurry in the slicing end
portion of the workpiece 2 was reduced, the state of the
slurry curtain was stable and excell ent w thout sw nging.
Furthernmore, a warp of the sliced wafer provided Exanple

was excellent under all the conditions shown in Table 1.
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[ 0054]
(Conpar ati ve Exanpl e)

A wor kpi ece was sliced |ike Exanple except that a
conventional w re saw apparatus having no w ndbreak
pl ate provided to each nozzle was adopted. Moreover, a
state of a slurry curtain at that nonent was exam ned
and eval uated. Results provided at that nonent were
shown in Table 1.

[ 0055]

Consequently, as shown in Table 1, when a fl ow
rate of the slurry in a slicing end portion of the
wor kpi ece was set to 17.5 L/mn, the slurry curtain was
swi nging. Additionally, when the flow rate of the
slurry in the slicing end portion of the workpiece was
15 L/mn or less, the slurry curtain was partially
di sconnected in the |ongitudinal direction under all the
conditions. As described above, in Conparative Exanpl e,
when the flow rate of the slurry in the slicing end
portion of the workpiece was reduced, the state of the
slurry curtain was not stable in sone situations. Thus,
i n Conparative Exanple, a warp of the sliced wafer
provi ded by slicing the workpi ece under the condition
that the flowrate of the slurry in the slicing end
portion of the workpiece was 17.5 L/mn or |ess was
consi der ably degraded.

[ 0056]

When the slurry curtain is swinging or the slurry
curtain is partially disconnected in the | ongitudinal
direction in this manner, since the slurry cannot be
uniformy supplied to the wire row, and the warp of the
sliced wafer is degraded, which is not preferable.

[ 0057]
It is to be noted that the present invention is

17



not restricted to the foregoing enbodi nent. The
foregoing enbodinent is an illustrative exanple, and any
exanpl e which has substantially the same structure and
exerts the same functions and effects as the technical
concept described in clainms of the present invention is

i ncluded in the technical scope of the present invention.
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CLAI M5

1. A wire saw apparatus conmprising: a wire row formed
of a wire which is wound around a plurality of wre
gui des and reciprocatively travels in an axi al
direction; a nozzle fromwhhich a coolant or slurry is
supplied to the wire; and a workpi ece feed mechani sm
whi ch presses a held workpiece against the wire row, the
W re saw apparatus being configured to slice the
wor kpi ece into a wafer shape by pressing the workpiece
hel d by the workpiece feed mechani sm agai nst the wire
row and feeding it for slicing while supplying the
coolant or the slurry fromthe nozzle to the wre,
wherein the nozzle is arranged above the wire row
to be orthogonal to the wire row, and w ndbreak pl ates
are arranged on both left and right sides of the
arranged nozzle seen froman axial direction such that
t he wi ndbreak plates do not contact with the cool ant or
slurry; and
each wi ndbreak plate is arranged in such a manner
that a distance between a | ower surface of the w ndbreak
pl ate and the wire row becones 1 nmor nore and 10 mm or

| ess.

2. The wire saw apparatus according to claim1,
wherei n each wi ndbreak plate is arranged in such a

manner that a distance froma center of a slit provided

in a |lower surface of the nozzle beconmes 5 nmor nore

and 40 mm or | ess.
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