DESCRI PTI ON

METHOD FOR SLI CI NG WORKPI ECE AND W RE SAW

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a nmethod for

slicing a workpiece and a wire saw.

BACKGROUND ART
[ 0002]

As means for slicing off wafers froma silicon
i ngot, a conpound sem conductor ingot, or the like, wre
saws have been conventionally known. In such a wire saw,
awrerowis formed by winding a slicing wire around
multiple rollers in many turns, the slicing wire is
driven in an axial direction thereof at a high speed,
and a workpiece is fed to the wire row for slicing,
while a slurry is being supplied appropriately, whereby
this workpiece is sliced at wire positions
si mul taneously (see, for exanple, Patent Docunment 1).

[ 0003]

Here, FIG 6 shows a schematic draw ng of an
exanpl e of a conventional general wire saw. As shown in
FIG 6, this wire saw 101 is mainly constituted of: a
wire 102 for slicing a the workpiece W; grooved rollers
103, 103" around which the wire 102 is wound; a wire row
130 fornmed by winding the wire 102 around the nultiple
grooved rollers 103, 103'; a tension-adjusting mechani sm
104 for adjusting the tension of the wire 102; a
wor kpi ece-f eedi ng nmechani sm 105 for feeding the
wor kpi ece W to be sliced downward; and a slurry supply

mechani sm 106 for supplying a slurry during the slicing.



[ 0004]

The wire 102 is reeled out fromone wire reel 107,
passes through a traverser 108, a pulley 109, and the
t ensi on- adj usti ng nechani sm 104, and wound around the
grooved rollers 103, 103" in approximtely 300 to 500
turns. Then, the wire 102 is taken up by a wire reel
107’ through another set of a tension-adjusting
mechani sm 104’ , a pulley 109', and a traverser 108’ .

[ 0005]

Addi tionally, each of the grooved rollers 103,
103" is a roller provided by press-fitting a
pol yur et hane resin around a cylinder made of steel and
form ng grooves on a surface thereof at a substantially
fixed pitch. The grooved rollers 103, 103 are
configured such that the wound wire 102 can be driven in
one direction or reciprocating directions in a
predeterm ned cycle by a notor 110 for driving the
grooved rollers.

[ 0006]

Mor eover, |ike a workpiece holder shown in FIG 7
which is used in the conventional general wire saw, the
wor kpi ece-f eedi ng nmechanism 105 in FIG 6 for feeding
t he workpi ece W downward has a workpi ece hol der 114
constituted of a workpiece-holding portion 112 and a
wor kpi ece plate 113. To the workpiece plate 113, the
wor kpi ece W is adhered with a bondi ng menmber (beam 120
i nt erposed between the workpiece W bonded thereto and
t he workpi ece plate 113.

[ 0007]

When the workpiece W is to be sliced, the
wor kpi ece W is held and pushed down by the workpi ece-

f eedi ng mechani sm 105, and fed to the wire row 130 wound

around the grooved rollers 103, 103'. Such a wire saw



101 is used to apply appropriate tension to the wire 102
with the tension-adjusting mechanism 104, the slurry is
supplied fromthe slurry supply mechanism 106 while the
wire 102 travels in the reciprocating directions by
driving notors 111, 111', and the workpiece W is fed
for slicing by the workpiece-feedi ng nechani sm 105,

t hereby slicing the workpiece W.

[ 0008]

On the other hand, there is also known a net hod
for slicing a workpi ece by using a fixed abrasive grain
wi re which has di anond abrasive grains or the |ike
secured to a surface of the wire, instead of using
slurry containing abrasive grains. This has been
partially put into practical use for slicing small-

di ameter ingots with dianeters of approximtely 150 nm
or |ess.
[ 0009]

In this slicing using the fixed abrasive grain
wire, a general wire saw can be used as it is, by
attaching the fixed abrasive grain wire to the wire saw
as shown in FIG 6 in place of the steel wire and
changing the slurry to a cool ant, such as cooling water,

whi ch does not contain abrasive grains.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0010]

Pat ent Docunent 1: Japanese Unexam ned Patent
Application Publication No. H9-262826

SUMMARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0011]



Slicing wwth the fixed abrasive grain wire has
many advant ages: since | oose abrasive grains are not
used, the amount of industrial waste is small in
envi ronnental aspects; and the processing rate is high
I n conparison with processing with a wire saw utilizing
| oose abrasive grains. However, in the wire saw as
shown in FIG 6, since the workpiece W is sliced by
pressi ng and novi ng agai nst the single wire 102 wound
around the grooved rollers 103, 103, the workpiece W
at the end of slicing is placed on a |lower side of the
wire 102 agai nst which the workpi ece W has been pushed.
Accordingly, to take out the workpiece W, the sliced
wor kpi ece W needs to be drawn out by noving up the
wor kpi ece Wsuch that the wire 102 passes through gaps
bet ween wafers sliced off fromthe workpiece W, and is
then relatively drawn out downward.

[ 0012]

At the time of drawing out the wire in the wire
saw using | oose abrasive grains, a gap (clearance)
corresponding to a width of each | oose abrasive grain G
is fornmed between the wire 102 and the workpiece W as
shown in FIG 8(a). Hence, extraction of the wire 102
is relatively easy.

[ 0013]

However, in the wire saw using fixed abrasive
grains, little gap is fornmed between a fixed abrasive
grain wire 402 and a workpiece W as shown in FIG 8(b).
Hence, the fixed abrasive grain wire 402 is hard to be
drawn out. Further, since the fixed abrasive grains of
the fixed abrasive grain wire have a cutting ability by
t henmsel ves, the fixed abrasive grain wire 402 cut into
t he workpiece W, making it harder to draw out the fixed

abrasive grain wire 402. Accordingly, the fixed



abrasive grain wire 402 is caught by the workpi ece W
and rises. |If the fixed abrasive grain wire 402 is
drawn out in this state, a workpiece cut section is
damaged, what is called saw mark is formed on the cut
section, and thereby Warp is degraded to inpair quality.
Furt hernore, when the fixed abrasive grain wire 402
further rises, the wire may be broken. The w re break
results in great |osses; for exanple, an additional
operation is required to re-wind the fixed abrasive
grain wire around the grooved rollers, and an extra

|l ength of the fixed abrasive grain wire is required for
t he re-w ndi ng.

[ 0014]

The present invention has been nmade in view of the
probl ens as descri bed above. An object of the present
invention is to provide a nmethod for slicing a workpiece
and a wire saw which prevent a sliced workpiece from
catching a fixed abrasive grain wire and from causi ng
saw mark and wire break of the fixed abrasive grain wire
in drawi ng out the fixed abrasive grain wire after

slicing the workpi ece.

SOLUTI ON TO PROBLEM
[ 0015]

To achieve the object, the present invention
provides a nethod for slicing a workpiece with a wire
saw which includes a wire row formed by winding a fixed
abrasive grain wire having abrasive grains secured to a
surface thereof around a plurality of grooved rollers,

t he nmethod conprising feeding a workpiece to the wire
row for slicing the workpiece held by a workpi ece hol der
with a bondi ng nember bonded to the workpiece, while

allow ng the fixed abrasive grain wire to



reci procatively travel in an axial direction thereof,

t hereby slicing the workpiece at a plurality of
positions aligned in an axial direction of the workpiece
si mul t aneousl vy,

wherei n the bondi ng menber has a grindstone as a
part,

t he nethod conprises, after the workpiece is
sliced and before the workpiece is drawn out fromthe
wire row, a fixed-abrasive-grain renoval step of
pressing the wire row agai nst the grindstone to renove
the fixed abrasive grains fromthe fixed abrasive grain
wire while the fixed abrasive grain wire is
reci procatively traveling, and

in the fixed-abrasive-grain renoval step, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line
of the fixed abrasive grain wre.

[ 0016]

According to such a nethod for slicing a workpiece,
after a workpiece is sliced and before the workpiece is
drawn out through the wire row, fixed abrasive grains
are renmoved fromthe fixed abrasive grain wire surface,
so that a gap (clearance) is successfully formed between
the wire and the workpiece. In addition, as the fixed
abrasi ve grains having a cutting ability are renoved,
cutting into the workpiece by the fixed abrasive grain
wire is successfully prevented. These enable draw ng of
t he workpi ece without being caught by the fixed abrasive
grain wire, and nmake it possible to avoid saw mark
formation and wire break of the fixed abrasive grain
wi re, which otherwi se occur if the workpiece is caught

by the fixed abrasive grain wre.



[0017]

Moreover, in this event, a WA grindstone is
preferably used as the grindstone.
[ 0018]

Consequently, the use of a WA (White Al undum
grindstone as the grindstone enables effective renoval
of the fixed abrasive grains on the fixed abrasive grain
wire surface, and the workpi ece can be drawn out while
nore reliably prevented from being caught by the fixed
abrasive grain wre.

[ 0019]

Further, in the nethod for slicing a workpiece,

t he workpiece is preferably drawn out fromthe wire row
t hrough a portion of the fixed abrasive grain wire from
whi ch the fixed abrasive grains have been renoved in the
fixed-abrasive-grain renoval step
[ 0020]

According to such a nmethod for slicing a workpiece,
t he workpi eces are drawn out through positions on the
fixed abrasive grain wire surface where the fixed
abrasive grains are renoved. This makes it possible to
draw out the workpiece while further reliably preventing
t he workpi ece from bei ng caught by the fixed abrasive
grain wire.
[ 0021]

Mor eover, the present invention provides a wire
saw conpri sing:

awre row forned of a fixed abrasive grain wire
whi ch has abrasive grains secured to a surface thereof
and is wound around a plurality of grooved rollers; and

a wor kpi ece-feedi ng nmechani sm configured to press
a workpi ece against the wire row, the workpi ece being
hel d by a workpi ece holder with a bondi ng nenber bonded



to the workpiece, wherein

t he wor kpi ece-feeding mechani sm feeds the
wor kpi ece for slicing to the wire row while the fixed
abrasive grain wire reciprocatively travels in an axi al
direction thereof, thereby slicing the workpiece at a
plurality of positions aligned in an axial direction of
t he wor kpi ece sinultaneously,

t he bondi ng nmenber has a grindstone as a part,

the wire saw conprises a unit configured to renove
fixed abrasive grains fromthe fixed abrasive grain wire
by pressing the wire row against the grindstone while
the fixed abrasive grain wire is reciprocatively
traveling, and

when the fixed abrasive grains are renoved, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line
of the fixed abrasive grain wre.

[ 0022]

The inventive wire saw i ncludes the unit
configured to renmove fixed abrasive grains fromthe
fixed abrasive grain wire surface. This enabl es gap
formati on between the wire and the workpi ece, and
renoval of the fixed abrasive grains having a cutting
ability, so that it is possible to prevent the fixed
abrasive grain wire fromcutting into the workpiece.
These enabl e drawi ng of the workpiece wi thout being
caught by the fixed abrasive grain wire, and nake it
possible to avoid saw mark formation and wire break of
the fixed abrasive grain wire, which otherw se occur if
t he workpiece is caught by the fixed abrasive grain wre.
[ 0023]

Moreover, in this case, the grindstone is



preferably a WA grindstone.
[ 0024]

Such a structure enables effective renmoval of
fixed abrasive grains on the fixed abrasive grain wire
surface, and the workpiece can be drawn out while nore
reliably prevented from being caught by the fixed
abrasive grain wre.

[ 0025]

Further, the wire saw preferably conprises a
controller configured to control draw ng of the
wor kpi ece fromthe wire row through a portion where the
fixed abrasive grains have been renoved fromthe fixed
abrasive grain wire by the unit configured to renove
fixed abrasive grains.

[ 0026]

The controller controls positions where the
wor kpi eces are drawn out through portions on the fixed
abrasive grain wire surface fromwhich the fixed
abrasi ve grains are renoved, and the wire saw incl uding
such a controller is capable of draw ng out the
wor kpi ece while further reliably preventing the
wor kpi ece from bei ng caught by the fixed abrasive grain

Wire.

ADVANTAGEOUS EFFECTS OF | NVENTI ON
[ 0027]

As descri bed above, according to the inventive
met hod for slicing a workpiece and the inventive wire
saw, a workpiece is successfully drawn out w thout being
caught by the fixed abrasive grain wire when the
wor kpi ece is drawn out fromthe wire row. This makes it
possi ble to avoid saw mark formati on and wire break of

the fixed abrasive grain wire, which would otherw se



occur if the workpiece is caught by the fixed abrasive

grain wire.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0028]

FIG 1 is a schematic drawi ng showi ng an exanpl e
of a wire saw that can be used for the inventive method
for slicing a workpiece.

FIG 2(a) is a drawing show ng a positional
rel ati onship between a workpiece and a fixed abrasive
grain wire at the end of slicing the workpiece, (b) is a
drawi ng showing a state of the workpiece and the fixed
abrasive grain wire when the wire is caught, and (c) is
a drawi ng showing a positional relationship between the
wor kpi ece and the fixed abrasive grain wire at the end
of drawi ng out the workpiece.

FIG 3 is a schematic drawi ng showi ng an exanpl e
of a workpiece holder of the inventive wire saw.

FIG 4 is a schematic drawi ng showi ng a hol der
with a grindstone bonded thereto, which was used in
Experi nental Exanples 1, 2.

FIG 5(a) is an SEM observation result of a fixed
abrasive grain wire before a reciprocal novenent test in
Experi nmental Exanple 1, and (b) is an SEM observati on
result of the fixed abrasive grain wire after the
reci procal novenment test in Experinental Exanple 1.

FIG 6 is a schematic drawi ng showi ng an exanpl e
of a general wire saw.

FIG 7 is a schematic drawi ng showi ng an exanpl e
of a workpiece hol der of the general wire saw.

FIG 8(a) is an explanatory draw ng for
illustrating wire extraction with a wire saw using | oose

abrasive grains (loose abrasive grain system; and (b)
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I's an explanatory drawing for illustrating wire
extraction with a wire saw using a fixed abrasive grain
wire (fixed abrasive grain systen).

FIG 9 is a schematic drawi ng showi ng a workpi ece
hol der used in Conparative Exanple.

DESCRI PTI ON OF EMBODI MENTS
[ 0029]

Herei nafter, enbodi nents of the present invention
wi || be described, but the present invention is not
limted thereto.

[ 0030]

As not ed above, in slicing a workpiece using a
fixed abrasive grain wire, there are problens that when
the sliced workpiece is drawn out fromthe wire row, the
fixed abrasive grain wire is caught by the workpiece, so
that a saw mark is forned on the cut section and the
fixed abrasive grain wire is broken.

[ 0031]

Thus, the present inventor has earnestly studied
to solve such problens. Consequently, the inventor has
found that, when very hard, abrasion-resistant abrasive
grains, for exanple, dianond, used on a fixed abrasive
grain wire are sufficiently renoved fromthe fixed
abrasive grain wire, a workpiece can be drawn out
wi t hout the fixed abrasive grain wire being caught by
t he workpi ece. Based on this finding, the inventor has
arrived at a method including: slicing a workpi ece, then
pressing a wire row agai nst a grindstone, and
reci procatively traveling the fixed abrasive grain wire
to renove the fixed abrasive grains. Thus, the present
i nvention has been conpl et ed.

[ 0032]

11



Specifically, the present invention is a nethod
for slicing a workpiece with a wire saw which includes a
wire row formed by winding a fixed abrasive grain wire
havi ng abrasive grains secured to a surface thereof
around a plurality of grooved rollers, the nethod
conprising feeding a workpiece to the wire row for
slicing the workpi ece held by a workpi ece holder with a
bondi ng menber bonded to the workpiece, while allow ng
the fixed abrasive grain wire to reciprocatively travel
in an axial direction thereof, thereby slicing the
wor kpi ece at a plurality of positions aligned in an
axial direction of the workpiece sinultaneously,

wherei n the bondi ng nenber has a grindstone as a
part,

t he nethod conprises, after the workpiece is
sliced and before the workpiece is drawn out fromthe
wire row, a fixed-abrasive-grain renoval step of
pressing the wire row agai nst the grindstone to renove
the fixed abrasive grains fromthe fixed abrasive grain
wire while the fixed abrasive grain wire is
reci procatively traveling, and

in the fixed-abrasive-grain renoval step, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line
of the fixed abrasive grain wre.

[ 0033]

I n addition, the present invention is a wire saw
conpri si ng:

awre row forned of a fixed abrasive grain wire
whi ch has abrasive grains secured to a surface thereof
and is wound around a plurality of grooved rollers; and

a wor kpi ece-feedi ng nechani sm configured to press

12



a workpi ece against the wire row, the workpi ece being
hel d by a workpi ece holder with a bondi ng nmenber bonded
to the workpi ece, wherein

t he workpi ece-feedi ng nechani sm feeds the
wor kpi ece for slicing to the wire row while the fixed
abrasive grain wire reciprocatively travels in an axi al
direction thereof, thereby slicing the workpiece at a
plurality of positions aligned in an axial direction of
t he wor kpi ece sinultaneously,

t he bondi ng nenber has a grindstone as a part,

the wire saw conprises a unit configured to renove
fixed abrasive grains fromthe fixed abrasive grain wire
by pressing the wire row agai nst the grindstone while
the fixed abrasive grain wire is reciprocatively
traveling, and

when the fixed abrasive grains are renoved, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line
of the fixed abrasive grain wre.
[ 0034]

First, a wire saw which can be used in the
i nventive nmethod for slicing a workpiece will be
described with reference to FIG 1. As shown in FIG 1,
a wre saw 1 according to the present invention is
constituted of: a fixed abrasive grain wire 2 configured
to slice a workpiece W grooved rollers 3, 3 around
whi ch the fixed abrasive grain wire 2 is wound; a wire
row 30 formed of the fixed abrasive grain wire 2 wound
around the nmultiple grooved rollers 3, 3'; a tension-
adj usting nmechanism4 configured to adjust the tension
of the fixed abrasive grain wire 2; a workpiece-feeding
mechani sm 5 configured to dowmwardly feed the workpiece

13



Wto be sliced while holding the workpiece by using a
wor kpi ece holder with a bonding nenber 20 interposed
bet ween t he wor kpi ece bonded thereto and the workpi ece
hol der; and a cool ant -suppl yi ng mechani sm 6 confi gured
to supply a coolant, such as cooling water, during
slicing.

[ 0035]

The fixed abrasive grain wire 2 is reeled out from
one wire reel 7, passes through a traverser 8, a pulley
9, and the tension-adjusting nechanism 4, and wound
around the grooved rollers 3, 3 in approximately 300 to
500 turns. Then, the fixed abrasive grain wire 2 passes
t hrough anot her set of a tension-adjusting mechanism4’,
a pulley 9°, and a traverser 8, and is taken up by a
wire reel 7’

[ 0036]

Such a wire saw 1 slices the workpiece W
simul taneously at nmultiple positions aligned in an axi al
direction of the workpiece Wwhen the workpiece Wis fed
to the wire row 30 for slicing, while the fixed abrasive
grain wire 2 reciprocatively travels in an axi al
direction of the fixed abrasive grain wire 2. The fixed
abrasive grain wire 2 is reciprocatively travel ed, for
exanple, by a nmethod in which the fixed abrasive grain
wire 2 wound between the nultiple grooved rollers 3, 3
is advanced in one direction by a predeterm ned | ength
and then retreated in the other direction by a |length
shorter than the aforenentioned advanci ng anmount. This
is regarded as one feed cycle, and this cycle is
repeated to feed out the wire in one direction. The
grooved roller 3 is configured to drive the fixed
abrasive grain wire 2 wound therearound in reciprocating

directions in a predeterm ned period by using a notor 10

14



configured to drive the grooved rollers.
[ 0037]

FIGs. 2(a) and (c) are drawi ngs each showi ng a
positional relationship between a workpi ece Wand a
fixed abrasive grain wire 202 wound around the grooved
rollers 203, 203’ at the end of slicing the workpiece or
at the end of drawi ng out the workpiece. As shown in
FIG 2(a), at the end of slicing, the workpiece Wis
| ocated below the wire row. Thus, to take out the
wor kpi ece W the fixed abrasive grain wire 202 needs to
be relatively drawn downward by noving up the workpiece
W such that the fixed abrasive grain wire 202 passes
t hrough gaps between wafers of the workpiece, which has
been sliced into the wafers.

[ 0038]

However, in the case of a conventional wre saw
using a fixed abrasive grain wire, little clearance is
formed between the fixed abrasive grain wire 202 and the
wor kpi ece W (see FIG 8(b)), so that the fixed abrasive
grain wire 202 is caught by the workpiece Wand rises as
shown in FIG 2(b). Consequently, saw mark is fornmed on
a cut section of the workpiece W or the wire is broken.
[ 0039]

FIG 3 shows a workpiece holder usable in the
I nventive wire saw. The inventive wire saw has a
grindstone 21 as a part of the bondi ng nmenber 20, and
further includes a unit configured to renove fixed
abrasive grains fromthe fixed abrasive grain wire by
pressing the wire row agai nst the grindstone 21 while
the fixed abrasive grain wire travels reciprocatively.
Note that the workpi ece holder 14 may be constituted of
a wor kpi ece-hol ding portion 12 and a wor kpi ece plate 13.

Additionally, the bonding nenmber 20 nmay have a resin 22,

15



or the like, to adhere the workpiece Wto the bonding
menber 20. Moreover, exanples of the unit configured to
renove fixed abrasive grains can include means for
pressing the wire row 30 agai nst the grindstone 21 by
utilizing the workpi ece-feeding mechanism5, and ot her
simlar neans.

[ 0040]

Further, in the inventive wire saw when the fixed
abrasi ve grains are renoved, the fixed abrasive grain
wireis traveled at a wire rate of 100 mmn. or |ess,
and the wire row is pressed against the grindstone at a
| oad of 30 g or nore for each line of the fixed abrasive
grain wire.

[ 0041]

The inventive wire saw 1 as descri bed above
i ncludes the unit configured to renove fixed abrasive
grains fromthe surface of the fixed abrasive grain wire
2. Thus, a gap is fornmed between the wire and the
wor kpi ece W and renoval of the fixed abrasive grains
havi ng cutting ability is achieved. This makes it
possi ble to prevent the fixed abrasive grain wire 2 from
cutting into the workpiece W These allow the workpiece
Wto be drawn out w thout being caught by the fixed
abrasive grain wire 2, and can avoid saw mark formation
and wire break of the fixed abrasive grain wire, which
ot herwi se occur if the fixed abrasive grain wire 2 is
caught by the workpi ece W
[ 0042]

Herein, the grindstone of the inventive wire saw 1
Is not particularly limted, as long as it is capabl e of
renoving the fixed abrasive grains fromthe fixed
abrasive grain wire 2. Neverthel ess, the grindstone is

preferably a WA grindstone. Such a grindstone can

16



effectively renove the fixed abrasive grains fromthe
surface of the fixed abrasive grain wire 2, and the

wor kpi ece Wcan be drawn out while nore reliably
prevented from bei ng caught by the fixed abrasive grain
wre 2.

[ 0043]

Further, the inventive wire saw 1 preferably
i ncludes a controller configured to control draw ng of
t he workpiece Wfromthe wire row 30 through a portion
where the fixed abrasive grains are renoved fromthe
fixed abrasive grain wire 2 by the unit configured to
renove fixed abrasive grains. Such a controller
controls the positions where the workpiece Wis drawn
out through portions on the surfaces of the fixed
abrasive grain wire 2 fromwhich the fixed abrasive
grains are removed. This enables draw ng of the
wor kpi ece Wby further reliably preventing catching by
the fixed abrasive grain wire 2.

[ 0044]

Next, the inventive nethod for slicing a workpiece
wi |l be described based on an exanmpl e where the above-
descri bed inventive wire saw is used. First, as shown
in FIG 1, the fixed abrasive grain wire 2 having
abrasi ve grains secured to the surface is wound around
the multiple grooved rollers 3, 3 to formthe wire row
30. Then, the fixed abrasive grain wire 2 is allowed to
reci procatively travel in the axial direction of the
fixed abrasive grain wire 2 by the grooved roller-
driving notor 10. Further, an appropriate tension is
applied to the fixed abrasive grain wire 2 by the
t ensi on- adj usting nmechanisns 4, 4. A coolant supplied
fromthe cool ant - suppl ying mechanism 6 is suppli ed,

while the fixed abrasive grain wire 2 is traveled in
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reci procating directions by driving notors 11, 11'. The
col umar wor kpiece Wis fed to the wire row 30 for
slicing by the workpi ece-feeding nechanism5. Thereby,
the workpiece Wis sliced at nmultiple positions aligned
in the axial direction thereof sinultaneously.
[ 0045]

The inventive nethod for slicing a workpiece
i ncludes a fixed-abrasive-grain renoval step of, after
t he workpiece Wis sliced and before the workpiece Wis
drawn out fromthe wire row 30, pressing the wire row 30
agai nst the grindstone 21 of the bondi ng nenber 20,
which is provided between the workpi ece Wand the
wor kpi ece holder 14, to renove the fixed abrasive grains
fromthe fixed abrasive grain wire 2 while the fixed
abrasive grain wire 2 is reciprocatively traveling.
[ 0046]

According to such a nmethod for slicing a workpiece,
after the workpiece is sliced and before the workpiece
I's drawn out through the wire row, fixed abrasive grains
are renoved fromthe fixed abrasive grain wire surface.
Thus, a gap (clearance) is successfully formed between
the wire and the workpi ece. Moreover, the renoval of
the fixed abrasive grains having cutting ability
satisfactorily prevents the fixed abrasive grain wire
fromcutting into the workpi ece. By these, the
wor kpi ece i s successfully drawn out w thout being caught
by the fixed abrasive grain wire, and saw mark fornmation
and wire break of the fixed abrasive grain wire can be
avoi ded, which otherw se occur if the workpiece is
caught by the fixed abrasive grain wre.

EXAMPLE
[ 0047]
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Herei nafter, the present invention will be

specifically described with reference to Experi nental
Exanpl es, but the

Exanpl e, and Conparative Exanpl e,

present invention is not limted thereto.
[ 0048]
(Experimental Exanple 1)

The sanme wire saw as the inventive wire saw was
when t he

agai nst the grindstone and the

used to exanmi ne a change in wire outer diameter
wWire row was pressed
fixed abrasive grain wire was reciprocally noved. In
a hol der

which is constituted

this event, 214 as shown in FIG 4 was used,
of a holding portion 212 and a
Addi tionally,

fixed abrasive grain wire used had di anond abrasive

pl ate 213 bonded to a grindstone 221. t he

grains as the fixed abrasive grains secured thereto.

Tabl e 1 bel ow shows the enpl oyed fixed abrasive grain

Wi re, grindstone, and test conmon conditions.
[ 0049]
[ Tabl e 1]
Fi xed core wire dianmeter 0.140 nm
abrasi ve di anond abr asi ve
grain wire grains 10 to 20 pm
wire outer di anmet er 0. 174 m
(nom nal )
abrasi ve-grain fixing t hrough ni ckel
met hod el ectrodeposition
Gri ndstone type WA
grit size #200
Test conmmon W re tension 25 N
condi tions . wat er +gl yco
coolant liquid type mi xt ur e
cool ant flow rate 150 L/ m n.
cool ant tenperature 23°C
[ 0050]
Wth the grindstone 221 bonded to the plate 213
usi ng an epoxy-based adhesive as shown in FIG 4, the
wire rate was changed within 10 to 400 m m n. under
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conditions that the fixed abrasive grain wire 202 was
pressed agai nst the grindstone 221 at a | oad of 120
g/line and the wire was reciprocated 400 tines.

[ 0051]

Table 2 shows the result of Experinental Exanple 1
by relative values, given that the ambunt of the wire
outer dianeter reduced at a wire rate of 100 mm n. was
set as 100.

[ 0052]
[ Tabl e 2]
10 88
. 50 97
}Nn;ren Lai e 100 100
' 200 wire was broken
400 wire was broken
Rel ati ve values with the
ampunt of the wire outer
di aneter reduced at 100
m m n. being taken as 100
[ 0053]

It was found fromthe result in Table 2 that the
wire was broken when the wire rate exceeded 100 nmmn
Further, FIG 5 shows SEM observation results of the
fixed abrasive grain wire before and after the
reci procal novenment test. As FIG 5, in the fixed
abrasive grain wire after the reciprocal novenent test
(FIG 5(b)), the dianond abrasive grains H were renoved
fromthe fixed abrasive grain wire before the reciproca
novenment test (FIG 5(a)), and only the core wire | of
the fixed abrasive grain wire was observed. This
reveal ed that the wire outer diameter was reduced
because the di anond abrasive grains H on the fixed
abrasive grain wire surface were renoved.

[ 0054]
(Experimental Exanple 2)
The sanme wire saw as that in Experinmental Exanple
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1 was used to exam ne a change in wire outer dianeter
when the wire row was pressed agai nst the grindstone and
the fixed abrasive grain wire was reciprocally noved.

Tabl e 3 bel ow shows the enpl oyed fixed abrasive grain

wire, grindstone, and test common conditions. The
grindstone was bonded in the same manner as in
Experi nental Exanple 1 (FIG 4).
[ 0055]
[ Tabl e 3]
Fi xed core wire dianeter 0. 140 mm
abrasi ve di anond abr asi ve
grain wire grains 10 to 20 pm
wre outer di anet er 0. 174 m
(nom nal )
abrasi ve-grain fixing t hrough ni ckel
met hod el ectrodeposition
Gri ndstone type WA
grit size #200
Test conmmon W re tension 25 N
condi tions cool ant liquid type matgr+g|yco
m xture
cool ant flow rate 150 L/ m n.
cool ant tenperature 23°C
wire rate 100 m m n.
[ 0056]
Based on the result in Experinmental Exanple 1, the

wire rate was set at 100 mimn., but the |oad at which
the fixed abrasive grain wire was pressed agai nst the
grindstone and the nunmber of wire reciprocations were
changed.

[ 0057]

Table 4 shows the result of Experinmental Exanple 2

by relative val ues, given that the ambunt of the wire

outer diameter reduced under the follow ng conditions

was set as 100: the fixed abrasive grain wire was
pressed agai nst the grindstone at a |load of 120 g/line

and the wire was reciprocated 400 tines.
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[ 0058]

[ Tabl e 4]
Nunmber of wire reciprocations
[ number of tinmes]
400 800 3000
Load of 10 3 5 12
pr essi ng 30 21 38 101
W re 60 a7 85 102
agaigst 120 100 103 -
gri ndstone
[g/1ine] 240 105 108 -
The amount of the wire outer
di aneter reduced under the foll ow ng
conditions was taken as 100: the
| oad of pressing the wire against
t he grindstone was 120 g/line and
t he nunmber of wire reciprocations
was 400 tines
[ 0059]

The result in Table 4 revealed that if the | oad of
pressing the fixed abrasive grain wire against the
grindstone is not 30 g/line or nore, the wire dianeter
is not reduced, in other words, the dianond abrasive
grains are not sufficiently renoved. Moreover, when the
| oad was 120 g and 240 g, even if the nunber of wre
reci procations was increased, the amount of the wire
outer diameter reduced hardly changed. This inplies
that after the dianond abrasive grains are renoved, the
abrasion of the wire core hardly proceeds, and the
possibility of wire break by carrying out the present
invention is quite | ow.

[ 0060]
(Exanpl e and Conparative Exanpl e)

As Exanple, the inventive wire saw and net hod for
slicing a workpi ece were used to slice and draw out a
wor kpi ece. Meanwhi l e, as Conparative Exanple, a general
wor kpi ece slicing nmethod was used to slice and draw out

a workpiece. As the workpieces sliced in these Exanple
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and Conparative Exanpl e,
i ngots each having a dianmeter

wer e used.

and Conparative Exanpl e.

col ummar

silicon single crystal

of approximately 301 mm

Table 5 shows the test conditions in Exanple

[ 0061]
[ Tabl e 5]
Conparative
Exanpl e Eganple
Wor kpi ece di amet er 301 mm
Bondi ng mat eri al resi n+WA resin
menber grindstone
grindstone grit i
si ze #200
adhesi ve epoxy- based resin
ﬁiﬁﬁiﬁ? roller pitch 1001 pm
Fi xed core wire dianeter 0. 140 mm
abrasi ve di anond abr asi ve
grain wire grai ns 10 to 20 pm
Wi re outer 0. 174 mm
di ameter (nom nal) '

abrasi ve-grain
fixing method

t hrough ni ckel
el ectrodeposition

Cool ant liquid type wat er +gl ycol m xture
flow rate 150 L/ m n.
t enper ature 23°C
Wor kpi ece Wi re tension 25 N
slicing wire travelling :
condi tions rate up to 1500 m'min.
Condi ti ons wire tension 25 N -
of pressing wire travelling .
Wire rate 100 m m n.
agai nst | oad of pressing
grindstone Wi re agai nst 120 g/line -
and grindstone
reciprocat - Number of wire 400 ]
Ing wire reci procations
Dr awi ng W re tension 25 N
condi tions wire rate 5 mMmn. at maxi num
[ 0062]
| n Exanpl e, the grindstone 21 was di sposed between

the resin 22 and the workpiece plate 13 as shown in FIG

3.

Meanwhi | e,
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was adhered as the bonding nenmber to the workpiece plate
113 as shown in FIG 9. The workpieces W W were
bonded to the bondi ng nenbers with an epoxy-based
adhesi ve.
[ 0063]

| n Exanple, after the workpi ece was sliced, the
fixed abrasive grain wire was pressed agai nst the
grindstone and reciprocally noved, and then the
wor kpi ece was drawn out. In Conparative Exanpl e,
I mmedi ately after the workpiece was sliced, the
wor kpi ece was drawn out. Table 6 shows the results of
Exanpl e and Conparative Exanpl e.

[ 0064]
[ Tabl e 6]
Whet her or not
V\hether or not saw mark was
wire was broken
f or ned
Exanpl e W re was not no saw nark
al br oken
Conparative | . saw mar k was
wire was broken
Exanpl e formed
[ 0065]

Fromthe results of Exanple and Conparative
Exanpl e as shown in Table 6, in Exanple, the fixed
abrasive grain wire was not broken when the workpiece
was drawn out, and no saw mark was observed on the main
surfaces of the sliced wafers, either. In contrast, in
Conpar ative Exanple, the fixed abrasive grain wire was
br oken during the drawi ng out, and saw nmark was observed
on the main surfaces of the sliced wafers.

[ 0066]

The results of Experinental Exanples, Exanple, and
Conpar ative Exanple reveal ed that the inventive wire saw
and the inventive nethod for slicing a workpiece make it

possi ble to draw out a workpi ece w thout being caught by
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a fixed abrasive grain wire, and to avoid saw mark
formation and wire break of the fixed abrasive grain
wire, which would otherwi se occur if the workpiece is
caught by the fixed abrasive grain wre.

[ 0067]

It should be noted that the present invention is
not limted to the above-described enbodi ments. The
enbodi nrents are just exanples, and any exanples that
have substantially the same feature and denonstrate the
same functions and effects as those in the technica
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAI M5

1. A nmethod for slicing a workpiece with a wire saw
which includes a wire row formed by winding a fixed
abrasive grain wire having abrasive grains secured to a
surface thereof around a plurality of grooved rollers,

t he nethod conprising feeding a workpiece to the wire
row for slicing the workpiece held by a workpi ece hol der
with a bondi ng nenmber bonded to the workpiece, while
allow ng the fixed abrasive grain wire to

reci procatively travel in an axial direction thereof,

t hereby slicing the workpiece at a plurality of
positions aligned in an axial direction of the workpiece
si mul t aneousl vy,

wherei n the bondi ng menber has a grindstone as a
part,

t he nethod conprises, after the workpiece is
sliced and before the workpiece is drawn out fromthe
wire row, a fixed-abrasive-grain renoval step of
pressing the wire row agai nst the grindstone to renove
the fixed abrasive grains fromthe fixed abrasive grain
wire while the fixed abrasive grain wire is
reci procatively traveling, and

in the fixed-abrasive-grain renoval step, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line

of the fixed abrasive grain wre.
2. The method for slicing a workpiece according to

claim1l, wherein a WA grindstone is used as the

gri ndst one.
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3. The nethod for slicing a workpiece according to
claim1l or 2, wherein the workpiece is drawn out from
the wire row through a portion of the fixed abrasive
grain wire fromwhich the fixed abrasive grains have
been renoved in the fixed-abrasive-grain renmoval step

4. A wWire saw conpri sing:

a wre row forned of a fixed abrasive grain wire
whi ch has abrasive grains secured to a surface thereof
and is wound around a plurality of grooved rollers; and

a wor kpi ece-feedi ng nechani sm configured to press
a workpi ece against the wire row, the workpi ece being
hel d by a workpi ece holder with a bondi ng nenber bonded
to the workpiece, wherein

t he workpi ece-feedi ng nechani sm feeds the
wor kpi ece for slicing to the wire row while the fixed
abrasive grain wire reciprocatively travels in an axi al
direction thereof, thereby slicing the workpiece at a
plurality of positions aligned in an axial direction of
t he wor kpi ece sinultaneously,

t he bondi ng nmenber has a grindstone as a part,

the wire saw conprises a unit configured to renove
fixed abrasive grains fromthe fixed abrasive grain wire
by pressing the wire row against the grindstone while
the fixed abrasive grain wire is reciprocatively
traveling, and

when the fixed abrasive grains are renoved, the
fixed abrasive grain wire is traveled at a wire rate of
100 mMmn. or less, and the wire row is pressed agai nst
the grindstone at a load of 30 g or nore for each line

of the fixed abrasive grain wre.

5. The wire saw according to claim4, wherein the
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grindstone is a WA grindstone.

6. The wire saw according to claim4 or 5, conprising
a controller configured to control draw ng of the

wor kpi ece fromthe wire row through a portion where the
fixed abrasive grains have been renoved fromthe fixed
abrasive grain wire by the unit configured to renove

fixed abrasive grains.
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