DESCRIPTION
METHOD FOR SLICING WORKPIECE AND WIRE SAW

TECHNICAL FIELD
[0001]
The present invention relates to a method for slicing a

workpiece into wafers by using a wire saw and to a wire saw.

BACKGROUND ART
[0002]

There has been conventionally known a wire saw as a means
for slicing a workpiece, such as a silicon ingot and a compound
semiconductor ingot, into wafers. In a wire saw, a wire row is
defined by winding a wire around a plurality of rollers many times,
the wire is driven in its axial direction at a high speed, a
workpiece is fed toward the wire row to cut the workpiece while
a slurry is appropriately suppliéd, and the workpiece is thereby
sliced at the respective wire positions at the same time.
[0003]

Here, FIG; 8 shows an cutline of an example of a conventiocnal
wire saw.

As shown in FIG. 8, a wire saw 101 is mainly constituted
of a wire 102 configured to slice a workpiece, grooved rollers
103 around which the wire 102 is wound, mechanisms 104 and 104’
configured to give the wire 102 a tension, a means 105 for feeding
- the workpiece downwardly, and a means 106 for supplying a slurry
at the time of slicing.

[0004]

The wire 102 is reeled out from one wire reel 107 and enters
the grooved rollers 103 after passing through a
tensile-force-applying mechanism 104 that includes a powder

clutch (a constant torquemotor) and a dancer roller (a deadweight),

(s}



not shown, via a traverser. The wire 102 is wound around the
grooved rollers 103 about 300 to 400 times to define a wire row.
The wire 102 is rolled up around the cother wire reel 107' after
rassing through the bther wire-tension-applying mechanism 104"'.
[0005]

The grooved roller 103 are rollers, each being formed by
press—-fitting polyurethane resin around a steel cylinder and then
cutting grooves on the surface thereof. With a drive motor 110,
the grooved rollers 103 allow reciprocating motion for a
predetermined travel distance to be imparted to the wound wire
102. At this time, a travel distance in one reciprocating
direction of the wire differs from one in the other reciprocating
direction, i.e., a travel distance in one reciprocating direction
is longer than one in the other reciprocating direction. A new
line of the wire is supplied in a direction along which the wire
travels for a long distance, as the reciprocating motion of the
wire continues.

[0006]

The workpiece feeding means 105, at the time of slicing the
workpiece, can hold the workpiece and move downwardly the held
workpiece to feed the workpiece toward the wire 102 wound around
the grooved rollers 103.

Furthermore, nozzles 111 are provided near the grooved
rollers 103 and the wound wire 102, enabling a slurry having an
adjusted temperature to be supplied from the slurry supplying
means 106 to the wire 102.

[0007]

Such a wire saw 101 applies an appropriate tension to the
wire 102 with the tensile-force-applying mechanism 104, and
presses the workpiece held with the workpiece feeding means 105
against the reciprocating wire with the workpiece cut into while
imparting reciprocatingmotion to the wire 102 with the drive motor

110, whereby the workpiece is sliced.



At this time, as described above, the new line of the wire
is supplied as the reciprocating motion of the wire continues.
Accordingly, the wire on a side to which the new line of the wire
wound around the grooved roller 103 is supplied (referred to as
a wire-supply side) is worn away more strongly as compared with
a side to which the wire is collected (referred to as a
wire-collection side), and hence reduces in its diameter. Wafers
sliced on the wire-collection side therefore tend to have a larger
thickness than that of wafers sliced on the wire-supply side.
There has thus been a problem in that the thickness of wafers sliced
from a workpiece varies.

[0008]

As regards this problem, there has been used a method for
suppressing the variation in wafer thickness by using a grooved
roller configured to make pitches between its grooves narrower
from the wire-supply side toward the wire-collection side (see

Patent Document 1, for example).

CITATION LIST
PATENT LITERATURE
[0009]
Patent Document 1: Japanese Unexamined Patent Application

Publication No. H10-249701

SUMMARY OF INVENTTION
TECHNICAL PROBLEM
[0010]

Slicing a workpiece in such a manner, unfortunately, arises
a problem in that the wafer thickness at the beginning of slicing
the workpiece becomes thinner than that at the central portion,
particularly at the wire-collection side, to which the pitches
between grooves are narrower, making total thickness variation

(TTV) of the sliced wafers worse.



In view of the above-described problem, it is an object of
the present invention to provide a method for slicing a workpiece
and a wire saw that can prevent the wafer thickness at the beginning
of slicing a workpiece from locally becoming thinner particularly
at the wire-collection side, to which the pitches between grooves
are narrower, and also TTV from becoming worse, at the time of

slicing the workpiece by the wire saw.

SOLUTION TO PROBLEM
[0011]

To achieve this object, the present invention provide a
method for slicing a workpiece into wafers by imparting axial
reciprocating motion to a wire wound around a plurality of grooved
rollers, and moving the workpiece relatively downwardly to press
the workpiece against the reciprocating wire and to feed the
workpiece with the workpiece cut into while supplying a slurry
to the wire, the method comprising the steps of: configuring each
of the grooved rollers such that a distance froma bottomof grooves
of the grooved roller to a rotating shaft of the grooved roller
decreases gradually from a wire-supply side toward a
wire-collection side; slicing the workpiece in such a manner that
the workpiece is pressed against the wire on the wire-supply side
before the workpiece is pressed against the wire on the
wire-collection side.

[0012]

Such a method for slicing a workpiece can prevent the
workpiece from being sliced with an unworn line of the wire at
the wire-collection side, to which the pitches between grooves
are narrower, and suppress the wafer thickness at the beginning
of slicing the workpiece from locally becoming thinner
particularly at the wire-collection side, thereby improving the
TTV.

[0013]



At this time, a maximum difference in the distance from the
bottom of grooves of the grooved roller to a rotating shaft of
the grooved roller preferably ranges from 1 mm to 5 mm.

When the maximum difference is 1 mm or more, the wafer
thickness at the beginning of slicing the workpiece can surely
be suppressed from locally becoming thinner particularly at the
wire-collection side. When the maximum difference is 5mmor less,
grooves can be formed in the grooved roller within the range of
the thickness of a resin shell, such as polyurethane, formed around
the grooved roller, and a residual thickness can be held in the
shell to re-form the grooves, and hence grcoving can be readily
performed at a low cost.

[0014]

In the configuring step, the grooved roller may be
configured such that the grooved roller has a constant diameter
and a depth of the grooves increases gradually from the wire-supply
side toward the wire-collection side.

In this a manner, forming grooves each having different
depths simply enables the configuration of the grooved roller such
that the distance from the bottom of grooves of the grooved roller
to a rotating shaft of the grooved roller decreases gradually from
the wire-supply side toward the wire-collection side.

[0015]

In the configuring step, alternatively, the grooved roller
may’be configured such that the grooves have a constant depth and
a diameter of the grooved roller decreases gradually from the
wire-supply side toward the wire-collection side.

In this a manner, the grooves can readily be formed to
configure the grooved roller. The grooving can be more readily
performed by forming V-shaped grooves.

[0016]
Furthermore, the present invention provides a wire saw

comprising: a wire wound around a plurality of grooved rollers,



the wire being configured to be capable of axial reciprocating
motion; a nozzle for supplying a slurry to the wire; a workpiece
feedingmeans configured to hold a workpiece and tomove relatively
downwardly the held workpiece to feed the workpiéce toward the
wire; the wire saw being configured to slice the workpiece into
wafers by pressing the workpiece held by the workpiece feeding
means against the reciprocating wire and feeding the workpiece
with the workpiece cut into while supplying a slurry to the wire
through the nozzle, wherein each of the grooved rollers is
configured such that a distance from a bottom of grooves of the
grooved roller to a rotating shaft of the grooved roller decreases
gradually from a wire-supply side toward a wire-collection side,
and the wire saw being capable of slicing the workpiece in such
a manner that the workpiece is pressed against the wire on the
wire-supply side before the workpiece is pressed against the wire
on the wire-collection side.

[0017]

Such a wire saw can prevent the workpiece from being sliced
with an unworn line of the wire at the wire-collection side, to
which the pitches between grooves are narrower, and suppress the
wafer thickness at the beginning of slicing the workpiece from
locallybecomingthinnerparticularlyeﬂ:thewire—collectionside,
thereby improving the TTV.

[0018]

In the wire saw, the maximum difference in the distance from
the bottom of grooves of the grooved roller to a rotating shaft
of the grooved roller preferably ranges from 1 mm to 5 mm.

When the maximum difference is 1 mm or more, the workpiece
can surely be prevented from being sliced with an unworn line of
the wire at the wire-collection side, and the TTV can surely be
improved. When the maximum difference is 5 mm or less, grooves
can be formed in the grooved roller within the range of the

thickness of a resin shell, such as polyurethane, formed around



the grooved roller, and a residual thickness can be held in the
shell to re-form the grooves, and hence grooving can be readily
performed at a low cost.

[0019]

The grooved roller may be configured such that the grooved
roller has a constant diameter and a depth of the grooves increases
gradually from the wire-supply side toward the wire-collection
side.

In such a wire saw, forming grooves each having different
depths simply enables the configuration of the grooved roller such
that the distance from the bottom of grooves of the grooved roller
to a rotating shaft of the grooved roller decreases gradually from
the wire-supply side toward the wire-collection side.

[0020]

Alternatively, the grooved roller may be configured such
that the grooves have a constant depth and a diameter of the grooved
roller decreases gradually from the wire-supply side toward the
wire-collection side.

In such a wire saw, the grooves of the grooved roller can
readily be formed. The grooving can be more readily performed

by forming V-shaped grooves.

ADVANTAGEOUS EFFECTS OF INVENTION
[0021]

The inventive method for slicing a workpiece with the wire
saw of the present invention involves: configuring each grooved
roller such that the distance from the bottom of grocoves of the
grooved roller to a rotating shaft of the grooved roller decreases
gradually from the wire-supply side toward the wire-collection
side; and slicing the workpiece in such a manner that the workpiece
is pressed against the wire on the wire-supply side before the
workpiece is pressed against the wire on the wire-collection side.

The workpiece, therefore, can be prevented from being sliced with



an unworn line of the wire at the wire-collection side to which
the pitches between grooves are narrower and the wafer thickness
at the beginning of slicing the workpiece can be suppressed from
locally becoming thinner particularly at the wire—-collection side
so that the TTV is improved. These advantageous effects result
in a smaller stock removal in a post-process such as a lapping
process and a polishing process. The present invention thus

enables the thickness of sliced wafers to be thinner to reduce
kerf loss, thereby improving productivity of the post-process

such as the lapping process and the polishing process.

BRIEF DESCRIPTION OF DRAWINGS
[0022]

FIG. 1 is a schematic view of an example of a wire saw
according to the present invention;

FIG. 2A is a schematic top view of a grooved roller of a
wire saw according to the present invention;

FIG. 2B is a schematic view of an exemplary groove of a
grooved roller of a wire saw according to the present invention;

FIG. 3 is a schematic view of an exemplary grooved roller
of a wire saw according to the present invention;

FIG. 4 is a schematic view of an exemplary grooved roller
of a wire saw according to the present invention;

FIG. 5 shows a thickness distribution of a wafer in Example;

FIG. 6 shows a thickness distribution of a wafer in
Comparative Example;

FIG. 7 shows a result of total thickness variation in each
of Example and Comparative Example; and

FIG. 8 is a schematic view of an example of a conventional

wire saw.

DESCRIPTION OF EMBODIMENTS
[0023]



Although embodiments of present invention will now be
described, the present invention is not restricted thereto.

As described above, when a workpiece such as a silicon ingot
is sliced by using a conventional wire saw having a grooved roller
whose groove pitch is varied in consideration for wire abrasion
to uniform the thickness of sliced wafers, the thickness of the
wafers disadvantageously becomes locally thinner at the beginning
of slicing, where the wire abrasion has not advanced yet. This
phenomenon particularly becomes prominent at the wire~collection
side, to which the pitches between grooves are narrower.
[0024]

The present inventors repeatedly keenly conducted
examinations to solve such a problem, and conceived that the wafer
thickness at the beginning of slicing, where the wire abrasion
has not advanced yet, can be suppressed from loéally becoming
thinner by changing timing of contact of the workpiece with the
wire between the wire-supply side and the wire-collection side
at the start of slicing, more specifically, by delaying contact
of the workpiece with the wire on the wire-supply side, thereby
bringing the present invention to completion.

[0025]

FIG. 1 is a schematic view of an example of a wire saw
according to the present invention.

As shown in FIG. 1, a wire saw 1 of the present invention
is mainly constituted of a wire 2 configured to slice a workpiece
W, grooved rollers 3, tensile-force-applying mechanisms 4 and 4’
configured to apply a tension to the wire 2, a workpiece feeding
means 5 configured to hold a workpiece W being sliced into wafers
and to move relatively downwardly the held workpiece to feed the
workpiece with the workpiece cut into, and a slurry supplying means
14 configured to supply a slurry to the wire 2 at the time of
slicing. ‘

[002¢6]



The wire 2 is reeled out from one wire reel 7 and enters
the grooved rollers 3 through a traverser after passing through
the wire-tension-applying mechanism 4 including a powder clutch
(a constant torque motor), and a dancer roller (a deadweight).
The wire 2 is wound around a plurality of grooved rollers 3 about
300 to 400 times, whereby a wire row are formed. The wire 2 is
rolled up around a wire reel 7' after passing through the other
wire-tension-applying mechanism 4°'.

[0027]

The slurry supplying means 14 includes a slurry tank 11,
a slurry chiller 12, and a nozzle 13. The nozzle 13 is disposed
above the wire 2 wound around the grooved rollers 3. The nozzle
13 is connected to the slurry tank 11, and the slurry can be
supplied to the wire 2 out of the nozzle 13 after the supply
temperature of the slurry is controlled by the slurry chiller 12.

Here, the type of the slurry used in slicing is not limited
to a particular type, and slurry similar to existing slurry can
be used; for example, slurry obtained by dispersing silicon
carbide abrasive grains in liquid can be used.

[0028]

The grooved rollers 3 are rollers, each being formed by
press-fitting polyurethane resin around a steel cylinder and then
cutting grooves on the surface thereof at reqgular intervals. With
a drive motor 10, the grooved rollers 3 allow reciprocating motion
in the direction of a wire axis to be imparted to the wound wire
2. In the reciprocating motion of the wire 2, the traveling
distances of the wire 2 in the respective reciprocating directions
differ, and the traveling distance in one direction is longer than
that in the other direction so that a new line of the wire can
be supplied. The new line is thus supplied in the direction of
the longer traveling distance as the reciprocating motion of the
wire continues.

[0029]

10



As shown in FIG. 2A, the wire-supply side 1is represented
by "B" shown in FIG. 2A, and the wire-collection side is _
represented by "C", wherein the new line is supplied in an "A"
direction, for example.

As shown in FIG. 2A, the grooves 6 of the grooved roller
3 are formed in such a manner that the pitch between the grooves
on the wire-collection side C becomes narrower than that on the
wire-supply side B (ti>t2).

Moreover, the grooved roller of the inventive wire saw is
configured such that the distance from the bottom of grooves of
the grooved roller to a rotating shaft of the grooved roller
decreases gradually from the wire-supply side toward the
wire-collection side. 1In other word, height positions of the wire,
wound around this grooved roller, on the side facing the workpiece
are gradually lowered from the wire-supply side toward the
wire-collection side. Here, the grooves of the grooved roller
are preferably formed into a U-shape having the same R shape and
the same groove width as the diameter of the wire as shown in FIG.
2B to avoid transverse oscillation of the wire.

[0030]

When the workpiece W is sliced, the workpiece W is fed toward
the wire 2, located relatively below the workpiece, by the
workpiece feeding means 5. The workpiece feeding means 5 presses
the workpiece W against the reciprocating wire 2 and feeds the
workpiece W with the workpiece cut into by moving the workpiece
W relatively downwardly. In the invention, at this time, the
workpiece is pressed against the wire on the wire-supply side
before the workpiece is pressed against the wire on the
wire-collection side. The workpiece feeding means 5 can feed the
held workpiece W at a programmed feeding speed under computer
control. Then, after completing the slicing of the workpiece W,
the workpiece feeding means 5 pulls the sliced workpiece W from

the wire row by reversing the direction in which the workpiece

11



W is fed.
[0031]

The wire saw of the present invention delays the timing of
contact of the workpiece with thewire on thewire~collection side,
to which the pitches between grooves are narrower, at the start
of slicing as compared with the wire on the wire-supply side,
thereby preventing the workpiece from being sliced with an unworn
line of the wire at the wire-collection side. The wire saw can
therefore suppress the wafer thickness at the beginning of slicing
the workpiece from becoming thinner than that at the central
portion, particularly at the wire-collection side, thereby
improving the TTV.

[0032]

FIG. 3 shows an outline of an exemplary grooved roller of
a wire saw of the present invention.

As shown in FIG. 3, the grooved roller 31 has a constant
diameter over its length and the depth ("h" in FIG. 3) of the
grooves 6 of the grooved roller 31 increases gradually from the
wire—-supply side toward the wire-collection side (a slant line
in FIG. 3). It is tobe noted that FIG. 3 shows only the respective
two grooves from both ends of the grooved roller, and omits other
grooves. The distance ("d"™ in FIG. 3) from the bottom 9 of the
grooves 6 of the grooved roller 31 to a rotating shaft 8 of the
grooved roller 31 decreases gradually from the wire-supply side
B toward the wire-collection side C. This grooved roller 31 can
be readily configured by merely forming grooves with different
depths with existing equipment. In this case, each of the grooves
is preferably a U-shaped groove, which can be prevented from
interfering with adjacent grooves, particularly at the
wire-collection side on which the grooves are formed more deeply.
[0033]

As shown in FIG. 4, the grooved roller 32 may alternatively

be configured such that all the grooves 6 have a constant depth
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and the diameter of the grooved roller 32 decreases gradually from
the wire-supply side B toward the wire-collection side C.

In this grooved roller 32, likewise, the distance d from
the bottom 9 of the grooves ¢ to the rotating shaft 8 of the grooved
roller 32 decreases gradually from the wire-supply side B toward
the wire-collection side C. The grooves of the grooved roller
32 can be readily formed. In this grooved roller, each of the
grooves 1is also preferably formed into a U-shaped, or may
alternatively be formed into a V-shape, since all the grooves have
the same depth h. The V-shaped grooves can be more readily formed.
[0034]

The maximum difference in the distance from the bottom of
the grooves of the grooved roller to the rotating shaft of the
grooved roller may be determined according to the diameter of the
grooved roller, how many times the wire being wound around the
grooved roller, and the thickness of wafers being sliced, and
preferably ranges from 1 mm to 5 mm.

When the maximum difference is 1 mm or more, the workpiece
can surely be prevented from being sliced with an unworn line of
the wire at the wire-collection side, and the TTV can surely be
improved. When themaximumdifference is S5mmor less, the grooves
can be formed in the grooved roller within the range of the
thickness of a resin shell, such as polyurethane, formed around
the grooved roller. Moreover, re-forming the grooves, in this
case, does not necessitate re-forming the resin shell, and the
grooves can be re-formed after removing a region of the resin shell
where the grooves are formed. More specifically, the
grooves-forming process can be performed two times within the
thickhess range of a commonly used resin shell and hence the cost
can be reduced.

[0035]
A method for slicing a workpiece of the present invention

will now be described. Here, a case where such a wire saw 1 as
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shown in FIG. 1 will be described.

First the grooved rollers 3 are prepared, each of which is
configured such that the distance from the bottom of grooves of
the grooved roller 3 to the rotating shaft of the grooved roller
3 decreases gradually from the wire-supply side toward the
wire-collection side.

[0036]

The prepared grooved roller at this time may be the grooved
roller 31, as shown in FIG. 3, each of which is configured such
that the grooved roller has a constant diameter and the depth of
the grooves 6 increases gradually from the wire-supply side toward
the wire-collection side.

In this manner, forming grooves each having different
depths with existing equipment simply enables preparation of such
a grooved roller, configured such that the distance from the bottom
of the grooves of the grooved roller to the rotating shaft of the
grooved roller decreases gradually from the wire-supply side
toward the wire-collection side. In this case; each of the
grooves is preferably a U-shaped groove, which can be prevented
from interfering with adjacent grooves, particularly at the
wire—-collection side on which the grooves are formed more deeply.
[0037]

Alternatively, the prepared grooved roller may be the
grooved roller 32, as shown in FIG. 4, each of which is configured
such that the grooves 6 have a constant depth and the diameter
of the grooved roller decreases gradually from the wire-supply
side toward the wire-collection side.

In such a manner, the grooves can readily be formed to
prepare the grooved roller. In this grooved roller, each of the
grooves 1is also preferably formed into a U-shaped, or may
alternatively be formed into a V-shape, which can be more readily
formed.

[0038]

14



Next the workpiece Wis heldwith the workpiece feeding means

The wire 2 is then cause to reciprocate in its axial
direction with a tension applied to the wire. The workpiece W
is moved relatively downwardly with the workpiece feeding means
5 to feed the workpiece W to the wire row with the workpiece cut
into while a slicing slurry is supplied to the wire 2 with the
slurry supplying means 14, so that the workpiece W is sliced. At
this time, the workpiece is pressed against the wire on the
wire-supply side before the workpiece is pressed against the wire
on the wire-collection side.

[0039]

The slicing method of the present invention delays the
timing of contact of the workpiece with the wire on the
wire-collection side, to which the pitches between grooves are
narrower, at the start of slicing as compared with the wire on
the wire-supply side, thereby preventing the workpiece from being
sliced with an unworn line of the wire at the wire—-collection side.
The method can therefore suppress the wafer thickness at the
beginning of slicing the workpiece frombecoming thinner than that
at the central portion, particularly at the wire-collection side,
thereby improving the TTV.

[0040]

The maximum difference in the distance from the bottom of
the grooves of the grooved roller to the rotating shaft of the
grooved roller may be determined according to the diameter of the
grooved roller, how many times the wire being wound around the
grooved roller, and the thickness of wafers being sliced, and
preferably ranges from 1 mm to 5 mm.

When the maximum difference is 1 mm or more, the workpiece
can surely be prevented from being sliced with an unworn line of
the wire at the wire-collection side, and the TTV can surely be

improved. When themaximumdifference is 5mmor less, the grooves
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can be formed in the grooved roller within the range of the
thickness of a resin shell, such as polyurethéne, formed around
the grooved roller. Moreover, re-forming the grooves, in this
case, does not necessitate re-forming the resin shell, and the
grooves can be re-formed after removing a region of the resin shell
where the grooves are formed. More specifically, the
grooves-forming process can be performed two times within the
thickness range of a commonly used resin shell and hence the cost
can be reduced.

[0041]

In the above embodiments, the workpiece is moved downwardly
with the workpiece feeding means of the wire saw shown in FIG.
1. The method for slicing a workpiece and the wire saw of the
present invention however are not restricted thereto, as long as
the workpiece 1s fed by being moved relatively downwardly. More
specifically, the workpiece W may be fed by moving the wire row
upwardly, instead of feeding the workpiece W downwardly.
[0042]

Here, the tension being applied to the wire 2, and the
traveling speed of the wire 2 may be appropriately determined.
The traveling speed of the wire may be 400 to 800 m/min, for example.
The feeding speed at which the workpiece is fed to the wire row
may be 0.2 to 0.4 mm/min, for example. These conditions are not
restricted thereto.

[0043]

Examples of the slurry supplied to the wire 2 at the time
of slicing include, but is not limited to, a mixture of a coolant
and #2000 abrasive grains, and an exemplary ratio of the coolant
and abrasive grains is 50:50 by weight. The temperature of the
slurry may be 15°C to 30°C, for example.

[0044]
As described above, according to the present invention, the

wafer thickness at the beginning of slicing the workpiece can be
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suppressed from locally becoming thinner particularly at the

wire-collection side, to which the pitches between grooves are
narrower, so that the TTV is improved. These advantageous effects
result in a smaller stock removal in a post-process such as a
lapping process and a polishing process. The present invention
thus enables the thickness of sliced wafers to be thinner to reduce
kerf loss, thereby improving productivity of the post-process

such as the lapping process and the polishing process.

EXAMPLES
[0045]

The present invention will now be more specifically
described with reference to an example and a comparative example,
but the present invention is not restricted to this example.
[0046]

(Example)

A workpiece was sliced with the inventive wire saw, as shown
in FIG. 1, having the grooved roller, as shown in FIG. 3, according
to the inventive method for slicing a workpiece, and the TTV of
sliced wafers was evaluated. Here, a silicon ingot having a
diameter of 300 mm and a length of 400 mm was used as the workpiece.
The minimum depth of the grooves was 0.25 mm, the maximum depth
thereof was 2 mm, and the maximum difference in the distance from
the position of the bottom of the grooves of the grooved roller
to the rotating shaft of the grooved roller was 1.75 mm. As shown
in FIG. 2A, the pitch between the grooves was gradually narrowed
by 1 um every 10 stages, wherein t;=1.08 mm and t;=1.07 mm. As
shown in FIG. 2B, the grooves were formed into a U-shape with the
same R shape and the same groove width as those of a
0.14-mm-diameter wire.

[0047]
FIG. 5 shows a thickness distribution of a sliced wafer in

a slicing direction. As shown in FIG. 5, there was almost no
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difference in thickness at the beginning of slicing between the
wire-supply side and the wire-collection side. It was revealed
that the variation in the thickness was improved as compared with
the result of the later-described Comparative Example shown in
FIG. 6.

FIG. 7 shows a result of the TTV. As shown in FIG. 7, the
average of the TTV was 8.0 um and the variance in the TTV was 0.3
um, which were greatly improved as compared with an average of
8.7 um and a variance of 2.0 um in the later-described Comparative
Example. It is to be noted that SBW-330 manufactured by Kobelco
Research Institute was used as a measuring instrument.

[0048]

The case where the grooved roller as shown in FIG. 4 was
used obtained the same result as above.

It was thus confirmed that the wire saw and the method for
slicing a workpiece of the present invention can prevent the wafer
thickness at the beginning of slicing a workpiece from locally
becoming thinner particularly at the wire-collection side, to
which the pitches between grooves are narrower, and also the TTV
from becoming worse, at the time of slicing the workpiece by the
wire saw.

[0049]
{(Comparative Example)

A silicon ingot was sliced under the same conditions as
Example except for using a conventional wire saw, as shown in FIG.
8, including a grooved roller having a constant diameter over its
length and grooves with a constant depth and pressing a workpiece
against a wire both on the wire supply side and the wire-collection
side at the same time, and the same evaluation was carried out
as with Example.

FIG. 6 shows a thickness distribution of a sliced wafer in
a slicing direction. As shown in FIG. 6, the difference in

thickness at the beginning of slicing between the wire-supply side
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and the wire-collection side was larger and the thickness at the
beginning of slicing on the wire-collection side was thinner than
that on the wire-supply side.

FIG. 7 shows a result of the TTV. As shown in FIG. 7, the
average of the TTV was 8.7 um and the variance in the TTV was 2.0

pm, which were considerably worse as compared with the result of

Example.
[0050]

It is to be noted that the present invention is not limited
to the foregoing embodiment. The embodiment is just an
exemplification, and any examples that have substantially the
same feature and demonstrate the same functions and effects as
those in the technical concept described in claims of the present
invention are included in the technical scope of the present

invention.
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CLAIMS

1. A method for slicing a workpiece into wafers by imparting
axial reciprocating motion to a wire wound around a plurality of
grooved rollers, and moving the workpiece relatively downwardly
to press the workpiece against the reciprocating wire and to feed
the workpiece with the workpiece cut into while supplying a slurry
to the wire, the method comprising the steps of:

configuring each of the grooved rollers such that a distance
from a bottom of grooves of the grooved roller to a rotating shaft
of the grooved roller decreases gradually from a wire-supply side
toward a wire-collection side;

slicing the workpiece in such a manner that the workpiece
is pressed against the wire on the wire-supply side before the

workpiece is pressed against the wire on the wire-collection side.

2. The method for slicing a workpiece according to claim 1,
wherein

a maximum difference in the distance from the bottom of
grooves of the grooved roller to a rotating shaft of the grooved

roller ranges from 1 mm to 5 mm.

3. The method for slicing a workpiece according to claim 1 or
2, wherein

in the configuring step, the grooved roller is configured
such that the grooved roller has a constant diameter and a depth
of the grooves increases gradually from the wire-supply side

toward the wire-ccllection side.

4. The method for slicing a workpiece according to claim 1 or
2, wherein
in the configuring step, the grooved roller is configured

such that the grooves have a constant depth and a diameter of the
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grooved roller decreases gradually from the wire-supply side

toward the wire-ccllection side.

5. A wire saw comprising:

a wire wound around a plurality of grooved rollers, the wire
being configured to be capable of axial reciprocating motion;

a nozzle for supplying a slurry to the wire;

a workpiece feeding means configured to hold a workpiece
and to move relatively downwardly the held workpiece to feed the
workpiece toward the wire;

the wire saw being configured to slice the workpiece into
wafers by pressing the workpiece held by the workpiece feeding
means against the reciprocating wire and feeding the workpiece
with the workpiece cut into while supplying a slurry to the wire
through the nozzle, wherein

each of the grooved rollers is configured such that a
distance from a bottom of grooves of the grooved roller to a
rotating shaft of the grooved roller decreases gradually from a
wire-supply side toward a wire-collection side, and

the wire saw being capable of slicing the workpiece in such
a manner that the workpiece is pressed against the wire on the
wire-supply side before the workpiece is pressed against the wire

on the wire-collection side.

6. The wire saw according to claim 5, wherein
a maximum difference in the distance from the bottom of
grooves of the grooved roller to a rotating shaft of the grooved

roller ranges from 1 mm to 5 mm.

7. The wire saw according to claim 5 or 6, wherein
the grooved roller is configured such that the grooved
roller has a constant diameter and a depth of the grooves increases

gradually from the wire-supply side toward the wire-collection
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side.

8. The wire saw according to claim 5 or 6, wherein

the grooved roller is configured such that the grooves have
a constant depth and a diameter of the grooved roller decreases
gradually from the wire-supply side toward the wire-collection

side.
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