
;e3eL{VLx$(6TVPV&  DICING METHOD AND DICING APPARATUS FOR  5 BACKGROUND OF
THE INVENTION 1. Field of the Invention The present invention relates to a
dicing method and a dicing apparatus. More particularly, the present
invention relates to a dicing method and a dicing 10 apparatus for cutting
a comparatively thick substrate. 2. Description of the Related Art In the
semiconductor manufacturing field, a dicing process for cutting a
substrate, for example, a silicon wafer, on which a plurality of
semiconductor 15 devices are formed, into small dices, i.e., for dicing a
substrate, is indispensable. A dicing apparatus to carry out the dicing has
a disk-like blade which is rotated to cut the substrate. Abrasive grains
are adhered to an outer peripheral surface of the blade of the dicing 20
apparatus, so that a side face of a cut substrate is sometimes roughly
machined due to the abrasive grains. It is possible to cut the substrate by
laser light in order to make the side face of the cut substrate
comparatively smooth. However, in this case, the side 25 face of the
substrate is heated and burned, and a fracture layer in machining is
sometimes formed on the side face. In order to overcome these drawbacks, it
is requited that the substrate be cut using a laser light 30 which is
passed within a stream of water and is reflected by an inner wall of the
stream of water, so that the laser light is impinged upon the substrate.
Nevertheless, a cutting method in which the substrate is cut by irradiating
the laser light passing 35 within a stream of water toward the substrate
while reflecting the same by an inner wall of the stream of water
(hereinafter called a "laser light-water-jet   - 2  method") can be applied
only to a comparatively thin material, for example, a material having a
thickness less than about 30 micrometers, because of the power of the laser
light. A substrate generally adopted in the 5 semiconductor industry, for
example, a silicon wafer has a thickness of approximately 700 micrometers.
Thus, it is difficult to cut the substrate having such thickness by a
cutting method in which the laser light is passed within the stream of
water. 10 Therefore, the object of the present invention is to provide a
dicing method and dicing apparatus for cutting i.e., dicing, a
comparatively thick material, for example, a material having a thickness of
about 700 micrometers, by the laser light-water-jet-method, without 15
roughly machining and burning the side face. SUMMARY OF THE INVENTION In an
embodiment of the present invention, in a dicing method for dicing a
plate-like workpiece, provision is made of a dicing method for dicing a
plate 



20 like workpiece, comprising the steps of rotating a diskiike blade to
form a groove in one surface Gf the workpiece; discharging water through a
water discharging portion, toward a bottom of the groove of the one surface
of the workpiece to form a stream of water; and removing. 25 the portion of
the workpiece extending from the bottom of the groove to the other surface
of the workpiece, by laser light which is irradiated from a laser light
irradiating portion, in the stream of water, and is reflected by an inner
wall of the stream of water, and is 30 impinged upon the bottom of the
groove to dice the workpiece. Namely, according to an embodiment of the
present invention, a groove is formed, in advance, in the comparatively
thick material, so that the material can be 35 machined by the laser
light-water-jet-method. The laser light is spread only within a cross
section of the stream of water, so that the power of laser light can be   -
3  reduced, and the cut substrate can be prevented from being scattered.
Thus, the possibility in which a burn, a burr and a fracture layer in
machining are produced on a cut face, i.e., a diced face, can be reduced. 5
In another embodiment of the present invention, in a dicing apparatus for
dicing the plate-like material, provision is made of a dicing apparatus for
dicing a plate-like workpiece, comprising a disk-like blade which rotates
to form a groove in one surface of the workpiece; 10 a water discharging
portion which discharges water toward a bottom of the groove of the one
surface of the workpiece to form a stream of water; and a laser light
irradiating portion which irradiates a laser light in the stream of water
and impinges the laser light onto the 15 bottom of the groove while
reflecting the laser light by an inner wall of the stream of water to
remove the portion of the workpiece extending from the bottom of the groove
to the other surface of the workpiece, so as to dice the workpiece. 20
Namely, according to another embodiment of the present invention a groove
is formed, in advance, in the comparatively thick material, so that the
material can be machined by the laser light-water-jet-method. The laser
light is spread only within a cross section of the stream 25 of water, so
that the power of the laser light can be reduced, and the cut substrate can
be prevented from being scattered. Thus, the possibility in which a burn, a
burr and a fracture layer in machining are produced on a cut face, i.e., a
diced face, can be reduced. 30 In another embodiment of the present
invention, in a dicing method for dicing the plate-like workpiece,
provision is made of a dicing method for dicing a platelike workpiece,
comprising the steps of rotating a disklike blade to form a groove in one
surface of the 35 workpiece; discharging water through a water discharging
portion, toward a bottom of the groove of the one surface of the workpiece
to form a stream of water; and removing   - 4  the portion of the workpiece
extending from the bottom of the groove to the other surface of the
workpiece, by a laser light which is irradiated from a laser light
irradiating portion, in the stream of water and is 



5 reflected by an inner wall of the stream of water and is impinged upon
the bottom of the groove to dice the workpiece. Namely, according to
another embodiment of the present invention, a groove is formed, in
advance, in the 10 comparatively thick material, so that the material can
be machined by the laser light-water-jet-method. The laser light is
scarcely spread, so that the power of laser light can be reduced, and the
cut substrate can be prevented from being scattered. Thus, the possibility
in 15 which a burn, a burr and a fracture layer in machining are produced
on a cut face, i.e., a diced face can be reduced. In another embodiment of
the present invention, in a dicing apparatus for dicing a plate-like
workpiece, 20 provision is made of a dicing apparatus for dicing a
plate-like workpiece, comprising a disk-like blade which rotates to form a
groove in one surface of the workpiece; a water discharging portion which
discharges water toward a bottom of the groove of the one surface of the 25
workpiece to form a stream of water; and a laser light irradiating portion
which irradiates a laser light in the stream of water and impinges the
laser light onto the bottom of the groove while reflecting the laser light
by an inner wall of the stream of water to remove the 30 portion of the
workpiece extending from the bottom of the groove to the other surface of
the workpiece, so as to dice the workpiece. Namely, according to another
embodiment of the present invention, a groove is formed, in advance, in the
35 comparatively thick material, so that the material can be machined by
the laser light-water-jet-method. The laser light is scarcely spread, so
that the power of laser   - 5  light can be reduced, and the cut substrate
can be prevented from being scattered. Thus, the possibility in which a
burn, a burr and a fracture layer in machining are produced on a cut face,
i.e., a diced face, can be 5 reduced. These and other objects, features and
advantages of the present invention will be more apparent in light of the
detailed description of exemplary embodiments thereof as illustrated by the
drawings. 10 BRIEF DESCRIPTION OF THE DRAWING The present invention will be
more clearly understood from the description as set below with reference to
the accompanying drawings, wherein: Fig. la is a view for explaining a
dicing method 15 according to the present invention, in which the dicing is
carried out; Fig. lb is a view for explaining a dicing method according to
the present invention, in which a stream of water is formed; 20 Fig. lc is
a view for explaining a dicing method according to the present invention,
in which a substrate is cut; 



Fig. 2a is a view for explaining another dicing method according to the
present invention, in which the 25 dicing is carried out; Fig. 2b is a view
for explaining another dicing method according to the present invention, in
which a stream of water is formed; Fig. 2c is a view for explaining another
dicing 30 method according to the present invention, in which a substrate
is cut; Fig. 3 is an enlarged conceptual illustration in which a concept of
a dicing operation according to an embodiment of the present invention is
enlarged; 35 Fig. 4 is an enlarged conceptual illustration in which a
concept of a dicing operation according to another embodiment of the
present invention is enlarged;   - 6  Fig. 5 is a perspective view in which
a dicing operation according to yet another embodiment of the present
invention is shown; Fig. 6a is an enlarged conceptual illustration in 5
which a dicing work according to yet another embodiment of the present
invention is enlarged; and Fig. 6b is a view taken along the line A-A in
Fig. 6a. DESCRIPTION OF THE PREFERRED EMBODIMENTS 10 Embodiments of the
present invention will be described below with reference to the drawings.
In the drawings,the same members are designated by the same reference
numerals. The scale of the drawings is changed to allow easy understanding.
15 Fig. la to Fig. lc is a view explaining a dicing method according to the
present invention. A plurality of semiconductor devices 10 are formed on a
surface (a pattern forming surface) 29 of a substrate 20. These
semiconductor devices 10 are arrayed and equally spaced 20 one another. The
thickness of the substrate 20 in this embodiment is about 700 micrometers.
The dicing apparatus according to the present invention has a disk-like
blade 40. Abrasive grains are adhered to an outer peripheral surface of the
disk-like 25 blade 40. The disk-like blade 40 is controllably driven by an
appropriate motor coupled to the blade 40. As shown in Fig. la, a groove 30
is formed in one surface of the substrate 20, for example, an underside 28
by the disk-like blade 40 contained in the dicing apparatus 30 according to
the present invention. As can be seen from the drawing, a plurality of
grooves 30 are formed between semiconductor devices 10. After the grooves
30 are formed, a distance between a pattern-forming surface 29 and a bottom
33 of the groove 30 becomes small enough to 35 cut the portion therebetween
by laser light passing in a stream of water as described hereinafter. As
shown in Fig. lb, the dicing apparatus according  



to the present invention has a water discharging portion 50, for example, a
nozzle, which is connected to an appropriate water source (not shown). As
shown in Fig. lb, water, for example, pure water is discharged from an 5
end of the water discharging portion 50 to the bottom 33 of the groove 30.
The water is discharged so that a stream of water or a jet of water 60 is
formed from the end of the water discharging portion 50 to the bottom 33 of
the groove 30. It is preferable that the outer 10 diameter of the stream of
water 60 is similar to the internal diameter of the end of the water
discharging portion 50 in the vicinity of the end of the water discharging
portion 50 and the bottom 33 of the groove 30. Therefore, in this case, it
is required that the 15 flow rate and the pressure of the discharged water
and the internal diameter of the end of the water discharging portion is
selected to maintain the outer diameter of the stream of water 60 between
the vicinity of the end of the water discharging portion 50 and the
vicinity of the 20 bottom 33 of the groove 30. Fig. 3 is an enlarged
conceptual illustration in which the concept of a dicing work according to
an embodiment of the present invention is shown. The dicing apparatus
according to the present invention has a laser 25 light irradiating device
(not shown) in the vicinity of the water discharging portion 50. The laser
light irradiating device irradiates a laser light which passes in the
stream of water, in generally parallel to the stream of water 60 shown in
Fig. lb, in the vicinity of 30 the end of the water discharging portion 50.
As shown in Fig. 3, a laser light 70 which is reflected by internal walls
61, 62, i.e., boundary surfaces between water and air, passes in the stream
of water 60, toward the bottom 33 of the groove 30. Namely, the stream of
water 60 35 functions as an optical fiber to reliably guide the laser light
70 to the bottom of the groove 30. The laser light irradiated from the
laser light irradiating device moves   -a within a cross section of the
stream of water 60, for example, within a diameter of about 100 micrometers
in this embodiment, toward the bottom 33 of the groove 30, and impinges on
the bottom 33 of the groove 30. Thus, as 5 shown in Fig. lc, the laser
light passes through the bottom 33 to remove the portion of the substrate
20 extending from the bottom 33 of the groove 30 to the pattern-forming
surface 29. Therefore, the substrate 20 can be diced into individual
semiconductor devices. 10 As described above, in this embodiment, the
groove 30 is formed, in advance, in the comparatively thick material, i.e.,
the substrate 20. Therefore, the material can be machined by the laser
light-water-jetmethod. In the laser light-water-jet-method, water is 15
continuously discharged, so that a part of the substrate 20 removed by the
laser light can be prevented from being scattered. The side portion of the
substrate 20 is not extremely heated because the substrate 20 is cooled by
the stream of water 60. Therefore, the side portion of 20 the formed
semiconductor device is prevented from being deformed by heat, and from
producing a burn, a burr and a fracture layer in machining thereon. As a
result, the power of the laser light can be reduced. The laser light is
guided within the stream of water 60 and is not 25 spread. Therefore, the
power of the laser light can be restricted, and the spot to which the laser
light is irradiated is smaller than that without using the stream of water
. As shown in Fig. la to Fig. lc, a protective film 90 30 is adhered to the
pattern-forming surface 29 of the substrate 20. The protective film 90 is,
for example, a film in which a liquid resin is coated and hardened or a
resin film, and protects the semiconductor device 10 in various kinds of
manufacturing processes. As shown in 



35 Fig. la to Fig. lc, if the protective film 90 is colored, the protective
film 90 can be removed together with the bottom 33 of the groove 30 by the
laser light passing in   _ g _ the stream of water 60. If the protective
film 90 is transparent, the protective film 90 cannot be removed by the
laser light. However, the protective film 90 can be removed by the stream
of water 60 itself. Namely, both 5 of the colored and the transparent
protective films 90 can be removed by use of the dicing apparatus according
to the present invention. If the protective film 90 is transparent, as
shown in Fig. 2a, it is also possible to dice the substrate 20 at the side
adjacent to the 10 pattern-forming surface 29 thereof. Thus, the
transparent protective film 90 can be cut, in advance, by dicing. In this
case, as shown in Figs. 2b and 2c, the substrate 20 is cut by the laser
light passing in the stream of water 60. 15 In another embodiment of the
present invention, the dicing apparatus has at least two disk-like blades
40. Similar to the above-described embodiment, these disklike blades 40 are
respectively connected to respective motors and are independently and
controllably driven. In 20 this embodiment, the number identical to the
number of the disk-like blade 40, i.e., two water discharging portions 50
and two laser light irradiating devices are provided. In this case,
immediately after the groove 30 is formed by the disk-like blade 40, the
dicing can be 25 carried out by the water discharging portion 50 and the
laser light irradiating portion (not shown). Namely, while the dicing is
carried out by the water discharging portion 50 and the laser light
irradiating portion, the disk-like blade 40 can form an adjacent groove. 30
Therefore, the time required for cutting, i.e., dicing can be further
reduced. Fig. 4 is an enlarged conceptual illustration in which a concept
of a dicing operation according to another embodiment of the present
invention is enlarged. 35 In this embodiment, the laser light 70 passes,
around the center of the stream of water 60, substantially parallel to the
stream of water 60. Therefore, in this   - 10  embodiment, in addition to
an effect obtained in the above-described embodiment, an effect can be
obtained in which the laser light 70 is not reflected by the inner wall of
the stream of water 60, so that the power of 5 laser light can be reduced,
and thus resulting in a low loss of energy. Namely, in this embodiment, the
groove is farmed, in advance, in the comparatively thick material, so that
the material can be machined by the laser light-water-jet-method. The laser
light is 10 scarcely spread in the stream of water. Therefore, the power of
laser light can be reduced, and the cut substrate can be prevented from
being scattered. Thus, the possibility of a burn, a burr and a fracture
layer in machining, on a cut face, i.e., a diced face, can be 15 reduced.
Fig. 5 is a perspective view in which a dicing operation according to yet
another embodiment of the present invention is shown. In this embodiment, a
suction member 85 is shown, and a suction port 86 of the 



20 suction member 85 is located adjacent to the portion of tree substrate
20 in which the stream Of water 60 comes into collision. In this
embodiment, the substrate 20 is secured on a transparent securing film 95.
Fig. 6a is an enlarged conceptual illustration in which a dicing 25
operation according to yet another embodiment of the present invention is
enlarged. Fig. 6b is a view taken along the line A-A in Fig. 6a. In
operation some of the fragments of the substrate 20, which are produced by
irradiation of laser light, are scattered like sparks 30 from a water
accumulation or pool 65. As shown in Fig. 6a, the substrate 20 can be moved
in a direction F, so that the substrate 20 can be cut. As a matter of
course, the stream of water 60 including the laser light and the substrate
20 may be mutually and relatively moved. There 35 is a possibility that
such fragments are dropped onto the substrate 20 to be secured to its
position by oxidation. In this case, it is difficult to remove fragments
from   - 11  the substrate even by washing the substrate, and the
semiconductor device on which fragments are secured becomes defective.
However, in this embodiment, such fragments can be sucked by the suction
member 85. 5 Therefore, the semiconductor device can be prevented from
becoming defective in relation to fragments secured thereon. Any shape can
be adopted for the suction member. An aspirator may be adopted as a suction
member. In this case, fragments can be relatively easily sucked. 10 When
the substrate 20 or the stream of water 60 including the laser light is
moved, it is preferable that the suction member is positioned forward of a
moving direction. In this case, as there is a possibility that fragments
are forwardly scattered in the moving 15 direction, the effect of sucking
can be improved. In Fig. 5 and Fig. 6a, a gas supplying portion 80, to
supply gas through the end thereof, is shown. The gases supplied from the
gas supplying portion 80 include an inert gas, for example, nitrogen. As
shown in Fig. 20 6a, the gas supplied from the gas supplying portion 80 is
supplied to tile vicinity of the portion of the substrate 20 in which the
stream of water 60 comes into collision, and is backwardly supplied in the
moving direction F. The stream of water 60 comes into collision with the 25
substrate 20, so that a water accumulation 65 is formed around the
collision portion, on the substrate 20 and the securing film 95. The laser
light is scattered and diffused due to such water accumulation 65 in the
vicinity of the cut portion. Accordingly, the ability of 30 machining may
be extremely reduced. However, in this embodiment, gas is supplied as
described above, so that the water accumulation 65 is not formed at the
rear of the direction F, on the substrate 20. Therefore, the ability of
machining can be prevented from being 35 extremely reduced due to the laser
light being scattered or diffused around the cut portion. Fragments can be
orientated, by supplying gas, to flow toward the suction   - 12  



member. Therefore, the flowing fragments can be prevented from being
secured to the substrate 20. Accordingly, the supplying of gas from the gas
supplying portion 80 is also effective when the substrate or the 5 stream
of water including the laser light is stopped. As a matter of course, in
this embodiment, the laser light 70 may be passed around the center of the
stream of water 60, substantially parallel to the stream of water 60. In
the above-described embodiment, the groove 30 is 10 formed in the underside
28 of the substrate 20 by the disk-like blade 40. Accordingly, the side
portion of the substrate 20 on the side of the semiconductor device 10 can
be made smoother after the substrate 20 is divided into plural
semiconductor devices. However, forming the 15 groove in the
pattern-forming surface 29 of the substrate 20 and to carry out the dicing
on both sides of the substrate 20 by opposing two pairs of water
discharging portions 50 and the laser light irradiating devices, each
having one water discharging portion 50 and one laser 20 light irradiating
device, on opposite sides of the substrate 20, is included in the scope of
the present invention. According to the present invention, a common effect
can be obtained in which the groove is formed, in 25 advance, in the
comparatively thick material, so that the material can be machined by the
laser light-water-jetmethod. Additionally, can be obtained a common effect
in which the laser light-water-jet-method is adopted so that the power of
the laser light can be reduced, the cut 30 substrate can be prevented from
being scattered, and the possibility that a burn, a burr and a fracture
layer in machining are produced on a cut face, i.e., a diced face, can be
reduced. Moreover, according to the present invention, an 35 effect can be
obtained in which the groove is formed, in advance, in the comparatively
thick material so that the material can be machined by the laser
light-water-jet   - 13  method, and the laser light in the stream of water
is scarcely scattered, so that the power of laser light can be reduced, the
cut substrate can be prevented from being scattered, and the possibility
that a burn, a burr and a 5 fracture layer in machining are produced on a
cut face, i.e., a diced face, can be reduced. Although the invention has
been shown and described with exemplary embodiments thereof, it should be
understood by those skilled in the art that the foregoing 10 and various
other changes, omissions and additions may be made therein and thereto
without departing from the spirit and the scope of the invention.   - 14
CLAIM 1. A dicing method for dicing a plate-like 



workpiece, comprising the steps of rotating a disk-like blade to form a 5
groove in one surface of the workpiece; discharging water through a water
discharging portion, toward a bottom of the groove of the one surface of
the workpiece to form a stream of water; and 10 removing the portion of the
workpiece extending from the bottom of the groove to the other surface of
the workpiece, by a laser light which is irradiated from a laser light
irradiating portion, in the stream of water and is reflected by an inner
wall of the 15 stream of water and is impinged upon the bottom of the
groove to dice the workpiece. 2. A dicing method according to claim 1,
wherein a plurality of blades are provided; the numbers of the water
discharging portions and the laser 2Q light irradiating portions are
identical to the plural blades; and each of the water discharging portions
and each of the laser light irradiating portions is arranged corresponding
to each of the plural blades. 3. A dicing method according to claim 1,
wherein 25 at least one blade is provided; the numbers of the water
discharging portions and the laser light irradiating portions are twice as
many as the at least one blade; and pairs of water discharging portions and
laser light irradiating portions, each having one 30 water discharging
portion and one laser light irradiating portion are opposed to each other
on opposite sides of the workpiece, corresponding to each of the at least
one blade. 4. A dicing apparatus for dicing a plate-like 35 workpiece,
comprising a disk-like blade which rotates to form a groove in one surface
of the workpiece;   - 15 a water discharging portion which discharges water
toward a bottom of the groove of the one surface of the workpiece to form a
stream of water; and a laser light irradiating portion which 5 irradiates a
laser light in the stream of water and impinges the laser light onto the
bottom of the groove while reflecting the laser light by an inner wall of
the stream of water to remove the portion of the workpiece extending from
the bottom of the groove to the other 10 surface of the workpiece, so as to
dice the workpiece. 5. A dicing apparatus according to claim 4, comprising
a plurality of blades, and water discharging portions and laser light
irradiating 15 portions, which are both identical in number to the plural
blades, wherein each of the water discharging portions and each of the
laser light irradiating portions are arranged corresponding to each of the
plural blades. 6. A dicing apparatus according to claim 4, 20 comprising at
least one blade and water discharging portions and laser light irradiating
portions which are both twice in number as many as the at least one blade,
wherein two pairs, each pair having one water discharging 



25 portion and one laser light irradiating portion are opposed to each
other on opposite sides of the workpiece, corresponding to each of the at
least one blade. 7. A dicing method for dicing a plate-like workpiece,
comprising the steps of 30 rotating a disk-like blade to form a groove on
one surface of the workpiece; discharging water through a water discharging
portion toward a bottom of the groove of the one surface of the workpiece
to form a stream of water; 35 removing the portion of the workpiece
extending from the bottom of the groove to the other surface of the
workpiece, by irradiating a laser light   - 16  from a laser light
irradiating portion into the stream of water toward the bottom of the
groove, to dice the workpiece. 8. A dicing method according to claim 7,
further 5 comprising the step of sucking fragments of the workpiece that
are produced by the irradiation of the laser light by a suction portion
provided adjacent to the portion of the workpiece with which the stream of
water comes into collision. 10 9. A dicing method according to claim 8,
further comprising the step of supplying gas toward the collision portion
by use of a gas supplying portion provided on the one side of the workpiece
and on a side opposite to the suction portion. 15 10. A dicing method
according to any one of claims 7 to 9, wherein a plurality of blades are
provided; the numbers of the water discharging portions and the laser light
irradiating portions are identical to the plural 20 blades; and each of the
water discharging portions and each of the laser light irradiating portions
is arranged corresponding to each of the plural blades. 11. A dicing method
according to claim 10, wherein at least one blade is provided; the 25
numbers of the water discharging portions and the laser light irradiating
portions are twice as many as the at least one blade; and pairs of water
discharging portions and laser light irradiating portions, each having one
water discharging portion and one laser light irradiating 30 portion are
opposed to each other on opposite sides of the workpiece, corresponding to
each of the at least one blade. 12. A dicing apparatus for dicing a
plate-like workpiece, comprising 35 a disk-like blade which rotates to form
a groove in one surface of the workpiece; a water discharging portion which



- 17  discharges water toward a bottom of the groove of the one surface of
the workpiece to form a stream of water; and a laser light irradiating
portion which irradiates a laser light in the stream of water and 5
impinges the laser light onto the bottom of the groove while reflecting the
laser light by an inner wall of the stream of water to remove the portion
of the workpiece extending from the bottom of the groove to the other
surface of the workpiece, so as to dice the workpiece. 10 13. A dicing
apparatus according to claim 12, further comprising a suction portion
provided adjacent to the portion of the workpiece with which the stream of
water comes into collision, wherein fragments of the workpiece that are
produced by the irradiation of the 15 laser light are sucked. 14. A dicing
apparatus according to claim 13, further comprising a gas supplying portion
provided on the one side of the workpiece and on a side opposite to the
suction portion, wherein gas is supplied toward the 20 collision portion.
15. A dicing apparatus according to any one of claims 12 to 14, wherein a
plurality of blades are provided; the numbers of the water discharging
portions and the laser 25 light irradiating portions are identical to the
plural blades; and each of the water discharging portions and each of the
laser light irradiating portions is arranged corresponding to each of the
plural blades. 16. A dicing apparatus according to claim 15, 30 wherein at
least one blade is provided; the numbers of the water discharging portions
and the laser light irradiating portions are twice as much as the at least
one blade; and pairs of water discharging portions 35 and laser light
irradiating portions, each having one water discharging portion and one
laser light irradiating portion are opposed to each other on opposite sides
of   - 18  the workpiece, corresponding to each of the at least one blade. 
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