CUTTI NG MACHI NE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting nmachine
for cutting a workpiece using a cutting bl ade.

Description of the Related Art

A cutting nmachine that cuts a workpi ece, which is
hel d on a hol ding surface of a holding table, using a
cutting blade cuts the workpiece by rotating the cutting
bl ade and novi ng the workpiece in a cutting direction of
the cutting bl ade.

Cutting blades include blades of a shape simlar to
an annul ar or disc-shaped washer, and hub bl ades with
abr asi ve stones bonded on an al um num hub by
el ectroform ng. Each cutting blade is held and fixed
between a nount, which is fixed on a distal end of a
spindl e and includes an external thread, and a nut
mai ntai ned in threaded engagenent with the externa
thread of the nount.

If an annul ar or disc-shaped cutting blade is fixed
on a nount, the nount is therefore damaged at its support
surface in contact with the cutting blade, so that the

support surface beconmes no longer flat. If a cutting



bl ade of the type that abrasive stones are bonded in an
annul ar pattern on an outer periphery of an al um num hub
by electroformng is fixed on a nount, on the other hand,
al um num deposits on a support surface of the nount, the
support surface being in contact with the al um num hub,
so that the support surface no | onger has a desired
shape. |If a support surface of a nount, with which a
cutting blade is to be brought into contact, no | onger
has a desired shape as descri bed above, the cutting bl ade
fitted on the nmount rotates while wobbling in a thickness
direction, thereby raising a problemthat a workpiece is
formed with wi der kerfs.

To avoid the occurrence of such a problem the
support surface of a nmount, with which a cutting blade is
to be brought into contact, is therefore ground by a
grinding stone to correct its shape as disclosed in JP
2011- 224666A, JP 2011-011299A, JP 2011- 255458A, JP 2012-
223848A, JP 2018-187694A, and JP 2011-011299A. As
di scl osed in JP 2017-221994A, it has al so been proposed
to detach a cutting blade froma nount and after
performng a correction of the shape of the support
surface, to confirmwhether or not the shape of the

support surface has been appropriately corrected.



SUVMMARY OF THE | NVENTI ON

However, the nethod disclosed in JP 2017-221994A
has a potential risk of damagi ng the support surface
because the determnation is nade by bringing a jig into
contact the support surface wth which the cutting bl ade
is to be brought into contact.

The present invention therefore has as an object
thereof the provision of a cutting machine that can
perform wthout bringing a jig into contact with a
support surface, confirmation of whether or not the
support surface needs a correction and inspection of
whet her or not the correction has been appropriately
per f or med.

In accordance wth an aspect of the present
i nvention, there is provided a cutting machi ne for
cutting a wafer using a cutting blade. The cutting
machi ne i ncludes a holding table that holds the wafer on
a holding surface thereof, a cutting unit including a
nmount havi ng an external thread fornmed on a distal end of
a cylinder, the external thread being di sposed on a
di stal end of a spindle and extending in an axia
direction of the spindle, and a support surface that is
formed in an annul ar shape concentric with the externa

thread and supports the cutting bl ade thereon, and a nut
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that is brought into threaded engagenent with the
external thread to hold the cutting bl ade between the nut
and the support surface, whereby the wafer held on the
hol ding surface is cut by the cutting bl ade, a shape
storage section that stores a cross-sectional shape of
the support surface in the axial direction of the

spi ndl e, a shape neasurenent unit that contactlessly
nmeasures the cross-sectional shape of the support surface
in the axial direction of the spindle, a determ nation
section that through a conparison between the cross-
sectional shape stored in the shape storage section and
the cross-sectional shape neasured by the shape
nmeasurenent unit, determ nes whether or not the support
surface needs a correction, and an end face correction
device that corrects a shape of the support surface. The
end face correction device includes a correction grinding
stone arranged such that the correction grinding stone is
able to be brought into contact with the support surface,
an end detection section that detects an end of the
correction grinding stone, and a novenent control section
configured to nove the correction grinding stone and the
support surface relative to each other in a direction
parallel to the support surface with the end of the

correction grinding stone maintained in contact with the
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support surface.

Preferably, the shape neasurenent unit may include
an emtter unit that emts a | aser beamtoward the
support surface in the axial direction of the spindle,
and an image sensor that receives reflected Iight of the
| aser beamreflected on the support surface. The shape
nmeasurenent unit may neasure a distance fromthe emtter
unit to the support surface in the axial direction of the
spindl e based on a |ight reception position at which the
i mage sensor has received the reflected |ight.

Al so, preferably, the shape neasurenent unit may
include a transmtter unit that transmts ultrasonic
vi brations toward the support surface in the axia
direction of the spindle, and a receiver unit that
receives vibrations generated by reflection of the
ultrasonic vibrations on the support surface, the
ultrasonic vibrations being transmtted by the
transmtter unit. The shape measurenent unit my neasure
a distance fromthe transmtter unit to the support
surface in the axial direction of the spindle based on a
time fromthe transm ssion of the ultrasonic vibrations
by the transmitter unit until the reception by the
receiver unit of the vibrations reflected on the support

surface.



The cutting nmachi ne according to the aspect of the
present invention can contactlessly determ ne whether or
not the shape of the support surface of the nount needs a
correction, and if needs can correct the shape of the
support surface. Accordingly, it is possible to correct
the support surface into a desired shape w thout damage
to the support surface, and to prevent w dening of kerfs
in a workpi ece.

The above and ot her objects, features and
advant ages of the present invention and the manner of
realizing themw || becone nore apparent, and the
invention itself will best be understood froma study of
the followi ng description and appended clains with
reference to the attached draw ngs show ng preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view depicting a cutting
machi ne according to a first enbodi ment of the present
i nvention;
FIG 2 is an expl oded perspective view depicting an
exanple of a cutting unit;
FIG 3 is a schematic diagramillustrating a first

exanpl e of a shape neasurenent unit;
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FIG 4 is a cross-sectional view depicting a first
exanpl e of a cross-sectional shape of a support surface;

FIG 5 is a cross-sectional view depicting a second
exanpl e of the cross-sectional shape of the support
surf ace;

FIG 6 is a schematic diagramillustrating how to
measure the first exanple of the cross-sectional shape of
the support surface in the cutting machi ne according to
the first enbodi nent;

FIG 7 is a schematic view illustrating how to
correct the first exanple of the cross-sectional shape of
the support surface in the cutting machine according to
the first enbodi nent;

FIG 8 is a perspective view depicting a cutting
machi ne according to a second enbodi nent of the present
I nventi on;

FIG 9 is a schematic diagramillustrating how to
nmeasure a cross-sectional shape, which is simlar to that
depicted in FIG 5, of a support surface in the cutting
machi ne according to the second enbodi nent; and

FIG 10 is a schematic view illustrating howto
correct the cross-sectional shape of the support surface
in the cutting machi ne according to the second

enbodi nent .



DETAI LED DESCRI PTON OF THE PREFERRED EMBODI MENTS

Wth reference to the attached draw ngs, a
description will hereinafter be made regardi ng
enbodi nents of the present invention.
1. First Enbodi nent
(1) Cutting Machine

A cutting machine 1 depicted in FIG 1 perforns
cutting processing of a workpiece 101, which is held on a
hol di ng surface as an upper surface of a holding table
(hol ding neans) 2, using a first cutting unit (first
cutting neans) 3000 and a second cutting unit (second
cutting neans) 3001. The workpiece 101 is, for exanple, a
di sc-shaped sem conductor wafer or the like. On an upper
surface of the workpiece 101, a plurality of intersecting
dicing lines (hereinafter called "streets") 104 is
formed, and devices 105 are arranged in individua
regions defined by the streets 104.

The cutting machine 1 includes a base 10 having a
par al | el epi pedal shape.

On the base 10, an X-axi s noving nmechani sm ( X-axi s
noving neans) 7 is arranged to nove the holding table 2
in an X-axis direction. The X-axis noving mechanism?7

i ncludes a ball screw 70 having a rotation axis 75 in the
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X-axis direction, an X-axis notor 72 that rotates the
bal | screw 70 about the rotation axis 75, a pair of guide
rails 71 arranged in parallel with the ball screw 70, and
a novabl e plate 73 provided on a | ower surface thereof
Wi th nuts, which are maintained in threaded engagenent
with the ball screw 70, and novable along the guide rails
71 in the X-axis direction.

On an upper surface of the novable plate 73, a
casing 26 having a cylindrical shape is arranged, and
i nside the casing 26, an undepicted rotati on nmechani sm
(rotation neans) or the like is arranged, for exanple. 1In
FIG 1, a configuration is depicted wth the hol ding
tabl e 2 arranged above the casing 26.

By driving the ball screw 70 with the X-axis notor
72 and rotating the ball screw 70 about the rotation axis
75, the novable plate 73 is noved in the X-axis direction
whi | e being guided by the guide rails 71, and at the sane
time the holding table 2 supported on the novable plate
73 is noved in the X-axis direction. The holding table 2
is rotatable about a rotation axis 24, for exanple, by
the undepicted rotation nechanismor the |ike. The
hol di ng surface of the holding table 2 is in
comuni cation with a suction source 23. Around the

hol di ng surface of the holding table 2, a plurality (four
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in FIG 1) of clanps 27 is arranged.

In the workpi ece 101 held on the holding table 2,
the wor kpi ece 101 is surrounded by an annular frame 102,
and together with the frane 102, the workpiece 101 is
bonded on a side of a |ower surface thereof to a tape
103. The workpiece 101 is therefore supported by the
frame 102 via the tape 103.

On a -X side of the base 10, a gate-type colum 11
is arranged. The gate-type columm 11 includes a first
colum portion 12 and a second colum portion 13, which
are di sposed upright on opposite sides of a noving path
of the holding table 2 detachably arranged on the base 10
via the X-axis noving nechanism 7, and a beam section 14
di sposed extending in a Y-axis direction between upper
parts of the first columm portion 12 and the second
columm portion 13.

On a +X side, front wall of the first colum
portion 12, a first Y-axis noving nmechanism (first Y-axis
nmovi ng neans) 4000 is arranged to nove the first cutting
unit 3000 in the Y-axis direction, and on a +X side,
front wall of the second colum portion 13, a second Y-
axi s novi ng nechani sm (second Y-axi s novi ng nmeans) 4001
is arranged to nove the second cutting unit 3001 in the

Y-axis direction.
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The first Y-axis noving nmechani sm 4000 incl udes a
ball screw 40 having a rotation axis 45 in the Y-axis
direction, a pair of guide rails 41 arranged in paralle
with the ball screw 40, a Y-axis notor 42 connected to
one end of the ball screw 40, and a novi ng base 43
provided on a -X side, rear surface thereof with nuts,
whi ch are maintained in threaded engagenent with the bal
screw 40, and maintained at the rear surface thereof in
sliding contact wwth the guide rails 41.

On the noving base 43, a first Z-axis noving
mechani sm (first Z-axis noving neans) 5000 is arranged to
nove the first cutting unit 3000 in a Z-axis direction
such that the noving base 43 supports the first cutting
unit 3000 via the first Z-axis noving nechani sm 5000.

By driving the ball screw 40 using the Y-axis notor
42 and rotating the ball screw 40 about the rotation axis
45, the noving base 43 is noved in the Y-axis direction
whi | e being guided by the guide rails 41, and the first
Z-axi s nmoving mechani sm 5000 and the first cutting unit
3000 are also noved in the Y-axis direction.

The second Y-axis noving nmechani sm 4001 has a
simlar configuration as the first Y-axis noving
mechani sm 4000, and therefore its constituents are

identified by like reference synbols and their
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description is omtted.

The first Z-axis noving nmechani sm 5000 i ncl udes a
ball screw 50 having a rotation axis 55 in the Z-axis
direction, a pair of guide rails 51 arranged in paralle
wth the ball screw 50, a Z-axis notor 52 connected to
one end of the ball screw 50 to rotate the ball screw 50
about the rotation axis 55, and an up-and-down plate 53
provided on a -X side, rear surface thereof with nuts,
whi ch are maintained in threaded engagenent with the bal
screw 50, and mmintained at the rear surface thereof in
sliding contact wwth the guide rails 51. The up-and-down
pl ate 53 supports the first cutting unit 3000.

When the ball screw 50 is driven using the Z-axis
notor 52, the ball screw 50 rotates about the rotation
axi s 55. Acconpanied by the rotation of the ball screw
50, the up-and-down plate 53 noves in the Z-axis
di rection while being guided by the guide rails 51, and
the first cutting unit 3000 noves up or down in the Z-
axis direction.

A second Z-axi s noving mechani sm (second Z-axis
nmovi ng neans) 5001 has a simlar configuration as the
first Z-axis noving nmechani sm 5000, and therefore its
constituents are identified by |ike reference synbols and

their description is omtted.
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The X-axi s noving mechanism7, the first Y-axis
nmovi ng nmechani sm 4000 and the second Y-axis noving
mechani sm 4001, and the first Z-axis noving nechani sm
5000 and second Z-axis novi ng nechani sm 5001 are
controlled by a control unit 87.

The first cutting unit 3000 includes a bl ade cover
31 that covers from above a cutting blade 30 installed on
the first cutting unit 3000.

On a +X side of the cutting blade 30, a cutting
wat er nozzle is arranged to supply cutting water toward
the cutting blade 30 froma side of an outer periphery of
the cutting bl ade 30.

The second cutting unit 3001 has a simlar
configuration as the first cutting unit 3000, and
therefore its constituents are identified by Iike
reference synbols and their description is omtted.

At positions adjacent the first cutting unit 3000
and the second cutting unit 3001, alignnment units
(alignment neans) 34 are arranged to detect the streets
104 al ong which the workpiece 101 is to be cut. Each
al ignment unit 34 has a canera 340 or the like. Wth the
wor kpi ece 101 positioned underneath the alignnent unit
34, for exanple, the street 104 formed on the workpiece

101 is imaged using the canmera 340, whereby based the
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i mage so captured, the street 104 can be detect ed.

The first cutting unit 3000 and the second cutting
unit 3001 each include a housing 36, in which an
undepi cted notor or the like is accommobdat ed.

The first cutting unit 3000 and the second cutting
unit 3001 each include, as depicted in FIG 2, a spindle
60, a nmount 63 fixed on a distal end of the spindle 60, a
nut 66 that presses the cutting blade 30, which is to be
fitted on the nount 63, toward the nount 63, and a | ock
bolt 67.

The spindle 60 is forned, for exanple, in a
cylindrical shape. The spindle 60 is acconmodated in the
housi ng 36. The spindle 60 is connected to an undepi cted
notor that rotates the spindle 60 about a rotation axis
65 in the Y-axis direction. An internal thread 600 is
formed on the distal end of the spindle 60.

The cutting blade 30 includes an al um num nmade,
annul ar hub 301 having an opening 300 in a center
thereof, and a cutting edge 302 arranged on an outer
peri phery of the annular hub 301. The cutting edge 302 is
bonded on an outer peripheral portion of the annular hub
301 by el ectroform ng.

The mount 63 includes a disc-shaped flange portion

630, and a cylindrical boss portion 633 forned centrally
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of the flange portion 630 and protruding in the direction
of the rotation axis 65 of the spindle 60 (in a -Y
di rection).

The flange portion 630 has an annul ar support
surface 631 that supports the cutting blade 30 on a +Y
side thereof. The flange portion 630 al so has a recessed
portion 632 recessed in a +Y direction fromthe support
surface 631 on a radially inner side of the support
surface 631.

On a distal end of an outer surface of the boss
portion 633, an external thread 634 is forned, and the
support surface 631 is forned in an annul ar shape that is
concentric wth the external thread 634.

On an inner surface of the nut 66, an interna
thread 660 is forned corresponding to the external thread
634 of the nount 63. On the lock bolt 67, an externa
thread 670 is forned corresponding to the internal thread
600 of the spindle 60.

By fitting the opening 300 of the cutting bl ade 30
on the boss portion 633 of the nount 63, bringing the
cutting blade 30 into contact at one side thereof with
t he support surface 631 of the nmount 63, and bringing the
nut 66 into threaded engagenent with the external thread

634 of the boss portion 633, the cutting blade 30 is held
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bet ween the support surface 631 and the nut 66 and is
hence fixed on the distal end of the spindle 60.

Cutting processing of the workpiece 101 depicted in
FIG 1 can be perforned by bringing the rotating cutting
edge 302 into cutting engagenent with the workpiece 101
while driving and rotating the cutting edge 302, for
exanple, with the undepicted notor or the Iike
accommodat ed i nsi de the housi ng 36.

As depicted in FIG 1, a first base 731 and a
second base 732 are arranged on the novable plate 73. On
the first base 731 and second base 732, end face
correction devices (end face correction neans) 80 are
arranged to correct cross-sectional shapes in the Y-axis
direction of the support surfaces 631 of the respective
nmounts 63 included in the first cutting unit 3000 and
second cutting unit 3001.

The end face correction devices 80 include
correction grinding stones 81, respectively, which are
each fornmed in a flat plate shape extending in a
direction of an X-Y plane. The correction grinding stones
81 stick out froma side surface in the +Y direction of
the first base 731 and a side surface in the -Y direction
of the second base 732, respectively, toward sides closer

to the correspondi ng nounts 63.

16



The end face correction devices 80 al so include end
detection sections 82, respectively, to detect ends of
the correspondi ng correction grinding stones 81. In the
first enbodinent of FIG 1, the alignnment units 34 al so
act as the end detection sections 82, although end
detection sections may be included separately fromthe
alignnent units 34.

Each end face correction device 80 also includes a
novenent control section 86 to nove the correction
gri ndi ng stone 81 and the support surface 631 relative to
each other in the X-axis direction parallel to the
support surface 631 with the support surface 631 and the
end of the correction grinding stone 81 being maintained
in contact with each other. 1In the first enbodi nent of
FIG 1, control of the X-axis noving nechanism 7 by the
novenent control section 86 enables to nove the
correction grinding stone 81 and the support surface 631
relative to each other in the direction parallel to the
support surface 631.

At a -X side, adjacent position of each end face
correction device 80, a shape neasurenent unit (shape
nmeasurenent neans) 83 is arranged. As illustrated in FIG
3, the shape neasurenent unit 83 includes an emtter unit

(laser oscillator) 831 that emts a | aser beam 835 in the
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direction of the rotation axis 65 of the spindle 60 (the
Y-axis direction) to the support surface 631 of the nount
63 included in the corresponding first cutting unit 3000
or second cutting unit 3001, a lens 832 that focuses
reflected |light 836 of the | aser beam 835 refl ected on
t he support surface 631, an i mage sensor 833 t hat
receives the reflected light 837 so focused, and a
cal culation unit 834 that calculates a distance fromthe
emtter unit 831 to the support surface 613 and based on
t he cal cul ated val ue, determ nes the cross-sectiona
shape of the support surface 631

The I ens 832 and the image sensor 833 are arranged
at positions offset fromthe emtter unit 831 in the X-
axis direction or Z-axis direction. FIG 3 illustrates
t he shape neasurenent unit 83 on the first base 731, and
the lens 832 and the inmage sensor 833 are |ocated, for
exanple, on a -X side of the emtter unit 831. On the
ot her hand, the |l ens 832 and the imge sensor 833 in the
shape neasurenent unit 83 on the second base 732 are
arranged, for exanple, on a +X side of the emtter unit
831 al though not illustrated in the figure.

The i mage sensor 833 is configured with a plurality
of light-receiving portions, which receive the reflected

light 837 focused through the |Iens 832, being arranged in
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arrays in the X-axis directions. Relying upon which |ight
receiving portions of the imge sensor 833 have received
the reflected Iight 837, the calculation unit 834

cal cul ates the distance fromthe emtter unit 831 to the
support surface 631. By successively performng such a

di stance cal cul ati on while noving the i mage sensor 833
and the support surface 613 relative to each other in the
X-axis direction or Z-axis direction, the cross-sectiona
shape of the support surface 631 in the direction of the
rotation axis 65 of the spindle 60 (the Y-axis direction)
i's acquired.

The cutting machine 1 also includes a shape storage
section 84 and a determ nation section 85. The shape
storage section 84 stores the cross-sectional shape of
the support surface 631 in the direction of the rotation
axis 65 of the spindle 60 (the Y-axis direction) as a
stored cross-sectional shape beforehand. Through a
conpari son between the stored cross-sectional shape
stored in the shape storage section 84 and the neasured
cross-sectional shape neasured as an actual cross-
sectional shape by the shape neasurenent unit 83, the
determ nati on section 85 determ nes whether or not the
shape of the support surface 631 needs a correction.

If the cutting blade 30 installed on each of the
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first cutting unit 3000 and the second cutting unit 3001
is a hub blade 30 depicted in FIG 4, a support surface
6311 depicted in FIG 4 is fornmed in an arc shape in
cross-section, the position of which in the Y-axis
direction differs according to the position in the radia
direction of the nmount 63 on which the support surface
6311 is forned.

If the cutting blade 30 installed on each of the
first cutting unit 3000 and the second cutting unit 3001
is a washer-type hubl ess bl ade 306 depicted in FIG 5 and
having no circular hub, on the other hand, a support
surface 6316 is forned in a flared shape in cross-section
that toward a radially outer side of the nount 63, the
support surface 6316 protrudes nore in the -Y direction
and becones closer to the hubl ess bl ade 306.

In the shape storage section 84, one of the arc
shape in cross-section and the flared shape in cross-
section is stored beforehand dependi ng on whet her the
cutting blade to be fitted on the nount 63 is the hub
bl ade 30 or the hubless blade 306. In the case of the arc
shape in cross-section, for exanple, values such as the
di stance in the Y-axis direction between a portion
protruding nost in the -Y direction (ridge portion) and a

portion | ocated nost apart in the +Y direction from hub
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bl ade 30 (an outernost peripheral portion or an innernost
peri pheral portion), the distance in the radial direction
bet ween the outernost peripheral portion and the
I nner nost peripheral portion (two positions |ocated nost
apart in the +Y direction fromthe hub blade 30), and the
radi us of curvature of the arc, and the |ike are stored.
In the case of the flared shape in cross-section, on the
ot her hand, values of the distance in the Y-axis
di recti on between an outer peripheral edge and an inner
peri pheral edge, and the |like are stored.

As an alternative, two shapes, one being the arc
shape in cross-section corresponding to the hub bl ade 30,
and the other the flared shape in cross-section
correspondi ng to the hubl ess bl ade 306, nay be set and
stored in the shape storage section 84.
(2) Correction of Shape of Support Surface

When desired to replace the cutting bl ade 30
installed on the first cutting unit 3000 or the second
cutting unit 3001, the nut 66 is detached fromthe nount
63, and the cutting blade 30 is then pulled out of the
nmount 63 (see FIG 2). It is then ascertai ned whether or
not the support surface 631 of the nount 63 has the
desi red shape corresponding to the type of the cutting

bl ade 30.
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If there is a need to correct the shape of the
support surface 631 of the nount 63 included in the first
cutting unit 3000, for exanple, the X-axis noving
mechani sm 7 depicted in FIG 1 first noves the novabl e
plate 73 in the X-axis direction, and at the sane tine
the first Y-axis noving nechani sm 4000 and the first Z-
axi s novi ng nmechani sm 5000 nove the first cutting unit
3000 in the Y-axis direction and Z-axis direction,
respectively, whereby the support surface 6311 and the
shape neasurenent unit 83 are positioned to face each
other as illustrated in FIG 6.

Wiile emtting the | aser beam 835 fromthe emtter
unit 831 to the support surface 6311, the first Z-axis
nmovi ng nmechani sm 5000 changes a height position in the Z-
axis direction of the first cutting unit 3000 to scan the
| aser beam 835 al ong the support surface 6311 in the
radi al direction, whereby the calculation unit 834
cal cul ates the distance between the emitter unit 831 and
the support surface 6311 at every point in the radia
direction of the support surface 6311. Based on data
cal cul ated by the calculation unit 834 as descri bed
above, a distribution that indicates the individua
points in the Y-axis direction of the support surface

6311 is created, so that a current shape of the support
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surface 6311 is ascertai ned.

As an alternative, the shape of the support surface
6311 nay be ascertained in such a manner that while
emtting the | aser beam 835 fromthe emtter unit 831 to
the support surface 6311, the X-axis noving nechanism?7
noves the novable plate 73 in the X-axis direction to
scan the | aser beam 835 al ong the support surface 6311 in
the radial direction, whereby the calculation unit 834
cal cul ates the distance between the emtter unit 831 and
t he support surface 6311 at every point in the radia
direction of the support surface 6311.

As anot her alternative, the shape of the support
surface 6311 may be ascertained by rotating the nount 63
about the rotation axis 65.

The desired shape of the support surface 631 is
stored in the shape storage section 84. Described
specifically, if the cutting blade 30 is a hub bl ade, the
arc shape in cross-section of the support surface 6311 as
depicted in FIG 4 is stored. If the cutting blade 30 is
a hubl ess bl ade, on the other hand, the flared shape in
cross-section of the support surface 6316 as depicted in
FIG 5 is stored.

As an alternative, the shape of the support surface

as ascertained by neasuring the nmount fixed on the

23



spi ndl e as described above nmay be stored, or the shape of
the support surface may be stored as data such as image
data or nunerical data.

If the hub blade 30 is fitted as a cutting bl ade on
the nount 63, for exanple, the determ nation section 85
conpares the cross-sectional arc shape stored in the
shape storage section 84 and the actual shape ascertai ned
by the shape neasurenent unit 83. |If both the shapes are
different, the end face correction device 80 corrects the
shape of the support surface 6311. Specifically, the
foll ow ng nethod can be used for this correction.

First, the X-axis noving mechanism 7 depicted in
FIG 1 noves the novable plate 73 in the X-axis
direction, and at the sanme tine the first Z-axis noving
mechani sm 5000 progressively lowers the first cutting
unit 3000, whereby the canera 340 is positioned above the
correction grinding stone 81 arranged on the first base
731. The position of the first cutting unit 3000, for
exanpl e, when the +Y side end of the correction grinding
stone 81 is located at the center of the lens of the
canera 340 is then ascertained, as the position of the +Y
side end of the correction grinding stone 81, based on
t he nunber of pulse signals to the Y-axis notor 42 at

that tinme, or the |ike.
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Accordingly, the +Y side end of the correction
grindi ng stone 81 can be noved to a position, at which
the +Y side end of the correction grinding stone 81 cones
into contact with the support surface 6311, based on the
di stance in the Y-axis direction between the center of
the canera 340 and the support surface 6311 as stored
bef or ehand.

Next, the X-axis noving nechanism 7 noves the
novabl e plate 73 in the X-axis direction, and as
illustrated in FIG 7, positions the support surface 6311
of the nount 63, for exanple, on a -X side of the
correction grinding stone 81 included in the end face
correction device 80. In the exanple illustrated in FIG
7, the first Z-axis noving nechani sm 5000 has noved the
up-and-down plate 53 in the Z-axis direction so that the
support surface 6311 is located at a | owest portion of an
I nner peripheral edge thereof slightly |ower than the
correction grinding stone 81.

The first cutting unit 3000 is next positioned at a
| ocati on where the support surface 6311 of the nount 63
and the +Y side end of the correction grinding stone 81
can conme to contact with each other. Here, for exanple,
the di stance between the position in the Y-axis direction

of the canmera 340 and the position in the Y-axis
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direction of the outer peripheral edge 6312 of the
support surface 6311 of the nount 63, the outer

peri pheral edge 6312 being | ocated nost apart in the +Y
direction fromthe hub blade 30, is available to the
control unit 87 depicted in FIG 1, and the position in
the Y-axis direction of the outer peripheral edge 6312 of
the support surface 6311 and the position of the +Y side
end of the correction grinding stone 81 are allowed to
mat ch each other by positioning the first cutting unit
3000 at a location corresponding to a difference obtained
by subtracting the above-descri bed di stance fromthe
position of the first cutting unit 3000 when the center
of the lens of the canera 340 is |ocated at the +Y side
end of the correction grinding stone 81.

Wth the support surface 6311 being hence set ready
to be subjected to processing by the correction grinding
stone 81, the spindle 60 is rotated, and at the sane tine
the X-axis noving nmechani sm7 noves the novable plate 73
first ina -Xdirection and then in a +X direction under
control by the novenent control section 86, whereby the
correction grinding stone 81 is brought into contact with
t he support surface 6311 and the support surface 6311 is
gr ound.

Descri bed specifically, to correct the support

26



surface 6311 into the desired arc shape in cross-section,
the correction grinding stone 81 is noved in the -X
direction so that the correction grinding stone 81 is
caused to cross the support surface 6311. Next, the first
Y-axi s novi ng nmechani sm 4000 noves the first cutting unit
3000 in a predeternm ned anount in the -Y direction by

I ndex feeding. Then, the correction grinding stone 81 is
noved in the +X direction so that the correction grinding
stone 81 is caused to cross the support surface 6311.
Next, the first Y-axis noving nmechani sm 4000 noves the
first cutting unit 3000 in a predeternm ned anount in the
-Y direction by index feeding. In this manner, the
support surface 6311 is brought closer to the correction
grinding stone 81 every time the correction grinding
stone 81 is noved in the X-axis direction. The correction
grinding stone 81 is worn in contact with the support
surface 6311, so that the stock renoval is |large at the
begi nni ng of contact with the support surface 6311 and
then becones gradually smaller due to wearing of the
correction grinding stone 81 as the correction grinding
stone 81 crosses the support surface 6311. Using this
phenonenon, the support surface 6311 is therefore forned
in the arc shape in cross-section.

The correction of the support surface 6311 nay be
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performed using a correction grinding stone 91 (see FIGS.
8 and 10) in a second enbodi nent to be descri bed
subsequent |y herein.

After correcting the shape of the support surface
6311 as descri bed above, the shape neasurenent unit 83 is
positioned to face the support surface 6311, and the
shape of the corrected support surface 6311 is
ascertai ned by the shape neasurenent unit 83. The nethod
of this ascertainment is simlar to that used before the
correction of the shape of the support surface 6311. The
determi nation section 85 then conpares the neasured
cross-sectional shape of the support surface 6311 as
ascertai ned by the shape neasurenent unit 83 and the
stored cross-sectional shape stored in the shape storage
section 84 and, if different, the correction of the
support surface 6311 is perforned again. |If the neasured
cross-sectional shape and the stored cross-sectiona
shape are determned to match each other, on the other
hand, the hub blade 30 is fitted as a cutting bl ade on
the nount 63, and the nut 66 is brought into threaded
engagenent with the external thread 634 of the nount 63.
In this state, as depicted in FIGS. 4 and 6, one side in
the +Y direction of the annular hub 301 is supported over

an annul ar area thereof, which surrounds the rotation
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axis 65 of the nmount 63, on the ridge 6313 of the support
surface 6311.

In the first enbodi nent descri bed above, the
description is made regarding the case in which the shape
of the support surface 6311 of the nount 63 of the first
cutting unit 3000 is corrected. A simlar nmethod can be
appl i ed when correcting the shape of the support surface
6311 of the nount 63 of the second cutting unit 300L1.

(3) Cutting of Workpiece

When subj ecting the workpi ece 101 depicted in FIG
1 to cutting processing, the workpiece 101 supported on
the frame 102 via the tape 103 is first held under
suction on the holding surface of the holding table 2.
Usi ng the X-axis noving nmechanism 7, the holding table 2
Is then noved in the X-axis direction so that the
wor kpi ece 101 held on the holding table 2 is positioned
underneath the first cutting unit 3000 and the second
cutting unit 300L1.

I maging or the like of the streets 104 is next
performed using the caneras 340 included in the alignnent
units 34. Based on the captured i mage of the streets 104,
the first cutting unit 3000 and the second cutting unit
3001 are appropriately noved in the Y-axis direction

using the first Y-axis noving nmechani sm 4000 and the
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second Y-axi s noving nechani sm 4001, thereby performng
position matching in the Y-axis direction of the first
cutting unit 3000 and the second cutting unit 3001
relative to desired two of the streets 104.

Thereafter, using the undepicted notors or the |ike
accommodat ed in the housings 36, the cutting blades 30
included in the first cutting unit 3000 and the second
cutting unit 3001 are rotated, respectively.

Then, using the first Z-axis noving nechani sm 5000
and the second Z-axis noving nechani sm 5001, the first
cutting unit 3000 and the second cutting unit 3001 are
noved in the -Z direction, so that the cutting edges 302
of the respective rotating cutting bl ades 30 are brought
into contact wwth the desired two streets 104 on the
wor kpi ece 101 and at the sanme tinme the workpi ece 101 hel d
on the holding table 2 is noved in the X-axis direction
usi ng the X-axis noving nmechanism 7. Accordingly, the
wor kpi ece 101 and the cutting bl ades 30 are noved
relative to each other in the X-axis direction so that
the workpiece 101 is cut along the desired two streets
104.

After performng the cutting along the desired two
streets 104, the first cutting unit 3000 and the second

cutting unit 3001 are noved, for exanple, by the interval
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bet ween the adjacent streets 104 in the Y-axis direction
using the first Y-axis noving nmechani sm 4000 and the
second Y-axi s noving nechani sm 4001, and the cutting

bl ades 30 are simlarly brought into cutting engagenent
with the next two streets 104 adjacent the desired two
streets 104, thereby enabling to performcutting
processing along the next two streets 104.

By performng simlar cutting processing after
cutting the workpiece 101 along all the streets 104
formed on the workpiece 101 and extending in the sane
direction as described above and then rotating the
hol ding table 2, for exanple, over 90 degrees using, for
exanpl e, an undepicted rotation nechanismor the |ike,
cutting processing can be applied along all the streets
104 on the workpi ece 101.

By performng the cutting of the workpiece 101 wth
t he shape of the support surface 6311 corrected in the
desired arc shape in cross-section, the cutting edges 302
of the cutting blades 30 do not wobble in the Y-axis
direction, thereby enabling to prevent w dening of cut
grooves (kerfs).

2. Second Enbodi nment
A cutting nmachi ne 100 according to the second

enbodi nent depicted in FIG 8 adopts a first base 733 and
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a second base 734, end face correction devices (end face
correction neans) 90 and shape neasurenent units (shape
nmeasur enent nmeans) 93 in place of the first base 731 and
t he second base 732, the end face correction devices 80
and t he shape neasurenent units 83, all of which are
depicted in FIG 1, and the remaining constituents are
configured as in the cutting machine 1 depicted in FIG

1. The constituents configured as in the cutting nmachi ne
1 are identified by |like reference synbols as in FIG 1
and their description is omtted.

The first base 733 is fixed on the first colum
portion 12, while the second base 734 is fixed on the
second col um portion 13.

The end face correction devices 90 are arranged on
+X sides on upper parts of the first base 733 and the
second base 734. The correction grinding stones 91
included in the end face correction devices 90 are
simlar to the correction grinding stones 81 depicted in
FIG 1 in that they stick out froma side surface in a +Y
direction of the first base 733 and a side surface in a -
Y direction of the second base 734, respectively, toward
sides closer to the correspondi ng nounts 63. However, the
correction grinding stones 91 are different in direction,

and those forned in a flat plate shape are di sposed
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upright.

The shape neasurenent units 93 are arranged at -X
side, adjacent positions of the end face correction
devices 90 on the first base 733 and the second base 734,
respectively. As illustrated in FIG 9, each shape
measurenent unit 93 includes a transmtter unit
(ultrasonic transmtter, ultrasonic oscillator) 931 that
transmts ultrasonic vibrations 934 toward the support
surface 6316 in the axial direction of the spindle 60, a
receiver unit (ultrasonic receiver, ultrasonic sensor)
932 that receives reflected ultrasonic vibrations 935 of
the ultrasonic vibrations 934 transmtted fromthe
transmtter unit 931 and reflected on the support surface
6316, and a calculation unit 933 that calculates a tine
fromthe transm ssion of the ultrasonic vibrations by the
transmtter unit 931 until the reception by the receiver
unit 932 of the vibrations reflected on the support
surface 6316 and based on the tinme, calculates a distance
fromthe transmtter unit 931 to the support surface
6316.

A description will be made regarding a correction
of the shape of the support surface 6316 in the case that
t he support surface 6316 of the nount 63 has a flared

shape in cross-section as illustrated in FIG 9.
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When replacing the cutting bl ade 306 depicted in
FIG 5, the cutting blade 306 is detached fromthe nount
63. Simlar to the cutting machine 1 depicted in FIG 1
t he shape neasurenent unit 93 neasures the shape of the
support surface 6316 of the nount 63. Described
specifically, as illustrated in FIG 9, while rotating
the nmount 63 about the rotation axis 65 of the spindle 60
and noving the first cutting unit 3000 up and down by the
first Z-axis noving nechani sm 5000, the transmtter unit
931 transmts the ultrasonic vibrations 934 toward the
support surface 6316 in the axial direction of the
spindl e 60, the receiver unit 932 receives the refl ected
ultrasoni c vibrations 935 reflected on the support
surface 6316, and the cal culation unit 933 cal cul ates the
time fromthe em ssion of the ultrasonic vibrations 934
fromthe transmtter unit 931 until the reception by the
receiver unit 932 of the reflected ultrasonic vibrations
935 reflected on the support surface 6316. Based on the
val ues of time cal culated at individual points on the
support surface 6316 as scanned by the ultrasonic
vibrations 934 in a simlar manner as the scanning of the
support surface 6311 by the | aser beamin the first
enbodi nent, the calculation unit 933 determ nes a

measured cross-sectional shape, and through a conpari son
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bet ween the stored cross-sectional shape stored in the
shape storage section 84 and the neasured cross-sectiona
shape neasured by the shape neasurenent unit 93, the
determ nati on section 85 determ nes whet her the shape of
the support surface 6316 needs a correction. |If
determined to need, the shape of the support surface 6316
Is corrected as will be described hereinafter.

When correcting the cross-sectional shape of the
support surface 6316, the novenent control section 86
controls the first Z-axis noving nmechani sm 5000 to nove
the first cutting unit 3000 in a Z-axis direction, and
al so controls the X-axis noving nechanism?7 to nove the
novabl e plate 73 in an X-axis direction, whereby as
illustrated in FIG 10, the correction grinding stone 91
is positioned, for exanple, inside the support surface
6316.

Next, the first cutting unit 3000 is noved in a Y-
axis direction, and is positioned at a |ocation where the
support surface 6316 of the nount 63 and a +Y side end of
the correction grinding stone 91 can cone to contact with
each other. For exanple, the distance between the
position in the Y-axis direction of the canera 340 and
the position in the Y-axis direction of a nost

prot uberant portion 6317 of the support surface 6316 of
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the nount 63, the nost protuberant portion 6317
protruding nost in the -Y direction, is available to the
control unit 87, and the position in the Y-axis direction
of the nost protuberant portion 6317 of the support
surface 6316 and the position of the +Y side end of the
correction grinding stone 91 are allowed to natch each
ot her by positioning the first cutting unit 3000 at a

| ocation corresponding to a difference obtai ned by
subtracting the above-descri bed di stance fromthe
position of the first cutting unit 3000 when the center
of the lens of the canera 340 is |ocated at the +Y side
end of the correction grinding stone 91.

Wth the support surface 6316 bei ng hence set ready
to be subjected to processing by the correction grinding
stone 91, the nount 63 is rotated about the rotation axis
65 of the spindle 60, and at the sane tine the first
cutting unit 3000 is raised in a +Z direction by the
first Z-axis noving nmechani sm 5000, whereby the
correction grinding stone 91 is brought into contact with
an i nner peripheral edge 6318 of the support surface 6316
and processing of the support surface 6316 is started.

After the first Z-axis noving nechani sm 5000 has
raised the first cutting unit 3000 in the +Z direction,

the first Y-axis noving nechanism 4000 is controlled to

36



nove the first cutting unit 3000 in the +Y direction so
that the +Y side end of the correction grinding stone 91
remai ns out of contact with the support surface 6316. The
first cutting unit 3000 is next lowered in the -Z
direction to position the correction grinding stone 91

i nside the support surface 6316. Next, the first Y-axis
novi ng nmechani sm 4000 noves the first cutting unit 3000
in a predeterm ned anount in the -Y direction by index
feeding so that the support surface 6316 is enabled to
contact the +Y side end of the correction grinding stone
91. By repeating such a novenent over and over, the stock
renmoval of the support surface 6316 is |arge at the

begi nni ng of contact of the correction grinding stone 91
with the support surface 6316 and then becones gradually
smal l er due to wearing of the correction grinding stone
91. Using this phenonenon, the support surface 6316 is
therefore formed in a flared shape in cross-section.

The correction of the support surface 6316 may be
performed using the correction grinding stone 81 in the
first enbodi ment described above.

After correcting the shape of the support surface
6316 as descri bed above, the shape neasurenent unit 83 is
positioned to face the support surface 6316 and t he shape

of the corrected support surface 6316 is ascertai ned by
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t he shape neasurenent unit 83. The nethod of this
ascertainment is simlar to that used before the
correction of the shape of the support surface 6316.

The determ nation section 85 then conpares the
nmeasured cross-sectional shape of the support surface
6316 as ascertained by the shape nmeasurenent unit 83 and
the stored cross-sectional shape stored in the shape
storage section 84 and, if different, the correction of
the support surface 6316 is perfornmed again. If the
nmeasured cross-sectional shape and the stored cross-
sectional shape are determ ned to natch each other, on
t he ot her hand, the hubless blade 306 is fitted as a
cutting blade on the nmount 63, and the nut 66 is brought
into threaded engagenent with the external thread 634 of
the nount 63. In this state, as depicted in FIG 5, one
side in the +Y direction of the hubl ess blade 306 is
supported in a cross-sectional shape, which flares in the
+Y direction on a radially inner side thereof, on the
nost protuberant portion 6317 of the support surface
6316.

In each of the first and second enbodi nents
descri bed above, the description is nade regarding the
case in which the shape of the support surface 6311 or

6316 of the nmount 63 of the cutting unit 3000 is
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corrected. A simlar correction nethod is applied to a
correction of the shape of the support surface 631 of the
nmount 63 of the second cutting unit 3001, although the
directions of the end face correction device 90, the
shape neasurenent unit 93, and the nount 63 nerely becone
opposi te.

In each of the first and second enbodi nents
descri bed above, the cutting nachine 1 is configured that
the end face correction devices 80 or 90 and the shape
measurenent units 83 or 93 are fixed and the first
cutting unit 3000 and the second cutting unit 3001 are
novabl e. However, the end face correction devices 80 or
90 and the shape nmeasurenent units 83 or 93 nay be
configured to be novable. In each of the first and second
enbodi nents descri bed above, the description is nmade
regarding the cutting machine 1 having the two cutting
units 3000 and 3001. However, the cutting nmachine 1 may
i nclude only one of the cutting units 3000 and 3001.

The present invention is not [imted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended cl ains and
all changes and nodifications as fall within the
equi val ence of the scope of the clains are therefore to

be enbraced by the invention.

39



VWHAT IS CLAIMED | S:

1. A cutting machine for cutting a wafer using a
cutting bl ade, conpri sing:

a holding table that holds the wafer on a hol ding
surface thereof;

a cutting unit including a nount having an externa
thread formed on a distal end of a cylinder, the externa
t hread being di sposed on a distal end of a spindle and
extending in an axial direction of the spindle, and a
support surface that is fornmed in an annul ar shape
concentric with the external thread and supports the
cutting blade thereon, and a nut that is brought into
t hreaded engagenent with the external thread to hold the
cutting bl ade between the nut and the support surface,
whereby the wafer held on the holding surface is cut by
the cutting bl ade;

a shape storage section that stores a cross-
sectional shape of the support surface in the axia
di rection of the spindle;

a shape neasurenent unit that contactlessly
neasures the cross-sectional shape of the support surface
in the axial direction of the spindle;

a determi nation section that through a conparison

bet ween the cross-sectional shape stored in the shape
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storage section and the cross-sectional shape neasured by
t he shape neasurenent unit, determ nes whether or not the
support surface needs a correction; and
an end face correction device that corrects a shape
of the support surface,
wherein the end face correction device includes
a correction grinding stone arranged such
that the correction grinding stone is able to be brought
into contact with the support surface,
an end detection section that detects an end
of the correction grinding stone, and
a novenent control section configured to
nove the correction grinding stone and the support
surface relative to each other in a direction parallel to
t he support surface with the end of the correction
grindi ng stone maintained in contact with the support
surf ace.
2. The cutting machi ne according to claim1,
wherei n the shape nmeasurenent unit includes
an emtter unit that emts a | aser beam
toward the support surface in the axial direction of the
spi ndl e, and
an i mage sensor that receives reflected

light of the | aser beamreflected on the support surface,
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and

t he shape neasurenent unit neasures a di stance from
the emtter unit to the support surface in the axia
direction of the spindle based on a light reception
position at which the inmage sensor has received the
reflected |ight.

3. The cutting machi ne according to claim1,

wherei n the shape nmeasurenent unit includes

atransmtter unit that transmts ultrasonic
vi brations toward the support surface in the axia
direction of the spindle, and
a receiver unit that receives vibrations

generated by reflection of the ultrasonic vibrations on
the support surface, the ultrasonic vibrations being
transmtted by the transmtter unit, and

t he shape neasurenent unit neasures a di stance from
the transmtter unit to the support surface in the axia
direction of the spindle based on a tine fromthe
transm ssion of the ultrasonic vibrations by the
transmtter unit until the reception by the receiver unit

of the vibrations reflected on the support surface.
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