TRANSFER JI G AND CUTTI NG BLADE CHANG NG METHCD

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a transfer jig and
a cutting blade changi ng net hod.

Description of the Related Art

In cutting a workpi ece such as a sem conduct or
wafer, a cutting apparatus including a cutting blade is
used as a processing apparatus (see Japanese Patent Laid-
Open No. 2007-208114, for exanple). In the cutting
appar atus nentioned above, the cutting bl ade as a
consunabl e conmponent nust be automatically supplied in
order to continuously performthe operation.

Accordingly, the cutting apparatus described in
Japanese Patent Laid-Open No. 2007-208114 includes a
bl ade rack holding a plurality of new cutting bl ades and
a bl ade changi ng nmechani sm changing the old cutting bl ade
nmounted on a cutting unit with one of the plural new

cutting blades held by the bl ade rack.

SUMVARY OF THE | NVENTI ON
However, in the cutting apparatus described in

Japanese Patent Laid-Open No. 2007-208114, the old



cutting blade renoved fromthe cutting unit by the bl ade
changi ng mechanismis held by the blade rack, and this
old cutting blade held by the blade rack is manual ly
changed by the new cutting blade by an operator. As a
result, the nunber of steps required for replacenent of
the cutting blade in this cutting apparatus tends to

I ncr ease.

It is therefore an object of the present invention
to provide a transfer jig and a cutting bl ade changi ng
nmet hod whi ch can reduce the nunber of steps required for
repl acenent of the cutting bl ade.

In accordance wth an aspect of the present
i nvention, there is provided, in a cutting apparatus
i ncl udi ng a chuck table holding a workpi ece, a processing
unit having a spindle and a cutting bl ade detachably
nmounted on the spindle, transfer neans supplying the
wor kpi ece to the processing unit, and cutting bl ade
changi ng neans changing the cutting blade, a transfer jig
for use in transferring a new cutting blade as a
repl acenent conponent to the processing unit. The
transfer jig has a plurality of receiving portions each
adapted to receive the new cutting blade and the cutting
bl ade changed by the cutting bl ade changi ng neans. The

transfer jig is adapted to be transferred by the transfer



nmeans transferring the workpiece.

In accordance wth another aspect of the present
i nvention, there is provided, in a cutting apparatus
i ncl udi ng a chuck table holding a workpi ece, a processing
unit having a spindle and a cutting bl ade detachably
nount ed on the spindle, transfer neans supplying the
wor kpi ece to the processing unit, and cutting bl ade
changi ng nmeans changi ng the cutting blade, a cutting
bl ade changi ng method using a transfer jig having a
plurality of receiving portions each adapted to receive a
new cutting blade as a repl acenent conponent and the
cutting bl ade changed by the cutting bl ade changi ng neans.
The cutting bl ade changi ng nethod includes a transfer
step of transferring the transfer jig previously stored
in a cassette to the processing unit by using the
transfer nmeans in the condition where the new cutting
bl ade is received in one of the receiving portions of the
transfer jig;, a transfer jig holding step of holding the
transfer jig above the chuck table by using transfer jig
hol di ng nmeans after performng the transfer step; a
renmovi ng step of renoving the cutting blade fromthe
processing unit by using the cutting bl ade changi ng neans
and next placing the renoved cutting bl ade into anot her

one of the receiving portions of the transfer jig, after



performng the transfer jig holding step; a nounting step
of taking the new cutting blade fromone of the receiving
portions of the transfer jig by using the cutting bl ade
changi ng nmeans and next nounting the new cutting blade to
the processing unit, after performng the renoving step;
and a returning step of returning the transfer jig from
the processing unit to the cassette by using the transfer
means in the condition where the cutting bl ade renoved
fromthe processing unit is received in another one of
the receiving portions of the transfer jig, after
perform ng the nounting step.

The present invention can exhibit an effect that
t he nunber of steps required for replacenent of the
cutting bl ade can be reduced.

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 follow ng description and appended clains with
reference to the attached drawi ngs showi ng sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting the
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configuration of a cutting apparatus for performng a
cutting bl ade changi ng nethod according to a first
preferred enbodi nent of the present invention;

FIG 2 is a perspective view of a workpiece to be
processed by the cutting apparatus depicted in FIG 1,

FIG 3 is a perspective view depicting an essenti al
part of a chuck table included in the cutting apparatus
depicted in FIG 1;

FIG 4 is an expl oded perspective view of a cutting
unit included in the cutting apparatus depicted in FIG
1;

FIG 5 is a perspective view depicting a cassette
to be set on a cassette elevator included in the cutting
apparatus depicted in FIG 1;

FIG 6 is a perspective view depicting a tenporary
setting unit constituting a transfer unit included in the
cutting apparatus depicted in FIG 1,

FIG 7 is a perspective view depicting a transfer
armconstituting the transfer unit included in the
cutting apparatus depicted in FIG 1;

FIG 8 is a perspective view depicting the
configuration of a blade changing unit included in the
cutting apparatus depicted in FIG 1;

FIG 9 is a sectional view of a nut hol der included



in the blade changing unit depicted in FIG 8;

FIG 10 is a perspective view depicting the
configuration of a transfer jig according to the first
preferred enbodi nent;

FIG 11 is a perspective view depicting a receiving
portion of the transfer jig depicted in FIG 10;

FIG 12 is a perspective view depicting a condition
where a cutting blade is received in the receiving
portion depicted in FIG 11;

FIG 13 is a perspective view depicting a condition
where a plurality of cutting blades are received in a
plurality of receiving portions of the transfer jig
depicted in FIG 10;

FIG 14 is a perspective view depicting a manner of
storing the transfer jig depicted in FIG 13 into the
cassette;

FIG 15 is a flowhart depicting the cutting bl ade
changi ng nmet hod according to the first preferred
enbodi nent ;

FIG 16 is a perspective view depicting a condition
where the transfer jig has been taken out of the cassette
and then set on a pair of rails in a transfer step of the
cutting bl ade changing nethod depicted in FIG 15;

FIG 17 is a perspective view depicting a condition



where the transfer jig taken out of the cassette is held
under suction by the transfer armin the transfer step of
the cutting bl ade changi ng nmethod depicted in FIG 15;

FIG 18 is a perspective view depicting a condition
where the transfer jig is held in position above the
chuck table by a plurality of transfer jig hol ding
menbers in a transfer jig holding step of the cutting
bl ade changi ng net hod depicted in FIG 15;

FIG 19 is a perspective view depicting a condition
where a fastening nut has been renoved in a renoving step
of the cutting bl ade changi ng nethod depicted in FIG 15;

FIG 20 is a perspective view depicting a condition
where the cutting blade to be replaced by a new one has
been renoved in the renoving step

FIG 21 is a perspective view depicting a condition
where the cutting bl ade renoved has been received by an
enpty one of all the receiving portions of the transfer
jig in the renoving step

FIG 22 is a perspective view depicting a condition
where a new cutting bl ade has been hel d under suction by
a bl ade chuck in a nounting step of the cutting bl ade
changi ng net hod depicted in FIG 15;

FIG 23 is a perspective view depicting a condition

where the new cutting blade held by the blade chuck is



about to be nounted on a bl ade nounting nenber of the
cutting unit in the nounting step;

FIG 24 is a perspective view depicting a condition
where the fastening nut held by the nut holder is about
to be nounted on the blade nounting nmenber in the
nounting step;

FIG 25 is a perspective view depicting a condition
where the transfer jig positioned above the chuck table
I's held under suction by the transfer armin a returning
step of the cutting blade changing nmethod depicted in FIG
15;

FIG 26 is a perspective view depicting a condition
where the transfer jig set on the rails is about to be
stored into the cassette in the returning step;

FIG 27 is an enlarged sectional view of an
essential part of a transfer jig according to a
nodi fication of the first preferred enbodi nent;

FIG 28 is a perspective view of an essential part
of a cutting apparatus for performng a cutting bl ade
changi ng net hod according to a second preferred
enbodi nent of the present invention,

FIG 29 is a perspective view of a transfer jig for
use in performng the cutting bl ade changi ng net hod

according to the second preferred enbodi nent;



FIG 30 is a plan view depicting the configuration
of manufacturing equi pment including a plurality of
cutting apparatuses for performng a cutting bl ade
changi ng net hod according to a first nodification of the
first and second preferred enbodi nents;

FIG 31 is an elevational view depicting the
configuration of a cutting apparatus and its periphera
equi pnent for performng a cutting bl ade changi ng net hod
according to a second nodification of the first and
second preferred enbodi nents;

FIG 32 is a perspective view depicting an
essential part of a chuck table in a cutting apparatus
for performng a cutting bl ade changi ng net hod accordi ng
to athird nodification of the first and second preferred
enbodi nent s;

FIG 33 is a perspective viewsimlar to FIG 32,
depicting a condition where the transfer jig is held on
t he chuck table under suction; and

FIG 34 is a perspective view depicting the
configuration of a cassette elevator in a cutting
apparatus for performng a cutting bl ade changi ng net hod
according to a fourth nodification of the first and

second preferred enbodi nents.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

Preferred enbodi nents of the present invention wl|
now be described in detail with reference to the draw ngs.
The present invention is not [imted to the preferred
enbodi nents. Further, the conponents used in this
preferred enbodi nents nmay include those that can be
easi |y assuned by persons skilled in the art or
substantially the sane elenents as those known in the art.
Further, the configurations described bel ow nay be
suitably conbined. Further, the configurations may be
variously omtted, replaced, or changed w thout departing
fromthe scope of the present invention.
<First Preferred Enbodi nent >

A transfer jig and a cutting bl ade changi ng net hod
according to a first preferred enbodi ment of the present
invention will now be described with reference to the
drawings. FIG 1 is a perspective view depicting the
configuration of a cutting apparatus for perform ng the
cutting bl ade changi ng net hod according to the first
preferred enbodinent. FIG 2 is a perspective view of a
wor kpi ece to be processed by the cutting apparatus
depicted in FIG 1. FIG 3 is a perspective view
depicting an essential part of a chuck table included in

the cutting apparatus depicted in FIG 1. FIG 4 is an
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expl oded perspective view of a cutting unit included in
the cutting apparatus depicted in FIG 1. FIG 5is a
perspective view depicting a cassette to be set on a
cassette elevator included in the cutting apparatus
depicted in FIG 1. FIG 6 is a perspective view
depicting a tenporary setting unit constituting a
transfer unit included in the cutting apparatus depicted
in FIG 1. FIG 7 is a perspective view depicting a
transfer armconstituting the transfer unit included in
the cutting apparatus depicted in FIG 1. FIG 8 is a
per spective view depicting the configuration of a bl ade
changing unit included in the cutting apparatus depicted
in FIG 1. FIG 9 is a sectional view of a nut hol der

i ncluded in the blade changing unit depicted in FIG 8.
(Cutting apparatus)

The cutting bl ade changi ng net hod according to the
first preferred enbodinent is perforned by a cutting
apparatus 1 depicted in FIG 1. The cutting apparatus 1
Is an apparatus for cutting (processing) a workpiece 200
depicted in FIG 2. In the first preferred enbodi nent,

t he wor kpi ece 200 is a di sk-shaped wafer such as a
sem conduct or wafer and an optical device wafer, in which
the wafer is formed of silicon, sapphire, or gallium

arseni de, for exanple, as a base material. The workpiece
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200 has a front side 201 and a back side 204. A plurality
of crossing division lines 202 are forned on the front
side 201 of the workpiece 200 to thereby define a
plurality of separate regions where a plurality of

devi ces 203 are respectively forned.

As a nodification, the workpiece 200 nay be a so-
call ed TAIKO (regi stered trademark) wafer having a thin
central portion and a thick peripheral portion. Further,
the workpi ece 200 may be a rectangul ar package substrate
having a plurality of devices sealed with resin, rather
than a di sk-shaped wafer. Further, the workpiece 200 nay
be a ceram c substrate, a ferrite substrate, or a
substrate containing at |east one of nickel and iron, for
exanple. In the first preferred enbodi nent, the back side
204 of the workpiece 200 is attached to the centra
portion of an adhesive tape 210, and an annular frane 211
I's mounted on the peripheral portion of the adhesive tape
210. Thus, the workpiece 200 is supported through the
adhesive tape 210 to the annular frame 211.

The cutting apparatus 1 depicted in FIG 1 is an
apparatus for cutting (processing) the workpiece 200
along the division lines 202 by using a cutting bl ade 21
in the condition where the workpiece 200 is held on a

chuck table 10. As depicted in FIG 1, the cutting
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apparatus 1 includes a processing unit 2 for cutting the
wor kpi ece 200, a bl ade changing unit 3 as cutting bl ade
changi ng neans for changing the cutting blade 21 as a
consumabl e conponent, and a control unit 4. The
processing unit 2 includes the chuck table 10 having a
hol di ng surface 11 for hol ding the workpi ece 200 under
suction, a pair of cutting units 20 each having the
cutting blade 21 for cutting the workpiece 200 held on
the chuck table 10, the cutting blade 21 bei ng nounted on
a spindle 23, and a pair of inmaging units 30 for imaging
t he wor kpi ece 200 held on the chuck table 10.

As depicted in FIG 1, the cutting apparatus 1
further includes an X noving unit (not depicted) for
nmoving (feeding) the chuck table 10 in the X direction
depicted by an arrow X, the X direction being parallel to
a horizontal direction, a pair of Y noving units 40 for
respectively noving (indexing) the pair of cutting units
20 in the Y direction depicted by an arrow Y, the Y
direction being parallel to a horizontal direction and
per pendi cular to the X direction, and a pair of Z noving
units 50 for respectively noving (feeding) the pair of
cutting units 20 in the Z direction depicted by an arrow
Z, the Z direction being parallel to a vertical direction

perpendi cular to both the X direction and the Y direction.
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Thus, the cutting apparatus 1 is a dual spindle type
di ci ng saw having the two cutting units 20, or a so-
call ed facing dual type cutting apparatus.

The chuck table 10 is a disk-shaped nenber, and the
hol di ng surface 11 for hol ding the workpi ece 200 is
formed of porous ceram c, for exanple. The chuck table 10
I's novable in the X direction by the X noving unit
bet ween a processing area 91 defined bel ow the cutting
units 20 and a standby area 92 spaced fromthe position
bel ow the cutting units 20. That is, the workpiece 200
hel d on the chuck table 10 is cut in the processing area
91, and the workpiece 200 is | oaded to the chuck table 10
in the standby area 92 before cutting and i s unl oaded
fromthe chuck table 10 in the standby area 92 after
cutting. The chuck table 10 is also rotatable about its
axis parallel to the Z direction by a rotational drive
source (not depicted). The chuck table 10 is connected to
a vacuum source (not depicted), so that the workpiece 200
can be held on the holding surface 11 under suction by a
vacuum applied fromthe vacuum source as depicted in FIG
3. Inthe first preferred enbodi nent, the back side 204
of the workpiece 200 is sucked through the adhesive tape
210 to the holding surface 11 of the chuck table 10. As

depicted in FIGS. 1 and 3, a plurality of clanps 12 for
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cl anpi ng the annular frame 211 are provided around the
chuck table 10. In FIG 3, the devices 203 forned on the
front side 201 of the workpi ece 200 are not depi cted.

As depicted in FIG 3, each clanp 12 includes a
body portion 13 for nounting the annular frame 211
t hereon and a cl anpi ng nmenber 14 for clanping the annul ar
frame 211 in cooperation with the body portion 13. The
cl anpi ng nenber 14 is rotatable about a horizontal axis
bet ween a cl anpi ng position where the annular franme 211
nount ed on the body portion 13 is clanped by the clanping
menber 14 and an uncl anpi ng position where the cl anped
condition of the annular frame 211 is canceled so as to
be spaced fromthe body portion 13 as depicted in FIG 3.
The cl anpi ng nmenber 14 is rotatable between the clanping
position and the uncl anpi ng position outside the outer
circunference of the chuck table 10. In the uncl anping
position, the clanping nmenber 14 allows the workpi ece 200
to be nounted on the holding surface 11 and al so all ows
t he wor kpi ece 200 to be denounted fromthe hol di ng
surface 11, without the contact between the cl anping
menber 14 and the annular frame 211. 1In the first
preferred enbodi nent, the clanping nmenber 14 is
rotationally driven by a drive source such as an air

cylinder so as to take either the clanping position or
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t he uncl anpi ng position.

Each cl anping nenber 14 is provided with a transfer
jig holding nenber 15 as transfer jig holding neans. The
transfer jig holding nenber 15 is conposed of a flat
portion 16 and a step portion 17 projecting fromthe fl at
portion 16 in an integral manner. The flat portion 16 is
nount ed on the upper surface of each cl anpi ng nmenber 14
in the clanping position. In this position, the flat
portion 16 has a flat upper surface for nounting a
transfer jig to be hereinafter described. Further, in
this position, the step portion 17 preferably has an
i nner surface along the outer circunference of the
annul ar frame 211. The inner surface of the step portion
17 is adapted to abut against the outer circunference of
the transfer jig as will be described later.

As depicted in FIG 4, each cutting unit 20 is
cutting neans having the cutting blade 21 for cutting the
wor kpi ece 200 hel d on the chuck table 10, in which the
cutting blade 21 is detachably nounted on the spindle 23.
Each cutting unit 20 is novable in the Y direction by the
corresponding Y noving unit 40 and al so novable in the Z
direction by the corresponding Z noving unit 50, relative
to the workpi ece 200 held on the chuck table 10.

As depicted in FIG 1, a double colum type support
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frame 5 is provided on the upper surface of a base
housing 6 so as to stand upright therefrom The support
frame 5 is conposed of a pair of colums 5-1 and 5-2
standi ng fromthe upper surface of the base housing 6 and
a horizontal bar 5-3 connecting the upper ends of the
colums 5-1 and 5-2. One of the two cutting units 20 is
supported through the corresponding Y noving unit 40 and
the corresponding Z noving unit 50 to the colum 5-1. The
other cutting unit 20 is supported through the
corresponding Y noving unit 40 and the corresponding Z
noving unit 50 to the colum 5-2.

Each cutting unit 20 is adapted to be noved by the
corresponding Y noving unit 40 and the corresponding Z
nmoving unit 50, thereby setting the corresponding cutting
bl ade 21 at an arbitrary position on the hol ding surface
11 of the chuck table 10.

As depicted in FIG 4, each cutting unit 20
i ncl udes a spindle housing 22 novable in the Y direction
and the Z direction by the corresponding Y noving unit 40
and the corresponding Z noving unit 50, the spindle 23
rotatably supported to the spindle housing 22 so as to be
rotated about a horizontal axis by a nmotor (not depicted),
and a bl ade nounting nenber 24 nounted on the front end

portion of the spindle 23. Each cutting unit 20 further
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includes a fixing nut 25 adapted to theredly engage an
external thread (not depicted) forned on the outer
circunference of the front end portion of the spindle 23,
thereby fixing the blade nounting nmenber 24 to the front
end portion of the spindle 23. Each cutting unit 20
further includes the cutting bl ade 21 adapted to be
nount ed on the bl ade nounting nenber 24 and a fastening
nut 26 for fastening the cutting blade 21 in the
condition where the cutting blade 21 is sandw ched

bet ween the fastening nut 26 and t he bl ade nounti ng
menber 24.

The bl ade nounting nenber 24 includes a cylindrica
nounting portion 241 and a flange portion 242 forned at
one end portion of the nounting portion 241 on the side
opposed to the spindle housing 22. The flange portion 242
I's an annul ar portion having an outer dianmeter |arger
than that of the nounting portion 241. Further, an
external thread 243 is fornmed on the outer circunference
of the other end portion of the nounting portion 241.

The cutting blade 21 is a thin ringlike cutting
wheel. In the first preferred enbodi nent, the cutting
bl ade 21 is a so-called hub bl ade including an annul ar
support base 212 formed of nmetal such as al um num all oy

and an annul ar cutting edge 213 fixed to the outer
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circunference of the support base 212 for cutting the

wor kpi ece 200. The support base 212 has a centra

nmounting hole 214 for nounting the cutting blade 21 on
the nmounting portion 241 of the blade nounting nenber 24.
That is, the nounting portion 241 of the bl ade nounting
menber 24 is inserted through the nounting hole 214 of

the support base 212 of the cutting blade 21. The cutting
edge 213 is conposed of abrasive grains of dianond or
cubi ¢ boron nitride (CBN), for exanple, and a bond
(binder) of nmetal or resin, for exanple, for fixing the
abrasive grains. The cutting edge 213 has a predeterm ned
thickness. As a nodification, the cutting blade 21 nay be
a washer bl ade conposed of only the cutting edge 213.

In mounting the cutting blade 21 on the spindle 23,
the nounting hole 214 of the support base 212 is engaged
with the outer circunference of the cylindrical nounting
portion 241 of the bl ade nounting nenber 24. Thereafter,
the fastening nut 26 is threadedly engaged with the
external thread 243 fornmed on the cylindrical nounting
portion 241, thereby fastening the cutting blade 21 in
the condition where the cutting blade 21 is sandw ched
bet ween the flange portion 242 of the blade nounting
menber 24 and the fastening nut 26. Further, the

fastening nut 26 has four pin engagi ng holes 261 arranged
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at equal intervals along the outer circunference of the
fastening nut 26. Each pin engaging hole 261 is forned on
the end surface of the fastening nut 26 so as to extend

t hrough the thickness thereof. Further, an annul ar groove
262 is formed on the whole of the outer circunference of
the fastening nut 26.

The axis of the spindle 23 of each cutting unit 20,
i.e., the axis of the cutting blade 21 of each cutting
unit 20 is set parallel to the Y direction.

Each imaging unit 30 is fixed to the correspondi ng
cutting unit 20 so as to be novabl e together therewth.
Each imaging unit 30 includes an inmagi ng el enent for
i magi ng a target area of the workpiece 200 held on the
chuck table 10 before cutting, in which the target area
is an area to be divided (cut) by the correspondi ng
cutting blade 21. For exanple, the imaging elenent is a
char ge- coupl ed device (CCD) imging el enment or a
conpl enent ary net al - oxi de sem conductor (CMOS) i magi ng
el enent. Each imaging unit 30 functions to i mage the
wor kpi ece 200 held on the chuck table 10 to obtain an
i mage for use in performng the alignnent between the
wor kpi ece 200 and the corresponding cutting bl ade 21,
then outputting this imge (inmge signhal) to the contro

unit 4.
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The X noving unit functions to nove the chuck table
10 in the X direction as a work feeding direction,
thereby relatively noving the chuck table 10 and each
cutting unit 20 in the X direction. Each Y noving unit 40
functions to nove the corresponding cutting unit 20 in
the Y direction as an indexing direction, thereby
relatively noving the chuck table 10 and the
corresponding cutting unit 20 in the Y direction. Each Z
nmoving unit 50 functions to nove the correspondi ng
cutting unit 20 in the Z direction as a cutter feeding
direction, thereby relatively noving the chuck table 10
and the corresponding cutting unit 20 in the Z direction.
Al t hough not depicted, the X noving unit includes a
known ball screw rotatable about its axis extending in
the X direction, a known notor for rotating the bal
screw about its axis, and a pair of parallel guide rails
for novably supporting the chuck table 10 in such a
manner that the chuck table 10 is novable in the X
direction by rotating the ball screw Simlarly, each Y
nmoving unit 40 includes a known ball screw rotatable
about its axis extending in the Y direction, a known
notor for rotating this ball screw about its axis, and a
pair of parallel guide rails for novably supporting the

corresponding cutting unit 20 in such a nmanner that the
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cutting unit 20 is novable in the Y direction by rotating
this ball screw. Simlarly, each Z noving unit 50
i ncludes a known ball screw rotatable about its axis
extending in the Z direction, a known notor for rotating
this ball screw about its axis, and a pair of parallel
guide rails for novably supporting the correspondi ng
cutting unit 20 in such a manner that the cutting unit 20
is nmovable in the Z direction by rotating this ball screw.
Al t hough not depicted, the cutting apparatus 1
further includes an X position detecting unit for
detecting the X position of the chuck table 10 as the
position in the X direction, a Y position detecting unit
for detecting the Y position of each cutting unit 20 as
the position in the Y direction, and a Z position
detecting unit for detecting the Z position of each
cutting unit 20 as the position in the Z direction. The X
position detecting unit nay be conposed of a |inear scale
parallel to the X direction and a read head for reading
the linear scale. Simlarly, the Y position detecting
unit may be conposed of a linear scale parallel to the Y
direction and a read head for reading this |inear scale.
The Z position detecting unit may be configured by using
the pul ses output fromthe notor included in each Z

nmoving unit 50 to thereby detect the Z position of each
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cutting unit 20 according to the output pul ses. Detection
signals output fromthe X position detecting unit, the Y
position detecting unit, and the Z position detecting

unit are transmtted to the control unit 4.

The cutting apparatus 1 further includes a cassette
el evator 60 for nounting a cassette 61 on the upper
surface thereof and noving the cassette 61 in the Z
direction, a cleaning unit 70 for cleaning the workpiece
200 after cutting, and a transfer unit 80 as transfer
nmeans for taking the workpi ece 200 out of the cassette 61
before cutting, storing the workpiece 200 into the
cassette 61 after cutting, and transferring the workpiece
200. A plurality of workpieces 200 to be cut are
previously stored in the cassette 61, and these
wor kpi eces 200 are adapted to be returned into the
cassette 61 after cutting.

As depicted in FIG 5, the cassette 61 is a boxlike
contai ner for storing the workpiece 200. The cassette 61
has a front opening 62 for allow ng the pass of the
wor kpi ece 200 in taking the workpiece 200 out of the
cassette 61 before cutting or storing the workpiece 200
into the cassette 61 after cutting. The cassette 61
further has a plurality of slots 63 for supporting a

plurality of workpieces 200 in such a manner that these
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wor kpi eces 200 are spaced fromeach other in the Z
direction. The cassette 61 is placed on the upper surface
of the cassette elevator 60 in the condition where the
front opening 62 is opposed to the standby area 92.

The cleaning unit 70 includes a spinner table 71
for hol ding the workpi ece 200 under suction, the spinner
table 71 being rotatable about its axis parallel to the Z
direction, and a cleaning water nozzle 72 for supplying a
cl eaning water to the workpiece 200 held on the spinner
table 71

The transfer unit 80 functions to supply the
wor kpi ece 200 to the processing unit 2 and al so transfer
t he wor kpi ece 200 anong the cassette 61, the chuck table
10, and the cleaning unit 70. The transfer unit 80
i ncludes a tenporary setting unit 81 depicted in FIG 6
and two transfer arns 82 having substantially the sane
configuration, one of the two transfer arnms 82 being
depicted in FIG 7.

The tenporary setting unit 81 functions to take one
of the workpi eces 200 out of the cassette 61 before
cutting and al so store the workpiece 200 into the
cassette 61 after cutting. As depicted in FIG 6, the
tenporary setting unit 81 includes a handling unit 811

for handling the workpiece 200 to linearly transfer the

24



same and a pair of rails 812 for tenporarily setting the
wor kpi ece 200 thereon before and after cutting. The
handling unit 811 is so configured as to hold the annul ar
frame 211 supporting the workpiece 200 in taking the

wor kpi ece 200 out of the cassette 61 before cutting and
in storing the workpiece 200 into the cassette 61 after
cutting.

The two transfer arnms 82 function to transfer the
wor kpi ece 200 anong the rails 812, the chuck table 10,
and the spinner table 71. As depicted in FIG 1, a double
col um type second support frame 7 is provided on the
upper surface of the base housing 6 so as to stand
upright therefrom The second support frame 7 is |ocated
adj acent to the support frame 5 on the standby area 92
side. The two transfer arns 82 are supported to the
second support franme 7 so as to be novable in the Y
di rection.

As depicted in FIG 7, each transfer arm 82 has an
arm portion 821 novable in the Y direction and a hol di ng
portion 822 for hol ding the workpiece 200, the hol ding
portion 822 being connected to the | ower end portion of
the armportion 821 so as to be novable in the Z
direction. That is, the holding portion 822 is vertically

novabl e relative to the armportion 821. In the first
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preferred enbodi nent, the hol ding portion 822 of each
transfer arm82 is so configured as to hold the annul ar
frame 211 under suction as depicted in FIG 7, thereby
hol di ng the wor kpi ece 200. In supplying the workpiece 200
fromthe cassette 61 to the processing unit 2, the
tenporary setting unit 81 of the transfer unit 80 is
operated to draw the workpi ece 200 fromthe cassette 61
and then tenporarily set the workpiece 200 on the rails
812, and one of the two transfer arns 82 is next operated
to transfer the workpiece 200 fromthe rails 812 to the
chuck table 10.

As depicted in FIG 1, the blade changing unit 3 is
| ocat ed behind the support frame 5 near the processing
area 91. As depicted in FIG 8, the blade changing unit 3
i ncludes a unit body 31, a nut holder 32, and a bl ade
chuck 34. In the first preferred enbodi nent, the single
nut hol der 32 and the single blade chuck 34 are included
in the blade changing unit 3.

The unit body 31 includes an L-shaped support table
311 | ocated behind the support frane 5 as viewed in FIG
1. The support table 311 is novable in the Z direction.
The support table 311 is also novable in the X direction
by a noving unit (not depicted). The noving unit for

nmovi ng the support table 311 in the X direction is
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configured simlarly to the noving units 40 and 50 as
using a known ball screw, known notor, and known gui de
rails. The unit body 31 further includes a supported
portion 312 provided on the support table 311 and a
rotating portion 313 connected to the supported portion
312 so as to be rotatable about a horizontal axis
parallel to the X direction by a known notor. That is,
the rotating portion 313 is a cylindrical portion having
a rotation axis extending in the X direction.

The nut hol der 32 and the bl ade chuck 34 are
nmounted on the rotating portion 313 at two positions
spaced in the X direction. In the first preferred
enbodi nent, the nut holder 32 is aligned with the bl ade
chuck 34 as viewed in plan and is |ocated on the standby
area 92 side.

The nut holder 32 is a nenber for renoving the
fastening nut 26 of each cutting unit 20 fromthe
nounting portion 241 of the blade nounting nmenber 24,
hol ding the fastening nut 26 renoved, and nounting the
fastening nut 26 held to the nmounting portion 241 of the
bl ade nounti ng nenber 24. The nut holder 32 is novable in
a direction perpendicular to the X direction by an air
cylinder (not depicted) nmounted on the rotating portion

313.
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As depicted in FIG 9, the nut holder 32 includes a
hol Il ow cylindrical notor case 321 novable in the
direction perpendicular to the X direction by the air
cylinder nmentioned above, an electric notor 322 having a
drive shaft 322a provided in the notor case 321, a solid
cylindrical rotating nmenber 323 connected to the drive
shaft 322a of the electric notor 322, an operating ring
324 provided so as to surround the cylindrical surface of
the rotating nenber 323, and a second air cylinder 325
connecting the notor case 321 and the operating ring 324.
The second air cylinder 325 is depicted in FIG 9 only,
and it is not depicted in the other draw ngs.

The drive shaft 322a of the electric notor 322
extends in the direction perpendicular to the X direction.
By rotating the drive shaft 322a about its axis, the
rotating nenber 323 is rotatable about its axis aligned
with the axis of the drive shaft 322a. The rotating
menber 323 has an outer dianeter stepw se changed. That
is, the rotating nmenber 323 is conposed of a snall -

di aneter portion 326 connected to the drive shaft 322a of
the electric notor 322 and a | arge-di anmeter portion 327
coaxially connected to the small-dianeter portion 326 in
an integral manner. The |arge-dianeter portion 327 is

| arger in outer diameter than the small-diameter portion
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326. In the first preferred enbodi nent, the outer

di anmeter of the small-dianeter portion 326 is equal to
the outer dianmeter of the notor case 321. In the first
preferred enbodi nent, all of the drive shaft 322a, the
notor case 321, and the rotating nmenber 323 are coaxially
arr anged.

The operating ring 324 is a hollow cylindrica
menber having a bottom portion 328. The bottom portion
328 is located on the rotating portion 313 side, i.e., on
the left side as viewed in FIG 9. The operating ring 324
is arranged in coaxial relationship with the drive shaft
322a, the notor case 321, and the rotating nenber 323.
The bottom portion 328 of the operating ring 324 has a
central through hole 329 through which the small-di aneter
portion 326 of the rotating nmenber 323 is inserted. The
second air cylinder 325 has a piston rod 325a, which is
connected to the operating ring 324. By expanding and
contracting the piston rod 325a of the second air
cylinder 325, the operating ring 324 is adapted to
axially slide on the rotati ng nenber 323 between an
I noperative position depicted by a solid line in FIG 9
and an operative position depicted by a phantomline in
FIG 9. The operating ring 324 has an open front end

opposite to the bottom portion 328. This open front end
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of the operating ring 324 is fornmed with four cutouts 331
for respectively receiving four holding nmenbers 330 to be
herei nafter descri bed.

Further, the nut holder 32 includes four pins 332
projecting fromthe end surface of the | arge-dianeter
portion 327 of the rotating nmenber 323. The four pins 332
are arranged at equal intervals along the outer
circunference of the rotating nmenber 323. A circular
flange portion 333 is fornmed at the base end (left end as
viewed in FIG 9) of each pin 332. The flange portion 333
of each pin 332 is slidably fitted in a cylinder hole 334
formed in an end portion of the |arge-di aneter portion of
the rotating nenber 323. A conpression spring 335 is
provi ded between the bottom surface of each cylinder hole
334 and the flange portion 333 of each pin 332. Each
conpression spring 335 normal |y biases the correspondi ng
pin 332 in a direction of projecting the pin 332 fromthe
end surface of the rotating nenber 323. Each cylinder
hole 334 is provided with a stopper portion 336 adapted
to engage with the flange portion 333 of each pin 332,

t hereby preventing the fall of each pin 332. The four
pins 332 are adapted to respectively engage with the four
pi n engagi ng holes 261 of the fastening nut 26.

Further, the nut holder 32 includes four holding
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menbers 330 provided on the outer circunference of the
rotating nenber 323. The four hol di ng menbers 330 are
arranged at equal intervals along the outer circunference
of the rotating nenber 323. Each hol ding nenber 330 is an
arm shaped nenber extending substantially in the axia
direction of the rotating nmenber 323. Each hol di ng nmenber
330 has a front end projecting fromthe end surface of

the large-diameter portion 327 of the rotating nmenber 323,
and a claw 337 is fornmed at this front end of each
hol di ng menber 330. The claw 337 of each hol di ng nmenber
330 is adapted to engage with the annul ar groove 262
formed on the outer circunference of the fastening nut 26.
Each hol di ng nenber 330 is pivotably supported at its
base end (left end as viewed in FIG 9) to the outer
circunferential surface of the small-dianeter portion 326
of the rotating nenber 323. The four hol di ng nenbers 330
are adapted to be operated by the operating ring 324 and
thereby pivotally noved about the base ends of the four
hol di ng nmenbers 330, so that the four claws 337 can be
noved toward and away from each other. Further, a
conpression spring 338 is provided between the outer
circunferential surface of the rotating nenber 323 and a
central portion of each hol ding nenber 330. Each

conpression spring 338 normal |y biases the correspondi ng
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hol di ng menber 330 so that the corresponding claw 337 is
normal Iy biased radially outward, that is, the four claws
337 are normal ly biased so as to be noved away from each
ot her.

In the inoperative position depicted by the solid
line in FIG 9, the claw 337 of each hol di ng nenber 330
included in the nut holder 32 is kept at the npst
radially outward position by the correspondi ng
conpression spring 338, so that the engagenent of each
claw 337 with the annul ar groove 262 of the fastening nut
26 i s canceled. Wen the piston rod 325a of the second
air cylinder 325 is expanded to nove the operating ring
324 to the operative position depicted by the phantom
line in FIG 9, the claw 337 of each hol di ng nenber 330
is noved to the nost radially inward position, so that
each claw 337 is brought into engagenent with the annul ar
groove 262 of the fastening nut 26.

The bl ade chuck 34 is a nenber for holding the
support base 212 of each cutting blade 21 under suction.
The bl ade chuck 34 is novable in a direction
perpendi cular to the X direction by an air cylinder (not
depi cted) nmounted on the rotating portion 313.

The bl ade chuck 34 includes a hollow cylindrica

chuck body 341 novable in the direction perpendicular to
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the X direction by the above-nentioned air cylinder and a
suction holding portion 342 nounted on the front end of
the chuck body 341 for holding the support base 212 of
each cutting blade 21 under suction. A vacuum produced by
a vacuum source (not depicted) is applied to the suction
hol di ng portion 342 to thereby provide a suction force
for holding the support base 212 of each cutting bl ade 21
under suction. The blade chuck 34 further includes a
nmounting hole 343 allow ng the insertion of the nmounting
portion 241 of the bl ade nounting nmenber 24 in changi ng
each cutting blade 21. The nmounting hole 343 is so forned
as to have a depth ranging fromthe suction hol di ng
portion 342 to the chuck body 341.

The bl ade changing unit 3 is adapted to be noved by
the noving unit for noving the support table 311 in the Z
direction and by the noving unit for noving the support
table 311 in the X direction, thereby taking a standby
position defined behind the support frame 5 and a worKki ng
position defined above the chuck table 10 set in the
processing area 91. Further, in the working position, the
rotating portion 313 is rotated about it axis to take a
hori zontal position where the nut holder 32 and the bl ade
chuck 34 are opposed to the cutting blade 21 of each

cutting unit 20 and a vertical position where the nut
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hol der 32 and the bl ade chuck 34 are opposed to the chuck
tabl e 10.

The control unit 4 functions to control each
conponent of the cutting apparatus 1 and thereby to
performthe processing operation to the workpiece 200
under control. The control unit 4 is a conputer including
a processing unit (conmputing unit) having a
m croprocessor such as central processing unit (CPU), a
storing unit having a nenory such as read only nenory
(ROVM and random access nenory (RAM, and an i nput/ out put
interface unit. The processing unit in the control unit 4
functions to perform processing according to a conputer
program stored in the storing unit and output a contro
signal for controlling the cutting apparatus 1 through
the input/output interface unit to each conponent of the
cutting apparatus 1.

The control unit 4 is connected to a display unit
(not depicted) such as a liquid crystal display for
di spl aying the condition of the processing operation, the
i mage of the workpiece 200, etc. The control unit 4 is
al so connected to an input unit (not depicted) adapted to
be operated by an operator in recording the informtion
on the processing of the workpiece 200. This input unit

is configured by a touch panel provided in the display
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unit and/or an external input unit such as a keyboard.
(Transfer jiQ)

The transfer jig according to the first preferred
enbodi nent w Il now be described. FIG 10 is a
perspective view depicting the configuration of the
transfer jig according to the first preferred enbodi nent.
FIG 11 is a perspective view depicting a receiving
portion of the transfer jig depicted in FIG 10. FIG 12
IS a perspective view depicting a condition where the
cutting blade is received in the receiving portion
depicted in FIG 11.

Referring to FIG 10, there is depicted a transfer
jig 100 for use in the cutting apparatus 1. That is, the
transfer jig 100 is a jig for use in transferring the
cutting blade 21 to be used in performng the cutting
operation to each cutting unit 20 of the processing unit
2. The transfer jig 100 is a pl ate-shaped nenber havi ng
the sane outside shape as that of the annular frame 211
as viewed in plan. The transfer jig 100 is integrally
formed of a hard material such as netal

As depicted in FIGS. 10, 11, and 12, the transfer
jig 100 has a plurality of receiving portions 101 for
respectively receiving a plurality of cutting blades 21.

That is, each receiving portion 101 is configured to
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recei ve one cutting blade 21 in position. Each receiving
portion 101 has a cylindrical wall 102 projecting from

t he upper surface of the transfer jig 100 and a
positioning projection 103 forned inside the cylindrica
wall 102 so as to project fromthe upper surface of the
transfer jig 100. The inner circunferential surface of
the cylindrical wall 102 has the sane shape as the
out si de shape of the cutting edge 213 of each cutting

bl ade 21 as viewed in plan. The cylindrical wall 102 has
a size capable of storing each cutting bl ade 21.

In the first preferred enbodi nent, each cutting
blade 21 is stored inside the cylindrical wall 102 in the
condition where the cutting edge 213 of each cutting
bl ade 21 is spaced fromthe upper surface of the transfer
jig 100. The positioning projection 103 is adapted to
enter the nounting hole 214 of each cutting bl ade 21
stored inside the cylindrical wall 102, thereby
positioning each cutting blade 21 inside the cylindrica
wal | 102. In the first preferred enbodi nent, the
positioning projection 103 has a frustoconi cal shape such
that the outer dianeter of the positioning projection 103
is gradual |y decreased fromthe bottom connected to the
upper surface of the transfer jig 100. In storing each

cutting blade 21 inside the cylindrical wall 102, the
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i nner circunference of the nounting hole 214 of each
cutting blade 21 cones into contact with the outer
ci rcunference (conical surface) of the positioning
projection 103 before the cutting edge 213 of each
cutting blade 21 cones into contact with the upper
surface of the transfer jig 100, so that each cutting
blade 21 is fixed in position by the positioning
projection 103. Accordingly, it is possible to prevent
that the cutting edge 213 of each cutting blade 21 may
come into direct contact with each receiving portion 101.
The transfer jig 100 can be stored into each sl ot
63 of the cassette 61 as simlar to the annular frame 211
in the condition where each cutting blade 21 is received
I n each receiving portion 101. Further, the transfer jig
100 can be transferred by the transfer unit 80 as simlar
to the annular franme 211. That is, the transfer jig 100
Is adapted to be transferred between the cassette 61 and
the chuck table 10 by using the transfer unit 80 for
common use in transferring the workpi ece 200. Further,
the transfer jig 100 is adapted to be positioned above
the chuck table 10 by the plural transfer jig hol ding
menbers 15 in such a manner that the outer circunference
of the transfer jig 100 is in contact with the step

portion 17 of each transfer jig holding nenber 15.
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(Processi ng operation of the cutting apparatus)

The processing operation of the cutting apparatus 1
will now be described. FIG 13 is a perspective view
depicting a condition where the plural cutting bl ades are
received in the plural receiving portions of the transfer
jig depicted in FIG 10. FIG 14 is a perspective view
depicting a manner of storing the transfer jig depicted
in FIG 13 into the cassette.

In the processing operation, a plurality of cutting
bl ades 21 are received into the plural receiving portions
101 of the transfer jig 100 as depicted in FIG 13 by the
operator, and the information on the processing of the
wor kpi ece 200 is recorded into the control unit 4 by the
operator. Thereafter, as depicted in FIG 14, the
transfer jig 100 in the condition depicted in FIG 13 is
stored into the cassette 61. Further, a plurality of
wor kpi eces 200 to be processed are also stored into the
cassette 61 by the operator. Thereafter, the cassette 61
is placed on the upper surface of the cassette el evator
60 by the operator.

In the first preferred enbodinent, in receiving the
plural cutting blades 21 into the plural receiving
portions 101 of the transfer jig 100, the plural cutting

bl ades 21 are received into the plural receiving portions
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101 except one of all the receiving portions 101 incl uded
in the transfer jig 100. That is, no cutting blade 21 is
received into one of all the receiving portions 101 of
the transfer jig 100. Further, the information on the
processing of the workpiece 200 to be recorded into the
control unit 4 by the operator includes informtion

i ndicating the position of the transfer jig 100 stored in
the cassette 61. Further, the information on the
processing of the workpiece 200 to be recorded into the
control unit 4 by the operator also includes informtion
i ndicating the positions of the plural receiving portions
101 of the transfer jig 100 in which the plural cutting
bl ades 21 are received and information indicating the
position of the receiving portion 101 in which no cutting
bl ade 21 is received.

Thereafter, when starting of the processing
operation is instructed by the operator, the processing
operation is started by the cutting apparatus 1. Wen the
processing operation is started, the control unit 4
operates the transfer unit 80 to transfer the workpiece
200 fromthe cassette 61 to the chuck table 10 set in the
standby area 92. Thereafter, the control unit 4 operates
t he vacuum source connected to the chuck table 10 to hold

t he back side 204 of the workpiece 200 through the
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adhesi ve tape 210 on the holding surface 11 of the chuck
tabl e 10 under suction. Further, the control unit 4
operates the clanps 12 to clanp the annular frane 211.
Thereafter, the control unit 4 of the cutting
apparatus 1 operates the X noving unit to nove the chuck
table 10 toward the processing area 91. During the
nmovenent of the chuck table 10, the control unit 4
operates the imaging unit 30 to i mage t he workpi ece 200
and then performthe alignnment according to an inmage
obtai ned by the imaging unit 30. In the processing area
91, the control unit 4 operates the X noving unit, each Y
nmoving unit 40, and each Z noving unit 50 to relatively
nove the workpi ece 200 and each cutting unit 20 along the
division Iines 202 as cutting the division |lines 202 by
usi ng each cutting bl ade 21, thereby dividing the
wor kpi ece 200 into the individual devices 203. Thereafter,
the control unit 4 operates the cleaning unit 70 to cl ean
t he workpi ece 200 divided into the individual devices 203.
Thereafter, the control unit 4 operates the transfer unit
80 to store the workpiece 200 into the cassette 61. Wen
such a cutting operation is simlarly perfornmed to al
t he ot her workpi eces 200 stored in the cassette 61, the
processi ng operation of the cutting apparatus 1 is

fini shed.
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(Cutting blade changi ng net hod)

The cutting bl ade changi ng net hod according to the
first preferred enbodiment will now be described. FIG 15
Is a flowhart depicting the cutting bl ade changi ng
met hod according to the first preferred enbodi nent. Wen
the control unit 4 determ nes that the cutting bl ade 21
of at | east one of the cutting units 20 has reached a
bl ade change timng during the processing operation of
the cutting apparatus 1 depicted in FIG 1, the cutting
bl ade changi ng nmet hod depicted by the flowhart in FIG
15 is perfornmed. The blade change timng neans the timng
of changing the cutting blade 21 of each cutting unit 20.
For exanple, the blade change timng is the timng where
a preset nunber of workpi eces 200 have been cut by the
cutting blade 21, and this timng is determ ned accordi ng
to the kind of each cutting blade 21. This bl ade change
timng is recorded as a part of the information on the
processi ng of the workpiece 200 into the control unit 4.
Alternatively, the blade change timng nmay be the timng
at whi ch one workpiece 200 is being processed or nay be
the timng of changing the workpiece 200 in continuously
processing a plurality of workpieces 200.

The cutting blade changing nethod is a nethod of

changi ng each cutting blade 21 by using the transfer jig
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100 in the cutting apparatus 1 depicted in FIG 1. As
depicted in FIG 15, the cutting bl ade changi ng net hod
includes a transfer step ST1, a transfer jig holding step
ST2, a renoving step ST3, a nounting step ST4, and a
returning step ST5.

(Transfer step)

FIG 16 is a perspective view depicting a condition
where the transfer jig 100 has been taken out of the
cassette 61 and then set on the rails 812 in the transfer
step ST1 of the cutting blade changing nethod depicted in
FIG 15. FIG 17 is a perspective view depicting a
condition where the transfer jig 100 taken out of the
cassette 61 is held under suction by the transfer arm 82
in the transfer step ST1 of the cutting bl ade changi ng
nmet hod depicted in FIG 15.

The transfer step ST1 is the step of transferring
the transfer jig 100 to the chuck table 10 of the
processing unit 2 by operating the transfer unit 80, in
which a plurality of cutting blades 21 as repl acenent
parts are previously set in the receiving portions 101 of
the transfer jig 100 in the condition where one of al
the receiving portions 101 is left as an enpty receiving
portion. In the transfer step ST1l, the control unit 4

operates the cassette elevator 60 to nake the | evel of
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the sl ot 63 supporting the transfer jig 100 in the
cassette 61 equal to the level of the rails 812 of the
tenporary setting unit 81. Thereafter, the control unit 4
operates the handling unit 811 to take the transfer jig
100 out of the cassette 61 and next set the transfer jig
100 on the rails 812 as depicted in FIG 16.

In the transfer step ST1, the control unit 4 next
operates one of the two transfer arns 82 to hol d under
suction the transfer jig 100 set on the rails 812 as
depicted in FIG 17 and next operates the transfer arm 82
to transfer the transfer jig 100 to the chuck table 10.
Thereafter, the program proceeds to the transfer jig
hol di ng step ST2.

(Transfer jig holding step)

FIG 18 is a perspective view depicting a condition
where the transfer jig 100 is held in position by the
plural transfer jig holding nmenbers 15 in the transfer
jig holding step ST2 of the cutting blade changi ng net hod
depicted in FIG 15. The transfer jig holding step ST2 is
the step of holding the transfer jig 100 above the chuck
table 10 by using the plural transfer jig holding nenbers
15.

In the transfer jig holding step ST2, the contro

unit 4 operates the X noving unit to nove the chuck table
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10 to the standby area 92 and then operates the transfer
arm 82 holding the transfer jig 100 to position the
transfer jig 100 above the plural transfer jig holding
menbers 15 in such a manner that the outer circunference
of the transfer jig 100 is positioned above the inner
surfaces of the step portions 17 of the plural transfer
jig holding nenbers 15. Thereafter, the control unit 4
operates the transfer arm82 to bring the outer
circunference of the transfer jig 100 into abut nent
agai nst the inner surfaces of the step portions 17 of the
plural transfer jig holding nmenbers 15. At this tinme, the
| oner surface of the transfer jig 100 in its periphera
portion is placed on the flat portion 16 of each transfer
ji1g holding nenber 15 as depicted in FIG 18. Thereafter
the suction holding of the transfer jig 100 by the
transfer arm82 is canceled, and the transfer arm82 is
retracted fromthe chuck table 10. Thereafter, the
program proceeds to the renoving step ST3. In FIG 18,
the receiving portions 101 and the cutting bl ades 21 of
the transfer jig 100 are not depi cted.
(Renpvi ng step)

FIG 19 is a perspective view depicting a condition
where the fastening nut 26 has been renoved in the

renmovi ng step ST3 of the cutting blade changi ng net hod
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depicted in FIG 15. FIG 20 is a perspective view
depicting a condition where the cutting blade 21 to be
repl aced by a new one has been renpved in the renoving
step ST3 of the cutting blade changi ng nethod depicted in
FIG 15. FIG 21 is a perspective view depicting a
condition where the cutting blade 21 renoved has been
recei ved by the enpty receiving portion 101 of the
transfer jig 100 in the renoving step ST3 of the cutting
bl ade changi ng net hod depicted in FIG 15.

The renoving step ST3 is the step of renoving the
old cutting blade 21 (which will be hereinafter denoted
by reference nuneral 21-1) to be replaced by a new one
fromthe spindle 23 by using the blade changing unit 3.
In the renoving step ST3, the control unit 4 operates the
nmoving unit and the rotating portion 313 of the bl ade
changing unit 3 to nmake the nut hol der 32 be opposed to
the fastening nut 26 in the Y direction, in which the old
cutting blade 21-1 is fixed to the bl ade nounti ng nenber
24 by the fastening nut 26. Thereafter, the control unit
4 operates the second air cylinder 325 to contract the
pi ston rod 325a, thereby setting the operating ring 324
in the inoperative position depicted by the solid line in
FIG 9. Thereafter, the control unit 4 operates the air

cylinder for the nut holder 32 to expand the piston rod,
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thereby bringing the end surface of the rotating nmenber
323 into abutnent against the fastening nut 26.

Thereafter, the control unit 4 operates the second
air cylinder 325 to expand the piston rod 325a, thereby
setting the operating ring 324 in the operative position
depi cted by the phantomline in FIG 9. Accordingly, the
cl aw 337 of each hol ding nenber 330 cones into engagenent
with the annul ar groove 262 of the fastening nut 26.
Thereafter, the control unit 4 operates the electric
notor 322 to rotate the rotating nenber 323 in a
direction where the fastening nut 26 is disengaged from
the external thread 243. Accordingly, the pins 332 cone
i nto engagenent with the pin engagi ng hol es 261,
respectively. As a result, the fastening nut 26 is
rotated together with the rotating nenber 323 in the nut
di sengagi ng direction.

The electric notor 322 is operated to rotate the
rotating nenber 323 for a predeterm ned period of tine.
Accordingly, the fastening nut 26 is di sengaged fromthe
external thread 243 forned on the nounting portion 241 of
the bl ade nounting nenber 24. Thereafter, in the
condi tion where the operative position of the operating
ring 324 depicted by the phantomline in FIG 9 is

mai nt ai ned, the control unit 4 operates the air cylinder
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for the nut holder 32 to contract the piston rod as
depicted in FIG 19.

When the noving unit and the rotating portion 313
of the blade changing unit 3 is operated by the contro
unit 4, the blade chuck 34 is also nmade to be opposed to
t he support base 212 of the old cutting blade 21-1 in the
Y direction. In this condition, the control unit 4
operates the air cylinder for the blade chuck 34 to
expand the piston rod. Accordingly, the suction hol ding
portion 342 of the bl ade chuck 34 cones into abutnent
agai nst the support base 212 of the old cutting bl ade 21-
1 as depicted in FIG 20, so that the support base 212 of
the old cutting blade 21-1 is held under suction by the
suction holding portion 342. Thereafter, in the condition
where the support base 212 of the old cutting blade 21-1
I's held under suction by the suction holding portion 342,
the control unit 4 operates the air cylinder for the
bl ade chuck 34 to contract the piston rod.

Thereafter, the control unit 4 operates the noving
unit and the rotating portion 313 of the blade changi ng
unit 3 and the X noving unit to nmake the bl ade chuck 34
be opposed to the enpty receiving portion 101 of the
transfer jig 100 positioned above the chuck table 10 in

the Z direction, in which no cutting blade 21 is present
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in the enpty receiving portion 101. Thereafter, the
control unit 4 operates the air cylinder for the bl ade
chuck 34 to expand the piston rod, thereby storing the
old cutting blade 21-1 held by the suction hol di ng
portion 342 into the enpty receiving portion 101 of the
transfer jig 100 as depicted in FIG 21. Thereafter, the
suction holding of the old cutting blade 21-1 by the
suction holding portion 342 is canceled. Then, the
program proceeds to the nounting step ST4.

(Mounti ng step)

FIG 22 is a perspective view depicting a condition
where a new cutting blade 21 has been held under suction
by the bl ade chuck 34 in the nounting step ST4 of the
cutting bl ade changing nethod depicted in FIG 15. FIG
23 is a perspective view depicting a condition where the
new cutting blade 21 held by the blade chuck 34 is about
to be nounted on the blade nounting nmenber 24 in the
nounting step ST4 of the cutting bl ade changi ng nmet hod
depicted in FIG 15. FIG 24 is a perspective view
depicting a condition where the fastening nut 26 held by
the nut holder 32 is about to be nounted on the bl ade
nounting nenber 24 in the nounting step ST4 of the
cutting bl ade changing nethod depicted in FIG 15.

The nmounting step ST4 is the step of nounting the
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new cutting blade 21 (which will be hereinafter denoted
by reference nuneral 21-2) as a replacenent part set on
the transfer jig 100 to the spindle 23 by using the bl ade
changing unit 3. In the nounting step ST4, the contro
unit 4 operates the noving unit of the bl ade changi ng
unit 3 and the X noving unit to nmake the bl ade chuck 34
be opposed to any one of the plural receiving portions
101 of the transfer jig 100 pl aced above the chuck table
10 in the Z direction, in which the plural new cutting
bl ades 21-2 are previously stored in the plural receiving
portions 101. Thereafter, the control unit 4 operates the
air cylinder for the blade chuck 34 to expand the piston
rod, thereby bringing the support base 212 of the new
cutting blade 21-2 into abutnment against the suction
hol di ng portion 342 as depicted in FIG 22, so that the
support base 212 of the new cutting blade 21-2 is held
under suction by the suction holding portion 342.
Thereafter, the control unit 4 operates the air
cylinder for the blade chuck 34 to contract the piston
rod and then operates the noving unit and the rotating
portion 313 of the blade changing unit 3 to nmake the
bl ade chuck 34 be opposed to the blade nmounting nmenber 24
in the Y direction, in which the old cutting blade 21-1

has al ready been renoved fromthe bl ade nounti ng nenber
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24. Thereafter, the control unit 4 operates the air
cylinder for the blade chuck 34 to expand the piston rod
as depicted in FIG 23, thereby engagi ng the nounting
hol e 214 of the support base 212 of the new cutting bl ade
21-2 held by the blade chuck 34 with the nounting portion
241 of the bl ade nounting nmenber 24. Thus, the new
cutting blade 21-2 is nounted on the bl ade nounti ng
menber 24. Thereafter, the suction holding of the new
cutting blade 21-2 by the bl ade chuck 34 is cancel ed, and
the piston rod of the air cylinder for the blade chuck 34
is contracted as depicted in FIG 24.

Thereafter, the control unit 4 operates the noving
unit of the blade changing unit 3 to nmake the nut hol der
32 be opposed to the blade nounting nenber 24 in the Y
direction, in which the new cutting blade 21-2 has
al ready been nounted on the bl ade nounting nenber 24.
Thereafter, the control unit 4 operates the air cylinder
for the nut holder 32 to expand the piston rod and then
operates the electric notor 322 to rotate the rotating
menber 323 in a direction where the fastening nut 26 is
engaged with the external thread 243. The electric notor
322 is operated to rotate the rotating nenber 323 for a
predeterm ned period of time in the nut engagi ng

direction. As aresult, the fastening nut 26 is engaged
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with the external thread 243 formed on the nounting
portion 241 of the blade nounting nenber 24.

Thereafter, the control unit 4 operates the second
air cylinder 325 to nove the operating ring 324 to the
I noperative position depicted by the solid Iline in FIG 9.
As a result, the claw 337 of each hol ding nenber 330 is
di sengaged fromthe annul ar groove 262 of the fastening
nut 26. In the condition where the operating ring 324 is
kept in the inoperative position depicted by the solid
line in FIG 9, the control unit 4 operates the air
cylinder for the nut holder 32 to contract the piston rod
and then operates the rotating portion 313 to nake the
nut hol der 32 and the bl ade chuck 34 be directed downward.
Thereafter, the control unit 4 operates the noving unit
to nove the bl ade changing unit 3 to the standby position
defi ned behind the support frame 5. Then, the program
proceeds to the returning step ST5.

(Returning step)

FIG 25 is a perspective view depicting a condition
where the transfer jig 100 positioned above the chuck
table 10 is held under suction by the transfer arm82 in
the returning step ST5 of the cutting bl ade changi ng
nmet hod depicted in FIG 15. FIG 26 is a perspective view

depicting a condition where the transfer jig 100 set on
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the rails 812 is about to be stored into the cassette 61
in the returning step ST5 of the cutting bl ade changi ng
nmet hod depicted in FIG 15.

The returning step ST5 is the step of returning the
transfer jig 100 carrying the old cutting blade 21-1 to
the cassette 61 by using the transfer unit 80, in which
the old cutting blade 21-1 renoved fromthe spindle 23 is
present in the receiving portion 101 of the transfer jig
100. In the returning step ST5, the control unit 4
operates the X noving unit to nove the chuck table 10 to
the standby area 92 and then operates the transfer arm 82
to hold under suction the transfer jig 100 positioned
above the chuck table 10 as depicted in FIG 25.
Thereafter, the control unit 4 operates the transfer arm
82 to set the transfer jig 100 on the rails 812 and then
cancels the suction holding of the transfer jig 100 by
the transfer arm 82 as depicted in FIG 26. Thereafter
the control unit 4 operates the handling unit 811 of the
tenporary setting unit 81 to transfer the transfer jig
100 fromthe rails 812 into the original slot 63 of the
cassette 61. In this manner, the cutting bl ade changi ng
met hod i s finished.

In the cutting blade changi ng nethod and the

transfer jig 100 according to the first preferred
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enbodi nent nenti oned above, the transfer jig 100 having
the new cutting blade 21-2 is transferred to the position
above the chuck table 10 of the processing unit 2 by the
transfer unit 80. In this condition, the old cutting

bl ade 21-1 to be replaced by the new cutting bl ade 21-2
is renoved fromthe cutting unit 20 by the bl ade changi ng
unit 3, and the new cutting blade 21-2 is nounted to the
cutting unit 20. Further, the outside shape of the
transfer jig 100 is the sane as the outside shape of the
annul ar frame 211 as viewed in plan. Accordingly, in the
cutting bl ade changi ng nethod using the transfer jig 100,
the cutting blade 21 (new cutting bl ade 21-2) can be
automatically supplied to the processing unit 2 by
utilizing the transfer unit 80 for use in transferring

t he wor kpi ece 200 wi t hout addi ng any special transfer
mechanism As a result, in the cutting blade changing
net hod using the transfer jig 100, the nunber of steps
required for replacenent of the cutting blade 21 can be
reduced.

Further, in the cutting blade changi ng net hod
according to the first preferred enbodi nent, each clanp
12 of the chuck table 10 is provided with the transfer
jig holding nenber 15. Accordingly, even when the

wor kpi ece 200 is held on the chuck table 10 under sucti on,
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the transfer jig 100 can be held above the chuck table 10
(above the workpi ece 200) by each transfer jig holding
menber 15. As a result, even when the workpiece 200 is
hel d on the chuck table 10 in the cutting operation, the
cutting blade 21 can be changed in the condition where
the transfer jig 100 is held above the chuck table 10.

Further, in the cutting blade changi ng net hod
according to the first preferred enbodi nent, the transfer
j1g 100 can be stored in the cassette 61, so that the
space for storing the transfer jig 100 can be m nim zed.
Further, since the transfer jig 100 can be stored in the
cassette 61, the new cutting blade 21-2 can be
automatically supplied by installing the blade changing
unit 3 in the existing apparatus.
<Modi fi cati on>

A cutting bl ade changing nethod and a transfer jig
according to a nodification of the first preferred
enbodi nent will now be described with reference to the
drawings. FIG 27 is an enlarged sectional view of an
essential part of the transfer jig according to the
nodi fication of the first preferred enbodinent. In FIG
27, substantially the same parts as those in the first
preferred enbodi nent are denoted by the sane reference

nuneral s, and the description thereof wll be omtted.
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The transfer jig 100 according to the nodification
of the first preferred enbodi nent depicted in FIG 27 has
a plurality of receiving portions 101 simlar to those
depicted in FIG 10, and each receiving portion 101 has a
positioning projection 103 provided with a plurality of
bal | plungers 104. Each ball plunger 104 is adapted to
engage with the inner circunference of the support base
212 of each cutting blade 21. The plural ball plungers
104 are arranged at equal intervals in the
circunferential direction of the positioning projection
103. The positioning projection 103 is fornmed with a
plurality of through holes 105 respectively correspondi ng
to the plural ball plungers 104. That is, each bal
plunger 104 is inserted in the correspondi ng through hol e
105. Each ball plunger 104 inserted in the correspondi ng
through hole 105 is nornmally biased by a conpression
spring 106 in a direction where each ball plunger 104
partially projects fromthe outer circunferential surface
of the positioning projection 103. The dianeter of each
through hole 105 at its outer end exposed to the outer
circunferential surface of the positioning projection 103
is set smaller than the dianmeter of each ball plunger 104,
t hereby preventing the fall of each ball plunger 104.

As descri bed above, each ball plunger 104 partially
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projects fromthe outer circunferential surface of the
positioning projection 103, so that each ball plunger 104
comes i nto engagenent with the inner circunference of the
support base 212 of each cutting blade 21, and the
support base 212 of each cutting blade 21 is finally held
in position between the upper surface of the transfer jig
100 and each ball plunger 104. Further, when the nounting
hol e 343 of the suction holding portion 342 of the bl ade
chuck 34 of the blade changing unit 3 is engaged with the
positioning projection 103, each ball plunger 104 is
depressed by the inner surface of the nounting hole 343
agai nst the biasing force of the conpression spring 106,
so that the engagenent of each ball plunger 104 with the
i nner circunference of the support base 212 of each
cutting blade 21 can be cancel ed. Accordingly, the
support base 212 of each cutting blade 21 can be held
under suction by the suction holding portion 342.

The cutting bl ade changi ng nmethod and the transfer
jig 100 according to the present nodification can exhibit
an effect simlar to that of the first preferred
enbodi nent. That is, the cutting blade 21 can be
automatically supplied to the processing unit 2 by
utilizing the transfer unit 80 for use in transferring

t he workpi ece 200 wi t hout addi ng any special transfer
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mechanism As a result, the nunber of steps required for
repl acenent of the cutting blade 21 can be reduced.

Further, in the cutting blade changi ng net hod and
the transfer jig 100 according to the present
nodi fi cation, the positioning projection 103 of each
receiving portion 101 has the plural ball plungers 104
adapted to engage with the inner circunference of the
support base 212 of each cutting blade 21. Accordingly,
during the transfer of the transfer jig 100, possible
di spl acenent of each cutting blade 21 fromthe
positioning projection 103 of each receiving portion 101
of the transfer jig 100 can be suppressed.
<Second Preferred Enbodi nent>

A cutting bl ade changing nethod and a transfer jig
according to a second preferred enbodi nent of the present
invention will now be described with reference to the
drawings. FIG 28 is a perspective view of an essentia
part of a cutting apparatus for performng the cutting
bl ade changi ng net hod according to the second preferred
enbodinent. FIG 29 is a perspective view of the transfer
jig according to the second preferred enbodinent. In FIGS.
28 and 29, substantially the sanme parts as those of the
first preferred enbodi nent are denoted by the sane

reference nunerals, and the description thereof wll be

57



om tted.

Referring to FIG 28, there is depicted a cutting
apparatus 1-2 for performng the cutting bl ade changi ng
nmet hod according to the second preferred enbodi nent. The
cutting apparatus 1-2 includes a processing unit 2-2
having a pair of auxiliary chuck tables 111 for
respectively nounting a pair of dressing boards 110.
Referring to FIG 29, there is depicted a transfer jig
100-2 according to the second preferred enbodi nent. The
transfer jig 100-2 functions to transfer the dressing
board 110 as a consunabl e conponent to each auxiliary
chuck table 111 of the processing unit 2-2. The other
configuration is the sane as that of the first preferred
enbodi nent .

Each auxiliary chuck table 111 functions to
detachably nmount the dressing board 110. Each auxiliary
chuck table 111 is novable in the X direction together
with the chuck table 10. Each auxiliary chuck table 111
Is rectangul ar as viewed in plan and has an upper surface
for nounting the dressing board 110. The upper surface of
each auxiliary chuck table 111 is set at the sane |evel
as that of the holding surface 11 of the chuck table 10.
Each auxiliary chuck table 111 is connected to a vacuum

source (not depicted), so that when a vacuum produced by
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the vacuum source is applied to each auxiliary chuck
table 111, the dressing board 110 pl aced on the upper
surface of each auxiliary chuck table 111 is held under
suction on each auxiliary chuck table 111. 1In the second
preferred enbodi nent, the two auxiliary chuck tables 111
respectively correspond to the two cutting units 20, and
the dressing board 110 held on each auxiliary chuck table
111 is suitable for the kind of the cutting blade 21 of
the correspondi ng cutting unit 20.

Each dressing board 110 functions to dress the
cutting blade 21 reduced in its cutting performance due
to loading or dulling, thereby restoring the cutting
performance of the cutting blade 21. Thus, dressing the
cutting blade 21 neans restoring the cutting performance
of the cutting blade 21.

Each dressing board 110 is a rectangul ar plate
havi ng substantially the sane shape as that of the upper
surface of each auxiliary chuck table 111 as viewed in
pl an. Each dressing board 110 is configured by m xing
abrasive grains such as WA (white alundum or al um na)
and GC (green carbonite, or silicon carbide) in a bond
formed of resin or ceramic.

As depicted in FIG 29, the transfer jig 100-2

according to the second preferred enbodi nent has a
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plurality of receiving portions 101-2 for respectively
receiving a plurality of dressing boards 110. Each
receiving portion 101-2 has a rectangular side wall 102-2,
i n which the outside shape of the rectangul ar space
defined by the rectangul ar side wall 102-2 is the sane as
t he outsi de shape of each dressing board 110 as viewed in
plan. That is, the rectangul ar space defined by the
rectangul ar side wall 102-2 is adapted to just receive
each dressing board 110. The transfer jig 100-2 according
to the second preferred enbodi nent can be stored into one
of the slots 63 in the cassette 61 as simlar to the
annul ar frame 211 in the condition where the plura
dressi ng boards 110 are received in the plural receiving
portions 101-2, respectively. Further, the transfer jig
100-2 can be transferred by the transfer unit 80 as
simlar to the annular frame 211. That is, the transfer
jig 100-2 is transferred between the cassette 61 and the
chuck table 10 by using the transfer unit 80 for conmon
use in transferring the workpiece 200.

The cutting apparatus 1-2 depicted in FIG 28
i ncl udes a changing unit (not depicted) for changing the
dressing board 110 held on each auxiliary chuck table 111.
The changi ng unit does not include the nut hol der 32 and

i ncl udes the bl ade chuck 34 adapted to hold the dressing
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board 110 under suction. The other configuration of this
changing unit is the sane as that of the blade changi ng
unit 3.

The cutting bl ade changi ng nethod and the transfer
ji1g 100-2 according to the second preferred enbodi nent
can exhibit an effect simlar to that of the first
preferred enbodinent. That is, the dressing board 110 can
be automatically supplied to the processing unit 2-2 by
utilizing the transfer unit 80 for use in transferring
t he wor kpi ece 200 wi t hout addi ng any special transfer
mechanism As a result, the nunber of steps required for
repl acenent of the dressing board 110 can be reduced.
<First Modification>

A cutting bl ade changing nethod and a transfer jig
according to a first nodification of the first and second
preferred enbodi nents will now be described with
reference to the drawings. FIG 30 is a plan view
depi cting the configuration of manufacturing equi pnent
including a plurality of cutting apparatuses for
perform ng the cutting blade changi ng nethod according to
the first nodification. In FIG 30, substantially the
sanme parts as those of the first and second preferred
enbodi nents are denoted by the same reference nunerals,

and the description thereof will be omtted.

61



In the cutting blade changi ng nmethod according to
the first nodification, manufacturing equipnment 300
including a plurality of cutting apparatuses 1 or 1-2 and
a conveyor 301 for carrying a plurality of trays 302 are
used, in which a transfer jig 100 or 100-2 and a
plurality of workpieces 200 are held on the plural trays
302. The other configuration of the first nodification is
the sane as those of the first and second preferred
enbodi nents. In the first and second preferred
enbodi nents nenti oned above, the transfer jig 100 or 100-
2 is supplied fromthe cassette 61 to the processing unit
2 or 2-2. In contrast thereto, in the first nodification
depicted in FIG 30, the transfer jig 100 or 100-2 is
supplied fromone of the plural trays 302 to the
processing unit 2 or 2-2, in which the plural trays 302
are circulated by the conveyor 301. In FIG 30, the
cutting blade 21 held on the transfer jig 100 or the
dressing board 110 held on the transfer jig 100-2 is not
depi ct ed.

The cutting bl ade changi ng nmethod and the transfer
jig 100 or 100-2 according to the first nodification can
exhibit an effect simlar to that of the first preferred
enbodi nent. That is, the cutting blade 21 or the dressing

board 110 can be autonmatically supplied to the processing
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unit 2 or 2-2 by utilizing the transfer unit 80 for use
in transferring the workpi ece 200 w t hout addi ng any
speci al transfer nechanism As a result, the nunber of
steps required for replacenent of the cutting blade 21 or
the dressing board 110 can be reduced.
<Second Mbdi ficati on>

A cutting bl ade changing nethod and a transfer jig
according to a second nodification of the first and
second preferred enbodi nents will now be described with
reference to the drawings. FIG 31 is an elevational view
depicting the configuration of a cutting apparatus and
its peripheral equipnent for performng the cutting bl ade
changi ng nmet hod according to the second nodification. 1In
FIG 31, substantially the sane parts as those of the
first and second preferred enbodi nents are denoted by the
sanme reference nunerals, and the description thereof wl
be om tted.

In the cutting blade changi ng nmethod according to
the second nodification, an autonmatic transfer system 400
depicted in FIG 31 is used to supply a cassette 61 to
the cutting apparatus 1 or 1-2. The other configuration
is the sane as those of the first and second preferred
enbodi nents. The automatic transfer system 400 functions

to transfer the cassette 61 storing the transfer jig 100
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or 100-2 to/fromthe upper surface of the cassette

el evator 60 of the cutting apparatus 1 or 1-2. 1In the
second nodification, the cassette 61 is provided with an
upper projection 64.

In the second nodification, the automatic transfer
system 400 adopts an overhead hoi st transfer (CHT)
including a transfer path 401 provided on the ceiling of
producti on equi pnent, a holding portion 402 adapted to
travel along the transfer path 401 for hol ding the upper
projection 64 of the cassette 61, and a control unit (not
depi cted) configured by a conputer for controlling the
traveling condition of the holding portion 402. 1In the
second nodi fication, another cassette 61 can be stored in
the cassette elevator 60. That is, two cassettes 61 are
vertically arranged so as to be spaced from each other in
the Z direction. However, the present invention is not
limted to the configuration depicted in FIG 31. The
| ower cassette 61 depicted in FIG 31 can be horizontally
taken into/fromthe cassette elevator 60 through its side
openi ng (not depicted). In the present invention, the
automatic transfer system400 is not limted to such an
OHT, but may be any system using an unnmanned transfer
vehi cl e such as over head shuttle (OHS), automatic gui ded

vehicle (AGY), and rail guided vehicle (RGY)
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The cutting bl ade changi ng nmethod and the transfer
jig 100 or 100-2 according to the second nodification can
exhibit an effect simlar to that of the first preferred
enbodi nent. That is, the cutting blade 21 or the dressing
board 110 can be autonmatically supplied to the processing
unit 2 or 2-2 by utilizing the transfer unit 80 for use
in transferring the workpi ece 200 w t hout addi ng any
speci al transfer nechanism AS a result, the nunber of
steps required for replacenent of the cutting blade 21 or
the dressing board 110 can be reduced.

Furthernore, the cassette 61 storing the transfer
jig 100 or 100-2 is transferred to/fromthe cutting
apparatus 1 or 1-2 by the automatic transfer system 400
according to the second nodification, so that the cutting
bl ade 21 or the dressing board 110 as a consumabl e
conponent can be automatically suppli ed.
<Third Modification>

A cutting blade changing method and a transfer jig
according to a third nodification of the first and second
preferred enbodi nents will now be described with
reference to the drawings. FIG 32 is a perspective view
depicting an essential part of a chuck table in a cutting
apparatus for performng the cutting bl ade changi ng

met hod according to the third nodification. FIG 33 is a
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perspective viewsimlar to FIG 32, depicting a
condition where the transfer jig is held on the chuck
tabl e under suction. In FIGS. 32 and 33, substantially
the sane parts as those of the first and second preferred
enbodi nents are denoted by the sane reference nunerals,
and the description thereof will be omtted.

In the third nodification, the cutting apparatus 1
or 1-2 does not include the transfer jig hol ding nenbers
15 depicted in FIG 32. The other configuration is the
sanme as those of the first and second preferred
enbodi nents. In the cutting apparatus 1 or 1-2 depicted
in FIGS. 32 and 33, the transfer jig 100 or 100-2 is held
on the holding surface 11 of the chuck table 10 under
suction, and the peripheral portion of the transfer jig
100 or 100-2 is clanped by the clanps 12. In FIGS. 32 and
33, the cutting blades 21 held by the transfer jig 100 or
the dressing boards 110 held by the transfer jig 100-2
are not depi cted.

The cutting bl ade changi ng nethod and the transfer
jig 100 or 100-2 according to the third nodification can
exhibit an effect simlar to that of the first preferred
enbodi nent. That is, the cutting blade 21 or the dressing
board 110 can be automatically supplied to the processing

unit 2 or 2-2 by utilizing the transfer unit 80 for use
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in transferring the workpi ece 200 wi t hout addi ng any
speci al transfer nechanism As a result, the nunber of
steps required for replacenent of the cutting blade 21 or
the dressing board 110 can be reduced.
<Fourth Mbdification>

A cutting blade changing nmethod and a transfer jig
according to a fourth nodification of the first and
second preferred enbodi nents will now be described with
reference to the drawings. FIG 34 is a perspective view
depicting the configuration of a cassette elevator in a
cutting apparatus for performng the cutting bl ade
changi ng nmet hod according to the fourth nodification. In
FIG 34, substantially the sanme parts as those of the
first and second preferred enbodi nents are denoted by the
sanme reference nunerals, and the description thereof wll
be om tted.

In the cutting apparatus 1 or 1-2 depicted in FIG
34, the cassette elevator 60 includes an inspection unit
65 for storing and inspecting the workpi ece 200, and the
transfer jig 100 or 100-2 is stored in the inspection
unit 65. The other configuration is the sane as those of
the first and second preferred enbodi nents. 1In the
cutting apparatus 1 or 1-2 depicted in FIG 34, the

transfer jig 100 or 100-2 is taken out of/into the
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i nspection unit 65 of the cassette elevator 60. In FIG
34, the cutting blades 21 held by the transfer jig 100 or
the dressing board 110 held by the transfer jig 100-2 are
not depi cted.

The cutting bl ade changi ng net hod and the transfer
jig 100 or 100-2 according to the fourth nodification can
exhibit an effect simlar to that of the first preferred
enbodi nent. That is, the cutting blade 21 or the dressing
board 110 can be automatically supplied to the processing
unit 2 or 2-2 by utilizing the transfer unit 80 for use
in transferring the workpiece 200 wi t hout addi ng any
speci al transfer nechanism As a result, the nunber of
steps required for replacenent of the cutting blade 21 or
the dressing board 110 can be reduced.

The present invention is not limted to the
preferred enbodi nents and the nodifications nentioned
above, but various other nodifications may be nade
wi t hout departing fromthe scope of the present invention.
For exanple, while the transfer jig 100 hol di ng the
cutting blades 21 is stored in the cassette 61 in the
first preferred enbodi nent and the transfer jig 100-2
hol di ng the dressing boards 110 is stored in the cassette
61 in the second preferred enbodi ment, both the transfer

ji1g 100 holding the cutting blades 21 and the transfer
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jig 100-2 holding the dressing boards 110 nay be stored
in the sane cassette 61

Further, while the cutting blade 21 is fixed to the
spindle 23 by using the fastening nut 26 in the above
preferred enbodi nents, each cutting unit 20 may include a
vacuum spi ndl e adapted to nount the cutting blade 21 by
using a vacuum In this case, the blade changing unit 3
may exclude the nut holder 32. Further, the nut hol der 32
is configured so that the fastening nut 26 is held by the
hol di ng nmenbers 330, and the bl ade chuck 34 is configured
so that the cutting blade 21 is held by using a vacuumin
t he above preferred enbodi nents. As a nodification, both
the nut holder 32 and the bl ade chuck 34 nmay enpl oy
hol di ng nmenbers. Alternatively, both the nut hol der 32
and the bl ade chuck 34 may use a vacuum

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 clai ns 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.
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WHAT IS CLAIMED IS:

1. In a cutting apparatus including a base and a
chuck table configured for holding a workpiece on a
holding surface thereof, wherein the chuck table is
configured and arranged to rotate with respect to the
base about an axis of rotation, a processing unit having
a spindle and a cutting blade detachably mounted on said
spindle, transfer means supplying said workpiece to said
processing unit, and cutting blade changing means
changing said cutting blade;

a cutting blade changing method using a transfer Jjig
having a plurality of receiving portions each adapted to
receive a new cutting blade as a replacement component
and said cutting blade changed by said cutting blade
changing means, said cutting blade changing method
comprising:

a transfer step of transferring said transfer jig
previously stored in a cassette to said chuck table of
sald processing unit by using said transfer means to
remove said transfer jig from said cassette in a
condition where said new cutting blade is received in one
of said plurality of receiving portions of said transfer
jig, said transfer means also being used in transferring

the workpiece;
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a transfer jig holding step of holding said transfer
jig above said chuck table by using transfer jig holding
means to place said transfer jig above said chuck table
after performing said transfer step, the transfer jig
being held above said chuck table by the transfer jig
holding means such that a straight line, which extends
parallel to the axis of rotation about which the chuck
table rotates, intersects each of the transfer jig and
the chuck table;

a removing step of removing said cutting blade from
said processing unit by using said cutting blade changing
means and next placing said removed cutting blade into
another one of said plurality of receiving portions of
salid transfer jig, after performing said transfer jig
holding step;

a mounting step of taking said new cutting blade
from said one of said plurality of receiving portions of
said transfer jig by using said cutting blade changing
means and next mounting said new cutting blade to said
processing unit, after performing said removing step; and

a returning step of returning said transfer jig from
said processing unit to said cassette by using said
transfer means in a condition where said cutting blade

removed from said processing unit is received in said
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another one of said plurality of receiving portions of
said transfer jig, after performing said mounting step.

2. The cutting blade changing method according to
claim 1, wherein:

said new cutting blade and said removed cutting
blade each include a respective central mounting hole;
and

said plurality of receiving portions each comprise a
respective cylindrical wall and a respective positioning
projection formed within the associated cylindrical wall,
wherein said positioning projection is configured and
arranged to receive said central mounting hole of one of
sald new cutting blade and said removed cutting blade.

3. The cutting blade changing method according to
claim 1, wherein said transfer means includes a pair of
transfer arms that are each connected to an arm portion.

4. The cutting blade changing method according to
claim 1, wherein:

said workpiece comprises a semiconductor wafer, and
further wherein said semiconductor wafer is supported by
an annular frame via adhesive tape; and

said cassette includes a plurality of slots that
are each configured to receive either said annular frame

or said transfer jig.
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5. The cutting blade changing method according to
claim 1, wherein said cassette is configured and arranged
for storing said workpiece and said transfer jig.

6. A cutting blade changing method for use with a
cutting apparatus that includes a base and a chuck table
configured for holding a workpiece on a holding surface
thereof, wherein the chuck table 1is configured and
arranged to rotate with respect to the base about an axis
of rotation, a processing unit having a spindle and a
cutting Dblade detachably mounted on said spindle,
transfer means for supplying said workpiece to said
processing unit, and cutting blade changing means for
changing said cutting blade, said cutting blade changing
method wusing a transfer 3Jjig having a plurality of
receiving portions that are each adapted to receive
either a new cutting blade as a replacement component or
said cutting blade changed by said cutting blade changing
means, said cutting blade changing method comprising:

a transfer step of transferring said transfer jig
previously stored in a cassette to said chuck table of
sald processing unit by using said transfer means to
remove said transfer Jjig from said cassette in a
condition where said new cutting blade is received in one

of said plurality of receiving portions of said transfer
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jig, said transfer means also being used in transferring
the workpiece;

a transfer Jjig holding step of holding said
transfer jig above said chuck table by using transfer jig
holding means to place said transfer jig above said chuck
table after performing said transfer step, the transfer
Jig being held above said chuck table by the transfer jig
holding means such that a straight line, which extends
parallel to the axis of rotation about which the chuck
table rotates, intersects each of the transfer jig and
the chuck table;

a removing step of removing said cutting blade from
said processing unit by using said cutting blade changing
means and next placing said removed cutting blade into
another one of said plurality of receiving portions of
salid transfer Jig, after performing said transfer 7Jig
holding step;

a mounting step of taking said new cutting blade
from said one of said plurality of receiving portions of
said transfer jig by using said cutting blade changing
means and next mounting said new cutting blade to said
processing unit, after performing said removing step; and

a returning step of returning said transfer jig

from said processing unit to said cassette by using said
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transfer means in a condition where said cutting blade
removed from said processing unit is received in said
another one of said plurality of receiving portions of
said transfer jig, after performing said mounting step.

7. The cutting blade changing method according to
claim 6, wherein:

said new cutting blade and said removed cutting
blade each include a respective central mounting hole;
and

said plurality of receiving portions each comprise
a respective cylindrical wall and a respective
positioning projection formed within the associated
cylindrical wall, wherein said positioning projection is
configured and arranged to receive said central mounting
hole of one of said new cutting blade and said removed
cutting blade.

8. The cutting blade changing method according to
claim 6, wherein said transfer means includes a pair of
transfer arms that are each connected to an arm portion.

9. The cutting blade changing method according to
claim 6, wherein:

said workpiece comprises a semiconductor wafer, and
further wherein said semiconductor wafer is supported by

an annular frame via adhesive tape; and
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said cassette includes a plurality of slots that
are each configured to receive either said annular frame
or said transfer jig.

10. The cutting blade changing method according to
claim 6, wherein said cassette is configured and arranged
for storing said workpiece and said transfer jig.

11. In a cutting apparatus including a chuck table
holding a workpiece, a processing unit having a spindle
and a cutting blade detachably mounted on said spindle,
transfer means supplying said workpiece to said
processing unit, and cutting blade changing means
changing said cutting blade;

a cutting blade changing method using a transfer
Jig having a plurality of receiving portions each adapted
to receive a new cutting blade as a replacement component
and said cutting blade changed by said cutting blade
changing means, said cutting blade changing method
comprising:

a transfer step of transferring said transfer jig
previously stored in a cassette to said chuck table of
sald processing unit by using said transfer means to
remove said transfer Jjig from said cassette in a
condition where said new cutting blade is received in one

of said plurality of receiving portions of said transfer
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jig;

a transfer Jjig holding step of holding said
transfer jig above said chuck table by using transfer jig
holding means to place said transfer jig above said chuck
table after performing said transfer step;

a removing step of removing said cutting blade from
said processing unit by using said cutting blade changing
means and next placing said removed cutting blade into
another one of said plurality of receiving portions of
salid transfer Jjig, after performing said transfer Jjig
holding step;

a mounting step of taking said new cutting blade
from said one of said plurality of receiving portions of
said transfer jig by using said cutting blade changing
means and next mounting said new cutting blade to said
processing unit, after performing said removing step; and

a returning step of returning said transfer Jjig
from said processing unit to said cassette by using said
transfer means in a condition where said cutting blade
removed from said processing unit is received in said
another one of said plurality of receiving portions of
said transfer jig, after performing said mounting step,

wherein said cutting blade changing means includes

a rotating portion configured and arranged to be rotated
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about a central axis, a blade chuck that is configured
and arranged for holding either said new cutting blade
or said removed cutting blade under suction, and a nut
holder that is configured and arranged for removing and
installing a fastening nut that attaches said new or
removed cutting blade to said spindle of said processing
unit, wherein said blade chuck and said nut holder are
both attached to said rotating portion for rotation
therewith.

12. A cutting blade changing method for use with a
cutting apparatus that includes a chuck table holding a
workpiece, a processing unit having a spindle and a
cutting Dblade detachably mounted on said spindle,
transfer means for supplying said workpiece to said
processing unit, and cutting blade changing means for
changing said cutting blade, said cutting blade changing
method using a transfer 3Jjig having a plurality of
receiving portions that are each adapted to receive
either a new cutting blade as a replacement component or
said cutting blade changed by said cutting blade changing
means, said cutting blade changing method comprising:

a transfer step of transferring said transfer jig
previously stored in a cassette to said chuck table of

sald processing unit by using said transfer means to

78



remove said transfer Jjig from said cassette in a
condition where said new cutting blade is received in one
of said plurality of receiving portions of said transfer
Jig;

a transfer Jjig holding step of holding said
transfer jig above said chuck table by using transfer jig
holding means to place said transfer jig above said chuck
table after performing said transfer step;

a removing step of removing said cutting blade from
said processing unit by using said cutting blade changing
means and next placing said removed cutting blade into
another one of said plurality of receiving portions of
salid transfer Jjig, after performing said transfer Jjig
holding step;

a mounting step of taking said new cutting blade
from said one of said plurality of receiving portions of
said transfer jig by using said cutting blade changing
means and next mounting said new cutting blade to said
processing unit, after performing said removing step; and

a returning step of returning said transfer jig
from said processing unit to said cassette by using said
transfer means in a condition where said cutting blade
removed from said processing unit is received in said

another one of said plurality of receiving portions of
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said transfer jig, after performing said mounting step,
wherein said cutting blade changing means includes
a rotating portion configured and arranged to be rotated
about a central axis, a blade chuck that is configured
and arranged for holding either said new cutting blade
or said removed cutting blade under suction, and a nut
holder that is configured and arranged for removing and
installing a fastening nut that attaches said new or
removed cutting blade to said spindle of said processing
unit, wherein said blade chuck and said nut holder are
both attached to said rotating portion for rotation

therewith.
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