PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processing
apparatus that processes a workpi ece.

Description of the Related Art

Vari ous processing apparatuses such as cutting
appar at uses have conventionally been used to divide a
waf er such as a sem conductor wafer into individua
devi ce chips (see Japanese Patent Lai d-Open No. 2008-

4807, for exanple).

SUMVARY OF THE | NVENTI ON

A processing apparatus described in Japanese Patent
Lai d- Open No. 2008-4807 has a specification for notifying
an operator of an error that requires work by an
operator, by sounding an alarm when the error has
occurred. However, on a production site, the operator may
manage a plurality of processing apparatuses, and nay not
be able to imedi ately perform an operation for recovery
fromthe error to resune processing operation. Then, the
processi ng apparatus only waits in a state in which

processing is stopped. There is thus roomfor contrivance



for utilizing a standby tine period.

It is accordingly an object of the present
i nvention to provide a processing apparatus that can
effectively utilize a time period during which the
processi ng apparatus is stopped.

In accordance with an aspect of the present
i nvention, there is provided a processi ng apparat us
i ncluding a holding table having a hol ding surface
configured to hold a workpi ece, a processing unit
configured to process the workpi ece held on the hol ding
tabl e, a processing feed unit configured to nove the
hol ding table relative to the processing unit, an inaging
unit configured to i nage the workpiece held on the
hol ding table, and a control unit, the control unit
i ncluding an abnornality detecting section configured to
detect an abnormality in the processing apparatus, a
processi ng stopping section configured to stop processing
by the processing unit when an abnormality is detected,
and a data collecting section configured to collect data
related to the processing apparatus, during a standby
time period between stopping of the processing and
perform ng of an operation of recovery fromthe
abnormal ity by an operator.

Preferably, the control unit further includes a



data anal yzi ng section configured to analyze the data
collected by the data collecting section. Preferably, the
abnormal ity detecting section checks quality of a
processed groove from an i mage of the processed groove

I maged by the imaging unit.

Preferably, the processing apparatus further
includes a plurality of transporting units configured to
transport the workpiece in the processing apparatus, and
the abnormality detecting section detects an abnornality
in transportation by the transporting units. Preferably,
the data collecting section imges processed grooves in a
plurality of regions by driving the imging unit, and
collects imges of a plurality of the processed grooves
as the data.

Preferably, the processing unit includes a cutting
bl ade fixed to a distal end of a spindle and configured
to forma processed groove in the workpi ece and a notor
configured to rotate the spindle, the processing
apparatus further includes a dianeter detecting unit
configured to detect a dianmeter of the cutting blade, and
the data collecting section detects the dianmeter of the
cutting blade by the diameter detecting unit.

The present invention produces an effect of being

able to effectively utilize a tine period during which
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the processing apparatus is stopped.

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 wll best be understood froma study of
the followi ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view depicting an exanple
of a configuration of a processing apparatus according to
an enbodi nent;

FIG 2 is a side view schematically depicting,
partly in section, configurations of a cutting unit and a
hol ding table of the processing apparatus illustrated in
FIG 1;

FIG 3 is a perspective view of principal parts of
the cutting unit illustrated in FIG 2;

FIG 4 is a front view schematically depicting a
configuration of a dianmeter detecting unit of the
processi ng apparatus illustrated in FIG 1

FIG 5 is a plan view schenmatically depicting a

wor kpi ece that is under cutting processing by the
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processi ng apparatus illustrated in FIG 1

FIG 6 is a diagramdepicting an exanple of an
i mage obtained by imging a part of the workpiece at a
time of performng a kerf check during the cutting
processing by the processing apparatus illustrated in
FIG 1;

FIG 7 is a plan view depicting an exanple of a
waf er position at which i mage data as data collected by a
data coll ecting section of the processing apparatus
illustrated in FIG 1 is obtained,

FIG 8 is a plan view depicting anot her exanpl e of
the wafer position at which the inmge data as data
coll ected by the data collecting section of the
processing apparatus illustrated in FIG 1 is obtained;

FIG 9 is a diagramdepicting an exanple of a
di spl ay screen di splayed on a display unit when an
abnormal ity detecting section of a control unit of the
processing apparatus illustrated in FIG 1 detects a
chi pping size error;

FIG 10 is a diagram depicting an exanple of the
di spl ay screen that is displayed when a recovery region
or a data display region of the display screen
illustrated in FIG 9 is operated during obtai nnent of

the image data by the data collecting section;
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FIG 11 is a diagram depicting an exanple of the
di spl ay screen that is displayed when the data display
region of the display screen illustrated in FIG 9 is
operated after the obtainnent of the inage data by the
data col | ecting section; and

FIG 12 is a perspective view depicting an exanpl e
of a configuration of a processing apparatus according to

a nodification of the enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBCDI MENT

An enbodi ment of the present invention wll
herei nafter be described in detail with reference to the
drawi ngs. The present invention is not limted by
contents described in the follow ng enbodinment. In
addi tion, constituent elenents described in the follow ng
i ncl ude constituent elenments readily conceivabl e by those
skilled in the art and essentially identical constituent
el enents. Further, configurations described in the
follow ng can be conbined with each other as appropriate.
In addition, various om ssions, replacenents, or
nodi fications of configurations can be perfornmed w thout
departing fromthe spirit of the present invention.

A processing apparatus according to the enbodi nent

of the present invention will be described with reference



to the drawings. FIG 1 is a perspective view depicting
an exanple of a configuration of the processing apparatus
according to the enbodinent. FIG 2 is a side view
schematically depicting, partly in section,
configurations of a cutting unit and a hol ding table of
the processing apparatus illustrated in FIG 1. FIG 3 is
a perspective view of principal parts of the cutting unit
illustrated in FIG 2. FIG 4 is a front view
schematically depicting a configuration of a dianeter
detecting unit of the processing apparatus illustrated in
FIG 1.

A processing apparatus 1 illustrated in FIG 1
according to the enbodinent is a cutting apparatus that
perforns cutting processing (corresponding to processing)
on a wor kpi ece 200. The workpi ece 200 to be processed by
the processing apparatus 1 illustrated in FIG 1 is a
sem conduct or wafer or an optical device wafer in a disk
shape which includes silicon, galliumarsenide, silicon
carbide (SiC), sapphire, or the like as a substrate. The
wor kpi ece 200 has a plurality of planned dividing |ines
202 fornmed in a lattice manner on a top surface 201. A
device 203 is fornmed in each region denmarcated by the
plurality of planned dividing lines 202. The device 203

Is an integrated circuit such as an integrated circuit



(10 or a large scale integration (LSI) circuit or an
I mge sensor such as a charge coupl ed device (CCD) imge
sensor or a conplenmentary netal oxide sem conductor
(CMOS) 1 nmage sensor.

In addition, in the present invention, the
wor kpi ece 200 may be what is generally called a TAI KO
(registered trademark) wafer whose central portion is
t hi nned and which has a thick part formed as an outer
circunferential portion of the wafer. In addition, in the
present invention, the workpiece 200 is not limted to a
waf er, and may be various kinds of workpieces in a plate
shape such as a rectangul ar resin package substrate
having a plurality of devices sealed by resin, a ceramc
substrate, and a gl ass substrate.

In the enbodi nent, the workpiece 200 is supported
by an annular frame 205 in a state in which an
under surface 204 on the underside of the top surface 201
is affixed to an adhesive tape 206 having the annul ar
frame 205 fitted to an outer circunferential edge of the
adhesi ve tape 206. The workpi ece 200 according to the
enbodi nent is divided into individual chips 207 along the
pl anned dividing lines 202. Incidentally, the chips 207
each include a part of the substrate and a device 203

forned on the substrate.



(Processi ng Appar at us)

The processing apparatus 1 is a cutting apparatus
that hol ds the workpiece 200 by a holding table 10 and
cuts the workpi ece 200 al ong the planned dividing |lines
202 by a cutting blade 21, to thereby divide the
wor kpi ece 200 into individual chips 207. The processing
apparatus 1 includes the holding table 10 having a
hol di ng surface 11 that hol ds under suction the workpiece
200; a sub-chuck table 15; a cutting unit 20 that divides
t he wor kpi ece 200 held on the holding table 10 al ong the
pl anned dividing lines 202 by the cutting blade 21, and
thereby forns a plurality of chips 207; and an i nagi ng
unit 30 that imges the workpiece 200 held on the hol ding
table 10. Incidentally, the sub-chuck table 15 is not
essenti al .

In addition, as illustrated in FIG 2, the
processing apparatus 1 includes a noving unit 40 that
noves the holding table 10 and a spindle 23 of the
cutting unit 20 relative to each other. The noving unit
40 includes at |east a processing feed unit 41 that
processi ng-feeds the holding table 10 in an X-axis
direction parallel with a horizontal direction; an
i ndexing feed unit 42 that indexing-feeds the cutting

unit 20 in a Y-axis direction parallel with the
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hori zontal direction but orthogonal to the X-axis
direction; a cutting feed unit 43 that cutting-feeds the
cutting unit 20 in a Z-axis direction parallel with a
vertical direction orthogonal to both the X-axis
direction and the Y-axis direction; and a rotary noving
unit 44 that rotates the holding table 10 about an axis
parallel with the Z-axis direction.

The processing feed unit 41 noves the hol ding table
10 and the rotary noving unit 44 in the X-axis direction
as a processing feed direction. The processing feed unit
41 thereby noves the holding table 10 relative to the
cutting unit 20 along the X-axis direction. The indexing
feed unit 42 noves the cutting unit 20 in the Y-axis
direction as an indexing feed direction. The indexing
feed unit 42 thereby noves the cutting unit 20 and the
hol ding table 10 relative to each other along the Y-axis
direction. The cutting feed unit 43 noves the cutting
unit 20 in the Z-axis direction as a cutting feed
direction. The cutting feed unit 43 thereby noves the
cutting unit 20 and the holding table 10 relative to each
other along the Z-axis direction. The rotary noving unit
44 is supported by the processing feed unit 41, supports
the holding table 10, and is disposed in such a nanner as

to be novable in the X-axis direction together with the
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hol di ng tabl e 10.

The processing feed unit 41, the indexing feed unit
42, and the cutting feed unit 43 include a well-known
bal | screw provided rotatably about an axis, a well-known
notor that rotates the ball screw about the axis, and
wel | -known guide rails that support the holding table 10
or the cutting unit 20 novably in the X-axis direction,
the Y-axis direction, or the Z-axis direction.

The hol ding table 10 has a di sk shape. The hol di ng
surface 11 that hol ds the workpiece 200 is fornmed of
porous ceramc or the like. In addition, the holding
table 10 is provided in such a manner as to be novable in
the X-axis direction by being provided in a manner of
bei ng novabl e by the processing feed unit 41 between a
processi ng region below the cutting unit 20 and a | oadi ng
and unl oading region that is separated froma | ower part
of the cutting unit 20 and in which the workpiece 200 is
| oaded and unl oaded. The holding table 10 is provided in
such a manner as to be rotatable by the rotary noving
unit 44 about an axis parallel with the Z-axis direction.
The holding table 10 is connected to a vacuum suction
source not illustrated. The holding table 10 sucks and
hol ds t he wor kpi ece 200 nounted on the hol di ng surface

11, by being sucked fromthe vacuum suction source. In
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t he enbodi nent, the holding table 10 sucks and hol ds the
under surface 204 side of the workpiece 200 via the
adhesive tape 206. In addition, as illustrated in FIG 1
a plurality of clanp units 12 that clanp the annul ar
frame 205 are provided around the periphery of the
hol di ng tabl e 10.

The cutting unit 20 is a processing unit that has
the cutting blade 21 fitted to the spindle 23 and thereby
cuts the workpi ece 200 held on the holding table 10. The
cutting unit 20 is provided in such a nmanner as to be
novable in the Y-axis direction by the indexing feed unit
42 with respect to the workpi ece 200 held on the hol ding
table 10, and is provided in such a manner as to be
novable in the Z-axis direction by the cutting feed unit
43 with respect to the workpiece 200 held on the hol ding
table 10. The cutting unit 20 allows the indexing feed
unit 42 and the cutting feed unit 43 to position the
cutting blade 21 at any position of the hol ding surface
11 of the holding table 10.

As illustrated in FIG 2, the cutting unit 20
i ncludes the cutting blade 21; a spindle housing 22
provided in such a manner as to be novable in the Y-axis
direction and the Z-axis direction by the indexing feed

unit 42 and the cutting feed unit 43; the spindle 23 that
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is provided to the spindle housing 22 in such a manner as
to be rotatable about an axis and that has an end thereof
fitted with the cutting blade 21; a spindle notor 24 as a
notor that rotates the spindle 23 about the axis; a bl ade
cover 25 illustrated in FIG 3, the blade cover 25 being
fitted to an end surface of the spindle housing 22; and a
nozzlie 26 illustrated in FIG 3, the nozzle 26 supplying
cutting water as fluid to the cutting bl ade 21.

The cutting blade 21 is a very thin cutting
gri ndstone having substantially a ring shape. The cutting
blade 21 is fixed to a distal end of the spindle 23. The
cutting blade 21 forns processed grooves 208 (i ndicated
by chai n doubl e-dashed lines in FIG 5) in the workpiece
200. In the enbodinment, as illustrated in FIG 2, the
cutting blade 21 is what is generally called a hub bl ade
including a circular base 211 in the formof a circul ar
ring and a cutting edge 212 in the formof a circular
ring which is disposed on an outer circunferential edge
of the circular base 211 and cuts the workpi ece 200. The
cutting edge 212 is forned of abrasive grains such as
di anond or cubic boron nitride (CBN) and a bondi ng
material (binding material) such as netal or resin, and
is formed with a predeterm ned thickness. The cutting

edge 212 of the cutting blade 21 is worn by cutting of
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t he workpi ece 200. Incidentally, in the present

I nvention, the cutting blade 21 may be what is generally
call ed a washer blade including only the cutting edge
212.

The spindle 23 has the cutting blade 21 fixed to a
di stal end thereof, and is rotated about the axis by the
spindle notor 24. The spindle 23 thereby rotates the
cutting blade 21. The spindle notor 24 includes a rotor
241 that is provided to the spindle 23 and rotates
integrally with the spindle 23; and a stator 242 that is
provi ded on the peripheral side of the rotor 241 and to
the spindl e housing 22 and rotates the rotor 241 by being
supplied with power froma power supply 243. The stator
242 rotates the rotor 241, and thereby the spindle notor
24 rotates the spindle 23 about the axis.

The bl ade cover 25 covers at |east an upper part of
the cutting blade 21. The bl ade cover 25 is fixed to an
end surface of the spindle housing 22. As illustrated in
FIG 3, the nozzle 26 includes a shower nozzle 261 and a
pair of blade nozzles 262. The nozzles 261 and 262 are
supplied with cutting water froma fluid supply unit 27.
The shower nozzle 261 faces a point of the cutting edge
212 of the cutting blade 21 in the X-axis direction, and

supplies the cutting water to the point of the cutting
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edge 212 of the cutting blade 21 during cutting. The

bl ade nozzles 262 extend in parallel with the X-axis
direction, and are arranged at a di stance from each ot her
in the Y-axis direction. A lower end of the cutting edge
212 of the cutting blade 21 is positioned between the

bl ade nozzl es 262. The bl ade nozzles 262 supply the
cutting water to the lower end of the cutting edge 212 of
the cutting blade 21 during cutting. The shower nozzle
261 and the bl ade nozzles 262 of the nozzle 26 supply the
cutting water, and thereby the nozzle 26 supplies, via
the cutting blade 2, the cutting water to a processing
poi nt at which the cutting blade 21 cuts the workpiece
200.

Incidentally, the axis of the cutting blade 21 and
the spindle 23 of the cutting unit 20 is set paralle
with the Y-axis direction.

The sub-chuck table 15 is provided at a position
adj acent to the holding table 10 in such a manner as to
be novabl e, together wth the holding table 10, in the X-
axis direction by the processing feed unit 41. The sub-
chuck table 15 holds under suction a dressing board 210
on a holding surface. The dressing board 210 is cut by
the cutting edge 212 of the cutting blade 21. The

dressi ng board 210 thereby sets the cutting edge 212 of
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the cutting blade 21 whose cutting capability is degraded
due to loading or dulling, and renoves cutting waste
adhering to the cutting edge 212 of the cutting bl ade 21.
The dressing board 210 consequently restores the cutting
capability of the cutting edge 212 of the cutting bl ade
21. Restoring the cutting capability of the cutting edge
212 of the cutting blade 21 by cutting the dressing board
210 by the cutting edge 212 of the cutting blade 21 and
thereby setting the cutting edge 212 of the cutting bl ade
21 is referred to as dressing (referred to also as
dress). Incidentally, the dressing board 210 is obtai ned
by fixing abrasive grains by a bonding material (binding
material), and in the enbodi nent, the planar shape of the
dressing board 210 is forned in the shape of a
rectangul ar flat plate. Incidentally, in a case where the
sub-chuck table 15 is not provided, the dressing board
210 is held on the holding table 10 to set the cutting
edge 212 of the cutting bl ade 21.

The imaging unit 30 is di sposed above the hol di ng
table 10 that noves between the | oadi ng and unl oadi ng
region and the processing region. The imging unit 30
i ncludes an inmaging elenent that inmages a region to be
di vided in the workpi ece 200 that has not yet been cut

and that is held on the holding table 10. The inaging
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el enent is, for exanple, a CCD imgi ng el enent or a CMOS
I magi ng el enent. The imaging unit 30 obtains an inmage by
i magi ng the workpi ece 200 held on the hol ding table 10,
and outputs the obtained imge to a control unit 100.

In addition, the processing apparatus 1 includes an
unillustrated X-axis direction position detecting unit
for detecting the position in the X-axis direction of the
hol ding table 10, an unillustrated Y-axis direction
position detecting unit for detecting the position in the
Y-axis direction of the cutting unit 20, and a Z-axis
direction position detecting unit for detecting the
position in the Z-axis direction of the cutting unit 20.
The X-axis direction position detecting unit and the Y-
axis direction position detecting unit can include a
linear scale parallel with the X-axis direction or the Y-
axis direction and a read head. The Z-axis direction
position detecting unit detects the position in the Z-
axis direction of the cutting unit 20 by notor pul ses.
The X-axis direction position detecting unit, the Y-axis
direction position detecting unit, and the Z-axis
direction position detecting unit output the position in
the X-axis direction of the holding table 10 or the
position in the Y-axis direction or the Z-axis direction

of the axis of the spindle 23 and the cutting bl ade 21 of
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the cutting unit 20 to the control unit 100.

Incidentally, in the enbodi nent, the position in
the X-axis direction and the position in the Y-axis
direction and the Z-axis direction of the holding table
10 and the cutting unit 20 of the processing apparatus 1
are determ ned on the basis of a predeterm ned reference
position not illustrated. |In the enbodinent, the position
in the X-axis direction and the position in the Y-axis
direction and the Z-axis direction are determ ned by
di stances in the X-axis direction, the Y-axis direction,
and the Z-axis direction fromthe reference position. 1In
addition, in the enbodinent, the reference position in
the Z-axis direction is |located on the sane plane as the
hol di ng surface 11.

In addition, the processing apparatus 1 includes a
cassette elevator 50 that is nounted with a cassette 51
housing a plurality of workpieces 200 that have undergone
or not cutting processing and noves the cassette 51 in
the Z-axis direction; a cleaning unit 60 that cleans a
wor kpi ece 200 that has undergone the cutting processing;
and a transporting unit 70 that |oads and unl oads the
wor kpi ece 200 into and fromthe cassette 51 and
transports the workpi ece 200 between the cassette 51, the

hol di ng table 10, and the cl eaning unit 60.
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The cleaning unit 60 includes a spinner table 62
that hol ds under suction the workpiece 200 on a hol di ng
surface 61 and rotates about an axis parallel with the Z-
axis direction; and an unillustrated cl eani ng water
supply nozzle that supplies cleaning water to the
wor kpi ece 200 hel d under suction on the spinner table 62
rotating about the axis.

The transporting unit 70 transports the workpi ece
200 in the processing apparatus 1. The transporting unit
70 includes a | oading and unloading unit 71, a first
transporting unit 72, and a second transporting unit 73.
The | oadi ng and unl oading unit 71 includes a pair of
tenporary placenent rails 74 on which the workpi ece 200
is to be tenporarily placed; and an extracting and
inserting unit 75 that unloads the workpi ece 200 that has
not yet undergone cutting processing fromthe cassette
51, tenporarily places the workpiece 200 on the pair of
tenporary placenent rails 74, and | oads the workpi ece 200
t hat has undergone the cutting processing and that is
tenporarily placed on the pair of tenporary placenent
rails 74 into the cassette 51. The extracting and
inserting unit 75 clanps an edge portion of the annul ar
frame 205 nounted with the workpi ece 200, and extracts

and inserts the workpiece 200 fromand into the cassette
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51.

The first transporting unit 72 hol ds under suction
t he wor kpi ece 200 tenporarily placed on the pair of
tenporary placenent rails 74, and transports the
wor kpi ece 200 to the holding table 10 in the | oadi ng and
unl oading region. 1In addition, the first transporting
unit 72 transports the workpi ece 200 that has been
cl eaned and that is placed on the spinner table 62 onto
the pair of tenporary placenent rails 74. The first
transporting unit 72 includes sucking and hol ding units
76 that are connected to an unillustrated vacuum sucti on
source and are sucked fromthe vacuum suction source to
t hereby hol d under suction the workpi ece 200 tenporarily
pl aced on the pair of tenporary placenent rails 74 and
t he wor kpi ece 200 on the spinner table 62.

The second transporting unit 73 transports the
wor kpi ece 200 that has undergone cutting processing and
that is placed on the holding table 10 in the | oading and
unl oadi ng region to the spinner table 62 of the cleaning
unit 60. The second transporting unit 73 includes sucking
and holding units 77 that are connected to an
uni I lustrated vacuum suction source and are sucked from
t he vacuum suction source to thereby hold under suction

t he wor kpi ece 200 on the holding surface 11 of the
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hol ding table 10 in the | oadi ng and unl oadi ng regi on.

In addition, as illustrated in FIG 2, the
processi ng apparatus 1 includes a current val ue detecting
sensor 80 that detects the current value of power
supplied to the stator 242 of the spindle notor 24 (the
current value will hereinafter be described as a | oad
current val ue) and a damage detecting sensor 81. The
current val ue detecting sensor 80 outputs the detected
| oad current value to the control unit 100. Incidentally,
the load current value is a value of a current flow ng
through the stator 242 of the spindle notor 24, and tends
to rise when cutting resistance at a tine of cutting the
wor kpi ece 200 is increased by a rise in processing |oad
or the like due to dulling of the cutting edge 212 during
cutting.

The damage detecting sensor 81 neasures a state of
damage to the point of the cutting edge 212 of the
cutting blade 21, during cutting. The damage detecting
sensor 81 is to neasure, as a damaged state of the point,
the occurrence of chipping or the Iike in which a part of
the outer edge of the cutting edge 212 of the cutting
bl ade 21 is | ost.

As illustrated in FIG 3, the damage detecting

sensor 81 is provided to the bl ade cover 25. As
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illustrated in FIG 2, the danage detecting sensor 81
includes a light emtting unit 811 and a |ight receiving
unit 812 that are spaced fromeach other in the Y-axis
direction of the blade cover 25 and between which an
upper end of the cutting edge 212 of the cutting bl ade 21
i s positioned.

The light emtting unit 811 emts pulsed light from
an unillustrated |light source to the light receiving unit
812. The light receiving unit 812 receives the pul sed
light emtted fromthe light emtting unit 811, and
outputs a detection result indicating a |ight anount of
the received pulsed |ight to the control unit 100.

I ncidental ly, when chipping occurs at the point of
the cutting edge 212 of the cutting bl ade 21 during
cutting, the light amount of the light fromthe |ight
emtting unit 811 which is received by the |ight
receiving unit 812 is periodically increased froma I|ight
anmount received before the occurrence of the chipping
because the cutting blade 21 is rotating about the axis
during the cutting. In addition, the |light anmount of the
light fromthe light emtting unit 811 which is received
by the light receiving unit 812 is gradually increased as
the point of the cutting edge 212 of the cutting blade 21

during the cutting is worn.
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Thus, the light receiving unit 812 of the damage
detecting sensor 81 receives the |Iight whose |ight anount
changes dependi ng on the occurrence of chipping and wear
at the point of the cutting edge 212 of the cutting bl ade
21, and the damage detecting sensor 81 outputs a
detection result indicating the |light anmount of the
received light to the control unit 100. The danmage
detecting sensor 81 thereby neasures the state of damage
such as wear and chipping at the point of the cutting
edge 212 of the cutting blade 21, during the cutting.

In addition, as illustrated in FIG 3, the
processing apparatus 1 includes a cutting water flow rate
detecting sensor 82 and a cutting water tenperature
detecting sensor 83. The cutting water flow rate
detecting sensor 82 detects a flow rate as an anount of
supply of the cutting water supplied to the nozzles 261
and 262. The cutting water flow rate detecting sensor 82
outputs a result of the detection to the control unit
100. The cutting water tenperature detecting sensor 83
detects the tenperature of the cutting water supplied to
the cutting edge 212 of the cutting blade 21 via the
nozzl es 261 and 262. The cutting water tenperature
detecting sensor 83 outputs a result of the detection to

the control unit 100.
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In addition, as illustrated in FIG 1, the
processing apparatus 1 includes a dianeter detecting unit
84 that detects the dianeter of the cutting edge 212 of
the cutting blade 21. The dianeter detecting unit 84 is
provi ded at a position adjacent to the holding table 10
in such a manner as to be novable, together with the
hol ding table 10, in the X-axis direction by the
processing feed unit 41. The dianeter detecting unit 84
Is aunit for detecting the position in the Z-axis
direction of the axis of the spindle 23 and the cutting
bl ade 21 when the | ower end of the point of the cutting
edge 212 of the cutting blade 21 is positioned on the
sanme plane as the holding surface 11. The dianeter
detecting unit 84 is also a unit for detecting the
di aneter of the cutting blade 21 by detecting the
position in the Z-axis direction of the axis of the
spindle 23 and the cutting bl ade 21 when the | ower end of
the point of the cutting edge 212 of the cutting blade 21
Is positioned on the sane plane as the hol ding surface
11. The cutting edge 212 is worn as cutting is performned.
When the dianmeter of the cutting blade 21 is detected in
any timng, a depth to which the cutting blade 21 cuts
into the workpi ece 200 can be controlled in consideration

of an anount of wear of the cutting bl ade 21.
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As illustrated in FIG 4, the dianeter detecting
unit 84 includes a unit nmain body 843 including a pair of
| eg portions 841 that are spaced from each other in the
Y-axis direction and between which the [ower end of the
cutting edge 212 of the cutting blade 21 can be inserted
and a coupling portion 842 that couples | ower ends of the
pair of leg portions 841 to each other; a light emtting
unit 844 provided to one leg portion 841 of the unit nain
body 843; and a light receiving unit 845 provided to the
ot her leg portion 841.

The light emtting unit 844 emts pulsed light from
an unillustrated |light source to the other |leg portion
841, that is, the light receiving unit 845. The |ight
receiving unit 845 receives the pulsed light emtted from
the light emtting unit 844, and outputs a detection
result indicating a |ight amount of the received pul sed
light to the control unit 100.

Incidentally, the light amount of the Ilight from
the light emtting unit 844 which is received by the
light receiving unit 845 is gradually decreased as the
| ower end of the cutting edge 212 of the cutting bl ade 21
entering between the pair of |eg portions 841 is | owered.
Thus, the light receiving unit 845 of the dianeter

detecting unit 84 receives the Iight whose |ight anount
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is decreased by lowering of the point of the cutting edge
212 of the cutting blade 21, and the dianeter detecting
unit 84 outputs a detection result indicating the Iight
amount of the received light to the control unit 100. The
control unit 100 detects a tinmepoint at which the |ight
anmount indicated by the detection result of the |ight
receiving unit 845 becones a |ight anmount at a tinme when
the |l ower end of the point of the cutting edge 212 of the
cutting blade 21 is positioned on the sane plane as the
hol di ng surface 11, and detects, froma detection result
of the Z-axis direction position detecting unit, the
position in the Z-axis direction of the axis of the
cutting blade 21 and the spindle 23 at a tinme when the

| oner end of the point of the cutting edge 212 of the
cutting blade 21 is positioned on the sane plane as the
hol di ng surface 11.

In addition, the processing apparatus 1 includes a
detecting sensor 85 that detects whether or not the
extracting and inserting unit 75 of the |oading and
unl oading unit 71 of the transporting unit 70 is clanping
the annul ar franme 205; a detecting sensor 86 that detects
whet her or not the first transporting unit 72 of the
transporting unit 70 is hol di ng under suction the

wor kpi ece 200; and a detecting sensor 87 that detects
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whet her or not the second transporting unit 73 of the
transporting unit 70 is hol di ng under suction the

wor kpi ece 200. In addition, the processing apparatus 1
i ncl udes a detecting sensor 88 that detects whether or
not the holding table 10 is hol ding under suction the
wor kpi ece 200; and a detecting sensor 89 that detects
whet her or not the spinner table 62 of the cleaning unit
60 i s holding under suction the workpi ece 200. The
detecting sensors 85, 86, 87, 88, and 89 output a
detection result to the control unit 100.

Incidentally, the detecting sensor 85 detecting
that the extracting and inserting unit 75 is not clanping
the annul ar franme 205, the detecting sensor 86 detecting
that the first transporting unit 72 is not hol di ng under
suction the workpi ece 200, and the detecting sensor 87
detecting that the second transporting unit 73 is not
hol di ng under suction the workpi ece 200 indicate that the
transporting unit 70 has failed to transport the
wor kpi ece 200, that is, that the transporting unit 70 has
caused a transportation error, which is an abnormality in
transportation of the workpi ece 200 by the transporting
unit 70.

Incidentally, the detecting sensors 86 and 87

det ect whether or not the transporting units 72 and 73
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are hol ding under suction the workpi ece 200, according to
a determnation nade by the control unit 100 as to

whet her or not detection results of the detecting sensors
86 and 87 are equal to or |Iower than a predeterm ned
pressure determ ned in advance. Wen the control unit 100
determines that the detection results of the detecting
sensors 86 and 87 are equal to or |ower than the
predet erm ned pressure determ ned in advance, the
transporting units 72 and 73 are detected to be hol di ng
under suction the workpiece 200. Wen the control unit
100 determ nes that the detection results of the
detecting sensors 86 and 87 exceed the predeterm ned
pressure determ ned in advance, the transporting units 72
and 73 are detected not to be hol ding under suction the
wor kpi ece 200.

In addition, the detecting sensors 88 and 89
detecting that the holding table 10 and the spinner table
62 are not hol di ng under suction the workpiece 200
i ndicates that the holding table 10 and the spinner table
62 have failed to hold the workpiece 200 in a nornal
state, that is, that the holding table 10 and the spi nner
tabl e 62 have caused a holding error, which is an
abnormality in holding the workpiece 200.

Incidentally, the detecting sensors 88 and 89
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det ect whether or not the holding table 10 and the
spinner table 62 are hol ding under suction the workpiece
200, according to a determi nation nade by the contro

unit 100 as to whether or not detection results of the
detecting sensors 88 and 89 are equal to or |lower than a
predet erm ned pressure determ ned i n advance. Wen the
control unit 100 determ nes that the detection results of
the detecting sensors 88 and 89 are equal to or | ower
than the predeterm ned pressure determ ned in advance,
the hol ding table 10 and the spinner table 62 are
detected to be hol ding under suction the workpi ece 200.
When the control unit 100 determ nes that the detection
results of the detecting sensors 88 and 89 exceed the
predeterm ned pressure determ ned in advance, the hol di ng
table 10 and the spinner table 62 are detected not to be
hol di ng under suction the workpi ece 200.

The control unit 100 al so nmakes the processing
apparatus 1 perform processi ng operation on the workpiece
200, by controlling each of constituent elenents of the
processi ng apparatus 1. Incidentally, the control unit
100 is a conputer including an arithnmetic processing
apparatus having a m croprocessor such as a centra
processing unit (CPU), a storage apparatus having a

menory such as a read only nenory (ROM or a random
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access nenory (RAM, and an input-output interface
apparatus. The arithnmetic processi ng apparatus of the
control unit 100 perforns arithnetic processing according
to a conputer programstored in the storage apparatus,
and outputs a control signal for controlling the
processi ng apparatus 1 to each of the constituent

el ements of the processing apparatus 1 via the input-

out put interface apparatus.

The control unit 100 is connected with a display
unit 110 including a liquid crystal display apparatus or
the |like that displays the state of the processing
operation, an image, or the like, an input unit 120 used
when an operator registers processing content information
or the like, and a notifying unit 130 that makes a
notification to the operator. The input unit 120 includes
a touch panel provided to the display unit 110. The
notifying unit 130 nmakes a notification to the operator
by emtting at | east one of sound and |ight.

In addition, the control unit 100 detects the state
of chi pping and wear at the point of the cutting edge 212
of the cutting blade 21 on the basis of a detection
result fromthe light receiving unit 812 of the damage
detecting sensor 81. Specifically, when a received |ight

amount indicated by a nmeasurenent result fromthe |ight
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receiving unit 812 of the damage detecting sensor 81 is
equal to or nore than a predeterm ned val ue determned in
advance, w thout periodically increasing or decreasing,
the control unit 100 detects that the cutting edge 212 of
the cutting blade 21 is at a wear limt at which the
cutting edge 212 is too worn to be suitable for cutting
t he wor kpi ece 200.

In addition, when the received |ight anount
I ndi cated by the neasurenent result output fromthe |ight
receiving unit 812 of the damage detecting sensor 81
periodically increases or decreases, the control unit 100
detects that a part of the outer edge of the cutting edge
212 of the cutting blade 21 is | ost and thus chi pping
(that is, danage) has occurred in the cutting edge 212.
The control unit 100 cal cul ates an anobunt of increase per
unit time of the received |ight anbunt on the basis of
the neasurenent result output fromthe |ight receiving
unit 812 of the damage detecting sensor 81. The contro
unit 100 detects an anpunt of wear of the cutting edge
212 of the cutting blade 21 per unit tinme on the basis of
t he cal cul ated anmount of increase per unit tinme of the
received |ight anount. Wen the detected anmount of wear
is equal to or nore than a predeterm ned val ue determ ned

i n advance, the control unit 100 detects that the anbunt
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of wear per unit tinme of the cutting edge 212 of the
cutting blade 21 is abnornal.

In addition, the control unit 100 detects the
position in the Z-axis direction of the axis of the
spindle 23 and the cutting bl ade 21 when the | ower end of
the point of the cutting edge 212 of the cutting bl ade 21
Is positioned on the sane plane as the hol ding surface
11, on the basis of the detection result fromthe |ight
receiving unit 845 of the dianeter detecting unit 84 and
the detection result of the Z-axis direction position
detecting unit. The control unit 100 thereby detects the
di aneter of the cutting blade 21. Specifically, the
control unit 100 detects the detection result of the Z-
axis direction position detecting unit when the |ight
amount of the light indicated by the detection result
output fromthe light receiving unit 845 becones a |ight
amount when the | ower end of the point of the cutting
edge 212 of the cutting blade 21 is positioned on the
sane plane as the holding surface 11, as the position in
the Z-axis direction of the axis of the cutting blade 21
and the spindle 23 when the |l ower end of the point of the
cutting edge 212 of the cutting blade 21 is positioned on
the sane plane as the hol ding surface 11. Because the

reference position in the Z-axis direction is the
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position on the sane plane as the holding surface 11, the
control unit 100 detects, as the radius of the cutting

bl ade 21, the detection result of the Z-axis direction
position detecting unit when the |ight anpbunt of the

light indicated by the detection result output fromthe
light receiving unit 845 becones the |ight anpbunt when
the |l ower end of the point of the cutting edge 212 of the
cutting blade 21 is positioned on the sane plane as the
hol di ng surface 11. The control unit 100 then detects the
di aneter of the cutting blade 21.

Description will next be made of the processing
operation of the processing apparatus 1 which is
performed by control of each constituent el enent of the
processing apparatus 1 by the control unit 100. FIG 5 is
a plan view schematically depicting the workpiece that is
under cutting processing by the processing apparatus
illustrated in FIG 1. FIG 6 is a diagramdepicting an
exanpl e of an image obtai ned by inmaging a part of the
wor kpi ece at a tine of a kerf check perforned during the
cutting processing by the processing apparatus
illustrated in FIG 1. FIG 7 is a plan view depicting an
exanpl e of a wafer position at which inage data as data
collected by a data collecting section of the processing

apparatus illustrated in FIG 1 is obtained. FIG 8 is a
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pl an vi ew depi cting anot her exanple of the wafer position
at which the imge data as data collected by the data
col l ecting section of the processing apparatus
illustrated in FIG 1 is obtained. FIG 9 is a diagram
depi cting an exanple of a display screen displayed on the
di splay unit when an abnormality detecting section of the
control unit of the processing apparatus illustrated in
FIG 1 detects a chipping size error. FIG 10 is a

di agram depi cting an exanple of the display screen that
is displayed when a recovery region or a data display
region of the display screen illustrated in FIG 9 is
operated during obtai nment of the i mage data by the data
collecting section. FIG 11 is a diagramdepicting an
exanpl e of the display screen that is displayed when the
data display region of the display screen illustrated in
FIG 9 is operated after the obtai nnent of the inage data
by the data collecting section.

The above-described control unit 100 perforns the
processi ng operation of cutting the workpi ece 200 held
under suction on the holding table 10 by the cutting
bl ade 21, by controlling each constituent elenent of the
processi ng apparatus 1. Before the processing operation,
in the processing apparatus 1, the cassette 51 housing

wor kpi eces 200 is installed on the cassette el evator 50,
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and the dressing board 210 is installed on a hol ding
surface 16 of the sub-chuck table 15. |In addition,
processing conditions are set in the storage apparatus of
the control unit 100, and when the control unit 100
receives an instruction for starting the processing
operation fromthe operator or the like, the control unit
100 starts the processing operation of the processing
apparatus 1.

When starting the processing operation, the contro
unit 100 controls the transporting unit 70 to extract one
wor kpi ece 200 fromthe cassette 51, and nount the
wor kpi ece 200 on the holding surface 11 of the hol ding
table 10 in the | oading and unl oading region via the
adhesi ve tape 206. In the processing operation, the
control unit 100 hol ds under suction the workpi ece 200 on
the hol ding surface 11 via the adhesive tape 206, clanps
the annular franme 205 by the clanp units 12, rotates the
spi ndl e 23 about the axis, and supplies the cutting water
fromthe nozzles 261 and 262. The control unit 100 noves
the holding table 10 fromthe | oadi ng and unl oadi ng
region toward the processing region to a position bel ow
the imaging unit 30 by controlling the noving unit 40,
and i nages the workpi ece 200 hel d under suction on the

hol ding table 10 by the imaging unit 30. The inmaging unit
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30 obtains an image for, for exanple, carrying out
alignnent that aligns the workpiece 200 and the cutting
bl ade 21 with each other, and the control unit 100
carries out the alignnment on the basis of the inmage

I maged by the inmaging unit 30.

In the processing operation, the control unit 100
controls the noving unit 40 and the |ike on the basis of
the processing conditions, to performcutting processing
by maeking the cutting blade 21 cut into a planned
dividing I'ine 202 of the workpiece 200 until it reaches
t he adhesive tape 206 while noving the cutting bl ade 21
and the workpiece 200 relative to each other along the
pl anned dividing line 202. The control unit 100 cuts the
pl anned dividing line 202 of the workpi ece 200 accordi ng
to the processing conditions, fornms a processed groove
208 (indicated by a chain double-dashed Iine in FIG 5)
penetrating the workpiece 200 in the planned dividing
l'ine 202, and thereby divides the workpiece 200 into
I ndi vi dual chips 207. After the control unit 100 perforns
the cutting processing on all of the planned dividing
l'ines 202 of the workpiece 200, the control unit 100
noves the holding table 10 fromthe processing region to
t he | oadi ng and unl oadi ng regi on by controlling the

nmovi ng unit 40.
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The control unit 100 stops noving the hol ding table
10 in the |l oading and unl oading region by controlling the
noving unit 40 and the like, stops holding under suction
t he wor kpi ece 200 on the holding table 10, cancels the
clamping of the clanp units 12, and transports the
wor kpi ece 200 fromthe holding table 10 to the spinner
table 62 of the cleaning unit 60 by controlling the
transporting unit 70. The control unit 100 cl eans the
wor kpi ece 200 by controlling the cleaning unit 60, and
| oads the workpi ece 200 that has undergone the cutting
processing into the cassette 51 after noving the
wor kpi ece 200 onto the tenporary placenent rails 74 by
controlling the transporting unit 70. Wen the contro
unit 100 has divided all of the workpieces 200 in the
cassette 51 into chips 207 by perform ng the cutting
processing on the workpi eces 200, the control unit 100
ends the processing operation.

Thus, by controlling each constituent el enent of
the processing apparatus 1, the control unit 100 perforns
the cutting processing on each planned dividing |ine 202
of the workpiece 200 by the cutting blade 21, and thereby
forms a processed groove 208 indicated by a chai n doubl e-
dashed line in FIG 5 in each planned dividing |ine 202.

In addition, the control unit 100 perforns a kerf check
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at a predetermned timng (for exanple, each tine the
cutting processing is performed on a predeterm ned nunber
of planned dividing Iines 202 or each tine the cutting
processing is performed on a predeterm ned nunber of

wor kpi eces 200) in the processing operation. Wen the
control unit 100 perforns a kerf check, the control unit
100 i mages, by the imaging unit 30, a processed groove
208 at a predeterm ned position (for exanple, a position
214 enclosed by a dotted line circle in FIG 5) of the
wor kpi ece 200 which position is specified by a processing
condi tion, and thereby obtains, for exanple, an inage 300
an exanple of which is illustrated in FIG 6.

In addition, as illustrated in FIG 1, the contro
unit 100 includes an abnormality detecting section 101, a
processi ng stopping section 102, a data collecting
section 103, and a data anal yzing section 104.

The abnormality detecting section 101 detects an
abnormal ity that has occurred during the processing
operation, by checking the quality of the processed
groove 208, during the processing operation of the
processing apparatus 1. The abnormality detecting section
101 extracts the planned dividing line 202, the processed
groove 208, and chips 209 (hereinafter witten as

chi ppi ngs) forned at both edges of the processed groove
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208 fromthe i nage 300 obtai ned when the kerf check is
performed. The control unit 100 detects a normal position
301 at which the processed groove 208 in the planned
dividing ine 202 is to be fornmed, the normal position
bei ng specified by a processing condition (the nornmal
position is a central position in the width direction of
the planned dividing Iine 202 in the enbodinment), a
central position 302 in the width direction of the
processed groove 208, a width 303 of the processed groove
208, a size 304 of a largest chipping 209 (distance
between a tip of a chipping 209 which is nost distant
fromthe processed groove 208 anong a plurality of

chi ppi ngs 209 and one of edges of the processed groove
208), and a distance 305 between the normal position 301
at which the processed groove 208 is to be fornmed and the
central position 302 in the wwdth direction of the
processed groove 208 (the distance will hereinafter be
witten as a cut position offset).

Thus, in the enbodinent, the kerf check refers to
checki ng whether or not the cut position offset 305, the
wi dt h 303 of the processed groove 208, and the size 304
of the chipping 209 are within an all owabl e range. The
abnormal ity detecting section 101 checks the quality of

the processed groove 208 by determ ning whet her or not
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the cut position offset 305, the detected wi dth 303 of
the processed groove 208, and the size 304 of the

chi ppi ng 209 are each within an all owabl e range specified
by a processing condition.

The processi ng stopping section 102 stops the
cutting processing by the cutting unit 20 when an
abnormality is detected by the abnormality detecting
section 101. The processing stopping section 102
conti nues the processing operation when the abnornality
detecting section 101 deternmines that all of the cut
position offset 305, the width 303 of the processed
groove 208, and the size 304 of the chipping 209 are
within the all owabl e ranges. Wen the abnormality
detecting section 101 determ nes that at |east one of the
cut position offset 305, the width 303 of the processed
groove 208, and the size 304 of the chipping 209 is not
within the all owable range (that is, when a kerf check
error as an abnormality is detected by the abnormality
detecting section 101), the processing stopping section
102 stops the processing operation (that is, the cutting
processing by the cutting unit 20), and makes a
notification to the operator by operating the notifying
uni t 130.

Incidentally, not being within the all owabl e range
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at the tine of the kerf check will hereinafter be witten
as a kerf check error, which is an abnormality of the
processed groove 208, and the size 304 of the chipping
209 not being within the allowable range will hereinafter
be witten as a chipping size error. |In addition, when
the control unit 100 perforns the kerf check, the contro
unit 100 stores the detected cut position offset 305, the
detected wi dth 303 of the processed groove 208, and the
detected size 304 of the chipping 209. Thus, the

abnormal ity detecting section 101 detects a kerf check
error fromthe inage 300 of the processed groove 208

I maged by the imaging unit 30.

In addition, the abnormality detecting section 101
detects that the cutting edge 212 of the cutting blade 21
is at a wear limt, that chipping has occurred in the
cutting edge 212 of the cutting blade 21, and that the
amount of wear per unit tinme of the cutting edge 212 of
the cutting blade 21 is an abnornmality, that is, detects
a bl ade error as an abnormality, on the basis of a
detection result of the damage detecting sensor 81,
during the processing operation of the processing
apparatus 1.

When the abnormality detecting section 101 detects

that the cutting edge 212 of the cutting blade 21 is at a
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wear limt, that chipping has occurred in the cutting
edge 212 of the cutting blade 21, or that the anount of
wear unit time per of the cutting edge 212 of the cutting
bl ade 21 is an abnormality (that is, the abnormality
detecting section 101 detects a blade error), on the
basis of the detection result of the damage detecting
sensor 81, during the processing operation of the
processi ng apparatus 1, the processing stopping section
102 stops the processing operation, and nmakes a
notification to the operator by operating the notifying
unit 130.

In addition, the abnormality detecting section 101
detects at |l east that the extracting and inserting unit
75 is not clanping the annular frane 205, that the first
transporting unit 72 is not holding under suction the
wor kpi ece 200, or that the second transporting unit 73 is
not hol di ng under suction the workpiece 200, that is,
detects a transportation error as an abnornality, on the
basis of detection results of the detecting sensors 85,
86, and 87, during the processing operation of the
processi ng apparatus 1.

When the abnornmality detecting section 101 detects
that the extracting and inserting unit 75 is not clanping

the annular franme 205, that the first transporting unit
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72 is not hol di ng under suction the workpiece 200, or
that the second transporting unit 73 is not hol di ng under
suction the workpiece 200 (that is, the abnornality
detecting section 101 detects a transportation error), on
the basis of the detection results of the detecting
sensors 85, 86, and 87, during the processing operation
of the processing apparatus 1, the processing stopping
section 102 stops the processing operation, and nmakes a
notification to the operator by operating the notifying
uni t 130.

In addition, the abnormality detecting section 101
detects holding errors as abnormalities of the hol ding
table 10 and the spinner table 62 on the basis of
detection results of the detecting sensors 88 and 89,
during the processing operation of the processing
apparatus 1.

When the abnormality detecting section 101 detects
a holding error of one of the holding table 10 and the
spinner table 62 (that is, the abnormality detecting
section 101 detects a holding error), during the
processi ng operation of the processing apparatus 1, the
processi ng stopping section 102 stops the processing
operation, and makes a notification to the operator by

operating the notifying unit 130.
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In addition, the abnormality detecting section 101
determ nes whether or not a flowrate as a detection
result of the cutting water flow rate detecting sensor 82
Is within an all owabl e range. The abnormality detecting
section 101 determ nes whether or not a tenperature as a
detection result of the cutting water tenperature
detecting sensor 83 is within an all owabl e range.

When the abnormality detecting section 101
determines that the flow rate as the detection result of
the cutting water flow rate detecting sensor 82 is within
the all owabl e range, during the processing operation of
the processing apparatus 1, the processing stopping
section 102 continues the processing operation. Wen the
abnormal ity detecting section 101 determ nes that the
flowrate as the detection result of the cutting water
flow rate detecting sensor 82 is not within the all owable
range (that is, the abnormality detecting section 101
detects a cutting water flow rate error as an
abnormality), the processing stopping section 102 stops
the processing operation, and nakes a notification to the
operator by operating the notifying unit 130.

When the abnormality detecting section 101
determines that the tenperature as the detection result

of the cutting water tenperature detecting sensor 83 is
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within the allowabl e range, during the processing
operation of the processing apparatus 1, the processing
st oppi ng section 102 conti nues the processing operation.
When the abnormality detecting section 101 determ nes
that the tenperature as the detection result of the
cutting water tenperature detecting sensor 83 is not
within the allowable range (that is, the abnormality
detecting section 101 detects a cutting water tenperature
error as an abnormality), the processing stopping section
102 stops the processing operation, and nmakes a
notification to the operator by operating the notifying
uni t 130.

The data col |l ecting section 103 obtains data
related to the processing apparatus 1 during a standby
time period between the stopping of the processing
operation by the processing stopping section 102 and
conpl etion of an operation of recovery fromthe kerf
check error, the blade error, the transportation error,
the holding error, the cutting water flow rate error, or
the cutting water tenperature error (operation for
resum ng the processing operation) which is perfornmed by
t he operator.

In the enbodi nent, when the abnormality detecting

section 101 detects one of the kerf check error, the
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bl ade error, the transportation error, and the hol ding
error and the processing stopping section 102 stops the
processi ng operation, the data collecting section 103
drives the noving unit 40 and the imaging unit 30 or the
like to i mage processed grooves 208 on an upstream side
(corresponding to a plurality of regions) in order froma
position cut imredi ately before the stopping of the
processi ng operation on the workpi ece 200, and thereby
coll ect and obtain, as inmage data, images of the
processed grooves 208 on the upstream side in order from
the position cut i mediately before the processing is
stopped. Incidentally, FIG 7 illustrates, by paralle
oblique lines, positions 215 at which the imging unit 30
perforns i maging and obtains the image data on the top
surface 201 of the workpiece 200.

In addition, in the present invention, when the
abnormal ity detecting section 101 detects one of the kerf
check error, the blade error, the transportation error,
and the holding error, and the processing stopping
section 102 stops the processing operation, the data
col l ecting section 103 may drive the noving unit 40 and
the imaging unit 30 or the like to inmage the whole of a
region 213 (indicated by parallel oblique Iines in FIG

8) in which the processed grooves 208 are forned on the

46



top surface 201 of the workpiece 200 including the
position cut imredi ately before the stopping of the
processi ng operation on the workpi ece 200, and thereby
coll ect and obtain the image data. Incidentally, FIG 8
illustrates, by parallel oblique |ines, the region 213 in
whi ch the imging unit 30 perforns imagi ng and obtains
the image data on the top surface 201 of the workpiece
200. Incidentally, in a case where the image data of the
region 213 illustrated in FIG 8 is obtained, the
position of the workpiece 200 at which an error has
occurred during the cutting processing for the processed
grooves 208 can easily be identified when the cause of
the error is investigated afterward.

Thus, before the operator perforns an operation of
recovery froman error, the data collecting section 103
noves the holding table 10 and the imging unit 30
relative to each other in a direction horizontal to the
hol di ng surface 11, and obtains the inmage data of the
processed grooves 208. Because the data collecting
section 103 collects the imge data, not only is it
possible to determ ne the operation of recovery fromthe
error but it is also possible to deternmi ne the cause of a
chi pping error or the like by reexam ning the inage data

af t er war d.
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In addition, when the abnormality detecting section
101 detects one of the kerf check error, the blade error,
the transportation error, and the holding error and the
processi ng stopping section 102 stops the processing
operation, the data collecting section 103 controls the
noving unit 40 and the dianmeter detecting unit 84 to
detect the dianeter of the cutting blade 21 by the
di aneter detecting unit 84. The data collecting section
103 stores, in the storage apparatus, the obtained i mage
data, the detected dianmeter of the cutting blade 21, and
one of the kerf check error, the blade error, the
transportation error, and the holding error detected by
the abnormality detecting section 101 or the like in
associ ation with each other. Thus, the kind of the data
coll ected by the data collecting section 103 is
preferably associated with the kind of the error.

The data anal yzing section 104 anal yzes the inmage
data obtai ned and collected by the data collecting
section 103. In the enbodi nent, the data anal yzing
section 104 detects a processed groove 208 fromthe image
data obtai ned and collected by the data collecting
section 103, and detects the cut position offset 305, the
wi dt h 303 of the processed groove 208, and the size 304

of the chipping 209 at each predeterm ned interval in the
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| ongi tudi nal direction of the processed groove 208.

The data anal yzing section 104 stores the detected
cut position offset 305, the detected width 303 of the
processed groove 208, and the detected size 304 of the
chi ppi ng 209 and a position on the top surface 201 of the
wor kpi ece 200 in association with each other. The data
anal yzi ng section 104 cal cul ates an average val ue and a
maxi mrum val ue of each of the cut position offset 305, the
wi dt h 303 of the processed groove 208, and the size 304
of the chipping 209 that are already stored, and anal yzes
tendenci es of changes therein.

In the enbodi nent, when the abnormality detecting
section 101 detects the kerf check error and the
processi ng stopping section 102 stops the processing
operation, the operator or the |like, for exanple,
perfornms correction of a cutting processing position of
the cutting blade 21, dressing that nmakes the cutting
bl ade 21 cut into the dressing board 210, or replacenent
of the cutting blade 21 as the operation of recovery from
the kerf check error. Specifically, in a case where the
kerf check error indicates that the width 303 of the
processed groove 208 is not within the allowabl e range or
i ndicates a chipping size error, the operator replaces

the cutting blade 21, or nmakes the processing apparatus 1
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perform dressing, by operating the input unit 120, for
exanpl e.

In a case where the kerf check error indicates that
the cut position offset 305 is not within the all owable
range, the operator operates the input unit 120 to set
the imaging unit 30 to a planned processi ng position,
regi ster an offset between a hairline displayed at the
center of an inmaging screen and an actually processed
groove 208, and have the processing apparatus 1 perform
hairline alignment that updates positional relation
between the inmaging unit 30 and the cutting blade 21 or
nove and register the cutting processing position of the
cutting blade 21 to nake correction. In addition, in a
case where the kerf check error indicates that the
processed groove 208 is not found, the operator, for
exanpl e, operates the input unit 120 to neke the
processing apparatus 1 detect the dianeter of the cutting
bl ade 21 by the diameter detecting unit 84, and set up
the position in the Z-axis direction of the cutting unit
20 during the cutting processing to a position at which
t he workpi ece 200 can be cut (that is, performa bl ade
setup) again.

In a case where the kerf check error indicates a

chi ppi ng size error, for exanple, the control unit 100
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di spl ays a display screen 400 illustrated in FIG 9 on
the display unit 110. Set on the display screen 400
illustrated in FIG 9 are an image display region 401
that displays the i mage 300 obtai ned when the kerf check
Is perforned; an alarmclearing region 402 for inputting
an instruction for stopping the notification of the
notifying unit 130 to the control unit 100; a data
di splay region 403 for inputting an instruction for
di spl aying the i mage data collected by the data
coll ecting section 103 or the like to the control unit
100; a recovery region 404 for inputting an instruction
for displaying a nenu for recovery froman abnormality
such as the kerf check error to the control unit 100; and
an error content display region 405 that indicates the
kind of the error. Wen the operator operates the al arm
clearing region 402 on the display screen 400, the
control unit 100 stops the notification of the notifying
uni t 130.

I n addi ti on, when the operator operates the data
di splay region 403 or the recovery region 404 on the
di spl ay screen 400 while the data collecting section 103
collects the inage data or the like, the control unit 100
di splays a confirmation screen 500 for confirm ng whet her

or not to stop the collection of the inage data or the
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like by the data collecting section 103 on the display
screen 400 in such a manner that the confirmation screen
500 i s superinposed on the display screen 400.
Incidentally, set on the confirmation screen 500 are a
stop region 501 for inputting an instruction for stopping
the collection of the image data or the like by the data
coll ecting section 103 to the control unit 100; a
continuation region 502 for inputting an instruction for
continuing the collection of the inmage data or the Iike
by the data collecting section 103 to the control unit
100; and a region 503 that displays a nessage for
confirm ng whether or not to stop the collection of the
i mage data or the |like by the data collecting section
103.

In addition, when the operator operates the data
di spl ay region 403 on the display screen 400 after the
data coll ecting section 103 has collected the i nage data
or the like, the control unit 100 displays an i nage data
di spl ay screen 600 displaying the i mage data coll ected
and obtained by the data collecting section 103 on the
di spl ay screen 400 in such a manner that the inmage data
di spl ay screen 600 is superinposed on the display screen
400. Incidentally, set on the inmge data di splay screen

600 are an image data display region 601 that displays
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the i mage data; and a cursor 602 for inputting an

I nstruction for changing the position of the innage data
di spl ayed in the inage data display region 601 to the
control unit 100. The pieces of image data of all of the
pl anned dividing Iines 202 can be displayed in order on
the i mage data di splay screen 600 by operating the cursor
602, so that a degree to which the processed grooves 208
as a whole are offset can be identified. In addition, in
a case where the processed grooves 208 are not found, the
pi eces of inage data of all of the planned dividing |lines
202 can be di splayed in order on the inage data display
screen 600 by operating the cursor 602, so that whether
or not the processed grooves 208 are really absent can be
identified. In addition, instead of operating the cursor
602, the imge data bei ng displayed nay be changed by
scrolling the i mage data di splay screen 600 vertically
and horizontally.

In addition, when the operator operates the
recovery region 404 on the display screen 400 after the
data coll ecting section 103 has collected the i nage data
or the like, the control unit 100 di splays an
unillustrated nmenu on the display screen 400. Set in the
menu are a region for giving an instruction for resum ng

the processing operation; a region for giving an
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instruction for dressing of the cutting blade 21; a
region for giving an instruction for correcting a cut
position; a region for giving an instruction for hairline
alignnent; a region for maeking replacenent of the cutting
bl ade 21; and the like. |In order to determ ne the
recovery operation to be perforned in these regi ons of
the nmenu, the operator displays the inmage data display
screen 600 in such a nmanner that the inmage data display
screen 600 is superinposed on the display screen 400, by
operating the data display region 403, and checks, for
exanpl e, whether the chippi ngs 209 have occurred suddenly
(checks whet her skipping of chips 207 has occurred and
the cutting blade 21 is danaged, and resunes the
processi ng when there is no problem or whether the
chi ppi ngs 209 have a tendency of gradually becom ng
| arger (perforns dressing because conditions of the
cutting blade 21 are estinated to be degraded).

Functions of the abnormality detecting section 101,
t he processing stopping section 102, the data collecting
section 103, and the data anal yzi ng section 104 of the
control unit 100 described above are inplenented by the
arithnetic processing apparatus of the control unit 100
by executing a conmputer programstored in the storage

appar at us.
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In the processing apparatus 1 according to the
enbodi nent descri bed above, when the abnornmality
detecting section 101 detects one of the kerf check
error, the blade error, the transportation error, the
hol ding error, the cutting water flow rate error, and the
cutting water tenperature error, the processing stopping
section 102 stops the processing operation, and the data
col l ecting section 103 detects the image data and the
di ameter of the cutting blade 21 as data of the
processi ng apparatus 1. Thus, the processing apparatus 1
collects the image data useful for analyzing the cause of
each error and the dianmeter of the cutting blade 21 as
data for checking the state of the cutting unit 20 while
the processing operation is stopped (tinme period between
giving a notification by an operation of the notifying
unit 130 and starting a recovering operation after the
notifying unit 130 is stopped by, for exanple, operating
the alarmclearing region 402 of the display unit 110).
Thus, a processing stop tine period can be utilized
effectively.

As a result, the processing apparatus 1 according
to the enbodi nent has an effect of being able to
effectively utilize a time period during which the

processing apparatus 1 i s stopped.
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In addition, in the processing apparatus 1
according to the enbodi nent, the data collecting section
103 collects the image data obtai ned by inmaging the
processed top surface 201 of the workpiece 200. The
obt ai ned i nage data can thus be utilized by the operator
for analyzing the cause of an error. Further, in the
processi ng apparatus 1 according to the enbodi nent, the
data anal yzi ng section 104 can anal yze, for exanple, a
t endency of change such as whether the size 304 of the
chi ppi ng 209, the width 303 of the processed groove 208,
or the like has a tendency to increase or decrease or
whet her the chipping 209 has occurred suddenly, during a
time period during which the processing apparatus 1 is
st opped, and provide the tendency of change to the
operator. An effect is thus produced in that the operator
can identify the cause of the error, and perform an
appropri ate recovery operation.

In addition, in the processing apparatus 1
according to the enbodi nent, the data collecting section
103 detects the dianmeter of the cutting blade 21. Thus,
data that can be used for future inprovenent in quality
of the cutting processing is obtained.

It is to be noted that the present invention is not

limted to the foregoi ng enbodi nent and nodi fications.

56



That is, the present invention can be nodified and
carried out in various manners w thout departing fromthe
gi st of the present invention. For exanple, the
processing apparatus 1 according to the present invention
is not limted to a cutting apparatus, and may be a | aser
processing apparatus illustrated in FIG 12 or a grinding
apparatus that grinds the workpiece 200. Incidentally,
FIG 12 is a perspective view depicting an exanple of a
configuration of a processing apparatus according to a
nodi fication of the enbodinent. In FIG 12, the sane
parts as in the enbodi nent are denoted by the sane

ref erence nuneral s, and description thereof will be

om tted.

A processing apparatus 1-1 illustrated in FIG 12
is a |l aser processing apparatus that perforns abl ation
processing on the workpiece 200 by irradiating the
wor kpi ece 200 with a | aser beam of a wavel ength
absor babl e by the workpi ece 200, and thus forns processed
grooves 208 al ong the planned dividing lines 202 of the
wor kpi ece 200. The processing apparatus 1-1 illustrated
in FIG 12 includes a |laser beamirradiating unit 20-1 as
a processing unit that irradiates the workpiece 200 with
the | aser beam in place of the cutting unit 20, and

i ncludes a power neter 84-1 that is irradiated with the
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| aser beam at a predeterm ned tim ng and neasures the
power of the | aser beam applied by the | aser beam
irradiating unit 20-1, in place of the dianeter detecting
unit 84.

In addition, the processing apparatus 1 according
to the present invention nmay detect the dianeter of the
cutting blade 21 on the basis of the |ight anmount of
light fromthe light emtting unit 811 which is received
by the light receiving unit 812 of the damage detecting
sensor 81, that is, may use the danage detecting sensor
81 as a dianmeter detecting unit.

The present invention is not [imted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended cl ains and al
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT IS CLAIMED IS:

1. A processing apparatus comprising:

a holding table having a holding surface configured
to hold a workpiece;

a processing unit configured to process the
workpiece held on the holding table;

a processing feed unit configured to move the
holding table relative to the processing unit;

an imaging unit configured to image the workpiece
held on the holding table; and

a control unit,

the control unit including

an abnormality detecting section configured
to detect an abnormality in the processing apparatus,

a processing stopping section configured to
stop processing by the processing unit when an
abnormality is detected, and

a data collecting section configured to
collect data related to the processing apparatus, during
a standby time period between stopping of the processing
and performing of an operation of recovery from the
abnormality by an operator,

wherein

the processing unit includes a cutting blade fixed
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to a distal end of a spindle and configured to form a
processed groove in the workpiece and a motor configured
to rotate the spindle,

the processing apparatus further includes a
diameter detecting unit configured to detect a diameter
of the cutting blade, and

the data collecting section stores the diameter of
the cutting blade detected by the diameter detecting unit
during the standby time period.

2. The processing apparatus according to claim 1,
wherein

the control unit further includes a data analyzing
section configured to analyze the data collected by the
data collecting section.

3. The processing apparatus according to claim 1,
wherein

the abnormality detecting section checks quality of
a processed groove from an image of the processed groove
imaged by the imaging unit.

4. The processing apparatus according to claim 1,
further comprising:

a plurality of transporting units configured to
transport the workpiece in the processing apparatus,

wherein the abnormality detecting section detects
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an abnormality in transportation by the transporting
units.

5. The processing apparatus according to claim 1,
wherein

the data collecting section images processed
grooves in a plurality of regions by driving the imaging
unit, and collects images of a plurality of the processed

grooves, as the data.
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