CUTTI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus for cutting a workpiece by using a cuttin
blade.

Description of the Related Art

A platelike workpiece typified by a semicon
wafer is cut by an annular cutting blade included i
cutting apparatus, for example, thereby dividing th
workpiece into a plurality of chips. When any abno
such as chipping of the cutting blade, a reduction
cutting performance, contact of the cutting blade w
foreign matter, and a change in processing load occ
during the cutting of the workpiece, the cutting bl
may vibrate. As a method of detecting such abnorma
the cutting blade, there has been proposed a method

detecting the chipping of the cutting blade by usin

optical sensor (see Japanese Patent No. 4704816, fo

example) or a method of detecting a processing load
monitoring a current passing through a motor for dr
a spindle.

In the method using the optical sensor as d

in Japanese Patent No. 4704816, any abnormality oth

than the chipping of the cutting blade cannot be pr
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detected. Further, in the method monitoring the cu
passing through the motor for driving the spindle a
mentioned above, various kinds of abnormality havin
influence on the rotation of the cutting blade can
detected. However, since some measurement error is

this method is not suitable for the detection of sl
abnormality. To cope with this problem, there has
proposed in Japanese Patent Laid-open No. 2015-1707
cutting apparatus including vibration signal genera
means for generating a vibration signal correspondi

the vibration of a cutting blade and control means
determining the condition of the cutting blade acco

to the vibration signal generated from the vibratio
signal generating means. In this cutting apparatus
described in Japanese Patent Laid-open No. 2015-170
any abnormality during cutting associated with the
vibration of the cutting blade can be detected by t

vibration signal generating means and the control m

SUWARY OF THE | NVENTI ON
However, the detection method described in
Patent Laid-open No. 2015-170743 has a problem such
a slight difference in condition of the cutting bla
such as a difference in cutting edge height may be
by production error of the cutting blade or wearing

the cutting blade and that this slight difference i

2

rrent

g an

be
caused,
ight

been
43 a
ting
ng to
for

rding

743,

he

eans.

Japanese
that
de
caused

of



condition of the cutting blade may cause variations
output value for the vibration signal generated fro
vibration signal generating means. When such varia
in output value are caused, it is difficult to set
threshold value to be compared with the output valu
determining the circumstances of processing by
cutting blade. As a result, whether or not the pro
circumstances are good cannot be accurately determi
It is therefore an object of the present in
to provide a cutting apparatus which can stably det
whether or not the processing circumstances are goo

In accordance with an aspect of the present

the

invention, there is provided a cutting apparatus

including a chuck table for holding a workpiece; cu
means having a cutting blade for cutting the workpi
held on the chuck table; cutting water supplying me
for supplying a cutting water to the cutting blade;
elastic wave detecting sensor provided in the cultti
means for detecting an elastic wave due to the rota
of the cutting blade; and control means for control
the chuck table, the cutting means, the cutting wat
supplying means, and the elastic wave detecting sen
the control means including a reference data storin
section configured to store reference data as a set
reference processing elastic wave data detected

previously processing the workpiece under predeterm
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processing conditions and reference idling elastic
data detected in the condition where the cutting bl

idling without cutting the workpiece as supplying

cutting water before processing, a threshold value

storing section configured to store a threshold val

on the basis of the reference processing elastic

data, an idling elastic wave data storing section

configured to store idling elastic wave data detect

the condition where the cutting blade is idling wit

t

wa

cutting the workpiece as supplying the cutting wate

with arbitrary timing and also store the time of

detection with the arbitrary timing, a ratio calcul
section configured to calculate the ratio of the id
elastic wave data at the time just before processin
the reference idling elastic wave data, and a deter
section configured to divide processing elastic wav
detected during processing by the ratio calculated
ratio calculating section to thereby obtain a corre

value and then determine that the processing is abn

when the corrected value is greater than the thresh

value.

With this configuration, the processing ela

wave data detected in actually processing the workp

is divided by the ratio calculated by the
calculating section to thereby obtain a corrected v

Then, this corrected value is compared with the thr
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value to determine whether or not the actual proces
is abnormal. Accordingly, a change in value detect
the elastic wave detecting sensor due to a differen
condition of the cutting blade can be corrected by
the ratio between the reference idling elastic wave
and the actual idling elastic wave data. Then, the
corrected value for the processing elastic wave dat
be compared with the threshold value. Accordingly,
whether or not the processing circumstances are goo
be determined accurately and stably.

Preferably, the arbitrary timing is the tim
the cutting blade is set up before processing the
workpiece.

Preferably, the workpiece has division line
which the workpiece is to be cut, and the arbitrary
timing is the duration while the cutting blade havi
any one of the division lines of the workpiece is
relatively moved to a start point for the cutting o
next division line.

According to the present invention, the ela
wave data detected by the elastic wave detecting se
during processing is corrected by using the ratio
calculated by the ratio calculating section, and th
resultant corrected value is compared with the thre
value. Accordingly, whether or not the processing

circumstances are good can be determined stably.
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The above and other objects, features and

advantages of the present invention and the manner

realizing them will become more apparent, and the

invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing a prefer

embodiment of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view of a cutting a
according to a preferred embodiment of the present
invention;

FIG. 2 is an exploded perspective view of ¢
means included in the cutting apparatus shown in Fl

FIG. 3 is a sectional view of the cutting m
shown in FIG. 2 in the condition where a cutting bl
fixed to a spindle;

FIG. 4 is a block diagram showing the conce
data structure in this preferred embodiment;

FIGS. 5A to 5C are graphs for illustrating
wave data in this preferred embodiment;

FIG. 6 is a flowchart showing the flow of a
detecting method for any abnormality in a cutting
operation; and

FIG. 7 is a flowchart following the flowcha

in FIG. 6.
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DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBQODI MENT
There will now be described a cutting appar atus 1
according to a preferred embodiment of the present
invention with reference to the attached drawings. FIG. 1
is a perspective view of the cutting apparatus 1
according to this preferred embodiment. The culttin g

apparatus 1 essentially has a structure capable of

detecting an elastic wave generated in a cutting bl ade as
in this preferred embodiment, and the configuration of
the cutting apparatus 1 is not limited to that show n in
FIG. 1.

As shown in FIG. 1, the cutting apparatus 1 IS
configured so that a cutting blade 60 and a chuck t able
15 are relatively moved to thereby cut a workpiece W held
on the chuck table 15 by using the cutting blade 60 . The

front side of the workpiece W is partitioned into a

plurality of separate regions by a plurality of cro ssing
division lines, and a plurality of devices are form ed in
these respective plural separate regions. The work piece W

is attached to a dicing tape T at a central portion

thereof. A peripheral portion of the dicing tape T IS
mounted on a ring frame F. That is, the workpiece W is
supported through the dicing tape T to the ring fra me F
S0 as to be surrounded by the ring frame F. The wo rkpiece
W thus supported through the dicing tape T to the r ing
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frame F is loaded to the cutting apparatus 1.

The cutting apparatus 1 includes a base 10
an upper surface. A rectangular opening 10a is for
the upper surface of the base 10 at a central porti
thereof. The rectangular opening 10a is elongated
X direction shown by an arrow X in FIG. 1. This op
10a is closed by a movable plate 11 and a bellows-I
waterproof cover 12. The movable plate 11 is movab
chuck table 15 in the X direction. The Dbellows-lik
waterproof cover 12 can be expanded and contracted
the movement of the movable plate 11. The chuck ta
has an upper surface, a part of which is formed as
porous holding surface 16 for holding the workpiece
under suction. That is, a vacuum is adapted to be

to the holding surface 16. Four air-driven type cl

are provided on the outer circumference of the chuc

table 15. These clamps 17 are so configured as to
the ring frame F around the workpiece W at four equ
spaced positions in the condition where the workpie

is held on the holding surface 16. There is provid

below the waterproof cover 12 lead screw type work

feeding means 18 for feeding the chuck table 15 in

direction.

Elevating means 21 and cleaning means 24 ar

provided on the upper surface of the base 10 at opp

positions with respect to the opening 10a in the Y

8

having
med on
on
in the
ening
ike

le with

with

ble 15

applied

amps 17

hold

ally-

ce W

ed

the X

osite



direction shown by an arrow Y in FIG. 1. The eleva
means 21 functions to mount a cassette (not shown)
vertically move the cassette. The cleaning means 2
functions to clean the workpiece W after processing
elevating means 21 has a stage 22 on which the cass

is adapted to be mounted. The stage 22 is vertical

movable to thereby vertically move the cassette.

Accordingly, the height of the workpiece W stored |
cassette can be adjusted in taking the workpiece W
the cassette before processing or in storing the
workpiece W into the cassette after processing. Th
cleaning means 24 includes a spinner table 25 for h
the workpiece W thereon after processing. The spin
table 25 is rotatable and vertically movable. In t
operation of the cleaning means 24, the workpiece W
on the spinner table 25 is lowered into the base 10
a cleaning water is sprayed toward the workpiece W
on the spinner table 25 as rotating the spinner tab
thereby cleaning the workpiece W. Thereatfter, dry
blown against the workpiece W held on the spinner t
25 to thereby dry the workpiece W. Further, a doub
column type support frame 13 is provided on the upp
surface of the base 10 so as to straddle the path o
movement of the chuck table 15.

There are provided on the support frame 13

of indexing means 30 for indexing a pair of cutting
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40 in the Y direction, individually, and a pair of cutter
feeding means 35 for feeding the pair of cutting me ans 40
in the Z direction shown by an arrow Z in FIG. 1,

individually. Each indexing means 30 has a pair of

parallel guide rails 31 provided on the front surfa ce of
the support frame 13 so as to extend in the Y direc tion
and a Y movable table 32 slidably mounted on the gu ide
rails 31. Similarly, each cutter feeding means 35 has a
pair of parallel guide rails 36 provided on the Y m ovable

table 32 so as to extend in the Z direction and a Z

movable table 37 slidably mounted on the guide rail s 36.
The cutting means 40 for cutting the workpi ece Wis
provided at the lower end of each Z movable table 3 7. A

nut portion is formed on the back surface of each Y

movable table 32, and a nut portion is also formed on the
back surface of each Z movable table 37. A lead sc rew 33
is threadedly engaged with the nut portion of each Y
movable plate 32, and a lead screw 38 is also threa dedly
engaged with the nut portion of each Z movable tabl e 37.
A drive motor 34 is connected to one end of the lea d
screw 33 for each Y movable table 32, and a drive m otor
39 is connected to one end of the lead screw 38 for each
Z movable table 37. Accordingly, by operating the drive
motor 34 to rotate the lead screw 33, each cutting means

40 can be moved along the guide rails 31 in the Y

direction. Further, by operating the drive motor 3 9 to

10



rotate the lead screw 38, each cutting means 40 can
moved along the guide rails 36 in the Z direction.

Each cutting means 40 includes a spindle ho
a spindle 42 (see FIG. 2) rotatably supported to th
spindle housing 41, and the cutting blade 60 mounte
the front end of the spindle 42. The cutting blade
a disk-shaped member formed by binding diamond abra
grains with a bond. A blade cover 45 is fixed to t
spindle housing 41 so as to partially cover the out
circumference of the cutting blade 60. Further, th
cover 45 is provided with cutting water supplying m
46 for supplying a cutting water to the cutting bla
in cutting the workpiece W. The cutting water supp
means 46 includes various nozzles for discharging t
cutting water to the cutting blade 60 in cutting th
workpiece W.

Each cutting means 40 will now be described
detail with reference to FIGS. 2 and 3. FIG. 2 is
exploded perspective view of each cutting means 40,
FIG. 3 is a sectional view of each cutting means 40
FIGS. 2 and 3, the blade cover 45 for partially cov
the outer circumference of the cutting blade 60 is
shown for convenience of illustration. Each cuttin
40 is essentially configured so that the cutting bl
can be mounted, and the configuration of each cutti

means 40 is not limited to that shown in FIGS. 2 an
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As shown in FIG. 2, each cutting means 40 i
a blade mount 51 mounted on the front end of the sp
42. The cutting blade 60 is mounted on this blade
51. The spindle 42 is an air spindle, for example,
that it is supported through a compressed air layer

the spindle housing 41 in a floating condition. A

member 47 for covering the front end portion of the

spindle 42 is mounted on the front end surface of t
spindle housing 41. The cover member 47 has a pair

brackets 48, and it is mounted through the brackets

the spindle housing 41 by means of screws. The cov

member 47 has a central opening 49 for passing the
end portion of the spindle 42. Accordingly, when t
cover member 47 is mounted on the front end surface
the spindle housing 41, the front end portion of th
spindle 42 projects from the central opening 49 of
cover member 47.

The blade mount 51 for supporting the cutti
60 is mounted on the front end portion of the spind
The blade mount 51 has an engaging hole 52 (see FIG
on the back side, in which the front end portion of
spindle 42 is fitted in this engaging hole 52. The
mount 51 has a cylindrical boss portion 53 on the f
side. A circular recess 54 is formed on the front
the boss portion 53, and a through hole 55 connecte

the engaging hole 52 is formed on the bottom of thi
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circular recess 54. Accordingly, the front end of
spindle 42 fitted to the engaging hole 52 of the bl
mount 51 is exposed to the through hole 55. The fr
of the spindle 42 is formed with a tapped hole 44,
fixing bolt 59 is tightly engaged into the tapped h
through a washer 58, thereby fixing the blade mount
the spindle 42.

A flange portion 56 extends radially outwar
the outer circumference of the boss portion 53 of t
blade mount 51, and the cutting blade 60 is mounted
the blade mount 51 so as to be pressed on the flang
portion 56. The cutting blade 60 is a hub blade co
of a substantially disk-shaped hub base 61 and an a
cutting edge 62 mounted on the outer circumference
hub base 61. The hub base 61 has a central inserti
63 for insertion of the boss portion 53 of the blad
mount 51. When the boss portion 53 is inserted thr
the insertion hole 63, the boss portion 53 projects
the hub base 61. A projecting end portion of the b
portion 53 projecting from the hub base 61 is forme
an external thread 57, and a fixing nut 65 is tight
engaged with this external thread 57 to thereby fix
cutting blade 60 to the blade mount 51.

Each cutting means 40 is provided with an e
wave detecting sensor 71 capable of detecting an el

wave generated in rotating the cutting blade 60. T
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elastic wave detecting sensor 71 is a so-called aco
emission (AE) sensor, which includes a vibrator 72
converting an elastic wave propagated to the blade
51 into an electrical change to output a detection
indicating this electrical change. The elastic wav
detecting sensor 71 is provided in the blade mount
near the cutting blade 60, so that the vibration fr
cutting blade 60 is easily propagated. Accordingly
vibration from the cutting blade 60 can be accurate
detected by the elastic wave detecting sensor 71.

First coil means 73 is connected to the vib
and provided in the blade mount 51 (see FIG. 3). F
second coil means 74 is provided in the cover membe

For example, each of the first and second coil mean

and 74 is an annular flat coil formed by winding a

conductor. The first and second coil means 73 and
magnetically coupled with each other, and the detec

signal from the vibrator 72 is transmitted from the

coil means 73 to the second coil means 74 by mutual

induction.  In this manner, the detection signal is

transmitted by the first and second coil means 73 a

in a noncontact fashion, so that the elastic wave

detecting sensor 71 can be provided in the blade mo
to be rotated with the cutting blade 60.
In each cutting means 40, there is a case t

slight difference in condition of the cutting blade
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such as a difference in cutting edge height may be
by production error of the cutting blade 60 or wear
the cutting blade 60. Since the vibration of the c
blade 60 is accurately detected by the elastic wave
detecting sensor 71, an output value for the elasti
largely changes due to the difference in condition
cutting blade 60. As a result, if the processing
circumstances are determined according to elastic w
data output from the elastic wave detecting sensor
during processing, the accuracy of determination is
and must be improved.

To cope with this problem, the present inve
have examined storing reference processing elastic
data and reference idling elastic wave data as a se
reference data and calculating the ratio between th
reference processing elastic wave data and actual
processing elastic wave data and the ratio between
reference idling elastic wave data and actual idlin
elastic wave data. As a result, it was found that
ratio between the reference processing elastic wave
and the actual processing elastic wave data is equa
or considerably approximate to the ratio between th
reference idling elastic wave data and the actual i
elastic wave data. On the basis of this result, th
cutting apparatus 1 according to this preferred

embodiment is configured so that a threshold value
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according to the reference processing elastic wave

and the ratio of idling elastic wave data just befo
processing to the reference idling elastic wave dat
calculated. Further, the actual processing elastic

data is corrected by this ratio, and a resultant
corrected value is compared with the above threshol
value. Accordingly, even when there is a slight
difference in condition of the cutting blade 60, th
threshold value can be set according to this slight
difference. Further, since the actual processing e

wave data can be corrected by the ratio, whether or

the processing circumstances are good can be determ
stably and accurately.

As shown in FIG. 3, control means 75 for
controlling each component of the cutting apparatus
(see FIG. 1) is connected to the elastic wave detec
sensor 71 through the magnetic coupling between the
and second coil means 73 and 74. The control means
includes a reference data storing section 76, a thr
value storing section 77, an idling elastic wave da
storing section 78, a ratio calculating section 79,
determining section 80.

FIG. 4 is a block diagram showing the conce
data structure in this preferred embodiment. As sh
FIG. 4, reference processing elastic wave data al a

reference idling elastic wave data a2 are previousl

16

data,

re

lastic
not

ined

ting
first
75
eshold
ta

and a

pt of a
own in

nd



stored as a set of reference data a in the referenc e data
storing section 76. The reference processing elast ic wave
data al is elastic wave data detected by the elasti C wave
detecting sensor 71 in previously processing the

workpiece W (in the past). Further, the reference

processing elastic wave data al is data detected in

processing the workpiece W under predetermined proc essing
conditions, specifically, under the conditions incl uding
the outer diameter, thickness, etc. of the cutting blade
60, the rotational speed of the spindle 42, the fee d
speed of the chuck table 15, and the supply amount of the
cutting water in processing the workpiece W. In th IS
preferred embodiment, the reference processing elas tic

wave data al is shown by a frequency spectrum in a

predetermined frequency band (see FIG. 5A). The ot her
various elastic wave data to be hereinafter describ ed
will be also similarly shown. The conversion to th e
frequency spectrum may be performed in the elastic wave
detecting sensor 71 or in each section of the contr ol
means 75. The predetermined frequency band is a fr equency

band where when any abnormality is present in the
processing circumstances in cutting the workpiece W by
using the cutting blade 60, this abnormality appear sas a
change in AE value.

The reference processing elastic wave data al is

elastic wave data detected in previously processing the

17



workpiece W or elastic wave data detected in previo usly
processing the workpiece W and corrected to be
hereinafter described. A plurality of kinds of suc h data

are previously stored in the reference data storing

section 76. The reference processing elastic wave data al
is data selectable as a reference in setting a thre shold
value b to be hereinafter described. The reference idling
elastic wave data a2 is elastic wave data detected in the
condition where the cutting blade 60 is idling (idl y
rotating) without cutting the workpiece W as supply ing a

cutting water, just before performing the cutting
operation for detection of the reference processing
elastic wave data al.
The threshold value b is set on the basis o f the

reference processing elastic wave data al, and this

threshold value b is previously stored in the thres hold
value storing section 77. The threshold value b is set to

a plurality of values corresponding individually to a
plurality of kinds of the reference processing elas tic
wave data al. For example, the threshold value b i S a

value set on the basis of an average value in the

predetermined frequency band where the frequency sp ectrum
of the reference processing elastic wave data al is shown
(see FIG. 5A). As a modification, the threshold va lue b
may be a value determined experimentally, empirical ly, or

theoretically.

18



Idling elastic wave data c is stored in the
elastic wave data storing section 78. The idling e
wave data c is elastic wave (idling elastic wave) d
detected by the elastic wave detecting sensor 71 in
condition where the cutting blade 60 is idling (idl
rotating) without cutting the workpiece W as supply
cutting water, with arbitrary timing. This idling
wave data c is stored together with the detection t
with the above arbitrary timing. Examples of the a
arbitrary  timing include the setup timing before
processing the workpiece W and the duration while t
cutting blade 60 having cut any one of the division
of the workpiece W is relatively moved to a start p
for the cutting of the next division line.

In the ratio calculating section 79, the re
idling elastic wave data a2 is compared with the id
elastic wave data c associated with the time just b
the cutting required for the determination of a pro
condition of the workpiece W. In making this compa
the ratio d is calculated as d = (data c)/(data a2)
FIG. 5B). In calculating the ratio d, an average v
the idling elastic wave data ¢ and an average value
the reference idling elastic wave data a2 in the
predetermined frequency band are used.

In the determining section 80, the ratio d

calculated in the ratio calculating section 79 and
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processing elastic wave data e are input. The proc

elastic wave data e is elastic wave data detected b

elastic wave detecting sensor 71 in performing the
cutting required for the determination of a process
condition of the workpiece W. In other words, the
processing elastic wave data e is elastic wave data
detected in cutting the workpiece W just after dete

the idling elastic wave data c used in the ratio
calculating section 79 to calculate the ratio d.

In the determining section 80, the processi
elastic wave data e is divided by the ratio d to ob
corrected processing elastic wave data f (= e/d) (s
5C). In this calculation, an average value of the
processing elastic wave data e in the predetermined
frequency band is used. Thereafter, the corrected
processing elastic wave data f and the threshold va
are compared with each other. In the case that an
value of the corrected processing elastic wave data
greater than the threshold value b, it is determine
the processing is abnormal.

Further, the cutting apparatus 1 includes a
means 82 (see FIG. 3) for alarming the abnormality
determined by the determining section 80. When the
means 82 is operated, the operator of the cutting

apparatus 1 can be informed of the situation that t

processing is abnormal, and can be prompted to perf
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maintenance operation. Each section of the control

75 is configured by a processor for executing vario

kinds of processing, a memory, etc. The memory is

configured by one or more storage media according t

such as read only memory (ROM) and random access me

(RAM). For example, the memory previously stores a

program for controlling the operation of each compo
of the cutting apparatus 1 and a program for detect
the damage to the cutting blade.

A method of detecting whether or not any
abnormality is present in the cutting of the workpi
will now be described with reference to FIGS. 6 and
FIGS. 6 and 7 are flowcharts showing the flow of th
detecting method for the abnormality in the cutting
this detecting method, it is assumed that a plurali
kinds of reference data a are previously stored in
reference data storing section 76 in a past cutting
operation as shown in FIG. 4, in which the referenc
a is composed of the reference processing elastic w
data al and the reference idling elastic wave data
which are stored as a set. Further, the threshold
set on the basis of the reference processing elasti
data al is previously stored in the threshold value
storing section 77.

The workpiece W is cut by the cutting blade

FIG. 1) with predetermined timing (step 01, in whic

21

means

us

0 USes,

mory

nent

ing

ece W

ty of

the

e data
ave
a2

value b

Cc wave

60 (see



“step” will be hereinafter referred to simply as “S
During this cutting operation, processing elastic w
data is detected by the elastic wave detecting sens
(S02). Thereafter, according to this processing el
wave data, the reference data a is selected (S03).
selection of the reference data a may be realized b
executing a selection program in the control means
by the operator confirming the result of the proces
elastic wave data. After the reference data ais s
the threshold value b set on the basis of the refer
processing elastic wave data al of the reference da
is selected and set (S04).

After the threshold value b is set in the s
the program proceeds through the mark A in FIGS. 6
to the next step. That is, as shown in FIG. 7, the
cutting blade 60 is rotated at idling in each cutti
means 40 without cutting the workpiece W as supplyi
cutting water (S05). In this condition, elastic wa
is detected by the elastic wave detecting sensor 71
the result of this detection is stored as the idlin
elastic wave data c into the idling elastic wave da
storing section 78 (S06). This idling elastic wave
is associated with the time of detection with the
detection timing.

After executing the step S06, the idling el

wave data c is divided by the reference idling elas
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wave data a2 of the reference data a selected in th e step

S03 to thereby obtain the ratio d (= c/a2) in the r atio
calculating section 79 (S07), in which the idling e lastic
wave data c is associated with the time just before the

cutting in the step S08 to be hereinafter described

After the ratio d is calculated, the workpiece W is cut
by the cutting blade 60 (S08). During this cutting , the
processing elastic wave data e is detected by the e lastic

wave detecting section 71 (S09).

Thereafter, the processing elastic wave dat aeis
divided by the ratio d to thereby obtain the correc ted
processing elastic wave data f (= e/d) in the deter mining
section 80 (S10). Thereafter, the corrected proces sing
elastic wave data f is compared with the threshold value
b (S11). If the corrected processing elastic wave data f
is smaller than the threshold value b (S11: Yes), t he
determining section 80 determines that the processi ng is
normal. Thereafter, the corrected processing elast ic wave
data f is newly used as the reference processing el astic
wave data al, and the idling elastic wave data c is newly
used as the reference idling reference wave data a2 to
thereby create new reference data a. This new refe rence
data a is stored into the reference data storing se ction
76 to thereby accumulate or update the reference da ta a
(S12). On the other hand, if the corrected process ing
elastic wave data f is not less than the threshold value

23



b (S11. No), the determining section 80 determines

the processing is abnormal. Thereafter, the abnorm

in the processing circumstances is informed to the

operator by the alarm means 82 (see FIG. 3), so tha
operator is prompted to perform a maintenance opera
(S13).

According to the cutting apparatus 1 as des
above, the threshold value b is set according to th
reference processing elastic wave data al, and the
d between the reference idling elastic wave data a2
the idling elastic wave data c just before cutting
calculated. Then, the processing elastic wave data
during cutting is corrected by the ratio d, and the
corrected processing elastic wave data f obtained i
compared with the threshold value b. Accordingly,
when a slight difference in condition of the cuttin
blade 60 such as a difference in cutting edge heigh
be caused by production error of the cutting blade

wearing of the cutting blade 60, the threshold valu

can be set according to the actual -circumstances.

Furthermore, the corrected processing elastic wave

to be compared with the threshold value b is obtain
dividing the processing elastic wave data e by the

d. Accordingly, by comparing the corrected process
elastic wave data f and the threshold value b in th

determining section 80, whether or not the processi
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circumstances are good can be determined accurately
stably. For example, in the graph shown in FIG. 5C
processing elastic wave data e before correction ex
the threshold value b, whereas the corrected proces
elastic wave data f does not exceed the threshold v
That is, proper determination can be made.

Further, when the determining section 80 de
that the processing is normal, the reference data a
newly created from the data used in this determinat
and this new reference data a is stored. According
every time the processing is carried out, the accur
the reference data a can be improved or the number
data accumulated can be increased. As a result, th
accuracy in obtaining the corrected processing elas
wave data f and the threshold value b can be improv
thereby contribute to the improvement in accuracy o
determination of the processing circumstances.

While an AE sensor is used as the elastic w

detecting sensor in this preferred embodiment, the

elastic wave detecting sensor is not limited in the
present invention. That is, the elastic wave detec

sensor may be any sensor capable of detecting an el

wave. For example, a vibration sensor may be used.

Further, the AE sensor may be of any type such as a

resonance type AE sensor that can obtain high sensi

at a specific frequency, a wide-band type AE sensor
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can obtain constant sensitivity in a wide band, and a

preamplifier built-in type AE sensor having a built -in
preamplifier. The resonance type AE sensor may inc lude a
plurality of vibrators (piezoelectric elements) hav ing
different resonance frequencies, in which any of th ese

vibrators may be suitably selected according to the

processing conditions or the like.

The vibrator in the elastic wave detecting sensor
is formed of ceramic such as barium titanate (BaTiO 3),
lead zirconate titanate (Pb(Zr,Ti)O 3), lithium niobate
(LINbO 3), and lithium tantalate (LiTaO 3).

The dicing tape may be a usual adhesive tap e
composed of a base sheet and an adhesive layer form ed on
the base sheet or may be a die attach film (DAF) ta pe
composed of a base sheet and a DAF attached to the base

sheet. Further, the alarm means may be of any type

capable of alarming the damage of the cutting blade , such
as a sound alarm type, light alarm type, and displa y
alarm type.

Further, while the vibrator of the elastic wave
detecting sensor is mounted in the blade mount in t his

preferred embodiment, the present invention is not

limited to this configuration. The vibrator of the

elastic wave detecting sensor may be located at any

position where the vibration of the cutting blade c an be

easily propagated, such as the blade cover and the
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spindle.
Further, while the cutting apparatus in thi S
preferred embodiment is a cutting apparatus for cut ting a

workpiece into individual device chips, the present

invention is not limited to this configuration. Th e
cutting apparatus according to the present inventio n may
be another cutting apparatus required to have a cut ting
blade, such as an edge trimming apparatus and a clu ster

system including a cutting apparatus.

Further, the workpiece to be processed by t he
cutting apparatus may be any workpiece according to the
kind of processing, such as a semiconductor device wafer,

an optical device wafer, a package substrate, a
semiconductor substrate, an inorganic material subs trate,

an oxide wafer, a green ceramic substrate, and a

piezoelectric substrate. The semiconductor device wafer
may be a silicon wafer or a compound semiconductor wafer
on which devices are formed. The optical device wa fer may
be a sapphire wafer or a silicon carbide wafer on w hich
devices are formed. The package substrate may be a chip
size package (CSP) substrate. The semiconductor su bstrate

may be a silicon substrate or a gallium arsenide
substrate. The inorganic material substrate may be a
sapphire substrate, a ceramic substrate, or a glass
substrate. The oxide wafer may be a lithium tantal ate

wafer or a lithium niobate wafer on which devices a re
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formed or to be formed.

Further, while the cutting blade in this pr
embodiment is a hub blade composed of a hub base an
annular cutting edge fixed to the hub base, the cut
blade in the present invention is not limited to th
configuration. That is, the cutting blade may be a
hubless type washer blade. Further, while the chuc
in this preferred embodiment is a suction chuck typ
table, the chuck table may be an electrostatic chuc
table.

Further, the present invention is not limit
the above preferred embodiment, but various modific
replacements, and changes may be made within the sc
the present invention. Further, if the technical i
the present invention can be realized by any other
methods using any technical progress or derivative
techniques, the present invention may be embodied b
using these methods. Accordingly, the present inve
claimed herein is intended to cover all embodiments
may fall within the scope of the present invention.

Further, while the present invention is app
a cutting apparatus in the above preferred embodime
the present invention is also applicable to any oth
processing apparatus for detecting potential troubl
processing tool.

As described above, the present invention h
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effect such that whether or not the processing

circumstances are good can be stably determined. | n
particular, the present invention is useful as a cu tting
apparatus for cutting a workpiece along division li nes.

The present invention is not limited to the details
of the above described preferred embodiment. The s cope of
the invention is defined by the appended claims and all
changes and modifications as fall within the equiva lence
of the scope of the claims are therefore to be embr aced

by the invention.
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WHAT IS CLAIMED IS:

1. A cutting apparatus comprising:

a chuck table configured to hold a workpiece;

cutting means having a cutting blade for cutting
said workpiece held on said chuck table;

cutting water supplying means for supplying a
cutting water to said cutting blade;

an elastic wave detecting sensor provided in said
cutting means for detecting an elastic wave due to the
rotation of said cutting blade; and

control means for identifying abnormal processing
of the cutting means, said control means comprising a
processor and memory;

said control means including

a reference data storing section configured
to store reference data as a set of reference processing
elastic wave data detected in previously processing of
one or more workpieces under predetermined processing
conditions and reference idling elastic wave data
detected in previous processing in the condition where
said cutting blade is idling without cutting said one or
more prior workpieces and supplying said cutting water
before processing,
a threshold wvalue storing section configured

to store a threshold value set on the basis of an average

value in a predetermined frequency band of said reference

30



processing elastic wave data,

an idling elastic wave data storing section
configured to store idling elastic wave data detected in
the predetermined frequency band in the condition where
said cutting Dblade is idling without <cutting said
workpiece and supplying said cutting water for a period
of time and to store the period of time of detection,

a ratio calculating section configured to
calculate a first ratio of an average value of said
idling elastic wave data at the period of time in the
predetermined frequency band to an average value of said
reference idling elastic wave data in the predetermined
frequency band, and

a determining section configured to divide
an average value of processing elastic wave data detected
during processing of said workpiece in the predetermined
frequency Dband by said first ratio thereby obtain a
corrected processing elastic wave data wvalue and then
determine that the processing is abnormal when said
corrected processing elastic wave data value 1is greater
than said threshold value.

2. The cutting apparatus of claim 1, wherein the
period of time comprises a time when said cutting blade
is rotating at a speed in which cutting will be performed
before processing said workpiece.

3. The cutting apparatus according to claim 1,
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wherein said workpiece has division 1lines along which
said workpiece 1is to be cut, and the period of time
comprises a time while said cutting blade having cut any
one of said division 1lines of said workpiece 1is moved
relative to a start point for the cutting of the next
division line.

4. The cutting apparatus according to claim 1,
wherein the cutting water supplying means comprises a
nozzle for discharging cutting water.

5. The cutting apparatus according to claim 1,
wherein the elastic wave detecting sensor comprises an
acoustic emission sensor or a vibration sensor.

6. The cutting apparatus according to claim 1,
wherein the elastic wave detecting sensor comprises a
resonance type acoustic emission sensor, a wide-band type
acoustic emission sensor, or a pre-amplifier built-in
type acoustic emission sensor.

7. The cutting apparatus according to claim 1,
wherein the elastic wave detecting sensor comprises a
resonance type acoustic emission sensor having a
plurality of vibrators having different resonance
frequencies.

8. The cutting apparatus according to claim 1,
wherein the elastic wave detecting sensor comprises a
vibrator formed of a ceramic.

9. The cutting apparatus according to claim 8§,
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wherein the ceramic comprises barium titanate, 1lead
zirconate titanate, lithium niobate, or lithium tantalite.

10. The cutting apparatus according to claim 1,
further comprising first and second annular coils
magnetically coupled with the elastic wave detecting
sensor.

11. The cutting apparatus according to claim 1,
further comprising an alarm connected to said control
means for indicating when said corrected value is greater

than said threshold wvalue.
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