CUTTI NG METHOD

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting nethod
of cutting a workpiece by using a cutting apparatus
including a cutting unit having an ultrasonic vibrator.

Description of the Related Art

A cutting apparatus is generally used in a case of
cutting a pl ate-shaped workpi ece such as a sem conduct or
waf er al ong planned dividing lines set in a lattice
manner on the front surface side of the workpiece. The
cutting apparatus includes a cutting unit and a chuck
tabl e di sposed below the cutting unit. The cutting unit
includes a cylindrical spindle. A cutting blade having an
annul ar cutting edge is fitted to one end portion of the
spindle. A rotational driving source such as a notor is
coupl ed to another end portion of the spindle.

In the case of cutting the workpiece, first, the
back surface side of the workpiece is suction-held by the
hol di ng surface of the chuck table such that the front
surface side of the workpiece is exposed upward. Then,
the workpiece is divided into a plurality of chips by

maki ng the cutting bl ade rotating at high speed cut into



t he wor kpi ece al ong each pl anned dividing line. The
cutting of the workpiece is relatively difficult in a
case where the workpiece is forned of a brittle hard
material or a material of high hardness. Accordingly, it
I's known that the workpiece is cut while the cutting
blade is vibrated in a radial direction thereof by
applying ultrasonic vibration to the cutting bl ade (see

Japanese Patent Laid-Open No. 2007-53234, for exanple).

SUVMMARY OF THE | NVENTI ON

The application of the ultrasonic vibration to the
cutting blade facilitates the cutting of the workpiece.
However, wear of the blade is pronoted correspondingly.
Thus, there are problens of a shortened |ife of the
cutting blade and an increase in replacenent frequency of
the cutting blade. The present invention has been made in
view of such problens. It is an object of the present
i nvention to cut a workpiece by applying ultrasonic
vibration to a cutting blade and reduce excessive wear of
the cutting bl ade.

In accordance wth an aspect of the present
i nvention, there is provided a cutting method of cutting
a wor kpi ece by using a cutting apparatus including a

chuck table configured to hold the workpiece and a
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cutting unit having a cutting blade configured to cut the
wor kpi ece held by the chuck table and an ultrasonic

vi brator configured to ultrasonically vibrate the cutting
blade in a radial direction of the cutting bl ade, the
cutting nethod including a holding step of holding the
wor kpi ece by the chuck table, and a cutting step of
performng ultrasonic cutting that cuts the workpi ece by
the cutting blade vibrated ultrasonically and nornal
cutting that cuts the workpiece by the cutting bl ade not
vibrated ultrasonically on the sane cutting line of a
plurality of cutting lines set on the workpiece.

Preferably, in the cutting step, after the
ultrasonic cutting is performed on a part of the sane
cutting line, ultrasonic vibration is stopped, and the
normal cutting is perfornmed froma position at which the
ultrasonic cutting is perforned | ast on the sane cutting
line without noving the cutting blade in an indexing feed
direction.

The cutting step of the cutting nethod according to
one aspect of the present invention perforns the
ultrasonic cutting that cuts the workpiece by the cutting
bl ade vibrated ultrasonically and the normal cutting that
cuts the workpiece by the cutting blade not vibrated

ultrasonically on the sane cutting line of the plurality
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of cutting lines set on the workpiece. Hence, it is
possible to cut the workpiece while maintaining pronotion
of noderate wear of the cutting blade in the ultrasonic
cutting, and suppress excessive wear of the cutting bl ade
in the normal cutting.

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 sone preferred

enbodi nents of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view of a cutting
appar at us;

FIG 2 is a partially sectional side view of the
cutting appar at us;

FIG 3 is a diagramillustrating a chuck table and
the like in the cutting apparatus;

FIG 4 is a flowhart illustrating a cutting
met hod;

FIG 5 is a diagramillustrating cutting order in

the cutting nethod in an exanpl e;
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FIG 6 is an imge of a glass substrate after being
cut by the cutting nethod in the exanple;

FIG 7A is an inage of the glass substrate after
being cut by a cutting nmethod according to a first
conparative exanpl e;

FIG 7B is an inage of the glass substrate after
being cut by a cutting nethod according to a second
conpar ati ve exanpl e; and

FIG 8 is a diagramillustrating cutting order in a

cutting nethod according to a second enbodi nent.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
(First Enbodi nment)

A first enbodi nent according to one aspect of the
present invention will be described with reference to the
acconpanying drawings. FIG 1 is a perspective view of a
cutting apparatus 2. FIG 2 is a partially sectional side
view of the cutting apparatus 2. FIG 3 is a diagram
illTustrating a chuck table 40 and the like in the cutting
apparatus 2. The cutting apparatus 2 includes a cutting
unit 4 that cuts a workpiece 11. The cutting unit 4 has a
cylindrical spindle housing 6 disposed substantially in
parallel with a Y-axis direction (indexing feed

direction). A part of a cylindrical spindle 8 is housed
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in a rotatable manner within the spindle housing 6 (see
FIG 2).

A threaded hole is fornmed in one end portion of the
spindle 8. A screw 10 fixed to the threaded hole fits a
cutting blade 12 to the one end portion of the spindle 8.
The cutting blade 12 has an annul ar cutting edge 12a on
an outer circunferential portion thereof. The cutting
edge 12a is formed by abrasive grains and a bondi ng
material that fixes the abrasive grains. Another end
portion of the spindle 8 is provided with a cylindrica
notor fitting portion 8a. A rotor 14a of a notor 14 that
rotates the spindle 8 is coupled to the notor fitting
portion 8a. The rotor 14a, for exanple, has a pernanent
magnet .

A stator coil 14b fixed to the spindle housing 6 is
di sposed in a separated manner on an outer circunference
side of the rotor 14a. The rotor 14a rotates when the
stator coil 14b is supplied with alternating-current
power from an alternating-current power supply 32 to be
described later via a control circuit 32a. |Incidentally,
the control circuit 32a adjusts a current supplied to the
stator coil 14b. Operation of the control circuit 32a is
controlled by a control unit (not illustrated) of the

cutting apparatus 2. An ultrasonic vibrator 16 that



applies ultrasonic vibration to the cutting blade 12 is
coupl ed to an opposite side of the notor 14 fromthe
notor fitting portion 8a.
The ultrasonic vibrator 16 has an annul ar
pi ezoel ectric elenment 18 polarized in the axial direction
of the spindle 8. The piezoelectric elenent 18 is forned
by a piezoelectric ceram c such as bariumtitanate, |ead
zirconate titanate, or lithiumtantal ate. The
pi ezoel ectric elenment 18 is sandw ched by annul ar
el ectrode plates 20 and 22. The annul ar el ectrode plate
20 is fixed to one polarized surface of the piezoelectric
el enent 18, and the annul ar el ectrode plate 22 is fixed
to anot her polarized surface of the piezoelectric el enent
18. A rotary transfornmer 24 is coupled to an opposite
side of the ultrasonic vibrator 16 fromthe notor 14. The
rotary transformer 24 has a cylindrical power receivVing
unit 26. The power receiving unit 26 includes a rotary
core 26a coupled to the spindle 8 via the ultrasonic
vi brator 16 and a power receiving coil 26b wound around
an outer circunferential portion of the rotary core 26a.
An annul ar feeding unit 28 is disposed in a
separated nmanner on the outside of the power receiving
unit 26 so as to surround the power receiving unit 26.

The feeding unit 28 includes an annul ar stator core 28a



di sposed on the outer circunference side of the power
receiving coil 26b and a feeding coil 28b di sposed on the
inner circunferential side surface of the stator core
28a. The feeding coil 28b is supplied with power fromthe
al ternating-current power supply 32 via a voltage and
frequency adjusting unit 34. The voltage and frequency
adjusting unit 34 is a function generator, for exanple.
Operation of the voltage and frequency adjusting unit 34
is controlled by the control unit (not illustrated) of
the cutting apparatus 2.

The alternating-current power supply 32 and the
vol tage and frequency adjusting unit 34 constitute a
power supply unit 36 that supplies the feeding unit 28
with alternating-current power having a predeterm ned
frequency and a predeterm ned voltage. Wen the feeding
coil 28b is supplied with power, alternating-current
voltage is applied to the power receiving coil 26b in a
noncont act manner. The el ectrode plate 20 is connected to
one end of the power receiving coil 26b, and the
el ectrode plate 22 is connected to another end of the
power receiving coil 26b. Thus, the alternating-current
vol tage applied to the power receiving coil 26b is
applied to the el ectrode plates 20 and 22. Wen the

alternating-current voltage of an ultrasonic frequency is
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applied to the el ectrode plates 20 and 22, the ultrasonic
vi brator 16 vibrates at the ultrasonic frequency in the
axial direction of the spindle 8. The vibration in the
axial direction of the spindle 8 is converted into
vibration in a radial direction 12b of the cutting bl ade
12 at one end portion of the spindle 8. The cutting bl ade
12 vibrates at the ultrasonic frequency in the radia
direction 12b. That is, the cutting blade 12 perforns

ul trasoni c vibration.

The chuck table 40 is disposed bel ow the cutting
unit 4. The chuck table 40 has a di sk-shaped franme body
42 (see FIG 3). A disk-shaped recessed portion 42a is
formed in an upper portion of the frame body 42. A disk-
shaped porous plate 44 forned by a porous ceramc is
fixed to the recessed portion 42a. The upper surface of
the porous plate 44 and the upper surface of the franme
body 42 are substantially flush with each other, and
constitute a holding surface 40a of the chuck table 40. A
central portion of the recessed portion 42a is connected
with one end of a flow passage 42b. Another end of the
fl ow passage 42b is connected with a suction source 46
such as an ejector. |In addition, a solenoid valve 48 is
provi ded between the one end and the other end of the

fl ow passage 42b. Wen the solenoid valve 48 is in an



opened state, a negative pressure occurring in the
suction source 46 is transmtted to the porous plate 44
t hrough the fl ow passage 42b, and the negative pressure
occurs in the upper surface of the porous plate 44.

In the foll ow ng, description will be made of the
wor kpi ece 11 held by the holding surface 40a. As
illustrated in FIG 1, the di sk-shaped workpiece 11 is
formed by a sem conductor wafer such as silicon, and a
plurality of planned dividing lines 13 (cutting |lines)
are set in a lattice manner on a front surface l1lla side
of the workpiece 11. A device 15 such as an integrated
circuit (1C) or a large scale integration (LSI) is forned
in each of regions demarcated by the plurality of planned
dividing Iines 13. However, there are no |limtations on
the kind, material, size, shape, structure, and the Iike
of the workpiece 11. The workpiece 11 nay be a wafer or a
substrate fornmed by a conpound sem conductor other than
silicon (GN, SIiC, or the like), a glass, a ceramc, a
resin, a netal, or the like. 1In addition, there are no
limtations on the kind, quantity, shape, structure,
size, arrangenent, and the |ike of the devices 15 forned
on the workpiece 11. The devices 15 may not be forned on
t he wor kpi ece 11

A dicing tape 17 nmade of a resin is affixed to a
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back surface 11b side of the workpiece 11. The dicing
tape 17 has a circul ar shape, and has a dianeter |arger
than the dianmeter of the workpiece 11. The workpiece 11
Is affixed to a central portion of the dicing tape 17.
One surface of an annular franme 19 forned by a netal is
affixed to an outer circunferential portion of the dicing
tape 17. A franme unit 21 is thus forned in which the

wor kpi ece 11 is supported by the frame 19 via the dicing
tape 17. Incidentally, in FIG 2 and FIG 3, the dicing
tape 17 and the frane 19 are onitted.

A 6 table (not illustrated) that rotates the chuck
tabl e 40 about a rotational axis substantially paralle
with a Z-axis direction (a height direction or an upward-
downward direction) is provided bel ow the chuck table 40.
The 6 table is supported by a processing feed unit 50
(see FIG 2). The processing feed unit 50 is a noving
mechani smof a ball screw type. The processing feed unit
50 noves the chuck table 40 and the 6 table along an X-
axis direction (processing feed direction). Incidentally,
the X-axis direction, the Y-axis direction, and the Z-
axis direction are directions orthogonal to one another.

Description will next be made of a cutting method
of cutting the workpiece 11 by using the cutting

apparatus 2. FIG 4 is a flowhart illustrating the
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cutting nmethod. First, as illustrated in FIG 3, the
hol di ng surface 40a of the chuck table 40 hol ds the back
surface 11b side of the workpiece 11 (holding step S10).
After the holding step S10, the workpiece 11 is cut
(cutting step S20). In the cutting step S20, first, the
pl anned dividing lines 13 are detected by using a canera
unit (not illustrated), and the orientation of the

wor kpi ece 11 is adjusted by the © table (not illustrated)
such that one planned dividing line 13 is substantially
parallel with the X-axis direction. Thereafter, the
cutting blade 12 rotating at high speed is positioned on
an extension of the one planned dividing line 13, and a
| oner end of the cutting blade 12 is positioned at a

hei ght between the back surface 11b and the hol di ng
surface 40a. Further, the ultrasonic vibrator 16 is
oper at ed.

Next, as illustrated in FIG 1, the chuck table 40
is nmoved in the X-axis direction, and ultrasonic cutting
Is perfornmed which cuts the workpiece 11 by the cutting
blade 12 in a state of being vibrated at the ultrasonic
frequency fromone side to a predeterm ned position 13a
on the one planned dividing line 13. Incidentally, at a
time of the cutting, cutting water such as pure water is

supplied froma cutting water supply nozzle to a
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processi ng point. Wen the ultrasonic cutting is
perfornmed as far as the predeterm ned position 13a, the
cutting unit 4 is indexing-fed by a predeterm ned | ength.
Then, on anot her planned dividing Iine 13 adjacent in the
Y-axis direction to the one planned dividing line 13 in
which a cut groove 13b is fornmed, the ultrasonic cutting
is simlarly performed fromone side to the predeterm ned
position 13a on the other planned dividing line 13.

After cut grooves 13b are simlarly forned by the
ultrasonic cutting along all of the planned dividing
lines 13 along one direction, the feeding of the
ultrasonic vibrator 16 is stopped, and the rotating
cutting blade 12 is I owered and cut into the
predeterm ned position 13a of the planned dividing |ine
13 that has been cut first. Then, normal cutting is
performed which cuts the workpiece 11 by the cutting
blade 12 in a state of not being vibrated at the
ultrasoni c frequency fromthe predeterm ned position 13a
to anot her side of the planned dividing |line 13.
Simlarly, the normal cutting is performed for the
remai ni ng planned dividing lines 13 fromthe
predeterm ned position 13a to other sides of the planned
di viding lines 13.

After cut grooves 13b are fornmed along all of the
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pl anned dividing lines 13 along the one direction, the
chuck table 40 is rotated by 90 degrees, and the pl anned
dividing Iines 13 not cut yet are set substantially in
parallel with the X-axis direction. Then, the ultrasonic
cutting and the normal cutting are simlarly perforned
for all of the planned dividing lines 13 not cut yet. The
wor kpi ece 11 is thus divided into a plurality of chips.
The cutting step S20 according to the present enbodi nent
forms a cut groove 13b al ong each pl anned dividing |line
13 by performng the ultrasonic cutting and the nor nal
cutting on the sanme planned dividing line 13 (sane
cutting line). Incidentally, the sane planned dividing
line 13 (sane cutting line) refers to one planned
dividing Iine 13 (one cutting line) set continuously in a
| i near manner. The ultrasonic cutting can cut the

wor kpi ece 11 whil e maintaining pronotion of noderate wear
of the cutting blade 12. On the other hand, the nornmal
cutting does not vibrate the cutting blade 12, and can

t herefore suppress excessive wear of the cutting bl ade
12. Hence, it is possible to suppress excessive wear of
the cutting blade 12 while maintaining pronotion of
noderate wear of the cutting blade 12.

( Exanpl e)

An exanple will next be described. FIG 5 is a
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diagramillustrating cutting order in the cutting nethod
in the exanple. FIG 6 is an imge of a glass substrate
23 (made of soda glass) after being cut by the cutting
nethod in the exanple. Incidentally, in FIG 6, parts
where no cut grooves are forned are omtted. The present
exanpl e used a square pl ate-shaped gl ass substrate 23
havi ng one side of 100 mm another side of 100 nmm and a
thickness of 0.5 nm Forty cutting lines were set so as
to be along one side direction of the glass substrate 23.
In addition, the cutting lines were set discretely in
anot her side direction of the glass substrate 23.

In particular, in the present exanple, the
ultrasonic cutting was perforned fromone end of one side
to a predeterm ned position 23a at a position of 15 mMmin
order of #1 to #40 (broken lines), and the normal cutting
was next perfornmed fromthe predeterm ned position 23a to
anot her end of the one side in order of #41 to #80
(alternate | ong and short dashed lines) (see FIG 5).
Incidentally, cutting lines indicated by #1 and #41 are
an identical cutting line, and cutting lines indicated by
#N and #(N + 40) are also an identical cutting |line
(incidentally, Nis a natural nunber of 2 to 40 both
i ncl usi ve).

At a tinme of cutting, the cutting bl ade 12 was
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rotated at 20000 rpm and the chuck table 40 suction-
hol di ng the gl ass substrate 23 was processing-fed at 20
nmms. In addition, at the tinme of the cutting, pure water
(not illustrated) was supplied as cutting water fromthe
cutting water supply nozzle to the processing point at
2.5 1/mn. A cut groove having a depth of 430 um was thus
formed in each cutting line (see FIG 6). In the present
exanpl e, the cutting edge 12a of the cutting blade 12 was
worn by 0.9 umin the radial direction 12b when the
formati on of the 40 cut grooves was conpl et ed.

(First Conparative Exanpl e)

FIG 7A is an inmage of the glass substrate 23 after
being cut by a cutting nethod according to a first
conparative exanple. Incidentally, in FIG 7A parts
where no cut grooves are forned are omtted. In the first
conparative exanple, 40 cut grooves were discretely
formed in the other side direction of the glass substrate
23 by perform ng the normal cutting fromone end to
anot her end of the one side of the glass substrate 23 in
order of #1 to #40. The rotational speed of the cutting
bl ade 12 and the processing feed speed of the chuck table
40 were set to be the sane as in the foregoi ng exanpl e,
and cutting water was al so supplied simlarly. Wen the

formation of the 40 cut grooves was conpl eted, the
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cutting edge 12a of the cutting blade 12 was worn by 0.5
umin the radial direction 12b. An anount of wear of the
cutting edge 12a was reduced as conpared with the
exanpl e. However, as is clear from conparison between
FIG 7A and FIG 6, in the first conparative exanpl e,

noti ceabl e processi ng defects occurred in a rear part of
the cutting order. The processing defects are illustrated
in black in FIG 7A. The occurrence of the processing
defects is estimated to be caused by dulling of the
abrasi ve grains because the bonding material is not worn
appropriately.

(Second Conparati ve Exanple)

FIG 7B is an inage of the glass substrate 23 after
being cut by a cutting nethod according to a second
conparative exanple. Incidentally, in FIG 7B, parts
where no cut grooves are forned are omtted. In the
second conparative exanple, 40 cut grooves were
di scretely forned in the other side direction of the
gl ass substrate 23 by performng the ultrasonic cutting
fromone end to another end of one side of the gl ass
substrate 23 in order of #1 to #40. The rotational speed
of the cutting blade 12 and the processing feed speed of
the chuck table 40 were set to be the sane as in the

foregoi ng exanple, and cutting water was al so supplied
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simlarly. As is clear fromconparison between FIG 7B
and FIG 6, in the second conparative exanple, alnbst no
processi ng defects occurred. However, an anmount of wear
of the cutting edge 12a was increased significantly as
conpared with the exanple. Specifically, at a tinme of
conpl etion of the formati on of the 40 cut grooves, the
cutting edge 12a of the cutting blade 12 was worn by 2.55
umin the radial direction 12b. From conparison of the
exanple with the first and second conparative exanpl es,
it can be said that the cutting nethod of the exanple can
mai ntai n pronotion of noderate wear of the cutting bl ade
12 and suppress excessive wear of the cutting blade 12.
(Second Enbodi nent)

A second enbodi nent will next be described. FIG 8
is a diagramillustrating cutting order in a cutting
net hod according to the second enbodi nent. The second
enbodi nent perforns indexing feed after performng
cutting fromone end to another end of one cutting |ine,
and perforns cutting fromone end to another end of one
adj acent cutting line. However, as indicated by broken
| ines, the second enbodi nent first perforns the
ultrasonic cutting fromone end of a glass substrate 23
to a predeterm ned position 23a (on a part of the sane

cutting line), and thereafter stops the ultrasonic
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cutting.

Then, as indicated by alternate | ong and short
dashed lines, the normal cutting is perforned fromthe
predeterm ned position 23a (position at which the
ultrasonic cutting was perfornmed | ast on the sanme cutting
line) to another end of the glass substrate 23 wi thout
the cutting blade 12 being noved in the Y-axis direction.
By thus performng the ultrasonic cutting and the normal
cutting on the sanme cutting line, it is possible to cut
the gl ass substrate 23 while maintaini ng pronotion of
noderate wear of the cutting blade 12 in the ultrasonic
cutting, and suppress excessive wear of the cutting bl ade
12 in the normal cutting.

Mor eover, structures, nethods, and the |ike
according to the foregoing enbodi nents can be nodified
and i npl enmented as appropriate wthout departing fromthe
obj ective scope of the present invention. For exanple,

t he above-descri bed workpi ece 11 can be cut according to
the cutting method in accordance with the second
enbodi nent .

The present invention is not [imted to the details
of the above described preferred enbodi nents. The scope
of the invention is defined by the appended clains and

all changes and nodifications as fall within the
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equi val ence of the scope of the clains are therefore to

be enbraced by the invention.
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WHAT IS CLAIMED | S

1. A cutting nethod of cutting a workpiece by
using a cutting apparatus including a chuck table
configured to hold the workpiece and a cutting unit
having a cutting bl ade configured to cut the workpiece
hel d by the chuck table and an ultrasonic vibrator
configured to ultrasonically vibrate the cutting blade in
a radial direction of the cutting blade, the cutting
met hod conpri sing:

a holding step of holding the workpi ece by the
chuck table; and

a cutting step of performng ultrasonic cutting
that cuts the workpiece by the cutting bl ade vibrated
ultrasonically and normal cutting that cuts the workpiece
by the cutting blade not vibrated ultrasonically on a
same cutting line of a plurality of cutting lines set on
t he wor kpi ece.

2. The cutting nethod according to claiml,
wher ei n

in the cutting step, after the ultrasonic cutting
is perforned on a part of the sanme cutting |line,
ultrasonic vibration is stopped, and the nornmal cutting
is perforned froma position at which the ultrasonic

cutting is perforned | ast on the sane cutting |ine
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wi t hout noving the cutting blade in an indexing feed

di recti on.
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