CUTTI NG METHOD OF WORKPI ECE

BACKGROUND CF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting method
of a workpiece.

Description of the Related Art

There is a semiconductor wafer having a fun ctional
layer for which a Low-k film is used as an interlay er
insulating film on a surface of a silicon substrate for
improvement in functions of semiconductor devices. In
particular, the Low-k film is fragile and is readil y
separated from the silicon substrate. Therefore, i n
dicing processing by a conventional cutting blade, there
is a possibility that the Low-k film is separated a nd
semiconductor devices are broken. Therefore, a pro cessing

method by a laser beam and a cutting blade has been

proposed in which a Low-k film is irradiated with t he
laser beam to form laser-processed grooves and the Low-k
film is segregated in advance so as not to be separ ated
and thereafter cutting is carried out by the cuttin g

blade along this laser-processed groove to divide a
semiconductor wafer (refer to Japanese Patent Laid- open

No. 2009-021476, for example).



SUMMVARY OF THE | NVENTI ON
However, separation of the Low-k film occur swhen a

cut groove (breaking groove) is not formed at the

position overlapping with the laser-processed groov e by
the cutting blade without protrusion of the cut gro ove
from the laser-processed groove. Therefore, the po sition
at which the cut groove is formed needs to be accur ately
controlled. For this reason, it is necessary to de tect

the positions of the laser-processed groove and the

formed cut groove and recognize whether or not posi tion
deviation between the grooves exists. However, the reis a
problem that it is very difficult to detect the pos ition
of the cut groove overlapping with the laser-proces sed
groove.

Thus, an object of the present invention is to

provide a cutting method of a workpiece that can
accurately detect a cut groove formed to overlap wi tha
laser-processed groove.

In accordance with an aspect of the present

invention, there is provided a cutting method of a

workpiece that has, in a surface, a device region i n
which a device is formed in each of regions marked out by
a plurality of planned dividing lines formed in a | attice



manner and a peripheral surplus region that surroun
device region, and in which laser-processed grooves
formed in the planned dividing lines by irradiation

a laser beam, by use of a cutting apparatus includi
chuck table holding the workpiece by a holding surf
cutting unit cutting the workpiece held by the chuc
table by a cutting blade, a processing feed unit ca
out processing feed in an X-axis direction parallel
the holding surface of the chuck table, an indexing
unit carrying out indexing feed of the cutting unit
Y-axis direction that is parallel to the holding su

and is orthogonal to the X-axis direction, and a
photographic unit including a camera that photograp
workpiece held by the chuck table and an epi-illumi
part that emits light along an optical axis of the
The cutting method includes a half-cut groove formi
step of forming a half-cut groove having a bottom t
reflects the light of the epi-illumination part in

range of the peripheral surplus region of the plann
dividing line that has not been cut, a detection st
photographing the half-cut groove by the photograph
unit and detecting the half-cut groove with
discrimination from the laser-processed groove that

diffusely reflects the light of the epi-illuminatio
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and is darkly displayed, a correction step of corre
deviation between the laser-processed groove and th
half-cut groove, and a cutting step of positioning
cutting blade at the center of the laser-processed
and carrying out cutting.

According to this configuration, the half-c
groove having the bottom that reflects the light of
epi-illumination part is formed in the range of the
peripheral surplus region of the planned dividing |
that has not been cut, and the half-cut groove is
detected with discrimination from the laser-process
groove that diffusely reflects this light and is da
displayed. Therefore, the position of the cut groo
formed to overlap with the laser-processed groove ¢
accurately detected based on the difference in the
brightness of the reflected light between the laser
processed groove and the half-cut groove by use of
difference in the shape of the groove bottom betwee
two grooves. Furthermore, the deviation between th
laser-processed groove and the half-cut groove is
corrected and the workpiece is cut with the cutting
positioned at the center of the laser-processed gro
Thus, the workpiece can be accurately divided. Bec

the half-cut groove is formed in the range of the
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peripheral surplus region of the planned dividing |
that has not been cut, damage to the devices in the
device region can be prevented even when the half-c
groove involves position deviation with respect to
planned dividing line.

Preferably, the detection step includes a |
processed groove detection sub-step of detecting th
laser-processed groove darkly displayed with
discrimination from the surface of the workpiece th
reflects the light of the epi-illumination part and
brightly displayed and is on both sides of the lase
processed groove. According to this configuration,
boundaries between the laser-processed groove and t
surface of the workpiece outside this laser-process
groove can be accurately detected based on the diff
in the brightness between the reflected light refle
by the laser-processed groove and the reflected lig
reflected by the surface of the workpiece. For thi
reason, the amount of deviation between the center
laser-processed groove and the center of the half-c
groove can be accurately detected.

According to the present invention, the hal
groove having the bottom that reflects the light of

epi-illumination part is formed in the range of the
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peripheral surplus region of the planned dividing |
that has not been cut, and the half-cut groove is
detected with discrimination from the laser-process
groove that diffusely reflects the light of this ep
illumination part and is darkly displayed. Therefo
position of the cut groove formed to overlap with t
laser-processed groove can be accurately detected b
on the difference in the brightness of the reflecte
light between the laser-processed groove and the ha
groove by use of the difference in the shape of the
groove bottom between the two grooves.

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 workpiece
a cutting target of a cutting method of a workpiece
according to the present embodiment of the present

invention;
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FIG. 2 is a sectional view along line II-II

FIG. 3 is an enlarged diagram of part A in

FIG. 4 is a sectional view of the workpiece
which a fully-cut groove is formed to overlap with
laser-processed groove;

FIG. 5 is a perspective view illustrating a
configuration example of a cutting apparatus used i
cutting method of a workpiece according to the pres
embodiment;

FIG. 6 is a sectional view illustrating a
configuration of a photographic unit of the cutting
apparatus illustrated in FIG. 5;

FIG. 7 is a flowchart illustrating a proced
the cutting method of a workpiece;

FIG. 8 is a sectional view illustrating one
of a half-cut groove forming step in FIG. 7;

FIG. 9 is a sectional view illustrating a
positional relation between a chuck table and the
photographic unit at a time of a half-cut groove
detection step in FIG. 7,

FIG. 10 is a sectional view of the workpiec
illustrating a half-cut groove formed under a groov

bottom of the laser-processed groove in the half-cu

in FIG.

FIG. 2;
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groove detection step in FIG. 7;

FIG. 11 is a diagram illustrating one examp
photographed image photographed by the photographic
in the half-cut groove detection step in FIG. 7;

FIG. 12 is a sectional view illustrating on
example of a cutting step in FIG. 7;

FIG. 13 is a sectional view of the workpiec
illustrating a fully-cut groove formed under a groo
bottom of a laser-processed groove in a groove dete
step of a reference example; and

FIG. 14 is a diagram illustrating one examp
photographed image photographed by a photographic u

the groove detection step of the reference example.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A cutting method of a workpiece according t
present embodiment of the present invention will be
described based on the drawings. FIG. 1 is a persp
view of a workpiece that is a cutting target of the
cutting method of a workpiece according to the pres
embodiment. FIG. 2 is a sectional view along line
in FIG. 1. FIG. 3 is an enlarged diagram of part A
2. FIG. 4 is a sectional view of the workpiece in
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processed groove. FIG. 5 is a perspective view
illustrating a configuration example of a cutting
apparatus used in the cutting method of a workpiece
according to the present embodiment. FIG. 6isad
illustrating a configuration of a photographic unit
the cutting apparatus illustrated in FIG. 5.

As illustrated in FIG. 1, a workpiece 200 a
to the present embodiment is a circular-disc-shaped
semiconductor wafer or optical device wafer includi
silicon, sapphire, gallium, or the like as a substr
201. In the workpiece 200, a device 205 is formed
of regions marked out in a lattice manner by plural
planned dividing lines 204 formed over a front surf
203 of the substrate 201. Furthermore, the workpie
includes a device region 206 in which these devices
are formed and a peripheral surplus region 207 that
surrounds this device region 206 and in which the d
205 are not formed. As illustrated in FIG. 2, a
functional layer 208 formed by alternately stacking
plural layers of low-dielectric-constant insulator
(referred to also as Low-k film) and conductor film
stacked on the front surface 203 of the substrate 2
the workpiece 200 and the devices 205 are formed in

functional layer 208. The functional layer 208 is
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disposed not only in the device region 206 but on t
whole of the front surface 203 of the substrate 201
including the peripheral surplus region 207. The |
dielectric-constant insulator coat is formed of a f
an inorganic-based material such as SiOF or BSG (Si
a film of an organic-based material that is a polym
film of a polyimide-based material, Parylene-based
material, or the like.

In the present embodiment, for the workpiec
an adhesive tape 210 having an adhesive layer 210A
stuck to a back surface 202 and a ring-shaped frame
is stuck to a periphery of the adhesive tape 210.
integrates the workpiece 200 with the ring-shaped f
211. The workpiece 200 is irradiated with a laser
with such a wavelength as to be absorbed by the
functional layer 208 and the substrate 201 along ea
planned dividing line 204 and a laser-processed gro
300 is formed at the central part of each planned
dividing line 204 in the width direction as illustr
in FIG. 2 and FIG. 3. The laser-processed groove 3
splits the functional layer 208 at the planned divi
line 204 and reaches the front surface 203 of the
substrate 201. As illustrated in FIG. 3, at a groo

bottom 301 of the laser-processed groove 300, the
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material forming the substrate 201 and the function
layer 208 get altered and become an amorphous state
projections and recesses are formed. In the cuttin
method of the workpiece 200 according to the presen
embodiment, along the laser-processed groove 300 fo
in the workpiece 200, as illustrated in FIG. 4, a f
cut groove (cut groove) 400 having a depth equivale
the thickness of the workpiece 200 is formed at a
position overlapping with the laser-processed groov
to divide the workpiece 200 into the individual dev
205. It is preferable for the fully-cut groove 400
formed at the center of the groove bottom 301 of th
laser-processed groove 300 in the width direction a
width of the fully-cut groove 400 is smaller than t
width of the laser-processed groove 300.

As illustrated in FIG. 5, a cutting apparat
includes a chuck table 10 that holds the workpiece
suction by a holding surface 11, cutting units 20 t
each cut the workpiece 200 held on the chuck table
a cutting blade 22 mounted to a spindle 21, and
photographic units 30 that are each a camera that
photographs the workpiece 200 held by the chuck tab

Furthermore, the cutting apparatus 1 includ

least an X-axis movement unit (not illustrated) tha
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carries out processing feed of the chuck table 10 i
X-axis direction parallel to the horizontal directi
axis movement units 40 that each carry out indexing
of the cutting unit 20 in a Y-axis direction that i
parallel to the horizontal direction and is orthogo
the X-axis direction, and Z-axis movement units 50
each carry out processing-in feed of the cutting un
in a Z-axis direction parallel to the vertical dire
orthogonal to both the X-axis direction and the Y-a
direction. Moreover, the cutting apparatus 1 inclu
control unit 100 that controls each of operations o
these respective elements.

The chuck table 10 includes the holding sur
that holds the workpiece 200 and has a circular dis
shape including a holding part 12 formed of porous
ceramic or the like and a ring-shaped frame part 13
surrounds the holding part 12. Furthermore, the ch
table 10 is disposed movably in the X-axis directio
the X-axis movement unit and rotatably around the a
center parallel to the Z-axis direction by a rotati
drive source that is not illustrated in the diagram
chuck table 10 is connected to a vacuum suction sou

that is not illustrated in the diagram and sucks an

holds the workpiece 200 by being sucked by the vacu
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suction source. Moreover, plural clamp parts 14 th
clamp the ring-shaped frame 211 are disposed around
chuck table 10.

The cutting unit 20 includes the spindle 21
which the cutting blade 22 that cuts the workpiece
held by the chuck table 10 is mounted. The cutting
20 is disposed movably in the Y-axis direction by t
axis movement unit 40 and movably in the Z-axis dir
by the Z-axis movement unit 50 with respect to the
workpiece 200 held by the chuck table 10. In the p
embodiment, the cutting apparatus 1 is a cutting
apparatus of a so-called facing dual-spindle type
including the two cutting units 20 disposed opposed
each other in the Y-axis direction.

As illustrated in FIG. 5, the cutting units
each disposed over a gate-shaped frame 3 set uptigh
an apparatus main body 2 with the intermediary of t
axis movement unit 40, the Z-axis movement unit 50,
so forth. The cutting unit 20 allows the cutting b
to be positioned at an arbitrary position in the ho
surface 11 of the chuck table 10 by the Y-axis move
unit 40 and the Z-axis movement unit 50. The cutti
blade 22 is an extremely-thin cutting abrasive havi

substantially ring shape. The spindle 21 rotates t
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cutting blade 22 to cut the workpiece 200. The spi

is rotatably housed in a spindle housing 23 and the
spindle housing 23 is supported by the Z-axis movem
unit 50. The axial center of the spindle 21 and th
cutting blade 22 of the cutting unit 20 is set in
parallel to the Y-axis direction. While indexing f

the cutting unit 20 is carried out in the Y-axis
direction by the Y-axis movement unit 40 and proces
in feed of the cutting unit 20 is carried out by th

axis movement unit 50, cutting feed of the chuck ta
is carried out in the X-axis direction by the X-axi
movement unit. Thereby, the cutting unit 20 cuts t
workpiece 200.

The X-axis movement unit is processing feed
that carries out processing feed of the chuck table
the X-axis direction by moving the chuck table 10 i
X-axis direction. The Y-axis movement unit 40 is i
feed means that carries out indexing feed of the cu
unit 20 by moving the cutting unit 20 in the Y-axis
direction. The Z-axis movement unit 50 is what car
out processing-in feed of the cutting unit 20 by mo
the cutting unit 20 in the Z-axis direction. The X
movement unit, the Y-axis movement units 40, and th

axis movement units 50 include well-known ball scre
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and 51 disposed rotatably around the axial center,
known pulse motors 42 and 52 that rotate the ball s
41 and 51 around the axial center, and well-known g
rails 43 and 53 that support the chuck table 10 or
cutting unit 20 movably in the X-axis direction, th
axis direction, or the Z-axis direction.

Furthermore, the cutting apparatus 1 includ
cassette elevator 70 on which a cassette 60 that ho
the workpiece 200 before and after cutting is place
that moves the cassette 60 in the Z-axis direction,
cleaning unit 80 that cleans the workpiece 200 afte
cutting, and a conveying unit that conveys the work
200 among the cassette 60, the chuck table 10, and
cleaning unit 80 and is not illustrated in the diag

The photographic unit 30 is fixed to the sp
housing 23 of the cutting unit 20 so as to move
integrally with the cutting unit 20. The photograp
unit 30 photographs the surface of the workpiece 20
by the chuck table 10. As illustrated in FIG. 6, t

photographic unit 30 includes an illuminator 31, an

optical system 32, and a charge coupled device (CCD

photographic element 33 that is a camera that photo
the surface of the workpiece 200 held by the chuck

10.
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The illuminator 31 is formed of a halogen |
source or a light emitting diode (LED), for example
includes an epi-illumination (referred to also as c
illumination) part 31A whose light amount is adjust
the control unit 100. The epi-illumination part 31
light toward the optical system 32. The optical sy
includes a case 32A, a half mirror 32B that is disp
on the upper side of the case 32A and specularly re
the light emitted by the epi-illumination part 31A
the workpiece 200 held by the chuck table 10 in par
to the Z-axis direction (FIG. 5), and a collecting
32C that is disposed in the case 32A and is dispose
the lower side of the half mirror 32B. The epi-
illumination part 31A illuminates the workpiece 200
light (incident light) 34 parallel to the Z-axis
direction (FIG. 5) through the half mirror 32B and
collecting lens 32C.

The CCD photographic element 33 is disposed
the half mirror 32B. The CCD photographic element
outputs, to the control unit 100, an image obtained
receiving light that has been reflected by the work
200 and passed through the collecting lens 32C and

half mirror 32B. For example, the CCD photographic

element 33 obtains an image for implementing alignm
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carry out position adjustment between the workpiece 200

and the cutting blade 22. Furthermore, the CCD

photographic element 33 obtains an image for detect ing
whether or not position deviation exists between th e
laser-processed groove 300 formed in the workpiece 200

and a half-cut groove (described later) formed at a
position overlapping with this laser-processed groo ve 300.

The light 34 that is emitted by the epi-

illumination part 31A and is specularly reflected b y the
half mirror 32B is parallel to an optical axis 35 0 f the
collecting lens 32C and the CCD photographic elemen t 33.
Furthermore, the illuminator 31 includes an oblique light
illumination part 31B at the outer circumference of the

lower end part of the case 32A. This oblique light

illumination part 31B includes plural light emittin g
elements 31C disposed at intervals in the circumfer ential
direction around the collecting lens 32C and irradi ates
the workpiece 200 with light (oblique light) 36. T he

control unit 100 carries out illumination for the

workpiece 200 by one of the epi-illumination part 3 1A or
the oblique light illumination part 31B or by combi ning
both. In the case of using the epi-illumination pa rt 31A

and the oblique light illumination part 31B in

combination, the control unit 100 adjusts each of t he

17



light amounts of the epi-illumination part 31A and
oblique light illumination part 31B.

The control unit 100 controls each of the a
described constituent elements of the cutting appar
and causes the cutting apparatus 1 to carry out
processing operation for the workpiece 200. The co

unit 100 is a computer. The control unit 100 has a

arithmetic processing apparatus having a microproce

such as a central processing unit (CPU), a storing

apparatus having a memory such as a read only memor

(ROM) or random access memory (RAM), and an input-o

interface apparatus. The arithmetic processing app

of the control unit 100 executes arithmetic process

accordance with a computer program stored in the st

apparatus and outputs control signals for controlli
cutting apparatus 1 to the above-described constitu
elements of the cutting apparatus 1 through the inp
output interface apparatus. Furthermore, the contr
100 is connected to a display unit that is formed o
liquid crystal display apparatus or the like that
displays the state of processing operation, images,
so forth and is not illustrated in the diagram and
input unit that is used when an operator registers

information on the content of processing and so for
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is not illustrated in the diagram. The input unit

includes at least one of a touch panel installed in
display unit and an external input apparatus such a
keyboard. The control unit 100 outputs an image ob
through photographing by the CCD photographic eleme
of the photographic unit 30 to the display unit and
causes the display unit to display the image.

Next, the cutting method of the workpiece 2
according to the present embodiment will be describ
FIG. 7 is a flowchart illustrating a procedure of t
cutting method of the workpiece. FIG. 8 is a schem
diagram of the chuck table and the cutting blade
illustrating one example of a half-cut groove formi
step in FIG. 7. FIG. 9 is a schematic diagram of t
chuck table and the photographic unit illustrating
example of a half-cut groove detection step in FIG.
FIG. 10 is a sectional view of the workpiece illust
a half-cut groove formed under the groove bottom of
laser-processed groove in the half-cut groove detec
step in FIG. 7. FIG. 11 is a diagram illustrating
example of a photographed image photographed by the
photographic unit in the half-cut groove detection
in FIG. 7. FIG. 12 is a schematic diagram of the c

table and the cutting blade illustrating one exampl
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cutting step in FIG. 7.
(Alignment Step S1)

First, the workpiece 200 is held on the chu
10 and alignment to carry out position adjustment b
this workpiece 200 and the cutting blade 22 of the
cutting unit 20 is implemented (step S1). Specific
the control unit 100 moves the chuck table 10 towar
lower side of the cutting unit 20 by the X-axis mov
unit and positions the workpiece 200 held by the ch
table 10 below the photographic unit 30 and causes
photographic unit 30 to photograph the workpiece 20
control unit 100 executes image processing such as
pattern matching in which a specific pattern set in
pattern of the device 205 is employed as a key patt
for carrying out position adjustment between the pl
dividing line 204 of the workpiece 200 held by the
table 10 and e.g. the cutting blade 22 of the cultti
unit 20, and implements alignment to adjust the rel
position between the workpiece 200 held by the chuc
table 10 and the cutting unit 20. Here, in the wor
200 held by the chuck table 10, the laser-processed
grooves 300 (FIG. 2) are formed along the planned
dividing lines 204 in advance.

(Half-cut Groove Forming Step S2)
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Next, before cutting of the workpiece 200 f

the alignment has been implemented, a half-cut groo

check is formed to overlap with the laser-processed
groove 300 formed in the planned dividing line 204
peripheral surplus region 207 of the workpiece 200
S2). The control unit 100 adjusts the height of th
cutting blade 22 of the cutting unit 20 by the Z-ax
movement unit 50. In addition, by the X-axis movem
unit and the rotational drive source, as illustrate
FIG. 8, the control unit 100 relatively moves the ¢
blade 22 of the cutting unit 20 and the workpiece 2
along the planned dividing line 204 (FIG. 2) and fo
half-cut groove 450 by the cutting blade 22 while
supplying cutting water.

As illustrated in FIG. 10, the half-cut gro
Is a groove formed at a position overlapping with t
laser-processed groove 300. For example, the half-
groove 450 is formed to a depth equivalent to about
the thickness of the substrate 201 from the side of
front surface 203 of the substrate 201 and the dept
set to a depth sufficiently reached by the incident
This half-cut groove 450 is formed by cutting by th
cutting blade 22. The cutting blade 22 is a so-cal

abrasive stone and the bottom surface (front surfac
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the half-cut groove 450 (cut groove) becomes a stat
a polished state. Thus, the half-cut groove 450 is
flatter compared with the laser-processed groove 30
has a groove bottom 451 that specularly reflects th
light 34 from the epi-illumination part 31A. The h
groove 450 is a groove for checking relative positi
deviation of the cutting blade 22 in the Y-axis dir
with respect to the laser-processed groove 300. Fo
reason, it suffices for the half-cut groove 450 to
formed in at least one laser-processed groove 300
(planned dividing line 204) extending in the range
peripheral surplus region 207 of the workpiece 200.
half-cut groove 450 is formed with the same width a
fully-cut groove 400 (FIG. 4) by the same cutting b
22 as the fully-cut groove 400 formed when the work
200 is cut along the planned dividing line 204.
(Half-cut Groove Detection Step S3A; Detection Step
Next, the half-cut groove 450 is photograph
the photographic unit 30 and the half-cut groove 45
overlaps with the laser-processed groove 300 is det
(step S3A). As illustrated in FIG. 9, the control
100 turns on the epi-illumination part 31A included
the photographic unit 30 and turns off the oblique

illumination part 31B. Then, the control unit 100
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the chuck table 10 to the lower side of the photogr
unit 30 and positions the half-cut groove 450 of th
workpiece 200 to the lower side of the photographic
30 by the X-axis movement unit and the Y-axis movem
unit 40, and causes the photographic unit 30 to
photograph a peripheral part including the half-cut
groove 450. In this case, as illustrated in FIG. 1
groove bottom 451 of the half-cut groove 450 formed
the workpiece 200 specularly reflects the light 34

the epi-illumination part 31A and reflected light 3
resulting from the reflection directly returns to t
photographic unit 30. In contrast, because fine
projections and recesses are formed in the laser-
processed groove 300, part of the applied light ret

to the photographic unit 30 due to diffuse reflecti

the light from the epi-illumination part 31A. For
reason, in a photographed image 500 photographed by
photographic unit 30, as illustrated in FIG. 11, th
laser-processed groove 300 is displayed relatively
and the half-cut groove 450 is displayed relatively
brightly. The control unit 100 detects the parts i

the light amount is smaller than a predetermined
threshold (illustrated by dense parallel oblique li

FIG. 11) in the photographed image 500 photographed
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the photographic unit 30 as the laser-processed gro
300, and detects the part in which the light amount
equal to or larger than the predetermined threshold
between the parts detected as the laser-processed g
300 (illustrated by a white region in FIG. 11) in t
photographed image 500 as the half-cut groove 450.
present embodiment, because the half-cut groove 450
displayed relatively brightly, confusion between th
half-cut groove 450 and the laser-processed groove
suppressed and the half-cut groove 450 with a width
(FIG. 11) equivalent to a width Wbl (FIG. 10) of th
actual half-cut groove 450 can be accurately detect
with discrimination from the laser-processed groove
(Laser-processed Groove Detection Step S3B; Detecti
Step S3)

Next, the boundaries between the laser-proc
groove 300 and the surface of the workpiece 200 loc
on both outsides (both sides) of this laser-process
groove 300 are detected (step S3B). The surface of
workpiece 200 (including the surface of the planned
dividing line 204) specularly reflects the light 34
the epi-illumination part 31A similarly to the groo
bottom 451 of the half-cut groove 450, and the refl

light 34A resulting from the reflection directly re
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to the photographic unit 30. Thus, the surface of
workpiece 200 is displayed brightly relative to the
laser-processed groove 300. The control unit 100 d
the part in which the light amount is smaller than
predetermined threshold (illustrated by the dense
parallel oblique lines in FIG. 11) in the photograp
image 500 photographed by the photographic unit 30
laser-processed groove 300, and detects the parts i
which the light amount is equal to or larger than t
predetermined threshold on both sides of the laser-
processed groove 300 (illustrated by sparse paralle
oblique lines in FIG. 11) in the photographed image
as the surface of the workpiece 200. The control u
detects boundaries 302 between the laser-processed
300 and the surface of the workpiece 200. As the
predetermined threshold for discriminating the lase
processed groove 300 and the surface of the workpie
the same value as the threshold for discriminating
laser-processed groove 300 and the half-cut groove
may be used. Alternatively, the threshold may be c
depending on difference in the light amount between
reflected light from the surface of the workpiece 2
the reflected light from the half-cut groove 450.

present embodiment, because the boundaries 302 betw
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the laser-processed groove 300 and the surface of t
workpiece 200 are detected, the laser-processed gro
300 with a width Wa2 (FIG. 11) equivalent to a widt
(FIG. 10) of the actual laser-processed groove 300
accurately detected.

In the present embodiment, a detection step
includes the half-cut groove detection step S3A and
laser-processed groove detection step S3B. The ord
the half-cut groove detection step S3A and the lase
processed groove detection step S3B may be reversed
these steps may be simultaneously carried out.
(Correction Step S4)

Next, deviation of the position of the half
groove 450 relative to the laser-processed groove 3
detected and this deviation is corrected (step S4).
control unit 100 calculates the position of the cen
the laser-processed groove 300 in the width directi
the position of the center of the half-cut groove 4
the width direction and calculates the amount of
deviation between the laser-processed groove 300 an
half-cut groove 450 in the Y-axis direction. Then,
control unit 100 controls the Y-axis movement unit
correct the position of the cutting blade 22 of the

cutting unit 20 in such a manner that the calculate
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amount of deviation in the Y-axis direction becomes

In the present embodiment, the width Wa2 of
laser-processed groove 300 and the width Wb2 of the
cut groove 450 can be accurately detected. Therefo
position of the center of each groove in the width
direction can be accurately calculated and thus the
amount of deviation between the respective grooves
Y-axis direction can be accurately calculated. For
reason, by correcting the position of the cutting b
22 based on the amount of deviation accurately calc
the cutting blade 22 can be accurately positioned a
center of the laser-processed groove 300 in the wid
direction. In the present embodiment, a kerf check
includes the above-described half-cut groove formin
S2, detection step S3, and correction step S4.
(Cutting Step S5)

Next, the workpiece 200 is cut along the la
processed grooves 300 (planned dividing lines 204)
state in which the cutting blade 22 is positioned a
center of the laser-processed groove 300 in the wid
direction (step S5). The control unit 100 adjusts
height of the cutting blade 22 of the cutting unit
the Z-axis movement unit 50. In addition, by the X

movement unit and the rotational drive source, as
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illustrated in FIG. 12, the control unit 100 relati
moves the cutting blade 22 of the cutting unit 20 a
workpiece 200 along the planned dividing line 204 (
2) and forms the fully-cut groove (cut groove) 400
cutting blade 22 while supplying cutting water to ¢
workpiece 200. After the cutting along one planned
dividing line 204 ends, the control unit 100 contro
Y-axis movement unit 40 to carry out indexing feed
Y-axis direction by an amount equivalent to a
predetermined pitch (pitch between the central posi
of the planned dividing lines 204 in the width dire
and carries out cutting along the next planned divi
line 204. Here, the control unit 100 may implement
known kerf check at a predetermined timing in execu
of the cutting step S5. The timing when this known
check is implemented is the timing when the fully-c
grooves (cut grooves) 400 have been formed for ever
predetermined number (five or ten, for example) of
planned dividing lines 204 defined in advance. How
the timing is not limited thereto. The control uni
ends the processing when cutting all planned dividi
lines 204 and dividing the workpiece 200 into the
individual devices 205.

In the cutting method of the workpiece 200
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according to the present embodiment, the half-cut g
450 having the groove bottom 451 that reflects the
34 of the epi-illumination part 31A is formed in th
range of the peripheral surplus region 207 of the p
dividing line 204 that has not been cut, and the ha
groove 450 is detected with discrimination from the
laser-processed groove 300, which diffusely reflect
light 34 and is darkly displayed. Therefore, by us
difference in the shape between the groove bottom 3
the laser-processed groove 300 and the groove botto
of the half-cut groove 450, the position of the hal
groove 450 as the cut groove formed to overlap with
laser-processed groove 300 can be accurately detect
based on the difference in the brightness of the
reflected light between the laser-processed groove
and the half-cut groove 450. Furthermore, deviatio
between the laser-processed groove 300 and the half
groove 450 is corrected and the workpiece 200 is cu
the cutting blade 22 positioned at the center of th
laser-processed groove 300 in the width direction.
the workpiece 200 can be accurately divided into th
individual devices 205. For this reason, as in the
present embodiment, even with the workpiece 200 tha

includes the functional layer 208 on a surface of t
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substrate 201 and in which the laser-processed groo
300 are formed in advance in order to prevent this

functional layer 208 from being separated, separati

the functional layer 208 can be suppressed and dama

the devices 205 in the device region 206 can be pre
because the workpiece 200 can be cut with the cutti
blade 22 positioned at the center of ht laser-proce
groove 300 in the width direction.

Furthermore, the half-cut groove 450 is for
the range of the peripheral surplus region 207 of t
planned dividing line 204 that has not been cut.
Therefore, even when the half-cut groove 450 involv
position deviation with respect to the planned divi
line 204 or the laser-processed groove 300, damage
devices 205 in the device region 206 can be prevent
correcting this position deviation and carrying out
cutting.

Furthermore, according to the present embod
the detection step S3 includes the laser-processed
detection step S3B in which the laser-processed gro
300 darkly displayed is detected with discriminatio
the surface of the workpiece 200 on both sides of t
laser-processed groove 300, which reflects the epi-

illumination part 31A and is brightly displayed.
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Therefore, the boundaries 302 between the laser-pro
groove 300 and the surface of the workpiece 200 out
the laser-processed groove 300 can be accurately de
based on the difference in the brightness between t
reflected light reflected by the laser-processed gr
300 and the reflected light reflected by the surfac
the workpiece 200. For this reason, the amount of
deviation between the center of the laser-processed
groove 300 in the width direction and the center of
half-cut groove 450 in the width direction can be
accurately detected.

Incidentally, in the present embodiment, th
cut groove 450 is formed as a cut groove at a posit
overlapping with the laser-processed groove 300 and
position of the half-cut groove 450 relative to the
laser-processed groove 300 is accurately detected b
on the photographed image 500. Here, a method is
envisaged in which the fully-cut groove (FIG. 4) 40
formed at a position overlapping with the laser-pro
groove 300 instead of the half-cut groove 450 and t
position of the fully-cut groove 400 relative to th
laser-processed groove 300 is detected. As a refer
example, the inventor formed the fully-cut groove 4

a position overlapping with the laser-processed gro
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300 and detected the position of the fully-cut groo
relative to the laser-processed groove 300. FIG. 1
sectional view of the workpiece illustrating the fu

cut groove formed under the groove bottom of the la
processed groove in the reference example. FIG. 14
diagram illustrating one example of a photographed
photographed by the photographic unit in the refere
example. In this reference example, the position o

fully-cut groove 400 was detected under the same

condition as the above-described embodiment. There

the same configuration as the above-described embod

Is given the same symbol.

Specifically, in the range of the periphera
surplus region 207 of the workpiece 200, the fully-
groove 400 was formed to overlap with the laser-pro
groove 300 formed in the planned dividing line 204.
fully-cut groove 400 extends from the laser-process
groove 300 to the adhesive tape 210 in the thicknes
direction of the substrate 201. A groove bottom 40
the fully-cut groove 400 partly cuts the adhesive t
210 and is formed in the adhesive tape 210. Althou
fully-cut groove 400 was formed in the range of the
peripheral surplus region 207 in the reference exam

the fully-cut groove 400 may be formed in the range
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which the workpiece 200 is divided along the planne
dividing lines 204.

The photographic unit 30 is positioned abov
fully-cut groove 400 and the epi-illumination part
turned on and the oblique light illumination part 3
turned off. The photographic unit 30 is caused to
photograph a peripheral part including the fully-cu
groove 400. In this case, the groove bottom 401 of
fully-cut groove 400 formed in the workpiece 200 is
located on the adhesive tape 210. When the adhesiv
210 is cut by the cutting blade 22, the cut surface
becomes uneven compared with the substrate 201 of s
or the like. For this reason, as illustrated in FI
the light 34 from the epi-illumination part 31A is
diffusely reflected by the groove bottom 401 of the
fully-cut groove 400 and part of the applied light
returns to the photographic unit 30 as the reflecte
light 34A. Furthermore, as described above, the la
processed groove 300 also diffusely reflects the li
from the epi-illumination part 31A. Due to this, 0
part of the applied light returns to the photograph
unit 30. For this reason, in a photographed image
photographed by the photographic unit 30, as illust

in FIG. 14, the laser-processed groove 300 and the
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cut groove 400 are displayed relatively darkly and
light amounts of both are smaller than a predetermi
threshold. Due to this, it is difficult to detect

position of the fully-cut groove 400. In particula

the fully-cut groove 400, the part close to the wal
surface adjacent to the laser-processed groove 300
becomes dark. Therefore, a width Wb2’ (FIG. 14) of
detected fully-cut groove 400 is smaller than the w
Whb1 (FIG. 13) of the actual fully-cut groove 400.

it has turned out that, if the fully-cut groove 400
formed instead of the half-cut groove 450, the ligh
emitted from the epi-illumination part 31A is diffu
reflected by the groove bottoms of both the laser-
processed groove 300 and the fully-cut groove 400 a
is impossible to accurately detect the fully-cut gr
400.

The present invention is not limited to the
described embodiment. That is, the present inventi
be carried out with various modifications without
departing from the gist of the present invention.
example, although the configuration in which the
functional layer 208 is stacked on a surface of a
substrate is employed as the workpiece in the prese

embodiment, the present invention can be used also
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cutting of a workpiece in which a functional layer
stacked.

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

by the invention.
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WHAT IS CLAIMED | S

1. A cutting method of a workpiece that ha
surface, a device region in which a device is forme
each of regions marked out by a plurality of planne
dividing lines formed in a lattice manner and a
peripheral surplus region that surrounds the device
region, and in which laser-processed grooves are fo
in the planned dividing lines by irradiation with a
beam,

by use of a cutting apparatus including a ¢
table holding the workpiece by a holding surface, a
cutting unit cutting the workpiece held by the chuc
table by a cutting blade, a processing feed unit ca
out processing feed in an X-axis direction parallel
the holding surface of the chuck table, an indexing
unit carrying out indexing feed of the cutting unit
Y-axis direction that is parallel to the holding su
and is orthogonal to the X-axis direction, and a
photographic unit including a camera that photograp
workpiece held by the chuck table and an epi-illumi
part that emits light along an optical axis of the

the cutting method comprising:

a half-cut groove forming step of forming a

cut groove having a bottom that reflects the light
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epi-illumination part in a range of the peripheral
surplus region of the planned dividing line;

a detection step of photographing the half-
groove by the photographic unit and detecting the h
cut groove with discrimination from the laser-proce
groove that diffusely reflects the light of the epi
illumination part and is darkly displayed;

a correction step of correcting deviation b
the laser-processed groove and the half-cut groove;

a cutting step of positioning the cutting b
a center of the laser-processed groove and carrying
cutting.

2. The cutting method of a workpiece accor
claim 1, wherein

the detection step includes a laser-process
groove detection sub-step of detecting the laser-
processed groove darkly displayed with discriminati
from the surface of the workpiece that reflects the
of the epi-illumination part and is brightly displa

and is on both sides of the laser-processed groove.
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