CUTTI NG APPARATUS AND GROOVE DETECTI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus and a groove detecting method.

Description of the Related Art

A semiconductor wafer is produced in which
semiconductor devices are formed by a functional la
obtained by laminating, on the top surface of a sub
such as silicon or the like, a low dielectric const
insulator film (Low-k film) formed of an inorganic
material-based film such as SiOF, BSG (SiOB), or th
or an organic material-based film as a polymer film
having a polyimide base, a parylene base, or the li
order to improve the processing power of semiconduc
chips such as integrated circuits (ICs), large scal
integrations (LSIs), or the like.

When the semiconductor wafer is divided, be
cutting the Low-k film by a cutting blade causes fi
peeling, the Low-k film is removed along a street b
ablation processing that applies a laser beam of a
wavelength absorbable by the Low-k film and the waf
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semiconductor wafer. Then, when the semiconductor
is divided, the inside of the laser-processed groov
cut by a cutting blade, and the semiconductor wafer
divided into each individual device chip without fi
peeling.

When the semiconductor wafer is divided, cu
position off the laser-processed groove causes film
peeling. It is therefore necessary to detect the p
of the laser-processed groove and the position of a
formed cut groove as needed, and recognize occurren
a positional displacement therebetween (see for exa
Japanese Patent Laid-Open No. Hei 10-149705 and Jap

Patent Laid-Open No. 2010-10445).

SUMVARY OF THE | NVENTI ON
However, while methods depicted in Japanese
Laid-Open No. Hei 10-149705 and Japanese Patent Lai

No. 2010-10445 detect the positions of the laser-

processed groove and the cut groove before cutting

processing or during the cutting processing, the me
have difficulty in detecting each of the grooves so
distinguish the grooves from each other.

Accordingly, it is an object of the present

invention to provide a cutting apparatus and a groo
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detecting method that can suppress detection of a |
processed groove and a cut groove in a confused man

In accordance with an aspect of the present
invention, there is provided a cutting apparatus fo
forming, along a laser-processed groove formed in a
surface of a workpiece by a laser beam irradiating
workpiece, a cut groove in a position overlapping t
laser-processed groove. The cutting apparatus incl
cutting unit configured to cut the workpiece held o
chuck table by a cutting blade mounted on a spindle
a groove detecting unit including a camera photogra
the workpiece held on the chuck table. The groove
detecting unit photographs, by the camera, the lase
processed groove and the cut groove formed so as to
overlap the laser-processed groove, the laser-proce
groove and the cut groove being illuminated by an o
illumination set such that a light amount of light
direction parallel with an extending direction of t
laser-processed groove as viewed in plan is higher
light amount of light in a direction orthogonal to
extending direction of the laser-processed groove,
detects, from a photographed image, the laser-proce
groove displayed brightly with the light diffusely

reflected by projections and depressions of a groov
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bottom of the laser-processed groove as well as the
groove displayed more darkly than the laser-process
groove with the light regularly reflected by a groo
bottom of the cut groove.

In the cutting apparatus, the oblique illum
may be a ring illumination set annularly around an
circumference of a condensing lens included in the
and may have an illumination direction selecting fu
so as to apply light from the direction parallel wi
extending direction of the laser-processed groove a
viewed in plan.

In addition, according to another aspect of
present invention, there is provided a groove detec
method for detecting a laser-processed groove forme
top surface of a workpiece by irradiating the workp
with a laser beam. The groove detecting method inc
an illuminating step of holding, by a chuck table,

workpiece in which the laser-processed groove is fo

and illuminating the laser-processed groove with an

obliqgue illumination performing irradiation from a
direction parallel with an extending direction of t
laser-processed groove as viewed in plan, and a gro
detecting step of photographing the illuminated las

processed groove by a camera, and detecting the las

4

cut
ed

ve

ination
outer
camera,
nction

th the

the
ting
dina
iece
ludes
the

rmed,

he
ove

er-



processed groove diffusely reflecting light of the

oblique illumination by projections and depressions of a
groove bottom of the laser-processed groove from a
photographed image obtained by the photographing.

In the groove detecting method, in the groo ve
detecting step, a cut groove formed along the laser -
processed groove and in a position overlapping the laser-
processed groove may be photographed, and the cut g roove

regularly reflecting the light of the oblique

illumination by a groove bottom of the cut groove m ay be
detected.
The cutting apparatus and the groove detect ing

method according to the invention of the present
application produce an effect of being able to supp ress
detection of a laser-processed groove and a cut gro ove in
a confused manner.

The above and other objects, features and
advantages of the present invention and the manner of
realizing them will become more apparent, and the
invention itself will best be understood from a stu dy of
the following description and appended claims with
reference to the attached drawings showing some pre ferred

embodiments of the invention.



BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view depicting an e
of a configuration of a cutting apparatus according
first embodiment;

FIG. 2 is a perspective view of a workpiece
processing target of the cutting apparatus accordin
the first embodiment;

FIG. 3 is a sectional view taken along a li
[l of FIG. 2;

FIG. 4 is a perspective view of a part of t
workpiece depicted in FIG. 2;

FIG. 5 is a perspective view depicting a st
which a cut groove is formed in a groove bottom of
laser-processed groove of the workpiece depicted in
4

FIG. 6 is a diagram depicting a configurati
photographing unit of the cutting apparatus depicte
FIG. 1;

FIG. 7 is a plan view of an oblique illumin
the photographing unit depicted in FIG. 6, the obli
illumination being viewed from an undersurface side

FIG. 8 is a flowchart depicting a flow of a
check as a groove detecting method according to the

embodiment;
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FIG. 9 is a plan view depicting light emitt
elements of the oblique illumination which light em
elements are lit in an illuminating step of the ker
check depicted in FIG. 8;

FIG. 10 is a sectional view depicting a sta
which light applied by the light emitting elements
oblique illumination in the illuminating step of th
check depicted in FIG. 8 is diffusely reflected by
groove bottoms of laser-processed grooves;

FIG. 11 is a sectional view depicting a sta
which the light applied by the light emitting eleme
the oblique illumination in the illuminating step o
kerf check depicted in FIG. 8 is regularly reflecte
the groove bottom of a cut groove;

FIG. 12 is a diagram depicting an example o
photographed image photographed by the photographin
in a groove detecting step of the kerf check depict
FIG. 8;

FIG. 13 is a sectional view of a workpiece
cut groove formed in a region including at least so
the groove bottoms of laser-processed grooves as a
of a kerf check as a groove detecting method accord
a second embodiment;

FIG. 14 is a diagram depicting an example o
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photographed image photographed by the photographin g unit
in a groove detecting step of a kerf check in a fir st

comparative example; and

FIG. 15 is a diagram depicting an example o fa
photographed image photographed by the photographin g unit
in a groove detecting step of a kerf check accordin gtoa

second comparative example.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Modes (embodiments) for carrying out the pr esent
invention will be described in detail with referenc e to
the drawings. Contents described in the following

embodiments do not limit the present invention. In

addition, constituent elements described in the fol lowing
include constituent elements readily conceivable by those
skilled in the art or substantially identical const ituent

elements. Further, configurations described in the

following can be combined with each other as approp riate.
In addition, various omissions, replacements, or ch anges
of configurations can be performed without departin g from

the spirit of the present invention.
First Embodiment
A cutting apparatus and a groove detecting method

according to a first embodiment of the present inve ntion



will be described with reference to the drawings.
iIs a perspective view depicting an example of a
configuration of the cutting apparatus according to
first embodiment. FIG. 2 is a perspective view of
workpiece to be processed by the cutting apparatus
according to the first embodiment. FIG. 3 is a sec
view taken along a line llI-lll of FIG. 2. FIG. 4
perspective view of a part of the workpiece depicte
FIG. 2. FIG. 5 is a perspective view depicting a s
which a cut groove is formed in a groove bottom of
laser-processed groove of the workpiece depicted in
4. FIG. 6 is a diagram depicting a configuration o
photographing unit of the cutting apparatus depicte
FIG. 1. FIG. 7 is a plan view of an oblique illumi
of the photographing unit depicted in FIG. 6, the 0
illumination being viewed from an undersurface side

A cutting apparatus 1 according to the firs
embodiment is an apparatus that cuts (processes) a
workpiece 200 depicted in FIG. 2 as a plate-shaped
In the first embodiment, the workpiece 200 is a
semiconductor wafer or an optical device wafer in t
shape of a disk, which wafer has silicon, sapphire,
gallium, or the like as a substrate 201. As depict

FIG. 2, the workpiece 200 has devices 205 in region
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demarcated in a lattice manner by a plurality of pl
dividing lines 204 formed on a top surface 203 of t
substrate 201. As depicted in FIG. 3, a low dielec
constant insulator film (referred to also as a Low-
film) 206 is laminated to the top surface 203 of th
substrate 201 of the workpiece 200. The low dielec
constant insulator film 206 supports some parts of
circuits constituting the devices 205. The low die
constant insulator film 206 is formed of an inorgan
material-based film such as SiOF, BSG (SiOB), or th
or an organic material-based film as a polymer film
having a polyimide base, a parylene base, or the li

In the first embodiment, an adhesive tape 2
affixed to an undersurface 202 of the workpiece 200
an annular frame 211 is affixed to an outer circumf
of the adhesive tape 210. The workpiece 200 is the
integral with the annular frame 211. The workpiece
subjected to ablation processing by irradiating eac
the planned dividing lines 204 with a laser beam of
wavelength absorbable by the low dielectric constan
insulator film 206 and the substrate 201. Conseque
as depicted in FIG. 2, FIG. 3, and FIG. 4, the work
200 has a laser-processed groove 300 formed at a ce

in a width direction of each of the planned dividin
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lines 204. At a groove bottom 301 of the laser-pro cessed

groove 300, the material constituting the substrate 201
and the low dielectric constant insulator film 206 are
altered and are in an amorphous form, so that proje ctions

and depressions are formed on the groove bottom 301
The cutting apparatus 1 depicted in FIG. 1 is an

apparatus that divides the workpiece 200 into each

individual device 205 by forming, along a laser-pro cessed
groove 300 formed on the top surface of the workpie ce 200
with a laser beam applied to the workpiece 200, a ¢ ut
groove 400 in a position overlapping the laser-proc essed
groove 300, as depicted in FIG. 5, and forming a di vision
groove not depicted in the figure in a groove botto m 401
of the cut groove 400. Incidentally, the cut groov e 400
is desirably formed in a center in a width directio n of
the groove bottom 301 of the laser-processed groove 300,
and the width of the cut groove 400 is narrower tha n the
width of the laser-processed groove 300. Incidenta Iy,

saw marks 402 as cutting traces formed along the

longitudinal direction of the cut groove 400 are fo rmed
on the groove bottom 401 of the cut groove 400. Th e saw
marks 402 are projections or grooves extending alon g the

longitudinal direction of the cut groove 400.

As depicted in FIG. 1, the cutting apparatu s 1

11



includes: a chuck table 10 that sucks and holds the
workpiece 200 on a holding surface 11; a cutting un

that cuts the workpiece 200 held on the chuck table

a cutting blade 22 mounted on a spindle 21; and a g
detecting unit 90 including a photographing unit 30
camera that photographs the workpiece 200 held on t
chuck table 10.

In addition, as depicted in FIG. 1, the cut
apparatus 1 includes at least: an X-axis moving uni
depicted in the figure which moving unit performs
processing feed of the chuck table 10 in an X-axis
direction parallel with a horizontal direction; a Y
moving unit 40 that performs indexing feed of the c
unit 20 in a Y-axis direction parallel with the
horizontal direction and orthogonal to the X-axis
direction; and a Z-axis moving unit 50 that perform
infeed of the cutting unit 20 in a Z-axis direction
parallel with a vertical direction orthogonal to bo
X-axis direction and the Y-axis direction. As depi
FIG. 1, the cutting apparatus 1 is a dicer provided
two cutting units 20, that is, two spindles, or a s
called facing dual type cutting apparatus.

The chuck table 10 has a disk shape provide

holding portion 12 provided with the holding surfac
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for holding the workpiece 200 and formed of porous
ceramic or the like and a ring-shaped frame portion
surrounding the holding portion 12. In addition, t
chuck table 10 is provided so as to be movable in t

axis direction by the X-axis moving unit and rotata

about an axis parallel with the Z-axis direction by
rotation-driving source not depicted in the figure.

chuck table 10 is connected to a vacuum suction sou

not depicted in the figure, and sucks and holds the

workpiece 200 by being sucked by the vacuum suction

source. In addition, a plurality of clamping units
clamping the annular frame 211 are disposed on the
periphery of the chuck table 10.

The cutting units 20 have a spindle 21 moun
a cutting blade 22 that cuts the workpiece 200 held
the chuck table 10. The -cutting units 20 are each
provided so as to be movable in the Y-axis directio
the Y-axis moving unit 40 with respect to the workp
200 held on the chuck table 10, and provided so as
movable in the Z-axis direction by the Z-axis movin
50 with respect to the workpiece 200.

As depicted in FIG. 1, one -cutting unit 20
(hereinafter indicated by reference numeral 20-1) i

provided to one column portion 3-1 erected from an
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apparatus main body 2 via the Y-axis moving unit 40
Z-axis moving unit 50, and the like. As depicted i

1, the other cutting unit 20 (hereinafter indicated
reference numeral 20-2) is provided to another colu
portion 3-2 erected from the apparatus main body 2
the Y-axis moving unit 40, the Z-axis moving unit 5

the like. Incidentally, upper ends of the column p

3-1 and 3-2 are coupled to each other by a horizont
beam 3-3. Incidentally, in the present specificati
reference numerals 20-1 and 20-2 are written when t
cutting units 20 are distinguished from each other,
reference numeral 20 is written when the two cuttin
units 20 are not distinguished from each other. In
addition, in the present specification, when respec
constituent elements of the two cutting units 20 ar

distinguished from each other, “-1” or “-2” is writ

an end of the reference numeral of each constituent

element.

The cutting units 20 can position the cutti
blades 22 at an arbitrary position of the holding s
11 of the chuck table 10 by the Y-axis moving unit
the Z-axis moving unit 50. The cutting blades 22 a
very thin cutting grindstone having substantially a

shape. The spindles 21 cut the workpiece 200 by ro
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the cutting blades 22. The spindles 21 are rotatab ly
housed within spindle housings 23. The spindle hou sings
23 are supported by the Z-axis moving unit 50. The axes
of the spindles 21 and the cutting blades 22 of the

cutting units 20 are set in parallel with the Y-axi S

direction. The workpiece 200 is cut by feeding the

cutting unit 20 by indexing feed in the Y-axis dire ction
by the Y-axis moving unit 40 and feeding the cuttin g unit
20 by infeed by the Z-axis moving unit 50, and feed ing

the chuck table 10 by processing feed in the X-axis

direction by the X-axis moving unit.

Incidentally, in the first embodiment, the one
cutting unit 20-1 of the cutting apparatus 1 forms a cut
groove 400 by making the cutting blade 22-1 having a
smaller thickness than the width of a laser-process ed
groove 300 cut into the groove bottom 301 of the la ser-
processed groove 300. The other cutting unit 20-2 of the
cutting apparatus 1 forms a division groove by maki ng the
cutting blade 22-2 having a smaller thickness than the
cutting blade 22-1 cut into the groove bottom 401 o f the
cut groove 400. The workpiece 200 is thereby divid ed into

each individual device 205.
The X-axis moving unit is processing feed m eans for

performing processing feed of the chuck table 10 in the

15



X-axis direction by moving the chuck table 10 in th
axis direction. The Y-axis moving unit 40 is index
feed means for performing indexing feed of the cutt
unit 20 by moving the cutting unit 20 in the Y-axis
direction. The Z-axis moving unit 50 performs infe

the cutting unit 20 by moving the cutting unit 20 i

Z-axis direction. The X-axis moving unit, the Y-ax

moving unit 40, and the Z-axis moving unit 50 are

provided with: well-known ball screws 41 and 51 pro
SO as to be rotatable about axes; well-known pulse
42 and 52 that rotate the ball screws 41 and 51 abo
axes; and well-known guide rails 43 and 53 that sup
the chuck table 10 or the cutting unit 20 movably i
X-axis direction, the Y-axis direction, or the Z-ax
direction.

In addition, the cutting apparatus 1 includ
cassette elevator 70 on which a cassette 60 housing
workpiece 200 before and after cutting is mounted a
which moves the cassette 60 in the Z-axis direction
cleaning unit 80 that cleans the workpiece 200 afte
cutting; and a conveying unit not depicted in the f
which conveying unit conveys the workpiece 200 betw
the cassette 60, the chuck table 10, and the cleani

unit 80.
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The groove detecting unit 90 includes the
photographing unit 30 and a control unit 100. The
photographing unit 30 is fixed to the spindle housi
1 of the one cutting unit 20-1 so as to move integr
with the one cutting unit 20-1. The photographing
photographs the top surface of the workpiece 200 he
the chuck table 10. As depicted in FIG. 6, the
photographing unit 30 includes an illuminator 31, a
optical system 32, and a charge coupled device (CCD
imaging element 33 as a camera that photographs the
surface of the workpiece 200 held on the chuck tabl

The illuminator 31 is formed by a halogen |
source or a light-emitting diode (LED), for example
iluminator 31 includes a coaxial illumination 31-1
amount of light is adjusted by the control unit 100
coaxial illumination 31-1 emits light toward the op
system 32. The optical system 32 includes: a case
half mirror 32-2 that is disposed in an upper part
case 32-1 and regularly reflects the light emitted
coaxial illumination 31-1 of the illuminator 31 tow
the workpiece 200 held on the chuck table 10 in par
with the Z-axis direction; and a condensing lens 32
provided within the case 32-1 and disposed on a low

side of the half mirror 32-2.
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A CCD imaging element 33 is disposed above
mirror 32-2, and outputs, to the control unit 100,
image obtained by receiving light that is reflected
the workpiece 200 illuminated with the light from t

coaxial illumination 31-1 of the illuminator 31 via

half mirror 32-2 and the condensing lens 32-3 and

passed through the condensing lens 32-3 and the hal

mirror 32-2. The CCD imaging element 33 obtains, a

image, an image for carrying out alignment that ali

the workpiece 200 and the cutting blade 22 with eac

other.

Incidentally, the light emitted by the coax
illumination 31-1 and regularly reflected by the ha
mirror 32-2 is parallel with the optical axis of th
condensing lens 32-3. The illuminator 31 also incl
oblique illumination 31-2 that is disposed at a low
of the case 32-1 and on the periphery of the conden
lens 32-3, and which irradiates the top surface of
workpiece 200 held on the chuck table 10 with light
As depicted in FIG. 7, the oblique illumination 31-
ring illumination that includes a plurality of ligh
emitting elements 31-3 arranged at intervals in
circumferential direction with the condensing lens

in the center of the ring illumination, and which i
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annularly around the outer circumference of the
condensing lens 32-3. The light emitting elements
are constituted of LEDs or the like capable of appl
the light 500. The oblique illumination 31-2 appli
light 500 from the periphery of the condensing lens
to the top surface of the workpiece 200 when the CC
imaging element 33 photographs the workpiece 200.
amount of light of each of the light emitting eleme
31-3 of the oblique illumination 31-2 is adjusted b
control unit 100. Because the amount of light of e
the light emitting elements 31-3 is adjusted, the o
illumination 31-2 has an irradiation direction sele
function of irradiating the top surface of the work
200 with the light 500 from a direction parallel wi
extending direction of the laser-processed groove 3
viewed in plan by turning on light emitting element
located at both ends in the extending direction of
laser-processed groove 300 among the plurality of |
emitting elements 31-3 and turning off light emitti
elements 31-3 located at both ends in a direction
orthogonal to the laser-processed groove 300 when t
imaging element 33 photographs the workpiece 200.

The control unit 100 makes the cutting appa

perform processing operation on the workpiece 200 b
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controling each of the above-described -constituent

elements of the cutting apparatus 1. Incidentally, the

control unit 100 is a computer. The control unit 1 00
includes an arithmetic processing apparatus having a
microprocessor such as a central processing unit (C PU), a

storage apparatus having a memory such as a read on ly

memory (ROM) or a random access memory (RAM), and a n
input-output  interface  apparatus. The arithmetic

processing apparatus of the control unit 100 perfor ms
arithmetic processing according to a computer progr am

stored in the storage apparatus, and outputs contro I
signals for controlling the cutting apparatus 1 to the

above-described constituent elements of the cutting

apparatus 1 via the input-output interface apparatu s. In
addition, the control unit 100 is connected to a di splay
unit not depicted in the figure which display unit IS
formed by a liquid crystal display apparatus or the like
that displays a state of the processing operation, an
image, or the like and an input unit not depicted i n the

figure which input unit is used when an operator

registers processing description information or the like.
The input unit is formed by at least one of a touch panel
provided to the display unit and an external input

apparatus such as a keyboard or the like.
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The control unit 100 outputs the image obta
the CCD imaging element 33 of the photographing uni
by imaging to the display unit, and makes the displ
unit display the image. The control unit 100 makes
photographing unit 30 image the workpiece 200 befor
cutting of the workpiece 200, and carries out align
that aligns the workpiece 200 and the cutting blade
with each other on the basis of the image obtained
imaging of the photographing unit 30. In addition,
control unit 100 carries out a kerf check as a groo
detecting method according to the first embodiment,
kerf check detecting the position of the cut groove
actually formed with respect to the laser-processed
groove 300 in the planned dividing line 204 during
cutting of the workpiece 200, and controls the Y-ax
moving unit 40 so that the subsequent cut groove 40
formed in the center of the width direction of the
processed groove 300.

When the control unit 100 carries out the k
check, the control unit 100 turns on light emitting
elements 31-3 located, as viewed in plan, at both e
the longitudinal direction of the laser-processed g
300 as a target of the kerf check, among the plural

light emitting elements 31-3 of the oblique illumin
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31-2, turns off light emitting elements 31-3 in a

direction orthogonal to the longitudinal direction of the
laser-processed groove 300, then applies the light 500
from the oblique illumination 31-2, and turns off t he
coaxial illumination 31-1. Thus, when the control unit
100 carries out the kerf check, the control unit 10 0

illuminates the workpiece 200 with the oblique

illumination 31-2 set such that the light amount of the
light 500 in a direction parallel with the extendin g
direction of the laser-processed groove 300 as a ta rget

of the kerf check is higher than that of light in a
direction orthogonal to the extending direction of the

laser-processed groove 300.

When the coaxial illumination 31-1 is turne d off,
and the oblique illumination 31-2 is set such that the
light amount of the light 500 in the direction para llel

with the extending direction of the laser-processed

groove 300 is higher than that of the light in the

direction orthogonal to the extending direction of the
laser-processed groove 300, because the saw marks 4 02
formed on the groove bottom 401 of the cut groove 4 00
extend along the longitudinal direction of the cut groove
400, the light 500 in the direction parallel with t he
extending direction of the laser-processed groove 3 00 is

22



regularly reflected by the saw marks 402, so that t he
light 500 is not received by the CCD imaging elemen t 33

or the amount of the light 500 received by the CCD

imaging element 33 is small. The CCD imaging eleme nt 33
therefore photographs the cut groove 400 as a dark part
with a low amount of light. The received light amo unt of
the part representing the cut groove 400 at this ti me is
lower than a first threshold value. It is desirabl e that
the first threshold value be a value lower than a c entral
gray level among gray levels of the light amount re ceived
by the CCD imaging element 33, and be a gray level of a
light amount on a lower side among the gray levels of the

light amount received by the CCD imaging element 33

When the coaxial illumination 31-1 is turne d off,
and the oblique illumination 31-2 is set such that the
light amount of the light 500 in the direction para llel

with the extending direction of the laser-processed

groove 300 is higher than that of the light in the

direction orthogonal to the extending direction of the
laser-processed groove 300, because projections and
depressions are formed on the groove bottom 301 of the
laser-processed groove 300, the light 500 from the

oblique illumination 31-2 is diffusely reflected by the

groove bottom 301, and received by the CCD imaging

23



element 33. The CCD imaging element 33 therefore
photographs the laser-processed groove 300 as a bri
part with a high amount of light as compared with t
groove 400. The light amount of the part represent
laser-processed groove 300 at this time is higher t
second threshold value, which is higher than the fi
threshold value. It is desirable that the second
threshold value be a value higher than the central
level among the gray levels of the Ilight amount
photographed by the CCD imaging element 33, and be
level of a light amount on a higher side among the
levels of the light amount photographed by the CCD
imaging element 33.

In addition, the low dielectric constant in
film 206 remaining in both end portions in the widt
direction of the planned dividing line 204 diffusel
reflects the light of the oblique illumination 31-2
light amount of the diffusely reflected light being
larger than the light amount of the light regularly
reflected by the groove bottom 401 of the cut groov
and smaller than the light amount of the light diff
reflected by the groove bottom 301 of the laser-pro
groove 300. Therefore, when the coaxial illuminati

is turned off, and the oblique illumination 31-2 is
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such that the light amount of the light 500 in the
direction parallel with the extending direction of
laser-processed groove 300 is higher than that of t
light in the direction orthogonal to the extending
direction of the laser-processed groove 300, the CC
imaging element 33 photographs the low dielectric
constant insulator film 206 as dark parts with a lo
amount of light, though the parts are brighter than
cut groove 400.

When the control unit 100 carries out the k
check, the control wunit 100 photographs, by the
photographing unit 30, the laser-processed groove 3
illuminated with the oblique illumination 31-2 set
above-described light amounts and the cut groove 40
formed so as to overlap the laser-processed groove
and detects the laser-processed groove 300 displaye
brightly with the light 500 diffusely reflected by
projections and depressions of the groove bottom 30
well as the cut groove 400 displayed more darkly th
laser-processed groove 300 with the groove bottom 4
regularly reflecting the light 500. The control un
calculates the central position in the width direct
the laser-processed groove 300 and the central posi

in the width direction of the cut groove 400, and
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controls the Y-axis moving unit 40 at a time of for mation

of the subsequent cut groove 400 such that a displa cement

in the Y-axis direction between these positions is zero.
Description will next be made of processing

operation of the cutting apparatus 1 according to t he

first embodiment. In the processing operation, the

operator registers processing description informati on in

the control unit 100, the cassette 60 is placed on the

cassette elevator 70, the cassette 60 housing the

workpiece 200 having the laser-processed groove 300

formed in the planned dividing line 204 and support ed by
the annular frame 211, and the cutting apparatus 1 starts
the processing operation when an instruction to sta rt the

processing operation is given from the operator.

Incidentally, the operator sets, as the processing

description information, light amounts of the respe ctive
light emitting elements 31-3 of the oblique illumin ation
31-2 such that a light amount when the CCD imaging

element 33 photographs the cut groove 400 at the ti me of
the kerf check is less than the first threshold val ue and
a light amount when the CCD imaging element 33
photographs the laser-processed groove 300 exceeds the
second threshold value.

In the processing operation, the control un it 100
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makes the conveying unit extract the workpiece 200
cutting from the cassette 60 and mount the workpiec
on the chuck table 10, and makes the chuck table 10
and hold the workpiece 200. The control unit 100 m

the chuck table 10 toward a position below the cutt

unit 20 by the X-axis moving unit, positions the

workpiece 200 held on the chuck table 10 below the

photographing unit 30, and makes the photographing
30 image the workpiece 200. The control unit 100 p
image processing such as pattern matching or the i
using, as a key pattern, a specific pattern set in
pattern of the device 205, the specific pattern bei
use in aligning the planned dividing line 204 of th
workpiece 200 held on the chuck table 10 and the cu
blade 22 of the cutting unit 20 with each other, an
carries out alignment that adjusts the relative pos
of the workpiece 200 held on the chuck table 10 and
cutting unit 20.

Then, the control unit 100 moves the cuttin
22-1 of the one cutting unit 20-1 and the workpiece
relative to each other along the planned dividing |

204 by the X-axis moving unit, the Y-axis moving un

the Z-axis moving unit 50, and the rotation-driving

source on the basis of the processing description
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information, and cuts the planned dividing line 204
the cutting blade 22-1 while supplying cutting wate
cutting unit 20-1 forms the cut groove 400 in the g
bottom 301 of the laser-processed groove 300 formed
each planned dividing line 204.

In parallel with the formation of the cut g
400 by the cutting blade 22-1 of the one cutting un
1, the control unit 100 forms a division groove not
depicted in the figure in the groove bottom 401 of
cut groove 400 by making the cutting blade 22-2 of
other cutting unit 20-2 cut the center in the width
direction of the groove bottom 401 of the cut groov
to the adhesive tape 210. The control unit 100 div
the workpiece 200 into each individual device 205.

After the control unit 100 sequentially for
grooves 400 and division grooves in all of the plan
dividing lines 204, and divides the workpiece 200 i
each individual device 205, the control unit 100 re
the chuck table 10 from below the cutting unit 20,
thereafter releases the suction and holding of the

table 10. The control unit 100 makes the conveying

convey the workpiece 200 after the cutting to the

cleaning unit 80. The workpiece 200 is cleaned by

cleaning unit 80, and thereafter housed in the cass
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60.

In addition, the control unit 100 carries o
kerf check in predetermined kerf check timings in t
processing operation. The kerf check timings are t
of forming cut grooves 400 in each set of a predete
number of (for example, 5 or 10 or the like) planne
dividing lines 204. However, the present invention
limited to this.

The kerf check as the groove detecting meth
according to the first embodiment will next be desc

with reference to the drawings. FIG. 8 is a flowch

depicting a flow of the kerf check as the groove

detecting method according to the first embodiment.

9 is a plan view depicting light emitting elements
oblique illumination which light emitting elements
lit in an illuminating step of the kerf check depic

FIG. 8. FIG. 10 is a sectional view depicting a st
which light applied by the light emitting elements
oblique illumination in the illuminating step of th

check depicted in FIG. 8 is diffusely reflected by
groove bottoms of laser-processed grooves. FIG. 11
sectional view depicting a state in which the light
applied by the light emitting elements of the oblig

illumination in the illuminating step of the kerf c
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depicted in FIG. 8 is regularly reflected by the gr

bottom of a cut groove. FIG. 12 is a diagram depic

example of a photographed image photographed by the
photographing unit in a groove detecting step of th

check depicted in FIG. 8.

The kerf check as the groove detecting meth
according to the first embodiment is a method of
detecting a laser-processed groove 300 formed in th
surface of the workpiece 200 by irradiating the wor
200 with a laser beam of a wavelength absorbable by
workpiece 200 and the low dielectric constant insul
film 206. As depicted in FIG. 8, the kerf check in
an illuminating step ST1 and a groove detecting ste

The illuminating step ST1 is a step in whic
chuck table 10 holds the workpiece 200 having the |
processed groove 300 formed therein and the oblique
illumination 31-2 that performs irradiation from a
direction parallel with the extending direction of
laser-processed groove 300 as viewed in plan illumi
the laser-processed groove 300. In the illuminatin
ST1 in the first embodiment, the control unit 2100 m
the X-axis moving unit, the Y-axis moving unit 40,
the like oppose the photographing unit 30 to a pres

imaging position of the planned dividing line 204 o
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workpiece 200 shortly after the formation of the cu
groove 400, turns off the coaxial illumination 31-1
makes each of the light emitting elements 31-3 of t
oblique illumination 31-2 emit light with a light a
set in the processing description information.
Incidentally, the workpiece 200 shortly after the
formation of the cut groove 400 is held on the chuc
table 10 before the formation of the cut groove 400
the planned dividing line 204 shortly after the for
of the cut groove 400 is parallel with the X-axis
direction.

In addition, in the illuminating step ST1 i
first embodiment, as depicted in FIG. 9, the contro
100 turns on light emitting elements 31-3 represent
a white background in FIG. 9 which light emitting
elements are located in both end portions in the
direction parallel with the planned dividing line 2
a target of the kerf check shortly after the format
the cut groove 400 among the plurality of light emi
elements 31-3 of the oblique illumination 31-2, tur
light emitting elements 31-3 represented by hatchin
FIG. 9 which light emitting elements are located in
end portions in the direction orthogonal to the pla

dividing line 204 as a target of the kerf check, an
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illuminates the workpiece 200 with the oblique
illumination 31-2 from the direction parallel with
extending direction of the laser-processed groove 3
viewed in plan.

In the illuminating step ST1, because proje
and depressions are formed on the groove bottom 301
the laser-processed groove 300, as depicted in FIG.
the light 500 from the light emitting elements 31-3
the oblique illumination 31-2 is diffusely reflecte
the groove bottom 301, and a part of the light 500
received by the CCD imaging element 33 through the
condensing lens 32-3. In addition, in the illumina
step ST1, because the saw marks 402 of the groove b
401 of the cut groove 400 extend in parallel with t
longitudinal direction of the cut groove 400, as de
in FIG. 11, the light 500 from the light emitting
elements 31-3 of the oblique illumination 31-2 is
regularly reflected from the groove bottom 401, and
thus hardly received by the CCD imaging element 33
through the condensing lens 32-3. After the illumi
step ST1, the kerf check proceeds to the groove det
step ST2.

The groove detecting step ST2 is a step of

photographing the illuminated laser-processed groov
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by the photographing unit 30, and detecting the las
processed groove 300 diffusely reflecting the light
of the oblique illumination 31-2 by the projections
depressions of the groove bottom 301 from a photogr
image 600 (an example of which is depicted in FIG.
obtained by the photographing. In addition, in the
detecting step ST2, the control unit 100 makes the
photographing unit 30 photograph the laser-processe
groove 300 and the cut groove 400 that is formed in
position overlapping the laser-processed groove 300
the laser-processed groove 300, and the control uni
detects the laser-processed groove 300 and the cut
400 that regularly reflects the light 500 of the ob
illumination 31-2 by the groove bottom 401 from the
photographed image 600.

In the groove detecting step ST2, the contr
100 detects, as the cut groove 400, a part whose i
amount is less than the first threshold value (whic
is represented by dense hatching in FIG. 12) in the
photographed image 600 photographed by the photogra
unit 30, and detects, as the laser-processed groove
a part whose light amount exceeds the second thresh
value (which part is represented by a white backgro

FIG. 12) in the photographed image 600. The contro
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100 calculates the central position in the width

direction of the laser-processed groove 300 and the

central position in the width direction of the cut groove
400, and then ends the kerf check. The control uni t 100

controls the Y-axis moving unit 40 at a time of for mation
of the subsequent cut groove 400 such that a displa cement
in the Y-axis direction between the central positio n in

the width direction of the laser-processed groove 3 00 and
the central position in the width direction of the cut

groove 400 is zero.
Utilizing a fact that projections and depre ssions

are formed on the groove bottom 301 of the laser-

processed groove 300, and that the saw marks 402 al ong
the longitudinal direction of the cut groove 400 ar e
formed on the groove bottom 401 of the cut groove 4 00,

when the cutting apparatus 1 according to the first

embodiment carries out the Kkerf check, the cutting

apparatus 1 in the illuminating step ST1 turns on | ight
emitting elements 31-3 located in both end portions in
the longitudinal direction of the laser-processed g roove
300 among the plurality of light emitting elements 31-3
of the oblique illumination 31-2, and turns off lig ht
emitting elements 31-3 located in both end portions in
the direction orthogonal to the longitudinal direct ion of
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the laser-processed groove 300. Therefore, when th
cutting apparatus 1 carries out the kerf check, the
cutting apparatus 1 uses the light 500 of the obliq
illumination 31-2 which light is in the direction
parallel with the longitudinal direction of the las
processed groove 300 as viewed in plan. The light

the oblique illumination 31-2 is diffusely reflecte

the laser-processed groove 300, and is regularly
reflected by the cut groove 400. As a result, when

cutting apparatus 1 carries out the kerf check, in

photographed image 600 photographed in the groove

detecting step ST2, the laser-processed groove 300

photographed brightly, and the cut groove 400 is

photographed darkly. The cutting apparatus 1 can

therefore detect the respective positions of the la
processed groove 300 and the cut groove 400 easily
image processing. Hence, when the cutting apparatu
according to the first embodiment carries out the k
check, the cutting apparatus 1 can suppress detecti

the laser-processed groove 300 and the cut groove 4

a confused manner, and can suppress a displacement
cut groove 400 from the center in the width directi

the laser-processed groove 300.

Second Embodiment

35

ue

er-

500 of

the

the

ser-
by
s 1
erf
on of
00 in
of the

on of



A cutting apparatus and a groove detecting
according to a second embodiment of the present inv
will be described with reference to the drawings.
iIs a sectional view of a workpiece having a cut gro
formed in a region including at least some of the g
bottoms of laser-processed grooves as a target of a
check as the groove detecting method according to t
second embodiment. Incidentally, in FIG. 13, the s
parts as in the first embodiment are identified by
same reference numerals, and description thereof wi
omitted.

The cutting apparatus 1 according to the se
embodiment forms a cut groove 400 in a center in a
direction of the planned dividing line 204 of the
workpiece 200 in which two laser-processed grooves
at both ends in a width direction of the planned di
line 204 are formed along the planned dividing line
as depicted in FIG. 13. |Incidentally, the cutting
apparatus 1 according to the second embodiment form
cut groove 400 in a region including at least some
groove bottoms 301 of both the laser-processed groo

300-2. As in the first embodiment, the kerf check

groove detecting method according to the second

embodiment includes an illuminating step ST1 and a
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detecting step ST2.

When the cutting apparatus 1 according to t
second embodiment carries out the kerf check, the c
apparatus 1 in the illuminating step ST1 turns on |
emitting elements 31-3 located in both end portions
the longitudinal direction of the laser-processed g
300-2 among a plurality of light emitting elements
of an oblique illumination 31-2, and turns off ligh
emitting elements 31-3 located in both end portions
direction orthogonal to the longitudinal direction
laser-processed grooves 300-2. Therefore, as in th
embodiment, when the cutting apparatus 1 according
second embodiment carries out the kerf check, the c
apparatus 1 can suppress detection of the laser-pro

grooves 300-2 and the cut groove 400 in a confused

and can suppress a displacement of the cut groove 4

from a center in the width direction of the laser-

processed grooves 300-2.

Next, the inventors of the present inventio
confirmed effects of the first embodiment. In the
confirmation, a comparison was made between

photographed image 600
photographed image 600-1 in a first comparative exa

the photographed image 600-1 being depicted in FIG.
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and a photographed image 600-2 in a second comparat
example, the photographed image 600-2 being depicte
FIG. 15.

FIG. 14 is a diagram depicting an example o
photographed image photographed by the photographin
in the groove detecting step of a kerf check in the
comparative example. FIG. 15 is a diagram depictin
example of a photographed image photographed by the
photographing unit in the groove detecting step of
check in the second comparative example.

In the first comparative example, in the
illuminating step ST1 when the kerf check was carri
the coaxial illumination 31-1 was turned off, light
emitting elements 31-3 represented by a white backg
in FIG. 9 which light emitting elements are located
both end portions in the longitudinal direction of
laser-processed groove 300 among the plurality of |
emitting elements 31-3 of the oblique illumination
were turned off, light emitting elements 31-3 repre
by hatching in FIG. 9 which light emitting elements
located in both end portions in the direction ortho
to the longitudinal direction of the laser-processe
groove 300 were turned on, and light 500-1 orthogon

the laser-processed groove 300 as viewed in plan wa
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applied from the oblique illumination 31-2. In the second

comparative example, in the illuminating step ST1 w hen
the kerf check was carries out, the coaxial illumin ation

31-1 was turned on, and all of the light emitting

elements 31-3 of the oblique illumination 31-2 were

turned off.
In the first comparative example, it is dif ficult
to detect the position of the cut groove 400, becau se the

light amounts of parts representing both the groove

bottom 301 of the laser-processed groove 300 and th e
groove bottom 401 of the cut groove 400 in the
photographed image 600-1 (depicted in FIG. 14)
photographed by the photographing unit 30 exceed th e
second threshold value. Hence, it has become clear that
when the illuminating step ST1 turns off the coaxia I
illumination 31-1, turns off light emitting element s 31-3

located in both end portions in the longitudinal

direction of the laser-processed groove 300 among t he
plurality of light emitting elements 31-3 of the ob lique
illumination 31-2, and turns on light emitting elem ents

31-3 located in both end portions in the direction

orthogonal to the longitudinal direction of the las er-
processed groove 300, the light 500-1 of the obliqu e
illumination 31-2 is diffusely reflected by both th e
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groove bottom 301 of the laser-processed groove 300 and
the groove bottom 401 of the cut groove 400, and it IS

thus difficult to detect the cut groove 400.

The second comparative example is a case wh ere only
the coaxial illumination 31-1 is turned on. Even w hen the
light amount of the coaxial illumination 31-1 is ad justed,
there is a small difference in light amount between the
groove bottom 401 of the cut groove 400 and the gro ove

bottom 301 of the laser-processed groove 300 in the

photographed image 600-2 (depicted in FIG. 15)

photographed by the photographing unit 30, and the light
amounts of parts representing both the groove botto m 401
of the cut groove 400 and the groove bottom 301 of the

laser-processed groove 300 are less than the first

threshold value. It is thus difficult to detect th e
position of the laser-processed groove 300. Hence, it has
become clear that when the illuminating step ST1 tu rns on
the coaxial illumination 31-1, and turns off all of the
light emitting elements 31-3 of the oblique illumin ation

31-2, the light of the coaxial illumination 31-1 is

diffusely reflected by both the low dielectric cons tant
insulator film 206 and the groove bottom 301 of the
laser-processed groove 300, and it is thus difficul tto

detect the laser-processed groove 300.
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In contrast to the first comparative exampl
the second comparative example, the cutting apparat
according to the first embodiment in the illuminati
step ST1 turns off the coaxial illumination 31-1, t
on light emitting elements 31-3 located in both end

portions in the longitudinal direction of the laser

processed groove 300 among the plurality of light

emitting elements 31-3 of the oblique illumination
and turns off light emitting elements 31-3 located
both end portions in the direction orthogonal to th
longitudinal direction of the laser-processed groov
The cutting apparatus 1 thereby photographs the las
processed groove 300 brightly, and photographs the
groove 400 darkly, as depicted in FIG. 12. It has
therefore become clear that the cutting apparatus 1
detect both the laser-processed groove 300 and the
groove 400.

It is to be noted that the present inventio
limited to the foregoing embodiments. That is, the
present invention can be modified and carried out i
various manners without departing from the gist of
present invention. For example, while in the first
embodiment, the coaxial illumination 31-1 is turned

and each of the light emitting elements 31-3 of the
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oblique illumination 31-2 is made to emit light wit h a
light amount set in the processing description
information, the present invention may make the coa xial
illumination 31-1 emit light with a low light amoun t as
compared with the oblique illumination 31-2 in the

illuminating step ST1.

The present invention is not limited to the details
of the above described preferred embodiments. The scope
of the invention is defined by the appended claims and

all changes and modifications as fall within the
equivalence of the scope of the claims are therefor e to

be embraced by the invention.
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WHAT IS CLAIMED | S

1. A cutting apparatus for forming, along
processed groove formed in a top surface of a workp
by a laser beam irradiating the workpiece, a cut gr
in a position overlapping the laser-processed groov
cutting apparatus comprising:

a cutting unit configured to cut the workpi
on a chuck table by a cutting blade mounted on a sp
and

a groove detecting wunit including a camera
photographing the workpiece held on the chuck table

the groove detecting unit photographing, by

camera, the laser-processed groove and the cut groo

formed so as to overlap the laser-processed groove,

laser-processed groove and the cut groove being

illuminated by an oblique illumination set such tha
light amount of light in a direction parallel with
extending direction of the laser-processed groove a
viewed in plan is higher than a light amount of lig

a direction orthogonal to the extending direction o
laser-processed groove, and detecting, from
photographed image, the laser-processed groove disp
brightly —with the light diffusely reflected by

projections and depressions of a groove bottom of t
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laser-processed groove as well as the cut groove
displayed more darkly than the laser-processed groo ve
with the light regularly reflected by a groove bott om of

the cut groove.

2. The cutting apparatus according to clai m 1,
wherein

the oblique illumination is a ring illumina tion set
annularly around an outer circumference of a conden sing
lens included in the camera, and has an illuminatio n
direction selecting function so as to apply light f rom
the direction parallel with the extending direction of

the laser-processed groove as viewed in plan.

3. A groove detecting method for detecting a
laser-processed groove formed in a top surface of a
workpiece by irradiating the workpiece with a laser beam,

the groove detecting method comprising:

an illuminating step of holding, by a chuck table,
the workpiece in which the laser-processed groove i S
formed, and illuminating the laser-processed groove with
an oblique illumination performing irradiation from a
direction parallel with an extending direction of t he

laser-processed groove as viewed in plan; and
a groove detecting step of photographing th e

illuminated laser-processed groove by a camera, and
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detecting the laser-processed groove diffusely refl

light of the oblique illumination by projections an

depressions of a groove bottom of the laser-process

groove from a photographed

photographing.

image obtained by

4. The groove detecting method according t

3, wherein

in the groove detecting step, a cut groove

along the

laser-processed groove and

in a position

overlapping the laser-processed groove is photograp

and the cut groove regularly reflecting the light o

oblique illumination by a groove bottom of the cut

is detected.
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