CUTTI NG APPARATUS AND WAFER PROCESSI NG METHOD USI NG

CUTTI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus and a wafer processing nethod using the cutting
appar at us.

Description of the Related Art

In recent years, along with demands for reducing in
wei ght, size, and thickness of electronic equipnent, a
sem conductor wafer on which sem conductor devices are
formed (referred to as a wafer hereinafter) has been nade
thinner. This type of wafer has an outer peripheral edge
chanfered in an R shape from a front surface to a back
surface. Accordingly, when the back surface of such wafer
is ground to be thinned, the outer peripheral edge
beconmes a so-called knife edge state, causing a chipping
in the outer peripheral edge of the wafer during grinding.
In order to solve this problem there has been devel oped
an edge trimmng technique in which an annular groove is
formed in advance along the outer peripheral edge of the
wafer on the front surface of the wafer on which the

devices are fornmed (see, for exanple, Japanese Patent



Lai d- Open No. 2007-152906).

However, in this type of edge trimmng technique
unl ess the outer peripheral edge of the wafer is renoved
at a predetermned width, the R-shape may remain on the
outer peripheral edge of the wafer. Thus, a cutting
apparatus provided with a function of detecting a wdth
of such an annul ar groove in the outer peripheral edge of
the wafer has been conceived (see, for exanple, Japanese

Pat ent Lai d- Open No. 2013-149822).

SUMVARY OF THE | NVENTI ON

However, in the conventional technique, the annul ar
groove in the outer peripheral edge of the wafer has been
captured at an interval of a predeterm ned angle by use
of an imaging unit. Then, it has been inspected whether
or not the wwdth of the annular groove is |arge enough on
the basis of the captured inmges obtained. |n accordance
with this technique, a predeterm ned point on the outer
peri pheral edge of the wafer needs to be positioned bel ow
the imaging unit at every angle, thereby requiring |onger
time for the inspection. Mreover, since the imges are
captured at each predeterm ned angle, the annular groove
cannot be inspected all over the circunference. Hence

I nprovenent of an inspection efficiency has been demanded.



It is therefore an object of the present invention
to provide a cutting apparatus achieving inprovenent of
an inspection efficiency regarding an annular groove
formed along an entire circunference of an outer
peri pheral edge of a wafer and provide a wafer processing
nmet hod using the cutting apparat us.

In accordance wth an aspect of the present
i nventi on, there is provided a cutting apparatus
including: a cutting unit having a spindle with a cutting
bl ade nounted thereon and cutting an outer periphera
edge of a wafer to form an annular groove; a holding
section holding the wafer in a rotatable manner; a line
scan canera having light receiving elenments arranged in a
row along a width direction of the annular groove so as
to face the annular groove of the wafer held by the
hol ding section and capturing the annular groove while
rotating the holding section to output a signal; an
i nspection section formng an imge of the annul ar groove
corresponding to an entire circunference of the wafer
from the signal output by the Iline scan canera and
detecting a wdth of the annular groove and a chipping
from the fornmed image; and a warning section sending
warning information in a case in which an inspection

result of the inspecting section is out of an allowable
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range regi stered in advance.

Preferably, the holding section my include a
plurality of edge cl anps.

Preferably, the holding section may include a chuck
t abl e.

In accordance with another aspect of the present
i nvention, there is provided a cutting nethod of cutting
an outer peripheral edge of a wafer with a chanfered
portion extending froma front surface of the wafer to a
back surface of the wafer fornmed in the outer peripheral
edge by using a cutting apparatus including a cutting
unit having a spindle with a cutting blade nounted
thereon and cutting the outer peripheral edge of the
wafer to form an annular groove, a holding section
holding the wafer in a rotatable manner, a line scan
canera having light receiving elenments arranged in a row
along a width direction of the annular groove so as to
face the annular groove of the wafer held by the holding
section and capturing the annular groove while rotating
the holding section to output a signal, an inspection
section formng an imge of the annul ar gr oove
corresponding to an entire circunference of the wafer
from the signal output by the Iline scan canera and

detecting a wdth of the annular groove and a chipping



from the forned image, and a warning section sending
warning information in a case in which an inspection
result of the inspecting section is out of an allowable
range registered in advance. The cutting nethod includes:
a circular shape cutting step of holding the wafer on a
hol di ng surface, causing the cutting blade to cut in the
outer peripheral edge of the wafer wth the holding
section being rotated, and form ng the annular groove in
the outer peri pher al edge; a capturing step of
positioning the line scan canera at such a position that
the line scan canera faces the annular groove of the
waf er held by the holding section holding the wafer in a
rotatable manner, causing the holding section to rotate
while capturing the wafer, and capturing the entire
circunference of the outer peripheral edge of the wafer
to thereby obtain an captured inmage, after the circular
shape cutting step is carried out; and an inspecting step
of inspecting the captured inage in the capturing step in
the inspecting section, and sending warning information
in a case in which the inspection result of the
I nspection section is out of the allowable range
regi stered i n advance.

According to the present invention, it is possible

to capture the annular groove corresponding to the entire
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circunference of the outer peripheral edge of the wafer
while rotating the holding section in a short period of
time by use of the line scan canera. Accordingly, the
annul ar groove can be efficiently inspected all over the
circunference of the wafer

The above and other obj ect s, features and
advantages of the present invention and the manner of
realizing them wll becone nore apparent, and the
invention itself wll best be understood from a study of
the following description and appended clains wth
reference to the attached drawings showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1 is a perspective view illustrating an
exanple of a cutting apparatus according to a preferred
enbodi nent of the present invention;

FIG 2 is a cross-sectional view illustrating a
chuck table holding a wafer;

FIG 3 is a plan view schematically illustrating
edge cl anps hol ding an outer peripheral edge of the wafer
and a line scan canera capturing the outer peripheral
edge;

FIG 4 is a flow chart indicating a procedure of a



waf er processing nethod according to the preferred
enbodi nent ;

FIG 5 is a cross-sectional side view illustrating
a circular shape cutting step in the wafer processing
nmet hod according to the preferred enbodi nent;

FIG 6 is a cross-sectional side view illustrating
a cleaning step in the wafer processing nethod according
to the preferred enbodi nent;

FIG 7 is a cross-sectional side view illustrating
a capturing step in the wafer processing method according
to the preferred enbodi nent;

FIG 8 is a view illustrating an exanple of a
capturing region in the capturing step; and

FIG 9 is a view illustrating an exanple of an
i mage corresponding to an entire circunference of the
outer peripheral edge of the wafer, the imge being
formed from a plurality of pieces of image information

obt ai ned by capturi ng.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred enbodinent of the present invention

will be described in detail below with reference to the
attached drawi ngs. The present invention is not |limted
to contents described in the follow ng enbodinent. In



addi ti on, the conponents used in this preferred
enbodi nrent nmay include those that can be easily assuned
by persons skilled in the art or substantially the sane
elements as those known in the art. Mor eover, the
configurations described below nmay be suitably used in
conmbi nation. Further, the configurations may be variously
omtted, replaced, or changed w thout departing from the
scope of the present invention.

A cutting apparatus according to the preferred
enmbodiment wll be described in accordance wth the
dr awi ngs. FIG 1 is a perspective view illustrating an
exanple of a cutting apparatus according to the preferred
enbodi nent of the present invention. FIG 2 is a cross-
sectional view illustrating a chuck table holding a wafer.
FIG 3 is a plan view schematically illustrating edge
cl anps hol ding an outer peripheral edge of the wafer and
a line scan canmera capturing the outer peripheral edge.
Note that, in FIG 3, devices forned on a front surface
of the wafer, and other conponents are onitted.

A wafer 100 is, for exanple, a disc-shaped
sem conductor device wafer or an optical device wafer
formed of silicon, sapphire, silicon carbide (SiC), or
gallium arsenide, for exanple, as a base material. As

illustrated in FIGS. 1 and 2, the wafer 100 has a



plurality of division lines 102 forned in a grid pattern
on an upper surface (front surface) 101 thereof, and the
plurality of division lines 102 define a plurality of
separate regions each of which has a device such as an
integrated circuit (1C or a large-scale integration
(LSI) fornmed therein. Also, as illustrated in FIG 2, an
outer peripheral edge 104 of the wafer 100 is chanfered
into a circular arc shape (R shape) from the upper
surface 101 to a lower surface (back surface) 105. Part
of the outer peripheral edge 104 of the wafer 100 has a
notch 106 forned therein, as an identification mark of
crystal orientation.

A cutting apparatus 1 according to this enbodi nent
Is an apparatus form ng an annul ar groove al ong the outer
peri pheral edge 104 on the upper surface 101 side of the
outer peripheral edge 104 of the wafer 100 which is
chanfered (edge trinmmng processing) and including a
function of inspecting whether or not a width of the
annul ar groove fornmed is in a predetermined reference
range. As illustrated in FIG 1, the cutting apparatus 1
includes an apparatus nmain body 2, and a cassette
nounting stage 3 on an upper surface 2a of the apparatus
mai n body 2. The cassette nmounting stage 3 can be raised

and |l owered, and a cassette 4 housing a plurality of the



wafers 100 can be placed on this cassette nounting stage
3.

A transfer robot 6 |oading and unl oading the wafer
100 with respect to the cassette 4 is provided on a front
side in an X-axis direction of the apparatus main body 2.
The transfer robot 6 includes a robot hand 6a hol ding the
waf er 100, and an arm portion 6b noving the robot hand 6a
to a desired position. The transfer robot 6 is novable in
a Y-axis direction by a transfer mechani sm not
i I'lustrated.

A noving table 7 novable in the X-axis direction is
provided at a rear side of the X-axis direction on the
upper surface 2a of the apparatus main body 2. A double
colum type frame 5 is erected at a rear side of the X-
axis direction on the upper surface 2a of the apparatus
main body 2 so as to stride a path of this noving table 7.
The noving table 7 includes dressing board hol ding neans
8, a chuck table (holding section) 10, and a processing-
feed mechanism 13. The dressing board holding neans 8
holds a dressing board for dressing a tip shape of a
cutting blade 18 to be flat, which is described later.
The chuck table 10 holds the wafer 100 and is rotatable
about its own axis. The processing-feed nechanism 13

feeds the chuck table 10 in the X-axis direction.

10



The chuck table 10 has an annul ar hol ding surface
11 holding the outer peripheral edge 104 side of the
| oner surface 105 of the wafer 100 at an outer periphera
edge thereof. As illustrated in FIG 2, a region inside
the holding surface 11 has a space 12 in a recessed shape
which is not in contact with the | ower surface 105 of the
waf er 100. The chuck table 10 has a suction port 14
formed therein, the suction port 14 being opened to the
hol di ng surface 11. The suction port 14 is connected wth
a suction source 16 through a valve 15. The processing
feed nechani sm 13 includes a known ball screw provided in
a rotatable manner about its axis, a known notor rotating
the ball screw about the axis, and a pair of known guide
rails supporting the chuck table 10 in a novable manner
in the X-axis direction, which are not illustrated.

Also, as illustrated in FIG 1, the cutting
apparatus 1 includes a pair of cutting units 17a and 17b
each cutting the outer peripheral edge 104 of the wafer
100 held on the chuck table 10. These cutting units 17a
and 17b are di sposed to be opposed to each other with the
chuck table 10 interposed therebetween. The cutting unit
17a includes at least the cutting blade 18 cutting the
upper surface 101 of the wafer 100 along the outer

peri pheral edge 104 to form an annular groove 107 which
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is described later in the outer peripheral edge 104, and
a spindle 19 having an axis in the Y-axis direction and
rotating the cutting blade 18. The cutting unit 17b al so
has a simlar configuration to the cutting unit 17a. Note
that the two cutting units 17a and 17b nmay not be
operated sinmultaneously when the wafer 100 is cut.
Alternatively, the cutting units 17a and 17b can be
oper at ed sinul taneously.

On the front side of the double colum type frame 5
in the X-axis direction, there are provided a cutting-
feed nechanism 20a cutting-feeding the cutting unit 17a
in the Z-axis direction, an indexing-feed nmechanism 25a
i ndexi ng-feeding the cutting wunit 17a in the Y-axis
direction, a cutting-feed nechanism 20b cutting-feeding
the <cutting wunit 17b in the Z-axis direction, an
I ndexi ng-feed nechani sm 25b indexing-feeding the cutting
unit 17b in the Y-axis direction. The cutting-feed
mechani sm 20a includes a ball screw 21 extending in the
Z-axis direction, a notor 22 connected to one end of the
ball screw 21, a pair of guide rails 23 extending in
parallel to the ball screw 21, an elevating plate 24
coupled with the cutting unit 17a. The pair of guide
rails 23 is slidably in connect with one face of the

el evating plate 24, and the ball screw 21 is screwed into
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a nut (not illustrated) forned at a central portion of
the elevating plate 24. Then, the notor 22 rotates the
ball screw 21, so that the cutting unit 17a can be raised
and lowered in the Z-axis direction at a predeterm ned
feed speed with the elevating plate 24. Note that, since
t he cutting-feed mechani sm  20b has a simlar
configuration to the cutting-feed nechanism 20a, each
conmponent constituting the cutting-feed nechanism 20b is
denoted by the sane reference synbol, and the description
thereof is omtted.

The indexing-feed mechanism 25a includes a ball
screw 26 extending in the Y-axis direction, a notor 27
(not illustrated) connected to the ball screw 26, a pair
of guide rails 28 extending in parallel to the ball screw
26 and being shared with the indexing-feed nmechani sm 25b,
a nmoving plate 29 with which the cutting-feed nechanism
20a is coupled and noving the cutting unit 17a in the Y-
axis direction. Simlarly, the indexing-feed mechani sm
25b includes a ball screw 26 extending in the Y-axis
direction, a nmotor 27 connected to the ball screw 26, the
pair of guide rails 28 described above, a noving plate 29
with which the cutting-feed nechanism 20b is coupled and
noving the cutting unit 17b in the Y-axis direction. The

pair of guide rails 28 is slidably in contact with the
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other face of each noving plate 29, and each ball screw
26 is screwed into a nut (not illustrated) fornmed at a
central portion of each noving plate 29. Wen the ball
screw 26 is driven by the notor 27 and rotated, each of
the cutting units 17a and 17b can be indexing-fed in the
Y-axis direction with the noving plate 29.

In the cutting apparatus 1, there are disposed a
cleaning unit 30 cleaning the wafer 100 after being
processed, and a transfer pad 9 transferring the wafer
100 after being processed to the cleaning unit 30 from
the chuck table 10. The cleaning unit 30 includes at
| east a spinner table 31 and a cleaning water nozzle 32.
The spinner table 31 holds the wafer 100 and is rotated
about its own axis in such a manner that the spinner
table 31 can be raised and |owered. The cleaning water
nozzle 32 supplies cleaning water to the wafer 100 held
on the spinner table 31.

At a central portion of the upper surface 2a of the
apparatus main body 2, an inspection region 200 in which
a wdth (groove width) of an annular groove fornmed in the
outer peripheral edge of the wafer 100 is inspected is
provi ded between the cassette nobunting stage 3 and the
cleaning unit 30. In this inspection region 200, the

cutting apparatus 1 includes a plurality of (at |east
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three) edge clanps (holding portions) 40, and a l|line scan
canera 50. The edge clanps 40 clanp (hold) the outer
peri pheral edge 104 of the wafer 100. The line scan
canera 50 captures the annul ar groove 107 which is forned
in the outer peripheral edge 104 of the processed wafer
100 held by the edge cl anps 40.

All or any of the plurality of edge clanps 40 are
provided in the vicinity of the outer peripheral edge 104
of the wafer 100 so as to be novable in a radial
direction R, as illustrated in FIG 3. Al so, the edge
clanps 40 are fornmed into a substantially cylindrical
shape, and each central portion thereof in a height
direction is recessed in a laterally facing V-shape in a
circunferenti al direction C (horizontal di rection).
Moreover, the edge clanps 40 are each supported on the
upper surface 2a of the apparatus nmain body 2 in such a
manner as to be freely rotation-driven in a horizontal
pl ane. The edge clanps 40 can clanp the outer peripheral
edge 104 in a point-contact state regardless of a
t hi ckness of the wafer 100. Accordingly, the edge clanps
40 can hold the wafer 100 so as to be rotatable in the
circunferential direction C with the outer peripheral
edge 104 of the wafer 100 cl anped therew th.

As illustrated in FIG 3, the line scan canera 50
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includes a long thin casing 50A disposed above the wafer
100 so as to face the annular groove 107 of the outer
peri pheral edge 104. A longitudinal direction F of this
casing 50A extends along the radial direction R of the
wafer 100 held wth the edge «clanps 40. In the
| ongitudinal direction F of the casing 50A, a plurality
of imaging elenments (light receiving elenents) 50B (see
FIG 7) such as a plurality of charge-coupled devices
(CCDs) or conplenentary netal-oxide sem conductor (CMOXS)
i mage sensors are incorporated side-by-side in a row
Accordingly, the plurality of imaging elenments 50B of the
line scan canera 50 are arranged along a width direction
of the annular groove 107 of the wafer 100, and the line
scan canera 50 captures the annular groove 107 of the
wafer 100 for each one line while rotating the wafer 100
held with the edge clanps 40. The l|line scan canera 50
used herein has a longitudinal length larger than the
width of the annular groove 107 of the wafer 100. In
addition, the line scan canera 50 is novable back and
forth in the radial direction R described above.
Accordingly, the line scan canmera 50 extends above the
annul ar groove 107 of the wafer 100 in capturing and
preferably retracts from a position above the wafer 100

when the wafer 100 is gripped with or detached from the
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edge clanps 40. Further, the line scan canera 50 incl udes
a light source 51 illumnating the annular groove 107 in
capt uring. A plurality of pieces of inage information
(signals) obtained by capturing by the |line scan canera
50 are output to a control wunit 60 included in the
cutting apparatus 1.

As illustrated in FIG 1, the control wunit 60
includes an arithnmetic processing section 61, a storage
section 62, an inspection section 63, and a warning
section 64. The arithnetic processing section 61 includes
a mcroprocessor such as a central processing unit (CPU)
and executes a conputer programto generate various types
of control signals for controlling an operation of the
cutting apparatus 1 and an inspection operation wth
respect to the annular groove 104. The control signals
thus generated are output to each conponent of the
cutting apparatus 1 through an input/output interface,
not illustrated. The storage section 62 stores various
pi eces of information, particularly the pieces of inage
i nformati on output fromthe |ine scan canera 50. The line
scan canera 50 captures the annular groove 107 all over
the circunference of the outer peripheral edge 104 of the
wafer 100 being rotated, and in order to successively

out put these pieces of image information, the storage
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section 62 stores at least the pieces of inmage
I nformati on corresponding to the entire circunference of
the outer peripheral edge 104.

The inspection section 63 forns an image
corresponding to the entire circunference of the outer
peri pheral edge 104 of the wafer 100 from the pieces of
i mage information stored in the storage section 62 under
control of the arithnetic processing section 61. Further,
the inspection section 63 inspects a wdth of the annular
groove 107, presence or absence of a chipping in a region
of the annular groove 107, and a size of the chipping.
The warning section 64 conpares the width of the annul ar
groove 107 and the size of the chipping which have been
I nspected in the inspection section 63 with an all owabl e
range registered in advance. Then, the warning section 64
determi nes that the processing is normally carried out if
the wdth of the annular groove 107 and the size of the
chipping are in the allowable range. Conversely, the
warni ng section 64 determnes that the processing is not
normally carried out if the width of the annular groove
107 and the size of the chipping are out of the all owable
range and sends warning information under control of the
arithnetic processing section 61. As the warning

i nformati on, for exanple, warning may be made by |ighting
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up a warning lanp, or sounding a warning alarm
Alternatively, a nessage indicating abnormal processing
may be displayed on an operation panel included in the
cutting apparatus 1.

Next, a nethod of processing the wafer 100 by use
of the <cutting apparatus 1 described above wll be
described. FIG 4 is a flow chart indicating a procedure
of a wafer processing nmethod according to the preferred
enbodi nent. In the wafer processing nethod according to
this enbodi nent, the annular groove 107 is fornmed in the
outer peripheral edge 104 of the wafer 100, and the
annul ar groove 107 forned is inspected. As described in
FIG 4, the wafer processing nethod includes a circular
shape cutting step ST1, a cleaning step ST2, a capturing
step ST3, and an inspecting step ST4.

(G rcul ar Shape Cutting Step)

FIG 5 is a cross-sectional side view illustrating
the circular shape cutting step STI1. In the circular
shape cutting step ST1, the outer peripheral edge 104 of
the wafer 100 held on the chuck table 10 is cut in wth
the cutting blade 18 while the chuck table 10 is being
rotated to thereby form the annular groove 107 in the
outer peripheral edge 104. In this enbodinent, a case in

which the annular groove 107 is fornmed only with the
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cutting unit 17a will be descri bed.

First, the wafer 100 is held on the chuck table 10.
In this case, using the transfer robot 6 illustrated in
FIG 1, the wafer 100 before being processed is taken out
from the cassette 4, and the lower surface 105 of this
wafer 100 is placed on the holding surface 11 of the
chuck table 10. Subsequently, the valve 15 illustrated in
FIG 2 is opened to apply a suction force of the suction
source 16 to the holding surface 11, and accordingly, the
wafer 100 is held under suction on the holding surface 11.
At this time, since the lower surface 105 of the wafer
100 facing the space 12 is in a non-contact state, there
is no possibility that dust or the like is attached to
the | ower surface 105 of the wafer 100.

Wien the wafer 100 is held on the chuck table 10,
the nmoving table 7 (see FIG 1) is used to nove the chuck
table 10 below the cutting unit 17a. Then, as illustrated
in FIG 5, the annular groove 107 is fornmed in the outer
peri pheral edge 104 of the wafer 100. Mre specifically,
the chuck table 10 which has been noved bel ow the cutting
unit 17a is rotated in a direction indicated wth an
arrow A for exanple. The cutting unit 17a rotates the
spindle 19 to thereby rotate the cutting blade 18 in a

direction indicated with an arrow E at a predeterm ned
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rotational speed, for exanple, while causing the cutting-
feed nechanism 20a (see FIG 1) to lower the cutting unit
17a in the Z-axis direction, so that the rotating cutting
blade 18 cuts in the outer peripheral edge 104 of the
wafer 100 held on the chuck table 10. In this manner, the
chanfered portion fornmed in a circular arc shape in the
outer peripheral edge 104 of the wafer 100 is partly
renoved by the cutting blade 18, so that the annul ar
groove 107 having a desired wdth and depth is forned

Note that the cutting unit 17a may be lowered in the Z-
axis direction to cause the cutting blade 18 to cut in
the outer peripheral edge 104 of the wafer 100. I n
addition, the cutting unit 17a nay be positioned in
advance to a predeterm ned cut-in height before the chuck
table 10 is nmoved in the X-axis direction, and then,
cause the cutting blade 18 to cut in the outer periphera

edge 104 of the wafer 100.

(Cl eani ng Step)

FIG 6 is a cross-sectional side view illustrating
the cleaning step ST2. In the cleaning step ST2, the
wafer 100 with the annular groove 107 subjected to
cutting processing is cleaned. After the circular shape
cutting step STl is carried out, the transfer pad 9

transfers the processed wafer 100 from the chuck table 10
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to the spinner table 31 of the cleaning unit 30. As
illustrated in FIG 6, after the wafer 100 is placed on
the spinner table 31, a valve 15a is opened, so that the
waf er 100 is held under suction on a holding surface 3la
of the spinner table 31 with a suction force of a suction
source 1l6a. After that, while the spinner table 31 is
rotated at a predetermned rotational speed in a
direction indicated with an arrow B, for exanple,
cleaning water 33 is supplied from the cleaning water
nozzle 32 toward the wafer 100 held on the spinner table
31, and accordingly, the wafer 100 is cleaned. After
finishing cleaning the wafer 100, the spinner table 31 is
rotated at a higher rotational speed than the speed when
cleaning the wafer 100 and a high-pressurized air is
supplied, for exanple, so that the wafer 100 is dried. 1In
the cleaning step ST2, the cleaning water nozzle 32 may
be noved above the upper surface (front surface) 101 of
the wafer 100 to supply the cleaning water all over the
upper surface 101.
(Capturing Step)

FIG 7 is a cross-sectional side view illustrating
the capturing step ST3. FIG 8 is a view illustrating an
exanple of a capturing region in the capturing step ST3.

In the capturing step or imaging step ST3, the line scan
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canmera 50 captures an imge of the annular groove 107
corresponding to the entire circunference of the outer
peri pheral edge 104 of the wafer 100 while rotating the
waf er 100.

After the cleaning step ST2 is carried out, in
order to inspect whether or not the annular groove 107
has a desired groove wdth, the cleaned wafer 100 is
unl oaded from the spinner table 31 by use of the transfer
robot 6, and this wafer 100 is transferred to the
i nspection region 200. Wen the wafer 100 is transferred
to the inspection region 200, as illustrated in FIG 3,
each of the edge clanps 40 noves so as to reduce in its
radial length and then clanps the outer peripheral edge
104 of the wafer 100 to be secured. Moreover, each of the
edge clanps 40 rotates to cause the wafer 100 to be
rotated in the circunferential direction Cin FIG 3, for
exanpl e.

Next, as illustrated in FIGS. 3 and 7, the line
scan canera 50 is noved in the radial direction R of the
wafer 100 to be positioned to face the annul ar groove 107.
While each of the edge clanps 40 is rotation-driven to
rotate the wafer 100, the line scan canera 50 captures
the annular groove 107 corresponding to the entire

circunference of the outer peripheral edge 104 of the
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wafer 100 until the notch 106 (see FIG 3) cones back to
the original position again in one rotation. The 1|ine
scan canera 50 includes the plurality of inmaging elenents
50B arranged in a row in the casing 50A, and these
I maging elenents 50B are arranged in the radial direction
R of the wafer 100. Accordingly, as illustrated in FIG 8,
the line scan canera 50 successively captures the annul ar
groove 107 by each capturing region 80 corresponding to
one Iline of the 1imging elenments 50B arranged in
accordance with the rotation of the wafer 100. Thi s
capturing region 80 extends in a radial direction of the
annul ar groove 107 and includes at |east a groove bottom
107B between a groove inner circunference edge 107A of
the annul ar groove 107 and the outer peripheral edge 104
of the wafer 100. The image information corresponding to
each capturing region 80 is output to the storage section
62, and the storage section 62 stores the pieces of inage
i nformati on corresponding to the entire circunference of
the outer peripheral edge 104.
(I nspecting Step)

In the inspecting step ST4, an inmage correspondi ng
to the entire circunference of the outer peripheral edge
104 of the wafer 100 is fornmed from the pieces of inmage

information stored in the storage section 62, and a width
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of the annular groove 107, presence or absence of a
chipping in the region of the annular groove 107, or a
size of the chipping are inspected fromthe fornmed inage.
FIG 9 is a view illustrating an exanple of an imge
corresponding to an entire circunference of the outer
peri pheral edge of the wafer, the imge being formed from
a plurality of pieces of image information obtained by
capturing. An image 90 corresponding to the entire
circunference of the outer peripheral edge 104 of the
wafer 100 is fornmed by connecting the pieces of inage
i nformati on corresponding to the capturing region 80, as
illustrated in FIG 9. The inspection section 63 inspects
a width L of the annular groove 107, presence or absence
of a chipping 108 in the region of the annular groove 107,
or a size D of the chipping 108 on the basis of this
I mage 90. The wdth L of the annular groove 107 is a
radi al | engt h t her eof bet ween t he groove I nner
ci rcunference edge 107A of the annul ar groove 107 and the
outer peripheral edge 104 of the wafer 100. Al so, the
chipping 108 in the region of the annular groove 107 is,
for exanple, a lost portion generated in the groove inner
circunference edge 107A of the annular groove 107, and
the size D of the chipping 108 is a radial |ength thereof.

The i nspection section 63 determ nes whet her or not
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the width L of the annular groove 107 is in the allowable
range registered in advance. More specifically, the
i nspection section 63 reads a maxi mum val ue and a m ni mum
value of the width L of the annular groove 107 of the
waf er 100 which are derived from val ues corresponding to
the entire circunference, and determ nes whether or not
the maxi mum value and the mninmum value are each in the
all omabl e range. In addition, the inspection section 63
determ nes whether or not the chipping 108 is generated
in the region of the annular groove 107, and if the
chi pping 108 is generated, determ nes whether or not the
size D of the chipping 108 is in the allowable range
registered in advance. This size D of the chipping 108
may include a length (size) in not only the radial
direction R of the wafer 100 (annular groove 107), but
also the circunferential direction C

When determ nation described above is nmade in the
i nspection section 63, in a case in which the width L of
the annul ar groove 107 and the size D of the chipping 108
are out of the allowable range, the warning section 64
determines that the annular groove 107 is not normally
processed, and then sends warning information. As the
warni ng information, for exanple, warning nmay be nade by

lighting up a warning |anp, or sounding a warning alarm
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Alternatively, a message indicating abnormal processing
may be displayed on an operation panel included in the
cutting apparatus 1. In a case in which the width L of
the annul ar groove 107 and the size D of the chipping 108
are out of the allowable range, uneven wear nmay occur in
the tip shape of the cutting blade 18. Accordi ngly,
sharpening the tip of the cutting blade 18 is carried out
by causing the cutting blade 18 being rotated to cut in
the dressing board held on the dressing board holding
neans 8 illustrated in FIG 1 for dressing the tip of the
cutting blade 18 or for flattening the tip of the cutting
blade 18 to adjust the tip shape thereof to be evenly
flat. Also, depending on a degree of the uneven wear of
the cutting blade 18, the cutting blade 18 nmy be
replaced with a new cutting bl ade 18.

After the inspecting step ST4 is carried out, the
wafer 100 is unloaded from the inspection region 200 by
the transfer robot 6, and this wafer 100 is housed in the
cassette 4. Note that, in a case in which the inspecting
step ST4 is carried out and the wafer 100 is determ ned
that the wdth L of the annular groove 107 and the size D
of the chipping 108 are out of the allowable range, the
storage section 62 of the cutting apparatus 1 stores the

i nformati on regarding which stage of the cassette 4 the
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wafer 100 is housed in, as a defective wafer. |In addition,
the storage section 62 can store each location of the
width L of the annular groove 107 and the size D of the
chi pping 108 which have been out of the allowable range
wth reference to the notch 106. Moreover, the wafer 100
with the width L of the annular groove 107 and the size
of the chipping 108 being out of the allowable range may
be housed in another cassette different fromthe cassette
4 in which the wafer 100 has been originally housed.

As described above, the cutting apparatus 1
according to the preferred enbodi nent includes the pair
of cutting units 17a and 17b, the edge clanps 40, the
line scan canera 50, the inspecting section 63, and the
war ni ng section 64. More specifically, the pair of
cutting units 17a and 17b has the spindle 19 with the
cutting blade 18 nounted thereon and cuts the outer
peri pheral edge 104 of the wafer 100 to form the annul ar
groove 107. The edge clanps 40 hold the wafer 100 in a
rotatable manner. The |ine scan canera 50 has the inmaging
el enents 50B arranged in a row such that the imaging
el ements 50B face the annul ar groove 107 of the wafer 100
held with the edge clanps 40 and are disposed along the
width direction of the annular groove 107 and captures

the annul ar groove 107 while rotating the edge clanps 40
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horizontally, to thereby output the signals. The
I nspecting section 63 forns the image 90 of the annul ar
groove 107 corresponding to the entire circunference of
the outer peripheral edge 104 of the wafer 100 from the
signal output by the line scan canera 50 which has
captured the annular groove 107, and detects the width L
of the annular groove 107, presence or absence of the
chi pping 108, and the size D thereof from the imge 90.
The warni ng section 64 sends the warning information in a
case in which the inspection result of the inspecting
section 63 is out of the allowable range registered in
advance. Wth this configuration, by capturing the
annul ar groove 107 with use of the line scan canera 50,
it iIs possible to capture the annular groove 107
corresponding to the entire circunference of the outer
peri pheral edge 104 of the wafer 100 while rotating the
edge clanps 40 in a short period of tinme. Accordingly,
the annul ar groove 107 can be efficiently inspected all
over the circunference of the wafer 100.

According to an experinent by the present inventor,
in the case of capturing the annular groove 107 at
predeterm ned angular intervals at a plurality of
| ocations (36 capturing points, for exanple) with use of

a conventional area canera, it was required to position
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each predeterm ned capturing point below the area canera
each time, thereby requiring 150 seconds to capture the
36 capturing points. Moreover, in this conventional
configuration, since the capturing was carried out for
each predeterm ned angular interval, the annular groove
107 corresponding to the entire circunference of the
outer peripheral edge 104 was not able to be inspected.
In contrast, according to the configuration of the
present enbodinent using the |ine scan canera 50, it
becane clear that, in a case in which the wafer 100 is
rotated at a predeterm ned speed (5 nms) with use of the
edge clanps 40, it is possible to capture the annular
groove 107 corresponding to the entire circunference of
the outer peripheral edge 104 for 12.6 seconds which is
1/10 or shorter in tinme than the conventiona
configuration.

Accordingly, since it is possible to easily and
qui ckly detect whether or not the wafer 100 is defective
by determ ning whether or not the wwdth L of the annular
groove 107 and the size D of the chipping 108 are in the
al l omabl e range for each of the wafers 100, productivity
of a finished product can be nore enhanced.

Note that the present invention is not limted to

the foregoing enbodi nent. In other words, various changes
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and nodifications may be made therein w thout departing
fromthe scope of the present invention. For exanple, in
the foregoi ng enbodi nent, the entire circunference of the
outer peripheral edge 104 of the wafer 100 is captured by
the line scan canera 50 in a state in which the wafer 100
is rotated with the edge clanps 40. However, as an
alternative exanple, it may be configured that the line
scan canera 50 noves to face the annular groove 107 of
the wafer 100 with the wafer 100 held on the chuck table
(hol di ng section) 10.

More specifically, it may be configured that, after
carrying out the circular shape cutting step ST1 in which
the annul ar groove 107 is fornmed in the outer peripheral
edge 104 of the wafer 100 by use of the cutting units 1l7a
and 17b, the line scan canera 50 is noved so as to face
the annular groove 107 of the wafer 100 in a state in
whi ch the chuck table 10 (the wafer 100 held thereon) is
rotated, w thout noving the wafer 100, to capture the
entire circunference of the outer peripheral edge 104 of
the wafer 100. According to this configuration, the wafer
100 can be inspected on the chuck table 10 right after
the cutting without noving the wafer 100, so that the
time efficiency for the inspection is excellent.

The present invention is not limted to the details

31



of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and all
changes and nodifications as fall within the equival ence
of the scope of the clains are therefore to be enbraced

by the invention.
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WHAT | S CLAIMED | S:

1. A cutting apparatus conprising:

a cutting unit having a spindle with a cutting
bl ade nmounted thereon and cutting an outer periphera
edge of a wafer to form an annul ar groove;

a holding section holding the wafer in a rotatable
manner ;

a line scan canera having light receiving el enments
arranged in a row along a wwdth direction of the annul ar
groove so as to face the annul ar groove of the wafer held
by the holding section and capturing the annular groove
while rotating the holding section to output a signal;

an inspection section formng an imge of the
annul ar groove corresponding to an entire circunference
of the wafer from the signal output by the line scan
canera and detecting a width of the annular groove and a
chi pping fromthe forned i mage; and

a warning section sending warning information in a
case in which an inspection result of the inspecting
section is out of an allowable range registered in
advance.

2. The cutting apparatus according to claim1,

wherein the holding section includes a plurality of

edge cl anps.
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3. The cutting apparatus according to claim]1,

wherein the hol ding section includes a chuck table.

4. A cutting nmethod of cutting an outer periphera
edge of a wafer with a chanfered portion extending from a
front surface of the wafer to a back surface of the wafer
formed in the outer peripheral edge by using a cutting
appar at us i ncl udi ng:

a cutting unit having a spindle with a cutting
bl ade nounted thereon and cutting the outer peripheral
edge of the wafer to form an annul ar groove,

a holding section holding the wafer in a rotatable
manner,

a line scan canera having light receiving el enments
arranged in a row along a wwdth direction of the annul ar
groove so as to face the annul ar groove of the wafer held
by the holding section and capturing the annular groove
while rotating the holding section to output a signal,

an inspection section formng an imge of the
annul ar groove corresponding to an entire circunference
of the wafer from the signal output by the line scan
canera and detecting a width of the annular groove and a
chi pping fromthe forned i mage, and

a warning section sending warning information in a

case in which an inspection result of the inspecting
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section is out of an allowable range registered in
advance,

the cutting method conpri sing:

a circular shape cutting step of holding the wafer
on a holding surface, causing the cutting blade to cut in
the outer peripheral edge of the wafer with the hol ding
section being rotated, and formng the annular groove in
t he outer peripheral edge;

a capturing step of positioning the line scan
camera at such a position that the line scan canera faces
the annular groove of the wafer held by the holding
section holding the wafer in a rotatable manner, causing
the holding section to rotate while capturing the wafer,
and capturing the entire circunference of the outer
peri pheral edge of the wafer to thereby obtain an
captured image, after the circular shape cutting step is
carried out; and

an inspecting step of inspecting the captured i mge
in the capturing step in the inspecting section, and
sending warning information in a case in which the
I nspection result of the inspection section is out of the

al | onabl e range regi stered i n advance.
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