CUTTI NG APPARATUS AND WAFER PROCESSI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a cutting
apparatus for cutting a wafer and a wafer processing
nmet hod in which the cutting apparatus is used.

Description of the Related Art

I n recent years, for realizing smal | -type
| i ghtwei ght devices, processing for thinning a wafer
formed of such a material as silicon has cone to be
conducted nore frequently. For instance, a device such as
an integrated circuit (1C is formed in each of regions
of a wafer partitioned by division lines (streets), then
the wafer is thinned by such a nmethod as grinding and is
divided along the division |ines, whereby device chips
corresponding to the devices are obtained.

O the wafer wused for manufacture of the device
chips as above, a peripheral portion is normally
chanfered in order to prevent chipping or cracking from
occurring due, for exanple, to a shock exerted on the
waf er during carrying thereof. However, when the thus
chanfered wafer is thinned by grinding or the like nethod,

the peripheral edge of the wafer becones sharp like a



knife edge and  brittle, leading to rather easier
occurrence of chipping or cracking.

In view of this problem there has been proposed a
processing nethod called edge trimmng in which the
chanfered portion is cut and renoved before grinding (see,
for exanple, Japanese Patent Laid-Open No. 2014-33152).
Wien a cutting blade is nmade to cut into the wafer from
the front surface side of the wafer to prelimnarily cut
and renove the chanfered portion, it is ensured that even
if the wafer is ground from the back surface side, the
peri pheral edge of the wafer is prevented from becom ng

sharp like a knife edge and brittle.

SUWARY OF THE | NVENTI ON

In the edge trimmng, for exanple, the cutting
blade is nade to cut into the chanfered portion of the
wafer held by the chuck table fromthe front surface side,
and, in this condition, the chuck table is rotated. For
appropriate cutting and renoval of the chanfered portion,
therefore, it has been necessary to acquire information
on the position of the wafer relative to the chuck table
and on the position of the cutting blade relative to the
wafer, and to accurately adjust the positional relations

of them



In addition, there are cases where it is desired to
acquire information related to the wdth and the height
of a step (stepped portion) fornmed by the cutting and
renmoval of the chanfered portion, for the purpose of
confirmng the accuracy of edge trinmmng, the state of
the cutting blade, and so on. In the conventional cutting
apparatus, however, a plurality of sensors are nounted
for acquiring such kinds of information, which leads to a
conplicated structure and makes it difficult to reduce
cost .

It is therefore an object of the present invention
to provide a cutting apparatus which is sinple in
structure and is able to acquire various Kkinds of
information, and a wafer processing nethod using the
cutti ng apparat us.

In accordance wth an aspect of the present
i nventi on, there is provided a cutting apparatus
i ncluding a chuck table that holds by a holding surface a
wafer chanfered at a peripheral portion and that is
rotatable, a cutting unit that cuts the periphera
portion of the wafer held on the chuck table froma front
surface side by a cutting blade nmounted to a spindle, to
form on the front surface side of the wafer an annul ar

stepped portion along the peripheral portion, a line



sensor unit that applies a laser beam in a band shape
elongate in a radial direction of the wafer to a region
i nclusive of the peripheral portion of the wafer held on
the chuck table, and detects reflected |light of the |aser
beam reflected on the region, and an information
calculation section that calculates a position of the
waf er and a height of the front surface of the wafer from
the reflected light of the |aser beam detected by the
line sensor unit in a state in which the chuck table is
rotated before the wafer is cut to form the stepped
portion, and that calculates the width and the height of
the stepped portion fromthe reflected |light of the |aser
beam detected by the line sensor unit after the wafer is
cut to formthe stepped portion.

In a node of the present invention, preferably, the
cutting apparatus further includes a threshold conparison
section that conpares the wdth and the height of the
stepped portion calculated by the information cal cul ation
section with thresholds for the wdth and the height of
the stepped portion, and that determ nes whether or not
consunption anmount and a change in shape of a tip of the
cutting blade are within all owabl e ranges.

In anot her node of the present invention, there is

provi ded a wafer processing nethod for processing a wafer
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provided on a front surface side with a device region
formed with devices and a peripheral marginal region
surrounding the device region, the wafer chanfered at a
peri pheral portion thereof, by use of the aforenentioned
cutting apparatus. The wafer processing nethod includes a
hol ding step of holding a back surface side of the wafer
by the chuck table, a first calculation step of applying
the | aser beam to the region inclusive of the periphera
portion of the wafer held on the chuck table in a state
in which the chuck table is rotated, and calculating a
position of the wafer and a height of the front surface
of the wafer fromthe reflected light of the |aser beam
reflected on the region, and a stepped portion formng
step of causing the cutting blade to cut into the wafer
from the front surface side of the peripheral portion,
based on the position of the wafer and the height of the
front surface of the wafer calculated in the first
cal culation step, to formthe peripheral portion with the
stepped portion having a predetermned wdth and a
predet erm ned dept h.

In anot her node  of the present i nventi on,
preferably, the wafer processing nethod further includes,
after the stepped portion formng step, a second

calculation step of applying the |laser beamto the region



i nclusive of the peripheral portion of the wafer held on
the chuck table, to calculate a wdth and a height of the
stepped portion from the reflected light of the |aser
beam refl ected on the region, and a determ nation step of
conparing the width and the height of the stepped portion
calculated in the second calculation step with threshol ds
for the width and the height of the stepped portion, to
det erm ne whether or not consunption anmount and a change
in shape of a tip of the cutting blade are wthin
al | onabl e ranges.

The cutting apparatus according to a node of the
present invention includes the I|ine sensor unit that
applies the |aser beam in the band shape elongate in a
radial direction of the wafer to a region inclusive of a
peri pheral portion of the wafer held by the chuck table
and that detects reflected light of the |aser beam
reflected on the region, and the information cal cul ation
section that calculates the position of the wafer and the
hei ght of the front surface of the wafer and cal cul ates
the width and the height of the stepped portion, fromthe
reflected light of the |aser beam detected by the line
sensor unit. Therefore, it is unnecessary to nount a
plurality of sensors for the purpose of calculating the

position of the wafer and the height of the front surface



of the wafer and calculating the width and the hei ght of
the stepped portion. In this way, according to the
present invention, it is possible to provide a cutting
apparatus which is sinple in structure and which is able
to acquire various kinds of information.

The above and other obj ect s, features and
advantages of the present invention and the nanner of
realizing them wll becone nore apparent, and the
invention itself will 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

FI G 1 i's a per spective view depicting
schematically a configuration exanple of a cutting
appar at us;

FIG 2A is a sectional view depicting schematically
the manner in which a laser beam is applied to a wafer
froma line sensor unit before processing;

FIG 2B is a plan view depicting schematically the
manner in which the |aser beam is applied to the wafer
fromthe line sensor unit before processing;

FIG 3A is a sectional view depicting in an



enlarged form a region of the wafer to which the |aser
beam i s applied before processing;

FIG 3B is a graph depicting schematically the
results of detection of reflected |ight obtained by a
i ne sensor unit;

FIG 4A is a sectional view depicting schematically
the manner in which the laser beam is applied to the
wafer fromthe |ine sensor unit after processing;

FIG 4B is a plan view depicting schematically the
manner in which the |aser beam is applied to the wafer
fromthe |line sensor unit after processing;

FIG 5A is a sectional view depicting in an
enlarged form a region of the wafer to which the |aser
beamis applied after processing;

FIG 5B is a graph depicting schematically the
results of detection of reflected light reflected on the
region depicted in FIG B5A,

FIG 6A is a sectional view depicting in an
enl arged form another region of the wafer to which the
| aser beamis applied after processing; and

FIG 6B is a graph depicting schematically the
results of detection of reflected Iight reflected on the

region depicted in FIG 6A



DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBQODI MENT

An enbodi nent according to one node of the present
invention will be described referring to the attached
dr awi ngs. FIG 1 is a perspective view depicting
schematically a configuration exanple of a cutting
apparatus 2 according to the present enbodinent. As
depicted in FIG 1, the cutting apparatus 2 has a base 4
that supports each structure. An upper surface of the
base 4 is fornmed with an opening 4a in the shape of a
rectangle elongate in an X-axis direction (a front-rear
direction, a processing feed direction) in plan view, and
a first carrying unit 6 that carries a wafer 11 as an
object to be processed is disposed in the opening 4a.

The wafer 11 is fornmed in a disk-like shape from a
sem conductor material such as silicon, for exanple, and
its front surface 1la side is divided into a device
region on a central side and a peripheral marginal region
surrounding the device region. The device region is
further partitioned into a plurality of regions by
division lines (streets) arranged in a grid pattern, and
a device 13 such as an IC is fornmed in each of the
regions. In addition, a peripheral portion 1llc (see FIG
2A and the like) of the wafer 11 is chanfered. Note that

whil e the disk-shaped wafer 11 forned of a sem conductor



mat eri al such as silicon is wused in the present
enbodi nent, there are no |limtations as to the materi al
shape, structure, size or the like of the wafer. For
exanple, a wafer forned of other material such as
sem conductor, ceramc, resin, or netal can also be used.
In addition, there are also no limtations as to the kind,
nunber, shape, structure, size, layout or the like of the
devi ce or devi ces.

Cassettes 8a and 8b that accommpdate wafers 11 are
placed in an area on one side of the opening 4a in regard
of a Y-axis direction (a left-right direction, an
i ndexing feed direction). A centering table 10 is
di sposed in an area on the opposite side of the opening
4a from the region where the cassettes 8a and 8b are
nounted. The centering table 10 adjusts, for exanple, the
position of the center of the wafer 11 carried from the
cassettes 8a and 8b by the first carrying unit 6. In an
area on a further lateral side (on the opposite side of
the opening 4a) than the centering table 10, there is
formed an opening 4b in the shape of a rectangle el ongate
in the X-axis direction in plan view An X-axis noving
table 12, an X-axis noving nechani sm (not depicted) that
noves the X-axis noving table 12 in the X-axis direction,

and a dustproof and droplet-proof cover 14 covering the
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X-axi s nmovi ng nmechani smare provided in the opening 4b.

The X-axis noving nmechanism includes a pair of X-
axis guide rails (not depicted) parallel to the X-axis
direction, and the X-axis noving table 12 is slidably
nmounted to the X-axis guide rails. A nut section (not
depicted) is provided on a |lower surface side of the X
axis noving table 12, and an X-axis ball screw (not
depicted) parallel to the X-axis guide rails is in screw
engagenent with the nut section. An X-axis pul se notor
(not depicted) is coupled to one end portion of the X-
axis ball screw. Wth the X-axis ball screw rotated by
the X-axis pulse notor, the X-axis noving table 12 is
noved in the X-axis direction along the X-axis guide
rails.

A chuck table 16 for holding the wafer 11 is
provi ded on the upper side of the X-axis noving table 12.
The chuck table 16 is coupled to a rotational drive
source (not depicted) such as a notor, and is rotated
about a rotational axis substantially parallel to a Z-
axis direction (vertical direction). In addition, the
chuck table 16 is noved between a carrying-in/out region
on a front side and a processing region on a rear side by
the aforenentioned X-axis noving nechanism Par t

(peripheral part) of an upper surface of the chuck table
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16 is a holding surface 16a (see FIG 2A and the |ike)
that holds the wafer 11 by suction. The holding surface
16a is connected to a suction source 20 (see FIG 2A and
the like) through a suction passage 16b (see FIG 2A and
the like) fornmed inside the chuck table 16, a valve 18
(see FIG 2A and the like) and the I|ike.

A first support structure 22 in a gate form
straddling the opening 4b in the Y-axis direction is
di sposed on the upper surface of the base 4. A first rai
24 substantially parallel to the Y-axis direction is
provided on a front surface of the first support
structure 22, and a second carrying unit 28 is nounted to
the first rail 24 through a first [ift unit 26.

The second carrying unit 28 is noved in the Y-axis
direction along the first rail 24, and is noved in the Z-
axis direction by the first |ift unit 26. By the second
carrying unit 28, it is possible, for exanple, to receive
the wafer 11 from the centering table 10 or the chuck
table 16, and to transfer the wafer 11 to the centering
table 10 or the chuck table 16. In other words, the wafer
11 on the centering table 10 can be held by the second
carrying unit 28 and can be carried in to the chuck table
16. In addition, by the second carrying unit 28, the

wafer 11 can be carried out from the chuck table 16, and
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the wafer 11 can be transferred onto the centering table
10.

A second rail 30 substantially parallel to the Y-
axis direction is provided on the upper side of the first
rail 24, and a third carrying unit 34 is nounted to the
second rail 30 through a second lift unit 32. The second
carrying unit 34 is noved in the Y-axis direction along
the second rail 30, and is noved in the Z-axis direction
by the second lift unit 32.

A second support structure 38 in a gate form is
di sposed on the rear side of the first support structure
22, through a shutter 36 that partitions the carrying-
in/fout region and the processing region. Two sets of
cutting units 42 are provided on a front surface of the
second support structure 38, through noving units 40,
individually. The cutting units 42 are noved in the Y-
axis direction and the Z-axis direction by the noving
units 40.

Each of the cutting units 42 has a spindle (not
depicted) serving as a rotational axis substantially
parallel to the Y-axis direction. An annul ar cutting
blade is nmounted to one end side of the spindle. A
rotational drive source (not depicted) such as a notor is

connected to the other end side of the spindle, and the
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cutting blade is rotated by a force transmtted from the
rotational drive source.

An imaging unit 44 for imaging the wafer 11 held by
the chuck table 16 and the like is provided at a position
adjacent to the cutting unit 42. The imaging unit 44 is
used, for exanple, in alignnent for adjusting the
orientation of the division lines of the wafer 11, and is
nmoved in the Y-axis direction and the Z-axis direction
together with the cutting unit 42 by the noving unit 40.

An opening 4c which is circular in plan view is
formed at a position on the opposite side of the opening
4b from the centering table 10. A cleaning unit 46 for
cl eaning the wafer 11 after processing is disposed in the
openi ng 4c. The wafer 11 processed by the cutting unit 42
is carried to the cleaning unit 46 by the third carrying
unit 34. The wafer 11 cleaned by the cleaning unit 46 is
pl aced onto the centering table 10 by the second carrying
unit 28, and is thereafter acconmobdated into the cassette
8a or 8b by the first carrying unit 6.

A line sensor unit 48 that applies a band-shaped
(rectilinear) |aser beam 48a (see FIG 2A and the I|ike)
and detects reflected light of the |aser beam 48a is
provided in the carrying-in/out region of the cutting

apparatus 2. Specifically, the line sensor unit 48 is

14



di sposed on an upper side of a peripheral portion of the
chuck table 16 in a state in which the chuck table 16 is
positioned in the carrying-in/out region. As a result of
this, a laser beam 48a can be applied from the |ine
sensor unit 48 toward the region inclusive of the
peri pheral portion 11c of the wafer 11 held by the chuck
table 16, and reflected light of the |aser beam 48a
reflected on the region can be detected. Note that the
line sensor unit 48 is disposed in such an orientation
that the |aser beam 48a elongated in a radial direction
of the wafer 11 can be applied, and that the reflected
lights reflected at a plurality of positions along the
radi al direction can be detected at a tine.

A processor unit 50 is connected to the |ine sensor
unit 48. The processor unit 50 includes, for exanple, an
information calculation section 50a that calculates such
information as position, height and size from data (the
results of detection of the reflected |ight) obtained by
the line sensor wunit 48, and a threshold conparison
section 50b that conpares the information calcul ated by
the information calculation section 50a with threshol ds.
The details of the functions possessed by the information
calculation section 50a and the threshold conparison

section 50b will be described | ater.
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Now, an exanmple of a wafer processing nethod
conducted using the aforenentioned cutting apparatus 2
will be described below In the wafer processing nethod
according to the present enbodinent, first, a holding
step of holding a back surface 11b side of the wafer 11
by the chuck table 16 of the cutting apparatus 2 is
conduct ed. Specifically, for exanple, the wafer 11 the
position of the center of which has been adjusted by the
centering table 10 is carried in to the chuck table 16 by
the second carrying unit 28. More in detail, the back
surface 11b side of the wafer 11 is put in close contact
with the holding surface 16a of the chuck table 16, such
that the front surface 1la side of the wafer 11 is
exposed to the upper side. Then, the valve 18 is opened,
whereby a negative pressure of the suction source 20 is
made to act on the back surface 11b side of the wafer 11.
As a result of this, the back surface 11b side of the
wafer 11 can be held by the chuck table 16.

After the holding step, a first calculation step of
calculating the position of the wafer 11 relative to the
chuck table 16 and the height of the peripheral portion
11c on the front surface 1lla side is perforned. FIG 2A
is a sectional view depicting schematically the manner in

which the |aser beam 48a is applied to the wafer 11 from
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the line sensor unit 48, and FIG 2B is a plan view
depicting schematically the nmanner in which the |aser
beam 48a is applied to the wafer 11 fromthe |ine sensor
unit 48. Note that in FIG 2A, sone of conponents are
depicted in the form of a functional block or the |ike

As depicted in FIGS. 2A and 2B, in the first calculation
step, first, the chuck table 16 is rotated into an
arbitrary orientation. In this state, the |aser beam 48a
in a band shape elongate in a radial direction of the
wafer 11 is applied from the line sensor unit 48 toward
the region inclusive of the peripheral portion 11c of the
waf er 11. Then, the reflected |ight of the | aser beam 48a
reflected on the front surface 1la side of the wafer 11
Is detected by the line sensor unit 48.

FIG 3A is a sectional view depicting, in an
enlarged form a region of the wafer 11 to which the
| aser beam 48a is applied, and FIG 3B is a graph
depicting schematically the results of detection of the
reflected |light obtained by the Iine sensor unit 48. Note
that in the graph of FIG 3B, the axis of abscissas
represents the position (r) in a radial direction of the
wafer 11, and the axis of ordinates represents height (2).
For exanple, when the reflected light of the |aser beam

48a applied to the region depicted in FIG 3A is detected
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by the line sensor unit 48, a graph as depicted in FIG
3B is obtained. In this graph, E corresponds to the
position of a peripheral edge of the wafer 11, and H
corresponds to the height fromthe holding surface 16a of
the chuck table 16 to the front surface 1la of the wafer
11 (nanely, the thickness of the wafer 11). The
i nformati on cal cul ati on section 50a of the processor unit
50 calculates the position of the peripheral edge of the
wafer 11 and the height of the front surface 1la of the
wafer 11, fromH and E in the graph.

In the present enbodinment, the reflected l|ight of
the | aser beam 48a is detected by the line sensor unit 48
while rotating the chuck table 16; therefore, the graphs
as depicted in FIG 3B are obtained correspondingly to a
plurality of regions of the peripheral portion 1llc. In
other words, the information calculation section 50a can
calculate the position of the peripheral edge and the
height of the front surface 1la in the plurality of
regions of the wafer 11. As a result, the positions of
the profile of the wafer 11 becone clear. Further, the
information calculation section 50a nmay calculate the
position of the center of the wafer 11, based on the
informati on on the positions of the peripheral edge (the

information on the positions of the profile) obtained
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fromthe plurality of regions of the wafer 11. Wen the
position of the wafer 11 and the height of the front
surface 1lla of the wafer 11 are thus calculated, the
first calculation step is finished.

After the first calculation step, a stepped portion
formng step of partly cutting and renoving the
peri pheral portion 11c of the wafer 11 to form an annul ar
stepped portion is carried out. Specifically, first, the
chuck table 16 with the wafer 11 held thereon and the
cutting wunit 42 are relatively noved, to align the
cutting blade to a position where the stepped portion is
to be forned. Here, the position of the cutting bl ade
(the position at which the cutting blade is nade to cut
into the wafer 11) is determ ned based on the position of
the wafer 11 calculated in the first calculation step in
such a manner that an annular stepped portion with a
predetermned wdth can be fornmed at the peripheral
portion 1lc. Next, a lower end of the cutting blade is
| owered to a position below the front surface 1la of the
wafer 11. Sinmultaneously, the chuck table 16 is rotated.
Here, the height of the cutting blade (the depth to which
the cutting blade is nmade to cut into the wafer 11) is
determ ned based on the height of the front surface 1lla

of the wafer 11 calculated in the first calculation step
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in such a manner that an annular stepped portion with a
predeterm ned depth can be fornmed at the peripheral
portion 1llc.

For instance, in the case where the height of the
front surface 1la of the wafer 11 calculated in the first
cal culation step varies in the circunferential direction,
It is recommendable to vary the height of the cutting
bl ade (the depth to which the cutting blade is made to
cut into the wafer 11) according to the rotation of the
chuck table 16, taking into account the height of the
front surface 1la of the wafer 11. In addition, in the
case where the positions of the profile of the wafer 11
calculated in the first calculation step are deviated
froma reference range of the chuck table 16 (in the case
where the center of the wafer 11 is deenmed not to be in
register with the rotational axis of the chuck table 16),
it is recommendable to nove the cutting unit 42 in the Y-
axis direction in accordance with the rotation of the
chuck table 16. As a result of this, the cutting blade
can be nmade to cut into the peripheral portion 11c of the
wafer 11 fromthe front surface 1lla side of the wafer 11,
to partly cut and renove the peripheral portion 11c from
the front surface 1la side, and thereby to form an

annul ar stepped portion 11d (see FIG 4A and the |ike)
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having a predetermned width and a predeterm ned depth.
Wen the stepped portion 11d is fornmed, the stepped
portion formng step is finished.

After the stepped portion formng step, a second
cal culation step of calculating the wdth and the height
of the stepped portion 11d (for exanple, the height from
a bottom of the stepped portion 11d to the front surface
1l1a) is carried out. FIG 4A is a sectional view
depicting schematically the nmanner in which the |aser
beam 48a is applied to the wafer 11 fromthe |ine sensor
unit 48, and FIG 4B is a plan view depicting
schematically the manner in which the |aser beam 48a is
applied to the wafer 11 from the line sensor unit 48.
Note that in FIG 4A, sone of conponents are depicted in
the form of a functional block or the |ike. As depicted
in FIGS. 4A and 4B, in the second cal cul ation step, first,
the <chuck table 16 is rotated into an arbitrary
orientation. In this state, a |aser beam 48a in a band-
i ke shape elongate in a radial direction of the wafer 11
is applied from the line sensor unit 48 toward a region
inclusive of the peripheral portion 11c (a region
inclusive of the stepped portion 11d) of the wafer 11.
Then, reflected light of the |aser beam 48a reflected on

the front surface 1la side of the wafer 11 is detected by
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the line sensor unit 48.

FIG 5A is a sectional view depicting in an
enl arged forma region of the wafer 11 to which the | aser
beam 48a is applied, and FIG 5B is a graph depicting
schematically the results of detection of the reflected
light reflected on the region depicted in FIG 5A Note
that in the graph of FIG 5B, the axis of abscissas
represents the position (r) in a radial direction of the
wafer 11, and the axis of ordinates represents the height
(Z2). For exanple, when the reflected light of the [|aser
beam 48a applied to the region depicted in FIG 5A is
detected by the line sensor unit 48, a graph as depicted
in FIG 5B is obtained. 1In this graph, w corresponds to
the width of the stepped portion 11d, and h corresponds
to the height of the stepped portion 11d (the height from
the bottom of the stepped portion 11d to the front
surface 1l1a). The information calculation section 50a of
the processor unit 50 calculates the width and the hei ght
of the stepped portion 11d fromw and h in the graph.

FIG 6A is a sectional view depicting, in an
enlarged form another region of the wafer 11 to which
the laser beam 48a is applied, and FIG 6B is a graph
depicting schematically the results of detection of the

reflected light reflected on the region depicted in FIG
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6A. Wien the reflected light of the |aser beam 48a
applied to the region depicted in FIG 6A is detected by
the line sensor unit 48, a graph as depicted in FIG 6B
Is obtained. In this graph, Al corresponds to the height
fromthe bottom of the stepped portion 11d to the top of
a projection 1le. In this way, in the case where
ruggedness (projections and recesses) is present at the
bottom of the stepped portion 11d, it is desirable for
the information calculation section 50a of the processor
unit 50 to calculate A1 as the difference of elevation.
Simlarly, in the graph of FIG 6B, A2 corresponds to the
hei ght from the bottom of the stepped portion 11d to the
top of a corner portion 11f configured in a curved
surface shape. In this way, in the case where the corner
portion 11f of the stepped portion 11d is configured in a
curved surface shape, it is desirable for the information
cal culation section 50a of the processor wunit 50 to
calculate A2 as the height of the corner portion 11f.
Wen the width, height, and difference in elevation of
the stepped portion 11d and the height of the corner
portion 11f and the like are calculated, the second
cal culation step is finished.

After the second calculation step, a determnation

step is carried out in which thresholds for the wdth,
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height, and difference of elevation of the stepped
portion 11d and the height of the corner portion 11f and
the width, height, and difference of elevation of the
stepped portion 11d and the height of the corner portion
11f that are calculated in the second calculation step
are conpared with each other, and it is determned
whet her or not consunption anobunt and a change in shape
of a tip of the cutting blade and the like are wthin
al l onabl e ranges. Specifically, the threshold conparison
section 50b of the processor unit 50 conpares a threshold
for the wwdth of the stepped portion 11d, a threshold for
the height of the stepped portion 11d, a threshold for
the difference of elevation of the stepped portion 11d
and a threshold of the height of the corner portion 11f
that are prelimnarily set with the wdth, height, and
difference of elevation of the stepped portion 11d and
the height of the corner portion 11f that are cal cul ated
in the second cal cul ati on step.

Here, the threshold for the width of the stepped
portion 11d and the threshold for the height of the
stepped portion 11d are determned, for exanple, in
accordance with allowable ranges of consunption anount
and a change in shape of the tip of the cutting blade. 1In

the case where the width and the height of the stepped
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portion 11d are not nore than (are less than) the
respective thresholds, the threshold conparison section
50b determ nes that the consunption anount and the change
in shape of the tip of the cutting blade are not in
all omabl e ranges. On the other hand, in the case where
the width and the height of the stepped portion 11d are
nore than (are not |ess than) the respective threshol ds,
the threshold conparison section 50b determ nes that the
consunption anmount and the change in shape of the tip of
the cutting blade are within allowabl e ranges.

Simlarly, the threshold for difference of
el evation of the stepped portion 11d and the threshold
for the height of the corner portion 11f are determ ned,
for exanple, in accordance with an allowabl e range of the
change in shape of the tip of the cutting blade. 1In the
case where the difference of elevation of the stepped
portion 11d and the height of the corner portion 11f are
not nore than (are less than) the respective thresholds,
the threshold conparison section 50b determ nes that the
change in shape of the tip of the cutting blade is within
the all owabl e range. On the other hand, in the case where
the difference of elevation of the stepped portion 11d
and the height of the corner portion 11f are nore than

(are not less than) the respective thresholds, the
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threshold conparison section 50b determines that the
change in shape of the tip of the cutting blade are not
within the allowable ranges. Note that in the case where
the height of the corner portion 11f is nore than (is not
less than) the threshold, there is a problem that
grinding of the wafer causes an edge to be processed in
an eaves-Ili ke shape and be susceptible to chipping.

An operator is informed of the results of the
determ nation step by such a nmethod as display on a
nonitor (not depicted) or the like, turning ON (blinking)
of an alarm |lanp, or generation of an alarm sound. The
operator can appropriately carry out such a process as
repl acenent of the cutting blade, based on the results of
determination in the determ nation step. Further, the
cutting apparatus 2 nay be configured so that the height,
the position in the Y-axis direction and the like of the
cutting blade can be automatically adjusted based on the
results of the determ nation step. By this adjustnment, it
Is possible to again process the wafer 11 as an object of
determination, or to successively process another wafer
11.

As has been described above, the cutting apparatus
2 of the present enbodi ment includes the |ine sensor unit

48 that applies the |aser beam 48a in a band-like shape
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elongated in a radial direction of the wafer 11 to the
region inclusive of the peripheral portion 1lc of the
wafer 11 held on the chuck table 16 and detects the
reflected light of the |aser beamreflected on the region.
The cutting apparatus 2 of the present enbodi nent further
includes the information calculation section 50a that
cal cul ates the position of the wafer 11 and the hei ght of
the front surface 1la of the wafer 11, and cal cul ates the
wi dth and the height of the stepped portion 11d, fromthe
reflected light of the laser beam 48a detected by the
line sensor wunit 48. Therefore, it 1is unnecessary to
mount a plurality of sensors for calculating the height
of the position of the wafer 11 and the height of the
front surface 1la of the wafer 11 as well as the wdth
and the height of the stepped portion 11d.

In addition, in the cutting apparatus 2 of the
present enbodi nent, use is made of the line sensor unit
48 by which the reflected lights reflected at a plurality
of positions can be detected at a tine. Therefore, the
time required for calculation of the position of the
wafer 11, the height of the front surface 1la of the
wafer 11 as well as the width and the height of the
stepped portion 11d can be shortened, as conpared to the

cases where other sensor and/or other nethod is used.
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Further, the cutting apparatus 2 of the present
enbodi nrent further includes the threshold conparison
section 50b that conpares the width and the height of the
stepped portion 11d calculated by the information
cal cul ation section 50a with the thresholds for the width
and the height of the stepped portion 11d, and determ nes
whet her or not the consunption anmount and the change in
shape of the tip of +the cutting blade are wthin
al l onabl e ranges. Ther ef or e, It Is possible to
appropriately determ ne whether or not the consunption
anmount and the change in shape of the tip of the cutting
blade are wthin the allowable ranges, and to
appropriately carry out such a process as replacenent of
the cutting bl ade.

Note that the present invention is not limted to
the description of the above enbodinent, but can be
carried out with various nodifications. For instance, in
the wafer processing nmethod according to the present
enbodi nent, in the case where the positions of the
profile of the wafer 11 calculated in the first
calculation step are deviated from a reference range of
the chuck table 16, the cutting unit 42 is noved in the
Y-axis direction in accordance with the rotation of the

chuck table 16 in the subsequent stepped portion formng
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step. However, such a novenent of the cutting unit 42 can
be omtted, for exanple, if the wafer 11 is re-carried
into the correct position on the chuck table 16 by the
second carrying wunit 28 before the stepped portion
formng step

In addition, in the wafer processing nethod
according to the present enbodinent, the chuck table 16
is rotated in the second calculation step. However, the
chuck table 16 may not necessarily be rotated in the
second cal culation step. In this case, the wi dth, height,
and difference of elevation of the stepped portion 11d as
wel |l as the height of the corner portion 11f and the Iike
are calculated in regard of one region of the peripheral
portion 1llc.

The present invention is not limted to the details
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 I S:

1. A cutting apparatus conprising:

a chuck table that holds by a holding surface a
wafer chanfered at a peripheral portion and that is
rot at abl e;

a cutting unit that cuts the peripheral portion of
the wafer held on the chuck table from a front surface
side by a cutting blade nmounted to a spindle, to form on
the front surface side of the wafer an annular stepped
portion al ong the peripheral portion;

a line sensor unit that applies a |laser beamin a
band shape elongate in a radial direction of the wafer to
a region inclusive of the peripheral portion of the wafer
held on the chuck table, and detects reflected Iight of
the | aser beamreflected on the region; and

an information cal culation section that calcul ates
a position of the wafer and a height of the front surface
of the wafer from the reflected light of the l|laser beam
detected by the line sensor unit in a state in which the
chuck table is rotated before the wafer is cut to form
the stepped portion, and that calculates a wdth and a
hei ght of the stepped portion fromthe reflected |ight of
the | aser beam detected by the |ine sensor unit after the

wafer is cut to formthe stepped portion.
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2. The cutting apparatus according to claim 1,
further conpri sing:

a threshold conparison section that conpares the
wi dth and the height of the stepped portion cal cul ated by
the information calculation section wth thresholds for
the width and the height of the stepped portion, and that
determ nes whether or not consunption anobunt and a change
in shape of a tip of the cutting blade are wthin
al | owabl e ranges.

3. A wafer processing nethod for processing a
wafer provided on a front surface side with a device
region fornmed with devices and a peripheral rmarginal
regi on surroundi ng the device region, the wafer chanfered
at a peripheral portion thereof, by wuse of a cutting
appar at us incl udi ng

a chuck table that holds by a holding surface the
wafer chanfered at the peripheral portion and that is
rot at abl e,

a cutting unit that cuts the peripheral portion of
the wafer held on the chuck table from the front surface
side by a cutting blade nmounted to a spindle, to form on
the front surface side of the wafer an annular stepped
portion al ong the peripheral portion,

a line sensor unit that applies a |laser beamin a
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band shape elongate in a radial direction of the wafer to
a region inclusive of the peripheral portion of the wafer
held on the chuck table, and detects reflected Iight of
the | aser beamreflected on the region, and

an information cal cul ation section that calcul ates
a position of the wafer and a height of the front surface
of the wafer fromthe reflected light of the |aser beam
detected by the line sensor unit in a state in which the
chuck table is rotated before the wafer is cut to form
the stepped portion, and that calculates a width and a
hei ght of the stepped portion fromthe reflected |ight of
the | aser beam detected by the line sensor unit after the
wafer is cut to form the stepped portion, the wafer
processi ng net hod conpri sing:

a holding step of holding a back surface side of
the wafer by the chuck table;

a first calculation step of applying the | aser beam
to the region inclusive of the peripheral portion of the
wafer held on the chuck table in a state in which the
chuck table is rotated, and calculating the position of
the wafer and the height of the front surface of the
wafer from the reflected light of the |aser beam
reflected on the region; and

a stepped portion formng step of causing the
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cutting blade to cut into the wafer from the front
surface side of the peripheral portion, based on the
position of the wafer and the height of the front surface
of the wafer calculated in the first calculation step, to
form the peripheral portion with the stepped portion
having a predeterm ned wi dth and a predeterm ned dept h.

4. The wafer processing nmethod according to claim
3, further conpri sing:

after the stepped portion formng step, a second
cal cul ation step of applying the |aser beamto the region
i nclusive of the peripheral portion of the wafer held on
the chuck table, to calculate a wdth and a height of the
stepped portion from the reflected light of the |aser
beam refl ected on the region; and

a determ nation step of conparing the width and the
hei ght of the stepped portion calculated in the second
calculation step with thresholds for the width and the
hei ght of the stepped portion, to determ ne whether or
not consunption anmount and a change in shape of a tip of
the cutting blade are within allowabl e ranges.

5. The wafer processing nethod according to claim
4, wherein the <cutting apparatus further includes a
t hreshol d conparison section that conpares the w dth and

the height of the stepped portion calculated by the
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information calculation section with thresholds for the
wi dth and the height of the stepped portion, to determ ne
whet her or not consunption anmobunt and a change in shape

of atip of the cutting blade are wthin allowabl e ranges.
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