DI VI DI NG METHOD OF WORKPI ECE, DETECTI ON METHOD OF

DI MENSI ONS OF CH PS, AND CUTTI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a dividing method
of a workpiece by which the workpiece is divided into
plural chips, a detection nmethod of dinensions of chips
by which dinmensions of the chips are detected, and a
cutting apparatus that can detect dinensions of the chips.

Description of the Related Art

A package substrate such as a quad flat non-I|ead
(QFN) package substrate is formed by covering plural
device chips arranged on a base substrate by a sealing
material conmposed of a resin (nold resin). By dividing
this package substrate along planned dividing Iines
(streets), plural chips (package devices) each including
device chips are obtained. For the dividing of the
wor kpiece typified Dby the above-described package
substrate, for exanple, a cutting apparatus including a
chuck table that holds the workpiece and a cutting unit
to which a circular-ring-shaped cutting blade that cuts
the workpiece is nmounted is used (for exanple, refer to

Japanese Patent Laid-Open No. 2017-50309). By rotating



the cutting blade and causing the cutting blade to cut
into the workpiece in the state in which the workpiece is
held by the chuck table, the workpiece is cut to be

di vided into plural chips.

SUMMARY OF THE | NVENTI ON

After the workpiece is divided into the plural
chi ps, work of checking whether or not desired chips have
been obtained is executed. For exanple, dinmensions of the
chips (size of the whole of the chip, the position of an
el ectrode which the chip has, and so forth) obtained by
the dividing of the workpiece are neasured. In addition,
the process capability index is calculated based on
actual dinensions of the chips. Then, evaluation of the
chips is executed based on the actual dinmensions of the
chi ps and the process capability index.

The neasurenment of dinmensions of the chips is
executed by an evaluator of the chips with use of a
m croscope, for exanple. In this case, the evaluator
needs to execute work of position alignnment between the
m croscope and the chip, neasurenent of dinensions of the
chip, recording of the neasured dinensions of the chip,
and so forth for each chip individually. For this reason,

in the case of executing evaluation of a particularly



| arge nunber of chips, enornobus tinme and |abor are spent
in the evaluation of the chips.

The present invention is made in view of such a
problem and intends to provide a dividing nethod of a
wor kpi ece, a detection nmethod of dinensions of chips, and
a cutting apparatus that enable easy detection of
di mensi ons of chi ps.

In accordance with an aspect of the present
invention, there is provided a dividing nethod of a
wor kpi ece by which the workpiece is divided into a
plurality of chips and actual dinmensions of the chips are
detected by a cutting apparatus. The cutting apparatus
i ncludes holding neans that holds the workpiece having
el ectrodes in each of a plurality of regions nmarked out
by a plurality of planned dividing lines that intersects
each other and cutting neans to which a cutting blade
that cuts the workpiece held by the holding neans is
nount ed. The cutting apparatus includes also inmaging
neans that imges the workpiece and control neans that
controls the holding neans and the cutting neans. The
di viding nmethod includes a dividing step of cutting the
wor kpi ece by the cutting blade al ong the planned dividing
lines to divide the workpiece into the plurality of chips,

an inmage acquisition step of imaging the chips by the



i magi ng nmeans and acquiring an imge of the chips, and a
detection step of detecting the actual dinensions of the
chi ps by the control neans based on the image.

Preferably, the dividing nmethod of a workpiece
further includes a calculation step of <calculating a
value that indicates a degree of variation in the actua
di mensi ons of the chips by the control neans. Furthernore,
preferably, the workpiece is divided in a state of being
held by the holding neans in the dividing step, and the
workpiece is imaged in a state of being held by the
hol di ng means in the inage acquisition step.

In accordance wth another aspect of the present
invention, there is provided a detection nethod of
di mensi ons of chips by which a workpiece is divided into
a plurality of chips and actual dinensions of the chips
are detected by a cutting apparatus. The cutting
apparatus includes holding neans that holds the workpiece
having electrodes in each of a plurality of regions
mar ked out by a plurality of planned dividing |lines that
intersects each other and cutting neans to which a
cutting blade that cuts the workpi ece held by the hol ding
means i s nount ed. The cutting apparatus includes also
i magi ng neans that inages the workpiece and control neans

that controls the holding neans and the cutting neans.
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The detection nmethod includes a dividing step of cutting
the workpiece by the cutting blade along the planned
dividing lines to divide the workpiece into the plurality
of chips, an imge acquisition step of imaging the chips
by the imagi ng neans and acquiring an image of the chips,
and a detection step of detecting the actual dinensions
of the chips by the control neans based on the inmage.
Preferably, the detection nmethod of dinensions of
chips further includes a calculation step of calculating
a value that indicates a degree of variation in the
actual dinensions of the chips by the control neans.
Furthernore, preferably, the workpiece is divided in a
state of being held by the holding means in the dividing
step, and the workpiece is imged in a state of being
hel d by the holding neans in the i mage acquisition step.
In accordance wth another aspect of the present
i nventi on, there is provided a cutting apparatus
i ncluding holding nmeans that holds a workpiece, cutting
means to which a cutting blade that cuts the workpiece
hel d by the holding nmeans is nounted, inmaging neans that
i mges the workpiece, and control neans that controls the
hol ding nmeans and the cutting neans. The inmagi ng neans
i mages the workpiece divided into a plurality of chips by

the cutting blade and acquires an imge of the chips, and



the control neans includes a detecting section that
detects actual dinensions of the chips based on the inmage.

Preferably, the control means further includes a
storing section that stores reference values of
di rensi ons of the chips set in advance and a cal cul ati ng
section that calculates a value that indicates a degree
of variation in the actual dinensions of the chips based
on the actual dinmensions of the chips and the reference
val ues. Furthernore, preferably, the cutting apparatus
further includes display neans that displays the value
cal culated in the cal cul ati ng section.

The cutting apparatus according to the aspect of
the present invention includes the inmaging neans that
I mages the workpiece divided into the plural chips and
the control nmeans that detects the actual dinensions of
the chips based on an imge of the chips acquired by
I magi ng. Due to this, automatic neasurenent of dinmensions
of the chips by the cutting apparatus is enabled and
detection of the dinmensions of the chips is sinplified.

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 wll best be understood from a study of

the followng description and appended <clains wth



reference to the attached drawi ngs showing a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

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

FIG 2Ais a plan viewillustrating a workpiece;

FI G 2B is a bottom view illustrating the
wor kpi ece;

FIG 2C is an enlarged plan view illustrating the
wor kpi ece;

FIG 3 is a plan view illustrating the workpiece

supported by a ring-shaped frane;

FI G 4 is a partial secti onal side view
illustrating the workpiece held by a chuck table;

FIG 5 is an enlarged plan view illustrating the
wor kpi ece after dividing; and

FIG 6 is a schematic diagram illustrating a

configuration exanple of an inmaging unit.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT
An enbodinment of the present invention wll be
described below wth reference to the acconpanying

dr awi ngs. First, a configuration exanple of a cutting



apparatus according to the present enbodinment wll be
descri bed. FIG 1 is a perspective view illustrating a
cutting apparatus 2. The cutting apparatus 2 includes a
base 4 that supports the respective constituent elenents
that configure the cutting apparatus 2. An opening 4a is
formed at a corner part on a front side of the base 4 and
a cassette support pedestal 6 that rises and |lowers by a
lifting mechanism (not illustrated) is disposed inside
the opening 4a. Furthernore, on the cassette support
pedestal 6, a cassette 8 in which plural workpieces 11
(see FIG 2A and FIG 2B) cut by the cutting apparatus 2
can be housed is disposed. In FIG 1, only the contour of
the cassette 8 is illustrated for convenience of
expl anati on.

FIG 2A is a plan view illustrating the workpiece
11 and FIG 2B is a bottom view illustrating the
wor kpi ece 11. In the present enbodinent, the case in
which the workpiece 11 is a package substrate wll be
descri bed. For exanple, as the workpiece 11, a package
substrate such as a chip size package (CSP) substrate or
(QFN package substrate is used as the workpiece 11.

The workpiece 11 includes a plate-shaped base
substrate 13 that has a front surface 13a and a back

surface 13b and is fornmed into a rectangular shape in



pl an vi ew. The base substrate 13 is formed by using a
nmetal such as 42 alloy (alloy of iron and nickel) or
copper, for exanple. However, there is no limt to the
material, shape, structure, size, and so forth of the
base substrate 13. On the side of the back surface 13b of
the base substrate 13, pl ural device chips (not
illustrated) including devices fornmed of an integrated
circuit (IC, a large-scale integration (LSI), or the
li ke are disposed. These device chips are covered by a
resin layer (nold resin) 15 forned on the side of the
back surface 13b of the base substrate 13 and are seal ed.
There is no limt to the kind, quantity, shape, structure,
size, arrangenent, and so forth of the device chips.

As illustrated in FIG 2A, the workpiece 11 is
segnented into plural device regions 1la by plural
pl anned dividing lines (streets) 17 arranged in a lattice
manner to intersect each other. The device chips forned
on the side of the back surface 13b of the base substrate
13 are each disposed in the device region 1la. Each
device region l1lla is separated by dividing the workpiece
11 along the planned dividing lines 17, so that plural
chi ps (package devices) each including the device chip
seal ed by the resin are obtained.

FIG 2C is an enlarged plan view illustrating the



wor kpi ece 11. The workpi ece 11 includes plural electrodes
19 fornmed on a front surfaces of the device regions 1lla.
The electrodes 19 are fornmed into a spherical shape, for
exanple, and are arranged to be exposed on the side of
the front surface 13a of the base substrate 13. In FIG
2C, an exanple in which the electrodes 19 on two rows are
arranged along the outer circunferential edge (contour)
of the device region 1la is illustrated. For exanple, the
el ectrodes 19 are connected to the device chip disposed
on the side of the back surface 13b of the base substrate
13 through nmetal wires (not illustrated) or the like. The
el ectrodes 19 function as connecting el ectrodes when the
chips are nounted on another nounting board or the I|ike
after the workpiece 11 is divided into the plural chips.

Al though the case in which the workpiece 11 is a
package substrate is described here, there is nolimt to
the kind, material, shape, structure, size, and so forth
of the workpiece 11. For exanple, the workpiece 11 may be
a sem conductor wafer on which a device such as an IC or
an LSI is fornmed in each of plural regions marked out by
plural planned dividing lines that intersect each other
or the Ilike. Furthernore, this device my include an
el ectrode exposed on a surface.

Wen the workpiece 11 is cut by the cutting
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apparatus 2 (see FIG 1), the workpiece 11 is supported
by a ring-shaped frane. FIG 3 is a plan view
illustrating the workpiece 11 supported by a ring-shaped
frame 23. To a back surface side (side of the resin |ayer
15 (see FIG 2B)) of the workpiece 11, a circular tape 21
having a dianmeter that allows covering of the whole of
the workpiece 11 is stuck. The tape 21 is a flexible film
obtained by formng a rubber-based or acrylic adhesion
| ayer (glue layer) on a base conposed of a resin such as
pol yol ef i n, pol yvi nyl chl ori de, or pol yet hyl ene
terephthalate. The ring-shaped frane 23 is stuck to an
outer circunferential part of the tape 21. The frane 23
has a circular opening 23a having a dianeter that allows
housing of the workpiece 11. The workpiece 11 is
supported by the frane 23 with the internediary of the
tape 21 in the state of being disposed inside the opening
23a in such a manner that the front surface side (side of
the front surface 13a of the base substrate 13) is
exposed upwar d.

The tape 21 may be stuck to a front surface side of
the workpiece 11. In this case, the workpiece 11 is
supported by the franme 23 in the state in which the back
surface side (side of the resin layer 15) is exposed

upward. Furthernore, plural workpieces 11 may be stuck to
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the tape 21. In this case, the frame 23 having the
openi ng 23a having a dianeter that allows housing of the
pl ural workpieces 11 is used. Furthernore, the workpiece
11 does not necessarily need to be supported by the franme
23. Wen the frame 23 is not used, for exanple, a
rectangul ar tape formed into substantially the sanme shape
and size as the workpiece 11 is stuck to the front
surface side or back surface side of the workpiece 11.

The workpiece 11 supported by the frame 23 is
housed in the cassette 8 illustrated in FIG 1. Then, the
cassette 8 in which the plural workpieces 11 are housed
I's disposed on the cassette support pedestal 6.

A rectangul ar opening 4b whose | ongitudinal
direction is along an X-axis direction (processing feed
direction, front-rear direction) is formed on a latera
side of the cassette support pedestal 6. I nside the
openi ng 4b, an X-axis novenent nechanism 10 of a ball
screw system and a dust-proof drip-proof cover 12 that
covers an upper side of the X-axis novenent nechanism 10
are disposed. The X-axis novenment nechani sm 10 includes
an X-axis noving table 10a and noves the X-axis noving
table 10a along the X-axis direction. Furthernore, a
tenporary placenent nechanism 14 for tenporarily placing

the workpiece 11 is disposed to overlap with the opening

12



4b on the lateral side of the cassette support pedestal 6.
The tenporary placenent nechanism 14 includes a pair of
guide rails 14a and 14b that gets close to and separated
from each other while keeping the state of being
substantially parallel to a Y-axis direction (indexing
feed direction, left-right direction). The guide rails
l4a and 14b sandwich the workpiece 11 along the X-axis
direction and adjust it to a predeterm ned position.

A chuck table (holding table, holding neans) 16
that holds the workpiece 11 is disposed on the X-axis
noving table 10a. The chuck table 16 is coupled to a
rotational drive source (not illustrated) such as a notor
and this rotational drive source rotates the chuck table
16 around a rotation axis substantially parallel to a Z-
axis direction (vertical di rection, upwar d- downwar d
direction). Furthernore, the chuck table 16 noves al ong
the X-axis direction by the X-axis novenent nechani sm 10.
An upper surface of the chuck table 16 configures a
hol ding surface 16a that holds the workpiece 11. The
hol ding surface 16a is fornmed substantially in parallel
to the X-axis direction and the Y-axis direction and is
connected to a suction source (not illustrated) such as
an ejector through a suction path (not illustrated)

di sposed inside the chuck table 16. Moreover, four clanps

13



18 that grip and fix the ring-shaped frane 23 (see FIG
3) that supports the workpiece 11 are disposed around the
chuck table 16.

A conveyance nechanism (not illustrated) that
conveys the workpiece 11 housed in the cassette 8 to the
chuck table 16 is disposed near the opening 4b. The
wor kpi ece 11 is conveyed by the conveyance nechani sm and
is disposed on the holding surface 16a of the chuck table
16 in such a manner that the front surface side (side of
the front surface 13a of the base substrate 13 (see FIG
3)) is exposed upward, for exanple.

On an upper surface of the base 4, a gate-shaped
support structure 20 is disposed to straddle the opening
4b. The support structure 20 supports two sets of cutting
units (cutting neans) 22 that execute cutting processing
for the workpiece 11 held by the <chuck table 16.
Furthernore, two sets of novenent nechanisnms 24 that nove
the cutting units 22 in the Y-axis direction and the Z-
axis direction are nmounted to an upper part of the front
surface (face surface) side of the support structure 20.

The novenent nechanisns 24 are each nounted to a
pair of Y-axis guide rails 26 disposed along the Y-axis
direction on the front surface side of the support

structure 20. Specifically, the novenent nechanism 24
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includes a Y-axis noving plate 28 and the Y-axis noving
plate 28 is attached to the Y-axis guide rails 26
slidably along the Y-axis guide rails 26. A nut part (not
illustrated) is disposed on a rear surface (back surface)
side of the Y-axis noving plate 28 and a Y-axis ball
screw 30 disposed substantially in parallel to the Y-axis
guide rails 26 is screwed to this nut part. Furthernore,
a Y-axis pulse notor 32 is coupled to one end part of the
Y-axis ball screw 30. Wen the Y-axis ball screw 30 is
rotated by the Y-axis pulse notor 32, the Y-axis noving
plate 28 noves in the Y-axis direction along the Y-axis
guide rails 26.

A pair of Z-axis guide rails 34 disposed along the
Z-axis direction is set on a front surface (face surface)
side of the Y-axis noving plate 28. A Z-axis noving plate
36 is attached to the Z-axis guide rails 34 slidably
along the Z-axis gquide rails 34. A nut part (not
illustrated) is disposed on a rear surface (back surface)
side of the Z-axis noving plate 36 and a Z-axis ball
screw 38 disposed substantially in parallel to the Z-axis
guide rails 34 is screwed to this nut part. Furthernore,
a Z-axis pulse notor 40 is coupled to one end part of the
Z-axis ball screw 38. Wen the Z-axis ball screw 38 is

rotated by the Z-axis pulse notor 40, the Z-axis noving
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plate 36 noves in the Z-axis direction along the Z-axis
guide rails 34.

The cutting unit 22 is fixed to a | ower part of the
Z-axis noving plate 36. The cutting unit 22 includes a
spindle (not illustrated) that is disposed substantially
in parallel to the Y-axis direction and has a circular
cylindrical shape. A cutting blade 42 that cuts the
wor kpi ece 11 and has a circular ring shape is nounted on
one end part (tip part) of the spindle. The cutting bl ade
42 is formed by fixing abrasive grains conposed of
di anond, cubic boron nitride (cBN), or the like by a bond
mat eri al conposed of a netal, ceramc, resin, or the like,
for exanple. Furthernore, a rotational drive source (not
illustrated) such as a notor that rotates the spindle is
coupled to the other end side (base end part) of the
spi ndl e. Wen the spindle is rotated by the rotational
drive source in the state in which the cutting blade 42
is nmounted to a tip part of the spindle, the cutting
bl ade 42 rotates by power transmtted fromthe rotational
drive source via the spindle.

An imaging unit (imaging nmeans) 44 that inmages the
workpiece 11 or the like is disposed at a position
adjacent to the cutting unit 22. Wen the Y-axis noving

plate 28 is noved in the Y-axis direction by the novenent
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mechani sm 24, the cutting unit 22 and the inmaging unit 44
nove al ong the Y-axis direction. Furthernore, when the Z-
axis nmoving plate 36 is noved in the Z-axis direction by
the novenent nmechanism 24, the cutting unit 22 and the
I magi ng unit 44 nove along the Z-axis direction. Based on
an image of the workpiece 11 acquired by the imaging unit
44, position alignnment between the chuck table 16 that
holds the workpiece 11 and the cutting unit 22 is
execut ed.

An opening 4c is formed at a position on an
opposite side to the opening 4a across the opening 4b. A
cleaning unit 46 that cleans the workpiece 11 is disposed
i nside the opening 4c. The workpiece 11 processed by the
cutting unit 22 is conveyed fromon the chuck table 16 to
the cleaning unit 46 by the conveyance nechanism (not
Illustrated) and is cleaned. Then, the workpiece 11 after
the cleaning is housed in the cassette 8 by the
conveyance mechani sm

Furthernore, in the cutting apparatus 2, a display
part (display neans) 48 that displays various kinds of
information relating to processing of the workpiece 11 is
di sposed. The display part 48 is forned of a nonitor of a
touch panel system serving as a user interface, for

exanpl e. In this case, an operator of the cutting
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apparatus 2 can input information on  processing
conditions and so forth to this nonitor

Mor eover, the respective constituent elenents that
configure the cutting apparatus 2 (the X-axis novenent
nmechani sm 10, the tenporary placenent nechanism 14, the
chuck table 16, the <cutting wunit 22, the novenent
mechani sm 24, the imaging unit 44, the cleaning unit 46,
and so forth) are connected to a control part (control
neans) 60 disposed in the cutting apparatus 2. The
control part 80 is formed of a conputer or the |ike, for
exanple, and controls operation of each constituent
el ement .

By the above-described cutting apparatus 2, the
wor kpi ece 11 is cut along the planned dividing |ines 17
(see FIG 3) and is divided into plural chi ps
Furthernore, dinensions of the chips obtained by the
di viding of the workpiece 11 are detected by the cutting
apparatus 2. A specific exanple of a dividing nmethod of a
wor kpi ece and a detection nethod of dinensions of chips
by use of the cutting apparatus 2 will be described bel ow.

First, the workpiece 11 housed in the cassette 8 is
conveyed to the tenporary placenent nechanism 14 by the
conveyance nechanism (not illustrated). Then, after

position alignment of the workpiece 11 is executed by the
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tenporary placenent nechanism 14, the workpiece 11 is
conveyed onto the holding surface 16a of the chuck table
16 and is held by the chuck table 16. FIG 4 is a partia

sectional side view illustrating the workpiece 11 held by
the chuck table 16. The workpiece 11 is disposed on the
chuck table 16 in such a manner that the front surface
side (side of the front surface 13a of the base substrate
13) is exposed upward and the back surface side (side of
the resin layer 15) is opposed to the holding surface 16a,
for exanple. Furthernore, the frame 23 that supports the
wor kpi ece 11 is fixed by the clanps 18. Wen a negative
pressure of the suction source is caused to act on the
hol ding surface 16a in this state, the workpiece 11 is
sucked and held by the <chuck table 16 wth the
i nternmedi ary of the tape 21.

Next, the chuck table 16 is rotated and a length
direction of one planned dividing line 17 (see FIG 3) is
aligned with the X-axis direction. Furthernore, a height
of the cutting unit 22 is adjusted in such a manner that
a lower end of the cutting blade 42 is disposed on a
| oner side relative to the back surface of the workpiece
11 (upper surface of the tape 21) and on an upper side
relative to the holding surface 16a (| ower surface of the

tape 21). Moreover, a position of the cutting unit 22 in
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the Y-axis direction is adjusted in such a manner that
the cutting blade 42 is disposed on an extension |ine of
the one planned dividing line 17. Then, while the cutting
blade 42 is rotated, the chuck table 16 is noved along
the X-axis direction. Thereby, the chuck table 16 and the
cutting unit 22 are relatively noved along the planned
dividing line 17 and the cutting blade 42 cuts into the
wor kpi ece 11. As a result, the workpiece 11 is cut along
the planned dividing line 17 and is divided.

Thereafter, the sanme procedure is repeated and the
wor kpi ece 11 is cut along all planned dividing |ines 17.
Thereby, the device regions 1la (see FIG 3) of the
wor kpi ece 11 are diced into individual pieces and the
wor kpi ece 11 is divided into plural chips (dividing step).
FIG 5 is an enlarged plan view illustrating the
wor kpi ece 11 after the dividing. The workpiece 11 is
divided into plural chips (package devices) 25 each
including the plural electrodes 19. Furthernore, in the
regions cut by the cutting blade 42 in the workpiece 11
kerfs (cut ends) 11b that reach the back surface of the
wor kpi ece 11 from the front surface are formed. A wdth
of the kerf 11b corresponds to a thickness of the cutting
blade 42 (see FIG 4). In FIG 5, the regions in which

the kerfs 11b are forned are given hatching.
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After the dividing of the workpiece 11, work of
checking whether or not the <chips 25 wth desired
di mensi ons have been obtained is executed. Specifically,
di mensi ons of the chips 25 (size of the whole of the chip
25, the position of the electrode 19 which the chip 25
has, and so forth) obtained by the dividing of the
wor kpi ece 11 are neasured and evaluation of the chips 25
is executed based on actual dinensions of the chips 25.
When actual dinensions of the chips 25 are detected,
first, an imge of the chips 25 is acquired by inmaging
the chips 25 by the imaging unit 44 (see FIG 1) (image
acquisition step). In the image acquisition step, the
imaging is executed in the state in which the workpiece
11 is held by the chuck table 16.

FIG 6 is a schematic diagram illustrating a
configuration exanple of the imaging unit 44. The inmaging
unit 44 includes a casing 60 in which the respective
constituent elements that configure the inmaging unit 44
are housed. A partition wall 62 that partitions an inside
of the casing 60 and an outside is disposed at a tip part
(l ower end part) of the casing 60. The partition wall 62
is disposed on an upper side relative to a |lower end 60a
of the casing 60. The partition wall 62 has an opening

part that vertically penetrates the partition wall 62 and
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a light transmssive part 64 fornmed of a transparent
menber is disposed in this opening part. Furthernore, an
objective lens 66 disposed on the upper side of the
partition wall 62 is housed in the casing 60.

A space 68 surrounded by the tip part of the casing
60 and the partition wall 62 is connected to a water
source 72 through a water supply port 60b fornmed in the
casing 60 and a valve 70. At a tinme of imaging of the
wor kpi ece 11, the imaging unit 44 is positioned in such a
manner that a distance between the |ower end 60a of the
casing 60 and the front surface of the workpiece 11
becones approximately 0.5 to 1 mm for exanpl e.
Furthernore, water is supplied from the water source 72
to the space 68 via the valve 70 and the water supply
port 60b at a predetermned flow rate and the space 68 is
filled with the water

Moreover, the imaging unit 44 includes a strobe
light source 74 that executes irradiation with strobe
light. As the strobe light source 74, a xenon flash |anp
is used, for exanple. Part of the strobe light emtted
from the strobe light source 74 is reflected by a beam
splitter 76 disposed inside the casing 60 and is applied
to the workpiece 11 held by the chuck table 16 via the

objective lens 66 and the light transm ssive part 64. A
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canmera 78 that images the workpiece 11 irradiated with
the strobe light is disposed on the optical axis of the
objective lens 66. For exanple, the camera 78 is
configured by using a charge-coupled device (CCD) i nmage
sensor.

The strobe light source 74 and the canera 78 are
connected to the control part 80 and operation thereof is
controlled by the control part 80. Furthernore, the
control part 80 synchronizes irradiation with the strobe
light fromthe strobe |ight source 74 with imging by the
canmera 78. Thereby, the wupper surface side of the
wor kpi ece 11 (chips 25) is inmaged by the imaging unit 44
and an i mage of the workpiece 11 (chips 25) is acquired.

When cutting processing is executed for the
wor kpi ece 11 (see FIG 4), a foreign matter such as dust
generated due to the cutting (cutting dust) adheres to
the workpiece 11 in sone cases. For this reason, when the
workpiece 11 is imged by the imaging  unit 44
subsequently to the dividing step, it is preferable to
supply water fromthe water source 72 to the space 68 and
wash away the foreign matter that adheres to the
wor kpi ece 11. This can prevent the imaging of the
wor kpi ece 11 from being inhibited by the foreign matter.

However, water does not necessarily need to be supplied
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to the space 68 when the workpiece 11 is inmaged by the
imaging unit 44. For exanple, if a step of cleaning the
wor kpi ece 11 (cleaning step) is separately executed after
dividing of the workpiece 11 and before imaging of the
wor kpi ece 11, no foreign matter adheres to the workpiece
11 at the tinme of inmaging of the workpiece 11. In this
case, the supply of water fromthe water source 72 to the
space 68 can be omtted.

Furthernore, imaging of the workpiece 11 may be
executed while the workpiece 11 and the inmaging unit 44
are relatively noved. For exanple, while the chuck table
16 that holds the workpiece 11 is noved relative to the
imaging unit 44, irradiation with strobe light from the
strobe light source 74 and imaging by the canera 78 are
synchroni zed and the workpiece 11 is inmaged by the
imaging unit 44 plural tinmes consecutively. This can
execute cutting and i1maging of the workpiece 11
concurrently.

The image (taken image) acquired by the inaging by
the imaging unit 44 is output to the control part 80 (see
FIG 1). Then, based on the taken imge, actua
di mensions of the chips 25 are detected by the control
part 80 (detection step). As illustrated in FIG 1, the

control part 80 includes a detecting section 82 that
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detects actual dinmensions of the chips 25. For exanpl e,
the detecting section 82 neasures dinensions of the chips
25 by executing imge processing of edge detection,
pattern matching, and so forth for the taken image. As
exanpl es of the measured dinensions of the chip 25, the
size of the whole of the chip 25, the position of the
el ectrode 19 which the chip 25 has, and so forth are
ci ted.

In FIG 5, exanples of the neasured dinensions of
the chip 25 are illustrated. L, and L, are values that
indicate the size of the whole of the chip 25.
Specifically, Ly is a length of the chip 25 in a first
direction (longitudinal direction of the workpiece 11,
| eft-right direction in the plane of paper) illustrated
by arrow A and L, is a length of the chip 25 in a second
direction (short direction of the workpiece 11, upward-
downward direction in the plane of paper) illustrated by
arrow B. The first direction and the second direction are
per pendi cular to each other. Ly, and L, are each
equi valent to a distance from one end of the chip 25 to
the other end. Furthernore, Ls and L, are values that
indicate the position of the electrode 19 which the chip
25 has and a position of the kerf 11b. Specifically, Lj

iIs a distance from the kerf 11b (outer circunferenti al
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edge of the chip 25) along the first direction (arrow A)
to one electrode 19 disposed at the position closest to
the kerf 11b. Furthernore, L, is a distance fromthe kerf
11b (outer circunferential edge of the chip 25) along the
second direction (arrow B) to one electrode 19 disposed
at the position closest to the kerf 11b. In FIG 5, Lj
and L, are set based on four electrodes 19 forned at the
positions closest to four corners of the chip 25.

The detecting section 82 (see FIG 1) detects L;
and L, by executing edge detection processing for the
taken image, for exanple. Specifically, the detecting
section 82 identifies coordinates of the boundary between
the chip 25 and the kerf 11b (outer circunferential edge
of the chip 25, end part of the kerf 11b) based on the
contrast level of the taken image. Then, the detecting
section 82 calculates L; and L, from a difference between
the coordinates of two boundaries opposed to each other
across the chip 25.

Furthernore, the detecting section 82 detects Lj
and L; by executing pattern matching processing for the
taken i1image, for exanple. Specifically, the detecting
section 82 acquires an inage of the chip 25 in which the
el ectrodes 19 are represented (inage for reference) in

advance and conpares the taken imge acquired by the
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imaging unit 44 and the inmage for reference. Then, the
detecting section 82 identifies coordinates of the
el ectrode 19 based on a positional relationship between
the chuck table 16 (workpiece 11) and the imaging unit 44
when the position of the electrode 19 represented in the
taken image corresponds wth the position of the
el ectrode 19 represented in the imge for reference.
Thereafter, the detecting section 82 calculates a
difference between the coordinates of the outer
circunferential edge of the chip 25 and coordinates of
the electrode 19. Thereby, Lz and L, are cal cul ated.
There is no limt to the detection nethod of L;, L, Ls,
and Ls and the detecting section 82 may detect L;, L Ls,
and Ls by using anot her nethod.

Furthernmore, the taken image acquired by the
imaging unit 44 may be an inage of the whole of the
wor kpi ece 11 or may be an image of part of the workpiece
11. In particular, the accuracy of detection of actual
di mensi ons of the chip 25 can be inproved by acquiring an
enlarged image of the chip 25 by the imaging unit 44.
Furthernore, the vicinities of the four corners of one
chip 25 may be each individually imged and actua
di mensi ons of the chip 25 nmay be detected based on plural

taken i mages obtained by this. Mreover, the control part
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80 may generate an inmage of the whole of the workpiece 11
by synthesizing plural taken inages that represent part
of the workpiece 11. 1In this case, the detecting section
82 may detect actual dinensions of the chip 25 by using
the generated synthesized i nage. In addition, the
detecting section 82 may detect actual dinensions of all
chips 25 obtained by dividing of the workpiece 11 or may
det ect actual dinensions of part of the chips 25.

Actual dinensions of the chip 25 detected by the
detecting section 82 can be displayed on the display part
48 (see FIG 1), for exanple. 1In this case, the control
part 80 controls the display part 48 and causes the
di splay part 48 to display the actual dinmensions of the
chip 25. Thereby, the operator of the cutting apparatus 2
is informed of the actual dinmensions of the chip 25.

As described above, in the cutting apparatus 2
according to the present enbodinent, the detection of
actual dinmensions of the chips 25 is executed by the
control part 80. Thus, work of nmanually measuring
di mensions of the chips 25 by the evaluator of the chips
25 with use of a mcroscope and so forth can be omtted
and the evaluation step of the chips 25 is sinplified.

The control part 80 may calculate a value that

indicates a degree of variation in actual dinensions of
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the chips 25 (variation wvalue) in addition to the
detection of +the actual dinensions of the chips 25
(cal cul ation step). As exanples of the variation value, a
variance of the actual dinensions, a standard deviation
of the actual dinensions, a process capability index (G,
Gk, or the like), and so forth are cited.

As illustrated in FIG 1, the control part 80
includes a calculating section 84 that calculates the
vari ation value of actual dinensions of the chips 25 and
a storing section 86 that stores a program and various
ki nds  of paraneters used for processing by the
cal culating section 84, and so forth. In the storing
section 86, actual dinensions of the chips 25 detected by
the detecting section 82, reference values of dinensions
of the <chips 25, the program for calculating the
variation value of the actual dinensions of the chips 25,
and so forth are stored. The reference values of
di mensions of the chips 25 are standard values of the
di rensions of the chips 25, for exanple, and allowable
val ues (upper-limt value and lower-limt value) or the
i ke of actual dinensions of the chips 25 are stored in
the storing section 86 as the reference values.
Furthernore, the calculating section 84 calculates the

vari ance or standard deviation of the actual dinensions

29



of the chips 25 based on the actual dinmensions of the
chips 25 detected by the detecting section 82. Moreover,
the calculating section 84 <calculates the process
capability index (G, Gk, or the like) of the chips 25
based on the actual dinmensions of the chips 25 and the
reference values (upper-limt value and lower-limt
value) stored in the storing section 86. Wien the
variation value of the actual dinensions of the chips 25
Is calculated by the calculating section 84, the contro

part 80 displays this variation value on the display part
48. Thereby, the operator of the cutting apparatus 2 is
informed of the degree of variation in the actual
di mensi ons of the chips 25. At this tinme, the display
part 48 my display the reference values (upper-limt
value and lower-limt value) of the actual dinensions of
the chips 25 in addition to the variation val ue.

As descri bed above, it is also possible for the
cutting apparatus 2 according to the present enbodi nent
to execute the calculation of the variation value of
actual dinmensions of the chips 25 by the control part 80.
Due to this, work of calculating the variation value
based on the actual dinensions of the chips 25 by the
evaluator of the chips 25 can be omtted and the

eval uation step of the chips 25 is sinplified.
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The detecting section 82 may further detect the
position of the kerf 11b (see FIG 5) formed in the
wor kpi ece 11 in addition to the dinensions of the chips
25. The position of the kerf 11b is detected by executing
predeterm ned inage processing (edge detection, pattern
matching, or the like) for an inage acquired by the
I magi ng unit 44, for exanple. By detecting the position
of the kerf 11b (for exanple, coordinates of a center or
end part of the kerf 11b in the wdth direction) by the
detecting section 82, whether or not the workpiece 11 has
been cut at the desired position can be checked.

Furthernore, information on the position at which
the workpiece 11 should be cut (ideal position of the
kerf 11b) nmay be stored in the storing section 86. I n
this case, the detecting section 82 nay calculate a
di fference between the ideal position of the kerf 11b and
the detected position of the kerf 11b, i.e., an anount of
deviation of the cut region. This anmount of deviation is
stored in the storing section 86. |If the above-described
amount of deviation is stored in the storing section 86
It becones possi bl e to correct t he positiona
rel ati onship between the workpiece 11 and the cutting
bl ade 42 in such a manner as to cancel out this anmount of

deviation when the workpiece 11 is cut by the cutting
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bl ade 42 later (see FIG 4). This can accurately cut the
wor kpi ece 11 by the cutting bl ade 42.

For exanpl e, warpage occurs in the workpiece 11 in
a manufacturing step thereof in sonme cases. Specifically,
when heating treatnent for curing the resin |layer 15 (see
FIG 2B) is executed in manufacturing of the workpiece 11
the resin layer 15 contracts and warpage occurs in the
wor kpi ece 11 in sone cases. If this warpage of the
wor kpi ece 11 occurs, the position of the planned dividing
line 17 (see FIG 2A) varies. Due to this, it becones
difficult for the workpiece 11 to be cut properly along
the planned dividing line 17 and position deviation of
the kerf 11b occurs nore readily. Here, there is a
tendency that the degree of warpage of the workpiece 11
manufactured in the sane | ot (sane step) is substantially
equal and the degree of position deviation of the kerf
11b al so becones substantially equal. For this reason,
when position deviation of the kerf 11b when one
wor kpi ece 11 is divided is detected and anot her workpi ece
11 manufactured in the same lot is divided, by correcting
the position of the cut region in such a manner that this
position deviation is canceled out, cutting the other
wor kpi ece 11 along the ideal position of the kerf 11b is

enabl ed.
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Specifically, first, one workpiece 11 is divided
into plural chips 25. Thereafter, imaging is executed by
the imaging unit 44 and the position of the kerf 11b is
detected. For exanple, the kerf 11b fornmed at a center in
FIG 5 along the direction illustrated by arrow B is
i maged. Then, a distance L, (distance Lja) from one end
(left end in FIG 5) of the kerf 11b to the electrode 19
di sposed at the position closest to the one end of the
kerf 11b and a distance Ls (distance Lg) from the other
end (right end in FIG 5) of the kerf 11b to the
el ectrode 19 disposed at the position closest to the
other end of the kerf 11b are detected. Here, a
consideration will be made about the case in which the
value of ideal Lsz and Ls is 0.4 nm and the values of
detected Lja and L4, are 0.3 nm and 0.5 mm respectively,
for exanple. In this case, the anount of position
deviation of the cut region in the direction (first
direction) illustrated by arrow Ais 0.1 mm Furthernore,
this anmount of position deviation is stored in the
storing section 86. Thereafter, when another workpiece 11
manufactured in the sanme lot is divided, cutting
processing is executed in the state in which the position
of the cut region is corrected to the other end side

(right end in FIG 5) of the relevant kerf 11b by the

33



above-descri bed anmount of position deviation (0.1 nmm.
Thereby, the influence of variation in the position of
the planned dividing line 17 attributed to warpage of the
wor kpiece 11 is canceled out and the workpiece 11 is
properly cut.

In the above, the description is made about the
case in which the anbunt of position detection of the cut
region when one workpiece 11 is cut and the amount of
correction of the cut region when another workpiece 11 is
cut are set identical (0.1 nm. However, both do not
necessarily need to be identical. For exanple, it is also
possible that the value (0.05 mm equivalent to half of
the amount of position deviation of the cut region when
one workpiece 11 is cut is set as the anount of
correction of the cut region when another workpiece 11 is
cut.

As described above, the cutting apparatus 2
according to the present enbodi nent includes the imging
unit 44 that imges the workpiece 11 divided into plura
chips 25 and the control part 80 that detects actual
di mensi ons of the chips 25 based on an inmage of the chips
25 acquired by imaging. Due to this, aut omati c
nmeasur enent of dinensions of the chips 25 by the cutting

apparatus 2 is enabled and detection of the dinmensions of
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the chips 25 is sinplified.

Details of <constituent elenents of the cutting
apparatus 2 according to the present enbodinent can be
changed as appropriate. For exanple, it is also possible
to use a jig table that holds the workpiece 11 instead of
the chuck table 16 illustrated in FIG 1. The jig table
is formed into a rectangular shape in plan view
corresponding to the shape of the workpiece 11, for
exanpl e, and an upper surface of the jig table configures
a holding surface that holds the workpiece 11. A suction
hole is nmade in each of regions corresponding to the
device regions l1lla (see FIG 2A) of the workpiece 11 in
the holding surface side of the jig table. These plura
suction holes are connected to a suction source through a
suction path formed inside the jig table. In the state in
whi ch the workpiece 11 is disposed on the holding surface
of the jig table, a negative pressure of the suction
source is caused to act on the lower surface of the
wor kpi ece 11 through the suction holes. Thereby, the
workpiece 11 is sucked and held by the jig table.
Furthernore, in regions corresponding to the planned
dividing lines 17 (see FIG 2A) on the holding surface
side of the jig table, linear grooves (clearance grooves)

in which the |ower end part of the cutting blade 42 (see
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FIG 4) is inserted are forned. When the workpiece 11
held by the jig table is cut by the cutting blade 42, the
| oner end part of the cutting blade 42 passes through the
inside of this groove. Due to this, contact between the
cutting blade 42 and the jig table is avoi ded.

After the workpiece 11 is divided into plural chips
25, the chips 25 are each held by the negative pressure
of the suction source acting through the suction holes
formed in the jig table. Thus, arrangenent of the chips
25 is kept also after the dividing of the workpiece 11.
In the case of holding the workpiece 11 by the jig table,
sticking of the tape 21 to the workpiece 11 can be
om tted.

Besi des, structures, met hods, and so forth
according to the above-described enbodinent can be
i npl emented with appropriate changes w thout departing
fromthe range of the object of the present invention.

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 clainms 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 IS CLAIMED | S

1. A dividing nethod of a workpiece by which the
wor kpi ece is divided into a plurality of chips and actua
dimensions of the <chips are detected by a cutting
appar at us i ncl udi ng

hol ding neans that holds the workpiece having
el ectrodes in each of a plurality of regions nmarked out
by a plurality of planned dividing lines that intersects
each ot her,

cutting nmeans to which a cutting blade that cuts
t he wor kpi ece held by the hol di ng neans i s nounted,

I magi ng nmeans that inmages the workpiece, and

control nmeans that controls the holding neans and
the cutting neans,

t he dividing nethod conprising:

a dividing step of cutting the workpiece by the
cutting blade along the planned dividing lines to divide
the workpiece into the plurality of chips;

an imge acquisition step of imaging the chips by
the imaging neans and acquiring an inmage of the chips
and

a detection step of detecting the actual dinensions
of the chips by the control neans based on the image.

2. The dividing nethod of a workpiece according to
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claim1, further conprising:

a calculation step of <calculating a value that
indicates a degree of variation in the actual dinmensions
of the chips by the control neans.

3. The dividing nethod of a workpiece according to
claim1, wherein

the workpiece is divided in a state of being held
by the hol ding nmeans in the dividing step, and

the workpiece is inaged in a state of being held by
t he hol ding nmeans in the i nage acquisition step.

4. A detection nmethod of dinensions of chips by
which a workpiece is divided into a plurality of chips
and actual dinensions of the chips are detected by a
cutti ng apparatus including

hol ding neans that holds the workpiece having
el ectrodes in each of a plurality of regions marked out
by a plurality of planned dividing lines that intersects
each ot her,

cutting nmeans to which a cutting blade that cuts
t he wor kpi ece held by the hol di ng neans i s nounted,

I magi ng nmeans that inages the workpiece, and

control nmeans that controls the holding neans and
the cutting neans,

the detection nmethod conpri sing:
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a dividing step of cutting the workpiece by the
cutting blade along the planned dividing lines to divide
the workpiece into the plurality of chips;

an imge acquisition step of imaging the chips by
the inmaging neans and acquiring an inage of the chips
and

a detection step of detecting the actual dinensions
of the chips by the control neans based on the image.

5. The detection nethod of dinensions of chips
according to claim4, further conprising:

a calculation step of <calculating a value that
indicates a degree of variation in the actual dinmensions
of the chips by the control neans.

6. The detection nethod of dinensions of chips
according to claim4, wherein

the workpiece is divided in a state of being held
by the hol ding nmeans in the dividing step, and

the workpiece is imaged in a state of being held by
the holding neans in the i nage acquisition step.

7. A cutting apparatus conpri sing:

hol di ng nmeans that hol ds a workpi ece;

cutting nmeans to which a cutting blade that cuts
t he wor kpi ece held by the hol di ng nmeans i s nounted;

I magi ng nmeans that inmages the workpiece; and
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control nmeans that controls the holding neans and
the cutting neans, wherein
the i magi ng neans i mages the workpi ece divided into
a plurality of chips by the cutting blade and acquires an
I mage of the chips, and
the control neans includes a detecting section that
detects actual dinensions of the chips based on the inmage.
8. The cutting apparatus according to claim 7,
wherein
the control neans further includes
a storing section that stores reference
val ues of dinensions of the chips set in advance, and
a calculating section that calculates a
value that indicates a degree of variation in the actua
di mensi ons of the chips based on the actual dinensions of
the chips and the reference val ues.
9. The cutting apparatus according to claim 8,
further conpri sing:
di spl ay neans that displays the value calculated in

the cal cul ati ng section.
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