WORKPI ECE CUTTI NG METHOD

BACKGROUND COF THE | NVENTI ON

Field of the Invention

The present invention relates to a workpiece
cutting nethod for cutting a workpiece to divide it into
a plurality of chips.

Description of the Related Art

Conventionally known is a cutting apparatus having
an annular cutting blade for cutting a plate-shaped
wor kpi ece such as a sem conductor wafer. In cutting the
wor kpi ece, the cutting blade is rotated at a high speed
and then fed into the workpiece. At the sane tinme, the
cutting blade and the workpiece are relatively noved to
thereby cut the workpiece along a path of this relative
nmovenment . A plurality of crossing division lines are
previously set on the workpiece. In performng kerf check,
the workpiece is cut along a predeterm ned nunber of
division lines to form a dividing groove (kerf) in the
wor kpi ece along each division Iine. Thereafter, the
position and shape of this dividing groove are checked.
Usual ly, the kerf check is perforned by using a canmera or
the like located above the workpiece to imge the upper

surface of the workpiece and thereby obtain an inmage of



the dividing groove. Thereafter, according to this inmge,
it 1s checked whether the workpi ece has been properly cut
along each division line or it is checked whether the
size of chipping occurred in the dividing groove or the
kerf width is less than or equal to an allowable value
(see Japanese Patent Laid-Open No. 2009-246015 and

Japanese Patent Laid-Open No. 2013-74198).

SUWARY OF THE | NVENTI ON

The workpi ece is cut by using the cutting apparatus
to obtain a plurality of chips. In the case that chipping
having a size greater than an allowable value has
occurred on the upper surface of any chip, this chip is
handl ed as a defective chip. However, also when chipping
having a size greater than the allowable value has
occurred on the lower surface of any chip, this chip is
handled as a defective chip. Further, also when the
di viding groove is oblique with respect to the direction
along the thickness of the workpiece (i.e., obliqgue
cutting) or also when the position of the dividing groove
is deviated from the position of the division |I|ine,
defective chips nmay be produced. In usual kerf check
only the wupper surface of the workpiece is checked.

Accordi ngly, when the lower surface of the workpiece is



defective, there is a high possibility that defective
chi ps may be produced.

It is therefore an object of the present invention
to provide a workpiece cutting nethod which can prevent
the production of defective chips or can reduce the
possibility that a | arge anount of defective chips nmay be
produced.

In accordance with an aspect of +the present
invention, there is provided a workpiece cutting nethod
for cutting a workpiece having an upper surface and a
| oner surface, including a tape attaching step of
attaching a tape to the I ower surface of the workpiece; a
holding step of holding the Ilower surface of the
wor kpi ece through the tape on a holding table including a
hol di ng plate, the holding plate having a hol ding surface
for holding the workpiece, at |east a part of the hol ding
surface being an imaging area fornmed of a naterial
transparent to visible light; a processing step of
cutting the workpiece held on the holding table to divide
t he workpi ece, thereby formng a dividing groove having a
depth reaching the tape; and an inaging step of inmaging
at least a part of the dividing groove from the upper
surface side of the workpiece by using an upper canera

portion |located above the holding plate, t her eby



obtai ning an upper imge, and also inmaging the part of
the dividing groove from the |lower surface side of the
wor kpi ece through the inmaging area of the holding plate
and the tape by using a l|lower canmera portion |ocated
bel ow t he hol ding plate, thereby obtaining a | ower inmage.

Preferably, the workpiece cutting nethod further
i ncludes an image conparing step of conparing the upper
i mage and the | ower image obtained in the imgi ng step.

Preferably, the imge conparing step includes a
step of conparing at least one of a difference in wdth
between the dividing groove on the upper imge and the
dividing groove on the lower imge and an anount of
deviation in position between the dividing groove on the
upper surface and the dividing groove on the |ower inage
with an all owabl e condition previously set. The workpiece
cutting nmethod further includes a warning step of issuing
a warning in a case that at |east one of the difference
in the wwdth and the anount of deviation in position does
not satisfy the allowabl e condition.

In the imagi ng step of the workpiece cutting nethod
according to the present invention, the dividing groove
is imaged fromthe upper surface side of the workpiece by
t he upper canera portion |ocated above the hol ding plate,

t hereby obtaining the upper imge. At the same tine, the
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di viding groove is imaged from the |ower surface side of
the workpiece by the lower canmera portion |ocated bel ow
the holding plate, thereby obtaining the |ower inage.
Accordi ngly, when the upper end of the dividing groove is
checked, the |ower end of the dividing groove can al so be
checked, so that not only defective processing on the
upper surface of the workpiece, but also defective
processing on the |ower surface of the workpiece can be
detected. \When defective processing has occurred on the
| oner surface of the workpiece, the defective processing
can be elimnated by any nmeans. Accordingly, as conpared
wth the case that kerf check on the [ower surface of the
wor kpi ece is not perforned, but kerf check on only the
upper surface of the workpiece 1is perforned, t he
production of defective chips can be prevented. | f
defective chips are produced, it is possible to reduce
the possibility that a |arge anount of defective chips
may be produced.

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 following description and appended <clains wth

reference to the attached drawings showing a preferred



enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG 1A is a perspective view of a workpiece;

FIG 1B is a perspective view of a workpiece unit;

FIG 2 is a perspective view of a cutting
appar at us;

FIG 3 is a perspective view of a chuck table
supported to a support nenber;

FIG 4 is a plan view of a holding plate;

FIG 5 is a perspective view of a |ower inmaging
unit;

FIG 6A is a partially sectional side view
depicting a holding step of holding the workpiece on the
chuck tabl e;

FI G 6B is a partially sectional side view
depicting a cutting step of cutting the workpiece held on
a hol ding surface by using a cutting bl ade;

FIG 7 is a partially sectional side view depicting
an imging step of imaging the upper surface and the
| oner surface of the workpiece;

FIG 8A is a plan view depicting an exanple of an
upper inmage obtained in the inaging step;

FIG 8B is a plan view depicting an exanple of a



| ower i nmage obtained in the inaging step;

FIG 8C is a schematic sectional view of the
wor kpi ece in an area corresponding to that depicted in
FIGS. 8A and 8B

FIG 9A is a plan view depicting anot her exanpl e of
t he upper i mge;

FIG 9B is a plan view depicting anot her exanpl e of
t he | ower i mage;

FIG 9C is a schematic sectional view of the
wor kpi ece in an area corresponding to that depicted in
FIGS. 9A and 9B; and

FIG 10 is a flowhart depicting the workpiece
cutting method according to a preferred enbodi nrent of the

present invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT

A preferred enbodinent of the present invention

wll now be described with reference to the attached
drawings. A workpiece 11 will first be described. FIG
1A is a perspective view of the workpiece 11. The
workpiece 11 is a circular plate-shaped (i.e., disk-

shaped) senmi conductor wafer. The workpiece 11 has a front
surface l1lla and a back surface 11b opposite to the front

surface 1la. A plurality of crossing division Ilines



(streets) 13 are set on a side of the front surface 1lla
of the workpiece 11 to define a plurality of separate
regions where a plurality of devices 15 are respectively
formed. The crossing division lines 13 are conposed of a
plurality of parallel division lines extending in a first
direction and a plurality of parallel division I|ines
extending in a second direction perpendicular to the
first direction.

The workpiece 11 is not |limted in a material, a
shape, a structure, a size, etc. Wile the workpiece 11
is formed of a semconductor such as silicon in the
preferred enbodi nent, the workpiece 11 nay be forned of
any other sem conductors such as gallium arseni de (GAs)
and silicon carbide (SiC). Further, the workpiece 11 nay
also be fornmed of a dielectric, netal oxide such as LiTaG;
and Li NbG;, glass, or ceramc, for exanple. Further, the
wor kpi ece 11 may be a sem conductor package substrate
having a resin nold layer. The devices 15 fornmed on the
wor kpi ece 11 are also not limted in a kind, a nunber, a
shape, a structure, a size, a layout, etc. Further, the
devices 15 may not be forned on the workpiece 11.

A ring frame 17 having a circular opening 17a is
arranged around the workpiece 11. The circul ar opening

17a has a dianeter larger than that of the workpiece 11.



The ring frame 17 is forned of netal. The workpiece 11 is
| ocated in the circular opening 17a of the ring frame 17.
A circular tape 19 is attached to the workpiece 11 and
the ring frane 17. The circular tape 19 has a dianeter
| arger than that of the circular opening 17a of the ring
frame 17. The ring frame 17 has a first surface 17b
(lower surface as viewed in FIG 1B) and a second surface
17c (upper surface as viewed in FIG 1B). The circular
tape 19 is attached to the back surface 11b of the
wor kpi ece 11 and the first surface 17b of the ring frane
17. The tape 19 is a resin film having a |ayered
structure conposed of a base |ayer (not depicted) and an
adhesive layer (not depicted) fornmed on the base |ayer.
The base layer is a nonadhesive resin layer, and the
adhesive layer is an ultraviolet curing resin |ayer, for
exanpl e. The adhesive layer is forned on the whol e of one
side surface of the base layer. Thus, the workpiece 11
and the ring frame 17 are united through the tape 19 to
thereby forma workpiece unit 21 depicted in FIG 1B. FIG
1B is a perspective view of the workpiece unit 21. The
ring frame 17 is not essential. In the case that the ring
frame 17 is not used, the tape 19 has a dianeter equal to
that of the workpiece 11, and the tape 19 is attached to

a side of the back surface 11b of the workpiece 11 to



thereby formthe workpiece unit 21 with the ring frame 17
omtted.

The workpiece 11 is processed by using a cutting
apparatus 2 depicted in FIG 2. FIG 2 is a perspective
view of the cutting apparatus 2. The cutting apparatus 2
has a stationary base 4 fornmed of nmetal such as stainless
st eel . A pair of guide rails 14 are provided on the
stationary base 4 so as to extend in the X direction
depicted by an arrow X in FIG 2. A ball screw 8 is
provi ded between the pair of guide rails 14 so as to
extend in the X direction. A pulse notor 10 for rotating
the ball screw 8 is connected to one end of the ball
screw 8. An X novable plate 6 is provided above the bal
screw 8 so as to be slidably nounted on the pair of guide
rails 14. The X novable plate 6 is forned of metal such
as stainless steel. A nut portion (not depicted) is
formed on the lower surface of the X novable plate 6 so
as to be threadedly connected to the ball screw 8. The
ball screw 8 and the pulse notor 10 constitute an X
novi ng nmechani sm 12. Accordingly, when the ball screw 8
Is rotated by the pulse notor 10, the X novable plate 6
is moved in the X direction along the pair of guide rails
14.

A linear scale 14a is provided on the upper surface
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of the stationary base 4 so as to extend al ong one of the
guide rails 14. A read head (not depicted) for reading
the marks on the linear scale 14a is provided on the
| ower surface of the X novable plate 6. The |inear scale
l4a and this read head constitute a detecting unit 14b
for detecting a feed anmount as the anobunt of novenent of
the workpiece 11 in the X direction. A pair of qguide
rails 24 are provided on the upper surface of the X
novable plate 6 so as to extend in the Y direction
depicted by an arrow Y in FIG 2. A ball screw 18 is
provi ded between the pair of guide rails 24 so as to
extend in the Y direction. A pulse notor 20 for rotating
the ball screw 18 is connected to one end of the bal

screw 18. A support nenber 16 is provided above the ball
screw 18 so as to be slidably nmounted on the pair of
guide rails 24. The support nenber 16 is forned of netal
such as stainless steel. A nut portion (not depicted) is
formed on the |ower surface of the support nenber 16 so
as to be threadedly connected to the ball screw 18. The
ball screw 18 and the pulse notor 20 constitute a Y
novi ng nmechani sm 22. Accordingly, when the ball screw 18
is rotated by the pulse notor 20, the support nenber 16
is moved in the Y direction along the pair of guide rails

24.
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A linear scale 24a is provided on the upper surface
of the X novable plate 6 so as to extend al ong one of the
guide rails 24. A read head (not depicted) for reading
the marks on the linear scale 24a is provided on the
| oner surface of the support nenber 16. The linear scale
24a and this read head constitute a detecting unit 24b
for detecting an index anobunt as the anount of novenent
of the workpiece 11 in the Y direction. As depicted in
FIG 3, the support nenber 16 includes a |lower plate 1l6a
adapted to be mounted on the guide rails 24, an upper
pl ate 16b provi ded above the |lower plate 16a so as to be
opposed thereto, and a connecting plate 16c¢c for
connecting one end of the |ower plate 16a and one end of
the upper plate 16b. The upper plate 16b has a circul ar
opening (not depicted), and a substantially cylindrical
chuck table (holding table) 28 is rotatably nounted in
this circular opening of the upper plate 16b. FIG 3 is a
perspective view of the chuck table 28 supported to the
support nenber 16. An upper portion of the chuck table 28
projects upward fromthe upper plate 16b

A plurality of clanp nechanisns 56 (see FIGS. 6A
and 6B) are provided on the cylindrical surface of the
upper portion of the chuck table 28 at a predeterm ned

vertical position. These plural clanp nmechanisns 56 are
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| ocated at different positions in the circunferentia

direction of the chuck table 28. In FIG 3, the plura

clanp nechanisns 56 are not depicted. Each cl anp
mechani sm 56 functions to fix the ring frame 17 of the
wor kpi ece unit 21 placed on the chuck table 28 by hol ding
a part of the ring franme 17. A belt 30 for rotating the
chuck table 28 is wapped on the cylindrical surface of
the upper portion of the chuck table 28 in an area
between the clanp nechanisns 56 and the upper plate 16b
in the vertical direction of the chuck table 28 (in the Z
direction depicted by an arrow Z in FIG 3). That 1is,
this area of the upper portion of the chuck table 28 is a
belt wrapping portion.

A notor 32 having an output shaft is nounted on the
connecting plate 16¢c of the support nenber 16, and a
pulley 34 is connected to the output shaft of the notor
32. The belt 30 is wapped between the pulley 34 and the
belt wrapping portion of the chuck table 28. Accordingly,
when the notor 32 is operated, the chuck table 28 is
rotated through the belt 30. The notor 32 is a pul se
notor, for exanple. In performng alignnent, the notor 32
is operated by a predeterm ned nunber of pulses, the
chuck table 28 is rotated about its vertical axis by a

predeterm ned angle 6. Accordingly, the division lines 13
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extending in the first direction are nmade parallel to the
X direction.

A circular holding plate 54 is provided on the
upper surface of the chuck table 28. The holding plate 54
is formed of a transparent material (e.g., silica glass)
transparent to visible light. The holding plate 54 has an
upper surface as a holding surface 54a for holding the
wor kpi ece 11. A plurality of fine holes (not depicted)
are formed on the whole of the holding surface 54a of the
hol ding plate 54. Each fine hole is connected to a
suction passage (not depicted) fornmed in the holding
plate 54. Each suction passage is connected to a vacuum
source (not depicted). Accordingly, when the workpiece 11
of the workpiece unit 21 is placed on the holding plate
54 through the tape 19 and the vacuum source is operated,
the workpiece 11 is held on the holding surface 54a of
the holding plate 54 under suction. |In the case that the
side of the back surface 11b of the workpiece 11 is held
on the chuck table 28, the back surface 11b of the
wor kpi ece 11 becones a |lower surface of the workpiece 11
and the front surface l1la of the workpiece 11 becones an
upper surface of the workpiece 11.

The structure of the holding plate 54 will now be

described with reference to FIG 4. FIG 4 is a plan view
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of the holding plate 54. The holding plate 54 has a
suction passage excluding area 54b where no suction
passages are formed. The suction passage excluding area
54b has a crossing shape as viewed in plan so as to
partition the holding plate 54 into four sectorial areas
each having a central angle of 90 degrees. Each sectorial
area is a suction passage including area 54c where a
plurality of suction passages are forned. |In each suction
passage including area 54c, the suction passages are
arranged in rows and colums |ike a nesh over the area.
Each suction passage extends through the thickness
of the holding plate 54 at a predetermined position in
the vicinity of an arcuate peripheral portion of each
suction passage including area 54c and reaches the back
side of the holding plate 54 opposite to the holding
surface b54a. Each suction passage is connected to the
vacuum source such as an ejector on the back side of the
hol ding plate 54. Further, the remaining annular area
formed outside the suction passage excluding area 54b and
the suction passage including areas 54c is a peripheral
area 54d where no suction passages are forned. Since no
suction passages are fornmed in the suction passage
excluding area 54b and the peripheral area 54d, light is

| ess prone to scatter in the suction passage excluding
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area 54b and the peripheral area 54d than in the suction
passage i ncludi ng areas 54c.

However, all of the suction passage excluding area
54b, the suction passage including areas 54c, and the
peri pheral area 54d are transparent to visible 1light.
Accordingly, in the case of imaging the workpiece 11
pl aced on the holding surface 54a from the under side of
the holding plate 54, all of the suction passage
excluding area 54b, the suction passage including areas
54c, and the peripheral area 54d function as an inmaging
area allowing the visible light to pass through the
hol ding plate 54 from the back side (lower surface) to
the front side (upper surface) thereof. As a nodification,
all of the holding plate 54 may not be fornmed of a
transparent naterial. That is, a part of the holding
plate 54 my be forned of an opaque material not
transparent to visible Iight. For exanple, the suction
passage including areas 54c and the peripheral area 54d
may be formed of an opaque nmaterial such as porous
ceramc. In this case, the suction passage including
areas 54c and the peripheral area 54d do not function as
t he i magi ng area.

Referring back to FIG 2, a plate-shaped first

vertical colum 36 is provided on the stationary base 4
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so as to vertically extend in the Z direction. The |ower
end of the first vertical colum 36 is fixed to the
stationary base 4. A pair of guide rails 44 are provided
on one side surface of the first vertical colum 36 so as
to extend in the Z direction. A ball screw 38 is provided
between the pair of guide rails 44 so as to extend in the
Z direction. A pulse notor 40 for rotating the ball screw
38 is connected to one end of the ball screw 38. A
cutting unit 46 is slidably nounted on the pair of guide
rails 44 so as to be novable in the Z direction. The
cutting unit 46 has a spindle housing 48 extending in the
Y direction. The spindle housing 48 has a shape like a
rectangul ar prism

The spindle housing 48 has a first side surface 48a
opposed to the first vertical colum 36 and a second side
surface 48b opposite to the first side surface 48a. The
first side surface 48a of the spindle housing 48 is
provided with a nut portion (not depicted) threadedly
connected to the ball screw 38. The ball screw 38 and the
pul se notor 40 constitute a first Z noving nechanism 42.
Accordingly, when the ball screw 38 is rotated by the
pul se notor 40, the spindle housing 48 is noved in the Z
direction along the pair of guide rails 44. A spindle

(not depicted) extending in the Y direction is rotatably
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supported in the spindle housing 48. A notor (not
depicted) for rotating the spindle is connected to one
end of the spindle. The other end of the spindle projects
from the spindle housing 48, and a cutting blade 50 is
detachably nmounted on the other end of the spindle.
Accordingly, when the spindle is rotated by the notor,
the cutting blade 50 is rotated.

An arm portion 52a extends from the second side
surface 48b of the spindle housing 48, and an upper
camera portion 52b is provided at the front end of the
arm portion 52a so as to be oriented downward. The upper
canera portion 52b is set at a |evel higher than that of
the holding plate 54. The arm portion 52a and the upper
canmera portion 52b constitute an upper inmaging unit 52.
The upper canera portion 52b has an illumnating unit
(not depicted) for applying visible Ilight to the
wor kpi ece 11 and an imagi ng device (not depicted) such as
a charge-coupled device (CCD) for detecting the visible
light reflected on the workpiece 11 to thereby inmage the
wor kpi ece 11. A lower inmaging unit 62 is provided so as
to be opposed to the upper imaging unit 52 in the Z
di rection. FIG 5 is a perspective view of the |ower
i magi ng unit 62.

As depicted in FIG 5, the lower imaging unit 62

18



has a pl ate-shaped second vertical colum 64 extending in
the Z direction. The lower end of the second vertica
colum 64 is fixed to the stationary base 4. A pair of
guide rails 66 are provided on one side surface of the
second vertical colum 64 so as to extend in the Z
direction. A ball screw 68 is provided between the pair
of guide rails 66 so as to extend in the Z direction. A
pulse nmotor 70 for rotating the ball screw 68 is
connected to one end of the ball screw 68. A Z novable
plate 74 is slidably nounted on the pair of guide rails
66 so as to be novable in the Z direction. The Z novable
plate 74 has a first side surface 74a opposed to the
second vertical colum 64 and a second side surface 74b
opposite to the first side surface 74a. The first side
surface 74a of the Z novable plate 74 is provided with a
nut portion (not depicted) threadedly connected to the
bal | screw 68.

The ball screw 68 and the pulse notor 70 constitute
a second Z noving mechanism 72. Accordi ngly, when the
ball screw 68 is rotated by the pulse notor 70, the Z
novable plate 74 is noved in the Z direction along the
pair of guide rails 66. A support plate 76 is fixed at
one end portion thereof to the second side surface 74b of

the Z novable plate 74. The support plate 76 extends in
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the Y direction. A lower canera portion 78 is fixed to
the other end portion of the support plate 76. The | ower
camera portion 78 is set at a level |ower than that of
the holding plate 54. The |[ower canera portion 78 has a
canmera body portion 80 including an inmaging device (not
depi ct ed) for detecting reflected [|ight from the
wor kpi ece 11 and converting it into an electrical signal
The |ower canera portion 78 further has an illum nating
unit 82 for applying visible light to the workpiece 11.
The illumnating unit 82 is nmounted on one side surface
of the canera body portion 80 opposite to the support
plate 76 in the Y direction.

The canera body portion 80 in the |ower canera
portion 78 has an objective lens (not depicted), and the
upper canera portion 52b also has an objective |Iens (not
depicted). The | ower canera portion 78 is |ocated so that
the optical axis of the objective lens in the |ower
camera portion 78 coincides with the optical axis of the
objective lens in the upper canera portion 52b.
Accordingly, a part of the workpiece 11 to be imaged from
the upper side thereof by the upper canera portion 52b
can be imaged from the |lower side thereof by the |ower
camera portion 78 at the same X-Y coordinate position.

Referring back to FIG 2, the upper area and the side
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area (front, rear, right, and Ileft sides) of the
stationary base 4 are surrounded by a cover nenber (not
depicted), and a touch panel (not depicted) is provided
on the front surface of the cover nenber. The touch panel
functions both as an input unit for allow ng an operator
to input instructions to the cutting apparatus 2 and as a
di splay unit for displaying an inmge of the workpiece 11,
processing conditions, etc. The touch panel can also
display letters or the like indicating a warning. The
operator is informed of the warning displayed by the
touch panel, thereby recognizing the occurrence of
defective processing. Further, a warning lanmp (not
depicted) is also provided on the upper surface of the
cover nenber. When the operator is infornmed of the above
warni ng, the warning lanp is turned on. As a nodification,
a speaker (not depicted) for sounding the warning nay
further be provided in the cutting apparatus 2 in
addition to the touch panel and the warning |anp
menti oned above. In this case, when defective processing
has occurred, the warning is sounded by the speaker.

The cutting apparatus 2 further has a control unit
60 such as a conputer. The control unit 60 has a centra
processing unit (CPU), a read-only nenory (ROM, a random

access nmenory (RAM, a hard disk drive, etc. connected
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with each other through a host controller. The ROM the
RAM and the hard disk drive constitute a storing portion,
and the CPU perforns conmputing according to a program and
data stored in this storing portion. The control unit 60
can function as specific neans so that the CPU reads the
program stored in the storing portion to perform a
cooperation of software and hardware resources. For
exanple, the control wunit 60 functions as a driving
portion for controlling the operation of the X noving
mechani sm 12, the Y noving nechanism 22, the first Z
novi ng mechani sm 42, and the second Z noving nmechani sm 72.
In the case that the X noving nechanism 12 is operated by
the driving portion, an electrical signal indicating the
feed ambunt detected by the detecting wunit 14b is
received by the driving portion to grasp the feed anount.
In the case that the Y noving nechanism 22 is operated by
the driving portion, an electrical signal indicating the
i ndex amount detected by the detecting wunit 24b is
received by the driving portion to grasp the index anount.

The control wunit 60 functions also as an inmaging
portion for executing and controlling the inmaging
operation of the upper canera portion 52b and the | ower
canmera portion 78 and functions also as an inage formng

portion for formng an image from the electrical signal
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received from the upper canmera portion 52b and the | ower
canera portion 78. That is, the reflected light fromthe
wor kpi ece 11 is detected by the inmaging device and then
converted into an electrical signal, which is next sent
to the image formng portion. The image formng portion
next forms an image according to the electrical signal
recei ved. The <control wunit 60 functions also as a
conparing portion for conparing an upper inmage obtained
by using the upper canera portion 52b to inage the upper
surface of the workpiece 11 and a | ower inmage obtained by
using the |ower canera portion 78 to imge the | ower
surface of the workpiece 11. For exanple, the conparing
portion conpares the difference in wdth between a
di vidi ng groove 1l1c (to be hereinafter described) in the
upper inmage and the dividing groove 1lc in the | ower
image with an allowable value (i.e., allowable condition)
for the difference in width previously stored and set in
the storing portion.

Further, the conparing portion conpares the anount
of deviation in position between the dividing groove 1lc
in the upper image and the dividing groove 1llc in the
lower image with an allowable value (i.e., allowable
condition) for the anmount of deviation in position

previously stored and set in the storing portion. 1In the
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case that at |east one of the difference in width of the
dividing groove 1llc and the anmount of deviation in
position of the dividing groove 1llc exceeds the preset
all omable value (i.e., in the case that at |east one of
the difference in wdth and the amount of deviation in
position does not satisfy the preset allowable condition),
the control unit 60 operates the touch panel to display a
warning. At this tine, the control unit 60 may turn on
the warning lanp, instead of operating the touch panel
Alternatively, the <control wunit 60 nmay turn on the
warning lanp sinultaneously with the operation of the
touch panel (the display of the warning on the touch
panel). In addition, the speaker nmay be operated to sound
the warning. Accordingly, the operator can recognize the
occurrence of defective processing.

There will now be described a nethod of cutting the
wor kpi ece 11 by using the cutting apparatus 2 to divide
the workpiece 11. FIG 10 is a flowhart depicting the
cutting nethod for the workpiece 11 according to the
preferred enbodi nment. The cutting method wll be
descri bed by using the steps depicted in FIG 10. First,
t he adhesive |ayer of the tape 19 is attached to the back
surface 11b of the workpiece 11 and the first surface 17b

of the ring frame 17. Accordingly, the workpiece unit 21
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depicted in FIG 1B is forned (tape attaching step S10).
In the tape attaching step S10, the tape 19 is attached
to the workpiece 11 and the ring franme 17 by using a
frame attaching apparatus (not depicted) or manually by
t he operator.

After performng the tape attaching step S10, the
tape 19 of the workpiece unit 21 is placed on the hol ding
plate 54, and the ring frame 17 is fixed by the clanp
nmechani sms 56. Thereafter, the vacuum source is operated
to hold the side of the back surface 11b of the workpiece
11 through the tape 19 on the holding surface 54a of the
hol ding plate 54 under suction (holding step S20). FIG
6A depicts the holding step S20 of hol ding the workpiece
11 on the chuck table 28. In the holding step S20, the
side of the back surface 11b of the workpiece 11 is held
on the holding plate 54 as nentioned above. Accordingly,
the back surface 11b of the workpiece 11 becones a | ower
surface, and the front surface 1la of the workpiece 11
becones an upper surface. As a nodification, the tape 19
may be attached to the front surface 1lla of the workpiece
11. In this case, the front surface 1la of the workpiece
11 becones a |lower surface, and the back surface 11b of
t he wor kpi ece 11 becones an upper surface.

After performng the holding step S20, the side of
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the front surface l1lla of the workpiece 11 is imged by
the upper canmera portion 52b to thereby detect a
predeterm ned one of the division lines 13 extending in
the first direction. Thereafter, the chuck table 28 is
rotated by the notor 32 so that the predeterm ned
division line 13 detected above becones parallel to the X
direction. Thereafter, the cutting blade 50 is positioned
directly above the predetermned division line 13 and
then rotated at a high speed. Thereafter, the cutting
blade 50 is lowered to cut the front surface 1la (i.e.,
t he upper surface) of the workpiece 11 until reaching the
back surface 11b of the workpiece 11. Thereafter, the X
novi ng nechanism 12 is operated to relatively nove the
chuck table 28 and the cutting blade 50 in the X
di rection.

Accordingly, the workpiece 11 is fully cut along
the path of this relative novenent (i.e., along the
predeterm ned division line 13). That is, the workpiece
11 is divided along the predetermned division line 13
(cutting step (processing step) S30). By performng the
cutting step S30, a dividing groove 1l1c is forned in the
wor kpi ece 11 along the predetermned division line 13 so
as to reach the tape 19. FIG 6B depicts the cutting step

S30 of <cutting the workpiece 11 held on the holding
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surface 54a by using the cutting blade 50. In the cutting
step S30, the workpiece 11 is cut along the predeterm ned
division line 13 to form the dividing groove 1lc along
the predeterm ned division |line 13.

After performng the cutting step S30, the contro
unit 60 determ nes whether or not the workpiece 11 has
been cut along all of the division lines 13 extending in
the first direction (cutting finish confirmng step $40).
The <control unit 60 previously calculates the total
nunber of the division lines 13 extending in the first
direction according to the size of the workpiece 11, the
index size (i.e., the pitch of the adjacent division
lines 13), etc. previously recorded, and then previously
stores this total nunber. Accordingly, the control wunit
60 can determ ne whether or not the workpiece 11 has been
cut along all of the division lines 13 extending in the
first direction, according to the nunber of the division
lines 13 along which the workpiece 11 has been cut by
perform ng one or nore tines of cutting steps S30 and the
total nunber of the division lines 13 previously stored.

In the case that the workpiece 11 has been cut
along all of the division lines 13 extending in the first
direction (YES in S40), the cutting operation along all

of the division lines 13 extending in the first direction
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is finished. In contrast, in the case that the workpiece
11 has not been cut along all of the division |lines 13
extending in the first direction (NO in S40), the control
unit 60 determ nes whether or not the dividing groove 1lilc
formed in the cutting step S30 is a subject to kerf check
(kerf check subject confirmng step S50). For exanpl e,
the control unit 60 is previously set so that every tine
a predeterm ned nunber of dividing grooves 11c are fornmed,
kerf check is perforned. Accordingly, in the case that
the latest dividing groove 1l1c that has been forned
|atest is not a dividing groove 1l1lc corresponding to the
predeterm ned nunber, which is a subject to kerf check
(NO in S50), the programreturns to the cutting step S30.
In the case that the latest dividing groove 1llc is
t he di vi di ng groove lic correspondi ng to t he
predeterm ned nunber, which is a subject to kerf check
(YES in S50), the cutting unit 46 is raised to once stop
the cutting operation and the program proceeds to an
i maging step S60. FIG 7 depicts the imging step S60 of
i magi ng the upper surface and the lower surface of the
wor kpi ece 11. In the imaging step S60, the support nenber
16 is noved in the X direction and the Y direction so
that the holding plate 54 and the upper plate 16b are

I nterposed between the upper imaging unit 52 and the
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| ower inmaging unit 62.

Thereafter, the upper canera portion 52b is
operated to image at least a part of the dividing groove
1llc as a subject to kerf check, from the side of the
front surface 1la (upper surface) of the workpiece 11,
thereby obtaining an upper inage. Further, the |ower
canera portion 78 is operated to image the part of the
sanme dividing groove 1lc at the sanme coordi nate position
as that of the upper imge, from the side of the back
surface 11b (lower surface) of the workpiece 11 through
the imaging area of the holding plate 54 and the tape 19,
thereby obtaining a |ower inage. In this manner, the
di vidi ng groove 1lc as a subject to kerf check is inmaged
fromthe upper and |ower sides of the workpiece 11. FIG
8A depicts an exanple of the upper image, and FIG 8B
depicts an exanple of the |ower inage. FIG 8C is a
schematic sectional view of the workpiece 11 in an area
corresponding to that depicted in FIGS. 8A and 8B. FIGS.
8A, 8B, and 8C depict an exanple of oblique cutting such
that the cutting blade 50 is inclined with respect to the
Z direction to forman oblique dividing groove 1llc.

The upper end of the dividing groove 1lc depicted
in FIG 8A has a width L1 in the Y direction. As depicted

in FIG 8C, the width L1 is the distance from one end Pa
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in Y direction (e.g., +Y direction depicted by an arrow Y
in FIG 8C) to the other end P, in the Y direction (e.gqg.

- Y direction opposite to the +Y direction). On the other
hand, the |ower end of the dividing groove 1l1lc depicted
in FIG 8B has a width L2 in the Y direction. As depicted
in FIG 8C, the width L2 is the distance from one end Pg
in the Y direction (e.g., +Y direction) to the other end
Ps in the Y direction (e.g., -Y direction).

The wdth L1 of the upper end is the sane as the
width L2 of the |lower end. However, the one end Pg is
deviated in position from the one end Pa in the Y
direction (e.g., -Y direction), and the other end Pg is
al so deviated in position fromthe other end Px, in the Y
direction (e.g., -Y direction). 1In this manner, the | ower
end of the dividing groove 1l1lc (i.e., the bottom of the
di viding groove 11c reaching the tape 19) is deviated in
position from the upper end of the dividing groove 1llc
(i.e., the wupper opening of the dividing groove 1lc
exposed to the front surface 1la) in the Y direction
(e.g., -Y direction).

FI G 9A depicts anot her exanple of the upper inage,
and FIG 9B depicts another exanple of the |ower inage
FIG 9C is a schematic sectional view of the workpiece 11

In an area corresponding to that depicted in FIGS. 9A and
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9B. FIGS. 9A, 9B, and 9C depict an exanple such that the
cutting blade 50 has been tapered to form a tapered
di vi di ng groove 1lc. The upper end of the dividing groove
11c depicted in FIG 9A has a wdth L1 in the Y direction.
As depicted in FIG 9C, the width L1 is the distance from
one end Pa in the Y direction (e.g., +Y direction
depicted by an arrow Y in FIG 9C) to the other end Pa in
the Y direction (e.g., -Y direction opposite to the +Y
di rection).

On the other hand, the lower end of the dividing
groove 1llc depicted in FIG 9B has a width L3 in the Y
direction. As depicted in FIG 9C, the width L3 is the
di stance from one end Pg in the Y direction (e.g., +Y
direction) to the other end P in the Y direction (e.qg.,
-Y direction). The width L3 of the lower end is smaller
than the width L1 of the upper end. Further, the one end
Pci is deviated in position fromthe one end Py in the Y
direction (e.g., -Y direction), and the other end Pg is
deviated in position from the other end Pxp in the Y
direction (e.g., +Y direction). In this manner, the | ower
end of the dividing groove 1l1c is positioned inside the
di vidi ng groove 11c in an X-Y pl ane.

After performng the imging step S60, the upper

image and the lower imge are conpared with each other
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(image conparing step S70). In the inmage conparing step
S70, the control unit 60 as a conparing portion conpares
the difference in wdth between the dividing groove 1llc
in the upper image and the dividing groove 1llc in the
lower image wth an allowable value (i.e., allowable
condition) for the difference in width previously stored
and set in the storing portion in the control unit 60.
For exanple, the difference in width of +the dividing
groove 1l1lc is the difference between the width L1 and the
width L2 or the difference between the width L1 and the
wi dth L3 nentioned above. In the case that the difference
in wdth of the dividing groove 11c is less than or equal
to the allowable value (i.e., the difference in width of
the dividing groove 1lc satisfies the allowable
condition) (YES in S70), the support nenber 16 is
returned to the position below the cutting blade 50, and
the programreturns to the cutting step S30.

Conversely, in the case that the difference in
width of the dividing groove 11c is greater than the
all omable value (i.e., the difference in width of the
dividing groove 11c does not satisfy the allowable
condition) (NO in S70), the control unit 60 operates at
| east one of the touch panel, the warning |anp, and the

speaker to issue a warning to the operator (warning step
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S80). After performng the warning step S80, the operator
corrects the cutting blade 50 or replaces the cutting
blade 50 (correcting step S90). In particular, when
oblique cutting has occurred as depicted in FIG 8C, the
cutting blade 50 is preferably repl aced.

In contrast, when the cutting blade 50 is tapered
or unevenly worn, the wdth of the dividing groove 1lc on
the side of the |lower surface (the back surface 11b) of
the workpiece 11 becones smaller than that on the side of
the upper surface (the front surface 1la) of the
wor kpi ece 11 as depicted in FIG 9C In this case,
dressing for the cutting blade 50 is perforned to thereby
correct the cutting blade 50. For exanple, the workpiece
unit 21 is renmoved from the chuck table 28, and a
dressing board (not depicted) is next transferred to the
chuck table 28. The dressing board is next held on the
chuck table 28. Thereafter, the cutting blade 50 is
rotated and then |lowered to abut against the dressing
board to thereby perform dressing for the cutting bl ade
50. After performng this dressing, the dressing board is
renoved from the chuck table 28, and the workpiece unit
21 is held again on the chuck table 28. As a nodification,
an auxiliary chuck table (not depicted) nay be provided

adj acent to the chuck table 28, and a dressing board (not
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depicted) may be set on the auxiliary chuck table. In
this case, when the control unit 60 has grasped that the
all omable condition is not satisfied or a warning has
been issued, the cutting unit 46 is noved to the position
above the dressing board set on the auxiliary chuck table.
Thereafter, the cutting blade 50 is rotated and then
| owered to abut against the dressing board to thereby
perform dressing for the cutting blade 50. Af ter
performng the correcting step S90, the program returns
to the cutting step S30.

In the imaging step according to the preferred
enbodi nent, the upper canera portion 52b and the | ower
camera portion 78 are operated to imge a part of the
dividing groove 1l1c located at the sane coordinate
position on the holding surface 54a. Not only when
def ective processing has occurred on the upper surface of
the workpiece 11, but also when defective processing has
al so occurred on the |ower surface of the workpiece 11,
the defective processing can be detected. Wen defective
processing has occurred on the l|ower surface of the
wor kpi ece 11, the defective processing can be elimnated
by any neans. Accordingly, as conpared with the case that
kerf check on the |ower surface of the workpiece 11 is

not perforned, but kerf check on only the upper surface
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of the workpiece 11 is perfornmed, the production of
defective chips can be prevented. |[|f defective chips are
produced, it is possible to reduce the possibility that a
| ar ge anpbunt of defective chips may be produced.

In a conventional nmethod for kerf check, the
cutting blade 50 is rotated to cut the front side of a
checking nenber such as a silicon piece and a carbon
pi ece having a shape like a rectangular prismto a depth
corresponding to the half of the thickness of the
checking menber (i.e., the checking nmenber is half cut
fromthe front side thereof). Thereafter, an end surface
of the checking nenber on a plane perpendicular to the
| ongitudinal direction of the dividing groove 1llc is
checked by using a mcroscope. In this manner, it is very
troubl esonmre to check the condition of the cutting blade
50 by wusing the conventional nethod. Further, the
condition of oblique cutting changes according to the
material and depth of cut of the workpiece 11 and the
feed speed of the chuck table 28, for exanple. Further
the condition of oblique cutting sonetines changes anong
a front area of the workpiece 11 where the cutting bl ade
50 enters the workpiece 11, a rear area of the workpiece
11 where the cutting blade 50 |eaves the workpiece 11,

and an internediate area of the workpiece 11 between the
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front area and the rear area. In the conventiona
checki ng nmet hod using the checki ng nenber nentioned above,
the condition of oblique cutting in the workpiece 11 in
formng the dividing groove 11c cannot be checked. To the
contrary, according to the preferred enbodinent, the
condition of oblique cutting can be easily detected by
tenporarily stopping the cutting operation and then
i magi ng the workpiece 11. Further, whether the cutting
bl ade 50 is unevenly worn can al so be easily detected.
Further, in the imge conparing step S70, the
control unit 60 as a conparing portion may conpare the
amount of deviation in position between the dividing
groove 1l1c on the upper imge and the dividing groove 1lc
on the Ilower 1imge wth an allowable value (i.e.,
al |l onabl e condition) for the anopunt of devi ati on
previously stored and set in the storing portion in the
control unit 60. For exanple, the anount of deviation in
position is the anount of displacenment between the one
end Py and the one end Pg or the anount of displacenent
between the one end Pan and the one end Pg. In the case
that the anobunt of deviation in position is |less than or
equal to the allowable value (i.e., the amount of
deviation in position satisfies the allowable condition)

(YES in S70), the support nenber 16 is returned to the
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position below the cutting blade 50, and the program
returns to the cutting step S30.

Conversely, in the case that the anount of
deviation in position is greater than the allowable val ue
(i.e., the anmount of deviation in position does not
satisfy the allowable condition) (NO in S70), the control
unit 60 operates at |east one of the touch panel, the
warning |anp, and the speaker to issue a warning to the
operator (warning step S80). After perform ng the warning
step S80, the cutting blade 50 is corrected (correcting
step S90). After performing the correcting step S90, the
program returns to the cutting step S30. In the inmage
conparing step S60, either the difference in width of the
dividing groove 11c or the anount of deviation in
position of the dividing groove 1lc may be conpared with
the allowable value. Alternatively, both the difference
in wdth and the anount of deviation in position nmay be
conpared with the all owabl e val ue.

As a nodification, in the inmage conparing step S70,
at least one of the average value, naximum value, and
m ni mrum val ue of chipping sizes on the upper image and on
the lower inmage may be conpared with an allowabl e val ue
previously set. In the case that at |east one of the

average value, maxi mum value, and mninmm value is |ess
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than or equal to the allowable value (i.e., the allowable
condition is satisfied) (YES in S70), the programreturns
to the cutting step S30. As anot her nodification, the
anount of deviation in position between the division |line
13 and the dividing groove 11c on the upper inmage nmay be
conpared with an allowable value previously set. 1In the
case that the anmpunt of deviation in position is |ess
than or equal to the allowable value (i.e., the allowable
condition is satisfied) (YES in S70), the programreturns
to the cutting step S30. Conversely, in the case that the
all omwable condition is not satisfied (NO in S70), the
warning step S80 is perfornmed and the correcting step S90
is next perforned to correct or replace the cutting bl ade
50. Thereafter, the program returns to the cutting step
S30.

Further, the structure and nmethod according to the
preferred enbodinment nay be suitably nodified wthout
departing from the scope of the object of the present
i nventi on. For exanple, the cutting unit 46 nmy be
replaced by a laser applying unit for applying a |aser
beam havi ng an absorption wavel ength to the workpiece 11.
In this case, the processing step (corresponding to the
cutting step S30 in FIG 10) includes the steps of

applying the |laser beam to the workpiece 11 and
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relatively noving the laser applying unit and the chuck
table 28 to thereby form the dividing groove 1lc.
Accordingly, the workpiece 11 is cut by the |aser beam
Also in this case, the imging step S60 is next perforned
to obtain an upper inmage and a |ower inmage, and the inmge
conparing step S70 is next performed by using the upper
I mage and the | ower inmage obtai ned above.

Further, in the above preferred enbodinent, the
upper canera portion 52b and the |ower canera portion 78
are fixed in the X direction and the Y direction, and
novable in only the Z direction. As a nodification, the
upper canera portion 52b and the |ower canera portion 78
may be novable in all of the X direction, the Y direction,
and the Z direction. Also in this case, the relative
positional relation between the upper canmera portion 52b
and the Ilower canera portion 78 <can be specified.
Accordingly, the lower canera portion 78 can inage any
object at the sane coordinate position as that inaged by
t he upper camera portion 52b.

For exanple, in the condition where the workpiece
unit 21 is not placed on the holding plate 54, the |ower
canmera portion 78 nmay image the upper canmera portion 52b,
thereby specifying the X-Y coordinate position of the

upper canera portion 52b. If the optical axis of the
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| ower canera portion 78 does not coincide wth the
optical axis of the upper canera portion 52b, the
position of the |ower camera portion 78 relative to the
upper canera portion 52b is corrected so that the optical
axis of the lower canmera portion 78 coincides with the
opti cal axis  of the upper camera portion  52b.
Al ternatively, the upper canmera portion 52b may image the
| oner camera portion 78, and the position of the upper
canera portion 52b relative to the |lower canera portion
78 may next be corrected.

In the case that the upper canmera portion 52b and
the lower canera portion 78 are novable in the X
direction, the Y direction, and the Z direction, the
| ower canera portion 78 may further include an infrared
camera portion having an imaging device for detecting
infrared light and converting it into an electrical
signal and an infrared light applying unit for applying
infrared 1ight. In this case, a target pattern (not
depicted) may be fornmed on the side of the front surface
1la (upper surface) of the workpiece 11, and this target
pattern nay be imaged by the upper canera portion 52b and
also imaged by the infrared canera portion of the | ower
camera portion 78. Accordingly, the control unit 60 can

specify a part of the dividing groove 11c at the sane X-Y
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coordi nate position on the holding surface 54a. Further,
while the X noving nechanism 12 and the Y noving
mechani sm 22 are operated to nove the support nenber 16
in the X direction and the Y direction in the above
preferred enbodinent, the Y noving nechanism 22 my be
omtted. 1In this case, the first vertical colum 36 may
be connected to another Y noving nechanism instead of
fixed to the stationary base 4. Accordingly, the cutting
unit 46 and the upper inmaging unit 52 becone novable in
the Y direction and the Z direction.

In the case that the suction passage including
areas 54c and the peripheral area 54d are forned of an
opaque material, an upper imge and a |ower imge may be
formed in only the crossing suction passage excluding
area 54b (imaging step S60). According to the upper inage
and the |ower imge obtained above, the inage conparing
step S70 may be perforned. In the renmining area other
than the suction passage excluding area 54b, a |ower
I mge cannot be obtained and only an upper inmge can be
obtained. In this case, the inage conparing step S70 is
not perforned, but the conventional kerf check 1is
performed according to the upper image.

The present invention is not limted to the details

of the above described preferred enbodi nent. The scope of
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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 workpiece cutting nmethod for cutting a
wor kpi ece having an upper surface and a |ower surface
conpri si ng:

a tape attaching step of attaching a tape to the
| ower surface of said workpiece;

a holding step of holding the | ower surface of said
wor kpi ece through said tape on a holding table including
a holding plate, said holding plate having a holding
surface for holding said workpiece, at least a part of
said holding surface being an imaging area fornmed of a
material transparent to visible light;

a processing step of cutting said workpi ece held on
said holding table to divide said workpiece, thereby
formng a dividing groove having a depth reaching said
tape; and

an imaging step of imaging at least a part of said
dividing groove from the upper surface side of said
wor kpi ece by using an upper canera portion |ocated above
said hol ding plate, thereby obtaining an upper imge, and
also imaging said part of said dividing groove from the
| oner surface side of said workpiece through said imging
area of said holding plate and said tape by using a | ower

canmera portion |ocated below said holding plate, thereby
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obtai ning a | ower i mage.

2. The workpiece cutting nmethod according to claim
1, further conpri sing:

an inmage conparing step of conparing said upper
I mage and said | ower inage obtained in said inmging step.

3. The workpiece cutting nmethod according to claim

said imge conparing step including a step of
conparing at least one of a difference in wdth between
said dividing groove on said upper imge and said
dividing groove on said |lower imge and an anmount of
deviation in position between said dividing groove on
said upper inmage and said dividing groove on said |ower
image with an all owabl e condition previously set,

sai d wor kpi ece cutting nethod further conpri sing:

a warning step of issuing a warning in a case that
at least one of said difference in width and said anount
of deviation in position does not satisfy said allowable

condi ti on.
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