| NSPECTI ON SUBSTRATE

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to an inspection
substrate for use in inspecting whether or not a
constituent elenent of a cutting apparatus forns a
scratch on a top surface of a workpiece when a cutting
bl ade cuts the workpi ece, and an inspecting nethod of
i nspecting whether or not a scratch is forned on the top
surface of the workpi ece by using the inspection
substrate.

Description of the Related Art

Various kinds of electronic equipnent include a
devi ce chip having a device such as an integrated circuit
(IC) or a large scale integration (LSI). The device chip
I's manufactured by dividing a wafer (workpiece) having a
plurality of devices forned on the top surface side of a
sem conductor wafer into individual devices by using a
cutting apparatus or the |like. The cutting apparatus has
a spindle fitted at a distal end portion thereof with a
cutting blade. A part of the spindle is rotatably housed
in a spindle housing. A blade cover that partially covers

the cutting blade is coupled to the spindle housing.



The bl ade cover is provided with a cutting water
supply nozzle for supplying cutting water to a processing
poi nt at which the cutting blade and the workpiece are in
contact with each other at a tinme of cutting the
wor kpi ece (see Japanese Patent Lai d-open No. Hei 11-
34039, for exanple). A chuck table for holding the
wor kpi ece under suction is disposed bel ow the spindle
housing. A ball screw type processing feed unit is
coupled to a | ower part of the chuck table. The
processing feed unit noves the chuck table between (i) a
nounti ng and denounting region in which the workpiece is
nmount ed and denounted and (ii) a cutting region in which
t he workpiece is cut.

A vertically novable partition plate is provided
bet ween the nounti ng and denounting regi on and the
cutting region in order to reduce the flow ng out of
cutting waste and m st produced during cutting fromthe
cutting region to the nmounting and denounting region (see
Japanese Patent Laid-open No. 2012-178511, for exanple).
A lower end of the partition plate is set at such a
hei ght as not to be in contact with the workpi ece when
t he wor kpi ece held by the chuck table noves between the
nounting and denounting region and the cutting region.

However, in work of replacing the partition plate, the
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partition plate may be erroneously attached at a position
| ower than a specified position. In addition, in work of
replacing the cutting blade or work of adjusting the
position of the cutting water supply nozzle, a distal end
portion of the cutting water supply nozzle may be
erroneously attached at a position | ower than a specified
posi tion.

In such a case, there is a problemin that the
partition plate or the cutting water supply nozzle cones
into contact with the upper surface of the workpiece and
makes a scratch (contact trace), and a defective product
I's consequently produced. If the problemwth the
partition plate, the cutting water supply nozzle, or the
| i ke cannot be found at an early stage, defective
products are produced successively. Accordingly, the
ext ernal appearance of the workpiece after the cutting
may be inspected in order to inspect whether or not
constituent elenments of the cutting apparatus such as the
partition plate and the cutting water supply nozzle are
attached normal ly. For exanple, an autonatic optica
i nspection (AO) apparatus may be used to inspect the top

surface of the workpiece.

SUMVARY OF THE | NVENTI ON



However, the automatic optical inspection apparatus
Is very expensive, and therefore cost incurred for the
i nspection becones high. In addition, the automatic
optical inspection apparatus sequentially inspects very
narrow areas, and therefore the inspection of the whole
of the top surface of the workpiece takes tinme. On the
ot her hand, when the inspection areas and inspection
positions are limted, there is a possibility of
over|l ooking a scratch nmade on the workpi ece, so that the
occurrence of defective products cannot be found at an
early stage. The present invention has been made in view
of such problens. It is an object of the present
invention to inspect, at relatively |ow cost, whether or
not constituent elenents of the cutting apparatus are
attached normal ly instead of inspecting a workpiece by an
automatic optical inspection apparatus.

In accordance wth an aspect of the present
i nvention, there is provided an inspection substrate for
use in inspecting whether or not a constituent elenent of
a cutting apparatus forns a scratch on a top surface of a
wor kpi ece when a cutting bl ade cuts the workpi ece, the
i nspection substrate including a top surface side of the
i nspection substrate having a groove portion for

sinmul ated cutting, the groove portion having a wdth that
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the cutting blade can pass through, and a paint |ayer
di sposed on the top surface side of the inspection
substrate to inprove visibility of a scratch fornmed on
the top surface side.

Preferably, a pignent of the paint |ayer includes
carbon, silicon oxide, or titanium oxide.

In accordance wth another aspect of the present
i nvention, there is provided an inspecting method of
I nspecting, by using an inspection substrate, whether or
not a constituent elenment of a cutting apparatus fornms a
scratch on a top surface of a workpiece when a cutting
bl ade cuts the workpiece, the inspection substrate
including a top surface side of the inspection substrate
having a groove portion for simulated cutting, the groove
portion having a width that the cutting bl ade can pass
t hrough, and a paint |ayer disposed on the top surface
side of the inspection substrate to inprove visibility of
a scratch formed on the top surface side, the inspecting
met hod i ncluding a holding step of holding an
under surface side of the inspection substrate, with the
top surface of the inspection substrate set upward, by a
chuck table disposed in a nounting and denounting region
in which the inspection substrate is nounted or

denmount ed, a noving step of noving the chuck table from
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the nounting and denpunting region to a cutting region in
whi ch sinulated cutting of the inspection substrate is
performed after the holding step, a sinmulated cutting
step of performng the sinulated cutting by positioning a
| ower end of the cutting blade at a predeterm ned hei ght
hi gher than a bottom of the groove portion and passing a
part of the cutting blade in the groove portion, and an

i mage obtaining step of obtaining an i mage of the top
surface side of the inspection substrate.

The inspection substrate according to one node of
the present invention has, on the top surface side of the
I nspection substrate, the paint |layer for inproving
visibility of a scratch formed on the top surface side of
the inspection substrate. In a case where the chuck table
hol di ng under suction the undersurface side of the
I nspection substrate is noved fromthe nounting and
denmounting region to the cutting region, when the | ower
end of the partition plate is in contact with the top
surface side of the inspection substrate, for exanple,
the paint layer in a contacted region is peeled off. In
addition, the inspection substrate according to one node
of the present invention has the groove portion for
sinmulated cutting on the top surface side of the

I nspection substrate, the groove portion having a wdth
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that the cutting blade can pass through. In a case where
the cutting bl ade and the chuck tabl e hol ding under
suction the undersurface side of the inspection substrate
are noved rel ative to each other such that a part of the
cutting bl ade passes the groove portion, when the distal
end portion of the cutting water supply nozzle is in
contact with the top surface side of the inspection
substrate, for exanple, the paint |ayer in a contacted
region is peeled off.

The presence or absence of peeling of the paint
| ayer can be detected by using an inmaging unit generally
included in the cutting apparatus. It is therefore
possi bl e to inspect whether or not constituent el enments
such as the partition plate and the cutting water supply
nozzle are attached normally at relatively |ow cost as
conpared with a case where the workpiece is inspected by
an automatic optical inspection apparatus. In addition,
if the peeling of the paint |ayer does not occur, the
sane i nspection substrate can be used again. Thus,
i nspection cost can be reduced by reusing the inspection
substrate.

The above and ot her objects, features and
advant ages of the present invention and the manner of

realizing themw || becone nore apparent, and the



invention itself will best be understood froma study of
the follow ng description and appended clains with
reference to the attached drawi ngs showi ng a preferred

enbodi nent of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a perspective view of an inspection
substrat e;
FIG 2 is an enlarged sectional view of a part of
the inspection substrate;
FIG 3 is a perspective view of a cutting
appar at us;

FIG 4 is an expl oded perspective view of a cutting

unit;

FIG 5is aviewillustrating a partition plate and
the |ike;

FIG 6 is a flowhart illustrating an inspecting
met hod;

FIG 7Ais an image illustrating the whole of the
i nspection substrate;

FIG 7B is an enlarged inmage of a part of a top
surface side on which a scratch is forned;

FIG 8Ais an inmage illustrating the whole of the

I nspection substrate; and



FIG 8B is an enlarged inmage of a part of a top

surface side on which a scratch is forned.

DETAI LED DESCRI PTI ON OF THE PREFERRED ENMBODI MENT

An enbodi nent according to one node of the present
invention will be described with reference to the
acconpanyi ng drawi ngs. An inspection substrate 11 will be
described first. FIG 1 is a perspective view of the
I nspection substrate 11 according to a preferred
enbodinment. FIG 2 is an enlarged sectional view of a
part of the inspection substrate 11. The inspection
substrate 11 is used to inspect whether or not
constituent elenments of a cutting apparatus 2 forma
scratch (contact trace) on a top surface 2la of a
wor kpi ece 21 when a cutting blade 32 cuts the workpiece
21 (see FIG 3).

The inspection substrate 11 has substantially the
sanme di aneter as the workpiece 21. However, because it is
assunmed that the inspection substrate 11 is not cut by
the cutting blade 32, the thickness of the inspection
substrate 11 is different froma thickness correspondi ng
to the dianeter of a wafer nmade of silicon as defined in
a standard of Sem conductor Equi prent and Materials

International (SEM) or the |ike. The inspection
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substrate 11 according to the present enbodi ment, for
exanpl e, includes a disk-shaped wafer 13 made of a resin
and having a di aneter of approximtely 300 nm and a

t hi ckness of approximately 2 mm Used as the resinis
pol ycar bonat e, pol yethyl ene terephthalate, or the I|ike.

When the wafer 13 is forned by a resin, the wafer
13 can be manufactured i nexpensively as conpared with a
case where the wafer 13 is fornmed by silicon. It is to be
noted that the material of the wafer 13 is not
necessarily limted to resin. The wafer 13 may be forned
by a sem conductor such as silicon or another material. A
paint layer 15 is provided on the whole of a top surface
13a side of the wafer 13 (top surface 1lla side of the
I nspection substrate 11). |In the present enbodi nent, the
topnost surface of the paint layer 15 is set as the top
surface 1la of the inspection substrate 11. |In addition,
an undersurface 11b of the inspection substrate 11
corresponds to the undersurface of the wafer 13.

The thickness of the paint layer 15 is, for
exanple, 10 umto several tens of um and is sufficiently
smaller than a width 17a or a depth 17b of a groove
portion 17 to be described |later. The paint layer 15 is
provi ded on the whole of the top surface 1la side

I ncludi ng side portions and a bottom portion of the

10



groove portion 17. The paint l|layer 15, for exanple,
I ncl udes a pignent having carbon such as a carbon bl ack
or a carbon nanotube. The paint layer 15 exhibiting a
substantially uniformblack color is formed by coating
the top surface 13a side of the wafer 13 on which side a
plurality of groove portions 17 are formed with a paint
in which the carbon black is dispersed in an organic
solvent, and thereafter drying the paint.

The paint layer 15 is used to inprove visibility of
a scratch formed on the top surface 1la of the inspection
substrate 11. For exanple, when a scratch is forned on
the top surface 1la side, the paint layer 15 in a region
corresponding to the scratch is peeled off, and the top
surface 13a of the wafer 13 is exposed. The color of the
wafer 13 is different fromthe color of the paint |ayer
15. Thus, when an inmaging unit 24a (see FIG 3) usually
included in the cutting apparatus 2 captures an imge of
the top surface 1la side, for exanple, the peeling of the
pai nt |ayer 15 can be detected w thout the use of a high-
performance automati c optical inspection apparatus.

The pignment constituting the paint |layer 15 is not
limted to carbon, but may include silica (silicon
oxide). A pignent including silica is, for exanple,

formed by silica powder or sludge formed by swarf
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produced acconpanying the cutting, grinding, or the like
of a wafer made of silicon. The sludge includes a silicon
oxi de doped with boron (B), phosphorus (P), or the I|ike,
a silicon netal oxide, or the like in addition to silica.
In a case where a pignent including the sludge is used,
the paint layer 15 exhibits a substantially uniformgray
col or.

Incidentally, the pignment constituting the paint
| ayer 15 may include titania (titanium oxide), or may
i nclude cal cium carbonate. In a case where a pi gnment
i ncluding titanium oxide or cal cium carbonate is used,
the paint layer 15 exhibits a substantially uniformwhite
color. Incidentally, an underlayer (not illustrated) for
control ling adhesion of the paint |layer 15 to the wafer
13 may be provided between the wafer 13 and the paint
| ayer 15. For exanple, when a silicone resin, a
fluorocarbon resin, or the like is fornmed as the
under| ayer, the adhesion of the paint layer 15 is
reduced, and thus the paint layer 15 is peeled off easily
(that is, visibility of a scratch is inproved).

A predeterm ned pattern (not illustrated) used to
identify the positions of the groove portions 17, the
orientation of the wafer 13, or the like is forned on the

top surface 13a side of the wafer 13. The predeterm ned
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pattern is referred to as a key pattern, an alignnent
mark, or the like. The predeterm ned pattern is recessed
fromthe top surface 13a by a predeterm ned depth, or is
protruded fromthe top surface 13a by a predeterm ned

hei ght. Thus, even when the paint layer 15 is fornmed on
the top surface 13a, the imaging unit 24a usually
included in the cutting apparatus 2 can identify the
predet ermi ned pattern.

A plurality of groove portions 17 are arranged in a
| atti ce manner on the top surface 13a side of the wafer
13. In simulated cutting to be described | ater, the
cutting bl ade 32 passes each of the groove portions 17.

An interval between two groove portions 17 adjacent to
each other is, for exanple, a predeterm ned val ue equa

to or nore than 10 nm and equal to or less than 20 mMm
When the interval between the groove portions 17 is thus
set relatively large, a tine taken for the sinul ated
cutting can be shortened, and efficient sinulated cutting
is made possible. The groove portions 17 have a width 17a
of a sufficient dinension for the cutting blade 32
normal |y having a bl ade thickness of approxi mately 100 um
to be able to pass the groove portions 17 (see FIG 2).
The width 17a is a length in a direction orthogonal to

the | ongitudinal direction of the groove portion 17 on
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the top surface 11la. The width 17a is, for exanple, 5 mm

When the width 17a of the groove portion 17 is thus
set relatively large, contact of the cutting blade 32
with the inner side surfaces of the groove portion 17 in
the sinmulated cutting can be suppressed relatively easily
as conpared with a case where the width 17a is equal to
the thickness of the cutting blade 32. The depth 17b of
the groove portion 17 is a length fromthe top surface
lla to a bottom 17c of the groove portion 17, and is
equal to or l|arger than a maxi mum anmount of bl ade
protrusion of the cutting blade 32. The depth 17b is, for
exanple, 1.5 mm \Wen the depth 17b is set relatively
| arge, cutting of the bottom 17c of the groove portion 17
by the sinulated cutting can be suppressed rel atively
easily as conpared with a case where the depth 17b is
smal |l er than the anount of blade protrusion of the
cutting bl ade 32.

The cutting apparatus 2 in which the inspection
substrate 11 is used will next be described. FIG 3 is a
per spective view of the cutting apparatus 2.

Incidentally, FIG 3 illustrates a part of constituent
el enents of the cutting apparatus 2 as a functiona
block. In addition, in the following, an X-axis direction

(a processing feed direction), a Y-axis direction (an
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i ndexing feed direction), and a Z-axis direction (a
hei ght direction, an upward-downward direction, or a
cutting feed direction) are directions orthogonal to each
other. The front surface of the cutting apparatus 2 is
provided with an operating panel 4. An operator can, for
exanpl e, set processing conditions or the like to the
cutting apparatus 2 by perform ng predeterm ned i nput via
the operating panel 4. A side surface on the front side
of the cutting apparatus 2 is provided with a nonitor
(di spl ay device) 6.

The nonitor 6 displays a guidance screen for
gui ding the operator in operation, an inmage captured by
the imaging unit 24a (to be described later), or the
like. Incidentally, the nonitor 6 nay be a touch pane
functioning also as the operating panel 4. 1In this case,
the operating panel 4 is omtted. The cutting apparatus 2
generally cuts the workpiece 21. A plurality of planned
dividing lines (streets) (not illustrated) are set in a
|attice manner on the top surface 2la side of the
wor kpi ece 21. A device (not illustrated) such as an
integrated circuit (IC) or a large scale integration
(LSI) is fornmed in each of regions denmarcated by the
plurality of planned dividing |ines.

A circular dicing tape 23 fornmed of a resinis
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af fi xed to an undersurface 21b side of the workpiece 21.
The dianmeter of the dicing tape 23 is larger than the
di aneter of the workpiece 21. The workpiece 21 is affixed
to a central portion of the dicing tape 23, and one
surface of an annular frame 25 forned of a netal is
affixed to an outer circunferential portion of the dicing
tape 23. The workpiece 21 is housed in a cassette 8 in a
formof a frame unit 27 in which the workpiece 21 is
supported by the frane 25 via the dicing tape 23. Wen
the inspection substrate 11 is to be introduced into the
cutting apparatus 2, the inspection substrate 11 is
housed in the cassette 8 in a formof a frame unit (not
illustrated) in which the inspection substrate 11 is
supported by the frane 25 via the dicing tape 23.

The cassette 8 is disposed on a cassette table 10.
A cassette elevator 12 that noves the cassette table 10
upward and downward is coupled to a | ower part of the
cassette table 10. A push-pull arm 14 is provided in the
rear of the cassette table 10. The push-pull arm 14
unl oads the workpi ece 21 or the inspection substrate 11
in the formof a frame unit fromthe cassette 8 and | oads
t he workpi ece 21 or the inspection substrate 11 in the
formof a franme unit into the cassette 8. A pair of

positioning nenbers (guide rails) 16 that adjust the
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position of the frame unit in the X-axis direction is
provi ded on both sides of a path of novenent of the push-
pul | arm 14.

A first transporting unit 18 that transports the
frame unit fromthe pair of positioning nenbers 16 is
provided in the vicinity of the pair of positioning
menbers 16. The first transporting unit 18 includes an
arm a swi ng mechani sm provided to one end side of the
arm and a suction nechani sm provi ded to another end side
of the arm The suction nechanism for exanple, has a
vacuum pad that sucks the frame 25. The first
transporting unit 18 transports the frame unit by
rotating the armby a predeterm ned angle by the sw ng
nmechanismin a state of sucking the frane 25 by the
suction nmechani sm

The first transporting unit 18 transports the frane
unit to a chuck table 20 disposed in a nounting and
denounting region Ra located in the vicinity of the
cassette table 10 in the X-axis direction. A disk-shaped
porous plate is fixed to the upper surface side of the
chuck table 20. One end of a flow passage (not
illustrated) formed within the chuck table 20 is
connected to the | ower surface side of the porous plate.

A suction source (not illustrated) such as an ejector is
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connected to another end of the flow passage. A negative
pressure can be transmtted to the upper surface of the
porous plate by operating the suction source. Hence, the
upper surface of the chuck table 20 functions as a
hol di ng surface 20a that holds the frame unit under

sucti on.

Incidentally, a plurality of clanp units 20b for
fixing the frame 25 are provided to an outer
circunferential portion of the chuck table 20. A © table
(not illustrated) that rotates the chuck table 20 about a
predeterm ned rotational axis is coupled to a | ower part
of the chuck table 20. A ball screw type processing feed
unit (not illustrated) is coupled to a further |ower part
of the © table.

The processing feed unit noves the chuck table 20
along the X-axis direction together with the 6 table.
Specifically, the chuck table 20 noves between the
nmounti ng and denmounting region Ra in which the workpiece
21 or the inspection substrate 11 is nounted or denounted
onto or fromthe holding surface 20a and a cutting region
Rs in which the workpiece 21 is actually cut or the
i nspection substrate 11 is cut in a sinulated manner. A
rectangul ar cover nenber 22a is provided between the 6

table and the chuck table 20. Bellows 22b capabl e of
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expandi ng and contracting in the X-axis direction are
arranged on both sides in the X-axis direction of the
cover nenber 22a. A supporting nenber 24 is disposed
above the chuck table 20.

The imaging unit 24a is provided to the supporting
menber 24 in such a manner as to be able to face the
hol di ng surface 20a. The inmaging unit 24a is, for
exanpl e, an optical mcroscope canera including a
predeterm ned optical system and an i magi ng el enent such
as a charge-coupl ed device (CCD) inage sensor or a
conpl enentary netal oxide sem conductor (CMOS) i nmage
sensor. The imaging unit 24a obtains an inmage by
capturing the top surface 2la side of the workpiece 21 or
the top surface 1la side of the inspection substrate 11.
The i mage obtained by the imaging unit 24a is stored in a
storage device included in the cutting apparatus 2 and is
further displayed on the nonitor 6.

The imaging unit 24a is a constituent el enent of
the cutting apparatus 2, which constituent elenent is
generally included in the cutting apparatus 2 for
alignment. A cutting unit 26 is provided on one side in
the X-axis direction of the imaging unit 24a. A bal
screw type cutting feed unit (not illustrated) for noving

the cutting unit 26 along the Z-axis direction is coupl ed
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to the cutting unit 26. In addition, a ball screw type
i ndexing feed unit for noving the cutting feed unit al ong
the Y-axis direction is coupled to the cutting feed unit.

The cutting unit 26 will be described in the
followng with reference to FIG 4. FIG 4 is an expl oded
perspective view of the cutting unit 26. The cutting unit
26 has a cylindrical spindle housing 28. A part of a
cylindrical spindle 30 is housed in a rotatable manner in
the spindle housing 28. A rotational driving source (not
illustrated) such as a notor is provided to one end
portion of the spindle 30. The cutting blade 32 is fitted
to another end portion of the spindle 30.

The cutting blade 32 is, for exanple, a hub type
bl ade havi ng a di sk-shaped hub base nade of alum num An
annul ar cutting edge 32a in which abrasive grains forned
of dianond or the like are fixed in a state of being
di spersed in an electrofornmed bond is fixed to the side
surface of the hub base. A blade cover 34 is fixed to the
spi ndl e housing 28 so as to cover an upper part of the
cutting blade 32. A cutting water supply nozzle 36 is
attached to the bl ade cover 34 so as to be adjacent to
one side surface of the cutting bl ade 32.

Cutting water is, for exanple, pure water. The

cutting water is supplied to the cutting water supply
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nozzle 36 through a pipe 38 provided to an upper portion
of the blade cover 34. A detachable cover 44 is fitted to
a side portion of the blade cover 34. The detachabl e
cover 44 has a cutting water supply nozzle 46. The
cutting water supply nozzle 46 is disposed so as to be

adj acent to another side surface of the cutting bl ade 32
when the detachable cover 44 is fitted to the side
portion of the blade cover 34.

The cutting water is supplied to the cutting water
supply nozzle 46 through a pipe 48 provided to an upper
portion of the detachable cover 44. An optical blade
damage detecting unit 50 is fitted to an upper portion of
the bl ade cover 34. At a tinme of work of replacing the
cutting blade 32, the detachable cover 44 is first
renoved fromthe bl ade cover 34, and the cutting bl ade 32
I's next renoved fromthe spindle 30. Then, after a new
cutting blade 32 is fitted to the spindle 30, the
det achabl e cover 44 is attached to the bl ade cover 34.

In addition, at a tinme of work of adjusting the
positions of the cutting water supply nozzles 36 and 46,
the positions are adjusted by adjusting attachnent
positions of the blade cover 34 and the detachabl e cover
44 such that |ongitudinal portions of the cutting water

supply nozzles 36 and 46 sandwi ch the cutting bl ade 32
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t herebetween and are substantially parallel with the X-
axis direction. Next, referring to FIG 5, description
will be nade of a partition plate 52 disposed at a
boundary between the nounting and denounting regi on Ra and
the cutting region Re and the like. A netallic casing 54
i s di sposed over the chuck table 20. A door unit 56
formed of a transparent resin and capabl e of bei ng opened
and cl osed by being rotated in a horizontal plane is
provi ded on the front surface side of the casing 54
(monitor 6 side of the cutting apparatus 2 illustrated in
FIG 3) in the nounting and denpbunting region Ra. In
addition, a door unit 58 fornmed of a transparent resin
and capabl e of being opened and cl osed by being slid in
the X-axis direction is provided on the front surface
side of the casing 54 in the cutting regi on Re.

A partition wall 60 is provided between the
nmounting and denounting region Ra and the cutting region
Rs. An opening portion 60a is forned in a | ower portion
of the partition wall 60. The partition plate 52 is
di sposed on the nounting and denounting regi on Ra side of
the partition wall 60. FIG 5 is a viewillustrating the
partition plate 52 and the |ike. An upper portion of the
partition plate 52 is bent in the X-axis direction. This

bent portion is supported by a piston rod of an air
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cylinder 62. The air cylinder 62 itself is supported by a
supporting nenber 64 fixed to the casing 54. Wen the
piston rod of the air cylinder 62 is raised, the opening
portion 60a is opened, as illustrated in FIG 5. Wen the
piston rod is | owered, the opening portion 60a is cl osed.
For exanple, the opening portion 60a is opened when the
chuck table 20 is noved between the nounting and
denounting region Ra and the cutting region Rs. Wen the
wor kpi ece 21 is cut, the opening portion 60a is closed
after the chuck table 20 is noved to the cutting region
Rs.

Here, returning to FIG 3, other constituent
el enents of the cutting apparatus 2 will be descri bed.
The cutting apparatus 2 includes a second transporting
unit 66 that unl oads the workpiece 21 or the like from
the chuck table 20 disposed in the nounting and
denmounting region Ra after cutting. The second
transporting unit 66 has an armnovable in the Y-axis
di rection. A suction nechanismfor sucking the frane 25
is provided to a distal end portion of the arm A
cleaning unit 68 is provided in the rear of the nounting
and denmounting region Ra. The cleaning unit 68 includes a
spinner table (not illustrated) that holds under suction

the workpiece 21 or the |like and a cl eaning nozzle (not
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illustrated) disposed above the spinner table.

The wor kpi ece 21 transported to the cleaning unit
68 by the second transporting unit 66 is cleaned, and is
then | oaded into the cassette 8 by the first transporting
unit 18, the pair of positioning nenbers 16, and the
push-pull arm 14. A control unit 70 controls operations
of the cassette elevator 12, the push-pull arm 14, the
pair of positioning nenbers 16, the first transporting
unit 18, the chuck table 20, the imging unit 24a, the
cutting unit 26, the air cylinder 62, the second
transporting unit 66, the processing feed unit, the
cutting feed unit, the indexing feed unit, and the Iike
descri bed above.

The control unit 70 is, for exanple, constituted by
a computer including a processor (processing unit)
typified by a central processing unit (CPU), a nain
st orage devi ce such as a dynam c random access nenory
(DRAM, a static random access nenory (SRAM, or a read
only nenory (ROM, and an auxiliary storage device such
as a flash nmenory, a hard disk drive, or a solid-state
drive. The auxiliary storage device stores software
i ncluding a predeterm ned program Functions of the
control unit 70 are inplenented by operating the

processing unit or the like according to the software.
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The control unit 70 sets the opening portion 60a in an
open state when the workpiece 21 held by the chuck table
20 noves between the nounting and denounting regi on Ra and
the cutting region Rs (see FIG 5).

However, in work of replacing the partition plate
52 or the like, the partition plate 52 may be erroneously
attached at a position |lower than a specified position.
In addition, in work of replacing the cutting bl ade 32
and work of adjusting the positions of the cutting water
supply nozzles 36 and 46, distal end portions of the
cutting water supply nozzles 36 and 46 may al so be
erroneously attached at a position |lower than a specified
position. Accordingly, the inspection substrate 11 is
used to inspect whether or not constituent el enents of
the cutting apparatus 2 such as the partition plate 52
and the cutting water supply nozzles 36 and 46 are
attached normally. FIG 6 is a flowhart illustrating an
i nspecting nethod using the inspection substrate 11.

First, the chuck table 20 di sposed in the nounting
and denmounting regi on Ra hol ds under suction the
undersurface 11b side of the inspection substrate 11 in
the formof a frane unit (holding step S10). At this
time, the top surface 1la of the inspection substrate 11

is set upward, and the paint layer 15 is thereby exposed
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upward. After the holding step S10, the opening portion
60a is set in an open state, and then the chuck table 20
is moved fromthe nounting and denounting region Rato the
cutting region Rs (noving step S20). Thus, if the
partition plate 52 is attached at a position |ower than
the specified position, a scratch is formed on the top
surface 1lla side of the inspection substrate 11, and the
paint layer 15 in a region corresponding to the scratch
i's peeled off.

After the noving step S20, the orientation of the
chuck table 20 is adjusted by the 6 table using the
positions of two key patterns separated from each ot her
in an imge of the top surface 1la side or the |ike such
that the longitudinal direction of the groove portions 17
is substantially parallel with the X-axis direction.

Then, the cutting blade 32 rotated at high speed is

di sposed on an extension of a groove portion 17, and
further a I ower end of the cutting blade 32 is positioned
at a predeterm ned hei ght higher than the bottom 17c in
the groove portion 17. In this state, the chuck table 20
Is noved in the X-axis direction relative to the cutting
bl ade 32 without the cutting water being supplied from
the cutting water supply nozzles 36 and 46.

The sinmul ated cutting of the inspection substrate
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11 is thus performed by passing a part of the cutting

bl ade 32 in the groove portion 17 (sinmulated cutting step
S30). After the sinmulated cutting is perforned from one
end to another end of one groove portion 17, the cutting
unit 26 is indexing-fed by a predeterm ned i ndex anount.
Then, the sinulated cutting is simlarly perforned after
the lower end of the cutting blade 32 is positioned on an
ext ensi on of anot her groove portion 17 adjacent in the Y-
axis direction to the one groove portion 17 in which the
sinmul ated cutting has been perfornmed. After the sinulated
cutting is perfornmed in all of the groove portions 17
parallel with one direction, the chuck table 20 is
rotated by 90 degrees.

Then, the sinmulated cutting is simlarly perforned
in all of the remaining groove portions 17. 1In the
simulated cutting step S30, when distal end portions of
the cutting water supply nozzles 36 and 46 are in contact
with the top surface l1lla side, for exanple, scratches are
formed on the top surface 1la side, and the paint |ayer
15 in regions corresponding to the scratches is peel ed
off. After the sinulated cutting step S30, the chuck
table 20 is noved fromthe cutting region Rs to the
nounti ng and denounting region Ra, and the second

transporting unit 66 noves the inspection substrate 11
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fromthe chuck table 20 to the cleaning unit 68.

Then, the spinner table (not illustrated) is
rotated for a predetermined time w thout cleaning water
or the like being jetted fromthe cleaning nozzle in a
state in which the spinner table holds under suction the
undersurface 11b side of the inspection substrate 11
(simul ated cleaning step S40). Also in the sinulated
cl eani ng step S40, when a constituent elenent of the
cleaning unit 68 is in contact wwth the top surface 1la
side, a scratch is formed on the top surface l1lla side,
and the paint layer 15 in a region corresponding to the
scratch is peeled off.

After the simulated cleaning step S40, the
I nspection substrate 11 is |loaded into the cassette 8 by
using the first transporting unit 18, the pair of
positioning nenbers 16, the push-pull arm 14, and the
like. After the series of operations, the inspection
substrate 11 | oaded into the cassette 8 is extracted from
the cassette 8 again. Then, the chuck table 20 holds the
i nspection substrate 11 under suction in such a manner
that the top surface 1la is oriented upward. In this
state, an image of the top surface 1la side of the
i nspection substrate 11 is obtained (i mage obtaining step

S50). The obtained inage is stored in the auxiliary
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storage device of the control unit 70.

FIG 7A is an image illustrating the whole of the
i nspection substrate 11 in which the paint |ayer 15
i ncl udi ng carbon black as a pignent is forned on the top
surface 1la side. FIG 7B is an enlarged imge of a part
of the top surface 1la side on which a scratch is forned.
In addition, FIG 8A is an image illustrating the whole
of the inspection substrate 11 in which the paint |ayer
15 including titaniumoxide as a pignent is formed on the
top surface 1lla side. FIG 8B is an enlarged i nage of a
part of the top surface l1lla side on which a scratch is
f or med.

The obtained inage is processed by predeterm ned
I mge processing software installed on the control unit
70, and a scratch and peeling of the paint |ayer 15 are
detected. Detecting operation, for exanple, uses
I nformati on regardi ng the brightness or shade of each of
a plurality of pixels constituting the inage.
Specifically, the inage processing software cal cul ates a
bri ghtness difference (contrast) between one pixel and a
plurality of pixels surrounding the one pixel. Wen the
cal cul ated contrast is higher than a predeterm ned val ue,
the i mage processing software determ nes that there is a

scratch in the pixel region
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In the present enbodi ment, a scratch fornmed on the
I nspection substrate 11 and peeling of the paint |ayer 15
can be detected by the imaging unit 24a. Therefore, as
conpared with a case where the workpiece 21 is inspected
by an automatic optical inspection apparatus, whether or
not constituent elenments such as the cutting water supply
nozzles 36 and 46 and the partition plate 52 are attached
normal Iy can be inspected at relatively low cost. In
addition, if the peeling of the paint |ayer 15 does not
occur, the same inspection substrate 11 can be used
again, and thus the inspection substrate 11 can be
reused. Inspection cost can be thereby reduced.

Incidentally, the inmage processing software nay
determ ne whether or not there is a scratch for each of a
plurality of pixels by calculating an average val ue of
brightness of a plurality of pixels (for exanple, 10
pi xel s) in an area of a predeterm ned size, and conpari ng
aver age val ues of brightness between adjacent areas of
the predeterm ned size. This can inprove processing speed
as conpared with a case where contrast is cal culated for
each pixel. Besides, structures, nethods, and the |ike
according to the foregoi ng enbodi rent can be nodified and
i npl enented as appropriate wi thout departing fromthe

obj ective scope of the present invention. For exanple,
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t he above-descri bed i nspection can be perfornmed by using
a frame unit (not illustrated) in which a rectangul ar

i nspection substrate 11 is supported by the frame 25 via
the dicing tape 23.

Specifically, an inspection substrate 11 may be
used in which a paint layer 15 including silica or sludge
as a pignent is forned on a wafer 13 that is 200 nm
square and 2 mmthick and made of polyethyl ene
terephthal ate. The use of silica or sludge as a pignent
has an advantage in that, even if the paint |ayer 15
adheres to the inside of the cutting apparatus 2, a
probl em such as contamnation is relatively less likely
to occur as conpared with a case where another nateri al
adher es.

Incidentally, the inmage obtaining step S50 is not
necessarily perforned only last, but may be perforned in
given timng before and after the noving step S20, before
and after the sinulated cutting step S30, and before and
after the sinmulated cleaning step S40. For exanple, by
conmparing images of the top surface 1lla side before and
after the noving step S20, it is possible to inspect
whet her or not the partition plate 52 is attached
normal |y excluding the effect of the cutting water supply

nozzles 36 and 46. In addition, by conparing inages
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before and after the sinmulated cutting step S30, for
exanple, it is possible to inspect whether or not the
cutting water supply nozzles 36 and 46 are attached
normal Iy excluding the effect of the partition plate 52.

The conparison of the inages does not necessarily
need to be performed by the inage processing software.
For exanpl e, the obtained i nages may be displayed on the
nonitor 6, and the operator may inspect the imges for a
scratch and peeling of the paint layer 15. Wth regard to
the inspection substrate 11, the foregoing description
has been nade of an exanple in which the paint |ayer 15
is formed on the wafer 13 having the plurality of groove
portions 17 formed thereon. However, the plurality of
groove portions 17 may be forned by cutting the top
surface 13a side of the wafer 13 having the paint |ayer
15 formed on the top surface 13a. In this case, the paint
| ayer 15 does not remain on the side surfaces and the
bottons 17c of the groove portions 17. However, no
problemis presented in performng the above-descri bed
i nspecti on.

The present invention is not [imted to the details
of the above described preferred enbodi nent. The scope of
the invention is defined by the appended clains and al

changes and nodifications as fall within the equival ence
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of the scope of the clains are therefore to be enbraced

by the invention.
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VWHAT IS CLAIMED | S:

1. An inspection substrate for use in inspecting
whet her or not a constituent el enent of a cutting
apparatus forns a scratch on a top surface of a workpiece
when a cutting blade cuts the workpiece, the inspection
substrate conpri sing:

a top surface side of the inspection substrate
having a groove portion for simulated cutting, the groove
portion having a wwdth that the cutting blade is able to
pass through; and

a paint |layer disposed on the top surface side of
the inspection substrate to inprove visibility of a
scratch fornmed on the top surface side.

2. The inspection substrate according to claiml,
wher ei n

a pignent of the paint |ayer includes carbon,
silicon oxide, or titanium oxide.

3. An inspecting nethod of inspecting, by using an
I nspection substrate, whether or not a constituent
el enent of a cutting apparatus forns a scratch on a top
surface of a workpiece when a cutting blade cuts the
wor kpi ece,

the inspection substrate including

a top surface side of the inspection
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substrate having a groove portion for sinulated cutting,
the groove portion having a wwdth that the cutting bl ade
is able to pass through, and

a paint |ayer disposed on the top surface
side of the inspection substrate to inprove visibility of
a scratch formed on the top surface side,

the inspecting nethod conprising:

a holding step of holding an undersurface side of
the inspection substrate, with the top surface of the
i nspection substrate set upward, by a chuck table
di sposed in a nounting and denounting region in which the
I nspection substrate is nounted or denopunted;

a nmoving step of noving the chuck table fromthe
nmounting and denounting region to a cutting region in
whi ch sinulated cutting of the inspection substrate is
performed after the hol ding step;

a simulated cutting step of performng the
sinmul ated cutting by positioning a | ower end of the
cutting blade at a predeterm ned hei ght higher than a
bottom of the groove portion and passing a part of the
cutting blade in the groove portion; and

an i mage obtai ning step of obtaining an i mage of

the top surface side of the inspection substrate.

35



