PROCESSI NG APPARATUS

BACKGROUND OF THE | NVENTI ON

Field of the Invention

The present invention relates to a processi ng
apparatus for processing a reverse side of a workpi ece
while holding a face side of the workpiece with a
plurality of devices formed on the face side.

Description of the Related Art

Semiconductor device chips for use in elect rics
such as mobile phones, or personal computers are

fabricated by processing disk-shaped wafers, i.e.,

workpieces, made of a semiconductor material such a S
silicon. A workpiece has a plurality of projected dicing
lines established on a face side thereof, and a plu rality

of devices such as integrated circuits (ICs), large -
scale-integration (LSI) circuits, or micro

electromechanical systems (MEMS) devices are formed in
respective areas demarcated on the face side by the

projected dicing lines. For fabricating device chi ps from
the workpiece, a reverse side of the workpiece is g round
to make the workpiece thinner to a predetermined

thickness, and thereafter the workpiece is cut alon g the

projected dicing lines to produce device chips that



include the respective devices.

The workpiece is cut in a cutting step by a
apparatus that includes a cutting unit having a cut
blade mounted on an end of a spindle and a chuck ta
for holding the workpiece under suction thereon. |
normal cutting steps, specifically, the face side o
workpiece is oriented upwardly and the reverse side
the workpiece is held under suction on the chuck ta
After the reverse side of the workpiece has been he
under suction on the chuck table, a first camera di
above the chuck table captures an image of the face

of the workpiece for aligning the workpiece. The f

camera has an image capturing device such as charge

coupled-device (CCD) image sensor, or a complementa

metal-oxide-semiconductor (CMOS) image sensor.
An alignment process for positionally corre
the workpiece is carried out on the basis of the im
captured by the first camera of the face side of th
workpiece that bears an alignment mark or the like.
the alignment process, the workpiece is cut along t
projected dicing lines by the cutting blade. In re
years, it has been customary to cut some workpieces
their reverse sides in order to meet demands for th

fabrication of diverse types of devices from the
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workpieces (see, for example, Japanese Patent Laid-
No. 2006-140341). In such applications, since the
side of the workpiece is oriented downwardly and he
the chuck table, the first camera disposed above th
chuck table is unable to capture an image of the
alignment mark or the like on the face side as the
camera faces the reverse side of the workpiece.

In view of the above difficulty, there has
developed a cutting apparatus including a chuck tab
made of a material that is transparent to visible |
and a second camera for use with visible light that

disposed below the chuck table (see, for example,

Japanese Patent Laid-Open No. 2010-87141). The chu

table made of a material that is transparent to vis
light makes the second camera possible to capture a
image of the face side of a workpiece from below th
chuck table while the face side of the workpiece is
held on the chuck table. Recent years have seen ma
occasions where cutting blades cut relatively hard
semiconductor substrates, e.g., substrates of silic
carbide (SiC), for use in semiconductor chips for p

devices. According to such a cutting practice, a ¢

blade may form a cut groove in a semiconductor subs

obliquely to a thicknesswise direction thereof or m
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form a tapered cut groove in a semiconductor substr
possibly resulting in a reduction in a level of

processing accuracy.

SUMVARY OF THE | NVENTI ON

Consequently, it is desirable to assess how
groove has been formed in a substrate in order to ¢
a level of processing accuracy achieved with respec
the cut groove. However, the existing cutting appa
referred to above are only capable of individually
confirming an image of the face side of a workpiece
an image of the reverse side thereof. Therefore, i
the current practice for the operator to visually i
a formed cut groove with a microscope or the like.
However, the visual inspection tends to lower the
efficiency of the cutting process as it needs an
additional visual inspection time after the cut gro
has been formed. The present invention has been ma
view of the above problems. It is an object of the
present inventio to provide a processing apparatus
allows the operator to confirm, on the processing
apparatus, the level of processing accuracy achieve
respect to a cut groove.

In accordance with an aspect of the present
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invention, there is provided a processing apparatus
processing a plate-shaped workpiece while holding a
side of the workpiece that has a plurality of devic
each device being formed in respective areas demarc
by a plurality of projected dicing lines establishe

the face side, including a chuck table for holding

face side of the workpiece thereon, the chuck table
having a holding member including a surface and ano
surface positioned opposite the surface and having
predetermined region made of a transparent material
extending from the surface to the other surface, a
processing unit for processing the workpiece whose
side is being held on the chuck table, thereby form
processed groove in the workpiece, a first image
capturing unit disposed above the chuck table and h
a first image capturing device for capturing an ima
the reverse side of the workpiece held on the chuck
table, a second image capturing unit disposed below
chuck table and having a second image capturing dev
for capturing an image of the face side of the work
through the holding member, in an area correspondin
thicknesswise direction of the workpiece to an area
which the first image capturing unit captures the i

of the face side of the workpiece, a display device
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displaying the image of the workpiece captured by a
least either the first image capturing unit or the
image capturing unit, and a controller having a sto
section for storing programs for performing an imag
processing process and a processing device for proc
the images according to the programs stored in the
storage section, in which the first image capturing
obtains a first image group of images captured of t
processed groove while positioning a focal point th
at a plurality of different positions along the
thicknesswise direction of the workpiece, each of t
images of the first image group including a piece o

first image information representing a shape of the

processed groove, and the second image capturing un

obtains a second image group of images captured of
processed groove while positioning a focal point th
at a plurality of different positions along the
thicknesswise direction of the workpiece, each of t
images of the second image group including a piece
second image information representing a shape of th
processed groove, and in which the controller order
pieces of at least either the first image informati

the second image information into a sequence along

thicknesswise direction of the workpiece, thereby
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generating a three-dimensional image of the process
groove, and displays the three-dimensional image on
display device.
Preferably, the controller orders the piece
both the first image information and the second ima
information into a sequence along the thicknesswise
direction of the workpiece, thereby generating a th
dimensional image of the processed groove.
According to the aspect of the present inve
the controller orders the pieces of at least either
first image information included in the images of t
first image group that are captured by the first im
capturing unit while positioning the focal point th
at a plurality of different positions along the
thicknesswise direction of the workpiece or the sec
image information included in the images of the sec
image group that are captured by the second image
capturing unit while positioning the focal point th
at a plurality of different positions along the
thicknesswise direction of the workpiece, into a se
along the thicknesswise direction of the workpiece,
thereby generating a three-dimensional image of the
processed groove, and displays the three-dimensiona

image on the display device. Therefore, the operat
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confirm the accuracy with which the processed groov
been processed by confirming the shape of the proce
groove with the three-dimensional image displayed o
display device. Therefore, it is not necessary to

the workpiece from the processing apparatus to a
microscope and to visually inspect the workpiece wi
microscope. Furthermore, since the operator can co
the accuracy with which the processed groove has be
processed on the processing apparatus, the work
efficiency is better than if the operator visually
inspects the workpiece with a microscope.

The above and other objects, features and
advantages of the present invention and the manner
realizing them will become more apparent, and the
invention itself will best be understood from a stu
the following description and appended claims with
reference to the attached drawings showing some pre

embodiments of the invention.

BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG. 1 is a perspective view of a cutting a
as a processing apparatus according to a first embo
of the present invention;

FIG. 2 is a perspective view of a workpiece
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FIG. 3 is a perspective view of a chuck tab
other components of the cutting apparatus;

FIG. 4 is a side elevational view, partly i
section, of the chuck table and other components;

FIG. 5 is an enlarged view of a section A o
4,

FIG. 6 is an enlarged perspective view of a
moving mechanism and other components of the cuttin
apparatus;

FIG. 7 is a side elevational view, partly i
section, illustrating a cutting step;

FIG. 8 is a view illustrating the manner in
upper and lower image capturing units capture image
tapered cut groove,

FIG. 9 is a view illustrating a kerf checki

FIG. 10 is a view illustrating the manner i
the kerf checking step is carried out using an
interferometric optical system;

FIG. 11A is a view illustrating by way of e
three-dimensional image of a cut groove whose shape
represented by a group of points;

FIG. 11B is a view illustrating by way of e
three-dimensional image of the cut groove that is

obtained after an interpolating process;
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FIG. 12 is a diagram illustrating a section al
profile of the cut groove;
FIG. 13 is a schematic view of a three-dime nsional

image of a cut groove that is formed in a workpiece

obliquely to a thicknesswise direction of the workp lece;
and

FIG. 14 is a perspective view of a laser pr ocessing
apparatus as a processing apparatus according to a second

embodiment of the present invention.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
Preferred embodiments of the present invent ion will
be described in detail below with reference to the
accompanying drawings. FIG. 1 illustrates in persp ective
a cutting apparatus 2 as a processing apparatus acc ording

to a first embodiment of the present invention.

Incidentally, in FIG. 1, some components of the cut ting
apparatus 2 are illustrated in functional block for m. X-
axis directions, i.e., horizontal or processing fee d
directions, including +X direction and-X direction, Y-

axis directions, i.e., horizontal or indexing feed

directions, including +Y direction and a -Y directi on,
and Z-axis directions, i.e., vertical or incising f eed
directions, including +Z direction and a -Z directi onto

10



be described below with reference to the drawings a
perpendicular to each other. The cutting apparatus

a base block 4 that supports thereon various compon
of the cutting apparatus 2. The base block 4 has a
upwardly open opening 4a defined in a front corner
thereof in the +Y direction with a cassette elevato
illustrated, movably disposed therein. The cassett
elevator has an upper surface on which there is pla
cassette 6 housing a plurality of workpieces 11 (se
2) therein.

In FIG. 1, only the profile of the cassette
illustrated for illustrative purposes. According t
present embodiment, the workpiece 11 is in the form
disk-shaped wafer made of a semiconductor material
as silicon. However, the workpiece 11 is not limit
any material, shape, structure, size, etc. The wor
11 may be, for example, a substrate made of another
semiconductor material, ceramic, resin, metal, or t
like. As illustrated in FIG. 2, the workpiece 11 h
face side 11a on a lower surface thereof having a
plurality of areas demarcated by a grid of projecte
dicing lines or streets 13. The projected dicing |
include those projected dicing lines 13 that extend

first direction and those projected dicing lines 13
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extend in a second direction perpendicular to the f
direction. Device 15 such as integrated circuit (I
alignment mark(s), not illustrated, are formed in e
demarcated area on the face side 11a. However, dev
are not limited to any kind, number, shape, structu
size, layout, etc.

A circular tape, i.e., a circular dicing ta
that is larger in diameter than the workpiece 11 is
affixed to the face side 11a of the workpiece 11.
tape 17 is made of a transparent material through w
visible light can be transmitted. The tape 17 has
layered structure including a base layer and an adh
layer, i.e., a glue layer. The base layer is made
polyolefin (PO) or the like. The adhesive layer is
of an adhesive resin such as ultraviolet (UV)-curab
acrylic resin, for example. The adhesive layer of
tape 17 is affixed to the face side 11a of the work
11. The tape 17 has an outer circumferential porti
which an annular frame 19 of metal is affixed. The
workpiece 11 is thus supported on the frame 19 by t
tape 17. The entire assembly including the workpie
the tape 17, and the frame 19 is referred to as a
workpiece unit 21 that is stored in the cassette 6.

2 illustrates the workpiece unit 21 in perspective.
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As illustrated in FIG. 1, the base block 4
upwardly open opening 4b defined therein behind the
opening 4a in the -Y direction. The opening 4b is
elongate in the X-axis directions. A disk-shaped c
table 10 is movably disposed in the opening 4b. No
the chuck table 10 includes a disk-shaped annular f
suction plate, not illustrated, disposed on an oute
circumferential portion thereof and having a plural
discrete suction ports defined therein at
circumferentially spaced intervals.

The chuck table 10 and other components wil
hereinafter be described in detail below with refer
to FIGS. 3 through 5. FIG. 3 illustrates the chuck
10 and other components in perspective. FIG. 4
illustrates the chuck table 10 and other components
side elevation, partly in cross section. In FIG. 4
hatching is illustrated. FIG. 5 illustrates at an
enlarged scale a section A illustrated in FIG. 4.

5, a component is illustrated in functional block f

The chuck table 10 has a disk-shaped, i.e.,

shaped, holding member 12. The holding member 12 h

generally flat surface 12a and another surface 12b
FIG. 5) positioned opposite the surface 12a. The h

member 12 is made of a transparent material through
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visible light can be transmitted, such as soda glas S,

borosilicate glass, or quartz glass. The holding m ember
12 has a plurality of fluid channels defined therei n.
Specifically, the fluid channels include a straight first
suction channel 12c 1 extending diametrically across the

holding member 12 through the central axis of the d isk
shape thereof, as viewed in plan, i.e., along the Z -axis
directions, and a straight second suction channel 1 2C2
extending diametrically across the holding member 1 2

through the central axis of the disk shape thereof

perpendicularly to the first suction channel 12c 1inan XY
plane defined by the X-axis directions and the Y-ax 5
directions.

The first suction channel 12c 1 and the second
suction channel 12c 2 intersect with each at a point 12c 3
positioned at the central axis of the disk shape of the
holding member 12, and are connected to each other. The
holding member 12 also has a plurality of openings 12d
defined in an outer circumferential portion thereof at
circumferentially spaced intervals. The openings 1 2d have
upper ends open at the surface 12a and extend from the

surface 12a to a predetermined depth in the holding
member 12 where the openings 12d terminate short of the

other surface 12b. Some of the openings 12d are de fined

14



respectively at both ends of the first suction chan
12c 1 and both ends of the second suction channel 12c
are connected thereto. The openings 12d are
interconnected in circumferential directions of the
holding member 12 by an outer circumferential sucti
channel 12e defined in an outer circumferential por
of the holding member 12 at the predetermined depth
The openings 12d are also connected to a su
channel 12f defined in the holding member 12 and
extending radially outwardly. A suction source 14
FIG. 5) such as an ejector is connected to the suct
channel 12f. When the suction source 14 is actuate
generates a negative pressure that acts in the open
12d through the suction channel 12f. Therefore, th
surface 12a of the holding member 12 where the open
12d are open functions as a holding surface for hol
the workpiece unit 21, i.e., the workpiece 11, unde
suction thereon. The fluid channels in the holding

12, which include the first suction channel 12c
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second suction channel 12c 2, the openings 12d, the outer

circumferential suction channel 12e, and the suctio
channel 12f, scatter or reflect light that is appli
the holding member 12. Therefore, the fluid channe

the holding member 12 as they are viewed from the s
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12a or the surface 12b may not be completely transp
to visible light but may be transmissive of light o
be opaque to light.

However, regions of the holding member 12 e
these fluid channels are transparent from the surfa
to the surface 12b. Specifically, four regions of
holding member 12 that are divided by the first suc
channel 12c 1 and the second suction channel 12c
are positioned radially inwardly of the outer
circumferential suction channel 12e are transparent
the surface 12a to the surface 12b. A hollow cylin
frame 16 made of a metal material such as stainless
is disposed on an outer circumferential surface of
holding member 12. The frame 16 has an opening 16a
FIG. 5) defined in an upper portion thereof. The h
member 12 is disposed on the frame 16 in covering
relation to the opening 16a.

As illustrated in FIGS. 3 and 4, the frame
supported on an X-axis movable table 18. The X-axi
movable table 18 includes a horizontal bottom plate
that is of a rectangular shape as viewed along the
directions. The X-axis movable table 18 also inclu
vertical side plate 18b that is of a rectangular sh

viewed along the Y-axis directions and that has a |
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end joined to a front end of the bottom plate 18a i
+Y direction, and a top plate 18c that is of a
rectangular shape as viewed along the Z-axis direct
as with the bottom plate 18a and that has a front e
joined to an upper end of the side plate 18b. The
plate 18a and the top plate 18c jointly define a sp
18d therebetween that is open at a rear end thereof
the -Y direction and also at both side ends thereof
the X-axis directions.

The bottom plate 18a is slidable on and alo
pair of X-axis guide rails 20 disposed below the bo
plate 18a in the -Z direction and extending general
parallel to each other in the X-axis directions. T
axis guide rails 20 are fixedly mounted on an upper
surface of a stationary base, not illustrated. An
linear scale 20a for use in the detection of the po
of the X-axis movable table 18 in the X-axis direct
is disposed adjacent to and extends along one of th
axis guide rails 20. A reading head, not illustrat
mounted on a lower surface of the X-axis movable ta
in facing relation to the X-axis linear scale 20a.

When the X-axis movable table 18 moves in o
the X-axis directions along the X-axis guide rails

the reading head reads graduations of the X-axis li
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scale 20a for the calculation of the position or
coordinate in the X-axis directions of the X-axis m
table 18 and the distance that the X-axis movable t
18 has moved in the X-axis directions. A nut, not
illustrated, is mounted on a lower surface of the b
plate 18a of the X-axis movable table 18 and is
operatively threaded over an X-axis ball screw 22
disposed between and extending generally parallel t
X-axis guide rails 20.

The X-axis ball screw 22 has an end coupled
X-axis stepping motor 24. When the X-axis stepping
24 is energized, it rotates the X-axis ball screw 2
about its central axis, causing the nut to move the
axis movable table 18 in one of the X-axis directio
along the X-axis guide rails 20. The X-axis guide
20, the X-axis ball screw 22, the X-axis stepping m
24, etc. jointly make up an X-axis moving mechanism
for moving the X-axis movable table 18 along the X-
guide rails 20. The frame 16 is rotatably supporte
upper surface of the top plate 18c of the X-axis mo
table 18 for rotation about a central axis generall
parallel to the Z-axis directions. The frame 16 in
a pulley portion 16b defined by a cylindrical side

surface thereof. The pulley portion 16b of the fra
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that is supported on the X-axis movable table 18 is
positioned above the top plate 18c thereof.

A rotary actuator 30 such as an electric mo
mounted on the side plate 18b of the X-axis movable
18. The rotary actuator 30 has a rotational shaft
pulley 30a mounted thereon. An endless belt, i.e.,
28, is trained around the pulley 30a and the pulley
portion 16b. When the rotary actuator 30 is energi
rotates its rotational shaft, rotating the pulley 3
move the endless belt 28 to rotate the frame 16 and
the chuck table 10 about their central axis general
parallel to the Z-axis directions. By controlling
rotation of the pulley 30a, it is possible to turn
chuck table 10 through a desired angle about the ce
axis.

A Y-axis moving mechanism 32 is disposed on
extension of the X-axis moving mechanism 26 in the
directions. The Y-axis moving mechanism 32 include
pair of Y-axis guide rails 34 extending generally
parallel to each other in the Y-axis directions. T
axis guide rails 34 are fixedly mounted on the uppe
surface of the stationary base, not illustrated. A
movable table 36 is slidable on and along the Y-axi

guide rails 34. A nut, not illustrated, is mounted
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lower surface of the Y-axis movable table 36 and is
operatively threaded over a Y-axis ball screw 38 di
between and extending generally parallel to the Y-a
guide rails 34.

The Y-axis ball screw 38 has an end coupled
axis stepping motor 40. When the Y-axis stepping m
IS energized, it rotates the Y-axis ball screw 38 a
its central axis, causing the nut to move the Y-axi
movable table 36 in one of the Y-axis directions al
the Y-axis guide rails 34. The Y-axis guide rails
Y-axis ball screw 38, the Y-axis stepping motor 40,
jointly make up the Y-axis moving mechanism 32 for
the Y-axis movable table 36 along the Y-axis guide
34. A Y-axis linear scale, not illustrated, for us
the detection of the position of the Y-axis movable
36 in the Y-axis directions is disposed adjacent to
extends along one of the Y-axis guide rails 34. A
head, not illustrated, is mounted on a lower surfac
the Y-axis movable table 36 in facing relation to t
axis linear scale.

When the Y-axis movable table 36 moves in o
the Y-axis directions along the Y-axis guide rails
the reading head reads graduations of the Y-axis li

scale for the calculation of the position or coordi
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in the Y-axis directions of the Y-axis movable tabl

and the distance that the Y-axis movable table 36 h
moved in the Y-axis directions. A Z-axis moving me
42 is disposed on an upper surface of the Y-axis mo
table 36. FIG. 6 illustrates the Z-axis moving mec

42 and other components in enlarged perspective. T
axis moving mechanism 42 has a support structure 42
fixed to the upper surface of the Y-axis movable ta
36.

A pair of Z-axis guide rails 44 that extend
generally parallel to the Z-axis directions are fix
a side surface of the support structure 42a that fa
the X-axis movable table 18. A Z-axis movable plat
slidable on and along the Z-axis guide rails 44. A
not illustrated, is mounted on a side surface of th
axis movable plate 46 that faces the support struct
42a and is operatively threaded over a Z-axis ball
48 disposed between and extending generally paralle
the Z-axis guide rails 44.

The Z-axis ball screw 48 has an end coupled
axis stepping motor 50. When the Z-axis stepping m
is energized, it rotates the Z-axis ball screw 48 a
its central axis, causing the nut to move the Z-axi

movable plate 46 in one of the Z-axis directions al
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the Z-axis guide rails 44. The support structure 4
Z-axis guide rails 44, the Z-axis ball screw 48, th
axis stepping motor 50, etc. jointly make up the Z-
moving mechanism 42 for moving the Z-axis movable p
46 along the Z-axis guide rails 44. A Z-axis linea
scale, not illustrated, for use in the detection of
position of the Z-axis movable plate 46 in the Z-ax
directions is disposed adjacent to and extends alon
of the Z-axis guide rails 44. A reading head, not
illustrated, is mounted on a side surface of the Z-
movable plate 46 in facing relation to the Z-axis |
scale. When the Z-axis movable plate 46 moves in 0
the Z-axis directions along the Z-axis guide rails
the reading head reads graduations of the Z-axis li
scale for the calculation of the position or coordi
in the Z-axis directions of the Z-axis movable plat
and the distance that the Z-axis movable plate 46 h
moved in the Y-axis directions.

A lower image capturing unit 54, i.e., a se
image capturing unit, is fixed to the Z-axis movabl
plate 46 by a support arm 52 that is elongate in th
axis directions. The lower image capturing unit 54
includes a low-magnification camera 56 and a high-

magnification camera 58. Each of the low-magnifica
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camera 56 and the high-magnification camera 58 incl
an optical system such as a condensing lens and an

capturing device, i.e., a second image capturing de

such as a charge-coupled-device (CCD) image sensor,

complementary-metal-oxide-semiconductor (CMOS) imag

sensor.
The lower image capturing unit 54 is dispos
position lower than the chuck table 10 and faces th
other surface 12b of the holding member 12 such tha
optical axes of the condensing lenses extend
substantially perpendicularly to the other surface
the holding member 12. An illuminating device 56a
applying visible light to a subject positioned abov
e.g., the workpiece 11, is disposed alongside of th
magnification camera 56. Similarly, an illuminatin
device 58a for applying visible light to a subject
positioned above, i.e., the workpiece 11, is dispos
alongside of the high-magnification camera 58.
For capturing an image of the workpiece 11
lower image capturing unit 54, the X-axis movable t
18 is moved toward the Y-axis movable table 36 unti
lower image capturing unit 54 is placed in the spac
in the X-axis movable table 18. Then, the lower im

capturing unit 54 captures an image of the workpiec
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placed on the surface 12a of the holding member 12
below the holding member 12. In this manner, the |
image capturing unit 54 can capture a normal image,
an image as actually seen, of the face side 11a of
workpiece 11. The lower image capturing unit 54 ma
necessarily have two cameras, i.e., the low-magnifi
camera 56 and the high-magnification camera 58, but
have a single camera having a predetermined
magnification.

Other components of the cutting apparatus 2
described below with reference to FIG. 1. Bellows-
dust- and drip-resistant covers that are flexibly
extensible and contractible are disposed in the ope
4b in covering relation thereto on respective left
right sides of the top plate 18c of the X-axis mova
table 18 in the +X direction and the -X direction.
portal-shaped support structure 4c is mounted on an

surface of the base block 4 over and above the open

4b. Two processing unit moving mechanisms 60 for m

an indexing feed unit and an incising feed unit are

disposed on a side surface of the support structure

that faces an opening 4a side of the base block 4.
The processing unit moving mechanisms 60 sh

pair of Y-axis guide rails 62 fixedly mounted on th
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surface of the support structure 4c¢ and extending

generally parallel to the Y-axis directions. The

processing unit moving mechanisms 60 include two Y- axis
movable plates 64 slidably on and along the Y-axis guide

rails 62 independently of each other. Nuts, not

illustrated, are mounted on respective surfaces of the Y-
axis movable plates 64 that face the support struct ure 4c
and are operatively threaded over respective Y-axis ball
screws 66 disposed between and generally parallel t o the
Y-axis guide rails 62. Specifically, the nuts on t he Y-

axis movable plates 64 are operatively threaded

respectively over the different Y-axis ball screws 66.
The Y-axis ball screws 66 have respective e nds
coupled to respective Y-axis stepping motors 68 (on e
illustrated). When the Y-axis stepping motors 68 a re
energized, they rotate the respective Y-axis ball s crews
66 about their central axes, causing the nuts to mo ve the
Y-axis movable plates 64 in the Y-axis directions a long
the Y-axis guide rails 62. The Y-axis movable plat es 64
support on their surfaces facing away from the supp ort
structure 4c respective pairs of Z-axis guide rails 72
extending generally parallel to the Z-axis directio ns. Z-
axis movable plates 70 are slidable on and along th e

respective pairs of the Z-axis guide rails 72.
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Nuts, not illustrated, are mounted on respe
surfaces of the Z-axis movable plates 70 that face
support structure 4c, i.e., the Y-axis movable plat

and are operatively threaded over respective Z-axis

screws 74 disposed between and generally parallel t

pairs of the Z-axis guide rails 72. The Z-axis bal

screws 74 have respective ends coupled to respectiv

axis stepping motors 76. When the Z-axis stepping
76 are energized, they rotate the Z-axis ball screw
about their central axes, causing the nuts to move

axis movable plates 70 in the Z-axis directions alo

Z-axis guide rails 72.

Two cutting units, i.e., processing units 7
mounted on respective lower portions of the Z-axis
movable plates 70. Each of the cutting units 78 in
a tubular spindle housing 80 in which a portion of
cylindrical spindle 82a (see FIG. 7) is rotatably h
The spindle 82a has an end coupled to a rotating
mechanism, not illustrated, such as an electric mot
rotating the spindle 82a about its central axis. A
cutting blade 82b having an annular cutting edge is
mounted on the other end of the spindle 82a.

For cutting, i.e., processing, the workpiec

with the cutting blade 82b, the face side 11a of th
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workpiece 11 is held under suction on the chuck tab
and thereafter the chuck table 10 is turned to orie
projected dicing lines 13 of the first group
substantially parallel to the X-axis directions. T

the lower end of the cutting blade 82b which is rot
is positioned between the face side 11a and the sur
12a of the holding member 12 in alignment with one
projected dicing lines 13 of the first group, and t
chuck table 10 is moved in one of the X-axis direct
i.e., the +X direction or the -X direction. As
illustrated in FIG. 7, the rotating cutting blade 8

cuts into the workpiece 11, forming a cut groove, i
processed groove 11c in the workpiece 11. FIG. 7
illustrates the manner in which the rotating cuttin
blade 82b forms a cut groove 11c in the workpiece 1
also illustrates cut grooves 11c already formed in
workpiece 11.

Each of the cut grooves 11c according to th
present embodiment is a fully cut groove extending
the way through the workpiece 11 from the reverse s
11b to the face side 11a thereof. The cut groove 1
occasionally be formed obliquely to a thicknesswise
direction of the workpiece 11 or formed in a tapere

shape from the reverse side 11b to the face side 11
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the workpiece 11. Therefore, it is desirable to as

how the cut groove 11c has been formed in the workp
11. According to the present embodiment, the shape
cut groove 11c is confirmed using the lower image
capturing unit 54, i.e., the second image capturing
described above and an upper image capturing unit 8
l.e., a first image capturing unit (see FIG. 1).

Actually, two upper image capturing units 8
coupled to respective lower portions of the Z-axis
movable plates 70 adjacent to the cutting units 78.
of the upper image capturing units 84 includes an o
system such as a condensing lens, and an image capt
device, i.e., a first image capturing device. The
image capturing units 84 are positioned above the c
table 10 in facing relation to the surface 12a of t
holding member 12 such that the condensing lenses h
their optical axes substantially perpendicular to t
surface 12a of the holding member 12. The upper im
capturing units 84 capture an image of the reverse
11b of the workpiece 11 whose face side 11ais held
the surface 12a of the holding member 12. In this
normal images of the reverse side 11b of the workpi
are acquired.

The base block 4 also has an upwardly open
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4d defined therein that is positioned across the op
4b from the opening 4a. The opening 4d houses ther
cleaning unit 86 for cleaning a workpiece 11, etc.
it has been cut. The cleaning unit 86 includes a ¢
table 88 for holding the workpiece 11 under suction
thereon and a nozzle 90 having an ejection port fac
the cleaning table 88. The base block 4 supports t
a casing, not illustrated, having a front side surf
which there are disposed a touch panel 92, i.e., a
display panel, that doubles as an input device and
display device. The touch panel 92 displays images
captured by at least one of the lower image capturi
unit 54 and the upper image capturing unit 84, proc
conditions, a graphical user interface (GUI), etc.
input device and the display device may be separate
each other. In case the input device and the displ
device are separate from each other, a display devi
such as a video monitor, or a computer screen, and
input device such as a keyboard, or a mouse, as a u
interface, rather than the touch panel 92, are moun
the front side surface of the casing, for example.
The cutting apparatus 2 includes a controll
for controlling the suction source 14, the X-axis m

mechanism 26, the rotary actuator 30, the Y-axis mo
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mechanism 32, the Z-axis moving mechanism 42, the |
image capturing unit 54, the processing unit moving
mechanisms 60, the upper image capturing units 84,
cutting units 78, the touch panel 92, etc. The con

94 is arranged as a computer including a processing
device such as a processor typified by a central
processing unit (CPU), a main storage device such a
dynamic random access memory (DRAM), a static rando
access memory (SRAM), or a read only memory (ROM),
auxiliary storage device such as a flash memory, a

disk drive, or a solid state drive.

The auxiliary storage device stores softwar
including predetermined programs. The functions of
controller 94 are performed by the processing devic
it operates according to the software stored in the
auxiliary storage device. Note that part of the au
storage device functions as a storage section 96 th
stores therein programs for controlling the process
device to perform a predetermined image processing
process to generate three-dimensional images. Imag
acquisition and image processing according to the p
embodiment will be described below. According to t
present embodiment, the upper image capturing unit

the lower image capturing unit 54 capture images of
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cut groove 11c while positioning their focal points
successively at a plurality of different positions
a thicknesswise direction of the workpiece 11.

The workpiece 11 is disposed in position su
the thicknesswise direction of the workpiece 11 fro
face side 11a toward the reverse side 11b thereof e
substantially parallel to the Z-axis directions. F
illustrates the manner in which the upper image cap
unit 84 and the lower image capturing unit 54 captu
images of a tapered cut groove 11c. According to t
present embodiment, after the upper image capturing
84 that has its focal point aligned with the revers
11b has captured an image of the cut groove 11c, th
processing unit moving mechanism 60 moves the upper
capturing unit 84 downwardly successively to positi
spaced by pitches of 1 um while at the same time th
upper image capturing unit 84 captures images of th
groove 11c at the respective positions to which the
image capturing unit 84 has been moved. In this ma
the upper image capturing unit 84 obtains a first i
group 23. Furthermore, after the lower image captu
unit 54 that has its focal point aligned with the f
side 11a has captured an image of the cut groove 11

Z-axis moving mechanism 42 moves the lower image
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capturing unit 54 upwardly successively to position
spaced by pitches of 1 um while at the same time th
lower image capturing unit 54 captures images of th
groove 11c at the respective positions to which the
image capturing unit 54 has been moved. In this ma
the lower image capturing unit 54 obtains a second
group 25.

At this time, the X-axis moving mechanism 2
Y-axis moving mechanism 32, the processing unit mov
mechanism 60, etc. adjust the XY coordinates of the
condensing lenses to allow the lower image capturin
54 and the upper image capturing unit 84 to capture
images of corresponding areas in the thicknesswise
direction of the workpiece 11. The images of the f
image group 23 and the images of the second image g
25 may not necessarily be captured in any particula
sequences, but may be captured in any desired seque
The upper image capturing unit 84 may be moved upwa
to positions spaced by predetermined pitches, and t
lower image capturing unit 54 may be moved downward
positions spaced by predetermined pitches.

Each of the images of the first image group
includes a piece of first image information 23a

representing the edges of the cut groove 11c at the
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corresponding to the focal point, i.e., representin
shape of the cut groove 11c. Similarly, each of th
images of the second image group 25 includes a piec
second image information 25a representing the edges
the cut groove 11c at the depth corresponding to th
focal point, i.e., representing the shape of the cu
groove 11c. After the images have been acquired, t
processes by image processing. According to the im
processing, the pieces of first image information 2
that are included in the respective images of the f
image group 23 and the pieces of second image infor
25a that are included in the respective images of t
second image group 25 are ordered into a sequence a
the thicknesswise direction of the workpiece 11
successively at the focal points by way of image
processing. However, the pieces of the first image
information 23a and the pieces of the second image
information 25a are discrete along the thicknesswis
direction of the workpiece 11.

Then, the area between adjacent ones of the
of the first and second image information 23a and 2
interpolated by way of nearest neighbor interpolati
bilinear interpolation, or the like, thereby genera

three-dimensional image of the cut groove 11c. The
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generated three-dimensional image is displayed on t
touch panel 92 (see FIG. 9). The operator can now
the accuracy with which the cut groove 11c has been
processed by confirming the shape of the cut groove
with the three-dimensional image. Therefore, it is
necessary to deliver the workpiece 11 from the cutt
apparatus 2 to a microscope and to visually inspect
workpiece 11 with the microscope. Furthermore, sin
operator can confirm the accuracy with which the cu
groove 11c has been processed on the cutting appara
the work efficiency is better than if the operator
visually inspects the workpiece 11 with a microscop
Next, a processing process of processing th
workpiece 11 on the cutting apparatus 2 will be des
below. First, the workpiece unit 21 with the rever
11b exposed upwardly is placed on the surface 12a o
chuck table 10 in placing step S10. After placing
S10, the suction source 14 is actuated to hold the
side 11a of the workpiece 11 under suction on the s
12a with the tape 17 interposed therebetween, and t
frame 19 is held on the frame suction plate, not
illustrated, in holding step S20. After holding st
teaching step S30 is carried out.

In teaching step S30, while an image of the
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side 11a that is captured by the lower image captur
unit 54 and converted into a mirror image is being
displayed in real time on the touch panel 92, the
operator searches for an alignment mark, not illust
on the face side 11a. After the operator has found
desired alignment mark, an image of the face side 1
that includes the alignment mark is captured by the
image capturing unit 54. The shape, coordinates, e
the alignment mark are stored as a template for a p

matching process in the storage section 96, for exa

The distance between the alignment mark and the cen

lines of projected dicing lines 13 and the distance
i.e., a street pitch, between adjacent two of the
projected dicing lines 13 in the Y-axis directions
stored in the storage section 96. Note that the st
coordinates represent XY coordinates of an XY coord
system whose origin is located at the point 12¢
After teaching step S30, an alignment proce
carried out in alignment step S40. In alignment st
the operator works also while a normal image of the
side 11a that is captured by the lower image captur
unit 54 and converted into a mirror image is being
displayed in real time on the touch panel 92. In

alignment step S40, images of the face side 11a are
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captured by the lower image capturing unit 54 at a
plurality of locations that are spaced from each ot
a projected dicing line 13 along the X-axis directi
Then, a pattern that is identical to the al
mark stored as the template is detected in the imag
captured of the face side 11a at the plurality of
locations according to a predetermined process such
pattern matching process. An angular shift in a
direction of a projected dicing lines 13 extending
first direction about the central axis of the holdi
member 12 is specified on the basis of the detected
pattern that is identical to the alignment mark.
Thereatfter, the rotary actuator 30 is energized to
the endless belt 28 to turn the holding member 12 f

thereby correcting the projected dicing line 13 out

the angular shift in the o6 direction. In this manner, the

projected dicing line 13 extending in the first dir
is oriented substantially parallel to the X-axis
directions.

After alignment step S40, the workpiece 11
in cutting step S50 while the face side 11a thereof
being held under suction on the chuck table 10 (see
7). Cutting step S50 as it is carried out by one o

cutting units 78 will be described below as the cut
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units 78 operate in the same manner as each other. In

cutting step S50, the cutting blade 82b that is rot ating
at a high speed is positioned on an extension of th e
projected dicing line 13. At this time, the lower end of
the cutting blade 82b is vertically positioned betw een
the face side 11a of the workpiece 11 and the surfa ce 12a

of the holding member 12. Then, the X-axis moving
mechanism 26 moves the chuck table 10 and the cutti ng

blade 82b relatively to each other along the X-axis

directions. The cutting blade 82b now cuts the wor kpiece
11 fully across its thickness, forming a cut groove 1llc
in the thicknesswise direction of the workpiece 11 along

the projected dicing line 13.
After the workpiece 11 has been cut along t he
projected dicing line 13 parallel to the X-axis

directions, the cutting unit 78 is indexing-fed to

position the cutting blade 82b on an extension of a nother
projected dicing line 13 that is adjacent in the Y- axis
directions to the projected dicing line 13 along wh ich
the cut groove 11c has been formed. Then, the work piece

11 is cut along the projected dicing line 13 by the
cutting blade 82b in the same manner as described a bove.
After the workpiece 11 has been cut along all the

projected dicing lines 13 parallel to the first
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direction, the rotary actuator 30 is energized to t
the chuck table 10 through 90 degrees to bring the
projected dicing lines extending in the second dire
into alignment with the X-axis directions. Thereaf
the cutting unit 78 cuts the workpiece 11 successiv
along all the projected dicing lines extending in t
second direction in the manner described above.
After cutting step S50, kerf checking step
carried out. FIG. 9 illustrates kerf checking step
In kerf checking step S60, the upper image capturin
84 and the lower image capturing unit 54 capture im
of the cut groove 11c while positioning their focal
points successively at a plurality of different pos
along a thicknesswise direction of the workpiece 11

operator can confirm the accuracy with which the cu

groove 11c has been processed by confirming the sha

the cut groove 11c with a three-dimensional image
displayed on the touch panel 92. Therefore, it is
necessary to deliver the workpiece 11 from the cutt
apparatus 2 to a microscope and to visually inspect
workpiece 11 with the microscope. Furthermore, sin

operator can confirm the accuracy with which the cu

groove 11c has been processed on the cutting appara

the work efficiency is better than if the operator
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visually inspects the workpiece 11 with a microscop
Incidentally, according to the present embodiment,
checking step S60 is carried out after the completi
cutting step S50. However, kerf checking step S60
carried out during cutting step S50 providing one o
cut grooves 11c have been formed.

According to the above embodiment, the uppe
capturing unit 84 and the lower image capturing uni
capture images of the cut groove 11c while changing
focal points of both of them. As the focal points
of the upper image capturing unit 84 and the lower
capturing unit 54 are changed, the shape of the cut
groove 11c can appropriately be grasped by interpol
blind areas of their fields of vision to be capture
if the cut groove 11c is of a tapered shape or the
groove 11c is formed obliquely to the thicknesswise
direction of the workpiece 11. However, only the u
image capturing unit 84 may capture images of the c
groove 11c while positioning its focal point succes
at a plurality of different positions along a
thicknesswise direction of the workpiece 11. In th
case, the upper image capturing unit 84 captures im
of the cut groove 11c, acquiring a first image grou

Then, the pieces of the first image informa
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that are included in the respective images of the f
image group 23 are ordered into a sequence along th
thicknesswise direction of the workpiece 11 by imag
processing. However, inasmuch as the pieces of the
image information 23a are discrete along the
thicknesswise direction of the workpiece 11, the ar
between adjacent ones of the pieces of the first im
information 23a is interpolated, thereby generating
three-dimensional image of the cut groove 11c.
Incidentally, to the three-dimensional image, there
be added a face-side image captured of the face sid
by the lower image capturing unit 54 with its focal
positioned on the face side 11a and auxiliary lines
interpolating the area between the three-dimensiona
image and the face-side image.

Similarly, only the lower image capturing u
may capture images of the cut groove 11c while
positioning its focal point successively at a plura
of different positions along the thicknesswise dire
of the workpiece 11. In this case, the lower image
capturing unit 54 captures images of the cut groove
acquiring a second image group 25. Then, the piece
the second image information 25a that are included

respective images of the second image group 25 are
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ordered into a sequence along the thicknesswise dir
of the workpiece 11 by way of image processing. Ho
inasmuch as the pieces of the second image informat
25a are discrete along the thicknesswise direction
workpiece 11, the area between adjacent ones of the
pieces of the second image information 25a is
interpolated, thereby generating a three-dimensiona
image of the cut groove 11c. Incidentally, to the
dimensional image, there may be added a reverse-sid
image captured of the reverse side 11b by the upper
capturing unit 84 with its focal point positioned o
reverse side 11b and an auxiliary line for interpol

the area between the three-dimensional image and th
reverse-side image.

In this manner, at least a partial three-
dimensional image of the cut groove 11c may be gene
by ordering the pieces of at least either the first
information 23a or the second image information 25a
a sequence along the thicknesswise direction of the
workpiece 11. Even in this case, the operator can
the accuracy with which the cut groove 11c has been
processed by confirming the shape of the cut groove
with the three-dimensional image.

A modification of the first embodiment will
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described below. According to the modification, ea
the upper image capturing unit 84 and the lower ima
capturing unit 54 includes an image capturing unit
an interferometric optical system. The interferome
optical system may be of the Mirau type, the Michel
type, the Linnik type, or the like. FIG. 10 illust
the manner in which kerf checking step S60 is carri
using an interferometric optical system. In case a
interferometric optical system is used, the upper i
capturing unit 84 and the lower image capturing uni
also capture images of the cut groove 11c while
positioning their focal points successively at a
plurality of different positions along a thicknessw
direction of the workpiece 11.

For example, while the focal point of the u
image capturing unit 84 is being positioned on the
reverse side 11b, the chuck table 10 is moved a
predetermined distance along the X-axis directions.
after the upper image capturing unit 84 has been mo
predetermined distance along the Y-axis directions,
upper image capturing unit 84 is moved a predetermi
distance back along the X-axis directions. In this
fashion, the focal point of the upper image capturi

unit 84 is scanned in a predetermined XY plane on t
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reverse side 11b. Interference light having a high
intensity is produced in locations where the focal
of the upper image capturing unit 84 is positioned
After the upper image capturing unit 84 has
the reverse side 11b, the processing unit moving
mechanism 60 moves the upper image capturing unit 8
downwardly by 0.1 um. At the vertical position thu
reached, the focal point of the upper image capturi
unit 84 is scanned again in a predetermined XY plan
While repeatedly moving the upper image capturing u
downwardly by 0.1 um and scanning the focal point o
upper image capturing unit 84 in predetermined XY p
at the vertical positions reached, the upper image
capturing unit 84 acquires a first image group 33.
The images of the first image group 33 incl
first point group, i.e., pieces of first image
information 33a representing points where interfere
light having a high light intensity is produced as
focal point is positioned on the edges of the cut g
11c. In other words, the first point group 33a ide
inner walls of the cut groove 11c and represents th
shape of the cut groove 11c. Similarly, after the
image capturing unit 54 has scanned the face side 1

the Z-axis moving mechanism 42 repeatedly moves the

43

light

point

scanned

ng

nit 84
f the

lanes

ude a

nce
the
roove
ntifies
e
lower
la,

lower



image capturing unit 54 upwardly by 0.1 um, and the
point of the lower image capturing unit 54 is scann
predetermined XY planes at the vertical positions
reached, thereby capturing images of the cut groove
In this manner, the lower image capturing unit 85
acquires a second image group 35.

The images of the second image group 35 inc
second point group, i.e., pieces of second image
information 35a representing the shape of the cut g
11c. The points of both of the first point group 3
the second point group 35a are ordered into a seque
along the thicknesswise direction of the workpiece
way of image processing, thereby generating a three
dimensional image of the cut groove 11c. The gener
three-dimensional image is displayed on the touch p
92. FIG. 11A illustrates by way of example a three
dimensional image of the cut groove 11c whose shape
represented by a group of points. Note that a thre
dimensional image of the cut groove 11c may be gene
by interpolating the area between adjacent points.
11B illustrates by way of example a three-dimension
image of the cut groove 11c that is obtained after
interpolating process.

The operator can confirm the accuracy with
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the cut groove 11c has been processed by confirming
shape of the cut groove 11c with the three-dimensio
image illustrated in FIG. 11A or 11B. Therefore, i
not necessary to deliver the workpiece 11 from the
cutting apparatus 2 to a microscope and to visually
inspect the workpiece 11 with the microscope.
Furthermore, since the operator can confirm the acc
with which the cut groove 11c has been processed on
cutting apparatus 2, the work efficiency is better
if the operator visually inspects the workpiece 11
microscope. Incidentally, in this manner, at least
partial three-dimensional image of the cut groove 1
be generated by ordering the points of at least eit
the first point group 33a or the second point group
into a sequence along the thicknesswise direction o
workpiece 11.

FIG. 12 illustrates a sectional profile of
groove 11c that is obtained by severing the cut gro
11c extending substantially parallel to the X-axis
directions with a YZ plane. The horizontal axis of
12 represents the width (um) of the cut groove 11c
the vertical axis represents the depth (um) of the
groove 11c. In FIGS. 8 through 12, the cut groove

tapered in a direction from the reverse side 11b to
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the face side 11a. However, even in case the cut g
11c is formed obliquely to the thicknesswise direct
the workpiece 11, the operator can confirm the accu
with which the cut groove 11c has been processed on
cutting apparatus 2.

FIG. 13 schematically illustrates a three-
dimensional image of a cut groove 11c that is forme
workpiece 11 obliquely to a thicknesswise direction
the workpiece 11. Note that a reverse side 11b and
side 11a illustrated in FIG. 13 represent images ac
respectively by the upper image capturing unit 84 a
lower image capturing unit 54 according to the firs
embodiment. The area between the reverse side 11b
face side 11a is interpolated by auxiliary lines.
Further, in FIG. 13, the broken lines represent edg
the cut groove 11c, whereas the solid lines represe
center of the width of the cut groove 11c. On the
side 11a, the cut groove 11c is formed in a positio
deviating from a projected dicing line 13. Even in
the cut groove 11c is formed obliquely, the shape o
cut groove 11c can be confirmed by generating a thr
dimensional image according to the first embodiment
the modification thereof.

A second embodiment of the present inventio
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be described below. According to the second embodi
laser processing apparatus 102 instead of the cutti
apparatus 2 is used as a processing apparatus to pr

a workpiece 11. On the laser processing apparatus

however, placing step S10 through alignment step S4

carried out in the same manner as with the first
embodiment. FIG. 14 illustrates in perspective the
processing apparatus 102 according to the second
embodiment. Note that those components of the cutt
apparatus 2 which are identical to those according
first embodiment are denoted by identical reference
characters. The differences with the cutting appar
will mainly be described hereinbelow.

The laser processing apparatus 102 includes
stationary base block 104 with the lower image capt
unit 54 fixed thereto. Note that the lower image
capturing unit 54 may alternatively be movable in t
axis directions or the Y-axis directions. The X-ax
movable table 18 is disposed on the stationary base
104. The X-axis movable table 18 is disposed such
the lower image capturing unit 54 can enter the spa
from a region positioned opposite the side plate 18
the X-axis movable table 18.

The X-axis movable table 18 is slidable on
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along the pair of X-axis guide rails 20 fixedly mou

on a Y-axis movable table 106. The nut, not illust
mounted on the lower surface of the bottom plate 18
the X-axis movable table 18 is operatively threaded
the X-axis ball screw 22 disposed between and exten
generally parallel to the X-axis guide rails 20.

The X-axis stepping motor 24 is connected t
of the X-axis ball screw 22. When the X-axis stepp
motor 24 is energized, it rotates the X-axis ball s
22 about its central axis, causing the nut to move
axis movable table 18 in one of the X-axis directio
along the X-axis guide rails 20. The Y-axis movabl
106 that supports the X-axis movable table 18 is sl
on and along a pair of Y-axis guide rails 108 fixed
mounted on an upper surface of the stationary base
104. A Y-axis scale 108a for use in the detection
position of the Y-axis movable table 106 in the Y-a
directions is disposed adjacent to and extends alon
of the Y-axis guide rails 108.

A nut, not illustrated, is mounted on a low
surface of the Y-axis movable table 106 and is
operatively threaded over a Y-axis ball screw 110
disposed between and extending generally parallel t

Y-axis guide rails 108. The Y-axis ball screw 110
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end coupled to a Y-axis stepping motor 112. When t
axis stepping motor 112 is energized, it rotates th
axis ball screw 110 about its central axis, causing
nut to move the Y-axis movable table 106 in one of
axis directions along the Y-axis guide rails 108.

axis guide rails 108, the Y-axis ball screw 110, th

axis stepping motor 112, etc. jointly make up a Y-a

moving mechanism 114 for moving the Y-axis movable

106 along the Y-axis guide rails 108.

A column 116 that projects upwardly from an
surface of the stationary base block 104 is dispose
adjacent to the lower image capturing unit 54. A c
118 having an elongate portion extending substantia
parallel to the X-axis directions is disposed on th
column 116. The casing 118 houses therein at least
of a laser applying unit 120. The laser applying u
has a laser oscillator 120a, etc. for emitting a pu
laser beam having a wavelength absorbable by the
workpiece 11 or a wavelength transmittable through
workpiece 11.

A laser beam applying head 122 including a
condensing lens 122a is mounted on a distal end of
laser applying unit 120 in the +X direction. The |

beam emitted from the laser oscillator 120a is conv
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by the condensing lens 122a and directed downwardly
the laser beam applying head 122. In FIG. 14, the
beam, denoted by L, directed downwardly from the la
beam applying head 122 is indicated by the broken-I
arrow. Note that the upper image capturing unit 84
disposed on a distal end of the casing 118 at a pos
adjacent to the laser beam applying head 122.

In cutting step S50 according to the second
embodiment, the focused spot of the laser beam L is
positioned near the reverse side 11b of the workpie
and the focused spot of the laser beam L and the
workpiece 11 are relatively moved in one of the X-a
directions to form a laser-processed groove, not
illustrated, in the workpiece 11 along one of the
projected dicing lines 13. In kerf checking step S
controller 94 generates a three-dimensional image o
cut groove 11c in the same manner as with the first
embodiment and the modification thereof. The opera
confirm the accuracy with which the laser-processed
groove has been processed by confirming the shape o
laser-processed groove with a three-dimensional ima
displayed on the touch panel 92. Therefore, it is
necessary to deliver the workpiece 11 from the lase

processing apparatus 102 to a microscope and to vis
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inspect the workpiece 11 with the microscope.
Furthermore, since the operator can confirm the acc
with which the laser processing groove has been pro
on the laser processing apparatus 102, the work
efficiency is better than if the operator visually
inspects the workpiece 11 with a microscope.

The present invention is not limited to the
of the above described preferred embodiment. The s
the invention is defined by the appended claims and
changes and modifications as fall within the equiva
of the scope of the claims are therefore to be embr

by the invention.
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WHAT IS CLAIMED | S

1. A processing apparatus for processing a
shaped workpiece while holding a face side of the
workpiece that has a plurality of devices, each dev
being formed in respective areas demarcated by a
plurality of projected dicing lines established on
face side, the processing apparatus comprising:

a chuck table for holding the face side of
workpiece thereon, the chuck table having a holding
member including a surface and another surface posi
opposite the surface and having a predetermined reg
made of a transparent material extending from the s
to the other surface;

a processing unit for processing the workpi
whose face side is being held on the chuck table, t
forming a processed groove in the workpiece;

a first image capturing unit disposed above
chuck table and having a first image capturing devi
capturing an image of a reverse side of the workpie
held on the chuck table;

a second image capturing unit disposed belo
chuck table and having a second image capturing dev
for capturing an image of the face side of the work

through the holding member, in an area correspondin
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thicknesswise direction of the workpiece to an area
which the first image capturing unit captures the i
of the face side of the workpiece;

a display device for displaying the image o
workpiece captured by at least either the first ima
capturing unit or the second image capturing unit;

a controller having a storage section for s
programs for performing an image processing process
processing device for processing the images accordi
the programs stored in the storage section,

wherein the first image capturing unit obta
first image group of images captured of the process
groove while positioning a focal point thereof at a
plurality of different positions along the thicknes
direction of the workpiece, each of the images of t
first image group including a piece of first image
information representing a shape of the processed g
and the second image capturing unit obtains a secon
image group of images captured of the processed gro
while positioning a focal point thereof at a plural
different positions along the thicknesswise directi
the workpiece, each of the images of the second ima
group including a piece of second image information

representing a shape of the processed groove, and t
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controller orders the pieces of at least either the
image information or the second image information i
sequence along the thicknesswise direction of the
workpiece, thereby generating a three-dimensional i
of the processed groove, and displays the three-
dimensional image on the display device.

2. The processing apparatus according to ¢
wherein the controller orders the pieces of both th
first image information and the second image inform
into a sequence along the thicknesswise direction o
workpiece, thereby generating a three-dimensional i
of the processed groove, and displays the three-

dimensional image on the display device.
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